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Resumen y Abstract III 

 

Resumen 

 

La insustentabilidad actual de la industria del cemento portland, ha conllevado a la 

búsqueda de nuevos materiales alternativos menos contaminantes, dando lugar a los 

denominados geopolímeros. La presente tesis consiste en la evaluación ambiental del 

uso de geopolímeros basados en dos puzolanas volcánicas, para determinar su 

viabilidad como alternativa del cemento portland; se presenta además un análisis teórico 

ambiental comparativo entre los geopolímeros y el cemento portland. Para tal propósito, 

se llevó a cabo la caracterización de las puzolanas empleando técnicas como 

fluorescencia de rayos X (FRX), difracción de rayos X (DRX) y granulometría laser. Para 

la determinación de la potencial toxicidad de los insumos involucrados en los 

geopolímeros se aplicaron las normas de TCLP (del inglés Toxicity Characteristic 

Leaching Procedure) y UNE EN 12457-2. Los resultados muestran que los mejores 

porcentajes de retención fueron de 99,95% para Ba, 99,99% para Sr, 99,93% para Zn, 

92,5% para S, 98,95% para V, y 98,71% para Cr, cumpliendo con los límites máximos 

reportados por la legislación, evidenciando además una alta eficiencia en la 

encapsulación de contaminantes como Pb y Ni, cuyos valores siempre fueron superiores 

al 99%. Por lo tanto, en las proporciones estudiadas es viable el uso de geopolímeros, y 

representan una buena oportunidad para el sector de la construcción. 

 

 

Palabras clave: Geopolímeros, puzolana volcánica, metales pesados, 

encapsulación, materiales alternativos al cemento portland, TCLP, UNE EN 

12457-2. 

 

 
 

 



IV Resumen y Abstract 

 

Abstract 

Current unsustainability of portland cement industry, has led to the search for new 

cleaner alternative materials, leading to the geopolymer denominated. This thesis 

consists of the environmental assessment of the use of geopolymer based on two 

volcanic pozzolan to determine its viability as an alternative portland cement; a 

comprehensive comparative study between geopolymer environmental and portland 

cement is also presented. For this purpose is carried out using pozzolan characterization 

techniques such as XRF, XRD and laser granulometry. To determine the potential toxicity 

of inputs involved in the geopolymer standards TCLP (Toxicity Characteristic Leaching 

English Procedure) and UNE EN 12457-2 were applied. The results show that the best 

retention percentages were 99.95% for Ba, Sr 99.99%, 99.93% for Zn, 92.5% for S, 

98.95% for V, and 98.71 % for Cr, complying with the maximum reported by the 

legislation, also showing a high encapsulation efficiency of pollutants such as Pb and Ni, 

whose values were always higher than 99%.. Therefore, in the studied proportions is 

viable its use, and represents a good opportunity for the construction sector. 

 

Keywords: Geopolymers, volcanic pozzolan, heavy metals, encapsulation, 

alternative materials Portland cement, TCLP, UNE EN 12457-2.



Contenido V 

 

Contenido 

Pág. 

1. Antecedentes y contexto ......................................................................................... 1 

2. Objetivos ................................................................................................................... 5 
2.1 Objetivo general ...................................................................................................... 5 
2.2 Objetivos específicos .............................................................................................. 5 

3. Revisión de la literatura ........................................................................................... 7 
3.1 Cemento Portland ................................................................................................... 7 

3.1.1 Definición ......................................................................................................... 7 
3.1.2 Proceso productivo .......................................................................................... 7 
3.1.3 Tipos de cemento Portland .............................................................................. 9 

3.2 Materiales alternativos al cemento Portland .......................................................... 10 
3.2.1 Materiales puzolánicos .................................................................................... 11 
3.2.2 Materiales Hidráulicos ..................................................................................... 11 

3.3 Materiales hidráulicos activados alcalinamente ................................................ 12 
3.3.1 Reseña histórica de los materiales obtenidos por activación alcalina. ........... 12 
3.3.2 Activación alcalina ......................................................................................... 12 
3.3.3 Aspectos químicos ......................................................................................... 13 

3.4  Geopolímeros ...................................................................................................... 14 
3.4.1 Definición ........................................................................................................ 14 
3.4.2 Estructura de los Geopolimeros ....................................................................... 15 
3.4.3 Mecanismo de Geopolimerización ................................................................... 17 
3.4.4 Propiedades de los geopolímeros ................................................................... 18 
3.4.5 Aplicaciones industriales de los geopolimeros e importancia ........................... 20 
3.4.6 Geopolimeros para tratamiento e inmovilización de residuos .......................... 20 

3.5 Ceniza volcánica ................................................................................................... 21 
3.5.1 Definición ........................................................................................................ 21 
3.5.2 Génesis de los suelos derivados de cenizas volcánicas .................................. 21 
3.5.3 Localización y distribución en Colombia .......................................................... 23 
3.5.4 Composición y características Físico-Químicas ............................................... 23 
3.5.5 Consideraciones ambientales relacionadas con la ceniza volcánica ............... 25 

3.6 Lixiviación de compuestos químicos ..................................................................... 35 
3.6.1 Generalidades ................................................................................................. 35 
3.6.2 Tipos de ensayos de lixiviación ....................................................................... 37 
3.6.3 Ejemplos de ensayos de lixiviación ................................................................. 39 

3.7 Análisis de ciclo de vida en materiales de la construcción .................................... 41 
3.7.1 Generalidades ................................................................................................. 41 
3.7.2 Definición ........................................................................................................ 42 



VI Contenido 

 

3.7.3 Aspectos ambientales relacionados con el cemento Portland empleando el 
ACV…………….........................................................................................................43 
3.7.4 Aspectos ambientales relacionados con los geopolímeros ...............................51 
3.7.5 Comparación ambiental entre la producción de cemento Portland y la 
producción de geopolímeros. ....................................................................................54 

4. Revisión del estado del arte: Encapsulación con geopolímeros ........................59 
4.1 Cenizas Volantes (CV) procedentes de la combustión del carbón .................... 59 
4.2 Cenizas volantes procedentes de la incineración de residuos sólidos 
municipales ................................................................................................................. 60 
4.3 Residuos de horno de arco eléctrico de acero .................................................. 61 
4.4 Escorias siderúrgicas de alto horno .................................................................. 61 

5. Metodología de la investigación ............................................................................63 
5.1 Etapa 1. Construcción del estado del arte y del marco teórico ............................... 64 
5.2 Etapa 2. Caracterización de la materia prima ........................................................ 64 
5.3 Etapa 3. Elaboración del geopolímero ................................................................... 65 
5.4 Etapa 4. Análisis de la toxicidad asociada a la materia prima y a los geopolímeros 
desarrollados ............................................................................................................... 66 
5.5 Etapa 5. Determinación de la efectividad de la inmovilización de metales pesados 
en geopolimeros .......................................................................................................... 67 
5.6 Etapa 6. Estudio comparativo entre la producción de geopolimeros y la producción 
de cemento portland: Análisis de ciclo de vida ............................................................ 67 
5.7 Etapa 7. Análisis de los resultados ........................................................................ 67 

6. Resultados y análisis ..............................................................................................69 
6.1 Caracterización de la materia prima .................................................................. 69 
6.2 Análisis de la toxicidad asociada a la materia prima y a los geopolímeros 
desarrollados ............................................................................................................... 72 

6.2.1 Resultados de la aplicación del ensayo de TCLP ...........................................72 
6.2.2 Resultados de la aplicación de la norma UNE EN 12457-2 ............................76 

6.3 Determinación de la efectividad de inmovilización de metales pesados en 
geopolímeros ............................................................................................................... 79 

7. Discusión general ...................................................................................................83 
8.1 Conclusiones ......................................................................................................... 89 
8.2 Recomendaciones ................................................................................................. 90 

 

 

 
 
 

 
 
 



Contenido VII 

 

Lista de figuras 

Pág. 
 

Figura 1. Etapas de la fabricación del cemento Portland. ................................................. 9 

Figura 2. Representaciones de polisialatos. ................................................................... 16 

Figura 3. Formación de suelos derivados de cenizas volcánicas. …………………………22 

Figura 4. Distribución espacial de los volcanes (▲) y de los suelos derivados de cenizas 

volcánicas (área achurada) en Colombia. ....................................................................... 24 

Figura 5.  TAS clasificación de los diferentes tipos de rocas volcánicas ......................... 25 

Figura 6. Procesos de los metales pesados en el suelo. ................................................ 29 

Figura 7. Factores que influencian la liberación de contaminantes en un material 

monolítico. ...................................................................................................................... 36 

Figura 8. Factores que influencian la liberación de contaminantes en un material granular.

 ....................................................................................................................................... 37 

Figura 9. Análisis de ciclo de vida................................................................................... 43 

Figura 10. Volúmenes globales de la producción de cemento y su distribución en la 

primera década del siglo. ............................................................................................... 44 

Figura 11. Diagrama del proceso de manufactura del cemento. ..................................... 45 

Figura 12. Esquemas de ACV comparativos para diferentes  procesos de manufactura de 

cemento. ........................................................................................................................ 48 

Figura 13. Límites del sistema para la comparación de diferentes composiciones 

geopoliméricas. .............................................................................................................. 52 

Figura 14. Comparación de resultados de balance de masa y GWP de dos diferentes 

composiciones geopoliméricas. ...................................................................................... 53 

Figura 15. Límites de los sistemas para la comparación de la producción del concreto de 

cemento y geopolimérico. ............................................................................................... 55 

Figura 16.  Resultados del ACV de concreto de cemento y geopolimérico. .................... 55 

Figura 17. Etapas del trabajo de Investigación. Fuente: Construcción propia. ................ 63 

Figura 18. Difractograma de rayos X de la puzolana volcánica 1. .................................. 71 

Figura 19. Difractograma de rayos X de la puzolana volcánica 2. .................................. 71 

Figura 20. Concentraciones de sodio obtenidas para cada intervalo de tiempo .............. 77 



Contenido VIII 

 

Lista de tablas 

Pág. 
 

