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Esta investigacion aborda desde una perspectiva interdisciplinaria, 10s aspectos 
sociales y ambientales del problema de la generacion de residuos solidos (RS). Las 
premisas del trabajo fueron: 1) La cornposici~n y generaciin de P,S en FJ6xico tiene un 
patron simi!ar a! de p a h s  desarroliados; sin e%bargo, la gestion de estos se efectGa 
bajo criterios inadecuados, comunes en los paises en vias de desarrollo. Esto es una 
de las causas principales del problema ambientai que ocasionan los RS en el pais; 2) 
ias clasificaciones actuales de RS propician confusion y dificultan la interpreta~ion y 
comparacion de resultados de 10s analisis de generaci6r-i y 3) es requisite indispensable 
pars !a p!aneacicin y gestion adecuada de los RS !a disponibilidad de datos 
socioecon6rnicos, y de produccion de RS de !as diferentes fuentes generadoras en una 
zona urbana en particular. 

A partir de estos tres supuestos se propone una clasificacion de generadores de 
residuos solidos municipales (RSM) con base en la actividad economics, y que 
relaciona a cada generador con un tipo de residuo. La clasificacion divide las fuentes 
de generation en tres categorias: ciudad, industria y campo. De 6sias se derivan siete 
c!ases de generadores: 1) residenciales (viviendas), 2) comerciales (cornercio formal e 
informai), 3) institucionales, 4) construccion, 5)  agropecuarios, 6) industriales y 7) 
especiales. 

Para probar la clasificacion y obtener datos sobre generacion y de parametros 
socioeconomicos se tom6 corno estudio de caso !a ciudad de iviorelia, Michoacan, 
F4exico. Los generadores residenciales se analizaron por estrato socioeconcimico y 10s 
no residenciaies por actividad econ~mica. Sirnultaneamente se aplico una encuesta 
para conocer caracteristicas socioecon6micas del area. Tambien se cuantificaron 10s 
residuos recolectados por el sistema de aseo, para evaluar si existe diferencia entre !a 
cantidad de RS generados y colectados, asi corno conocer la estacionalidad en la 
generacion. 

Se ana!izo la composiciSr, de los residuos solidos urbanos (RSU), se calcularon 
coeficientes de generacion y se predijo la produccion de residuos solidos residenciales 
y no residenciales, utilizando regresion lineal multiple. En el analisis se incluyo el 
comercio establecido y temporal de mercados y tianguis. De estos irltimos se determin6 
humedad, pH, solidos totales, f~sforo, nitrogen0 y potasio, y se evalu6 la digestion 
anaerobia en laboratorio, con un digesior vertical tipo hindu para tratar los residuos 
organicos. 

Los resultados mostraron una generacion de RSU de 367 ton dia'; 10s generadores 
residenciales contribuyeron con 321 ton dia' (87.4%) y 10s no residenciales con 46 ton 
dia' (12.6%). De estos irltimos, 10s mercados y tianguis generaron 31 ton dia' (8% de la 
generaci6n de RSU). El ANOVA no mostro diferencia en la generacion residential por 
estrato socioecon6mico, ni tampoco en 10s no residenciales. La comparaci6n de 
resultados de !a cuantificaciiin de 10s residuos colectados y generados mostro una 
diferencia del 15% (55 ton dia'), asi como una mayor generaci6n durante el invierno y 
verano. 

Las variables que resultaron significativas para predecir la generacibn de los 
residuos solidos residenciales fueron el ingreso econornico y la densidad de habitantes 
por vivienda. El modelo obtenido, con una PnF=0.0001 y un ~'=0.075, did, un valor 
pronosticado de 2.46 k, el cual se acerca al valor obsewado de 2.49 k. El modelo 



significativo para predecir la generacion de residuos no residenciales, fue el que incluyo 
la variable numero de horas laboradas por dia. El ANOVA de la RLM di6 una P~F=0.05 
y un R2=0.177; el valor pronosticado de 4.84 k result45 ser el doble de lo observado 
(0.925 k). 

Los residuos de mercados contuvieron el 83% de residuos ora&nicns y el 17% 
restante, lo ocup6 er, orden clescenaente el papel, caein., p!dstics, vidiio y meiaies. Los 
arr8ilsls fkicus y quimicos de 10s residuos dieron valores promedio de humedad de 
83.18%, pH 5.06, nitrogeno 14.07, fosforo 0.36 y potasio 0.86; en el efluente fueron 
nitrogeno 9.43, f6sforo 0.31 y gotasio 0.63% en peso fresco. La evaiuacion de la 
digestion anaerobia determino un tiempo de retention opiimo de sieie dks  y un 96% de 
dearadaciSn v de solidos totaies. i o s  resultados sugieren que este tipo de ferrnentacibn 
es efciente para tratar eslos residuos, por su alto contenido de hurnedad, el carader 
acido y la consistencia fibrosa del material. 



ABSTRACT 

This dissertation encompasses the social and environmental aspects of solid waste 
(SW) generation from an interdisciplinary perspective. The research was based on the 
following assumptions: S )  The composition end generation oi SW in Mexico are similai 
to Ynose in developed countries, however, their management is guided by inadequate 
criteria, same which are common to those prevailing in developing countries. In Mexico, 
this is one of the main causes of the environmental problems which derive from SW 
generation; 2) There is confusion in the existing classifications of SW, which makes it 
difficult to interpret and compare the resuits of SW generation studies, and; 3) The 
avaiiability of socioeconomic data and of information about the output of the different 
SW generation sources is a fundamental requirement for the adequate planning and 
management of SW. 

Grounded on these three assumptions, a classification of the sources of municipal 
SW (MSW) is suggested based on the economic activity which generates them. Thus a 
connection between the source and the type of waste is established. The classification 
categorizes the sources in three divisions and seven classes of sources: 1) residential 
(dwellings) and non-residential; 2), commercial (established and informal commerce); 31) 
institutional; 4) construction; 5) agricuiturai-animai husbandry; 6) industrial, and; 7) 
special. 

The city of Morelia, Michoacan, Mexico, was used as a case study in order to test 
the classification of MSW suggested here, to obtain information about their generation, 
together with the associated socioeconomic parameters of the sources. The residential 
sources were analyzed by socioeconomic level and non-residential sources by 
economic activity. A structured interview was made to evaluate the socioeconomic 
characteristics of the studied area. Also, a quantification of SW collected by the 
municipal service was made, in order to determine if there are differences between the 
amounts of waste refused and col!ected, and to determine seasonai patterns of solid 
waste generaiion. 

The composition and rates of generation of urban solid waste (USW) were 
assessed, and their production was forecasted using linear regression models. The 
analyses of commercial sources included informal commerce in permanent and 
temporary (tianguis) markets. In these last cases, the pH and the contents of humidity, 
total solids, P, N and K were measured. Also, the anaerobic digestion of the organic 
fraction of these SW was evaluated using an Indian type vertical digestor. 

The results of the generation study showed a total production of 3674 day" of USW. 
Of these, 321-t day*' corresponds to ihe residential sources (87.4%); non-residential 
sources produce 46-t day-' (12.6%). Within these last sources, markets and tianguis 
produced 31-t day-' (8% of the total USW produced). The ANOVA failed to show 
differences among socioeconomic levels of residential and non-residential solid waste 
generation. A difference of 15% was found between USW refused and collected. The 
generation of USW increases during the summer and the winter. 

The variables that were significant in forecasting residential USW generation were 
income and number of inhabitants per dwelling. The resulting model forecasts a daily 
production rate of 2.46 Mdwolling (Pr>F=O.OQOI; FI2=0.075). These estimate is close to 
the observed value of residential USW produced per day (2.49 Wdwelling). For non- 
residential USW sources, the forecasting model, which was significant, involved the 



number of working hours per day. The model forecasted a daily generation of 1.84 
Usource of USW (Pr>F=0.05 and a ~'=0.'177), a value which was twice that observed 
(0.925 Usource). 

The composition of commercial USW was 83% organic matter; the remaining 17% 
were made up, in decreasing amounts, of paper, cardboard, plastic, glass and mets!s. 
Tne physical and chemical analyses of the wastes indicated an average humidity oi 
83.18%, pH 5.6, 11.07% N, 0.36% P and 0.86% K. The composition of the digested 
product was 9.43% N, 0.31% P, and 0.63% K (fresh weight). The anaerobic digestion 
indicated an optima! retention ti%n of seven days and a 96% of debased solids. These 
results suggest that this type of fermentation is adequate t ~ :  the treatment of these 
wastes, due to their high contents of humidity, their acid nature, and their fibrous 
consistency. 





BBno de 10s principales problemas a 10s que se enfrenta la sociedad en la actualidad es 
el deterioro del ambiente, como consecuencia de una deficiente interaction de la 
sociedad con !a i?atura!eza (L=w 7SSSj. Eiio se refieja en diferentes procesos de 
degradaciQn, tales como ia acelerada tasa de deforestacion en 10s bosques y selvas del 
mundo, sobretodo en 10s ecosistemas tropicales y la contaminaci~n en rios, mares, 
lagos, suelo y aire, ocasionada por la gran emision de contarninantes ![quidos, sjlidos y 
gaseosos, product0 de 10s procesos productivos (Storgaard -1 1991). 

E! problema se ha acrecentado en ios liitimos aiios, a1 grado que se ha rebasado la 
capacidad de absorcijn y regeneracion de aigunos ecosistemas, ocasionando incluso 
la extinci6n de flora y fauna; esto aunado a 10s problemas de salud pliblica y 
disminucion de la calidad de vida de la poblaci6n (Doelman, 1995). 

En cuanto a la problematica arnbiental ocasionada por la generaci~n de residuos, se 
muestra una marcada relacion entre 10s niveies de contaminacion y la situacion 
geografica, el tarnaiio y la dinamica del asentamiento humano y el crecirniento 
econ~mico. La presion ejercida por ei crecimiento demografico e industrial y la escasa 
planeacion en el uso del suelo y sus recursos han dado lugar a un desarrollo 
ambientalmente desequiiibrado (Jean, 1992). 

En Mexico la contaminacion por residuos solidos (RS) se ha agudizado notablemente, 
pues la cantidad se ha incrementado y la composicion se ha vuelto mas comp!eja y 
heterog6nea. De un conienido de 80% de materia organica en 10s aiios 50, Bste 
descendii, a cerca de un 40% en 10s aiios 90 (CONADE 1992). Ello hace mas complejo 
su manejo y disposicion final, pues cada dia se agregan nuevos empaques y productos, 
muchos de 10s cuales no se han evaluado suficientemente desde el punto de vista del 
impacto en la salud de la poblacion. 

Existen en el pais casi 2,400 municipios, que en general no cuentan con un sewicio 
de recolecci~n eficiente de RS (SEDESOUINE, 7994). Elfo ieperciie en que estos se 
dispongan a cielo abierto en sitios aledahos a 10s centros de poblaci~n. Asirnismo, 10s 
residuos especiales y peligrosos contenidos en la corriente de 10s residuos solidos 
urbanos (RSU), reciben un manejo similar al de estos ultimos, ya que la mayoria de 10s 
municipios 10s recolectan y disponen conjuntamente. Otra situacion apremiante que 
deriva del control inadecuado de 10s RS es el impacto ambiental y a la salud pliblica, 
corno consecuencia del deficiente control sanitario en la separacion de subproductos, la 
cual se realiza por personas de estratos de poblacion marginadas, entre 10s que se 
cuentan muchos menores de edad (Buenrostm eel al999a). 

La gestion actual de 10s RS en Mexico propicia la destrucci6n de 10s recursos y 
deterioro de 10s ecosistemas, ya que al quemar o enterrar 10s RS se pierden materiales 
que pueden reintegrarse a 10s ciclos biogeoquirnicos y a 10s procesos productivos. De 
utilizarse 10s procedimientos adecuados, la fracci6n inorganica se puede reutilizar o 
reciclar, y la fraccion organica, como fuenle de energia o material mineraiizable para 
mejorar las condiciones fisicas y quimicas del suelo. 

En la ciudad de Morelia, el manejo actual de los RS constituye un serio factor de 
riesgo ambiental, ya que el sitio en que se depositan no curnple con las normas 
vigentes para la proteccion del ambiente, en cuanto a ubicaci~n, confinamiento de 10s 
RS y control de lixiviados. Existen en el area fracturas y fallas geologicas y es pafie de 
la zona de recarga natural del acuifero de Morelia. Se calcula que en la zona del relleno 



sanitario se encuentran depositadas alrededor de 400,000 toneladas de US de origen 
urbano e industrial, las cuales carecen de un sistema de confinamiento eficiente, lo que 
ocasiona una laguna permanente de lixiviados con altas concentraciones de metales 
pesados y bifenilos policlorados. Se ha determinado que la fracturacion y permeabilidad 
del sueio ocasiona que la percc?!zr,i6n cis lcs iixiviados de 10s 25 que ahi se depositan 
contamina el manto fie&tico jisrade &ai 1999). 

Para contribuir a esta necesidad, se emprendi6 una investigation bajo esta 
perspecfiva, tomando corno estudio de caso a la ciudad de More!ia? Michoacan. Geno 
primer paso se propuso una estandarizacion de conceptos para 10s diversos tipos de 
RS, asi como una clasificaci6n de generadores, con base en la actividad economica. 
Posteriormente se realiao un analisis de generacion de los RSU y de parametros 
socioeconomicos; el analisis incluy~ el estudio de generadores hasta ahora poco 
estudiados, como son 10s mercados y el cornercio informal dentro de estos sitios. Se 
reportan rnodelos para predecir la generacion de RSU, utilizando la regresion lineal, asi 
como resultados de analisis fisicos y quimicos a 10s residuos organicos de 10s 
mercados. Como hltirna fase se propone la ferrnentacion anaerobia para tratar la 
fraccion organica de los residuos. A continuation se describen el proyecto de 
investigacion y en 10s capitulos subsecuentes los resultados de este trabajo. 

Existe una relacion entre la aclividad econornica y el tipo de residuo solido 
generado, la cual es factible identificar para elaborar una clasificacion de generadores. 
Con esta clasificacion como base y el analisis de variables socioecon6rnicas es posible 
establecer modelos de generacion que Sean replicables y extrapolables. 

OBJETlVO PRINCIPAL 

Elaborar una clasificacibn que perrnita cuantificar los generadores de residuos 
solidos municipales (RSM),  con base en la actividad econornica y desarrollar modelos 
para predecir la generacion total y por subproductos. 

1. DiseAar una clasificacion de generadores de RSM, con base en la actividad 
econornica que permita cuantificarlos. 

2. Analizar en una localidad urbana la relacion entre la generaci6n y variables 
socioecon~micas que describan este proceso, tales como la actividad economica, 
materias primas utilizadas, monto de ventas, ingreso economico, densidad, edad y 
sexo. - -~ -~ 

3. Correlacionar los resufiados obtenidos del analisis de generacion y las variables 
socioecon6micas seleccionadas, oara sobre esta base desarrollar modelos de 
regresion lineal para predecir la generation de RS. 



4. Validar 10s modelos mediante la confrontacion de resultados obfenidos con la 
metodologia propuesta, con datos del analisis de generacion. 

En tiempos pasados, se pensaba que el deterioro del ambiente ocasionado por la 
produccion y acumulacion de residuos solidos (RS) era un proceso inherente a! 
desarrolio, y por tai, un efecto con el cual se tenia que aprender a convivir. Sin embargo, 
la zfectaci6n ha alcanzado dimensiones que pone en riesgo ei equiiibrio de las relaciones 
de la sociedad actual (WlFi!, 1991). Ello porque el deterioro ambiental que ocasionan 10s 
RS ha rebasado la capacidad de absorcion y regeneracion del suelo, ocasionando 
incluso la extincion de flora y fauna, y ocasionando problemas de salud ptjblica y 
disminucion de la calidad de vida de la poblacion (Doelman, 1995). 

Con la finalidad de reducir el efecto de 10s RS en el ambiente, 10s gobiernos han 
incluido en sus planes de desarrollo leyes y normas para la protection del ambiente. Se 
conformaron grupos de investigaci6n, organismos gubemamentales, enire otros, para 
normar y vigilar el cumplimiento de estos lineamientos. Sin embargo, la preponderacion 
del crecimiento economico, ha relegado la preservation dei ambiente y la investigacion 
sobre RS ha quedado a la saga, lo que ha ocasionado, que su generacion y 
acumulacion, aumenten al grado de rebasar la capacidad de los gobiernos y de la 
saciedad para daries una soiucion adecuada. 

En general, la produccion de RS obedece a un eiclo de produccion y consurno, y el 
impacto que estos ocasionan al ambiente y la salud pljblica son consecuencia del 
manejo inadecuado de 10s recursos naturales y de 10s residuos que se producen de su 
transiormacion y consumo. Por ello, las estrategias para contrarrestar el problema 
ambiental que implica la generacion y gestion de 10s RS, deben incluir criterios de 
racionaiidad ambiental. El concepio de sustentabilidad debe necesariamenie 
extrapolarse hacia el uso y consumo racional de bienes, para de este modo hacer un 
uso suslentable de los recursos naturales. 

Desde el punto de vista tecnico existen soluciones para la gestion de los RS. El 
problema radica en que para seleccionar adecuadamente algdn proceso o tecnologia 
especifica para el manejo y disposicion de RS es necesario contar con datos confiables 
sobre generacion y el efecto de estos sobre el ambiente y la salud pljblica, como 
respuesta a las siguientes preguntas: ~ Q u e  cantidad de residuos se generan por dia y 
por habitante?, iQue tipo de RS se genera? 6Quienes y cuantos son 10s generadores 
que intervienen?, 'Cual es el efecto de 10s RS en el ambiente y de los lixiviados en los 
sistemas de agua subterranea?, 'En que proporeion se disminuira el impact0 ambiental 
de 10s RS con un proceso determinado de tratamiento?, ~ C u a l  sera el impacto social 
del proyecto?. Estos parametros son bhsicos para tener una vaiorizaci~n real de la 
problematica ambientai y social, que permita proponer estrategias de soluci~n, con 
cierta probabilidad de que funcionaran. Restrepo (1994), Bernache (1995), Quadri 
(1994)- hacen referencia a esta necesidad, per0 no existen en el pais estudios 
referentes que conduzcan a la sisternatizaci~n de un metodo para ello, ni much0 menos 
infraestructura o respaldo tecnico en los municipios que les permita realizar estos 
estudios. 



La investigacion interdisciplinaria que incluya 10s aspectos ambiental y social de la 
generacion de 10s RS debe ser una perspectiva a explorar a mas detalle. Ello, porque la 
preseivaci~n del ambiente y la conse~acion de 10s recursos, son requisitos 
fundamentales para la permanencia de las sociedades actuales. El aspect0 social, 
porque la generacion de RS acantece en tcdas !es socier',ades y ios factores sociaies, 
cu!tura!es y econ6micos desempefian un papei deierminante, en la cantidad y tipos de 
RS que se producen. La comprension de estos aspectos permite la conformacion de 
lineas de investigacion, hasta ahora poco desarrolladas y que puedan aporiar 
soiuciones a este probiema ambientai. 

La investigacion se desarrollara en la zona metropolitans de Morelia en el municipio 
de Morelia, Michoacan. 

Para el desarrollo de la investigacion se propone la siguiente metodologia: 

A) Clasificaci6n y c~antificaei6n de generadores de WSM con base en la actividad 
economica. 

1. Se incluiran las categorias de generadores de RS especiales y agropecuarios para 
ampliar el concept0 actual de RSM, a efecto de incluir todas las actividades 
economicas que se llevan a cabo en el municipio, conceptualizado esfe ljltimo como 
una entidad geopoIRica. 

2. Se utilizara el clasificador industrial internacional uniforme (CIIU) y la Clasificacion 
Mexicana de Actividades y Productos (CMAP) para caracterizar y ubicar cada una de 
las actividades economicas de los sectores prirnario, secundario y terciario en cada 
uno de 10s generadores contemplados en la clasificacibn de generadores propuesta. 

3. Para ubicar cada una de las actividades economicas en cada uno de 10s 
generadores contemplados en la clasificacion, se tomara como criterio las Norrnas 
Oficiales Mexicanas para residuos solidos, asi como el tipo de bienes producidos o 
comercializados y el tipo de materias primas utilizadas en los procesos. 

4. Mediante la conformacion de un programa, se cruzaran las actividades economicas 
registradas con las categorias de generadores contemplados. 

5. Siguiendo la clasificacion de generadores de RSM del trabajo, se cuantificara el 
numero de generadores de residuos urbanos. Para ello, se utilizaran el Censo 
Econ6mico y el Censo de Poblacion y Vivienda, de 10s cuales se conformara una 
base de datos con el nljmero de establecimientos y de trabajadores en cada 
actividad economica, asi como nirmero de viviendas y de habitantes por municipio. 



6) Analisis de generacion de RSU en la zona metropolitana de Morelia. 

1. Se seleccionara como area de estudio la zona metropolitana del municipio de 
Morelia, Michoacan, dado que conjunta las caracteristicas socioeconomicas 
requeridas: Los tres niveles de ingreso economico, 10s tres sectores de aciividad 
econ6mica y pnb!aci6n ~lrbana y periurbana. 

2. El analisis de generacion de RSU, se realizara para cada uno ale 10s generadores, 
6e acuerds a L la blaar11caci6n -1--:s: propuestar residenciaies y no resiaenciaies 

(comer~iales~ instituciona!es/sen~icios, industriales y especiales).  dent^^ de los 
generadores comerciales, se incluira el analisis de los mercados y de! comel*cio 
informal que se establece en estos y en 10s tianguis. Se aplicara un muestreo 
aleatorio para los generadores no residenciales y para ios generadores 
residenciales un muestreo aleatorio estratificado socioeconomicamente (INEGI, 
1994), cuyo numero de muestras por generador se determinara de acuerdo al 
procedimiento de Stein (SECOFI, 1985). 

3. Simultaneo al muestreo se aplicara una encuesta para determinar el ingreso 
economico, escolaridad, densidad de habitantes por vivienda, edad y sex0 de 10s 
generadores residenciales. Para el caso de 10s generadores no residenciales, se 
determinara la actividad economica, tamaiio del local, monto de ventas, dias y horas 
laboradas, rnaterias primas utiiizadas y principa!es bienes csrneicializados. 

4. La selection y cuantificacion de subproductos se efectuara de acuerdo a una 
variante al formato de clasiiicacion NTRS-5 de SEDUE. 

6) Desarrollo de rnodelos sobre generacion de RSU. 

1. Los datos del analisis de generacion y de la encuesta se ordenaran por estrato 
socioecon6mico para el caso de los generaadores residenciales y por fuente de 
generacion 10s no residenciales y se conformar6 una base de datos. 
Posteriormente se efectuaran analisis de estadistica descri~tiva v ANOVA. 

2. Con base en los resultados del analisis de generac'i6n, se determinaran ia 
generacion total de RSU, asi como coeficientes de generacion per capita para cada 
uno de 10s generadores contemplados. 

3. Se utilizara la correlation para establecer el grado de relaci6n entre las variables 
seleccionadas con la generacion de residuos y la regresion lineal para determinar la 
forma probable de la relacion entre las variables, a efecto de estimar la generacion 
de residuos solidos correspondiente a los vaiores de las variables socioeconomicas 
analizadas. 

D) Validation de 10s modelos propuestos. 

I .  Los resultados de los modelos desarrollados se compararan con los resultados $el 
analisis de generaci6n y determinar el porcentaje de similitud entre ellos. 



1. Se redactara el documento y los atticulos correspondientes que incluyan aspectos 
del problerna ambiental y social de 10s residuos solidos como: Generation (idonde, 
cukndo, como y bajo que condiciones se generan?), Procesamiento y tratamiento 
(ique se hace con 10s residuos? ba!o que condiciones se disponen, que proportion 
se reutiliza?). 

A continuaci6n se presenta un diagrama sirnplilicado sobre la investigation de residuos 
s~lidos: 

DlAGRAMA SOBRE EL PROCEDlMlEMTO DE LA INVESTIGACI~N 
lNTERDlSClPLlNARlA PARA RESIDUOS S~LIDOS URBANQS 

1 RESIDUQS S ~ L ~ D O S  URBAN08 1 
I / ANALISIS DE LA PROBLEM~~TICAAMBIENTAL ( 

/ IDENTIFICACION DE FUENTES DE CENERACIOW 1 
I 

ANALISIS SOBRE G E N E M C I ~ ~ ~  DE RS: 
-D~seno del muestreo 
-Caracterizaclon y cuanlificacion de subproductos 
-Encuest% socloeconoiiilca 
-Procesamlento de datos 

EDUCACl6N Y LEGISLACI~F~ AMBIENTAL 
-Conseruacion de recursos 
-Protecc~on del ambiente 
-Calldad de v~da 

I 

TOMA RE DEClSlONES 
Aspectos sociales, economicos, ambientales 

I 

PLANEAClCjN 
-S~sternas de limpla 
-Procesos y tecnologias 

FESTI~N 
-Tratamlento de RS 
-Disposic16n final 



Los resultados de la investigacion se presentan en cinco capitulos bajo el esquema de 
articulos; cada uno de ellos ligado entre si, y con una secuencia iogica que trata el 
problema planteado. Los capitulos 1 y 2 presentan el proyecto de investigacion y 
antecedentes respectivamente. El capitulo 3 revisa la definicion de residuos solidos 
municipales de acuerdo a su origen y caracteristicas fisicoquimicas. En este se 
propone una adecuacion de conceptos, asi como una ciasiiicacion ae generaaores que 
incluye un metodo para cuantificarlos. 

Los capitulos 4 y 6 son estudios de generacion de residuos solidos, en los que se 
ap!ica !a c!asificaciCir! piopuesta en el capitulo 3, a efectos de verificar!a y q!e sirva 
como precedente para estudios en otras regiones. 

El capituio 4 es un analisis de la cornposicion de los residuos urkbanos; en este 
estudio se analiza la influencia de variables socioecon6micas, como el ingreso, edad, 
sexo, densidad de habitantes por casa y escolaridad en la generacion de residuos 
solidos residenciales. Tambien se analiza la influencia del tamaiio del local, el nljmero 
de empleados, la cantidad de horas y dias laborales en la generacion de residuos no 
residenciales. 

En el capitulo 5 se analiza el grado y tipo de asociacion entre las variables 
socioeconomicas estudiadas y la generacion de residuos solidos residenciales y no 
residenciales. Sobre esta base se establecen modelos para explicar y en su caso, 
predecir la generacion de 10s residuos solidos en zonas urbanas. 