Tabla 1. Valores de permeabilidad en cm/s. ................................................................... 19 

Tabla 2. Disolución con soluciones acidas al 5% ............................................................ 19 

Tabla 3. Materiales, procesos y pasos de la manufactura considerados en el ACV. ....... 49 

Tabla 4. Clasificación de entradas y salidas para la manufactura del cemento portland en 

categorías de impacto ambiental..................................................................................... 50 

Tabla 5. Composición de concreto geopolimérico y de cemento (Kg/m3). ....................... 54 

Tabla 6. Diseño de la mezcla 1 (Geopolímero con puzolana 1). ..................................... 65 

Tabla 7. Diseño de la mezcla 2 (Geopolímero con puzolana 2). ..................................... 66 

Tabla 8. Composición química y propiedades físicas de las puzolanas .......................... 69 

Tabla 9. Composición química de la Escoria. .................................................................. 70 

Tabla 10. Composición elemental de metales pesados en las puzolanas solas. ............. 72 

Tabla 11. Aplicación de TCLP a las puzolanas. .............................................................. 73 

Tabla 12. Máximas concentraciones permitidas en los lixiviados de TCLP (US.EPA). ...... 73 

Tabla 13. Aplicación de la prueba de TCLP  a los geopolimeros. .................................... 74 

Tabla 14. Límites máximos permisibles de metales pesados para agua de uso doméstico 

según la EPA, OMS y UNE. ............................................................................................ 75 

Tabla 15. Resultados de la aplicación de la norma UNE EN 12457-2. ............................ 76 

Tabla 16. Límites máximos permisibles para el sodio en agua. ....................................... 78 

Tabla 17. Concentraciones de los metales Pb y Ni en los lixiviados. ............................... 79 

Tabla 18. Eficiencias de la inmovilización del Pb y Ni. .................................................... 80 

 

 

  

 



 

 
 

Bibliografía 

ADAMS, A.B and LEFFLER, S. Insect recolonization of the north sector of the Mount 
St. Helens blast zone. En: Keller, S.A.C. (Ed.), Mount St. Helens: Five Years Later. 
Eastern Washington University Press, Cheney, WA; 1986, p. 307–324. 

AENOR. Asociación española de Normalización y certificación. UNE EN 12457-2. 
2003. 33p. 
 

ALJOE, W. National Synthesis report on regulations, standards, and practices related 
to the use of coal combustion products. Pittsburgh, PA 15236-0940. 2007. 
 
ALLARD, P., AIUPPA, A., LOYER, H., CARROT, F., GAUDRY, A., PINTE, G., 
MICHEL, A y DONGARRÀ, G. Acid gas and metal emission rates during long-lived 
basalt degassing at Stromboli volcano. En:  Geophysical Research letters. 2000. vol. 
27, no. 8, p.1207–1210. 

ALLOWAY, B. The origins of heavy metals in soils. En: Alloway B, editor. Heavy 
metals in soils. London: Blackie Academic and Professional. 1995. p. 38–57. 

ALY, Z., VANCE, E.R., PERERA, D.S., HANNA, J.V., GRIFFITH, C.S., DAVIS, J., 
DURCE, D. Aqueous leachability of metakaolin-based geopolymers with molar ratios 
os Si/ Al = 1.5–4. En: Journal of Nuclear Materials. 2008. Vol. 378, p.172–179 

ÁLVAREZ MANTILLA, Hernando. Síntesis y caracterización de propiedades 
fisicomecánicas de geopolímeros a partir de puzolanas para su aplicación en la 
industria. Proyecto de grado apara optar al título de geólogo. Bucaramanga: 
Universidad Industrial de Santander. Facultad de Fisicoquímica. 2010. 
 
ÁLVAREZ-AYUSO, E., QUEROL, X., PLANA, F., ALASTUEY, A., MORENO, N., 
Izquierdo, M., Font, O., Moreno, T., Diez, S., VÁZQUEZ, E. and BARRA, M. 
Environmental, physical and structural characterisation of geopolymer matrixes 
synthesised from coal (co-)combustion fly ashes. En: Journal of Hazardous Materials. 
2008. vol. 154, p.175-183. 
 
AMARAL, AFS., ARRUDA, M., CABRAL, S., RODRIGUES, AS. Essential and non-
essential trace metals in scalp hair of men chronically exposed to volcanogenic metals 
in the Azores, Portugal. En: Environment International. 2008. vol. 34, no. 8, p. 1104–
1108. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS. Standard Specification for 
Fly Ash and Raw or Calcined Natural Pozzolan for Use as a mineral Admixture in 



106 Bibliografía 

 
 

 

Portland cement concrete.  ASTM C 618-89. 1989. Section 4. vol. 4, no.01, p. 296-
298. 
AMERICAN SOCIETY FOR TESTING AND MATERIALS. Standard Specification for 
Portland Cement. ASTM C150 / C150M-12, West Conshohocken, PA, 2012. 
 
ANDO, M., TODANO, M., YAMAMOTO, S., TAMURA, K., ASANUMA, S., 
WATANABE, T., KONDO, T., SAKURAI, S.J.R., LIANG, C., CHEN, X., HONG, Z and 
CAO, S. Health effects of fluoride caused by coal burning. En: The Science of the 
Total Environment. 2002. vol. 271, p.107–116. 

ARADÓTTIR, A.L., ARNALDS, O., EINARSDO´ TTIR, H.K. AFOKSTILRAUNIR 
(Burial experiments). In Arnalds, O., Arado´ ttir, A.L., Svavarsdo´ ttir, K. (Eds.), 
Grodurrannso´knir vegna hættu a afoki fra´ Halsloni. Agricultural University of Iceland 
Report No. 27. Iceland; 2010, p. 89–110. 
 
ARANDA, Alfonso., LÓPEZ-SABIRÓN, Ana M., FERREIRA, Germán and LLERA 
SASTRESA, Eva. Uses of alternative fuels and raw materials in the cement industry 
as sustainable waste management options. En: Renewable and Sustainable Energy 
Reviews, 2013. vol. 23, p. 242–260. 
 
ARANGO, J.D. Características generales y comportamiento geotécnico de las 
cenizas volcánicas en la Zona del Antiguo Caldas. Tesis de Maestría en Ingeniería 
Civil.  Bogotá D.C.: Universidad de Los Andes. 1993. 

ARMIENTA, M.A;  DE LA CRUZ-REYNA, S;  MORTON, O; CRUZ, O and 
CENICEROS, N. Chemical variations of tephra-fall deposit leachates for three 
eruptions from Popocatepetl volcano. En: Journal of Volcanology and Geothermal 
Research. 2002. vol. 113, p. 61–80. 

ASOCIACIÓN COLOMBIANA DE PRODUCTORES DE CONCRETO, ASOCRETO 
(ASOCRETO). Cemento Pórtland. En: Colección básica del concreto. Colombia, 
1997. p. 31. 

AVERY, J.G. The aftermath of a disaster. Recovery following the volcanic eruptions in 
Montserrat, West Indies. En: West Indian Medical Journal. 2003. vol.52, p.131-135. 

ÁVILA, J. Contaminación atmosférica en las empresas cementeras en el marco de la 
responsabilidad social ante las comunidades adyacentes. En: Revista del Centro de 
Investigación de Ciencias Administrativas y Gerenciales – CIGAC. 2009. vol. 6, no.1, 
p. 48-69. 
 
BARTOLI, F., BUURMA, P., OSKARSSON, H., STOOPS, G y GARCÍA-RODEJA, E. 
Soils of volcanic regions in Europe. Berlin: Springer; 2007. 

BAXTER, P.J., ING, R., FALK, H. and PLIKAYTIS, B. Mount St. Helens eruptions: the 
acute respiratory effects of volcanic ash in a North American community. En: Archives 
of Environmental Health: An international journal. 1983. vol. 38, p.138-143. 



Bibliografía 107 

 

 

 

BECK, B.D., BRAIN, J.D. and BOHANNON, D.E. The pulmonary toxicity of an ash 
sample from the St. Helens volcano.  En: Experimental Lung Research. 1981. vol. 2, 
p.289-301. 

BENHELAL, Emad., ZAHEDI, Gholamreza., SHAMSAEI, Ezzatollah and BAHADORI 
Alireza. Global strategies and potentials to curb CO2 emissions in cement Industry. 
En: Journal of Cleaner Production. 2013. vol. 51, p. 142-161.  

BENTOUR, A., DIAMOND, S., BERKE and N.S. “Steel Corrosion in Concrete.” E & 
FN Spon, an imprint of Chapman & Hall, 2-6 Boundary Row, London Se1 8HN, UK. 
1997. 
 
BIGALKE, M.; WEYER, S. and WILCKE. Copper Isotope Fractionation during 
Complexation with Insolubilized Humic Acid. En: Environmental Science & 
Technology. 2010. vol. 44, no.14, p. 5496-5502. 

BLESZYNSKI, R., HOOTON, RD., THOMAS, MDA and ROGERS CA. Durability of 
ternary blend concrete with silica fume and blast-furnace slag, laboratory and outdoor 
exposure site studies. En: Materials Journal. 2002. vol. 99, no.5, p.499–508. 

BLONG, R. Volcanic Hazards: A Sourcebook on the Effects of Eruptions. Australia: 
Academic Press. 1984. 424 p. 

BOYD, P., WATSON, A., LAW, C., ABRAHAM, E., TRULL, T., MURDOCH, R., 
BAKKER, D., BOWIE, A., BUESSELER, K., CHANG, H., CHARETTE, M., CROOT, 
P., DOWNING, K., FREW, R., GALL, M., HADFIELD, M., HALL, J., HARVEY, M., 
JAMESON, G., LA ROCHE, J., LIDDICOAT, M., LING, R., MALDONADO M., MCKAY 
R., NODDER S., PICKMERE S., PRIDMORE R., RINTOUL S., SAFI K., SUTTON, P., 
STRZEPEK, R., TANNEBERGER, K., TURNER, S., WAITE, A. and ZELDIS, J.A 
mesoscale phytoplankton bloom in the polar Southern Ocean stimulated by iron 
fertilization. En: Nature. 2000. vol. 407, p.695–702 

BRASSEUR, G. Mount Pinatubo aerosols, chlorofluorocarbons and ozone depletion. 
En: Science. 1992. vol. 257, p. 1239-1242. 
 

BRULAND K. W., DONAT J. R. and HUTCHINS D. A.  Interactive influences of 
bioactive trace metals on biological production in oceanic waters. En: Limnology and 
Oceanography. 1991. vol. 36, no. 8, p.1555–1577. 

BUCK, K. and BRULAND, K. Copper speciation in San Francisco Bay: a novel 
approach using multiple analytical windows. En: Marine Chemestry. 2005. vol. 96, no. 
1-2, p. 185–198. 

BUILDING MATERIALS DECREE. Staatsblad Van Het Koninkrijk der Nederlanden, 
1995. 567p. 
 



108 Bibliografía 

 
 

 

BÜTTNER, R; DELLINO, P. and ZINRANOWSKI B. “Identifying magma – water 
interaction from the surface features of ash particles”. En: Nature. 1999. vol. 401, no. 
6754, p. 688-690. 

CADLE, RD. A comparison of volcanic with other fluxes of atmospheric trace gas 
constituents. En: Review of Geophysics .1980. vol.18, p.746–752.  

CAPROS, P., KOUVARITAKIS, N and MANTZOS, L. Economic Evaluation of Sectoral 
Emission Reduction Objectives for Climate Change: Top-down Analysis of 
Greenhouse Gas Emission Possibilities in the E.U., Contribution to a Study for DG 
Environment. European Commission. 2001. 

CARRILLO, R. La amenaza de los volcanes. ICYT-CONACYT. 1994. vol. 211, p.12-
15. 
 
CASTILLO, S., DE LA ROSA, JD., SÁNCHEZ DE LA CAMPA, AM.,GONZÁLEZ-
CASTANEDO, Y., FERNÁNDEZ-CALIANI, JC., GONZÁLEZ, I; et al. Contribution of 
mine wastes to atmospheric metal deposition in the surrounding area of an 
abandoned heavily polluted mining district (Rio Tinto mines, Spain). En: Science of 
the total environmental. 2013. vol. 449, p. 363–372. 

CEMBUREAU. The European Cement Association, Key Facts & Figures. Disponible 
en internet: http:// www.cembureau.eu/about-cement/key-facts-figures. 2012. 

CHADWICK, O.A., GAVENDA, R.T., KELLY, E.F., ZIEGLER, K., OLSON, C.G., 
ELLIOTT, W.C. and HENDRICKS, D.M. “The impact of climate on the biogeochemical 
functioning of volcanic soils”. En: Chemical Geology. 2003. vol. 202, p. 195-223. 

CHEN, C., HABERT, G., BOUZIDI, Y and JULLIEN, A. Environmental impact of 
cement production: detail of the different processes and cement plant variability 
evaluation. En: Journal of Cleaner Production. 2010. vol. 18, no. 5, p.  478- 485. 

CHENG, T. W and CHIN, J. P. "Fire-resistant geopolymer produce by granulated blast 
furnace slag". En: Minerals Engineering, 2003. vol. 16, p. 205-210. 

CLIMATE CHANGE. The Physical Science Basis. Contribution of Working Group I to 
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge Univ. Press; 2007. p. 747- 785. 

CNPLM. “Análisis de ciclo de vida” (ACV). Centro Nacional de Producción Más 
Limpia. Seminario sobre perspectivas del sector industrial en los mercados verdes; 
una oportunidad para la industria nacional. Medellín, Colombia. 2001. 

COLLINS, C.M. Contamination of water supplies and water courses. Appendix 2. En: 
Healy, J; Lloyd, E.F; Rishworth, D.E; Wood, C.P; Glover, R.B; Dibble, R.R. (Eds.), 
The Eruption of Ruapehu, New Zealand, on 22 June 1969. 1978. DSIR Bulletin, p. 
224. 



Bibliografía 109 

 

 

 

COMRIE, D.C., PATERSEN, J.H and RITCEY D.J. “Geopolymer applications in the 
mining industry”. En: Preprint 20th Canadian Mineral Processors Annual Operators 
Conference, 1988. 

COOK, R.J., BARRON, C.J., PAPENDICK, R.I and WILLIAMS, G.J. Impact on 
agriculture of the Mount St. Helens eruptions. En: Science. 1981. vol. 211, p.16–22. 

CORDEIRO, GC., TOLEDO FILHO, RD., TAVARES, LM and FAIRBAIRN, EMR. 
Pozzolanic activity and filler effect of sugar cane bagasse ash in Portland cement and 
lime mortars. En: Cement and Concrete Composites, 2008. vol.30, no.5, p.410–8. 

CORINALDESI, V and MORICONI, G. Behaviour of cementitious mortars containing 
different kinds of recycled aggregate. En: Construction and Building Materials. 2009. 
vol.23, no.1, p.289–294. 

CRESPO ESCOBAR, Santiago. Materiales de la construcción para edificación y obra 
civil.  Alicante: club universitario, 2010. 298 p. ISBN 978-84-8454-887-4. 
 
CRIMP, R., CRONIN, S.J and CHARLEY, D. Dental fluorosis attributed to volcanic 
degassing on Ambrym volcano, Vanuatu. Abstracts of papers presented at the 
Science Technology and Resources Network Session 2005. SOPAC Miscellaneous 
Report 603, South Pacific Applied Geoscience Commission, Suva, Fiji, 2005, p. 20–
21. 

CRONIN, S.J., HEDLEY, M.J., NEALL, V.E., SMITH, R.G. Agronomic impact of tephra 
fallout from the 1995 and 1996 Ruapehu volcano eruptions, New Zealand. En: 
Environmental Geology. 1998. vol. 34, no. 1, p.21– 30. 

CRONIN, S.J and SHARP, D.S. Environmental impacts on health from continuous 
volcanic activity at Yasur (Tanna) and Ambrym, Vanuatu. En: International Journal of 
Environmental Health Research. 2002. vol. 12, p.109–123. 

CRONIN, S.J., PLATZ, T., CHARLEY, D and TURNER, M. The June 2003 eruption of 
Lopevi volcano, Vanuatu. Geological Society of New Zealand Miscellaneous 
Publication 116A, 42. 2003. 

CRONIN, S.J., STEWART, C., ZERNACK, A.V.  BRENNA, M., PROCTER, J.N., 
PARDO, N., CHRISTENSON, B., WILSOND, T., STEWART, R.B. and IRWINA, M. 
Volcanic ash leachate compositions and assessment of health and agricultural 
hazards from 2012 hydrothermal eruptions, Tongariro, New Zealand. En: Journal of 
Volcanology and Geothermal Research. 2014. vol. 286. p. 233-247. 

DAMTOFT, JS., LUKASIK, J., HERFORT, SORRENTINO, D and GARTNER EM. 
Sustainable development and climate change initiatives. En: Cement and Concrete 
Research. 2008. vol. 38, no. 2, p.115–127. 

DAVIDOVITS, J. Synthetic mineral polymer compound of the silicoaluminates family 
and preparation process, US. Patent, 4.472. 1981. 
 



110 Bibliografía 

 
 

 

DAVIDOVITS, J and COMRIE, D. “Long term durability of hazardous toxic and 
nuclear waste disposals”. En: Proceedings of First European Conference on Soft 
Mineralurgy, 1988. p. 125-134.  

DAVIDOVITS, J and COMRIE, D. Long term durability of hazardous toxic and nuclear 
waste disposal. En: Proceedings of Geopolymer’ 88, Compiegne, France, 1988, 
p.125-134. 
 
DAVIDOVITS, J. Geopolymer chemistry and properties. En: Davidovits, J., Orlinski, J. 
(Eds.), Proceedings of the 1st International Conference on Geopolymer ’88, Vol. 1, 
Compiegne, France, 1–3 June, 1988a. p. 25–48. 
 
DAVIDOVITS, J. Long term durability of hazardous toxic and nuclear waste disposals. 
En: Davidovits, J., Orlinski, J. (Eds.), Proceedings of the 1st International Conference 
on Geopolymer ’88, Vol. 1, Compiegne, France, 1–3 June, 1988b, p. 125–134. 
DAVIDOVITS, J. Soft Mineralurgy and Geopolymers. En: Davidovits,J., Orlinski, J. 
(Eds.), Proceedings of the 1st International Conference on Geopolymer ’88, vol. 1, 
Compiegne, France, 1–3 June, 1988c, p. 19–23. 
 
DAVIDOVITS, J., Geopolymeric reactions in archaeological cements and in modern 
blended cements. In: Davidovits, J., Orlinski, J. (Eds.). En: Proceedings of the 1st 
International Conference on Geopolymer ’88, vol. 1, Compiegne, France, 1–3 June, p. 
93–106. 1988d. 
 
DAVIDOVITS, J. Geopolymers: Inorganic polymeric new materials. En: Journal of 
Thermal Analysis, 1991. vol.37, p. 1633 – 1656. 

DAVIDOVITS, J. Emerging technologies symposium on cement and concretes in the 
global environment (Portland Cement Association, 1993). 

DAVIDOVITS J. Properties of geopolymers cements. En: Proceedings first 
international conference on alkaline cements and concretes, 1994. p. 131–149. 
 
DAVIDOVITS, J. 30 years of successes and failures in geopolymer applications. 
market trends and potential breakthroughs. En: Proceedings Geopolymer 2002 
Conference. Melbourne, Australia, 2002. 
 
DEJA. Immobilization of Cr6+, Cd2+, Zn2+ and Pb2+ in alkali-activated slag binders. En: 
Cement Concrete Research. 2002. vol. 32, no.12, p. 1971–1979. 
 
DOLLBERG, D.D., BOLYARD, M.L. and SMITH, D.L. Evaluation of physical health 
effects due to volcanic hazards: crystalline silica in Mount St. Helen ash. En: 
American Journal of Public Health, 1986. vol. 76, p. 53-58. 

DUGGEN, S., CROOT, P., SCHACHT, U. and HOFFMANN, L. Subduction zone 
volcanic ash can fertilize the surface ocean and stimulate phytoplankton growth: 
evidence from biogeochemical experiments and satellite data. En: Geophysical 
Research Letter. 2007. vol. 34, L01612. doi: 10.1029/2006GL027522. 



Bibliografía 111 

 

 

 

DURUIBE, J. O., OGWUEGBU, M. O. C. and EGWURUGWU, J.N. Contaminación de 
Metales Pesados y Efectos Biotóxicos Humanos. En:  International Journal of 
Physical Sciences. 2007. vol. 2, no. 5, p. 112-118. 
 
DUXSON, P., PROVIS, J.L., LUKEY, G.C. and VAN DEVENTER, J.S.J. The role of 
inorganic polymer technology in the development of 'Green concrete', En: Cement 
and Concrete Research, 2007a. vol. 37, p.1590-1597. 

DUXSON, P., FERNÁNDEZ-JIMÉNEZ, A., PROVIS, J.L., LUKEY, G.C., PALOMO, A 
and VAN DEVENTER, J.S.J. “Geopolymer technology: The current state of the art”, 
En: Journal of Materials Science, 2007. vol. 42, p. 2917-2933. 
 
ESCALANTE, José Iván. Materiales alternativos al cemento Portland. En: Avance y 
Perspectiva. Abril, 2002. vol. 21, p. 79-88. 
 
FEDERACIÓN INTERAMERICANA DEL CEMENTO, FICEM. Cemento, 2009. 
Disponible en Internet: http://www.ficem.org/cemento/produccion-de-
cemento/proceso.html. 
 

FEELY, R., SABINE, C., LEE, K., BERELSON, W., KLEYPAS, J., FABRY, V. and 
MILLERO, F. Impact of anthropogenic CO2 on the CaCO3 system in the Oceans. En: 
Science. 2004. vol. 305, p.362–366. doi: 10.1126/science.1097329. 

FERNÁNDEZ-JIMÉNEZ A and PALOMO A. “Composition and Microstructure of alkali 
activated fly ash mortars. Effect of the activator”. En: Cement and Concrete Resourch, 
2005, vol. 35, p. 1984-1992. 
 