El capitulo 6 trata del estudio de la composici6n de 10s RS en 10s mercados 
rnunicipales, 10s cuales son fuentes muy importantes de generacion de RS. Se estima 
que el 9% del total de residuos solidos urbanos proviene de estos sitios (Bernache, 
1995) y que alrededor del 93% son organicos (Buenrostro Ma l999b ) .  Pero debido a 
las caracteristicas de comercializaci6n (temporalidad y tip0 de bienes que se expenden) 
y socioeconomicas (micro y pequeiios comerciantes), no se han realizado estudios con 
antelacion, por lo que 10s informes sobre la cantidad y composici6n de 10s RS que se 
generan en estos sitios son ambiguos. El estudio reporta la generacion total y por 
subproductos para cada iino de los mercados anafizados, asi ccmo c~eficientes de 
generacion por locatario y por giro comercial. Ello como resultado de un muestreo de 
los residuos y de una encuesla practicada a 10s locatarios. 

El capitulo 7 es una propuesta de tratamiento de la fraccion organica de los residuos 
generados en 10s mercados municipales. El estudio consistio en el analisis de las 
caracteristicas fisicas y quimicas de los residuos solidos organicos, para determinar la 
viabilidad tecnica y econ6mica para implementar un proceso de fermentation 
anaerobia. Se dan resultados experimentales obtenidos en un digestor vertical 
semicontinuo y se plantea la ingenieria y disefio de una planta piloto. Finalmente, en el 
capitulo 8 se presentan conclusiones y recomendaciones generales. 





En el context0 international existen suficientes procesos tecnologicos para 
reciclamiento y confinamiento controlado de 10s RS (cuadro 1). A pesar de lo anterior, la 
eiirninaciuii de  esios en iiraaeros a cielo abierio, sigue siendo ia practica mas comljn en 
la mayoria de 10s paises en vias de desarrollo (UNAMIUMSNH, 1996). El caso de 
Mexico es similar, pues en general todos 10s municipios del pais optan por esta medida. 
Elio como consecuencia de la escasez de recursos economicos y de asesoria tecnica 
caliiicada para una gestion adecuada de 10s RS. 

La disposicion 6e residuos en tiraderos a cieio abierto, consiste en depositarlos en 
sitios ubicados en ia periferia de los centros tie poblacion. Cuando el sitio se satura, o 
el crecimiento poblacional ocasiona que sea sobrepasado por la mancha urbana, se 
clausura y se busca otro sitio en un lugar mas alejado. Los impactos negativos 
asociados con esta forma de disposicion son 10s riesgos de contaminacion de acuiferos 
por percolaci6n y lixiviacion, el impact0 sobre la fauna y flora circundante y riesgos en la 
salud, asociados a la produccion de gases, humos y poivos (World Bank, 1989). 

Cuadro 1. Procesos para la gestion de los residuos solidos 

ENFOQUE DESCR!PC!QN 

D!SPOSICION DE LOS PROCESOS F~sICOS: 

RESIDUOS - Separacion, trituracion, compactaci6n 
PROCESOS MECANICOS: 

- Vertedero controlado. 
- Relleno sanitario. 
PROCESOS T~RMICOS: 
- Incineracion 
- Pir6lisis 
PROCESOS BIOLOGICOS: 
- Digestion anaerobia. 
- Digestion aerobia (composteo). 
PROCESOS QU~MICOS: 
- Hidrolisis acida y alcalina, entre otros 

GESTIQN INTEGRAL DE Basa su enfoque en tres factores: 
LO§ RESIDUOS - Conse~acion de 10s recursos naturales. 

- Reduccion del consumo de energia. 
- Disminucion de la generation de residuos 
solidos (reduccion, reutilizaci6n, reciclaje). 

Fuente: Cordero (1 977); Heinen (1 995); IDAE (1 989), Buenrostro (4 99gS) 

W continuacion se describen 10s enfoques utilizados: 



A) Procesos fisicos: 

ha separacion, irituracion, compactacion y transierencia son tecnicas que se aplican a 
10s RS come tratamiento previo a la disposicion final. Se utilizan para disminuir el 
volumen y, en algunos casos, el peso de 10s residuos. El proposito es abatir costos de 
transpcrte y de deposicibn, e incrementar la vida htil del relleno sanitaric (OPSIBMS, 
I 978). 

i a  iuncion primordial de 10s procesos fisicos es la separacion y reducci6n del 
volumen de 10s RS. Sin embargo, hay rnetodos que disminuyen la toxicidad y aceleran 
el tratamiento de 10s residuos peligrosos. En 6stos se consideran la aireacion, 
separacion con amoniaco, adsorcion en carbono, centrifugaci6n, dialisis, destilacion, 
electrcdialisis, encapsulamiento, evaporacion, filtracion, floculacion/sedimentacion, 
flotation, 6smosis inversa, sedimentacion, separacion con aire, gravedad agualaceite, 
ultrafiltracion, separacion con vapor, microondas, separacion magnetics, coagulation, 
detonacion, fotolisis, resina de absorcion, compensation y ajuste de ternperatura. Se 
aplican tanto a residuos liquidos, solidos y gaseosos (Tchobanouglous &I 1997). 

La separacion como tecnica de tratamiento previo pretende retirar del ciclo de 10s 
residuos todos aquellos materiales que pueden ser objeto del reciclado (Severini, 
1995). La separacion de subproductos tambien se realiza como tratarniento previo a 
otros procesos de tratamiento de residuos. Por ejemplo, la separacion previa de la 
porcion organica al composteo o incineracion, redunda en una mayor productividad y 
efectividad del proceso biologico o termico subsecuente (Robinson, 1986). 

En los paises en vias de desarrollo, en general, la separacion de subproductos se 
realiza por personas de escasos recursos economicos y en condiciones sanitarias poco 
adecuadas. Consiste en la extraction de materiales constituyentes de 10s RS, tales 
como, metales, vidric, cartbn, pape!, plasticcs be acuerdo al valor economico de cads 
uno de ellos, se efectlja en la fuente, durante el traslado de 10s residuos o en el tiradero 
(Bernache aal1998). Es en este proceso sobre el cual se puede incidir para minimizar 
la cantidad de RS a disponer y disminuir el riesgo de exposicion de las personas que 
realizan esta actividad ( B u ~ ~ F Q s ~ ~ o  -1 1999a). 

La trituraci6n es el proceso por el cual se divide, rnezcla y homogeneizan los 
residuos solidos, con el objeto de acelerar la descomposici6n bioquimica. La 
compactacion disminuye 10s espacios vacios a efectos de almacenar mas residuos por 
unidad de espacio, tanto en las unidades de recolecci6n como en 10s rellenos sanitarios 
(IDAE, 1989). 

La transferencia de los residuos solidos se hace necesaria cuando las distancias de 
transporte a centros de procesamiento o zonas de evacuacion se incrementan a tal 
grado que el transporte direct0 por las unidades de recolecci6n ya no es 
econ6micamente factible. El proceso comprende dos pasos: 1) la transferencia de los 
residuos en estaciones d e  transferencia desde el vehiculo de recoleccion, por lo 
general de menor tamafio, hasta un equipo de transporte mayor, 2) el transporte 
subsiguiente de 10s residuos a un lugar de procesamiento o evacuacion 
(Tchobanouglous &al1997). 

En los paises en vias de desarrollo, la transferencia de 10s residuos se utiliza solo 
en las grandes ciudades y su instalacion recibe un gran rechazo por parte de la 



poblacion. Ello porque el funcionamiento de las estaciones de transferencia se asocia 
con problemas de transito, contaminacion por ruido y malos olores, asi como 
proliferation de fauna nociva; por lo tanto la ejecucion de este tipo de-proyectos debe 
ser precedida de una amplia campafia de information entre los gruposde poblaci6n 
ciicundaiites a la obiti, sobie ias caiacterisiicas iecnicas y operacbnaies de ias 
estaciones de transferencia (Bernache etal1998). 

B) Procesos mecanicos: 

La disposicion en relleno saniiario es un proceso que consiste en colocar 10s residuos 
en el terreno, extenderios en capas deigadas, compactarios o triturarlos para reducir su 
volumen y cubrirlos al final de cada dia. La descarga de residuos debe obedecer a 
normas muy precisas de proteccion del ambiente, las cuales incluyen el manejo de 10s 
residuos y operacion del relleno sanitario. El objetivo final de este es el control adecuado 
de 10s residuos solidos y el confinamiento del biogas y lixiviados que se producen de 10s 
procesos de descomposicion de 10s residuos (Chang, 1996). 

La normatividad ambiental para construir y operar rellenos sanitarios es mas 
estricta. Esto ha incidido en la disminucion de su numero, y por tanto, en un aumento 
en el costo de disposicion por tonelada de RS. En 10s Estados Unidos en 1993 existian 
4,482 rellenos sanitarios, en 10s cuales se deposit6 el 71 % del total de RS generados. 
En 1994 este porcentaje descendio a un 67%, con un total de 3,558 rellenos sanitarios 
(Steuteville, 1995). 

C) Procesos iermicos 

El procesamiento termico se puede definir como la conversion de 10s RS en productos 
gaseosos, liquidos y solidos, con la simultanea o subsiguiente emision de energia en 
iorma de caior. Estos sistemas se clasifican, con base en sus requisites de oxigeno, en 
combustion estequiometrica, combustion con exceso de aire, gasification y pirolisis 
(Tchobanoglous -1 1997). 

La combustion estequiometrica y la combustion con exceso de aire se diferencian 
en las cantidades de oxigeno que son necesarias para la combustion. En la primera se 
aplica la cantidad exacta de este elemento para que la combusti6n de 10s residuos se 
lleve a cab0 en su totalidad. La segunda se lleva a cab0 con oxigeno en exceso sobre 
las necesidades estequiometricas. En la practica, por la naturaleza heterogenea de 10s 
RS, es inviable economicamente incinerarios con cantidades estequiometricas de aire. 
Por ello, los procesos de combustion se realizan en hornos a temperaturas superiores a 
650PC y con sistemas que utilizan oxigeno adicional para aumentar la mezcla y las 
turbulencias, asegurando asi que el aire pueda llegar a todas las partes de 10s residuos, 
con el fin principal de disminuir su volumen y de transformarlos en materiales inertes. 

Pese a que este proceso tambien se aplica para aprovechar la energia .calorica en 
la generation de electricidad, SLI uso como sistema de tratamiento de RS es muy 
cuestionado. La legislacion ambiental considera 10s polvos y cenizas procedentes de la 
incineration dentro de la categoria de residuos peligrosos. Ademas, se ha registrado la 
emision de compuestos altamente toxicos, como dioxinas y furanos, por lo que se 
requiere la instalacion de filtros para controlar la emanacion y dispersion de estos 
residuos al ambiente, medida que encarece 10s costos de este proceso. 



La gasificacion es la combustion parcial de 10s residuos solidos bajo condiciones 
subestequiometricas para reducir el volumen de residuos y recuperar energia, 
convirtiendo 10s residuos en combustibles gaseosos que contienen metano, monoxido 
de carbono e hidrogeno (Tchobanoglous -1 1997). 

La piiulisis consiste en ia ciesiiiacion desiructiva de ia iraccion organica de ios RS en 
ausencia de oxigeno y difiere de la combustion en que es endotermica en lugar de 
exotermica. La diferencia entre 10s dos sistemas consiste en que en la pirolisis se utiliza 

"as en un una fuente de combustible externa para conducir las reacciones endotermi, 
ambiente libre de oxiqeno, mientras clue 10s sistemas de qasificacion se sostienen sin 
aportes y usan aire para la combustkn parciai de 10s iesiduos (Tchobanoglous -1 
1 997). 

D) Procesos biologicos 

Los procesos de tratamiento biologico se aplican exclusivamente sobre la fraccion 
organica de 10s residuos solidos y son la Onica tecnica disponible en la actualidad para 
reutilizar la materia organica contenida en los RS. Los procesos de tratamiento 
biologico se clasifican basicamente por la presencia o ausencia de oxigeno. 

La digestion anaerobia es un proceso de descomposicion de la materia organica en 
ausencia de oxigeno, la cual se lleva a cab0 por microorganismos de la familia 
Metanobacteriaceae. Se disipa poco calor y se producen gases como el metano, 
hidr~geno, nitrogeno, bioxido y monoxido de carbono, oxigeno y trazas de acido 
sulfhidrico, de 10s cuales el metano se presenta en una proporcion de 55% a un 70%. 

La digestion aerobia se lleva a cabo en presencia de oxigeno por microorganismos 
aerobicos y facultativos, que oxidan la materia orgsnica produciendo agua, bi6xido de 
carbono, calor y compuestos nitrogenados (Stanier -1 1986). 

E) Procesos quimicos 

Esios procesos incluyen la hidrolisis acida y alcalina, asi como la conversion quimica, 
por los cuales se recupera glucosa, fuffural, metanol, entre oiros. Estos procesos son 
poco usados para la conversion de la fraccion organica de 10s RSU, ya que son mas 
usados para reutilizar residuos agricolas (Tchobanoglous et a1 1997). 

2. Gesti6n integral de residuos s6lidss 

A la disposicion de residuos se le dan soluciones que pueden crear a su vez nuevos 
problemas, ya que cada metodo de disposicion reduce la carga contaminante de 10s 
residuos sobre un sistema, pero lo traslada hacia otros. Por ello, la consewacion de 10s 
recursos es un factor importante que se ha incorporado a1 concepto tradicionai de 
gestion de RS, el cual se ha expandido al de gestion integral. Esle concepto puede ser 
definido como la selection y aplicacion de tecnicas, tecnologias y programas idoneos 
para lograr metas y objetivos especificos de gestion de residuos (Tchobanoglous gj a1 
1997). La gestion integral considera el impact0 de 10s RS en el ambiente y toma en 



cuenta los tres estados fisicos de los residuos (liquido, solido y gaseoso) para 
disponerlos, de manera que se reduzca el impact0 ambiental y la salud publica. 

Los principales factores que se toman en cuenta para la gestion de RS son: i E n  
que fase es menos nocivo un elemento o sustancia?, j,En que estado fisico resulta mas 
econumico tratario?. ia  decision adoptada aebe considerar iactores socioecon6rnicos, 
politicos, juridicos e institucionales, asi como la cantidad, composicion de los residuos y 
disponibilidad de recursos economicos (Heinen, 1995). 

Las acciones que se consideran para !a implementaci6n de programas de gestiQn 
integral de residuos solidos son: 1) reduccion en origen, 2) reciclado, 3) reempleo o 
reuso, 4) iransiormacion de residuos y 5) vertido. 

La reduccibn, implica reducir ia cantidad y/o toxicidad de 10s residuos que son 
generados. La reduccion en origen se considera en primer lugar en la jerarquia de un 
programa de gestion integral de residuos, ya que es la forma mas eficaz de reducir la 
cantidad de residuos, 10s costos asociados a su manejo y 10s impactos ambientales 
(Tchobanoglous, -1 1997). 

El reciclado y reuso son procesos mediante 10s cuales ciertos materiales que antes 
se habian considerado como residuos, pueden reincorporarse al ciclo de production- 
consumo. Especificamente, el reciclado es el procedimiento industrial de 
transformacion de 10s materiales recuperados, que seran utilizados como materias 
primas para fabricar nuevos productos dedicados al consumo. El reuso es la 
prolongaci~n de la vida 6til de un product0 por medio de su reutilizacion para fines 
identicos o parecidos (Severini, 1995). - 

En el ljltimo decenio en 10s Estados Unidos se recuperaron y reciclaron el 23% de 
RS; sin embargo, recientemente se ha delenido 10s niveles alcanzados en la ljltima 
decada, ya que el crecimiento anual en 1994 fue menor en un 50% al registrado en 10s 
4 aiios anteriores (Steuteville, 1995). 

La transforrnacion de 10s RS se refiere a los procesos fisicos, quimicos y biologicos 
rnencionados con antelacion y que se aplica~ para: I )  mejerar la eficiencia de !as 
operaciones y sistemas de gestibn de residuos, 2) recuperar materiales reutilizables y 
reciclables y 3) recuperar productos de conversion, como composta, y energia en forrna 
de calor y biogas (Tchobanoglous eal1997). 

El vertido en relleno sanitario ocupa la liltima posicion en la jerarquia de la gestion 
integral, ya que es la forma menos deseada por la sociedad para el tratamiento de los 
RS. Sin embargo, este sistema es mas seguro en cuanto a manejo e impactos al 
ambiente para disponer los residuos que no son reciclados y aquellos que son 
rechazados de las plantas de separation de subproductos y de conversion o energia 
(Tchobanoglous -1 1997). 

A) La planeacion en la gestion de residuos solidos 

La prediction de la cantidad y composici~n de 10s RS es fundamental para la 
planeacion y disefio de 10s sistemas de limpia, asi como en la conservaci6n del suelo, 
fauna, flora, cuerpos de agua, sistemas de agua subterranea, uso sustentable de 10s 
recursos, y en mejoramiento de la calidad de vida de la poblacion. Bor ello, es 
importante que la gestion de 10s RS se realice bajo criterios interdisciplinarios que 
incluyan no solo factores ambientales, sino tambien economicos y sociales. 



En el ambito internacional, existen modelos predictivos basados en variables como 
la densidad de poblacion, el ingreso per capita, el porcentaje de poblacion urbana, el 
clima, la edad, el sexo, el grupo etnico, el tamafio de la vivienda, las caracteristicas 
geograficas, el uso del suelo, el tip0 de aparato productive, y las vias de comunicaci6n 
dispoiiibiies. Esias variabies ilan siao anaiizaaas por diversos rn6todos estadfsticos 
como son la correlacion y la regresion lineal, el analisis de componentes principales, el 
uso de estadistica no parametrica y el analisis retrospective por series de tiempo. Sin 
embargo, debido a la complejidad teorica de 10s rnodelos y a 10s requerimientos de 
datos socioecon~micos y de production de residuos, ha ocasionado que no se apliquen 
en 10s parses en vias de desarroilo. 
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ABSTRACT 
The existence of different classifications of municipal solid waste (MSW) creates 

confusion and makes it difficult to interpret and compare the results of generation 
analyses. in tnis paper, MSW are conceptualized as the solid waste generated within 
the territorial limits of a municipality, independently of its sources of generation. 

Grounded on this assumption, a classification of the sources of MSW is suggested 
based on the economic activity, which generates them; thus a connection between the 
source and the type of waste is established. The classification categorizes the sources 
in three divisions and seven classes of sources: residential, commercial, institutional, 
construction/demolition, agricultural-animal husbandry, industrial, and special. When 
applied at different geographical scales, this classification enables the assessment of 
the volume of MSW generated, and provides an overview of the types of residues 
expected to be generated in a municipality, region or state. 

Key words: Classification, Sou~ces, Municipal solid waste, Mexico 



Municipal solid wastes and their classification 

In developing countries, there are no studies of waste generation that consider the 
issue of sources of municipal solid waste (MSW): households, commerce, industry, public 
areas, institutions and services i i j ,  in most developing countries, such studies are not 
available because of the scarcity of technical knowledge and funding. The economic cost 
of studying the composition of solid waste (SW) in a city may consume most of the human 
and financia! resources assigned by the !ocal government to the management of SW 
during one year. Because of this, it is difficult to carry out such studies with the required 
frequency. 

Several approaches are described in the literature; some are more conceptual and 
other attempt to classify MSW. For Adedibu [?I, the residential and domestic solid waste 
is generated in residential environments, while MSW is generated in public areas, such 
as streets and parks. Heinen [7] concludes that MSW is mostly composed of domestic 
residues and not by hazardous, and commercial waste. In the USA, paper, plastics, 
garden clippings, glass and other materials are recognized as MSW [18]; it is 
considered that this type of waste is mainly generated by residential, institutional and 
commercial sources [8]. The Mexican environmenta! regulation defines MSW as being 
generated by municipal activities; thus, it does not require of special techniques for 
control -except for the hazardous and potentially hazardous waste generated in 
hospitals, clinics, laboratories and research centers, together with the industria! l ~ l s t e  
that is not derived from the industrial process itself [14]. 

From a different perspective, Cailas et al [6], classify MSW as the residues coming 
from households, the operation of commerce and institutions, and, in general, all those 
generated by the activities of the community. Brunner -1 [5], define MSW as the 
materials collected by the municipality, or by authorized organizations. 

The ambiguous use of the terminology and classificafion approaches complicates the 
analysis of MS W generation 

Confusion begins by the neglect in the use of the verbs to conceptualize, to define, 
and, to classify, as synonyms of, to order. Actually, the action implied in each of these 
latter verbs have different meanings: to conceptualize is to form a concept about 
something -from the Latin conceptus, meaning a thought which is expressed in words; 
to define -from Latin definire-- is to delimit the meaning of a word, or the nature of a 
thing; to classify, is to sort things by piacing them in classes. Thus, the existing 
classifications and definitions of MSW are not such, but conceptualizations, given that 
these vary with the author's criteria. 

The inadequate use of these verbs, which could, in first instance, be considered as a 
problem of semantics, leads to a far greater problem in regard of the planning and 
design of the analyses of MSW generation. In a single study of solid waste (SW), the 
indistinct use of terminology such as municipal solid waste (MSW), urban solid waste 
(USW), domiciliary solid waste (DSW), and residential or domestic solid waste (RSW), 
arises confusion and may contribute to inconsistent interpretation of results, because 
the type of source being analyzed is not clear. Additionally, it remains unclear if a given 



SW is to be considered as MSW because of the type of source, or because the 
municipality is responsible for its collection. Rushbrook -1 [17] have analyzed this 
problem in connection with the difficulty to establish confident parameters to study the 
composition of SW in urban areas in some African countries. 

R~gaidiiig ii:S'v"i, the distiii~tiun between the concepts mentioned above is based on 
the sources of generation of SW; however, when "municipal activities", or "collected by 
the municipality" are considered as characteristic features of MSW, the SW generated 
in the outskirts of the urban centers are not considered as MSW. In general, cities is; 
developing countries have experienced an accelerated process of urbanization, 
enguifing ihe surrounding rural communities within the expanding urban area. in these 
settlements, an urban-rural fringe is generated; microindustries-characteristic of urban 
centers-are established together with handicraft shops, small-scale animal husbandry 
production, and remains of agricultural activities. 

Frequently, the SW generated in this periurban fringe is merged into the USW 
stream. Thus, it is impossible for municipal authorities to control these sources and to 
monitor the amount and characteristics of such SW. The legal regulations in a large 
majority of developing countries establish that the federal administration is responsible 
for the management of hazardous or potentially hazardous waste, while the municipal 
governments are responsible for the remaining SW generated within their jurisdictions 
PI. 

As an example, agricultural activities generate SW, but if these are used as input for 
the agricultural sector (e.g., forage), these are no longer considered as SW. However, 
agricultural activities make use of agrochemical, thus generating empty containers 
which, because of the material they contained, are classified as hazardous waste; but, 
due to the source of its generation, it is also regarded as agricultural SW. This ambiguity 
affects the management and final refuse of this type of SW that takes place outside the 
jurisdiction of the municipal government. Additionally, the amount and characteristics of 
this SW, and whether these flow with the !JSW, remain unknown. What prevails is the 
clandestine refuse of this type of SW within the territory of any municipality. 

Considering the ambiguity in the use of concepts and in the systems of classification 
of SW, it seems important to contribute to strengthening these aspects. This paper has 
the following objectives: (1) to propose a standardization of concepts for sources and 
types of SW; (2) to propose a classification system of MSW based on the type of 
economic activity; and, (3) to apply this classification to assess different sources of 
waste at the municipal and state geographical scales. 

This approach was tested in the city of Morelia, Mexico. Nevertheless, the results 
may be of relevance for other fast growing cities with poor or absent environmental 
planning. 



Classifying lVlS W according to sources 

A classification of sources of SW is proposed on the basis of the following 
assumptions: 

4 .  The SW generated within the territorial jurisdiction of a municipality, irrespective of 
its nature and source that generate; it is classified as MSW (Fig. 1). 

2. All economic activities generate a given pattern of SW. 
3. Since all economic and consuming activities generate SW, each of these activities 

constitutes a source. 
The classification of the sources of MSW considers three divisions: urban, industrial 

and rural; each one is represented as a discrete entity. From these divisions, classes of 
sources are derived in a hierarchical manner (Fig. 2). 

The urban division encompasses the sources of MSW within human settlements, 
independently of the size of their population. The urban division gives place to two 
subdivisions, which originate classes of sources: residential (dwellings), and non- 
residential (commercial, institutional/services, construction/demolition, and special). This 
latter class groups the sources which, because of the materials used in their economic 
activities, or because of the services they offer, or due to the trade commodities, 
generate SW which may be hazardous for the population health or to the environment. 
The industrial division includes all those sources in industrial facilities, independently of 
their size, and is formed by a single industrial class. The rural division encompasses all 
sources of SW, which derive from agricultural and animal husbandry activities. This 
division includes a single class: the agricultural-animal husbandry source (Table 1). 

Each one of these classes of sources produce different types of SW, which are 
defined on the basis of the sources which generate them, as follows: 

1) Residential wastes: The wastes generated in dwellings, either houses or apartments. 
2) Cornmerciai waste: The waste generated in commerciai facii%ies, department stores, 

supermarkets, restaurants, marketplaces and ambulant markets (which in Mexico are 
called tianguis). 

3) Institutional and service waste: The waste generated in governmental and private 
offices, education centers, museums, libraries, archaeological zones and recreation 
centers, such as movie theaters and stadiums. 

4) Construction and demolition waste: The waste generated in construction and demolition 
sites. 

5) Special waste: The waste which needs of special techniques for control, either because of 
being relatively hazardous, because of its condition or state, or because control is 
enforced by the standing environmental regulations. This waste is generated in sectors 
such as scientific research, health, industrial and automobile maintenance shops, human 
and veterinarian drugstores, airports and terrestrial transportation terminals. 

6) Industrial waste: The waste generated in any process of extraction, benefit, 
transformation and production of goods. 

7) Agricultural and animal husbandry waste: The waste generated in agricultural and 
animal husbandry activities. 



Using the international standard industrial classification (/SIC) in the classification of MS W 
sources. 

The United Nations Organization produced indexes for the international standard .-*- ind~strial classi:icaiioii jlSlCj of ifii eeonwrnic activities. i n e  I ~ I L  provides wit'n keys and 
descriptions for all the economic activities; these are coded in categories using one, two, 
four and six digits [19]. This classification is based on the rationale of c!assifying 
economic activities beginning from the general and, from here, narrowing down to higher 
levels of specificity. In general, this classification is the basis for the classification of all 
economic activities taking place within any country. For the case study considered in this 
paper, the economic activities were ciassified according with the existing Mexican official 
classification [lo], in turn based on the ISIC. 

Sources coding 

The sources of SW were assigned codes based on the Mexican Classification of 
Activities and Products (CMAP, by its Spanish acronym), which classifies the economic 
activities according to the criteria of the ISIC. As well as the ISIC, the CMAP considers 
four different grouping levels, as follows: sector, subsector, branch, and class. Both the 
lSlC and he CMAP classify economic activities and not the type of SW generated by 
such activities. Because of this, the economic activities included in this study were 
regrouped. This rearrangement of economic activities was made through the analysis of 
the description of each economic activity, of the input materials used in these activities, 
and of the commodities produced or traded by them, in order to place each economic 
activity in one of the proposed categories of sources of SW. 