FERNÁNDEZ-JIMÉNEZ, A., MACPHEE, D.E., LACHOWSKI, E.E. and PALOMO, A. 
Immobilization of cesium in alkaline activated fly ash matrix, En: Journal of Nuclear 
Materials. 2005. vol. 346, p.185-193. 
 
FERNANDEZ-PEREIRA, C., LUNA, Y., QUEROL, X., ANTENUCCI, D and VALE, J. 
Waste stabilization/ solidification of an electric arc furnace dust using fly ash-based 
geopolymers. En: Fuel. 2009. vol. 88, no.7, p.1185-1193. 
doi:10.1016/j.fuel.2008.01.021. 
 
FLAATHEN T. K. and GISLASON S. R. The effect of volcanic eruptions on the 
chemistry of surface waters: the 1991 and 2000 eruptions of Mt. Hekla, Iceland. En: 
Journal of Volcanology Geothermal Research. 2007. vol. 164, p. 293–316. 

FONTES, JC., GONÇALVES, MC and PEREIRA, LS. Andosols of Terceira, Azores: 
measurement and significance of soil hydraulic properties. En: Catena. 2004. vol.56, 
p.145–54.doi: http://dx.doi.org/10. 1016/j.catena.2003.10.008. 

FROGNER, P., GISLASON, S. R. and OSKARSSON, N. Fertilizing potential of 
volcanic ash in ocean surface water. En: Geology. 2001. vol. 29, p. 487–490. 

http://dx.doi.org/10


112 Bibliografía 

 
 

 

FROGNER-KOCKUM P. C., HERBERT R. B. and GISLASON S. R.  A diverse 
ecosystem response to volcanic aerosols. En: Chemical Geology. 2006. vol. 231, no. 
1-2, p. 57–66. 

GALÁN, E y ROMERO, A. Contaminación de suelos por metales pesados. 
Conferencia. En: Revista de la sociedad española de mineralogía. 2008. Macla no. 
10, p. 48-60. 
 
GALVEZ-MARTOS, J.L AND SCHOENBERGER, H. An analysis of the use of life 
cycle assessment for waste co-incineration in cement kilns. En: Resources, 
Conservation and Recycling. 2014. vol. 86, p.118–131. 
doi:10.1016/j.resconrec.2014.02.009. 
 

GARDNER, S.Y., LEHMANN, J.R. and COSTA, D.L. Oil fly ash-induced elevation of 
plasma fibrinogen levels in rats. En: Toxicology Science. 2000. vol. 56, p.175-180. 

GARTNER, EM and MACPHEE, DE. A physico-chemical basis for novel cementitious 
binders. En: Cement and Concrete Research. 2011. vol. 41, p.736–749. 

GAVASCI, R., LOMBARDI, F and POLLETINE, A. “Leaching Tests on Solidified 
Products”. En: J. Solid Waste Technology and Management, 1998. Vol. 25, no.1, 
p.14-20. 
 

GEOCISTEM. Brite-euram European Research Project BE-7355-93, 
GEOCITEM. Synthesis Report and Final Technical Report.1997. 
 
GENSEMER, R. W. and PLAYLE, R. C. The bioavailability and toxicity of aluminum in 
aquatic environments. En: Critical reviews in Environmental Science and Technology 
1999. vol.29, no. 4, p. 315–450. 

GIANFREDA, L., RAO, MA., PIOTROWSKA, A., PALUMBO, G and COLOMBO, C. 
Soil enzyme activities as affected by anthropogenic alterations: intensive agricultural 
practices and organic pollution. En: Science of the total environmental. 2005. vol. 341, 
no. 1-3, p.265–79. doi: http://dx.doi.org/10.1016/j.scitotenv. 2004.10.005. 

GILLER, K., WITTER, E and MCGRATH, S. Toxicity of heavy metals to 
microorganisms and microbial processes in agricultural soils: a review. En: Soil 
Biology Biochemestry. 1998. vol. 30, p.1389–1414. http://dx.doi.org/10.1016/S0038-
0717(97)00270-8. 

GISLASON, S., SNORRASON, Á., KRISTMANNSDO´ ttir H., SVEINBJÖRNSDO´ ttir 
Á., TORSANDER P., O´ LAFSSON J., CASTET S. and DUPRE´ B. Effects of volcanic 
eruptions on the CO2 content of the atmosphere and the oceans: the 1996 eruption 
and flood within the Vatnajo¨ kull Glacier, Iceland. En: Chemestry Geology. 2002. vol. 
190, p.181–205. 

GOMA, F. El cemento Portland y otros aglomerantes. Barcelona: Editores técnicos 
asociados S.A, 1979. 232p.  ISBN 84-7146-192-7.  

http://dx.doi.org/10.1016/j.resconrec.2014.02.009
http://dx.doi.org/10.1016/j.scitotenv
http://dx.doi.org/10.1016/S0038-0717(97)00270-8
http://dx.doi.org/10.1016/S0038-0717(97)00270-8


Bibliografía 113 

 

 

 

 

GOÑI, S., GUERRERO, A., MACIAS, MA., PEÑA, R y FERNANDEZ ESCALANTE, E. 
Empleo de materiales secundarios como materia prima de nuevos tipos de cementos. 
En: Materiales de la Construcción, 2001.vol. 51, no 263-264, p.71–83. 

GOUGH, L.P., SEVERSON, R.C., LICHTE, F.E., PEARD, J.L., TUTTLE, M.L., PAPP, 
C.S.E., HARMS, T.F., SMITH, K.S. Ash-fall effects on the chemistry of wheat and the 
Ritzville soil series, eastern Washington. En: Lipman, P.W., Mullineaux, D.R. (Eds.), 
The 1980 Eruptions of Mount St. Helens, Washington, USGS Professional Paper; 
1981, p. 761– 782. 

GREGORY, N.G and NEALL, V.E. Volcanic hazards for livestock. En: Outlook on 
Agriculture. 1996. vol. 25, no.2, p.123– 129. 

GRUTZECK, M.W y SIEMER, D.D. Zeolites synthesised from class F fly ash and 
sodium aluminate slurry. En: Journal of American Ceramic Society. 1997. vol. 80, no. 
9, p. 2449–2458. 
 

HABERT, G., D’ESPINOSE DE LACAILLERIE, J.B and ROUSSEL, N. An 
environmental evaluation of geopolymer based concrete production: reviewing current 
research trends. En: Journal of Cleaner Production. 2011. vol. 19, p.1229-1238. 

HAGE, J.L.T and SCHUILING, R.D. “Comparative Column Elution of Jarosite Waste 
and Autoclaved Product-Evidence for the Immobilization of Deleterious Elements in 
Jarosite”. En: Minerals Engineering, 2000, vol. 13, no. 3, p. 287-296. 
 

HANSELL, AL., HORWELL, CJ and OPPENHEIMER, C. The health hazards of 
volcanoes and geothermal areas. En: Occupational & Environmental Medicine. 2006. 
vol. 63, p.149–156. 

HANZLICEK, T; STEINEROVA, M and STRAKA, P. Radioactive metal isotopes 
stabilized in a geopolymer matrix: determination of a leaching extract by a radiotracer 
method. En: Journal of American Ceramic Society. 2006. vol. 89, p. 3541–3543. 
 
HARDJITO, D., WALLAH, S.E and RANGAN, B.V. Research into engineering 
properties of geopolymer concrete. En: Lukey, G.C. (Ed.), Proceedings of the 
International Conferenceo on Geopolymers, Melbourne, Australia, 28–29 October 
2002. (in CD-ROM). 
 
HEATH, A., PAINE, K and MCMANUS, M. Minimising the global warming potential of 
clay based geopolymers. En: Journal of Cleaner Production. 2014. vol. 78, p. 75-83. 
 

HENDRIKS, CA., WORRELL, E., DE JAGER, D., BLOK, K and RIEMER P. Emission 
reduction of greenhouse gases from the cement industry. En: Proceedings of the 4th 



114 Bibliografía 

 
 

 

International Conference on Greenhouse Gas Control Technologies, Austria: 
Interlaken,  August 30–September 2, IEA GHG R&D Programme, UK; 1998.  

HERMANN, E., KUNZE, C., GATZWEILER, R., KIEIG, G and DAVIDOVITS, J. 
Solidification of various radioactive residues by Geopolimere with special emphasis on 
long-term stability. En: Proceedings of the Second International Conference on 
Geopolymer‘99, June 30–July 2, 1999, p. 211–228. 
 
HIDALGO. A y ALONSO. C. Evaluación del impacto medioambiental debido a la 
lixiviación de productos de base cemento.I Jornadas de Investigación en 
Construcción (Instituto de Ciencias de la Construcción "Eduardo Torroja", Madrid, 2-4 
junio 2005): Actas de las Jornadas. T. I, p. 571-581. 
 

HINKLEY, TK., LAMOTHE, PJ., WILSON, SA., FINNEGAN, DL and GERLACH, TM. 
Metal emissions from Kilauea, and a suggested revision of the estimated worldwide 
metal output by quiescent degassing of volcanoes. En: Earth Planet Science Letter. 
1999, vol.170, p.315–325. 

HODSON, M.E., VALSAMI-JONES, E., COTTER-HOWELS, J.D., DUBBIN, W.E., 
KEMP, A.J., THORNTON, I and WARREN, A. “Effect of bone meal (calcium 
phosphate) amendments on metal release from contaminated soils- a leaching 
column study”, En: Environmental Pollution, 2001, vol.112, p. 233-243. 
 

HORWELL, C.J., FENOGLIO, I., VALA, R.K., SPARKS, R.S. and FUBINI, B. Surface 
reactivity of volcanic ash from eruption of Soufriere Hills volcano, Montserrat, West 
Indies with implications for health hazards. En: Environmental Research. 2003. vol. 
93, p.202-215. 

HOUSLEY, D.G., BÉRUBÉ, K.A., JONES, T.P., ANDERSON, S and POOLEY, F.D. 
and RICHARDS, R.J. Pulmonary epithelial response in the rat lung to instilled 
Montserrat respirable dust and their major mineral components. En: Occupation & 
Environmental Medicine. 2002. vol. 59, p. 466-472. 

HOYOS BARRETO, Andrés Emilio., JIMÉNEZ CORREA, Mónica María., Ortiz 
MUÑOZ, y MONTES DE CORREA, Alejandro y Consuelo. Tecnologías para la 
reducción de emisiones de gases contaminantes en plantas cementeras. En: Revista 
ingeniería e investigación. Diciembre, 2008. vol. 28, no. 3, p. 41-46. 
 
HUA, X. and VAN DEVENTER, J.S.J. “The geopolymerisation of alumino-silicate 
minerals”. En: International Journal of Mineral Processing, 2000. vol. 59, p. 247-266.  
 
HUA X., VAN DEVENTER J.S.J. “Geopolymerisation of multiple minerals”. En: 
Minerals Engineering, 2002. vol. 15, p. 1131-1139. 
 



Bibliografía 115 

 

 

 

HUNTZINGER, D.N, and EATMON, T.D. A life-cycle assessment of Portland cement 
manufacturing: comparing the traditional process with alternative technologies. En: 
Journal of Cleaner Production. 2009. vol. 17, no. 7, p. 668–675. 

IGAC. Suelos: Departamento del Quindío. Instituto Geográfico Agustín Codazzi - 
Subdirección Agrológica. Bogotá, Colombia.1996. 

IKEDA, K. Consolidation of mineral powders by the geopolymer binder technique for 
materials use. En: Journal of the Mining and Materials Processing Institute of Japan, 
1998. vol.114, p. 497–500 (in Japanese). 
 
IUSS Working Group WRB. World reference base for soil resources — a framework 
for international classification, correlation and communication. World Soil Resources 
Report N.103, Rome: FAO; 2006. 

IZQUIERDO, M., QUEROL, X, DAVIDOVITS, J., ANTENUCCI, D., NUGTEREN, H., 
FERNANDEZ-PEREIRA, C. Coal fly ash-slag-based geopolymers: Microstructure and 
metal leaching. En: Journal of Hazardous Materials. 2009. vol. 166, p. 561–566 

JARA MORI, A.G. Estudio de la aplicabilidad de materiales Compuestos al diseño de 
estructuras de Contención de tierras y su interacción con el Terreno, para su empleo 
en obras de Infraestructura viaria. Tesis doctoral. Madrid (España): Universidad 
politécnica de Madrid. E.T.S. de ingenieros de caminos, canales y puertos. 
Departamento de ingeniería y morfología del terreno, mayo de 2008. 
 

JOHNSTON, D.M., HOUGHTON, B.F., NEALL, V.E., RONAN, K.R and PATON, D. 
Impacts of the 1945 and 1995–1996 Ruapehu eruptions, New Zealand: an example of 
increasing societal vulnerability. En: Geological Society of America Bulletin. 2000. vol. 
112, p.720–726. 

JONES Morgan.T and GISLASON, Sigurȭur. R. Rapid releases of metal salts and 
nutrients following the deposition of volcanic ash into aqueous environments. En: 
Geochimica et Cosmochimica Acta. 2008. vol.72, no. 15, p. 3661–3680. 

KAMEL Al-Zboon., MOHAMMAD S. Al-Harahsheh and FALAH BaniHani. Fly ash-
based geopolymer for Pb removal from aqueous solution. En: Journal of Hazardous 
Materials, 2011. vol. 188, p. 414–421. 
 

KENNEDY, R.A. The eruption of Mount St. Helens: impact on agriculture and the 
effects of Mount St. Helens ash on plants. En: Scanning Electron Microscopy. 1981. 
vol. 4, p. 235– 241. 

KHAN, S., HESHAM, AE-L., QIAO, M., REHMAN, S and HE, J-Z. Effects of Cd and 
Pb on soil microbial community structure and activities. En: Environmental Science 
Pollution Research. 2010. vol. 17, no. 2, p.88-96. http://dx.doi.org/10.1007/s11356-
009-0134-4. 

http://dx.doi.org/10.1007/s11356-009-0134-4
http://dx.doi.org/10.1007/s11356-009-0134-4


116 Bibliografía 

 
 

 

KOMNITSAS, Kostas and ZAHARAKI, Dimitra. Geopolymerisation: A review and 
prospects for the minerals industry. En: Minerals Engineering, 2007. vol. 20, p. 1261–
1277. 

KRIVENKO, P.V. Synthesis of Cementitious Materials in a System R2O-Al2O3-SiO2-
H2O with Required Properties. DSc (Eng) Thesis, Kiev (Ukraine): Kiev Civil 
Engineering Institute. 1986. 
 
KRUGER, P.A.The chemistry of fly ash and the pozzolanic reaction. En: Chemistry 
SA, Nov.1990, p.301-303. 
 
LANCELLOTTI, I., KAMSEU, E., MICHELAZZI, M., BARBIERI, L., CORRADI, A and 
LEONELLI, C. Chemical stability of geopolymers containing municipal solid waste 
incinerator fly ash. En: Waste management. 2010. vol. 30, p. 673–679. doi: 
10.1016/j.wasman.2009.09.032 
 

LANGDON, C., TAKAHASHI, T., SWEENEY, C., CHIPMAN, D., GODDARD, J., 
MARUBINI, F., ACEVES, H., BARNETT, H. and ATKINSON, M. Effect of calcium 
carbonate saturation state on the calcification rate of an experimental coral reef. En: 
Global Biogeochemical cycles. 2000. vol. 14, no. p.639–654. 

LE GUERN, F., BERNARD, A. and CHEVRIER, R.M. Soufriere of Guadeloupe 1976–
1977 eruption-mass and energy transfer and volcanic health hazards. En: Bulletin of 
Volcanology. 1980. vol. 43, no.3, p. 577– 593. 

LEENTCH. Water treatment solutions. Disponible en internet: 
http://www.lenntech.es/sodio-y-agua.htm. 2015. 

LEMOUGNA, P.N., CHINJE MELO, U.F., DELPLANCKEB, M.P and RAHIER, H. 
Influence of the chemical and mineralogical composition on the reactivity of volcanic 
ashes during alkali ctivation. En: Ceramics International. 2014.  vol. 40, p.811–820 

LIPPIATT, B and AHMAD, S. Measuring the life-cycle environmental and economic 
performance of concrete: the BEES approach. En: International workshop on 
sustainable development and concrete technology. Beijing, May 20–21, 2004. p. 213-
230. 

LIZCANO, A., HERRERA, M.C y SANTAMARINA, J.C. Suelos derivados de cenizas 
volcánicas en Colombia. En: Revista Internacional de Desastres Naturales, 
Accidentes e Infraestructura Civil. 2006. vol. 6, no.2, p. 167-198. 
 
LOCKWOOD, Jhon P y HAZLETT, Richard W. Volcanoes: global perspectives. 1 ed. 
Wiley-Blackwell. 2010, 552 p. ISBN-13: 978-1405162500. 
 

LOURENÇO, J., PEREIRA, R., SILVA, A., MORGADO, J., CARVALHO, F., 
OLIVEIRA, J; et al. Genotoxic endpoints in the earth worms sub-lethal assay to 
evaluate natural soils contaminated by metals and radionuclides. En: Journal of 

http://www.lenntech.es/sodio-y-agua.htm.%202015


Bibliografía 117 

 

 

 

Hazardous Materials. 2011, vol.186, p.788–95. doi: http://dx.doi.org/10.1016/j. 
jhazmat.2010.11.073. 

LUNA GALIANO, Y., FERNÁNDEZ PEREIRA, C and VALE, J. 
Stabilization/solidification of a municipal solid waste incineration residue using fly ash-
based geopolymers. En: Journal of Hazardous Materials. 2011. vol. 185, p. 373–381. 
 

MADONIA, P., CANGEMI, M., BELLOMO, S., D'ALESSANDRO, W. Influence of 
volcanic activity on the quality of water collected in roof water catchment systems at 
Stromboli Island (Italy). En: Journal of Geochemical Exploration. 2013. vol. 131, p. 
28–36. 

MALILAY, J., REAL, M.G., RAMIREZ, V.A., NOJI, E. and SINKS, T. Public health 
surveillance after a volcanic eruption: lessons from Cerro Negro, Nicaragua, 1992. En: 
Bulletin of the Pan American Health Organization. 1996. vol. 30, p. 218-226. 

MARTIN, J. H., COALE, K. H., JOHNSON, K. S., FITZWATER, S. E., GORDON, R. 
M., TANNER S. J., HUNTER, C.N., ELROD, V. A., NOWICKI, J.L., COLEY, 
T.L.,BARBER, R. T., LINDLEY, S., WATSON A.J.,  SCOY, K.V., LAW, C. S., 
LIDDICOAT, M. I., LING, R., STANTON,T., STOCKEL, J., COLLINS, C., 
ANDERSON, A., BIDIGARE, R., ONDRUSEK, M., LATASA, M., MILLERO, F.J., LEE, 
K., YAO, W., ZHANG, J.Z., FRIEDRICH, G.,SAKAMOTO, C., CHAVEZ, F., BUCK, K., 
KOLBER, Z., GREENE, R; FALKOWSKI, P., CHISHOLM, S. W., HOGE, F., SWIFT, 
R., YUNGEL, J., TURNER, S., NIGHTINGALE P., HATTON, A., LISS, P. and 
TINDALE, N.W. Testing the iron hypothesis in ecosystems of the equatorial Pacific 
Ocean. En: Nature. 1994. Vol. 371, p.123–129. 

MARTINEZ, Y y RIVERO, C. Evaluación de diferentes métodos para determinar las 
fracciones de metales pesados presentes en suelos. En: Ingeniería UC. 2005. vol. 12, 
no. 003, p. 14-20. 
 

MASANET, E., PRICE, L., DE LA RUE DU CAN S and BROWN, R. Reducing 
greenhouse gas emissions from products manufactured in California. En: Second 
anual climate change research conference, Sacramento, CA, September 14, 2005. 

MAUN, M.A. Adaptions of plants to burial in costal sand dunes. En: Canadian Journal 
of Botany. 1998. vol. 76, p.713–738. doi: 10.1139/b98-058. 
 

MCKNIGHT, D.M., FEDER, G.L and STILES, E.A. Toxicity of volcanic-ash leachate to 
a blue-green alga. Results of a preliminary bioassay experiment. En: Environmental 
Science and Technology. 1981. vol. 15, no.3, p.362– 364. 

MCLELLAN, BC., WILLIAMS, RP., LAY. J., VAN RIESSEN, A and CORDER, GD. 
Costs and carbon emissions for geopolymer pastes in comparison to ordinary portland 
cement. En: Journal of Cleaner Production. 2011. vol.19, no. 9-10, p.1080–1090. 

http://dx.doi.org/10.1016/j


118 Bibliografía 

 
 

 

MEHTA, PK. Sustainable cements and concrete for the climate change era – a 
review. Zachar J, Claisse P, Naik TR, Ganjian E, eds. En: Proceedings of the second 
international conference on sustainable construction materials and technologies, 
Universita Politecnica delle Marche, Ancona, Italy; 2010. p. 1– 10. 

MEJÍA DE GUTIÉRREZ, Ruby., BERNAL, Susan y RODRÍGUEZ, Erich. Nuevos 
concretos para el aprovechamiento de un sub-producto industrial. En: Congreso 
Iberoamericano de Metalurgia y Materiales. Habana, Cuba, Octubre, 2006. 
 