In order to determine the type of SW generated, the description of the activity 
provided by CMA? was ccmpared with the listings included in the Mexican 
environmental legislation [15, 161, which describe the characteristics of SW according to 
the generating activity. Regarding this matter, Bowen e l  (1995) [3] suggest that the 
amounts and types of hazardous waste generated is determined by, among other 
factors, the productive process and the level of productive activity. 

An alphanumeric code was assigned to every source considered. The classes were 
identified with a capital letter, and consecutive serial numbers were used to sort the 
economic activity of these sources. Some sources agree completely to an entire sector; 
however, in many cases, in order to reconcile economic activity and the waste 
generated, it was necessary to create divisions among different types of sources for the 
subsector, branches and classes of economic activity (Table 2). 

Database creation. 

The database was based on information from two types of census: the economic 
census [ I l l ,  containing data about industry, commerce, and services, and the 
population and housing census [9], containing demographic and socioeconomic 
parameters. 



In order to assess the sources of SW included in the class's commercial, 
institutional/services, special and industrial, data about the number of economic units 
and number of employees involved in each one were compiled. For the assessment of 
sources in the residential and building classes, the data captured were, respectively: the 
, k $ I .  A z : 2 # I - - _ .  - - - I  rn 
lrul l lurl  .,, , lUUJrl lVIUD lU V, L I I W I ~  U W W I I ~ ~ ~ ,  arm me number of persons invoived in 
construction activities. Table 3 shows the variables analyzed and the sources of data 
used in this study. 

The data were gathered and managed in a relational database management system 
(RDBMS), using a program created ad-hoc. This program extracted the data from the 
census and regroliped them in correspondence with the classification criteria described 
above. The resulting information was stored in the form of an Excei spreadsheet, 
version 1997 [12], thus conforming a database in which the sources of MSW were 
classified. 

Applying the classification. 

The method proposed above was tested at the state (Michoacan) and municipality 
(Morelia) levels. We assume that results can be extrapolated to similar areas in other 
developing countries. Table 4 contains, at the two geographic scales, the quantitative 
description of the sources of MSW, with the exception of the sources of agricultural and 
animal husbandry waste (F), which were excluded because the census did not contain 
variables that could be useful to their assessment. Those data provide an outlook of the 
distribution of the generation of MSW in the area analyzed. The regrouping of the 
economic activities in correspondence with the proposed classification provides the 
means to know the number of sources per class, or at a finer level of detail, per 
economic activity. The population involved in each class of source enables the appraisal 
of the magnitude of the generation sources. 

In Michoacan, a total of 92,065 non-residential and of 781,632 residential sources 
was located. Of the former, 14,881 are sources of industrial waste (A), which give 
employment to a total of 68,848 persons in their facilities. Taken together, the sources 
of mineral waste ( A l l  and A12) exceed the number of sources of the food industry 
waste (A02); however, the latter industry has more workers employed (23,965), this 
could be an indicator of a greater contribution of SW by this source. 

The contribution of the wood waste source (A05), and that of textile industry waste 
(A03), is significant, both in terms of the number of sources as well as the number of 
employees. Basic petrochemical, chemical and plastic waste sources (A07) amount to 
only 79, but regarding the number of employees (3,500), and given that the number of 
workers employed per facility fluctuates at about 44 persons, this type of factories rank 
between the medium and the large industries. 

The commercial waste sources (B) amounts to 54,007. The special waste category 
(C) includes 20,379 sources. The institutional and services waste (D) class groups 
2,798 sources. A percentage analysis of the sources of generation of SW (Table 5) 
indicates the relatively low degree of industrialization of the state of Michoacan, 
compared to other regions. This analysis also shows the predominance of the 
commercial sector in the generation of SW. 



If the analysis is narrowed-down to finer levels of detail, further characteristics are 
observed. About 10,700 sources of industrial residues in Michoacan generate SW; 
these are listed as hazardous or potentially hazardous by the Mexican environmental 
legislation[15, 161. Additionally, there are 23,379 sources of special SW, many of which 
are iil need of a physicai and chemicai evaiuaiion to determine their impact on the 
environment and on public health. Because of this, the state of Michoacan faces a 
severe environmental problem due to the generation of hazardous SW, given that there 
is no existing program for their adequate management. The final outcome is thai the 
hazardous SW merge into the USW stream. 

According to Bowen -1 [3], the potential impact of hazardous SW generated by 
industrial activities depends on both the characteristics of the materials utilized, and on 
the level of exposure to them. In order to evaluate the risk involved in the exposure to 
hazardous SW, the toxicological and physical properties, as well as the amount of this 
waste, must be considered in addition to the concentration, duration, intensity, way of 
exposure, and the characteristics of the population exposed. 

This evaluation of the impact of hazardous waste is complex due to the ambiguity 
with which the term, hazardous waste, is used. However, an a-priori evaluation may be 
obtained by means of the characterization of SW using the available listings regarding 
the nature of the materials and the productive process involved in their generation. 
These criteria were used in this study to categorize the characteristics of the SW, with 
respect to its source of generation. 

The sources of SW in Morelia are distributed in a pattern, which is similar to that - 
observed in the state of Michoacan (Table 5). Morelia groups 16.4% (2,437) of the total 
industrial sources (A) recorded for the state; 10,346 commercial sources (B); 5,121 
special sources (C); and, half the institutionallsewices sources (D) observed in the 
state. Besides, the municipality of Morelia concentrates 14% of the total population of 
Michoacan, which causes a severe problem of USW management. 

Tab!e 6 shows the results sf applying the proposed classification of sources in the 
assessment of USW. The analysis of the composition of this waste in Morelia allowed 
the estimation of daily rates of per-capita generation of SW, for each source of 
generation involved. The rates of generation derived from this study were used to 
assess the generation of USW in Michoacan. This estimation was based on the 
similarity of the distribution patterns of sources observed in both regions. Despite, these 
data must be calibrated by the implementation of in situ SW composition studies; they 
are useful for those regions in which data on generation of SW are scarce. The 
classification of sources of SW may be extrapolated and serve as a basis for studies of 
SW generation in other regions. 



DISCUSSION 

In this classification of sources of MSW, the industrial activity was considered as a 
source of hazardous or potentially hazardous waste, with the exception of the food 
;,A,,s+", ,A"#,\ T : L - L - - I I ,, Luu ,, [nvr,. c Be auuve uaaau UII ir~a IISL 01 ~ L L I V I ~ I ~ S  defined by the iviexican oificiai 
norm, and in which the industrial processes and activities which generate this class of 
waste are categorized [15, 161. According to these same listings, the sources that are 
considered as generating "special" SW are those activities categorized as hazardous 
and biological-infectious. These activities, among others, include clinics, hospitals, 
veterinarians, drugstores, ciinicai laboratories and for the production of biological 
products, education and research centers. 

This approach was applied to study of composition of MSW [4]. In this case, we 
incorporated the markets and the informal commercial activity; this latter source is 
relevant because of it influences heavily economic activities in developing countries. 
The informal commerce does not have permanent facilities, and, in general, they are 
excluded from the revenue collection enrollment. Because of this, the informal 
commerce is not assessed in the census, and it is difficult to obtain data for its 
appraisal. In the study made in Morelia, the informal commerce sector was analyzed in 
the areas where it concentrates, such as in markets and tianguis. Tables 5 and 6 show 
the number of sources and the generation rates for this sector, which were extrapolated 
to the state of Michoacan. 

The classification of MSW takes into account the assessment of all industrial 
sources of SW, independent by of their size and localization (within or outside the urban 
or periurban zones). The assessment of the industrial SW sources in Morelia 
considered only those localized within the urban area. The sampling was based on the 
reported number of employees; the analyzed industries were in fact microindustries. 
The generation rates, which were reported, correspond thus to micro-enterprises. 
Because of this, and in order to calibrate the generation rates of this sector, it is 
necessary to include longer industries in the analysis of SW generation. 

Despite the proposed classification is based on economic activity, it includes the 
residential source class. Even though these sources do not produce commodities or 
services, they do consume and satisfy the three assumptions made by the classification. 
The generation of SW is dynamic and heterogeneous; thus, it is determined by 
socioeconomic variables with differential impact incidence according to the locality 
analyzed [2, 131. Because of this, the analyses of generation of SW must be constantly 
updated. The proposed classification enables the use of the socioeconomic data provided 
by in census for the indirect assessment of the sources, which generate SW. It is also 
possible to predict the type of SW generated based on the economic activity involved. 
This provides with a-priori information that is useful to reach a diagnosis regarding the 
generation of SW in a locality; in addition it supports a finer analysis of specific sources of 
these wastes. 

For institutions involved in studies of the environmental impact of the generation of 
SW, the resulting classification is a valuable tool, both for preliminary analyses, and for 
future planning. Additionally, given that this classification is based on the criteria 
established by the ISIC, it may be calibrated reviewed or updated lo be applied in other 
regions. 



CONCLUSIONS 

A standardized classification of SW is essential for comparisons of studies made in 
different regions. This is important for developing countries, given these may use the 
a~ai!ab!e infcrma:ion as a backgroiiiicl hi ifi situ studies, which wiii, eventuaiiy, aiiow for 
the impiementation of more efficient SW management programs. 

The results of this research propose a conceptualization of SW on the basis of 
sources of generation, and a classification of such sources on the basis of economic 
activity. The classification is compatibie with the economic activities recorded by the 
iSiC. Thus, databases may be generated based on the socioeconomic data provided by 
census of any country; in this way the indirect assessment of the sources of generation 
of SW is feasible. 

Such a classification makes it possible to predict the potential hazard represented by 
SW in relation with the economic activity, which generates them. Also, this classification 
provides the foundations for the implementation of studies of SW composition, given 
that the delimitation of the concepts regarding the sources and types of waste 
siandardizes these concepts. Finally, the classification is useful for the assessment of 
total generation of SW by specific sources, and at different geographic scales. 
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TABLE 1 
Proposed classification of MSW ssLlrces 

Source Source Code Source class (source 1 T v ~ e  of waste Characteristics of . . 
division subdkfision origin) waste 

Industrial A Industry Industrial Non-hazardous 
Potentially 
hazardous 
Hazardous 

Urban Non-residential B Commerce Commercial Non-hazardous 

C Special contaminant Potentially 
hazardo~s 

From hospitals biological-infectious 
D Institutions and setvices Institutional Non-hazardous 

E Construction Construction Non-hazardous 

Rural 
/demolition 

F Agricultural and anima! Agricu!!ura! and Non-hazardous 
husbandry animal Potentially 

husbandry hazardous 
Urban Residential G Household Domestic Non-hazardous 

Potentially 



TABLE 2 
Economic activity and identification codes for the sources of MSW 

SOURCE ACTIVITYISOURCE CMAP CODE 

l n d u s t ~  
I??ineraIs and ail ex?iaction 2i 22 23 29 
Food industry 31 
Textile industry 321 1 3212 3213 3214 3220 
Leafher a33 shoe industry 3230 3240 
Lumber and wood derivatives 33 
industry 
Paper and paper derivatives 34 

~ ~ 

industry 
Basic petrochemistry, 35123513353035603511 
chemical and plastic 
industries 
Pharmaceutical industry 3521 
Other chemical substances 3522 
and products 
Coal and rubber industries 3540 3550 
Non-metaltic mineral 36 
products 
Metallic mineral products 37 38 39 
Power supply 41 
Supply and purification of 42 
drinking water 
Commerce 
Other than foodstuff 6110; (all the branch 6120, except for classes 612010; 

812011; 612012; 612013; 612015; (all the branch 6230, 
except for classes 62301 1 ; 62301 2; 623042; 623063; 
623071); 6240 

Foodstuff 6210; 6220; 6140 
Restaurants 931 0 
Hotels 9320 
Recreation and cultural 941 202; 941 203; 9421 01 ; 9422; 9491 ; 9492 
centers 
Special 
Retail of fertilizers, pesticides, 61201 0; 61201 1 ; 61 2012; 61 201 3; 61 201 5; 62301 1 ; 623012;. 
lubricants, photographic 623042; 623063; 623071 ; 625001 ; 625004; 625005; 6260; 
chemical supplies, etc. 951016; 951017; 951020; 951021; 951022; 951023; 952001; 

952002; 96; 971 0; 9720; 9733 
Clinical analysis laboratories, 9221; 9222; 9231 ; 9232 
research laboratories, clinics, 
hospitals, etc. 
Institutions and services 7; 8; 91 ; 921 1 ; 9212; 9241 ; 9242; 9250; 9290; 941 1 ; 941201 ; 

941 204; 9421 02; 951 001 ; 951 002; 951 003; 951 004; 951 005; 
951006; 951007; 951008; 951009; 95101 0; 95101 1 ; 951012; 
951 01 3; 951 014; 951 015; 951 01 8; 951 01 9; 952003; 952004; 
952005; 952006; 952007; 952008; 9530; 9540; 9731; 9732; 
9740; 9750; 9790; 98 

Residential No. of households and No. of inhabitants per municipality. 



Table 3 
Soiirces of censiis iiifori-iaiian and variabies anaiyzed 

Source Source class Source of Variables analvzed 
code information 

A industrial XIV Industrial Main characteristics of manufacturina 

5 Commercial XI Commercial 
Census 
XI Services Census 

C Special XI Services Census 
XIV Industrial 
Census 
XI Commercial 
Census 

D Institutional XI Services Census 
and services 

E Construction XI Population and 
Hoasekoid Census 

G Residential XI Population and 

- 
faciiiiies per municipaiity, subsector and 
activity branch. Number of economic 
units. 
Number of employees. 
Main characteristics of cornmerciai 
facilities per municipality, subsector and 
activity branch. Number of economic 
units. 
Number ~f employees. 
Same variables as for industrial, 
commercial and institutional sources. 

Main characteristics of manufacturing 
facilities per municipality, subsector and 
activity branch. Number of economic 
units. 
Number of employees. 
Population per municipality, sex and 
activity sector according to empioyment 
situation (persons employed). 
Number of households per municipality. 

~ousehold Census Number of inhabitants per municipality. 



TABLE 4 
Total sources of MSVV for the state of Michoacar! and for the municipality of Morella 

Michoacan Moreiia 
Source Number of Population involved Number oi Population invoived in 
code sources in the generation sources. the generation 
A0 1 14 1,371 2 86 
A02 4,180 23,965 796 4,406 
A03 1,543 4,688 155 938 
A04 392 1,806 19 100 
A05 3,607 12,645 286 ? ,097 
A06 370 3,182 154 1,676 
A07 79 3,500 33 1,359 
A08 1 45 1 45 
A09 36 425 14 338 
A1 0 17 482 6 86 
A1 1 2,228 6,189 471 1,327 
A1 2 2,414 10,550 500 2,510 
B01 12,306 26,368 2,714 7,544 
B02 33,461 64,222 5,824 12,977 
503 6,645 17,580 1,479 4,786 
B04 430 4,363 86 1,484 
B05 1,165 2,667 243 539 
C01 16,633 43,158 3,991 10,583 
602 3,746 7,906 1,130 2,383 
D 2,798 24,336 1,421 7,897 
E 64,668 14,527 
G 781,632 3,869,133 123,307 510,463 



TABLE 5 
Distribution of sources of MSW at the state and municipal ranges 

Source !b!ichoacan (%) Moreiia (%) % Concentrated in Morelia 
Industrial 1.7 1.7 16.4 
Commercial 6.1 7.1 19.2 
Markets 0.8 0.8 16.7 
Informal commerce 1.3 1.3 16.7 
Special 2.3 3.5 25.4 
Institutional/services 0.3 ? 50.8 
Residential 87.5 84.6 15.8 
Total ! 00 100 15.3 

TABLE 6 
Total generaiion of MSW and number of sources at the state and municipal ranges 

Source Michoacan (total Generation Moreiia (total Generation 
sources) (ton dia-') sources) (ton did') 

Industrial 14,881 23.8 2,437 3.8 
Commercial 54,007 32.4 10,346 6.2 
Markets 7,062 1 04.3 1178 17.4 
Informal commerce 11,558 83.9 1,928 14 
Special 20,379 14.3 5,124 3.6 
Institutional/sewices 2,798 2.2 1,421 1.2 
Residential 781,632 1,946 123,307 307 
Total 892,317 2,206.9 145,738 353.2 



LEGEN: 1. Urban; 2. Industrial; 3. Rural 

Fig. 1. Urban hypothetical municipality and the geographic areas of generation of SW. 

Industrial solid waste -animal husbandry 

Urban solid waste 
esidenlid (domestic) 
on residential (commercial, institutional/services, 

Fig. 2. The classes that each division produces. 
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Abstract 

The adequate management of municipal solid waste in developing countries is 
made difficult by the scarcity of studies about their composition. This paper attempts to 
analyze the composition of urban solid wastes in the city of Morelia, Michoachn, Mexico. 
This urban area is undergoing unplanned, fast growth. Residential and non-residential 
waste sources were sampled, and a structured interview was made to evaluate the 
socioeconomic characteristics of the studied area. Also, to determine the seasonal 
patterns of solid waste generation and the efficiency level of recollection service, 
quantification of solid wastes refused in the dumping ground was made. 

Results show that residential sources account for 89.6% of the solid waste, and 
non-residential sources, for the remaining 10.4%. An ANOVA did not show differences 
among socioeconomic levels of residential and non-residential solid waste generation. A 
difference of 13% was found between solid wastes refused and collected, in like 
manner, generation of solid wastes increases during the summer and the winter. 

Key Words- Municipal solid waste composition, waste refused, residential waste, 
Morelia, Mexico. 



Pollution caused by solid waste (SW) is blamable to its inadequate disposal. The 
environmental problem persists despite the advances in technology for the adequate 
iiianagemeiit of SW. This advance has been rnosiiy in the direction of decreasing the 
ecological impact of SW (pollution), but has neglected the analysis of other factors 
involved in SW generation, such as level of consumption, income, education, 
demographic growth and urbanization processes (Hockett e t a  995). 

The globalization of the economy, which affects the regional patterns of the 
consumption of populations (Daiy eal1993)  is reflected in the similarity of urban solid 
wastes (USW) generation in developed and developing countries. The environmental 
impact of USW is amplified in the latter countries due to their inadequate management, 
which neglects criteria for decreasing the volume of generation, the impact on the 
environment and on public health, and resource conservation. 

The environmental impact in less developed countries is further aggravated 
because of their precarious economies, which hampers the adequate management of 
USW. The search for alternatives to solve the environmental problems derived from 
USW generation must contemplate the existence of informal USW management 
practices and the resulting disorganization involved (Richardson mal 1995). In general 
disorganization and lack of planning of USW collection systems prevails, which is 
reflected in the absence of records of the SW collected and disposed in unsuitable 
places. Also, materials collected by marginally social people, an activity-taking place in 
unhealthy conditions, endangering the health and welfare of these sectors of the 
population. 

Data describing composition of USW, as well as processes explaining generation 
are essential in decision-making, for adequate management of USW. The variables 
involved in USW generation have differential trends among regions (Hockett -1 995). 
This has been demonstrated in se\~era! studies attempting to ascertain the effect of 
socioeconomic descriptors on USW generation, such as per capita income in countries 
having different levels of development (Ali Khan 1989). Other studies have compared 
the effect of income levels in USW generation in some African cities (Adedibu 1985); 
other have analyzed cities having similar levels of development and industrialization, in 
which the influence of culture in the generation of USW is demonstrated (Matsuto -1 
1990). 

In addition, it has been shown that the estimates of USW generation have been 
based on different approaches; this hampers the comparisons of results (Bowen aal 
1995). Likewise, it has been established that waste generation coefficients derived from 
national statistics do not represent USW generation at the regional scale, and hence, 
their adoption may lead to inaccuracy of generation estimates (Rushbrook 1988). 

Based on data obtained from SW landfills, McBean -1 (1993) and Rushbrook 
-1 (1988) have suggested methods for estimating SW generation in the Canadian 
region of Waterloo and in England, respectively. Generally, in developing countries, 
there are no data of the SW disposed or refused, and the collection systems are quite 
inefficient. Because of this, the design of SW management plans is ill defined and errors 
arise when considering the amount of waste collected as surrogate of waste refused. 

The adoption of a process or technology for USW management must be 
preceded by an analysis of generation, from which the essential parameters for 



decision-making will be formulated. These parameters are, among others: a) what is the 
amount of USW generated per day and per inhabitant?; b) what type of residues are 
generated?; c) which and how many sources of USW are involved?. In developing 
countries the available information about these matters is very scarce. 

Th,. -L.:--+:.,- -z *L:- -a,.-!.. 
I ,,= yr;vtr~al uvlcx,rtvs "I L I I I ~  sruuy is to formulate an approach io  guide the 

analysis of the generation and composition of USW in cities undergoing an unplanned, 
fast growth. Specific goals are: I) to determine per capita USW generation rates; 2) to 
assess the relative contribution of each source involved in USW generation; 3) to know 
the socioeconomic conditions in which USW generation occurs, and, 4) to quantitatively 
compare the voiume of USW generated with thzt collected in order to evaluate the 
efficiency of the waste collection service. 

2. USW generation in the studied area 

This study was carried out in the city of Morelia, the capital of the state of 
Michoacan, in Mexico. This city was selected because of its accelerated urbanization 
process, which, as in most cities in developing countries, triggers a set of environmental 
problems. Among these, one of the most serious is the increasing generation of USW 
and their inadequate disposal. 

In the study area, the collection of solid waste is made by a public service 
(municipal waste collection service) and by private services provided by eight 
associations (private waste collection service). Nevertheless, no data exist about the 
generation and composition of USW, about the number of collection units in operation, 
about the number of pickups made each day by these units, nor have the collection 
itineraries they follow been studied. 

The USW of Morelia are disposed in a dumping ground, where a scale to weigh 
the coilected waste is not available. This ground is i~adequateiy localizec! and Rs 
functioning does not comply with the present environmental regulations (SEDESOL, 
1 994). 

3. Method 

Each one of the units forming part of the municipal waste collection service were 
monitored in order to know the range of the city covered by this service and lo 
determine sampling areas. The itinerary of each one of these USW collection units was 
digitized and displayed in a geographical information system (GIs) (ITC, 1993) map of 
the city. 

The amount of USW collected by the municipal service of Morelia was quantified. 
In order to find out if there were differences between the estimate of USW collected and 
the volume of USW refused, we quantified the amount of USW coilected by the private 
waste collection service, between April 1996 and December 1997 (eight associations 
with about 350 units, during 436 days); the same procedure was carried out for the 
municipal waste collection service from May to December 1997 (34 units, during 230 
days). Those data were captured and processed in a database Excel, version 1997 
(Microsoft, 1998). 



The loading capacity of the municipal collection units was determined by the 
differences in weight when empty and when loaded to their usual capacity during an 
average weekday operation. The same procedure was followed using randomly chosen 
units belonging to the private waste collection service. Data from the private waste 
collection serfice weie additionaiiy anaiyzeci ior monihiy seasonai fluctuations in USW 
generation. The amount of USW refused and collected daily in Morelia was described 
using equations 1 and 2. 

USW collected per unit = @umber of t r i p s ) ~  (Uni t 's  loading capacttj?) eq. 1 I 
Total USW collected = (Total private collection)+ (Total municipal collection) eq. 2 1 

I 
3.1. Residential sources I 

The analysis of sources and composition of USW is based on our own 
classification of municipai solid wastes (MSilV) (Buenrostro &/ 1999a). Here, MSW are 
defined as the solid waste generated within the territorial limits of the municipality, 
independently of its characteristics and sources. Three categories are considered in this 
c!assifica:ion: urban, industrial and rurai. The first originates true USW, i.e., the solid - 
waste generated in human settlements. Within the urban division, two subdivisions are 
recognized: residential (dwellings) and non-residential. The latter includes commercial, 
institutional/services, construction/demolition, and special. Special waste is generated 
by sources such as hospitals, drugstores, etc. 

A stratified sampling was designed; the number of samples per stratum was 
determined by the Stein's prccedure (Mendenhall -1 1986). The sampling sites were 
chosen following the socioeconomic stratification made by the Mexican bureau 
responsible for the census (INEGI, by its Spanish acronym). The socioeconomic 
stratification of lNEGl divides the population in three income classes (INEGI 1991): 
a) low class: Monthly income of less than one minimum wage (about $90.00 US dollars 
per month in 1998). 
b) middle class: Monthly income of one to two minimum wages (about $180.00 US 
dollars). 
c) upper class: Monthly income above two, and up to five minimum wages (about 
$450.00 US dollars). 

We distributed plastic bags to each selected dwelling in order to collect the SW 
produced daily. Simultaneously, each household was surveyed to gather the following 
socioeconomic data: the monthly income of the household, the number of persons living 
in the dwelling, the sex and age of the residents, the educational level of the heads of 
the household, the land tenancy regime of the household, and availability of 
automobiles. 

The questionnaires were grouped by socioeconomic level and the answers were 
captured and analyzed in a database Excel version 1997 (Microsoft, 1998). Further data 
were subjected to a descriptive statistical analysis. 



3.1 . I .  USW Composition analyses 

The bags previously labeled were weighed and the refuse was unloaded on a 
table of the municipal waste facility. The sample was sorted by hand, and the waste 
halnnninn +... ...,+̂..̂".. ..-- I---' :- ~~ - . ~  8 

-. 
,,,,,,ytcly ru raw t &arr j -yay  tvaa vveiy~~au i l l  p~eviuus~y we~gned trays. I ne weights of 
each tray fiiied with selected components were recorded following a modified 
classification for the Ministry of the Environment (SEMARNAP, by its Spanish acronym), 
SEMARNAP is the Mexican governmental agency in charge of environmental 
regulation. After the separation and weighting was completed, the total weights were 
added to corroborate the initiai total weight of the sample bags. 

3.2. Non-residential sources 

A random sampling was made in three areas of the city of Morelia where non- 
residential sources of USW are located. Bags were distributed to each source and 
questionnaires were applied to describe: the economic activity; the main products 
andlor services provided, sold or manufactured; the number of working days and 
wofiting hours per day, and the size of the facilities. 

While the number of samples for each class of source was determined by the 
Stein's procedure (Mendenhall -1 1986), the total number of samples included in the 
statisiicai anaiysis was determined by the amount of samples retrieved from each 
selected source. The samples of SW were taken during the visits to the sources. The 
approximate time of generation of residues was inquired, bags were labeled, and the 
composition of the samples was analyzed as previously described for residential 
sources. 