MILLIMAN, J. Production and accumulation of calcium carbonate in the ocean: budget 
of a nonsteady state. En: Global Biogeochemestry Cycles. 1993. vol. 7, p. 927–957. 

MINAˇRIKOVA, M and ˇSKVARA, F. Fixation of heavy metals in geopolymeric 
materials based on brown coal fly ash. En: Ceramics—Silikaty. 2006. vol. 50. p. 200–
207. 
 
MONSALVE, M.L., PULGARIN, B.A., MOJICA, J., SANTACOLOMA, C.C y 
CARDONA, C.E.   Interpretación de la actividad eruptiva del volcán nevado del Huila 
(Colombia), 2007 – 2009: análisis de componentes de materiales emitidos. En: 
Boletín de Geología. 2011. vol. 33, no.2, p.73-93. 
 
 
MONSHI, A and KASIRI ASGARANI, M. Producing Portland cement from iron and 
steel slags and limestone. En: Journal Cement and Concrete Research, 1999. vol. 29, 
no.9, p.1373–1377. 

NAGAJYOTI, PC., LEE, KD and SREEKANTH, T.V.M. Heavy metals, occurrence and 
toxicity for plants: a review. En: Environmental Chemestry Letter. 2010. vol. 8, p.199–
216. doi: http://dx.doi.org/10.1007/s10311-010- 0297-8. 

NANZYO, M. Unique properties of volcanic ash soils, Global Environmental Research. 
Association of International Research Initiatives for Environmental Studies (AIRIES), 
Japan. 2004. vol. 6, no.2. 

NAVIA, R., RIVELA, B., LORBER, KE y MENDEZ, R. Recycling contaminated soil as 
alternative raw material in cement facilities: Life cycle assessment. En: Resources, 
Conservation and Recycling, 2006. vol. 48, no.4, p.339–56. 

NESS, B., URBEL-PIIRSALU, E., ANDERBERG S and OLSSON, L. Categorising 
tools for sustainability assessment. En: Ecological Economics. 2007. vol. 60, p. 498–
508. doi:10.1016/j.ecolecon.2006.07.023. 
 
NICHOLLS, N. An incriminating fingerprint. En: Nature. 1996. vol. 382, p. 27-28. 
 
NOWAK, R. Geopolymer concrete opens to reduce CO2 emissions. En: The new 
scientist. 2008. Vol. 197, no. 2640, p.28-29. 
 

http://dx.doi.org/10.1007/s10311-010-%200297-8
http://dx.doi.org/10.1016/j.ecolecon.2006.07.023


Bibliografía 119 

 

 

 

OLENCHOCK, S.A., MULL, J.C., MENTNECH, M.S., LEWIS, D.M. and BERNSTEIN, 
R.S. Changes in humoral immunologic parameters after exposure to volcanic ash. En: 
Journal of Toxicology and Environmental Health. 1983. vol. 11, no. 3, p.395-404. 

OMS. Directrices de la OMS para la calidad del agua potable. Available: 
http://www.who.int/water_sanitation_health/dwq/gdwq3rev/es/. [Citado 22 de Marzo 
de 2015]. 
 
OPPENHEIMER C. Volcanic degassing. En: Holland, HD; Turekian, KK, [eds]. 
Treatise on geochemistry, vol. 3. Pergamon: Elsevier; 2003. p. 124–58.  

ORR, J., FABRY, V., AUMONT, O., BOPP, L., DONEY, S., FEELY, R., 
GNANADESIKAN, A., GRUBER, N., ISHIDA, A., JOOS, F., KEY, R.,  LINDSAY, K; 
MAIER-REIMER, E., MATEAR, R., MONFRAY, P., MOUCHET, A., NAJJAR, R., 
PLATTNER, G.-K., RODGERS, K., SABINE, C., SARMIENTO, J., SCHLITZER, R., 
SLATER, R., TOTTERDELL, I., WEIRIG, M.- F., YAMANAKA, Y. and YOOL, A. 
Anthropogenic ocean acidification over the twenty-first century and its impact on 
calcifying organisms. En: Nature. 2005. vol. 437, p.681–686. 

OSKARSSON, N. The interaction between volcanic gases and tephra: fluorine 
adhering to tephra of the 1970 Hekla eruption. En: Journal Volcanology Geothermal 
Research. 1980, p. 251–266. 
 
PACHECO B.A. Normativa ambiental aplicable a productos de la construcción. 
Estado del arte. Universidad Politécnica de Catalunya. Octubre, 2009. Codi: 706-
TRE-OP-4308. Disponible en internet: 
http://webcache.googleusercontent.com/search?q=cache:l5w16yYhwEQJ:upcommon
s.upc.edu/pfc/bitstream/2099.1/8494/1/00.pdf+DIVERSOS+TEST+O+ENSAYOS+DE
+LIXIVIACION+DE+DIFERENTES+PAISES&cd=2&hl=es&ct=clnk&gl=co. 
 
PALOMO, A and GLASSER, F.P. "Chemically-bonded cementitious materials based 
on metakaolin". En: Transactions and Journal of the British Ceramic Society, 1992. 
vol. 91, p. 107-112. 
 
PALOMO, A., MACIAS, A., BLANCO, M.T. y PUERTAS, F. Physical, chemical and 
mechanical characterisation of geopolymers. En: Proceedings Congress on the 
Chemistry of Cement, Nov, 1992. p. 505-510.  
 
PALOMO, A. and PALACIOS, M. Alkali-activated cementitious materials: Alternative 
matrices for the immobilisation of hazardous wastes Part II. Stabilisation of chromium 
and lead. En: Cement and Concrete Research. 2003. vol.33, p. 289-295. doi: 
10.1016/s0008-8846(02)00964-x. 

 
PARELHO, C., RODRIGUES, AS., CRUZ, JV., GARCIA, P. Linking trace metals and 
agricultural land use in volcanic soils — A multivariate approach. En: Science of the 
Total Environment. 2014. vol. 496, p.241–247. 

http://webcache.googleusercontent.com/search?q=cache:l5w16yYhwEQJ:upcommons.upc.edu/pfc/bitstream/2099.1/8494/1/00.pdf+DIVERSOS+TEST+O+ENSAYOS+DE+LIXIVIACION+DE+DIFERENTES+PAISES&cd=2&hl=es&ct=clnk&gl=co
http://webcache.googleusercontent.com/search?q=cache:l5w16yYhwEQJ:upcommons.upc.edu/pfc/bitstream/2099.1/8494/1/00.pdf+DIVERSOS+TEST+O+ENSAYOS+DE+LIXIVIACION+DE+DIFERENTES+PAISES&cd=2&hl=es&ct=clnk&gl=co
http://webcache.googleusercontent.com/search?q=cache:l5w16yYhwEQJ:upcommons.upc.edu/pfc/bitstream/2099.1/8494/1/00.pdf+DIVERSOS+TEST+O+ENSAYOS+DE+LIXIVIACION+DE+DIFERENTES+PAISES&cd=2&hl=es&ct=clnk&gl=co


120 Bibliografía 

 
 

 

 

PERA J, BOUMAZA R, AMBROISE J. Development of a pozzolanic pigment from red 
mud. En: Cement and Concrete Research. 1997. vol. 27, no.10, p.1513–1522. 
doi:10.1016/S0008-8846(97)00162-2. 

PERERA, DS., VANCE, ER., ALY, Z., DAVIS, J and NICHOLSON, CL. Immobilization 
of Cs and Sr in geopolymers with Si/Al molar ratio of apprx. 2. En: Ceramic 
Transactions. 2006. vol. 176 (Environmental Issues and Waste Management 
Technologies in the Ceramic and Nuclear Industries XI), p.91-96. 
 
PG3 “Pliego de prescripciones técnicas generales para obras de carreteras y 
puentes.” 2ª Edición, Sep. 2001. 
 
PHAIR, J.W., VAN DEVENTER, J.S.J and SMITH, J.D. Mechanism of polysialation in 
the incorporation of zirconia into fly ash-based geopolymers. En: Industrial and 
Engineering Chemistry Research, 2000. vol. 39, no.8, p. 2925–2934. 
 
PHAIR, J.W and VAN DEVENTER, J.S.J. “Effect of silicate activator pH on the 
microstructural characteristics of waste-based geopolymers”. En: International Journal 
of Mineral Processing, 2002. vol. 66, no. 1-4, p. 121-143.  
 
PHAIR, J.W and VAN DEVENTER, J.S.J. “Effect of Al source and alkali activation on 
Pb and Cu immobilization in fly-ash based ‘geopolymers’”. En: Applied Geochemistry. 
2004. vol. 19, no. 3, p. 423-434. 
 
PUERTAS, F y BLANCO-VARELA, MT. Empleo de combustibles alternativos en la 
fabricación de cemento. Efecto en las características y propiedades de los clínkeres y 
cementos. En: Materiales de la Construcción, 2004. vol. 54, no. 274, p.51–64. 

PURDON, A. O. The action of alkalis on blast furnace slag. En: Journal of the Society 
of Chemical Industry, 1940. vol. 59, p.191-202. 
 
PUZOGEOH.- Nuevos cementantes con baja huella de carbono basados en 
puzolanas naturales colombianas de tipo volcánico. En: convocatoria 592 - 2012 
BANCO DE PROYECTOS I+D+I COFINANCIACION (CONVENIO COLCIENCIAS-
ARGOS). 2013-2015. 
 
QUANTIN, P. Properties and genesis of Andisols. En: Pédologue ORSTOM. 1986. 
vol. 22, no. 1, p. 105-111. 
 
QUIROZ, H., DUSSAN, A., LOPEZ, S.M., CALDERÓN, J.A., OTÁLORA J.H., CHICA, 
R.  Caracterización estructural de ceniza volcánica del nevado del Ruíz: identificación 
fase zeolita. En: Momento Revista de Física, 2014, no.48E, p.1-13. 
 
RAHIER, H., VAN MELE, B., BIESEMANS, M., WASTIELS, J y WU, X. "Low-
temperature synthesized aluminosilicate glasses: Part I. Low-temperature reaction 

http://dx.doi.org/10.1016/S0008-8846(97)00162-2


Bibliografía 121 

 

 

 

stoichiometry and structure of a model compound". En: Journals of Materials Science, 
1996. vol. 31, p. 71-79. 
 

RAMAMURTHY, K., NAMBIAR, EKK and RANJANI, GIS. A classification of studies 
on properties of foam concrete. En: Cement and Concrete Composites. 2009. vol.31, 
no. 6, p.388–96. 

RAPISARDA, V., AMATI, M., COLOCCINI, S., BOLOGNINI, L., GOBBI, L. and 
DUSCIO, D. The in vitro release of hydroxyl radicals from dust containing fluoro-
edenite fibers identified in the volcanic rocks of Biancavilla (eastern Sicily). En: La 
Medicina del Lavoro. 2003. vol. 94, no. 2, p. 200-206. 

REALFF, MJ., LEMIEUX, PM., LUCERO,S., MULHOLLAND, J and SMITH,B. 
Characterization of transient puff emissions from the burning of carpet waste charges 
in a rotary kiln combustor. En: IEE 47th Cement Industry Technical Conference (15- 
20 Mayo, Kansas City, U.S.A), 2005. p. 1-10. 

REES, J.D. Effects of the eruption of Parıcutin Volcano on landforms, vegetation, and 
human occupancy. En: Sheets, P.D., Grayson, D.K. (Eds.), Volcanic Activity and 
Human Ecology. New York: Academic Press, 1979, p. 249–292. 

REPUBLICA DE COLOMBIA. INSTITUTO DE HIDROLOGÍA, METEOROLOGÍA Y 
ESTUDIOS AMBIENTALES- IDEAM- [ed]. Primera Comunicación Nacional ante la 
convención marco de las naciones unidas sobre cambio climático. 
Intergubernamental Panel on Climate Change (IPCC). Cambio Climático 2001: 
Informe de Síntesis. Dic, 2001. ISBN 958-8067-04-9. 

REPÚBLICA DE COLOMBIA. DNP. Departamento Nacional de Planeación. 
Estrategia institucional para la articulación de políticas y acciones en materia de 
cambio climático en Colombia. Documento Conpes (Consejo Nacional de Política 
Económica y Social). Bogotá D.C., 14 de julio de 2011. 75p. 
 
REYES, M. Comportamiento de los metales pesados en el suelo. En: Revista Épsilon. 
2010. no.15, p. 181-189.  

RIDGWELL, A., ZONDERVAN, I., HARGREAVES, J., BIJMA, J. and LENTON, T. 
Assessing the potential long-term increase of oceanic fossil fuel CO2 uptake due to 
CO2-calcification feedback. En: Biogeosciences. 2007. vol. 4, p.481–492. 
 

RIEBESELL U., ZONDERVAN I., ROST B., TORTELL P., ZEEBE R. and MOREL F. 
Reduced calcification of marine phytoplankton in response to increased atmospheric 
CO2. En: Nature. 2000. vol. 407, p.364–367. 

RIHM, A., ARELLANO, J y SANCHA, A. M. Uso de test de lixiviación para 
caracterización de residuos del área minera y reflexiones sobre gestión de residuos 



122 Bibliografía 

 
 

 

peligrosos en América Latina. En: Memorias Congreso Interamericano de Ingeniería 
Sanitaria y Ambiental, 26 (AIDIS 98). Lima, Perú, 1-8, Noviembre 1998. 
 

RILEY, C.M., ROSE, William I. and BLUTH, Gregg J.S. “Quantitative shape 
measurements of distal volcanic ash”. En: Journal of Geophysical Research. 2003. 
vol. 108, no. B10, p. ECV8.1-ECV8.15. 

RISACHER, F and ALONSO, H. Geochemistry of ash leachates from the 1993 Lascar 
eruption, northern Chile, implication for recycling of ancient evaporates. En: Journal of 
Volcanology and Geothermal Research. 2001. vol. 109, p.319–337. 

RIVERA, T.J.A., CEDILLO, R.L., GIL, J.C. y GIONO, C.S. Efectos de la exposición a 
la inhalación de ceniza del volcán Popocatépetl en hámsters. En: Revista Universidad 
y Ciencia. 2003. vol. 19, p. 53-61. 

RODRÍGUEZ MARTÍNEZ, Erich David. Eficiencia de activadores alcalinos basados 
en diferentes fuentes de sílice para la producción de sistemas geopoliméricos de 
ceniza volante. Trabajo de investigación. Universidad politécnica de valencia. 
Noviembre 2009.85p. 
 
RODRIGUEZ, Erich; MEJIA DE GUTIERREZ, Ruby; BERNAL, Susan y GORDILLO, 
Marisol. Efecto de los módulos SiO2/Al2O3 y Na2O/SiO2 en las propiedades de 
sistemas geopoliméricos basados en un metacaolín. En: Revista facultad de 
ingeniería universidad de Antioquia, 2009, n.49, p. 30-41. 
 

ROMERO, B.I. (2003). El análisis del ciclo de vida y la gestión ambiental. En: 
Tendencias tecnológicas. 2003, p. 91-97. 

ROSKOVIC, R and BJEGOVIC, D. Role of mineral additions in reducing CO2 
emission. En: Cement and Concrete Research, 2005. vol. 35, p. 974-978. 
 

RUBES, J., BORKOVEC, L., HORINOVA, Z., URBANOVA, J., PROKOVA, I. and 
KULIKOVA, L. Cytogenetic monitoring of farm animals under conditions of 
environmental pollution. En: Mutation Research. 1992. vol. 283, p. 199-210. 

RUGGIERI, F; SAAVEDRA, J; FERNANDEZ-TURIEl, J.L; GIMENO, D and GARCIA-
VALLES, M. Environmental geochemistry of ancient volcanic ashes. En. Journal of 
Hazardous Materials. 2010. vol. 183, p.353–365. 
 
RUGGIERI, F., GIL, Raúl A., FERNANDEZ-TURIEL, José-Luis., SAAVEDRA, Julio., 
GIMENO, Domingo., LOBO, Agustín., MARTÍNEZ, Luis D and RODRIGUEZ-
GONZALEZ, Alejandro. Multivariate factorial analysis to design a robust batch 
leaching test to assess the volcanic ash geochemical hazard. En: Journal of 
Hazardous Materials. 2012. vol. 213– 214, p.273– 284. 



Bibliografía 123 

 

 

 

SABINE, CL., FEELY, RA., GRUBER, N., KEY, RM., LEE, K., BULLISTER, JL, et al. 
The oceanic sink for anthropogenic CO2. En: Science. 16 July 2004. vol. 305, no.5682 
p.367–371. 

SANTORUFO, L., VAN GESTEL, C., ROCCO, A and MAISTO, G. Soil invertebrates 
as bioindicators of urban soil quality. En: Environmental Pollution. 2012, vol.161, 
p.57–63. doi: http://dx.doi.org/10.1016/j.envpol.2011. 09.042. 

SCHMID, R. Descriptive nomenclature and classification of pyroclastic deposits and 
fragments—recommendations of the IUGS subcommission on the systematics of 
igneous rocks. En: Geology. 1981. vol. 9, p. 41–43.  

SCHNEIDER, M., ROMER, M., TSCHUDIN, M and BOLIO, H. Sustainable cement 
production– present and future. En: Cement Concrete Research. 2011. vol. 41,  no.7, 
p.642–650. 

SCHWARZ, N., CAM, H and NEITHALATH, N. Influence of a fine glass powder on the 
durability characteristics of concrete and its comparison to fly ash. En: J. Cement and 
Concrete Composites, 2008. vol.30, no.6, p.486–496. 

SEIFFARTH, T., HOHMANN, M., POSERN, K., KAPS, C. Effect of thermal pre-
treatment conditions of common clays on the performance of clay-based 
geopolymeric binders. En: Applied Clay Science. 2013. vol. 73, p. 35-41. 

 
SHI, C and FERNANDEZ-JIMÉNEZ, A. Stabilization/solidification of hazardous and 
radioactive wastes with alkali-activated cements. En: Journal of Hazardous Materials. 
2006. vol. B137, p.1656–1663. doi: 10.1016/j.jhazmat.2006.05.008. 
 
SHOJI, S., NANZYO, M. and DAHLGREN, R.A. Volcanic Ash Soils: genesis, 
properties and utilization. En: Developments in Soil Science. 1 ed. Elsevier. 1993, p. 
3-17, ISBN-13: 978-0444897992. 
 

SIDDIQUE. Rafat. Properties of concrete made with volcanic ash. En: Resources, 
Conservation and Recycling, 2012. vol. 66, p. 40– 44. 

SIEBERT, L., SIMKIN, T y KIMBERLY, P. Volcanoes of the World. 3 ed. Berkeley: 
Smithsonian Institution, University of California Press. 2010, 568 p. ISBN: 978-0-520-
26877-7. 

SKVARA, F., JILEK, T and KOPECKY, L. Geopolymer materials based on fly ash. En: 
Ceramics-Silikáty, 2005. vol.49, no.3, p.195-204. 
 
SMITH, D.B., ZIELINSKI, R.A., TAYLOR, H.E and SAWYER, M.B. Leaching 
characteristics of ash from the May 18, 1980, eruption of Mount St. Helens volcano, 
Washington. En: Bulletin Volcanologique. 1983. vol. 46, no.2, p.103– 124. 

http://dx.doi.org/10.1016/j.envpol.2011


124 Bibliografía 

 
 

 

SMITH, M. A. and WHITE, M. J. Observations on Lakes near Mount St. Helens: 
phytoplankton. En: Archiv für Hydrobiologie. 1985. vol. 104, p.345–362. 

SOCIETY OF ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY (SETAC): 
«Guidelines for Life Cycle Assesment: A «Code of Practice», 1993. 

STEFÁNSSON, K and SIGURJÓNSSON, J. Temporary increase in fluorine content of 
water following the eruption. En: Einarsson, T; Kjartansson, G; Thorarinsson, S. 
(Eds.). The Eruption of Hekla 1947–48. Societas Scientiarum Islandica, Reykjavik. 
1957. vol. 3. 

STENGEL, T., REGER, J and HEINZ, D. Life cycle assessment of geopolymer 
concrete – What is the environmental benefit?’’ Concrete Solutions 09. En: 
Proceedings of the 24th Biennial Conference of the Concrete Institute of Australia, 
Sydney. 2009. 

STEWART, C., JOHNSTON, DM., LEONARD, G.S., HORWELL, C.J, 
THORDARSON, T and CRONIN, SJ. Contamination of water supplies by volcanic 
ashfall: a literature review and simple impact modelling. En: Journal of Volcanology 
and Geothermal Research. 2006. vol. 158, p.296–306. 

SUGG, P.M. Arthropod populations at Mount St. Helens. Survival and revival. 
En: Keller, S.A.C. (Ed.), Mount St. Helens: Five Years Later. Eastern 
Washington University Press, Cheney, WA, pp. 325–333.1986. 

SUGIYARTO, KH. Javanese volcanic allophane adsorbent as heavy metal adsorber 
to improve the quality of drinking water in Surakarta. En: Journal Environmental Earth 
Science. 2013. vol. 3, p.48–56. 

SUNDA, W. Trace metal interactions with marin phytoplankton. En: Biological 
Oceanography. 1988-1989. vol. 6, no. 5-6, p. 411–442. 

SWEDBERG, K.C. Effects of Mount St. Helens ash on plant populations of shallow 
stonysoils. En: Keller, S.A.C. (Ed.), Mount St. Helens: Five Years Later. Eastern 
Washington University Press, Cheney, WA; 1986, p. 256–260. 