A GIS (ITC, 1993) was used to plot the itineraries recorded during the monitoring 
of waste collection vehicles (Fig. 1). This analysis estimated the col!ection coverage in 
about 30% of Morelia. The remaining part of the city is covered by the private waste 
collection service, which does not have properly established collection itineraries; this 
causes a saturation of the service for certain areas, and the total absence of waste 
collection service in others. 

The operational criteria of the official waste collection service are random, rather 
than based on planning. The collection itineraries are determined by the habits inherited 
from previous administrations and by the economic interest of operators, which receive 
money from certain business for collecting waste on given days. Itineraries are also 
modified because of the availability of fuel for the refuse collection trucks, the labor 
schedule, absence of operators, social demand and the availability of collection 
vehicles. 



4.1. Total waste collected in Morelia 

Table 1 contains the results derived from the application of equations 1 and 2. 
The estimated amount of USW collected by the municipal waste collection service is 
propcr2onal to the area of Moieliti coverea by inis service. in order to calculate the 
amounts of refuse on a per-capita basis, the exact population in the test area must be 
known (Matsuto -1 1990). According with lNEGl (1991), the city of Morelia has an 
annual growth rate of 2.2%. This growth rate was used to extrapolate the more recent 
data available of the population of Morelia for the years 1997 and 1998, and thus, to 
estimate per-capita generation of USVf on the basis of the amount of waste collected. 

The analysis of the amount of USW collected between December 1996 and 
November 1997 by the private waste collection service indicated that this service covers 
70% of the city, and that there is a monthly fluctuation in the generation of USW in 
Morelia. Despite this study did not include the physical analysis of USW (humidity, 
volumetric weight, etc.), a seasonal effect was observed, which is well known 
(Buenrostro -al1999c), both on the contents of humidity of USW and in the level of 
consumption of the population. This effect consists in a seasonal sequence in the 
consumption of fruits and vegetables during the summer and fall, which results in 
increasing amounts of organic solid waste. 

Figure 2 indicates a decrease in the amount of USW generated during February, 
which may be due to the low content of humidity of solid waste during the dry season, 
and to the reduction in the population's level of consumption after the Christmas 
holidays. During the summer (June to September), there is a growing trend in the 
generation of USW; this rise is probably caused by the increase in the content of 
humidity of wastes during the rainy season. Nevertheless, the analysis of generation 
needs to include the physical analysis of residues, and to be expanded to cover all four 
seasons of the year or at least, dry and rainy periods. The above wouid aiiow us to know 
the seasonal variation in USW generation. 

4.2. Residential sources 

The sampling took place during the months of February and March 1998. The 
generation analysis was made per household; the percentage of recovered samples 
was 71%. The procedure of Dixon (Steel -1 1980) was used to reject dubious 
observations. A total of 19 samples were rejected. Table 2 indicates the number of bags 
distributed and recovered in each of the sampled strata. 

Table 3 shows the generation rates and the percentage of each waste 
component for residential sources. Both the per capita generation rate and the refuse 
composition show a positive correlation with the socioeconomic class; both follow a 
pattern, which is similar to that observed in countries with a relatively higher income (Ali 
Khan mal1989). However, despite that the per-capita generation rates show a positive 
trend from the low to the high socioeconomic stratum, the difference is not statistically 
significant (Fc 2, 242, 0.05) (Table 4). The homogeneity of variances was corroborated 
using the C Cockran test (3, 242, 0.05) (Mendenhall -1 l988). Thus, the per-capita 
generation for residential sources was determined at 0.629 k day-' (Table 5). This value 



is close to 0.7 k day-' reported in the 80's, and below 1 k day-' reported in the 90,s 
(SEDESOUINE 1994). 

The difference may be due to the fact that the per capita generation rates 
previously reported were estimated based on the basis of a generalization of regional 
studies for !a:ge areas in Mexico. Likeeise, it may indicate that ine ievei of consumption 
of Mexicans has decreased with respect to the levels reached in the 80's, following the 
economic crisis of the year 1995. 

The high socioeconomic class generates larger amounts of paper and of yard 
waste. This component is conspicuously absent in refuse from low-income households, 
which may be explained because of the absence of gardens in the dwellings, or, where 
present, it has no turf. In general, urban animals occupy yards in low-income 
households. This may account for the presence of dust and ash in the samples from the 
poorer households; additionally many streets lack pavement or sidewalks, and a large 
majority of these dwellings has dirt floors. 

The low-income households generated more wood, building materials, synthetic 
fibers, feces, batteries, plastic film and disposable diapers. These last two findings, 
disagree with previous reports (ENSIC 1984; Rushbrook -7988; IDAE, 1989). A 
possible explanation is the low cost of plastic film in Mexico; in fact, it is frequently given 
for free in stores using it to pack food and other merchandises; additionally, in Mexico 
there is no regulation for restricting the use of this material. 

With regard to feces and batteries, the results showed the opposite trend to what 
was expected. i t  is usually assumed that high-income households have more pets and - 
higher levels of battery consumption than other households. However, this ralionale'is 
unsupported by the predominant presence of feces and batteries in the samples 
generated by low-income households. One possible explanation is that, in Mexico, the 
type and localization of dwellings does not necessarily reflect the real income of the 
household, as is the rule in developed countries. Such pattern has been found in this 
study, and in a similar one made in anoiner Mexican City; thus, social and urban 
marginality may not correlate in these cases (Bernache m 1 9 9 8 ) .  

Environmental awareness' may be increasing with income. Higher-income 
families are acquiring the habit of sorting refuse or of diminishing refuse generation. 
However this aspect needs further research. 

In the poorer socioeconomic stratum the number of residents under three years is 
twice that in the middle, and seven times that in the higher class. This may account for 
the higher content of disposable diapers in their refuse; in turn, this may indicate a 
change in people's consuming patterns. In general, disposable diapers were considered 
to be commodities almost exclusive of families with higher income. 

The middle class households generated relatively more bone, rubbei., rigid plastic 
and ferrous metal. Additionally, several components showed similar generation indexes 
to those in the high-class households. In general, large amounts of food were found in 
the refuse samples from the three socioeconomic strata. In the poorer, tortillas 
predominated; whereas in middle and high classes, bread, cookies and spoiled food 

1 By environmental awareness, it is meant the types of infannation, opinions, values, and attitudes of citizens with 
regard to environmental problems. Bernache, G. et Basura y meir6poli. M&xi~o.~esas-Occidente, 
Iteso, Col-Jal, U. De G. 1998. pp 51. 



were dominant. These results agree with reports by Rathje &I (1 992), in a study of the 
composition of SW in Tucson, Phoenix, and Mexico City. 

The inclusion of a total of 31 items to characterize the quantity and quality of 
USW resulted in a longer time needed for examining individual samples. However, the 
1-tt-l ,-.-, of ,feetail in the ana!yses pi~$ides iiiioimaiion, which is more reievant for future 
"3Fi" programs (reutilize, reduce, recycle), as well as more elements to understand the 
processes of USW generation in these settlements. 

With regard to the socioeconomic analysis of these sources, the results suggest 
the following characteristics: 
. income is inversely reiated to the number of dwellers per household. The density of 

dwellers per household was higher in the low level, and less in the high level. 
2. The educational level increased with income. Women from the three socioeconomic 

strata had relatively lower educational level than men; the lowest educational levels 
corresponded to the sector with the lower income. These variables behaved 
following a similar pattern to that reported by Heinen (1 995). 

4.3. Non-residential sources I 
A total of 117 non-residential sources were interviewed, but only 32 samples of 

SW were recovered; the descriptive statistics analysis was made using these samples. 
T'ne procedure of Stein (iMendenhall e t 1 9 8 6 )  indicated that the number of samples 
was statistically sufficient. The sources were grouped following the classification in 
Table 6. 

The characterization and quantification of components was made as described 
for residential sources. For each class of source included, estimates were made of daily 
generation by site and by employee, generation rate for each class, and, percent 
contribiition oi each component (iabie 7). 

The ANOVA did not reveal a significant difference between generaiion rates by 
class, nor in the generation by component (respectively, Fc. 3, 31, 0.05 and Fc. 3, 131, 
0.05) (Tables 8 and 9). Homogeneity of variances was corroborated by the C test of 
Cochran (4, 34, 0.05). The industrial sources found in the city were classified as 
microindustries, due to the number of employees, size of facilities and the volume of 
production and sale, although these two last variables were not measured in this study. 

Table 10 shows the results of the interview, grouped by class. The sampling of 
industrial sources included only those within the urban area and, as mentioned above, 
they were categorized as microindustries. The median and large industrial sectors, 
which are generally located in the outskirts of the urban area, were not included in this 
study. 

4.4. Total generation of urban solid waste 

Table 11 depicts the results of total generation of SW for each class of source 
analyzed. The USW of Morelia were assessed for an estimated population of 510,463 
inhabitants, with a per capita generation rate of 0.629 k day-': this yields a total SW 
generation of 321 tons per day. 



The non-residential subdivision comprises 19,325 sources for the four classes in 
which they were classified. The quantification of non-residential sources was based on 
data from the 1994 economic census (IIVEGI, 1996). This census is based on the 
system used by the International Standard industrial Classification (ISIC) (United 
?!ations, 1971). It prwides estimates foi ihe tiumber oi industriai, commerciai and 
services establishments at the municipal and state levels. The analysis of this 
subdivision estimated a per capita generation rate of 0.925 k day-', amounting to a total 
of 18 tons per day of SW generated in the urban area of Morelia. 

The analysis made here inciuded a sector of the economy which is not 
contempiaied by the economic census, but which has considerable relevance in most 
developing countries due to the large number of people involved. This sector is the 
informal commerce, taking place in temporal stands, or only on certain days of the 
week. The informal commerce is constantly expanding, especially in ambulant, weekly- 
markets (called tianguis in Mexico). Buenrostro -/ (1999b), reported a total of 1546 
commercial stands in 6 markets within Morelia; of these, 1178 are permanent, the 
remaining 368 are ambulant, which add to about 1560 commercial stands installed 
every day throughout the city in the tianguis. This same study reported a total 
generation per stand of 7.25 k day-'; of these, about 83% correspond lo  stands which 
seii food and which generate SW containing about 92% of organic matter. 

Thus, the informal commerce and markets generates an extra amount of 31.4 
tons day-', which added to the figures stated above, results in a total generation in 
Moreiia of 367 tons day'? of USW. 

The residential subdivision contributes with 87.4% of the total USW generated 
within the metropolitan zone of Morelia. The remaining 1 2 . 6 O / 0  is generated by the non- 
residential category. Both estimates vary in 15%: the results derived from the analysis of 
SW disposed of in the dumping-ground (31 1 ton day-'); and, of SW generated (367 ton 
day-'). This difference may be explained by the fact that not all SW generated are 
picked up by the miinicipai and tne private waste coiiection sewices, but are abandoned 
in empty lots, in the streets, along the fringes of the city and in clandestine dumps. Also, 
it must be considered that an undetermined number of individuals refuse their waste in 
the municipal dumping ground, but because there is no permanent control of its access, 
these entries are not quantified. 

5. Conclusions 

The present analysis of the generation of USW in Morelia was based on a 
hierarchical classification, which groups the different sectors of the economy in classes 
of sources. This classification is based on the use of census statistics for quantifying the 
sources at different geographical ranges (locality, municipality, state, and country), and 
it is thus useful to obtain confident estimates of SW in less time and less expensively. 

This analysis resulted in ostensibly lower generation rates than those reported 
previously, which confirms the need to intensify the studies made at a reduced 
geographical scale. 

This study excluded the analysis of SW generated in the streets. It is plausible to 
consider that a fraction of these SW is included in the uncollected waste. CONADE 
(1 992) reported a 30% of such residues in the cities of Mexico. An in-depth study of this 



class of wastes is suggested, as well as of the waste generated by the informal 
commerce, given that this sector is constantly expanding in developing countries; 
however, there are no confident statistics describing their amount and localization. 

The results presented here show that the recorded amount of SW disposed of in . - . m ,  

the xu~icipa! dumping-ground is less than the esiimaieci amount or sw generated; for 
this reason, this former amount is not recommended as an unbiased indicator for the 
effects of planning for public waste collection services. Nevertheless, it is essential thet 
dumping-grounds are permanently monitored and that the incoming waste be weighed 
in order to have a more efficient record of USW refused in the dumping-ground per day, 
given that these data are iundamentai for developing adequate managing strategies. 

The low number of non-residential samples in the study was due to the low level 
of participation of these sources. Because of this, information programs addressed to 
the selected sources, which notify about the objectives and goals of the analysis of SW 
composition, should precede the sampling. In order to achieve this, it is necessary to 
work together with the society, the governmental agencies, the chambers of commerce, 
services and the industry, and to emphasize the discretion and professionalism with 
which the volunieered information will be employed. 

In this study data were taken from the 1994 census, notwithstanding that there 
has been changes in certain sectors of the economy, given that there is no way to 
corroborate this until the next census in the year 2000. However, the use of a 
classification makes it possible to update the number of sources involved, relatively 
frequentiy, and at a reasonably low cost. 

Acknowledgments 
Research on which the paper is based was granted by Conacyt through a doctoral 
scholarship to the first author. 

References 

Adedibu, A. A. (1 985) A comparative analysis of solid waste composition and generation 
in two cities of a developing nation. The Environmentalist 5 (2), 123-127. 

Ali Khan, M. Z & Burney F. A. (1989). Forecasting solid waste composition-An important 
consideration in resource recovery and recycling. Resources, Conservation and 
Recycling 3, 1-1 7. 

Bernache, G., Bazdresch, M., Cuellar, J. & Moreno F. (1998). Basura y metrbpoli. 
(Garbage and metropolis). Ciesas-Occidente, iteso, Coi-Jal y U. de G. MBxieo, p. 238. 

Buenrostro, D. O., Bocco, G, Cram, S & Garza, J. (1999a). Classification and 
assessment of municipal solid wastes and sources in developing countries, manuscript 
submitted to Resources, Consewation and Recycling. 



Buenrostro, D. 0, Bernache, 6, Cram, S. & Bocco, G. (1999b) Analisis de la generation 
de 10s residuos solidos en los mercados de Morelia (Solid waste generation analysis in 
markets of Morelia). Revista lnternacionalde Contaminacidn Ambiental. 15 (1). 

,> --- 
Buen:ostro, S. O., Cram, S., Beinache, G. & Bocco, G. (~yvuc j  La digestion anaerobia 
como alternativa de tratamiento a 10s residuos solidos organicos generados en 10s 
mercados municipales (Anaerobic digestion as alternative treatment of the organic solid 
waste fraction generated in markets) Revista internac~onal de Confaminacidn 
Ambiental, in press. 

Bowen, M. M, Kontuiy, T. & Hepner, F.G (1995) Estimating maquiladora hazardous 
waste generation on the U.S./Mexico border. Environmental Management 19 (2), 281- 
296. 

Comision Nacionai de Ecologia (CONADE). (1992) lnforme de la situaci6n general en 
materia de equilibrio ecologico y proteccion al ambiente, 1989-1990. (Report on the 
general situation in regard to ecological equilibrium and protection of the environment, 
1989-1 990) Mexico, p. 21 0. 

Daly, E. H $i Cobb, B, Jr. (1993) For the Common Good. Redirecting the Economy 
toward Community, the Environment, and a Sustainable Future. Boston, Mass. U.S.A. 
Beacon Press, p. 466. 

Environmental Sanitation Information Center (ENSIC). (1 984) Sanitation environmental 
reviews No 13/14. Recycling of solid wastes. Asian Institute of Technology, Bangkok, p. 
103. 

Heinen, AT. (1995) A Review of, and research suggestions for, solid-waste 
management issues: The predicted role of incentives in promoting conservation 
behavior. Environmental Conservation 22 (2), 157-1 66. 
Hockett, D., Lober, D. J. & Pilgrim, K. (1995) Determinants of per capita municipal solid 
waste generation in the southeastern United States. Journal of Environmental 
Management 45,205-21 7. 

lnstituto para la Diversificacion y Ahorro de la Energia (IDAE). (1989) Incineraci6n de 
residuss solidos urbanos (Incineration of urban solid wastes), Madrid, Espaha, Edicion 
Especial Cinco Dias, p. 104. 

International Institute for Aerospace Survey and Earth Science (ITC) (1 993) IbWlS 1.4. 
User's manual. First edition. The Netherlands, p. 375. 

lnstituto Nacionai de Estadistica Geografia e inforrnatica (INEGI). (1991) XI Censo 
General de Poblacion y Vivienda, 1990. Resultados Definitivos, Tabulados BBsicos (XI 
Census of population and housing), Mexico, p. 2384. 



Institute Nacional de Estadistica Geografia e informatica (INEGI) (1996) SAIC. Sistema 
Automatizado de informacion Censal 3.1. Censos Economicos 1994 ( S A G  Automated 
system of census information 3.1. Economical census 1994), MBxico. 

.. . 
hAcBean, E.A. d Fsrtin, Pi4.H. (1993) A foiecas; iiioiel of refuse tonnage wlm recapture 
and uncertainty bounds. Waste Management and Research d l ,  373-385. 

Matsuto, T. & Ham, R. M. (1990) Residential solid waste generation and recycling in the 
U.S.A. and Japan. Waste Management & Research 8, 229-242. 

Mendenhall, W., Scheaffer, L.R. & Wackeriy, D. D. (1986). Mathematical Statistics with 
Applications. U.S.A. PWS Publishers, p. 751. 

Microsoft Corporation (1998) Microsoft Excel 97.U.S.A. 

Richardson, 6. M. & Whitney, J. B. (1995) Goats and garbage in Khartoum, Sudan: A 
study oi  the urban ecology of animal keeping. Human Ecology23 (41, 455-475. 

Rathje, W. Y Murphy, C. (1992). Rubbish! The archeology of garbage. Harper Collins, 
New York, NY, USA, 263p. 

Rushbrook, P.E. & Finnecy, E.E. (1988) Planning for future waste management 
operations in developing countries. Waste Nlanagemenf and Research. 6 (I), 1-21. 

Secretaria de Desarrollo Socialllnstituto Nacional de Ecologia (SEDESOUINE) (1 994) 
lnforme de la situation general en materia de equilibrio ecologico y proteccion al 
ambiente 1991-1993 (Report on the general situation in regard to ecological equilibrium 
and protection of ihe environment 1991 -1 993) MBxico, p, 220. 

Secretaria de Desarrollo Social (SEDESOL) ('1 994). Norma oficial mexicana NOM-083- 
ECOL-1994 (Mexican official standard N0M-083-ECOL-1994) Diario Oficial de la 
Federacion, Mexico, 3 p. 

Steel, R. R. & Torrie, H. J. (1980). Principles and Procedures of Statistics. A Biometrial 
Approach. USA. McGraw-Hill, Inc. p. 622. 

United Nations (197'1) Indexes to the international standard industrial classification of all 
economic activities, United Nations statistical papers, Series M, No. 4, Rev. 2, Add. 1. 
United Nations Publication, New York. 



Figure 1 Collection itineraries of the municipal waste collection service in the study area. 
Source: Field work. Urban plotting: INEGl (1990) 
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Fig. 2. Monthly USW collection in Morelia during 1996-1 997 



TABLE i 
Solid Urban Waste collected in Morelia (f day" fresh weight) 

Municipal waste collection service 89.49 t 
Private waste collection service 214.91 t 
Total collection 1997 (499,475 304.4 t 

inhabitants) 
Toiai coiiection 1998 (51 0,463 31 0.9 t 

inhabitants) 
Per-capita 0.609 k day-' 

TABLE 2 
Summary of samples used for the analysis of residential sources 

SOCIOECONOMIC BAGS BAGS 
CLASS DISTRIBUTED RECOVERED 
LOW 89 65 

MIDDLE 132 101 
HIGH 148 96 

TOTAL 369 262 



TABLE 3 
Residential generation rate (g cap-' day') and composition of refuse (% of wet weight) 

Csmpsnent L=y+c!ass :i;dd;e-c;ass i;iyh-ciass Average 
g % G Yo g Yo 9 % 

Cotton 0.5 0.11 0.002 0.0003 0.12 0.02 0.2 0.04 
Cardboard 13.09 2.65 12.7 2.17 15.02 2.27 13.6 2.36 
Leather 0.18 0.04 0.95 0.16 0.08 0.01 0.4 0.07 
Fine residue* 0 0 0 0 0 U 0.0 0.00 n 

Waxed-cardboard 1 . O l  0.20 6.98 1.19 7.4 1.12 5.1 0.84 
Hard plant fiber 1.48 0.3 0.92 0.16 4.24 0.64 2.2 0.37 
Synthetic fibers 1.4 0.28 1 0.17 0.18 0.03 0.9 0.16 
Bone 2.46 0.50 7.71 1.31 4.15 0.63 4.8 0.81 
Rubber 0.35 0.07 1.01 0.17 0.18 0.03 0.5 0.09 
Ceramic and 4.7 0.95 3.16 0.54 1.3 0.20 3.1 0.56 
shreds 
Wood 8.69 1.76 0.04 0.06 I.!? 0.17 3.3 0.66 
Construction 1.43 0.29 0.21 0.04 0 0.00 0.5 0.11 
material 
Non ferrous 0.59 0.12 4.41 0.76 1.75 0.27 2.3 0.38 
material 
Ferrous materia! 8.35 ! .E5 9.2: 1.57 7.6 1.:5 8.3 i .46 
Paper 27.09 5.49 49.83 8.51 58.6 8.87 45.2 7.62 
Disposable diaper 67.99 13.78 43.95 7.51 20.29 3.07 44.1 8.12 
Feminine towel 0 0 1.03 0.18 1.39 0.21 0.8 0.13 
Feces 1.96 0.40 1.15 0.20 0.9 0.14 1.3 0.24 
Plastic film' 25.79 5.22 18.53 3.16 19.32 2.92 21.2 3.77 
Rigid plastic2 17.62 3.57 25.92 4.43 24.67 3.73 22.7 3.91 
Rubber foam3 0.43 0.09 0.12 0.02 0.05 0.008 0.2 0.04 
Dry ice4 0.68 0.14 1.69 0.29 2.85 0.43 1.7 0.29 
Polypropylene 0.8 0.16 2.16 0.37 1.95 0.30 1.6 0.28 
Food remains 201.65 40.88 329.79 56.37 367.32 55.6 299.6 50.95 
Garden clippings 0 0 18.64 3.18 75.27 11.39 31.3 4.86 
Rag 20.23 4.1 1.84 0.31 6.77 1.02 9.6 1.81 
Colored glass 0.45 0.09 2.56 0.44 0.46 0.07 1.2 0.20 
Clear glass 18.89 3.83 29.17 4.98 30.27 4.58 26.1 4.46 
Bafreries 0.49 0.10 0.45 0.08 0 0 0.3 0.06 
Ash 61.26 12.42 6.98 1.19 4.91 0.74 24.4 4.78 
Othere* 3.74 0.76 2.44 0.42 2.32 0.35 2.8 0.51 
'This item is recorded as zero, because the fine residue remaining after composition analysis was 
quantified as ash and dust, due to the abundance of the latter in the refuse. 
"This item includes, cellophane, aluminum foil, electrical material, cigarette butts, modeling clay, and 
shoes. 

Plastic skinny and flexible. Includes junk-food bags, low density polyethylene; also laminated plastic, 
which includes laminated tubes that are utilized for packing toothpaste and other similar products. 
2 Includes polyethylene thereftalathe, high-density polyethylene, polyvinyl chioride. 

It refers to polyurethane. 
4 It means polystyrene. 



TABLE 4 
Summary of the ANOVA of per capita generation rates of USW by socioeconomic level 

C.wZ".-.. -6 
VVUIUc VI Su;;;l of Eegiees of Averaae of F Brobabiiit Critical - - 
var~at~ons square values freedom square values --- -- value of F 
Between 380.876.77 2 : 90,438.38 1.055 0.344 3.033 
groups 
Within 43,320,760.8 240 780,503.97 
groups 2 

Total 43,701,637.5 242 

TABLE 5 
Generation rates of USW by socioeconomic level (k day-' fresh weight) 

income Amount Average number Generation rate Generation rate 
level sampled (k) of person per (k per home (k capita-' day.' 

household day -1 

Low 183.47 4.7 2.30 0.578 
Middle 258.91 4.2 2.45 0.625 
High 254.39 4.1 2.74 0.691 

Average 696.77* 4.3 2.49 0.629 
* Tota! sample analyzed in the three so@ioeconomic ieveis. 

TABLE 6 
Analyzed samples of non-residential sources 

Source Samples analyzed 
Commerce 10 
Not food 3 
Food 7 
lnstitutionslserwices 2 
Microindustry 4 
Special 16 
Total 32 



TABLE 7 
Non-residential generation rate (g cap.' day") and composition of refuse (% of wet weight) 

Component Commerce !nst.!Sew. !nrtust!'y Specis! Av,:.e:age - 70 - 0, - 
Y % 

A,  

10 g 7 0  9 YO 
Cotton 0 0 0 0 0 0 0.15 0.02 0.04 0.005 
Cardboard 18.7 4.39 0 0 20 1.1 43.38 7.13 20.52 3.15 
Leather 0 0 0 U 0 0 0 0 0 0 n 

Fine residue* 0 0 0 0 0 0 0 0 0 0 
Waxed-cardboard 5.58 1.31 3.33 0.96 0 0 0 0 2.22 0.57 
Hard plant fiber 0 0 0 0 0 0 0.47 0.07 0.11 0.017 
Synthetic fibers 0 0 0.66 0.19 0 0 3.16 0.51 0.95 0.17 
Bone 0 0 0 0 0 0 0 0 0 0 
Rubber 0.29 0.06 0 0 616.6 33.92 19.3 3.17 159.06 9.28 
Ceramic and 0 0 0 0 0 0 48.8 8.02 12.2 2.005 
shreds 
LAJood :.7 0.39 0 0 1050 57.76 18.02 2.96 267.43 15.28 
Construction 0 0 0 0 0 0 4.66 0.76 1.16 0.19 
materja! 
Non ferrous 0.11 0.02 1.16 0.33 0 0 11.22 1.84 3.12 0.55 
material 
Ferrous material 9.1 1 2.14 0 0 0 0 26.8 4.4 8.98 7.63 
Paper 33.29 7.82 13.83 3.99 116.83 6.42 39.38 6.47 50.83 6.17 
Disposable diaper 0 0 0 0 0 0 0 0 0 0 
Feminine towel 0 0 0 8 0 0 0 0 0 0 
Feces 0 0 0 0 0 0 19.85 3.26 4.96 0.81 
Plastic film' 25.52 5.9956.33 16.28 1.66 0.09 24.49 4.02 27 6.59 
Rigid plastic2 19.94 4.68 57.16 16.52 0 0 36.3 5.97 28.35 6.79 
Rubber foam3 0 9 0 U 0 0 0.33 0.05 0.082 0.012 n 

Dry ice4 1.47 0.34 2.5 0.72 0 0 2 0.32 1.49 0.34 
Poiypropylene 1.23 0.28 5 1.44 0 0 1.11 0.18 1.83 0.48 
Food remains 210.3 49.42 83.33 24.09 2.5 0.13 91.11 14.99 96.80 22.16 
Garden clippings 0 0 0 0 8.33 0.45 2.49 0.4 2.705 0.242 
Rag 3.58 0.84 92.5 26.74 0 0 6.49 1.06 25.64 7.46 
Colored glass 0 0 0 0 0 0 15.84 2.6 3.96 0.65 
Clear glass 31.17 7.32 25 7.22 0 0 56.94 9.36 28.27 5.98 
Batteries 0 0 0 0 0 0 5.27 0.86 1.32 0.215 
Ash 52.94 12.44 5 1.44 1.66 0.09 128.6 21.15 47.05 8.78 
Other** 10.52 2.47 0 0 0 0 1.6 0.26 3.03 0.68 
Daily generation 599.2 832 1559.7 709.5 925.1 3 
Gen./employee 289.8 450 779.75 402 480.39 
" This Item is recorded as zero, because the fine residue remaining after composition analysis was quantified as ash 
and dust, due to the abundance of the latter in the refuse. 
'This item includes, cellophane, aluminum foil, electrical material, cigarette butts, modeling clay, and shoes. ' Plastic skinny and flexible. includes junk food bags, low density polyethylene; also laminated plastic, which includes 
laminated tubes that are utilized for packti?$ toothpaste and other s~miiar products. 
2 Includes polyethylene thereftaiathe, high-density polyethylene, polyvinyl chloride. . .  . 

It refers to polyurethane. 
it means polystyrene. 



TABLE 8 
Summary of the ANOVA of generation rstes by class of ihs non-residential subdivision 

Source of Sum of Degrees Mean of ssuare F Probability Critical value of 
variations square of freedom values F 

values 
Between 2,84! ,?25.7 3 947,04? .OD ? ,472 0.243 2.846 
groups 1 
Within 18,008,484. 28 643,160.15 
groups 29 

Total 20,849,610 34 

TABLE 9 
Summary of the ANOVA for the component generation rate for the non-residential subdivision 

Source of Sum of Degrees Mean of F Probability Critical value of 
variations square of freedom square values F 

values 
Between 156,757.26 3 52,252.42 1.132 0.338 2.675 
groups 
Within 5,906,329.34 128 46,143.19 
groups 

Total 6,063,086.6 131 
- - 

TABLE 10 
Statisrics describing the econom~cal situation in non-residential sources 
Source No. Of Size of the Schedule Work days 

empioyees 
Commerce 2.1 
Not food 2 
Food 2.3 
Institutions/sewices 1.5 
Microindustry 2 
Special 2 
Average 2 

instaiiaiion [m2) 
32.33 
57.66 
18.33 
35.5 
62 

28.7 
36 

TABLE 11 
Total generation of solid wastes per source (ton wet weight) 

Source Total (ton wet weight) Total (%-wet weight) - ~ 

Residential 321 87.4 
Nowresidential 46.2 12.6 

Commerce 6.2 1.7 
Markets 17.4 4.8 

Informal commerce 14 3.8 
lnstitutions/Services 1.2 0.3 

Industry 3.8 1 
Special 3.6 1 
Total 367.2 100 
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Emplications 
Linear regression models based on socioeconomic variables are proposed to forecast 
urban solid waste generation. These models can assist solid waste management 
planners with efficient and easily applicable statistical instruments to describe and 
forecast the generation of solid waste. This is relevant in the development of solid waste 
management plans. 

Accurate and detailed forecasts of solid waste generation allow municipal 
authorities to plan capacity requirements for waste treatment systems, collection and 
transportation systems, and to select sites and predict landfill lives. For policymakers 
and lawmakers, this approach contributes to improving reguiations about solid waste 
generation. 

Key words: Urban solid waste, developing countries, waste management. 

ABSTRACT 
Based on a study of the composition of urban solid wastes (USW) and of 
socioeconomic variables (Moielia, Mexico), generation rates were estimated, and the 
generation of residential and non-residential solid wastes was forecasted by means of a 
multiple linear regression analysis. 

For residential sources the independent variables were: monthly wages, persons 
per dwelling, age and educational level of the heads of the household. For non- 
residential sources variables were: number of employees, area of facilities, number of 
working days, and working hours per day. The forecasted values for residential wastes 
were similar to those observed. This approach may be applied to areas in which 
available data are scarce, and in which there is an urgent need for the planning of 
adequate management of USW. 

INTRODUCTION 

The integrated management of urban solid waste (USW) requires data about: 1) the 
composition and characteristics of the waste generated, given that this information is an 
essential requirement for the adequate decision making regarding the selection of a 



particular technology or management process; 2) the socioeconomic conditions 
associated with the generation of the USW, given that these conditions are specific and 
vary from place to place. This latter aspect is most important for planning management 
programs of USW in developing countries. Here, the effect of socioeconomic variables 
such as income, level of consumption and cultural and educational environment in the 
generation of USW is poorly understood1- '. 

Most cities in developing countries ~ndeigo acceierated urbanization. The 
consequences of this urbanization process are the modification of the regional 
productive activities and of the habits of consumers. These change in consumers habit 
results in an increased generation of waste that is difficult to break down, such as 
plastics and The inadequate disposal of this waste in the neighborhoods of the 
urban centers creates a strong, negatkce environmental impact on soil, groundwater, the 
surrounding flora and fauna, and on public health. 

In order to design studies of the USW generation, as well as management 
proposals, it is necessary to consider social and economic aspects. In developing 
countries, poverty of large sectors of the population is an instrumental cause for the 
increase of social underdevelopment and marginality4. These latter conditions lead to an 
increased complexity in the generation of USW in these countries. 

The influence of socioeconsmic factors has been analyzed in order to understand, 
model and predict the total generation and characteristics of USW. The variables more 
commonly analyzed are: community size, population density, monthly wages per capita, 
persons per dwelling, percentage of urban population, annual average temperature, 
age, sex, and ethhicity of the population, size of housings, the geographical 
characteristics, land use, productive activities, and com-munications5~ 6' '. The overriding 
variable influencing total waste generation is population" 

Solid waste (SW) generation models may be grouped in two large classes: 
A) Descriptive generation models. These provide information about the generation of 
SVV by different sources, such as residential, commercial, institutional and industrial 
sectors. In general, these models are expressed in terms of generation rates, which are 
factors or mukipiiers relating the amount of waste generated with certain characteristics 
of the community, such as total population size, or number of persons employed7. 
Basically, generation data are obtained by means of four different types of sampling8' ': 
1) sampling of waste generated by representative sources (direct waste analysis); 2) 
sampling of the products derived from a given process of waste management (waste 
product analysis); 3) sampling of the materials utilized for the production of commodities 
by means of the enumeration of supplies (market product analysis); and 4) the 
weighting of representative samples of the ioads of SW collection vehicles (tonnage 
estimation models). 

5 Predictive generation models. In general, these models are based on generation 2 rates . The forecasting models may be developed using several statistical methods, 
such as: 1) the correlation of the socioeconomic variables with the generation of SW, 
and the application of linear regression models5; 2) principal component analysis to 
suggest indicators of potential generation of SW"; 3) the use of non-parametric 



statistics to determine the distribution of probabilities in data of generation of SW"; and 
4) the retrospective analysis by time intervals, in order to know the simultaneous 
influence of the variables involved in the generation of SW (geometric lag time series 
analysis techniques)". 

The models and variables which, have been sho:*:n io be significant for 
developed countries have been extrapolated to developing countries. In general, these 
inodeis do not inc!ude the differences in behavior of the explaining variables involved, 
nor the scarcity of data about the composition of SW. Likewise, in developing countries 
they do no? account for the existence of informal practices, both in the generation and in 
the co!lec?ion of SW. 

Despite the environmental problem posed by the increasing generation of USW in 
developing countries, the available literature accounting for research made in this 
regard is scarce13. Notwithstanding the demographic growth, the expansion of 
industries, the modification of the alimentary habits, and the process of urbanization in 
developing countries, the corresponding authorities have no? been urged to promote the 
development of research leading to an understanding of the patterns of generation of 
USW. 

This paper contribuies to this type of research; we present a case study aimed at 
forecasting the generation and composition of USW in the city of Morelia, (Michoacan) 
in Mexico. As all-important cities in developing countries, Morelia is undergoing fast 
urban growth, mostly diiven by the immigration of rural population. This is reflected in 
land use speculation, a chaotic expansion of the urban areas at the expense of 
agricultural land, and a sustained increase in the generation of USW. This waste is 
becoming increasingly similar in its characteristics to that generated in developed 
countries. However, the management of USW remains to be dictated by obsolete and 
inadequate criteria, which is common to all developing countries. As a result, USW is 
disposed of in inadequate dumping-grounds, following deficient planning of USW 
managemenii4. 

The specific objectives of this research were: 1) to explain the generation of 
residential and non-residential USW by means of the estimation of generation rates; 2) 
to analyze the effects of income, density of dwellers per household, educational level 
and age in the generation of residential USW; 3) to analyze the effects of the number of 
employees, the size of facilities, the number of daily working hours and of working days 
in the generation of non-residential USW; 4) to test the efficiency of the latter 
socioeconomic factors in the development of regression models for the forecasting of 
generation of USW in fast growing urban areas. 



The Urban Solid Waste 

In this research, SW sources were sorted according to a classifi~alion'~, which groups 
the sources of SW in classes based on the International Standard Industrial 
Classification of all economic activities (ISIC)'~. The urban solid waste (USW) is defined 
as all SW generated within any human settlement. Attending to the sources of geneiaiion, 
USW are divided in residential (hs'dsehoidj j R W )  and non-residential (commerce, 
iiiciusiry, institutions!ser~ces, and special) (NRSW). Each one of these sources generate 
different waste, which is defined accordingly, as follows: 
1. Residential SW: The SW generated, either in singie-family or in multi-family 

dwellings. 
2. Commercial SW: The SW generated in commercial facilities, department stores, 

supermarkets, restaurants, markets and temporal ambulatoiy markets (tianguis). 
3. Industrial SW: The SW generated in all processes of extraction, transformation and 

production. 
4. lnstitutionai and services SW: The SW generated in private and governmental 

offices, educational centers, museums, libraries, archaeological zones, and 
recreation centers, such as movie theaters and stadiums. 

5. Special SW: The SVV requiriiig of special techniques for control, either because of the 
re!ative hazard it represents, its particular condition or state, or becaise this is required 
by the standing lega! regulations. This SW is generated in such sectors as research 
laboratories, medical institutions or facilities, automotive or industrial maintenance 
workshops, veterinarians, drugstores, airports and terrestrial iranspsrtation terminals15. 

METHODS 

Sampling and Data Sources 

A sampling was made of 243 households, stratified by socioeconomic !eve! ?allowing the 
classification of the Mexican Sureaii in charge of the census (INEGI, by its Spanish 
acronymi. This socioeconomic stratification establishes three levels of monetary 

17! income . 
a) low socioeconomic class: monthly income of less than one minimum wage (about 
$90.00 US dollars per month in 1999). 
b) middle socioeconomic class: monthly income between one and two minimum wages 
(up to about $9 80.00 US dollars per month in 1999). 
c) upper socioeconomic class: monthly income between two and five minimum wages 
(up to about $450.00 US dollars per month in 1999). 

In all cases a questionnaire was applied in order to obtain precise data about the 
monetary income (income), the dens@ of inhabitants per household (density), the age, 
and the educational level (education) of the  heads of the households. Likewise, 32 non- 
residential sources: stratified by type of economic activity were sampled. In these cases, 
the questionnaires were aimed at knowing the number of employees (employees), the 
area of facilities (area), the number of daily working hours (hours), and the number of 
working days (days). 



The variables analyzed in this study were assessed simultaneously with the 
sampling of the SW generated by each one of these selected sources. This was 
assumed to be important in order to ensure a better relation between variables; it has 
been shown that, if the SW is not assessed simultaneously with the socioeconomic data 
model development may be affected7. 

The socioeconomic data were csnsideieci as independent variables and data on 
generation of SW a dependent variables. Table 1 contains, for residential and non- 
residential sources, the names of the analyzed variables together with their description. 

The toia! generation of SW was estimated using equation ! as fo!lovas: 
USW = AnaBnaCn+DniGn jl j 

Where: 
An, Bn, Cn, Dn, Gn represent the total generation per class generating 

The rate of generation per class was estimated according to equation 2 

= ------ (PxG) (loo) (2) 
T 

Where: 
C: percent rate of generation per source. 
P: per capita generation. 
G: total number of sources per class generating. 
T: totai generation of USW. 

The generation of each SW component per source was estimated following 
equation 3 

Component generation per source = A(S,+Sp+S3+ .... Sn)= A(§,,) (3) 
Where: 
A: is the niimber of sources per class generating. 
S,: is the generation of each component. 

Predicting Mode[$ 

The differences in socioeconomic conditions are reflected in the composition of SW and 
in the rate of its generation. Because of this, an association between the generation of 
USW and the corresponding socioeconomic variables is to be expectedt0. Based on this 
assumption, a simple linear regression analysis was initially applied1' to find the 
regression coefficient (R')), between the independent variables. Subsequently, in order 
to test the hypothesis of independence between the selected explanatory variables, the 
Student test was applied on the coefficient R'. Once this was corroborated, a multiple 
regression analysis (MLR) was performed to determine the probable shape of the 
relation between variables, and to estimate the generation of SW which corresponds to 
the values of the analyzed socioeconomic variables. Because the analysis included 
more than two variables, and these variables displayed a linear distribution, the MLR 



analysis was utilized. From this, it may be ascertained that the generation of USW may 
be explained by a multiple linear equation, having the form of equation 4. 
V = Ro+B1XjtR2X2+B3X3t 0 4 X 4  + E (4) 
Where: 
Y is the dependent variable; 
8, is the intercept; 
Xl, X2, &, %,....are indepmdent variabies; 
El, B2,03, OS, are regression parameters; 
E are residuals 

The required statistical analyses were performed with the Statistical Analysis System 
program (SASB) 19, 20, 21 . in order to determine the forecasting model, which was most 
appropriate for the generation of SW, the following criteria were applied: 
1. Portion of sample variation explained (R2). An ideal value of 1 for this coefficient 

indicates a good fit of the model. 
2. Mean square (MS). The lower the value the beiter the fit of the model. 
3. The level of significance of the model (PnF). For the model lo  be considered as 

significant, F must have a value of less than G = 0.05. 

RESULTS AND DlSGUSSlOM 

Total Generation of USW and Percent Rates sf Generation Per Source 

In ~ r d e r  to estimate rates of generation, in sitw studies are necessary to know the 
amount and composition of waste. It is also essential to know the number of sources 
involved in the generation. Table 2 contains the results of the application of equations 1 
and 2. The per capita rate of generation for each one of the sources considered was 
estimated from the descriptive statistics of the data for each source included in. the 
sample (mean, standard deviation and variance). 

in this urban settlement, the majority of the total USW is generated by residential 
sources, thus corresponding to RSW. The minor contribution of non-residential sources 
to the generation of USW is due to the fact that, in general, the micro and small 
industries are predominant in the urban centers of the developing countries. With the 
exception of the largest capital cities, in most urban centers in these countries, the large 
shopping malls are few or absent. Additionally, these sources do not dispose of their 
SW by means of the SW collection services, but in general, they hire or own their 
collection services to transport their SW to dumping-grounds. Usually, this SW is highly 
appreciated by the marginal groups of the population, which make use of them, due to 
its high content of metal and paper. The decomposing fruits and vegetables in this SW 
are normally used to feed domestic animals, and not infrequently, also for human 
c~nsumption~~. 

Within the urban areas, the industrial sector is dominated by the micro and small 
industries, represented by workshops. Most of these sources mix their SW in the USW 
stream, because they use the municipal SW collection service. The median and large 
industries (considering the number of employees, the size of their facilities and the 



volume of their production of commodities) are concentrated in industrial parks which, in 
many cases, are surrounded by marginal residential settlements. These sources also 
transport their SW by their own means, but dispose of them in the dumping-grounds 
used for all ofher USMI. 

The informal commerce is defined as that sector which carries oii their 
commercial activity without permanenblands, and on cerkain days. The relative 
iinporiance of this ambiilatory, iniormal commerce, mainly in tianguis (ambulant 
markets) and marketplaces, is constantly increasing in most developing countries, both 
in terms of their contribution to the total commercial adivity, as of the number of people 
involved in it. In the present case, the tianguis and markets contribute wAh about half of 
the total Sand generated by the non-residential sources. 

Components Generation Pea Source 

Tables 3 and 4 show the results of the study of composition of USW. The rate of 
generation of each component was estimated by equation 3. The observed diversity of 
components suggests an increasing modification of the patterns of consumption among 
the inhabitants of the urban centers in developing countries. However, the composition 
of tianguis and markets SW account for more than 80% sf organic matter. The 
knowledge of the rates of generaiion of each component is important for the design of 
programs intended for the recycling, reuse and recovery (3Rs) of USW. Nevertheless, 
with respect to develo ed countries, in developing countries, the level of recovery of 2 components is highe? . The iecovery of waste in developing countries is mainly carried 
out by marginal sectors of the population, by means of a diversified range of informal 
activities, such as the handpicking of materials during the collection of SW, at the 
source of generation, and at the dumping-grounds. This account for the difficulties 
involved in precisely determining the volume of USW, which is recovered and recycled 
in developing countries. 

The sampiing of the USW generated by the informal commerce included those 
sources, which are located in marketplaces and tianguis. In Table 4, the classification of 
components has a different format, due to the predominance of organic materials in the 
composition of this waste. Thus, all the organic materials derived from plants, such as 
remains of fruits and vegetables, were classified as agricultural organic matter (AOM). 
Similarly, all waste derived from animals, such as bone, hair, feathers and feces, was 
included in the class of animal-husbandry wastes (AHW). 

Forecasting Generation of RSW 

A simple linear regression analysis was applied to the selected socioeconomic 
variables, in order to corroborate independence between them. The estimated values of 
the regression coefficient of the variables included in Tables 5 and 6 were under 
0.7, indicating poor multicolinearity amongst the independent variables and 
independence between them24. The latter suggests that these variables are suitable for 
predicting the generation of SW. However, the variables age vs. income, educational 
level vs. income, and educational level vs. age, showed dependence, according to the 



results of the tests of the hypothesis of independence made on the selected explanatory 
variables for the residential sources, following the t distribution of Student, with n-2 
degrees of freedom and an (r=0.05~~, and which was performed with the R2 values 
derived from the simple linear regression analysis (Table 7). The above facts had the 
effect of decreasing the significance of the regression model when the four latter 
variables were included. The ANOVA of the regression gave an F value of 4.89, a Pr>F 
of 0.0008, a R2 of 0.075 and a ?ASDii of 2.59. However, the variabies age and 
educational ieve! hzs" non-significant regression coefficients, with respect to their value 
of t (0.83 and 0.87, respectively), indicating that these two variables do not explain 
variability in per capita waste generation. The latter confirms the results of the test for 
the hypothesis of independence by means of the Student t distributioii. Because of the 
behavior described above, and in order to determine an optimal model, another model 
was tested including the two variables whose values of t were significant (income and 
density). The model of MLR developed is described below. 

Model including Two Variables (income, density). The ANOVA of the regression 
gave an F value of 9.82, a Pr>F of 0.0001, a RZ of 0.075 and a MSDR of 2.57. This 
model did not show an increase in the coefficient R2, but the !eve: of significance 
showed a sensitive increase, and a decrease in MSDR was observed. These facts are 
decisive to consider this model as a better fit than the mode! with the four variables. 

Table 7 shows the results of the ANOVA of the MLR analysis using this model, 
which was highly significant (a=0.05). The hypotheses stating that tine regression 
coefficients of the variabies are equal to zero (Ho: Pi=O vs Ha: PpO) was rejected for 
estimators Po, and P2 at a= 0.05. This suggests that the proposed model using 
variable income and density may be applied to explain the MLR relation, and to forecast 
the generation of RSW, as is shown in equation 5: 
V= PO+PlX1+P2X2+ E (5) 
Replacing values: 
RSW=l.02+0.000072X~+0.2368(2 

According to equation 5, the predicted value of RSW generated is 2.46 k, which is 
close to the observed value of 2.49 k. Despite that the model is highly significant, the 
low value of FI2 (0.075) shows that the variables which are suggested for the forecasting 
of RSW generation are yet of limited value to explain the total variation in the data. 
However, in previous studies using MLR to redict RSW components, R2~coefficients B between 0.26 and 0.57 have been reported . Nevertheless, the models applied here 
include variables do not having significant values of t, and thus, are not useful for the 
forecasting of RSW generation. 

The models developed in this study provide the basis to narrow down the analysis 
of other factors involved in the generation of USVV, such as temperature. In a previous 
study, it has been reportedi4 a marked seasonal pattern in the generation of USW in 
urban areas. This was explained for the predominance of some foodstuffs in certain 
seasons of the year, and as drops and surges in consumption, which derive from 
seasonal and economic fluctuations such as the Christmas season. The data used in 
the present study were gathered during a single season (March), which undoubtedly 
should affect the forecasting capability of the model, despite that the socioeconomic 



variables selected may be suitable. Yet, compared to the literature these data remain to 
be relevant. 

Forecasting Generation of MRSW 

The test for the hypothesis of independence by means of the Student t distribiition with 
n-2 degrees of freedom and ~ 9 . 0 5 ,  showed that all se!ectecl socioeconomic variables 
are independent (Table 8). This suggests that the optimal model for the forecasting of 
the generation of SW for the non-residential sources is that including the four variables 
considered (employees, area, hours, and days), Hoivever, the ANOVA of the MLR of 
the mode! with ail four variables was not significant (PnF=0.17). in consequence, runs 
were made using different models to determine which was more adequate in terms of 
the level of significance. From this analysis it was determined that the model including 
variable X3 (hours) and X'4 (days) was considered to be optimai ior the forecasting of 
NRSW. 

Inclusion of these two variables increased the significance level to 0.05, the R2 to 
0.177, and a decrease of the vaiue of MSDR to 592, which siiggests that it may be 
applied to explain the relation oT the MLR with the selected socioeconomic variables. 
Moreover, for estimator P'4 and for the intercept the hypothesis stating that the 
regression coefficients of ihe variables are equal to zero, at o;= 0.05 (no: Pi=O vs Ha: 
Pi#0) was not rejected. In consequence, the model including variable X$ (hours) and 
(days) was the only significant, and thus adopted as the final model. Table 9 shows the 
results of the ANOVA of the MLR analysis, and equation 6 gives the model for the 
forecasting of the generation of NRSW. 
Y'= ~'o+$'3x'3+~'4x'4 (equation 6) 
Replacing values: 
NRSW=O+I 92.1 7&+0 

The forecasted valiie of 1.84 k is twice the observed value of 0.925 k; however, the 
model was highly significant for forecasting the generation of NRSW. The low value of 
R' in the models that were tested indicates, as is the case for RSW models, that the 
proposed variables for the forecasting of generation are yet of limited vaiue to explain 
the total variability of the data. 

One possible explanation for this inadequacy of the forecasting models is that the 
number of samples in the analyzed database, despite being statistically significant, does 
not reflect the total variation of the population studied. In order to improve the 
forecasting capability of the models, the samples must be expanded to a larger number 
of sources. It is important to include additional socioeconomic variables, such as sales 
volume. This latter variable is instrumental to assess the real dimension of the economic 
activity of the sources. Indeed, the size of the facility and the number of employees may 
be underestimating the degree of economic activity of the source. However, data 
regarding total sales volume is troublesome to obtain. 



The database analyzed in this paper must be regarded as an initial approach t- 
assess the real composition of USW in urban areas that may be similar to tha- 
described here, and of the variables that may be affecting their generation. 

Adoption of adeauale management measures to couple with the environmental and 
pubiic health impact caused by the inadequate refusal of increasing urban waste is 
urgent. The analyses of waste composition and that of the socioeccnomic variables 
influencing their generation enable the forecast of their quantity and composition, and 
are usefu! for planning their adequate management. 

Likewise, the models forecasting solid waste generation are useful analytic tools 
in the design of management programs. In the international range, a number of models 
have been proposed which are based on the analysis of several statistics and 
socioeconomic variables. These rnodeis have shown to be efficient for the forecasting of 
solid waste generation in developed countries. However, the applicability of these 
models is troublesome because of their theoretical complexity, as well as the large data 
requirements. Nevettheless, the use of generation rates and of linear regressions 
provide with efficient statisiical instruments to explain and forecast the generation of 
solid waste, based on data which are obtained ihrough relatively simple sampling 
designs, and at a low cost. 

Such tools are used in this study, attempting to assess their efficiency for the 
explanation and forecasting capability in a case study in Mexico. This approach hay  be 
extrapolated to similar cases in other cities in the developing countries. Despite that the 
models proposed by this study are regarded as an initial approximation to the 
explanation of these processes, they do offer an alternative with analytical value. 

Our results indicate that, in Morelia, the generaiion or: residentiai waste differs 
significantly from that of non-residential sources. In the case of the former, the 
variables, which were found useful for forecasting the generation of waste, were income 
and density of dwellers per household; for the latter sources, the useful variable was the 
number of daily working hours. However, the analysis of these sources is made difficult 
by the restrictions imposed by the environmental legislation and policies. In order to 
improve the forecasting models it is necessary to expand the sampling to a larger 
number of sources. It should be highlighted that the low number of samples analyzed 
here obeyed to the limited level of participation of the sources. Because of this, it is 
necessary to precede the sampling with environmental education programs related to 
the objectives of the analyses of generation of solid waste. To this end, the different 
social sectors involved in solid waste generation must work in coordination with 
governmental agencies, chambers of commerce, of services and industries. Emphasis 
must be made on the confidentiality and professionalism with which the volunteered 
information will be utilized. 
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Table I .  Potentially explaining the generation of USW in Morelia 

Variable Description 
Independent variables 
Residential sources 
xi Income: Tsta! montiiiy income per househo!d (US$). 
x2 Density: Total number of dwellers per household. 
x3 Age: Average age of heads of households (years). 
& Educational level: Average nunber sf years in an educational 

institution attended by the heads of the households. 

Non-residential sources 
X'1 Employees: The number of workers employed by business. 
X's Area: The total area in square meters occupied by the facilities 

in which economic activity takes place. 
X'3 Hours: The total number of daily working hours. 
x '4  Days: The total number of working weekdays. 

Dependent variables: 
Y RSW: The SW generated in households. 
Y' NRSW: The SW generated in the industrial, commercial, 

institutional-services, and special sectors. 

Table 2. Per source total generation and percent rates of generation of S1dV 

Source Total (ton wet weight) Total (%-wet weight) 
Residential 321 87.4 
NOD-residential 46.2 12.6 
Commerce 6.2 1.7 
Markets 17.4 4.8 
Informal commerce 14 3.8 
Institutions/Services 1.2 0.3 
Industry 3.8 1 
Special 3.6 4 
Total 367.2 100 



Table 3. Generation rates in Morelia per source (k day-' and % of wet weight) 

Component Commerce Inst. Sew. Industy Special Residential 
10,346 sources 1,427 sources 2,437 sources 5,121 sources 123,307 

households 
k % k Yo k Yo k Yo k Yo 

Cotton o o o o o o 0.75% $32 iO6.04 0.04 
Cardboard 193.47 4,39 0 0 48.74 1 222.74 7.13 7210.99 2.36 
Leatiher 0 A 0 v u 0 0 0 0 0 212.08 0.07 
Fine residue* 0 0 0 0 0 0 0 0 0.0 0.00 
Waxed- 57.73 1.31 4.73 0.96 0 0 0 0 2704.12 0.84 
cardboard 
Hare plant fiber 0 0 0 0 0 0 2.40 0.07 1166.48 0.37 
Synthetic fiber 0 0 0.93 0.19 0 0 16.18 0.51 477.19 0.16 
Bone 0 0 0 0 0 0 0 0 2545.05 0.81 
Rubber 3.0 0.06 0 0 1502.65 33.92 98.83 3.17 265.17 0.09 
Ceramic and 0 0 0 0 0 0 249.90 8.02 1643.68 0.56 
shreds 
Wood 17.58 0.39 0 0 2558.85 57.76 92.28 2.96 1749.72 0.66 
Building 0 0 0 0 0 0 23.86 0.76 265.1 1 0.1 1 
material 
Non ferrous 1.13 0.02 4.64 0.33 0 0 57.45 1.84 1219.50 0.38 
material 
Ferrous 94.25 2.14 0 0 0 0 137.24 4.4 4400.82 1.46 
material 
Paper 344.41 7.82 19.65 3.99 284.71 6.42 201.66 6.47 23965.94 7.62 
Diapers 0 0 0 0 0 0 0 0 23382.70 8.12 
Feminine towel 0 0 0 0 0 0 0 0 424.17 0.13 
Feces 0 0 0 0 0 0 101.65 3.26 689.28 0.24 
Plastic film' 264.02 5.99 80.04 16.28 4.04 0.09 125.41 4.02 11240.66 3.77 
Rigid plastic23 206.29 4.68 81.22 16.52 0 0 185.89 5.97 12035.99 3.91 
Rubber4foam 0 0 0 0 0 0 1.68 0.05 106.04 0.04 
Dry ice 15.20 0.34 3.55 0.72 0 0 10.24 0.32 901.37 0.29 
Polypropylene 12.72 0.28 7.1 0 1.44 0 0 5.68 0.18 848.35 0.28 
Food waste 2175.76 49.42 418.41 24.09 6.09 0.13 466.57 14.99 158853.94 50.95 
Yard waste 0 0 Ci 0 20.30 0.45 12.75 0.4 16595.88 4.86 
C!oth 37.03 0.84 131.44 26.74 0 0 33.23 1.06 5090.1 1 4.81 
Stained glass 0 0 0 0 0 0 81.11 2.6 583.24 0.20 
Unstained glass 322.48 7.32 35.52 7.22 0 0 291.58 9.36 13838.74 4.46 
Batteries 0 0 0 0 0 0 26.98 0.86 159.06 0.06 
Dust 547.71 12.44 7.10 1.44 4.04 0.09 658.56 21.15 12937.37 4.78 
Other"" 108.83 2.47 0 0 0 0 8.19 0.26 1484.61 0.51 
Generation per 6199.32 1482.27 3800.98 3633.3 307,034.4 
day 

*This item is recorded as zero, because the fine residue remaining after composition analysis was 
quantified as dust, due to the abundance of the latter in the refuse. 
"*This item includes, cellophane, aluminum foil, electrical material, cigarette butts, modeling clay, and 
shoes. 
1 Plastic skinny and flexible. Includes junk-food bags, low density polyethylene; also laminated plastic, 
which includes laminated tubes that are utilized for packing toothpaste and other similar products. 

lncludes polyethylene thereftalathe, high-density polyethylene, polyvinyl chloride. 
it refers to polyurethane. 

4 It means polystyrene. 



Table 4. Composition of refuse in markets (t day-' wet weight) 

Category Total generation (t) Average (%) 
VOM 13.79 79.22 
AOM 067 3.80 
Dl-<&: 
s ~a-tlc 0.55 3.18 
Mixed paper 1.66 9.54 
Glass 0.29 1.62 
Ferrous metal 0.12 0;7 
Non ferrous met?! 5.4 0 0.06 
Textiles 0.16 0.90 
Waxed-cardboard 0.1 8 0.1 0 
Othei* 0.13 0.78 

Including * grit fines plus stone, ceramic and other items no categorized above. 

Table 5. Regression correlation coefficients (R') between the independent variables of 
residential sources 

- 
Independent Income Density Age Education 
Variables 
Income 1 
Density 0.0016 1 
Age 0.055 0.0033 I 
Education 0.300 0.0031 0.023 4 

Note: The database of the socioeconomic variables included 243 records. 

Table 6. Regression correlation coefficients (u2) between the independent variables of 
non-residential sources 

independent Employees Area Hours Days 
Variables 
Employees 1 
Area 0.050 1 
Hours 0.057 0.0038 1 
Days 0.80069 0.084 0.195 4 

Note: The database of the socioeconomic variables included 32 records. 



Table 7. Residential sources: ANOVA of the MLR of variables XT (income) and X2 
(density) 

Source of DF Siiiii of Mean F c~z!ue PDF 
variztion squares square 
Model 2 50.63 25.31 9.82 0.0001** 
Error 240 618.47 2.57 
Corrected 242 669.10 
tots! 
~'=0.075 6.V.=64.8 Root GEN 

3 MSE=1.60 Mean=2.47k 
Coefficien Estimated T for HO: P D I T I  Standard error 
t of value Parameter of estimate 
regression =O 
Po 1.02 3.00 0.0039** 0.34277 
PT 0.000072 2.48 0.01 38* 0.000029 
P2 0.236 3.77 O.S002** 0.06269 

* Significant ** Highly significant 

Table 8. Values o f t  from the test for the independence hypotheses (Ho:p=O vs Ha: p+O) 
among explanatory variables (n-2 degrees of freedom, a=0.05) 

Compared variables Standard value oft  Estimated value of t 
Residential Sources: 
Density vs lncome 1.96 -0.627* 
Age vs Income 1.96 3.76NS 
Education vs Income 4.96 10.17~' 
Age vs Density 1.96 0.91 I* 
Education vs Density 1.96 -1.76- 
Education vs Age 1.96 2.3gNS 
Nsn-residential sources: 
Area vs Employees 2.04 -1.26* 
Hours vs Employees 2.04 4.34* 
Days vs Employees 2.04 0.144* 
Hours vs Area 2.04 0.341 * 
Days vs Area 2.04 -0.623" 
Days vs Hours 2.04 0.845* 

Note: NS: not significant * Ho is aejected:.not independent 
*: Significant *Ho is not rejected :. independent 



Table 9. Non-residential sources: AMOVA of the MLR of variables X's (hours) and f i  
(days) 

Source ~f BF Sum a? ;dean F value PmF 
variation squares square 
Model 2 370,8165. 1,854,082 3.14 0.05* 

6 .8 
Error 29 17,441,44 594,084.2 

4.3 
Corrected 31 20,849,61 
total 0 
R'=Q.I 77 C.V.=97.4 Root GEN 

4 MSE=768. Mean=789g 
8 

Coeff icien Estimated T for HO: P D I T I  Standard 
t of w!ue Parameter error of 
regression =0 estimate 
B'o 2,517.32 1.27 0.21 NS 1,978.5 " - 
P'3 192.17 2.43 0.02% 79.10 
B 4 -567.67 -1.62 O . l l N S  350.01 

* Significant N" Mot significant 
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Palabras clave: generacion, residuos solidos, mercados municipales 

En Mexico, la carencia de datos mnfiables y sisteudticos sobre genscionde residuos eiidos (RS;,  dz las 
diferentes fuentes generadoras que intervlenen a nivel n~unicipal es WIO de 10s pnncipales obstiiculos para 
su maneio v disuosicion adecuados. En la actualidad. a vesar del can~bio e1110s habitos de consu~~o v de , ,  . . 
comercializacion entre la poblacion mexicaw 10s mercados lnlii~lcipales y 10s tlanguis co~ i t u~h i~  ocupa~ido 
un lugarpredominante en el comercio de b~enes y .par ende, conlo geueradores de RS. Debido a ello, oste 
proyecto x llevo a cabo con el objeto de caracterizar y cuantiiicar 10s RS gnlerados en esros sitios. Sc 
efectuo un analisis de la generacion de RS en 6 mercados de la ciudad de Morella, Michoacin, loscuales se 
muestrearon por un periodode 7 &as. Tanibihl il applico una mcuesta con objeto de detmluilar la cantidad 
de locatanos y de giros comerc~ales, asi conio estlrilar la generacion total de RS por n~ercado y por giro 
comnercial. Los resultados de la caract&c~on de subproductos indican el 83 % de residuos orgatlims, el 
restante 17 % lo ocupan el papel, el carton, el plast&o, el v~drio y 10s nletales, que son materiales 
reciclables. 

ABSTRACT 

The lack of information about municipal waste generatlou, is one of the principal problen~s for tile 
development of waste management prograns in Mexiw. Although there is a change in consumption and 
comercialization habits inmexican population, the markets aud tianguis are still ili~portant in the trade of 
goods, and therefore important generators of nlunic~pal solid waste. This project was carried out to analize 
the solid waste genemtion of 6 nmkets ofihe city of Moreha, in t11e state ofMichoacan The collection of 
samples was made for seven days and a survey was made to h o w  the number of coinmerces aid their 
activities. Anevaluation oftlie total generation of sohd waste by market and commerce was made too The 
by-product analysis indicates a generationof 83 % organic matter and the reinaming 17 %was madeup by 
paper, piastic, glass and u~etals, which are rrcickble nlalerials. 

~ O I P U C ~ ~ N  en la d&ada de 10s noventa (SEDESOLflNE 1994). 
Esiste sin embargo gran disparidad en 10s datos basicos qut 

El crecimientoindustrial queha experin~entadoel paisduran- se manejan, pues no hay information fidedigna que tenga una 
te 10s at imos 50 aiios ha facilitadolos procesos de urbanization. base en estudios locales (Restrepo er al. 1991). 
ademis de cambios en 10s habitos de consumo. Ello se ha refle- Por ouo lado la poblacion se increment0 en el 111islno period0 
jado en mayor production de residuos dlidos (RS) municipales. de30aalrededor de 92.5 millonesde habitantes p G 1 1 9 9 6 )  loque 
industrides y especiales(SEDESOLIh4 1994) ypor ende en un signi!ica el awnento en la generacion de aproximnadanente 9,000 t 
mayor impact0 ecolbgico sobre el ambiente. por dia en la d h d a  de 10s 50 a 60.000 ten la actualidad. Asimismo 

De acuerdo con diversasestimaciones, la generacion de resi- laco~nposidon l?avariado tnwho,de 95 %de material biodegradable 
duos solidos municipates (RSM) aumento en el pais de 0.3 kg1 a60%enlaactualidad (SEDESOYINE 1994). 
Ciab i tan te ,  d principio de 10s afios 50, a 0.63 kg/di&abitante La ciudad de Morelia, Mic l t oac l  sigue el patron general y 



ha experimentado el aumento notable en la generacion de resi- 
duos solidos urbanos (RSU). De acuerdo con estadisticas de la 
Direction de Aseo hiblico de la ciudad, se ha regisuado un 
increment0 en la produccion de RSU de alrededor del 150 %en 
tal l $!.lo 3=2 &&a*. %E exnbz:g~, zstos daios st ?ran obienido 
en foiiiia estimativa, ya que se proporcionan con objetivos 
presupuestales y politicos mis que tecnicos y de planeacion. 

Los mercados son una hente generadora muy importante 
de RSU. En Mexico, estos sitios ha". prevaiecido desde la epo- 
ca precolombina yen !a actualidad, a pesar dei cambia en 10s 
hibitos de consnmo y de comercializacion entre la poblacion 
mexicana, continbn ocupando un Ingar predominante en el 
comercio de bienes. De hecho, 10s mercados y 10s tianguis han 
aumentado considerablemente en la ciudad siendo hente de 
empleo temporal y por ende coma generadores de residuos 
solidos. Bemache (1995), reporta una contribucibn del9 % de 
residuos dlidos de mercados en 10s RSM de la cindad de 
Guadalajara (lalisco). De acuerdo con la regionalizacion de 
SEDESO'I, Morelia y Guadalajara seubicandentro deuna mis- 
ma region en cuanto a1 patron de generacion de residuos dli-  
dos (CCNAEE 1992). 

En Morelia se tiene registrados seis mercados establecidos y 
diez tianguis qne se ubican en diferentes puntos de la ciudad a lo 
largo de ia semana No se tiene un padr6n de locatarios anfible, 
N un sistema de organizacion para dar seguimiento a 10s movi- 
mientos admi~StIativ0~ de cada locataria, que permita la actua- 
lizacion inmediata del padron para un control real y efectivo de 
10s mismos. 

Debido a la predominancia de productos perecederos (car- 
nes, frutas, vegetalesj que se comercial 'i  en 10s mercados y en 
los tianguis, 10s RS qne se generan son en sn mayor pane orga- 
Rims y por ello, muy susceptibles a ladescomposicion bacteriana, 
por lo que su recoleccion y disposicion se debe de efectuar con 
celeridad y de ser posibfe en el mismo dia en que se generan. En 
la actualidad se tienen serios problem para el manejo y la dis- 
position adecuada de 10s RS que se producen en 10s mercados y 
tianguis. Ello repercute en proliferation defauna nocivq malos 
olores, detriment0 de la imagen urbana y el consecuente deterio- 
ro de la calidad de vida y del ambiente dentro y alrededor de 
estos sitios. Existe por lo tanto una gran demanda social para el 
mejoramiento de la imagen urban& asi como una negativa gene- 
ralizada de la poblacion para el establecimiento de 10s tianguis 
en sus areas. Ello a pesar de la necesidad de adquirir 10s produc- 
tos que se expenden en estos sitios. 

En este antexto, la carencia de datos confiables y sistedti- 
cos sobre produccion deRS en las diferentes fuentes generadaras 
que intervienen a Nvel municipal es uno de 10s principalesabs- 
thculos en la planeacion adecuada para el manejo de este t i p  de 
residuos. Hockett etal. (1995), analizaron ia influencia devaria- 
bles que influyen en la generacion de RSU, coma densidad, in- 
greso per capita, edad, sexo, ram, tam;u?o de la vivienda, porcen- 
taje de poblacion urbana, clima, pero son aspeclos en 10s qne se 
requiere mis investigation. Por ello este trabajo tiene por objeti- 
vo caracterizar y cuantificar los RS que se prodncen en los merca- 
dos municipales de la ciudad de Morelia. 

Se caracterizo y cnantifico la generacion de residuos solidos 
en 6 mercados de la ciudad de Morelia. Los pasos metodologicos 
se descr<ben en fa figura 1 y se examinan a continuacian. 

HUESTREO ' APLIMC3ON DE 
ENCUESTAS 

I 

I 

GENEWCION PESADO DEL 

RECOLECTOR 

Fig. 1. Flujogrmz sobre la caraderizaci6n y la cuantificacibn de residuos 
sblidos en 10s mercados rnunicipalss de Morelia, Michoacin 

Camcterhcmn y utanti6caci& desubploductos 
La caracterizaci6n y wd&cacion de subproductos se efec- 

tub durante una semana continua en 10s 6 mercados establecidos 
en la ciudad (Fig. 2). El mercado Revolucion y Niwlas Bravo se 
encuenuan localizados en el primer cuadro de la ciudad (zona 
centro), los mercados Vasca de Quiraga, Independencia y Senito 
J&ez se encnentran ld izados  en el segundo cuadro. El merca- 
do de Abastos; de reciente construction ((finales de la dkada de 
10s 80), se ! d i z a  en la perifeea {noreste de la ciudad). El creci- 
miento poblacional experimentado en 10s tiltunos aiios ha propi- 
ciado el establecimieutode nuevas colonias en 10s alrededores de 
este liltimo. 

Para el cam de 10s 6 mercados, en el momento en qne heron 
cousuuidos se hizo sobre Breas perifericas de la ciudad, cuyos 
terrenos tenian poca plusvalia y con poblacion predominate de 
in- economicn bajo. La dotaciirn de senicios municipales y la 
afluencia de personas a estos sitios, trajo consigo un anmento en 
la plusvalia de 10s terrenos circundantes y el establecimiento de 
negocios de tcdo tipo, sobre todo del ram0 aliiuenticio. Ello hace 
queen la actualidad el Nvel socioeconomiw de las zonas aleda- 
ilas a 10s mercados se encuentre muy polarizado, aunque predo- 
mina el nivel de mgeso media. 

Las mnesuas se tomaron directamente del sitio en que se dis- 
ponen tempoalmente todos 10s RS generados (depbitos) para 
su M a d o  al sitio de disposicion final. Para la tomade muesvas 
se signio unpadr6n previamente establecido, en el cual se incluyo 
las cuatro esquinas y la pane media del depositc. Las muestras se 
tomaron con palas y fueron cnlocadas en bolsas de polietileno de 
0.70 m x 0.50 my calibre No.200, hasta llenarla cantidadde tres. 

Se determino el peso volumetrico de 10s residuos, de acuer- 
do con la norma NOM-AA-19-1985 (SECOFI 1985). El muestreo 
se realizo antes del paso del c a i d n  recolector, entre las 7 y las 8 
horas en que se observo la mayor acumulacion de 10s residuos 



consider0 a todos 10s residuos de origen vegetal (residuos de 
frutas, vegetales, legumbre$ madera. etc.) y en materia organica 
pecuaria a todos los residuos de origen animal (plumas, visce- 
ras, hueso, excretas, cuero, etc.) 

51 p:centz;e es  pes- de caia nrio de :a; stli5piirdoZios s& 
calculo con ia siguiente formula: 

GL ?S= ---- (100) 
G 

MERCADOS 

I WDEPEND'$NCIA donde: 
2 REVOLUCTON 
3 N BRAVO 

?S= porcentaje de subpmducto considerado 
WELACION OCUPADA CON M.4S DE 2 Y HASTA 4 B, 
5 SM MENSUALES DE iNGRESO(19uO) 

GL= peso de subproducto considerado en kilogramos 
5 V DE QUIROGA 

A. (0.36) PERSON.%S 6 ABASTOS G = peso total de la muestra 
B 01-227) 
c (228-8901 El resultado obtenido a1 sumar 10s diferentes prcentajes debio 

ser superior al98 % del total de la muestra, en caso contrario se 
Fig. 2. Localizaei6n de 10s mercados analizados (mapa tornado de INEGi 

1996)  repitio la determinacion. 

generados durante el dia anterior (ademis, a esa hora, se inician 
las actividades de comercializacion, por ello 10s residuos que se 
generan en el uanscurso del dia se depositan d s  tarde). 

La caracterizacion de subproductos se realid pot separa- 
cion manual. Los subproductos ya clasificados se pesaron y se 
anoto el resultado en una hoja de registro. Sigoiendo el formato 
de registro de subproductos de la Norma Oficial Mexicana NOM- 
AA-22-1985 de residuos solidos municipales, seleccion y 
cu2ntificacionde subproductos (SECOFI, 1985). La adecuacion 
del formalo se realizo de acuerdo con la predominancia del tipo 
Be residuos que se encontraror, ya que algunos de 10s rubros 
contemplados en este formato de registro de la nonna estuvie- 
ron ausentes o las cantidades encoutradas heron minimas (Ta- 
bhQ. 

Ya que la mayor parte de 10s productos que se comercializm 
en estos sitios son perecederos, 10s residuos generados son 
predominantemente de este tipo. En materia or@m agricola se 

D&ennimaci6n de generaci6m kokai 
La determinacion de este parhetro, de acuerdo con la Nor- 

ma Oficial Mexicana (NOM)*, especifica que se puede obtener 
adecuando el procedimiento descrito para residuos domesticos, 
siempre que sea posible determinar confiablemente el tamaio de 
lapremuestra. La@sma nonna especifica que a1 no poder deter- 
minar la generaci65 de estos residuos conforme a un muestreo, 
se precisad entouces a panir de unbalance de materia, del pro- 
ceso o giro de que se trate. Para tal situacion se deberrin conocer 
las fronteras del sistema y las actividades que cluzan u ocurren 
denfro del mismo, asi coma la generacion de RS asociada con 
e m s  actividades. 

Las dos opciones auteriores no se pudieron aplicar. dado 
que no se conto con un padron de locatarios, ni de giros comer- 
ciales de 10s mercados de la ciudad. Sobre esta base se decidio 
primeramente aplicar una encuesta a 10s locatarios de 10s seis 
mercados analizados, para obtener un padron de locatarios y de 
giros comerciales y determinar la generacion total de residuos, 

N O M - ~ . 6 1 - 1 9 8 5 - R e s ~ d u d d  r6iidor munic8pa1er-Dctem~nddddn de la gcneraccon 
(SECOFI 19'35) 

TABLA I. CARACTERIZACI~N DE SUBPRODUCTOS (%) EN PESO 

iMebl no ferroso 

M.O., materia orgdnica 



con base en lo especificado por la NOM. 
El segundo paso consistia en efectuar el muestreo, pero 10s 

locatarios se rehusaron a proporcionar 10s residuos generados 
por ellos, por lo tanto se decidio pesar el camion con el total de 
residuos generados en cada uno de 10s mercados. 

a. Encnesta 
Se aplico un total de 1546 encuestas en 10s 6 mercados ana- 

lizados. Ello incluyo al total de locatarios establecidos perma- 
nenteniente y a 10s se~n~establecldos (solo se establecen 2 o 3 
dias dc la semana en 10s qAela actividad comercial es mayorj. 

La encuesta const6 de I4 preguntas sobre infraestructura, 
generacion de residuos. giro comercial, ubicacion, dias iabora- 
bles. Especificamente incluyo dos preguntas respectoa la canti- 
dad y tipo de residuos que 10s locatarios estimaban producir por 
dia. Los datos se anoiaron en un formato de encuesta preparado 
para cada locatario y se ordenaron en hojas de registro por mer- 
cado y giro comercial. 

b. Pesado del camion recolector 
El camion recolector con la totalidad de 10s residuos genera- 

dos se peso diariamente durante una semana (este fue el tiempo 
masimo de desvio del camion de su ruta para su pesado en una 
bascula publica que pennitio la Direction de Aseo Publico de la 
ciudad). Se calcfi:o :a generacion dhria, sumando el total de 10s 
residuos generados durante la semana y se divldio el total entre 
siete. Este metodo solo se realizo en tres mercados. 

Cara~erizaci6a 3 camtificacMo de sob~~rodudos 
La selecc~on del horalio y la forma de muestrear en 10s depo- 

sitos generales obedecio principalmenie a que la generacion de 
residuos en 10s mercados es n~uy dinamica y no esiste ningiin 
control en el acceso a estos sitios, ademas la naturaleza de 10s 
residuos que se generan es de facil descomposicion 

La detenninacion del pesovolumetrico en el sitio dio un pro- 
medio de 760 kg de residuos solidos por ma. La materia orginica 
deorigen aw'coia mupi, el primer lugaren nlonto, seguiclo pore1 
papel y el canon. Si se agxupan todos 10s rubros de materia 
organica biodegradable, esta ocupa alrededor del93 O h .  El resto 
lo ocupa el plastico. vidrio y metales. liiateriales totalmeute 
reciclables (Tabla I). Rabanni er a/. (1983). recomiendan un con- 
tenido promedio de materia orghica de 50 a 60 %en 10s residuos 
para que Sean susceptibles de ser sometidos a un proceso de 
composreo. Los promedios de ~llateria organica que se obtuvie- 
ron del analisis de generacion en 10s mercados de Morelia. resul- 
tan optimos para un proceso de este tipo, ya que la separation 
de subproductos de origen inorganic0 se reduce a 10-20 %. De 
acuerdo conRichardsony Wh:tney (1995), ello repercutepositi- 
vamente en  la disminucion de 10s costos de operacion de un 
proceso de disposition final de 10s residuos sol~dos alremo a1 
relleno sanitaria. 

TABLA 11. TOTAL DE LOCriT.4RIOS Y UBICACIOK EX 1.0s MER. 
CADOS 

Mercado Locatilrios Esizrior Interlor 

5 ! 4  :7i: 3 3 6  
Revoiucioi~ I 
Nicolk Brabo 
Brnrio j u k u  

Vasw de Qutro8z 
Abaslos 260 250 
'Total 1546 368 1178 

Deteminacibn dde generaci6ntotal 
a. Encuesta 

De la aplicacion de la encuesta se obtuvo un total de 1546 
locatanos en 10s 6 nlercados analizados (Tabla II) y aunque el 
objetivo inicial fueobtener unpadron de Iocatarios para analizarla 
generacion de residuos en estos sitios, se lograron de ella resulta- 
dos interesantes &re ei perfil socio-economiw de cada uno de 
10s tnercados. Se pudo constatar el nivel socio-economico de 10s 
locatzssos por el tipo y e! ta:la~o de 10s locales. En el mercado de 
abastos la totalidad de 10s locatarios son colnerciances estableci- 
dos. la mayor pane de ellos pequeiios eelnpresarios que se dedican 
a la venta por mayoreo de uno o pcos  prcxiuctos a 10s comercian- 
tes quea suvez 10s comercializan al rnenudec en 10s otros merca- 
dos y tianguis. En este mercado se determino la mayor generacion 
de residuos y a pesar de ello hasta el 111011iento de este estudio no 
contaban con un depjsito general para la deposicion de 10s resi- 
duos. 

Se observo tambien que la mayoria de 10s comerciantes que se 
establecen en 10s exTeriores de los mercados son personas de lnuy 
bajos recursos que comercializan sus prcductos. predominante- 
mente fmtas y vegetales dos o tres dias a la sernana. Estos no 
cuentan con un local, N mnucho menos con recipientes adecuados 
para depositar 10s residuos generados por ellos. por lo que 10s 
depositan directamente en el suelo. Algunos p c o s  10s recojen a1 
tenninar sus acti~idades. pero en su gran mayoria 10s abandonan 
iasta que el s e ~ c i o  de limpieza del mercado 10s recolecta. Por lo 
general esta actividad se lleva a cabo hasta el dia siguiente. lo que 
ocasiona inalestar entre la poblacion urcundante a egos sitios 

Se detectaron 3 1 giros comerciales distintos. La generacion 
diaria de residuos 6lidos por giro conlercial se calculo a pregunta 
espresa a cada uno de 10s locatanos entrevistados. La niayor ge- 
neracion de residuos predomino en 6 giros comerc~ales. por ello 
10s reslanles se agruparon en el rubro de couos girosx (Tabla El). 
Los giros comerciales de verduras. frutas. wrnicerias y pescade- 
rias son 10s que generan mayor caxtidad de residuos. p r  el hec1:o 
de que la mayor parte de la acti\~idadcomnercial en los mercados se 
basa en enos bienes. En uenos mercados predomina mBs. un giro 
comercial con respecto a olro (Tabla W). 

Con respecto a la cuantificacion de residuos. se puede obser- 
var que lo contestado por 10s locatarios esta subestilnado Ins- 
la en mas de un -30%. en comparacion con 10s resultados obte- 
nidos por el n~etodo de pesado del camion (Tabla V). Ello se 
puede atribuir a que la lnayoria de 10s localarios vacilaba en 
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TABLA III. RESlDUOS GENERADOS POR GIRO COMERCIAL kg'DIA 

I Girocornercia~ Independencia Revoluci6n Nicolbs Bravo Bentto Judrrz I1asco de Qutroga bastes 

lierdurar 393 1089 177 178 2 !  2086 
Frutas 407 838 74 67 0 2774 
Cornldas 238 141 38  3 8 2 2 41 
Jugos y licuados 130 107 46 1 0  2 1 0 
Fmtas y verduras 47 8 1 90 124 101 113 
Carnicerias v oescadaias 125 286 30 77 17 0 , . 
Mros gros 695 
Genaraci6n total 2035 

esta pregunla, 10s argumentos a e m  negativa poi- parte de 10s 
locatarios heron basicamente temora aunento de impuestos, que 
se piense que son mas sucios y w n  ello, que se les snspenda la 
concesion de su permiso. Rathjey Mwphy (1992). reporrancasos 
sirnilares sobre la percepclon del publico en encuestas pranica- 
das POI ellos. 

Por o m  lado el promedio de generacion puede variar, ya que esA 
deteminado por la e p  del af~o> pues la variedad de prcductos que 
se cotnexialiim en 10s merQdos es de ciclo estacional. El monto de 
residuos w i d  de acuerdo a la proporcion aprovechable del produc- 
to que se eqxnde y del monto de vemas toales de estcs prcductos. 

b. Pesado del camion recolector 
Elpesado del canuon recolenor d l o  seefectuo en tres merca- 

dos: Independencia, Revolution y Niwlas Bravo (Tabla V), ya 
que 10s mercados Benito Juarez y Abastos no cuentan con un 
dep&ito general para colccar 10s residuos. Estos mercados solo 
tienen contenedores fuera de las instalaciones y se usan tambien 
para ubicarlos residuos domiciliarios. Fue similar el proble~m que 
se present0 en el mercado Vasco de Quiroga, ya que a p a r  de 
que si cuenta con un deposit0 general, la cantidad de residuos 
que se generan diarimnente no alcanza a saturar la capacidad del 
camion recolector que cubre esa mta y entonces 10s mezclan con 
residuos domiciliarios. 

Los residuos que se generan en los mercados son predomi- 
nantemente de tip0 orgtinico y suman alrededor de183 %. Papel y 

carton representan alrededor del 10 % del total y contienen alta 
proporcionde humedad (Buemostro et nl. 1999). Los subproductos 
restantes, en su conjuntoalcanzanel7 % . El ad i s i s  de la genera- 
ci6n total indica que se produce una cantidad apreciable de resi- 
duos solidos, pues si se llace una extraplacion pan 10s tres mer- 
cados en donde n.0 ?o peso e! totd de 10s residuos; con base en u!? 
30 % que fue el promedio de variation en lo esti~nado por 10s 
locatarios y lo obtenido por el metodo de pesado, la generacion 
told para 10s 6 sitiosanalizados se estimaen alrededor de 15,000 
kg por dia. Los residuos derivados de las acti~~idades de 
c~merc i~zacion  y de consumo en estos sitlos constltuirh un 
problema ambiental de no disponeme adecuadanienre. Los resui- 
tados del estudio indican contenidos de materia orgaruca ostensi- 
blemente altos como para iniciar un prograrna de reciclaje de estos 
residuos con base en el composteo, a un costo econo~nico sensi- 
blenlente bajo en comparacion con oms  alteinaiivas de dispsi- 
cion (Buemostro 1999). 

Sobre la seleccion del proceso de tratamienlo de 10s residuos 
orginicos c de &sppsic::jn Em! tend6 que :omrse en cienz 
que 10s residuos de 10s mercados tienen un all0 wntenido de 
agua ademis de que, wlno ya se menaono, el promedio de gene- 
ration puede variar, puesto que esta detenuinado por la epoca del 
aiio, pues 10s bienes que se co~nercializan en estos sitios son de 
cicloestacional. Asimismo el monto de ies1duosvariar6 deacuer- I 

do con el porcentaje aprovechable de 10s productos que se 
expenden y por el lnonto total de ventas. 

Result6 conveniente adecuar el Formato de registro de 
subproductos inciuido en la NOM, ya que la gran mayoria de 10s 
contemplados en esta ultima no se encontraron en la caracteriza- 
cion de 10s RS de 10s mercados. 

TABLA IF PORCENTAJE DE GIROS COMERCIALES EN LOS MERCADOS ANALIZADOS 

Giro comercia1 Independencia RevoIuciQ Nicolbs Bravo Benrlo Juarez Vawo de Quiroga Abaslos 

Vzrduras 19.31 36.43 35.47 32.40 7.83 39.79 

Frutas 20.01 28.03 14.73 12.19 0.00 52.96 
Comidas 11.67 4.70 7.56 7.00 8.41 0.78 
Jugos y licuados 6.38 3.57 9.20 1.91 7.83 0.00 

Fiulas y verduras 2.32 2.70 18 01  22.57 38.61 2 15 

Carnicerias y pescadaias 6. I 2  9.57 5.90 14.01 6 44 0 00 

Mros giros 34 16 14 95 9 10 9.87 30.85 4 35 



TABLA V. CANTIDAD DE RESIDUOS ESTIMADA POR D1.A (kg) SE- 
G~ LA ENCUESTA Y EL PESADO DEL C . A M ~ N  

hiercado Encilesta Pesado del carn16ii 

I Independencia 2035 3579 
I Rcvolucibn 2948 3176 

Nicolas Bravo 500 1170 
Benito Jusrez 577 no se pesb 
Vaiarco de Quiroga 267 no se pes6 
Ahastos 5235 no se pes6 
Total 11562  7925 

La metcdologia implementada en esta investigacion fue a raiz 
de una adecnacion de la NOM-AA-6 1-1985 (SECOFI 1985) que se 
basa principalmente en el estudio de residuos domesticos, por lo 
que el presente trabajo puede ser una base para sistematizar 10s 
estudios de generacion en 10s mercados municipales. Fue de gran 
utilidad contar con el n h e r o  total de locatarios para estimar la 
generacion per capita y tambien se estimo la generacion total de 
residuos mediante lo contestado por eiios en la encuesta. Esto 
simio para observar y comparar 10s datos sobre generacion pro- 
porcionados por !os propios generadores con 10s datos que se 
obtuvieron mediante el pesado de ios residuos. Se pndo constatar 
que lo contestado por 10s locatarios estA subestimado hasta en 30 
%con respecto a 10s resultados obtenidos por el metodo de pesa- 
do. 

Para disefiar estrategias adecuadas, tanto para la disminucion 
de la generacion de RS, como para proponer alternativas viables 
de disposicion final, resulta imprescindible contar con datos so- 
bre generacion que indiquen el tip0 de residuos que se generan, 
quien 10s genera, en que proportion y bajo que circunstancias se 
da la generacion. 

En este contest0 10s mercados mwicipales son generadores 
mny importantes de residuos d idos  organicos dadas las caracte- 
risticas de comercializacion y la nalaraleza de 10s bienes que se 
expenden en estos sitios. Por ello, es factible desarrollar progra- 
mas tendientes a la disminucifin de la generacion o de reciclaje si 
se proponen lineas de accion en los sitios donde se generan 10s 
residuos, en este caso 10s mercados, antes de que se ~nezclen con 
residuos de otras fuentes. 

Dadas las caractensticas peculiares de 10s mercados asi como 
el tradicionat desinteres gubemamenral por escos sitios. es dificil 
contar con padrones actualizados de locatarios y de giros comer- 
ciales. 

Otra variable que d e b  tomarse en cuenta es la wlaboracion 
de 10s locatarios que solo pair5 lograrse mediante sensibilidad en 
el uato hacia ellos por pane del personal a parficipar. Por esa es 
muy importante establecer una mayor compenerracion 
sociocultural del personal tecniw. asi como el apoyo de las auto- 
ridades y de las asociaciones de locatarios, y que el papel desem- 
peiiado prestos irltimos en el manejo delainfonnacion acerca de 
losobjetivos y metas serifundamental parael exito del programs. 

El siste~natizar una metodologia para 10s estudios de genera- 
cion de RS en 10s mercados municipales, reviste gran importancia I 
en la planeacibn de 10s senicios de recolecci6n munic&les, asi 
como en la disposicion adecuada de estos residua$ ya que estos 
sitios son generadores muy importantes de RS a nivel nacional. 

Este trabajo fue financiado por el CONACyT y forma pane 
dei proyecto de investigacion doctoral dei primer autor. Se agra- 
dece el apoyo tecnico del Ingeniero J o d  Carza Caligaris. Se 
esta muy reconocido a la Dlreccion de Aseo Publico de la ciu- 
dad de Morelia y a las Asociaciones de locatarios por el apoyo 
brlndado para el desarrollo de este estudio. 
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RESUMEN 
Los residuos solidos generados en los mercados municipales y tianguis, por lo general 
se manejan y disponen mezclados con el resto de ios residuos municipales, 
aumentando con ello el problema de contaminaci~n ambiental, a pesar de que estos 
son una fuente potencial rica en materia organica. Esta investigacion se realia6 con el 
objeto de experimentar la eficiencia de la digestion anaerbbica para tratar 10s residuos 
organicos generados en estos sitios. 
Se efectuaron determinaciones fisicas y quimicas, cuyos resultados sugieren que este 
tipo de ferrnentacion es eficiente para tratar estos residuos, por su alto contenido de 
humedad, el caracter dcido y la consistencia fibrosa del material. 
El proceso se evaluo a nivel de laboratorio en un digestor anaerobic0 de tipo hind6 en el 
cual se determino un tiempo de retenci6n optimo de 7 dias para la digestion de la 
materia organica. 

ABSTRACT 
The generation of solid wastes in markets and tianguis are managed and disposed with 
other municipal refuse, which has an impact on the environment. Although, these 
organic wastes are a potential source of organic matter. This project was carried out to 
evaluate the efficiency of an anaerobic digestion as a treatment of the organic fraction 
generated in these sites. 



Physical and chemical analyses were carried out. The results indicate that anaerobic 
decomposition is a safe and efficient method for this kind of solid waste, which are wet, 
acid and fibrous. 
The experimentation phase was carried out in laboratory with an indian digestor. A 
seven-day retention time was determined as the spiimum for the process of digestion 
maRer. 

Usualmente Ios residuos solidos son considerados negativos y perifericos a las 
adividades de sus generadores y no como una posible fuente de ingresos; por lo 
general se deshacen de ellos rnediante su dispersion o vertimiento en tiraderos. La 
generacion nacional de residuos solidos municipales (RSM), se calcula en alrededor de 
85,000 ton/dia, de las cuales el 52% es materia organica. Esta proporcion ha venido 
decreciendo en los Gltimos afios por la transforrnacion socioeconomica y consesuente 
cambio en patrones de consun?= del pais (SEDESOUINE, 1994). Tal es ei caso de los 
residuos solidos generados en mercados y tianguis. Eslos sitios son fuentes de 
generaci~n muy importantes de residues solidos a nivel municipal, y cuya problematica 
en Mexico se ha agudizado por su manejo y disposicion inadecuados. 

En la actualidad, a pesar del cambio en los habitos de consumo y de 
comercializacion entre la poblacioi? mexicana, 10s mercados y tianguis continuan 
ocupando un lugar predominante en la comercializacion de bienes y por ende en la 
generacion de residuos solidos. Bernache (1995), reporta una contribucion del 9% de 
estas fuentes al total de RSM en la ciudad de Guadalajara (Jalisco). 

En cuanto a sistemas de tratamiento y de disposicion final de 10s residuos 
solidos, la separacion y recuperation de subproductos, el composteo aerobic0 y !a 
incineracion han sido hasta la fecha !os sistemas de iratamiento de mayor aceptacion a 
nive! mundiai, no obstante el impact0 ambiental ocasionado por la quema sin control de 
10s residuos, o la baja eficiencia con la que se lleva a cab0 la separacion y recuperaci6n 
de subproductos, derivado de la deficiente organizaci6n y del desinteres publico y 
privado por la preseivacion del ambiente y la optimizacion del uso de los recursos. 

La pirolisis, la digestion anaerobica, la deshidratacion y produccion de alimentos, 
estan teniendo actualmente una mayor aceptacion (Velasco -1 1996; Padllla 1995). 
Ello se puede atribuir a la creciente demanda de materias primas y a una mayor presion 
social por la preseivacion del ambiente. La oxidation, hidrogenacion y compactacion 
son alternativas de tratamiento que se encuentran en etapa experimental, por lo que 
aun no se cuenta con resultados definitivos que permitan ser empleados en 10s 
sistemas de aprovechamiento de residuos solidos (Brinton 1994). 

El composteo es una tecnica para la reincorporaci6n de 10s residuos a 10s 
prosesos naturales y productivos que por siglos ha sido utilizada en el mundo, 
principalmente en China e India (Arias 1978). Su implementation en Mdxico como 
proceso de tratamiento se ha visto reducida a la instalacion de plantas en ciudades 
como el Distrito Federal, Toluca, Monterrey, Guadalajara y Oaxaca. 

En el proceso de composteo, la transforrnacion de 10s residuos ocurre 
principalmente a traves de la accion de microorganismos, presentandose en dos 
etapas: una fisica (desintegracidn) y otra quimica (descomposicion)(ENSIG, 1984). La 



descomposicion de la materia organica puede ocurrir en presencia de oxigeno 
(aerobico) y en ausencia de Bste (anaerobico) (Ruiz, 1994). 

En diversos estudios se citan prornedios de materia organica del 50 al 60% en 
10s residuos para que Sean susceptibles de aprovecharse por medio de un proceso de 
fermentacibn (Weber 1982; Rabbani U a ! ? a 8 3 ) .  Gacsmanii ji978), menciona que el 
cornposteo es incosteab!e si !a fracci6n organica es rnenor al 30% del peso total y que 
10s residuos que son mas adecuados para el proceso de cornposteo son los 
provenientes de! jardin, cocina, papel y carton (except0 madera). De acuerdo can 
Harrison (1994), el rango 6ptirno de rnateria organica es del40 al60%, y rernarca que a 
pesar de las mGltiples verrtajas de! composieo eomo iecnica eficiente para optimizar la 
conservation de 10s recursos, aun se practica en forma muy limitada. 

En cuanto la eleccion de un proceso de ferrnentacibn en el que predomine la 
produccion de composta, una caracleristica importante que deberan tener 10s residuos 
es que Sean predorninanternente de origen vegetal. Los residuos solidos organicos de 
este tip0 que se generan en los mercados municipales tienen proporciones de hasta un 
85% (Buenrostro 1992). 

Las caracteristicas fisicas y quimicas de ios residuos s6lidos organicos son de 
trascendenta! irnportancia para la correcta selection del tip0 de proceso de 
fermentacion. Los residuos solidos organicos generados en 10s mercados tienen 
contenidos de hurnedad de alrededor del 86%, asi corno un pH predominanternente 
acido. Estas dos caracteristicas sugieren que la digestion anaerobica es el proceso de 
ferrnentacion mas idonea para este iipo de residuos. 

El objetivo de esta investigacion fue experimentar la eficiencia de la digestion 
anaerobica para tratar 10s residuos organicos que se generan en 10s rnercados 
rnunicipales de la ciudad de Morelia, Michoacan. Para tal fin fue necesario llevar a cab0 
un analisis de generacion en estos sitios, asi como determinar ciertas caracteristicas 
fisicas y quimicas,de 10s residuos organicos para evaluar su viabilidad para el proceso 
anaerobico. 

Las rnuestras de residuos organicos para efectuar los analisis fisicos y quimicos 
se obtuvieron del analisis de generacion en 10s 6 rnercados establecidos en la ciudad 
de Morelia. El mercado Revoluci~n y Nicolas Bravo se localizan en el primer cuadro de la 
ciudad (zona centro), los mercados Vasco de Quiroga, lndependencia y Benito Juarez se 
encuentran en el segundo cuadro. El mereado de Abastos; de reciente construction 
(finales de la decada de 10s 80), se ubica en la periferia (noreste de la ciudad). 

La caracterizacion y cuantificaci~n de subproductos se efectuo durante una semana 
continua en 10s 6 rnercados establecidos en la ciudad (Buenrostro 1992). Los pasos 
metodol~gicos se describen en la figura 4 y se exarninan a continuation. 



cONSTRIJCCION DEL DIGESTOR Y 

AnaIisis fisicos y quimicos en 10s residuos sdlidos orgzinicos 

La preparacidn de las miiesiras en ai iaboratorio para su anaiisis se realizd de 
acuerdo a la norma (NOM-AA-52-1985). Se efectuaron determinaciones de humedad, 
pH, nitrogeno, fosforo y potasio, para conocer las caracteristicas fisicas y quimicas de 
10s residuos y sobre esta base decidir el tip0 de proceso de fermentation. Los analisis 
fisicos se hicieron con 5 repeticiones y 10s quimicos por duplicado. Humedad se 
determino por la norma (NOM-AA-16-1984); pH (NOM-AA-25-1984); nitrogeno por el 
metodo Kjeldahl (NOM-AA-24-1984); fosforo por colorimetria con cloruro estahoso y 
molibdato de amonio (NOM-AA-~~-I 976) y el potasio por flamometria (SECOFI 1985). 
Con respecto a carbon0 total no fue posible realizar su determinacidn. Ello por que no 
se dispuso de la infraestructura y equipo requerido en el momento del estudio. 

Para el buen desarrollo de este trabajo result6 m6s conveniente llevar a cab0 la 
investigation en dos fases: 
1) determinacidn de parametros fisicos y quimicos, para conocer /as caracteristicas de 
los residuos. 
2) Experimentacicin del composteo con digestion anaerobica en condiciones de 
laboratorio. 



Se construy6 un reactor anaerobic0 a nivel de laboratorio de tipo vertical 
semicontinuo (tipo Gobar o Hindli) (Trujilto 1986). La construccion se efedu6 con lamina 
galvanizada en forma cilindrica de 49 r m  dt3 dikzeiro por 75 cm de altura, cor! sn 
voiumen de 98 litros, Se iecubri6 con antioxidante en la parte interior con el fin de evitar 
la oxidaci6n de la lamina. La pade superior se cubrio con una tapa que se sujeto con 
tornillos y se instalaron dos valvulas de paso, una para medir la temperatura y o?ra para 
permitir la saiids de gases. Tambien se instalaron dos valvulas de globo, una de 2.5 
pulgadas, situada en la pared superior dei reactor para la entrada del material y otra de 
tres pulgadas en la parte posterior para la salida del efluente. El digestor se cubrio con 
material de fibra de vidrio para disminuir la perdida de calor y se coloc6 un termostato 
para mantener la temperatura constante a 35°C. 

El reactor se cargo inicialmente con 40 k de residuos organicos que se extrajeron 
de muestras de 10s 6 mercados anaiizados, preparados previamente, de acuerdo a la 
norma (NOM-AA-52-4985) (SECOFI 1985). En materia organica agricola se consider0 
todos 10s residuos de origen vegetal (residuos de frutas, vegetales, legumbres, madera, 
etc.), en materia organica pecuaria se consider6 todos ios residuos de origen animal 
(plumas, visceras, hueso, excretas, cuero, etc.). 

Se control6 la temperatura a 35°C dentro del digestor y se mantuvo en 
condiciones anaerbbicas. Para evaluar el curso de la reaccion se evaluaron parametros 
como el porcentaje de solidos en 10s residuos (SV), el tiempo de residencia de 10s 
residuos para su digestion (TR), asi como la carga volumica (Bv). Se sugiere un valor 
de alrededor de 10% de materia seca: ya que una mayor conceniraci6n hace mas dificii 
la homogeneizacion de 10s residuos dentro del digestor y disminuye la actividad 
microbiana (Young 1986). 

El porcentaje de solidos (SV) en la mtiestra de residuos a digerir se obtuvo a raiz 
de las deterrninaciones de humedad en las rnuestras. 

El tiempo de residencia (TR) de los residuos y la cantidad de solidos volatiles 
degradados, se evalu6 mediante la extraction de 5 muestras del digestor de peso 
conocido al termino de 7, 12, 18, 23 y 28 dias y se recargo con la misma cantidad de 
material extraido. 

La cantidad de rnuestra a extraer, se calcul6 con la siguiente f6rmula: 

% de dlidos 
% de velocidad de carga del reactor = 

Tiempo de residencia 

Las muestras extraidas del digestor se colocaron cada una de ellas sobre papel 
periodico y despues sobre una malla meialica y se expusieron a la accion directa del sol 
por un lapso de 7 horas (de 11:00 a.m. a 18:00 p.m.) para su desecacion. 
Posteriormente se pesaron en una balanza analitica y por diferencia de peso entre la 



cantidad de solidos introducidos al digestor y la cantidad de solidos extraidos, se 
calculo el porcenlaje de solidos volatiles degradados. 

Se determini, nitrogeno, fosforo y potasio al product0 en seco, a efecto de 
comparar los cambios en las concentraciones de estos macronutrimentos duraate el 
proceso de digesti~r: de !a mateiia organica. Ello para comparar 10s resultados 
obtenidos con lo reportado en !a bibliogi~fki, sobre perdidas de estos 
macronulrirnentos, tanto en digestion aer~bica, como anaerobica. 

RESULTADOS 

Se efectuaron 5 determinaciones de humedad y pH para asegurar mayor 
representatividad en 10s analisis y con e!!o tens: mas confiabiiidad en 10s resultados, 
pues se observo gran variabilidad de un analisis a otro en la misma muestra. 

Los porcentajes de humedad en las muestras obtenidas de 10s seis mercados 
analizados estan en un rango del 80 al 86% en peso. El valor promedio de humedad 
esta en un 83.19%. Los valores de pH van de acido a ligerarnente acido (pH entre 3.7 y 
6.3) (Tabla I). En el curso de 10s analisis se constati, una disminuci6n del pH, conforme 
el paso del tiempo, ello por la accion digestiva de !as diferentes comunidades de 
microorganisrnos que producen acidos grasos volatiles, como el acetico, propionico, 
isobutirico, butirico, isovalerico y valerico, 10s cuales son interrnediarios del proceso 
anaerobico. Sobre esta base se tomaron las muestras de residuos sSlidos antes de las 
24 horas posteriores a su disposici6n en 10s contenedores de 10s mercados y 
posteriormente se mantuvieron en refrigeracion durante 10s analisis de laboratorio, a 
efecto de disminuir la digestion rnicrobiana y que las determinaciones del pl-l fuesen 
mas confiables. 

Los valores de nitrbgeno total, oscilan entre un 9 a 14%. Se observ6 una gran 
variacion en 10s resultados de las determinaciones de este macronutrimento para cada 
una de las muestras analizadas. De fosforo total se obtuvieron porcentajes promedio de 
un 0.27 a 0.42 y del potasio de 0.73 a 0.93 % en peso (Tabla 11). 

Con respecto a la relacion carbonolnitrogeno, esta es fundamental para cualquier 
proceso de digestion, ya que estos rnacronutrimentos son dos de 10s principales 
requeridos por los microorganismos para forrnacibn de biomasa y obtenci6n de energia. 
La nonna NOM-AA-21-1985. SEGOFl (11985), especifica la tecnica para determinar 
materia organica en 10s residuos municipales, Sin embargo esta no fue utilizada, ya que 
para el digestor solo se utilizaron residuos dlidos organicos de origen vegetal y 
pecuario, cuyo contenido es 100% organico. Estos residuos se obtuvieron a raiz de la 
separation de subproductos del estudio de generation. 



TABLA 1. CONTENIDO DE HUMEDAD (% EN PESO) V pH EM MUESTRAS DE 
RESlDslOS O W G ~ ~ C Q S  (VAeORES PRQMEDIO) 

MERCADO % DE HUMEDAD pH 
BENITO JUAREZ 80.04 5.3 

,.%_\ ,-. . I - . - .  . 
n c v c l ~ ~ ~ ~ i ) ~  841 8 5.7 

7diCOiA.S BRAVO 83.65 5.1 
INDEPENDENCIA 80.56 5.2 

ABASTOS 86.06 4.9 
VASCO DE QUIROGA 84.65 4.8 

PROMEDIO 83.13 5.06 

TABLA II. VALQRES PROMEDIQ DE NITROGENO, FQSFORO \r POTASIO EN 
MUESTWAS DE WESIBUOS Y EN COMBOSTA Q% EM PESO FRESCO) 

NITROGENO 11.07 9.43 

FOSFORO 0.36 Q.31 

POTASIO 0.86 0.63 

Se seiecciono un digestor en posicion vertical, ya que ios residuos producidos en 
10s rnercados poseen un gran contenido de agua que incide sobre manera en su 
volumen y peso especifico; ademas dadas las condiciones socioeconomicas de nuestro 
pais tambi6n se pens6 en que fuese un proceso economico, con un tiempo de 
residencia corto, de manejo sencillo y eficiente, y que no ofreciera grandes riesgos 
ambientales ni a la salud pcblica. 

Gargrad0 dej reactor y ewluacidn de$ curso de ia reacicjrs 
Se observo un maximo de solidos degradados a los 7 dias de alrededor del96% 

(Tabla I l l ) ,  con lo que se puede conciuir que este lapso de tiempo es el periodo de 
retention optimo en el que el proceso de digestion de 10s residuos se complements de 
forrna eficiente. Despues de los 28 dias se obsewo que el porcentaje de soiidos 
degradados bajo drasticamente, por lo que se decidi6 detener el proceso. 



TABLA IBI. S~LIDOS DEGRADADOS (%EN PESO SEGQ) 

TIP0 DE MATERIAL TIEMPO DE RESlDENClA 

7 DlAS 12 DlAS 18 DlAS 23 DlAS 28 DlAS 
EFL~ENTE E ~ ( T ~ ; D O  igj 2537.5 2300 2273.5 2 i  69.5 21 70 

PESO DE SOLIDOS EN EL 426.66 386.63 382.47 364.69 364.77 
EFLUENTE (FRESCO) 

PESO DE SOLIDOS (SECO) (g) ? 7 65.7 76.2 57 77 

% DE SOLIDOS DEGRADADOS 96.05 83.07 80.07 80.18 78.9 

En la Tabla II tambien se muestra los resultados de las determinaciones de 
nitr~geno, fosforo y potasio que se realizaron a !a cemposta, una vez que se someti6 al 
proceso de secado. 

Propuesta de constsuccidn de un digestor anaerobic0 a nivel pilots 

Para el tratamiento de los residuos orghnicos generados en los mercados de 
Morelia, en los cuaies se estirn6 una generacion promedio de '15 tonldia. Se propone la 
instalacion de tres digestores de 46 m3 cada uno. Fabricados con cemento y ladrillo, 
colocados a desnivel uno de otro e interconectados por rnedio de valvulas de globo, a 
fin de asegurar la remocion de 10s residuos. Para esto se sugiere una pendiente natural 
del terreno y optimizar costos de operacion(Fig. 2). 



Calculo del volumen del digestor. 
Cantidad de residuos organicos a tratar: 15 ton/ dia. 
Peso volumetrico de 10s residuos: 0.769 ton/m3 
Volumen del digestor requerido para 15 ton/dia: 19.505 m3/dia. 
Tiernpo de residencia de los residuos dentro dn? digestc;: 7 dks. 
, I -  I~ ~ ~ulumen requerido para el tots! de resiciuus de 7 dias: 137 m3 

El disefio de cada uno de los digestores es en forma conica (Fig. 3), can un 
diametro de 6 m y % paites del volumen total para el cilindro y 3/4 parte para el volumen 
del cono. 

La altura del cilindro, de acuerda a calculos seria de 1.22 rn. La altura del cono 
seria de 0.82 m. En este riltirno se instalaria una valvula de paso para la salida del 
biogas producido. Este se uti!izaria para calentar agua que se canalizaria a traves de un 
serpentin y rnantener una temperatura constante dentro del digestor (Fig. 4). 

Estas dirnensiones son para volumen total; para disefio real se considera un 
volumen de seguridad de un 20% mas. 



Los residuos solidos organicos que se generan en los mercados del municipio de 
Morelia, por lo general se manejan y disponen mezclados con otro tipo de residuos 
domiciliarios, aumentando con ello el problerna de contamination ambiental. Los 
residuos orgdnicos qus se generan en 10s mercados poseen caracteristicas fisicas y 
quimicas, que 10s constituye en una fuente viable para la fabrication de cornposta. Esta 
ademas de ser un mejorador organic0 de la estructura del suelo, contiene nutrimentos 
que son importantes para el desarrollo de las plantas. 

Por otro (ado se pudieran generan ernpleos, mediante la implementacion de este 
tipo de procesos. Esto puede ser una opcion economica y factible para el tratamiento de 
10s residuos organicos de mercados y reducir la cantidad de residuos s6lidos 
municipales en alrededor de un 10%. Elio repercutiria en un ahorro para el municipio 
por concept0 de gastos de recoleccion y disposition de ios residuos; ademas 
aumentaria la vida dtil del relleno sanitaria. Otro aspect0 muy importante es la 
disminuci6n del impact0 a1 ambiente por la deposicion incontrolada de este tipo de 
rasiduos y la posibilidad de reintegrarlos a1 arnbiente de forma que puedan ser 
absorbidos por los sistemas ecolagicos. Para ells se propone primeramente el utilizar la 



composta en reposition de areas verdes de 10s mismos rnunicipios, o en viveros como 
substrato para plantas forestales y ornamentales. Ello mientras se hace una evaluacion 
biologics a mas detalle de la composta para su utilizaci6n en cultivos. 

La experimentacion se llevo a cabo en un digestor anaerobic0 continuo en 
posicion vertical tip0 hindti, clue se ha ve.?ido utilizaiido eomo aiternativa para el 
procesamiento de otro tipo de residuos organicos, como estiercol, aguas negras, en 10s 
que 10s contenidos de humedad son muy altos como para establecer un proceso de 
digestion aerobica. 

En cuanto a !a seleccion dei sistema de digestion se penso basicarnente para la 
disposicion de 10s residuos organicss que se generan en 10s mercados y en el que 
predornine la produccion de composta por sobre cualquier otro subproducto. Una 
caracteristica importante de este sistema es que se requiem de residuos wegetales 
predominantemente sobre 10s residuos animales (Arnaya 1979). Caracteristica que 
cumplen 10s residuos que se generan en 10s rnercados rnunicipales de la ciudad de 
Morelia, en 10s cuales se generan proporciones de materia organica vegetal de hasta 
85% del total de residuos generados (Buenrostro 1999). 

El contenido de humedad en 10s residiros soiidos fue uno de los principales 
factores que sugiri6 el uso de la digestion anaerobica, ya que 10s porcentajes de 
humedad obtenidos en !as muestras son mayores que 10s reportados corno adecuados 
para un proceso de digestion aerbbica. Rabbani a t  (1983), sugieren contenidos de 
humedad entre un 50 a 70%. De acuerdo a las caracteristicas de 10s residuos organicos 
de 10s mercados de la ciudad de Morelia, coyo contenido de humedad oscila del 80 al 
86%, se tendria que someter el material, una vez molido y homogeneizado a un 
proceso de desecacion previa, o en su caso agregar algun otro material, cuyo contenido 
de agua fuese bajo. Ello para llevar el contenido de hurnedad de 10s residuos a 10s 
niveles requeridos en un proceso de digestion aerobica, situacion que aurnentaria 10s 
costos de produccion. 

El caracter acido de 10s residuos fue otrc: factor determjnante en la seleccibn del 
tip0 de proceso porque 10s organisrnos que intervienen en la digestion anaerobica 
soportan intervalos de tolerancia a pH mas amplios, aunque el efecto del pH en el 
proceso de digestion ha sido poco estudiado (ENSIC 1984). 

El contenido de nitrogeno que se determino para los residuos organicos 
analizados en este trabajo, coincide con el 7 a 10% reportado para residuos similares 
(Cointreau 1982). En cuanto a la variaci6n del contenido de nitrogeno entre las 
diferentes muestras de residuos, se puede atribuir al contenido heterogeneo de 
nitrogeno en las diferentes macromoleculas de origen vegetal y pecuario en 10s 
residuos. Aunque estos se sometieron a un proceso de rnolienda y homogeneizacion 
previa a 10s analisis. La molienda de ciertos residuos, como hueso, plumas, etc. no fue 
tan eficiente. 

Las perdidas de nitrogen0 durante el proceso de digestion fue un parametro 
importante en este ttabajo, ya que tratandose de macronutrirnentos, la conservation del 
nitrogeno es la mas importante, pues se pueden tener perdidas de este elemento por 
lixiviacion o a traves de escape de amonio y volatiiizacion de gases nitrogenados. 

Aviva (1994) reporta que estas perdidas pueden ser afectadas por la relacion 
C:N, el pH, el contenido de humedad, la aireacion, temperatura, la forma en que se 
encuentran 10s compuestos nitrogenados a1 inicio del composteo y la absorcion o 
capacidad de retencion de 10s materiales a compostear. 



Se determinaron perdidas de nitrogeno de 14-15%, hecho que concuerda con lo 
reportado en la bibliografafia y que confirman que el proceso anaerobico es el mas 
adecuado para no tener grandes perdidas de nitrogeno. Hoitink (1995), reporta perdidas 
de nitrogen0 total en composteo anaerobico de residuos de jardin de 10 a 15%, 
mientras que en composteo aerobic0 de 22B%. 

Fiespecto a las determinacisnes de potasio se observo que 10s valores se 
mantienen en un rango similar antes y despues de la digestion. Ello se puede atribuir a 
la estabilidad quimica de este macronutrimento y no se pierda por volatilizaci6n, como 
en el caso del nitrogeno. 

Por otra parte se determinb Sue el mayor porceniaje de solidos degradados se 
dio en un tiempo de residencia de sieie dias. Despues de este period0 se mantuvo a la 
baja, lo cual sugiere una inhibicion de la digestion. Esto se puede atribuir a un 
agotamiento del substpato para el desarrollo de las diferentes comunidades de 
bacterias, lo cual sugiere que la capacidad de carga volumica del digestor fue mayor. 
Esto quiere decir que tuvo que extraerse mas composta y cargar mas residuos, para 
que se continuara con el proceso de digestion sin abatimiento de ias comunidades 
bacterianas. 

La carga volumica (Bv) del digestor se determino de acuerdo al contenido de 
solidos totales contenidos er? e! material a compostear ('16.81%), 10s cuales estan 
dentro del rango reportado como optimo para digestores anaerobicos (Baquedano -1 
1983; Young 1986). Sin embargo estos ultimos se han obtenido de estudios en 
digestores anaerobicos con carGa Siscontinua y a temperatura ambiente. En este 
estudio se penso en un digestor con carga continua y se control6 la temperatura en un 
rango constante, lo cual pudo influir positivamente sobre el crecimiento de las 
comunidades bacterianas y la consecuente disminucion del tiempo de residencia. 

Se decidio por un digestor de carga continua a efecto de ofrecer una alternativa 
para compostear 10s residuos organicos que se generan diariamente en 10s mercados y 
que por sus caracteristicas de f k i !  degradation no pueden ser retenidos 
temporalmente para su procesamiento, lo cual ocasionaria un impact0 negativo al 
ambiente, o de lo contrario, construir la suficiente cantidad de digestores para procesar 
todos 10s residuos, situacion que seria inviable economicamente. 

Aunque no fue posible evaluar la relacion carbono/nitrogeno de los residuos, el 
total de solidos totales degradados sugieren un 6ptimo desarrollo del proceso de 
digestion, lo cual puede ser un indicador de un contenido optimo de estos 
macronutrimentos en 10s residuos organicos de mercados. La relacion optima de C/N es 
de 25-353. Generalmente 10s residuos organicos municipales que basicamente 
contienen residuos organicos vegetales tienen una relacion C/N optima (Tchobanoglous 
et a1 1977). Tampoco se evaluo la production de biogas que puede ser otro 
subproducto muy importante de la reacci6n a utilizar como combustible, sobre todo en 
las areas rurales del pais. El proceso de digestion se evaluo en laboratorio, se propone 
su realization a nivel piloto, asi como profundizar en ios anaiisis de bioxido de carbon0 
y metano que se producen de la reaction. 

La importancia de este trabajo reside en la evaluation del proceso de digestion 
anaerobica, empleando residuos organicos generados en 10s mercados municipales en 
forma natural; es decir, sin dilucion previa y sin agregar ninglin otro material. Este factor 
es de suma importancia cuando se considera el empleo de este proceso en areas 
rurales, pues apafie de bajar 10s costos de instalacion del equipo por la disminucion del 



volumen del reactor, estas areas tienen serias deficiencias presupuestarias, lo que 
influye de manera determinante en la torna de decisiones para un proceso de 
tratamiento y disposicion de residuos salidos. 

Este trabajo fue financiado por el CONACYT y forma pa$e dei piDpcio cie invesrigaci6n 
doctoral del primer autor. La fase analitica se realiz6 en el Bepartamento de Quirnica de 
la Facultad de Quirnica de la UMSNH. 
Se agradece el apoyo t6cnico del lngeniero Jose Garza Caligaris. 
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En esta investigacion se abordan aspectos socioeconomicos y ambientales, 10s cuales 
son requisito indispensable a tomar en cuenta en la gestion de residuos solidos. En el 
tr2b2jC se ...lante6 en iugar, --- ul la ~ - - - t  I I U ~  I ~ u ~ ~ ~ a r ; i G n  u a ~  2-1 ~ u r ~ ~ e p t a  de fesiciuo soiido 
municipal, considerando a este como los residuos que se producen dentro de la 
circunscripcion territorial del municipio. En segundo lugar, se propuso una clasificacion 
de generadores basada en el tipo de actividad economica, lo cual permite relacionar la 
fuente de generacion con el tipo de residuo solido producido. En esta se clasifican las 
fuentes de generacion en tres categorias: ciudad, industria y campo. De Bstas se 
derivan sieie clases de generadores: 1) residenciales (viviendas) y no residenciales: 2) 
comerciales (comercio formal e informal), 3) institucionales, 4) construcci6n, 5) 
agropecuarios, 6) industriales y 7) especiales. En cada una de estas clases se 
producen diversos tipos de residuos solidos, 10s cuales se definen de acuerdo con la 
fuente de generacion. 

La homologacion de conceptos y de clasificacion de las fuentes de generacion de 
residuos soiidos en ei ambito internacional, es fundamental en el avance de la 
investigacion basica y aplicada en este campo. Resulta importante para el analisis y 
comparacion de resultados obtenidos en regiones diferentes. Para 10s paises en vias de 
desarrollo, las experiencias de otros paises resultan importantes, ya que pueden utilirar 
estas para investigaciones in situ y desarrollar programas de gestion de residuos 
soiidos mas eficientes. 

La clasificacion propuesta es compatible con ia nomenclatura internacional de la 
actividad industrial y economica, lo cual, permite generar bases de datos para 
cuantificar de rnanera indireeta ias fuentes de generacion de residuos solidos; esto con 
base en la informacion de las actividades economicas, que se encuenlra disponible en 
estadisticos censales de cada pais. Ademas, es factible establecer diagnosticos previos 
de iks caiacteristicas fisicas y quimicas de ios residuos de una fuente o sitio 
determinados, lo cual brinda informacion preliminar irtil para realizar estudios sobre 
produccion y composicion de residuos solidos a diferentes escalas, asi como para 
efectuar analisis de generadores especificos. 

En la segunda fase de la investigacion, se efectu6 un analisis de composicion de 
residuos solidos en la ciudad de Morelia, el cual tom6 como base la clasificacion de 
generadores propuesta. El analisis demostro que la clasificacion es eficiente para 
cuantificar 10s generadores que intervienen en la produccion de residuos solidos. 

Con base en el seguimiento de las rutas del servicio oficial, se determino una 
cobertura del 30% de la recoleccion; el resto fue cubierto por el sewicio concesionado. 
Eilo concuerda con los resultados de la cuantificacion de 10s residuos solidos que 
ingresan al tiradero de Morelia, siendo de 89 y de 275 t did' para el servicio oficial y el 
servicio concesisnado respectivamente. Con respecto a la estacionalidad de la 
generacion de residuos solidos ur'banos (RSU) en Wlorelia, el analisis de 10s ingresos 
del servicio concesionado al tiradero, durante el period0 de diciembre de 1996 a 
noviembre de 1997, mostro una fluctuation mensual en la generacion de RSU. Se 
observe un descenso de la cantidad en el mes de febrero y un aumento en el verano. 

La comparaci~n de 10s resultados del analisis de composicion de iesiduos 
residenciales con estudios previos, realizados en la decada de 10s 80's, indico una 
modification en los patrones de consumo en la poblacion uibana de Mexico. En este 



estudio se encontraron mas de 30 subproductos, de 10s cuales el 17% correspondio a 
materiales plasticos, a diferencia del 7% encontrado en 1987. En contraste, 10s metales 
y vidrio mostraron una tendencia decreciente: de 2.4 al 1.8 y de 7 al 4.7% 
respectivamehte. 

E! zn$.!isis de !I ccmpcsici6n de !as rssidiios s61idos generados en ios mercados, 
mostro ia iniluencia de la epoca del aRo, sobre el contenido de materia organica y de 
humedad en 10s residuos. Asimismo, se obsewo la influencia de la estacionalidad sobre 
el consumo de la poblacion y en el tipo de productos que se comercializan. Esto es 
determinante en la proportion de materia organica y cantidad de RS generados, ya que 
variarg de aeuerdo a ia porcion aprovechabie del producto que se expende y de las 
ventas totales. 

La generacion per capita de residuos solidos residenciales (RSR) mostro una 
reiacion positiva, de acuerdo con el estrato socioeconomico, lo cual sugiere que la 
composicion de los residuos sigue un patron similar al obse~ado en paises con ingreso 
per capita mas alto que Mexico. No obstante, los residuos alimenticios, junto con otros 
componentes organicos constituyeron airededor del 60% de la composicion total de 10s 
RSR. Aiinqlre ios coeficienies de generation per capita mostraron una tendencia 
creciente del estrato bajo al alto, estadisticamente no hubo diferencia significativa (Fc 2, 
242, 0.05); ia homogeneidad de varianzas se corroboro con la prueba C de Cochran (3, 
242, 0.05), por lo que la generacion per capita determinada para esta clase fue de 
0.629 k dia-'. Este resultado es similar al de 0.7 k dia-' reportado en 10s 80's y mas bajo 
que ei de 1 k dia-' a principio de 10s 90's. ha generacion total diaria de RSR en Morelia 
fue de 321 toneladas, utilizando el coeficiente de generacion per capita, y de 307 
toneladas, con el coeficiente de generacion por vivienda, obteniendo una diferencia de 
14 toneladas entre ambos metodos. 

El estrato alto genero mas papel y residuos de jardin. En el estrato bajo no se 
encontro este tjltimo subproducto, pero se determine5 el 12.42% de tierra y el 0.40 % de 
heces fecales, lo cdal se explica por ia cai.encia de areas vefdes en ias viviendas, o que 
de existir, no estan recubiertas de pasto, y por lo general, se utilizan como traspatio 
para animales domesticos. Muchas calles carecen de pavimento o de banquetas, y en 
su gran mayoria las viviendas no tienen piso de material en su interior. Se observo 
tambien, una mayor generacion de madera, material de construction, fibra sintetica, 
piias electricas, piastico pelicula y pafial desechable; estos tres ljltimos contradice lo 
reportado anteriormente, ya que los resultados tuvieron un comportamiento inverso a lo 
esperado. 

Esto ultimo es porque en MBxico, algunas veces el tipo de vivienda y la localizaci6n 
no reflejan el ingreso real de 10s moradores, como generalmente sucede en los paises 
desarrollados, por lo que la marginalidad social y la urbana no necesariamente se 
correlacionan. En el estrato bajo se duplica el ntjmero de personas menores de tres 
aiios, con respecto al estrato medio, y con el alto se multiplica por siete. Ello puede 
explicar ei mayor contenido de pafiales desechables en los residuos del estrato bajo, lo 
que refleja modificaciones en 10s patrones de consumo entre la poblacion. 

EI estrato medio genero mas hueso, hule, plastic0 rigido y metal ferroso y no ferroso; 
ademas, en varios subproductos se obtuvieron indices de generacion similares al 
estrato alto. En general, se detect0 la presencia de una gran cantidad de desperdicios 
de alimentos en 10s residuos de los tres estratos socioeconomicos. No obstante, en el 



estrato bajo predomino la tortilla y en 10s estratos medio y alto el pan, galletas y comida 
en descomposicibn. 

Con respecto al analisis socioeconornico de 10s generadores residenciales, los 
resultados sugieren que el nivel economico es inversarnente proportional al nljmero de 
hzbitantes per vivienda. La escclaridad fiie m v o i  co i i f~~ i i ie  aurnentaba ei ingreso 
economico, y siempre iue menor en las mujeres de 10s tres estratos socioecon6micos, 
alcanzando los niveles mas bajos entre las mujeres del estrato bajo. 

El analisis de composicion ale 10s residuos no residenciales (RSNR) tampoco mostr6 
diferencia significativa entre 10s coeficientes de generacion por clase, ni en la 
geneweion por subprooducio (Fc. 3, 31, 0.05 y Fc. 3, 131, 0.05 respectivarnente). La 
homogeneidad de varianzas se corrobor6 con la prueba C de Cochran (4,31,0.05). 

La cuantificacion de los residuos generados en mercados y tianguis por el metodo 
de encuesta tuvo una subestimaci~n del 36%, con respecto al metodo de pesado del 
camion recolector. La mayor generacion de residuos predomino en 10s giros 
comerciales de verduras, frutas, comida, jugos/licuados, frutaslverduras y 
carnicerias/pescaderias. El peso volum@trico de 10s residuos fue de 760 k/m3, la materia 
orggniea constituya ei 83%, ei papei y carton 10% y 10s otros subproductos sumaron el 
7% restante. Los analisis fisicos y quimicos efectuados a la fraccion organics, dieron 
vaiores promedio de humedad de 83.18%, pH 5.06, nitrogen0 11.07, fosforo 0.36 y 
potasio 0.86 para 10s residuos, y para el efluente fueron 9.43, 0.31 y 0.635 en peso 
fresco respectivamente. Se escogio la fermentation anaerobia por el contenido de fibra 
vegetai y de humedad en ios residuos. El proceso se evaluo en un digestor vertical, en 
el que se determino un tiempo de retencion optima de 7 dias, y un 96 % de solidos 
totales degradados. 

Los resultados de la encuesta en 10s mercados y tianguis reflejaron que el tamafio y 
tip0 de material con que esta construido el local indican el nivel socioeconomico de 10s 
locatarios. Asimismo, se determin6 en el mercado de abastos la mayor generaci6n de 
RS po: lacatario, lo wa l  indica que ei monto cie ventas es un determinanfe de la 
cantidad de residuos producidos. 

En conjunto, la subdivision no residencial aglutina 19,325 generadores, con una 
generacion per capita de 0.9 k dia-'. Los mercados y tianguis se agrupan en esta 
subdivision, con una generacion por local de 7.2 k dia-'; a excepcion del mercado de 
Abastos, la cual fue de 20 k dia-'. De esta manera, 10s mercados y tianguis contribuyen 
a la generacion de RSU con 31 ton dia-I. Ello resulta en una generacion total de esta 
categoria de 46 ton dia-' de RS en la zona metropolitans de Morelia. 

Porcentualmente la contribution de la subdivision residencial a la generacion total de 
RSU en Morelia alcanza el 87.4% y la subdivisi6n no residencial con el 12.6% restante. 
De este ljltimo, el comercio de mercados y tianguis contribuyen con mas de la mitad de 
la generacion total de 10s RSNR. Adicionaimente, los resuitados de la investigacion en 
el estudio de caso indicaron que la cantidad de residuos depositados en el tiradero es 
menoi con respecto a ios generados. La comparacion de 10s resuitados obtenidos por 
10s dos metodos de analisis (31 1 ton did' que ingresan a1 tiradero y 367 ton dia-' de 
residuos generados), existe una diferencia del 15% entre 10s dos metodos de analisis. 
Ello indica que no es recomendable considerar la cantidad de residuos solidos 
recolectados para efecfos de planeacion en 10s sistemas de iimpia. 

El uso de coeficientes de generacion y la regresion lineal resultaron eficaces para 
explicar y predecir la generacion de RS en regiones poco estudiadas, con escasa o nula 



pianeacion arnbiental y de rapido crecirniento poblacional, como es el caso de Morelia. 
El ANOVA de la RLM indico que las variables que resultaron significativas para predecir 
la generacion de 10s residuos solidos residenciales son el ingreso economico y la 
densidad de habitantes por vivienda. El modelo obtenido, con una P~F=0.0001 y un 
F12=G.G75, dis u:: vale: pionos:icado de 2.46 k, el eiiai se acetca ai vaior observado de 
2.49 K dia-I por vivienda. El rnodelo significative para predecir la generacion de residwos 
no residenciales, fue el que incluy6 la variable n6mero de horas laboradas por dia. El 
ANOVA de la RLM dio una P~F=0.05 y un R2=0.177; el valor pronosticado de 1.84 k 
result6 ser el doble de lo obsewado (0.925 k dia-' por local). Los rnodelos obtenidos en 
esta iase representan una primera aproximacion a la prediccion de la generacion de 
RSU. 

Con esta investigacion se pretende, desde una perspectiva interdiscipiinaria, 
contribuir al desarrollo de teoria sobre el problema ambiental que implica la generacion 
de residuos solidos. Los resultados obtenidos se orientan a: (1) ampliar el conocimiento 
de las diversas fuentes que intewienen en la produccion de residuos solidos urbanos; 
(2) optimizar metodos de analisis para determinar la generacion total y la proporcion de 
estos que son recoiectados por 10s sistemas de limpia; (3) precisar la contribucidn tanto 
de la aeneracion total como de suboroductos de cada una de las fuentes aeneradoras: - 
(4) priponer metodos de investigadion alternativos para generadores poco estudiados 
con anterioridad, como es el comercio informal; (5) profundizar el estudio de factores 
socioeconomicos que inciden en la production be residuos solidos, asi como 
determinar el flujo de residuos de diferentes fuentes en la corriente de residuos solidos - 
urbanos. Todos estos son requisitos indispensables para la planeacion de 10s sistemas 
de recoleccion y la gestion adecuada de 10s residuos solidos. 



1. Se sugiere ahondar en el desarrollo de lineas de investigacion que visualicen el 
problema de la generacion y disposicion inadecuada de 10s residuos solidos, desde 
una perspectiva interdisciplinaria. El efecto que ocasionan 10s residuos solidos en la 
salud pfiblica, flora, fauna, rrsi como en suelo, cuerpos de agua y sistemas de agua 
subterranea afectan la sustentabilidad de estos recursos, y por ende la permanencia 
de las sociedades actuales. El encontrar soluciones adecuadas requiere del trabajo 
conjunto de ciencias ambiefitales y sociales. 

2. Las soluciones no deben lirnitarse s61o a la recoleccion y disposicion final de los 
residuos solidos, ni es responsabilidad exclusiva de 10s gobiernos. Compete a todos 
10s seciores de la sociedad: gobierno, iniciativa privada, ciudadania, academico y 
ONG's, buscar alternativas para la gestion de residuos que se adecuen a cada 
region. 

3. Es necesario un replanteamiento de la investigacion sobre residuos soiidos, el cual 
debe incluir el conocirniento de ias causas que determinan su producci6n, asi como 
es:udi~s de generaci~r! que permitan conocer las fuentes aue intewienen, cantidad y 
tipos de residuos que se producen. El conocimiento de estas variables, aunque 
obvio, resulta irnpi+escindible para el disefio adecuado de investigaciones que traten 
el efectc de los lixiviados en 10s cuerpos de agua y sistemas de agua subterranea, 
asi como las consecuencias de los diversos rnetodos de disposicion de residuos 
solidos a la flora, fauna y organismos del suelo. 

4. La perspectiva actual que basa la investigacion en el desarroilo tecnol6gico para el 
tratamiento de residuos s6lidos, implica un costo economico que limita los rnargenes 
de accion de los gobiernos para resolver este problema arnbiental. El cambio implica 
desarrollar en lo inmediato lineas de investigacion que se bassn en la 
conceptualizaci6n de 10s residuos solidos no s61o como un contaminante, sino como 
un recurso que puede ser productivo. 
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