TANG M. State of art and prospect of cement and concrete industries in China. En: J 
Southeast Uni (Natural Sci Ed). 2006. vol.36, p.1–6 (in Chinese). 

TOWNSEND, F.C. “Geotechnical characteristics of residual soils”. En: Journal of 
Geotechnical Engineering. 1985. vol. 111, no. 1, p. 77-94. 
 

TREZZA, M.A., FERNANDEZ, L.I y SCIAN, A.N. Molienda conjunta de toba calcinada 
con clinker de cemento pórtland, estudio de su acción puzolánica. En: Congreso 
SAM/CONAMET. San Nicolás, 4 al 7 Septiembre de 2007. p. 938-943. 

TREZZA, MA and SCIAN AN. Waste fuels: their effect on Portland cement clinker. En: 
Cement and Concrete Research, 2005. vol. 35, no.3, p.438–44. 



Bibliografía 125 

 

 

 

TUFEKCI, M., DEMIRBAS, A and GENC, H. “Evaluation of steel furnace slag as 
cement additives”. En: Cement and concrete Research. 1997. vol. 27, no.11. p. 1713-
1717. 

TURANLI, L., UZAL, B and BEKTAS, F. Effect of material characteristics on the 
properties of blended cements containing high volumes of natural pozzolans. En: 
Cement and Concrete Research, 2004. vol. 34, p.2277–2282. 

U.S. ENVIRONMENTAL PROTECTION AGENCY. Emission factor documentation for 
AP- 42, section 11.6: Portland Cement Manufacturing, Final report, May 18, 1994. 
EPA Contract 68-D2-0159, MRI Project No. 4601-01. 

U.S. EPA. Test Method 1312. Synthetic Precipitation Leaching Procedure, SPLP. 
Disponible en internet en: 
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/1312.pdf [Citado 22 de 
Marzo de 2015]. 
 
UE. Estándares Europeos de la calidad del agua potable. Directiva 98/83/EC sobre la 
calidad del agua destinada al consumo humano. Available: 
http://www.lenntech.es/aplicaciones/potable/normas/estandares-europeos-calidad-
agua-potable.htm#ixzz13C1IJX00. [Citado 22 de Marzo de 2015]. 
 

UEMATSU, M., TORATANI, M., KAJINO, M., NARITA, Y., SENGA Y. and KIMOTO T. 
Enhancement of primary productivity in the western North Pacific caused by the 
eruption of the Miyakejima Volcano. En: Geophysical Research Letter. 2004. vol. 31, 
p.1–4. 

UNIDO. Cement production in Vertical Shaft kilns in China- status and opportunities 
for improvement. A report to the United Nations Industrial Development Organization. 
2006. 189p. 

US EPA. Estándares del Reglamento Nacional Primario de Agua Potable. EPA 815-
F-00-007, Environmental Protection Agency, 2000. 
 
US EPA. Test Method 1311. Toxicity Characteristic Leaching Procedure, TCLP. Code 
of Federal Regulations, 40 CFR part 261, appendix II, Julio 1991. 
 
UZAL, B y TURANLI, L. Studies on blended cements containing a high volume of 
natural pozzolans. En: Cement and Concrete Research, 2003. vol. 33, p.1777–1781. 

VALLYATHAN, V., MENTNECH, M.S., TUCKER, J.H. and GREEN, F.H. Pulmonary 
response to Mount St. Helens volcanic ash. En: Environmental Research. 1983. vol. 
30, no. 2, p.361-371. 

VANDERGAST, A.G; GILLESPIE, R.G. and RODERICK, G.K. Influence of volcanic 
activity on the population genetic structure of Hawaiian tetragnatha spider: 



126 Bibliografía 

 
 

 

fragmentation, rapid population growth and the potential for accelerated evolution. 
2004. En: Molecular Ecology. vol. 13, p.1729-1743. 

VAN DER SLOOT and H.A., DIJKSTRA, J.J. “Development of horizontally 
standardized leaching tests for construction materials: a material based or release 
based approach?”. Report ECN-C-04-060. 2004. 
 
VAN JAARSVELD, J.G.S., VAN DEVENTER, J.S.J. and LORENZEN, L. Factors 
affecting the immobilization of metals in geopolymerised fly ash. Research Report, 
South Africa, Department of Chemical Engineering, University of Stellenbosch, 1995. 
 
VAN JAARSVELD, J.G.S., VAN DEVENTER, J.S.J and LORENZEN, L. The potential 
use of geopolymeric materials to immobilize toxic metals: part 1.Theory and 
applications. En: Minerals engineering, 1997. vol.10, p. 659–669. 

VAN JAARSVELD, J.G.J and VAN DEVENTER, J.S.J. The effect of metal 
contaminants on the formation and properties of waste-based geopolymers. En: 
Cement and Concrete Research. 1999. vol. 29, p. 1189-1200. doi: 10.1016/S0008-
8846(99)00032-0. 
 
VAN OSS, HG and PADOVANI, AC. Cement manufacture and the environment, part 
l: chemistry and technology. En: Journal of Industrial Ecology. 2002. vol 6, no.1, p.89–
105. 

VAN OSS, HG and PADOVANI, AC. Cement manufacture and the environment, part 
II: environmental challenges and opportunities. En: Journal of Industrial Ecology. 
2003, vol. 7, no.1, p.93–127. 

VARRICA, D., TAMBURO, E., DONGARRÀ, G., SPOSITO, F. Trace elements in 
scalp hair of children chronically exposed to volcanic activity (Mt. Etna, Italy). En: 
Science of the total environment. 2014. vol. 470–471, p.117–126 

WAHLSTRÖM, M. How to test environmental acceptability of construction products 
related to release to soil and ground/surface water, Environmental safety and future 
challenges conference, 2008. 
 
WEIL, M., DOMBROSKI, K AND BUCHWALD, A. Life-cycle analysis of geopolymers. 
2009. P. 194-210. 
 
WENIGER, B.G., GEDROSE, M.B., LIPPY, E.C and JURANEK, D.D. An outbreak of 
waterborne Giardiasis associated with heavy water runoff due to warm water and 
volcanic ashfall. En: American Journal of Public Health. 1983. vol. 73, p. 868–872. 

WHO. Fluorides. Environmental Health Criteria 227. World Health Organization, 
Geneva. 2002, p. 268. 

WHO. Guidelines for Drinking-water Quality. Geneva: World Health Organization, 
1993. 



Bibliografía 127 

 

 

 

WILCOX, R.E. Some effects of recent volcanic ash with special reference to Alaska. 
United States Geological Survey Bulletin 1028 N. p. 409- 476. Washington: US 
Government Printing Office.1959. 
 
WILLIE, A. y FUENTES, G. Effects of the Irazu volcano (Costa Rica) on various 
insects. En: Revista de Biología Tropical. 1975. vol. 23, p.165-175. 
 
WIRTSCHAFTS, U; VERLAG-GES; Gas u. WASSER. Daten und Information en zu 
Wasserin haltsstoffen, DVGW - Schriftenreihe WASSER. Eschborn, p. 1985-1988. 
 

WITHAM, C.S., OPPENHEIMER, C and HORWELL, C.J. Volcanic ash-leachates: a 
review and recommendations for sampling methods. En: Journal of Volcanology and 
Geothermal Research. 2005. vol. 141, p.299– 326. 

WOHLETZ K and KRINSLEY, D. Scanning electron microscopy of basaltic 
hydromagmatic ash. Los Alamos National Laboratory Report, LA-UR 82-14. 1982, p. 
33-43. 

WORRELL, E., VAN HEIJNINGEN, RJJ., DE CASTRO, JFM., HAZEWINKEL, JHO., 
DE BEER, JG., FAAU, APC, et al. New gross energy requirement figures for material 
production. En: Energy. 1994. vol.19, no.6, p.627–40. 

 
XU, H and VAN DEVENTER, J. S. J.  "The geopolymerisation of alumino-silicate 
minerals". En: International Journal of Mineral Processing, 2000. vol. 59, p. 247-266. 
 
XU, H and VAN DEVENTER, J.S.J. Ab initio calculations on the 
fivememberedalumino-silicate framework rings model: implications for dissolution in 
alkaline solutions. En: Computers and Chemistry, 2000a, vol.24, p. 391– 404. 
 
XU, H and VAN DEVENTER J.SJ. The geopolymerisation of alumino-silicate 
minerals. En: International Journal of Mineral Processing, Elsevier, June, 2000b, vol. 
59, no. 3, p. 247-266. 
 
XU, H. Geopolymerisation of aluminosilicate minerals. PhD Thesis, Australia: 
University of Melbourne, Department of Chemical Engineering. 2001. 
 
XU, H and VAN DEVENTER, J.S.J. Geopolimerization of multiple minerals. En: 
Minerals Engineering, 2002. vol. 15, p.1131-1139. 

 
XU, J.Z., ZHOU, Y.L., CHANG, Q and QU, H.Q. Study on the factors of affecting the 
immobilization of heavy metals in fly ash- based geopolymers. En: Materials Letters. 
March, 2006. vol.60, no.6, p. 820-822. 
 



128 Bibliografía 

 
 

 

YANO, E., YOKOYAMA, Y., HIGASHI, H., NISHII, S; MAEDA, K. and KOIZUMI, A. 
Health effects of volcanic ash: a repeat study. En: Archives of Environmental Health: 
An international journal. 1990. vol. 45, p.367-373. 

YIP, C.K., LUKEY, G.C and VAN DEVENTER, J.S.J. The coexistence of 
geopolymeric gel and .calcium silicate hydrate at the early stage of alkaline activation. 
En: Cement and Concrete Research, 2005. vol 35. p 1688 – 1697. 
 
YIP, C.K., LUKEY, G.C., PROVIS, J.L. and VAN DEVENTER, J.S.J. Effect of calcium 
silicate sources on geopolymerisation. En. Cement and Concrete Research, April, 
2008, vol. 38, no. 4, p. 554-564. 
 
YUNSHENG, Z., WEI, S., QIANLI, C and LIN, C. Synthesis and heavy metal 
immobilization behaviors of slag based geopolymer. En: Journal of Hazardous 
Materials. 2007. vol. 143, no.1–2, p. 206-213. doi:10.1016/j.jhazmat.2006.09.033.   
 
ZHANG, J., PROVIS, J.L., FENG, D. and VAN DEVENTER., J.S.J. Geopolymers for 
immobilization of Cr6+, Cd2+, and Pb2+, En: Journal of Hazardous Materials, 2008. vol. 
157, p. 587-598. 
 

ZHANG, Z., PROVIS, J.L., REID, A AND WANG, H. Geopolymer foam concrete: An 
emerging material for sustainable construction. En: Construction and Building 
Materials. 2014. vol. 56, p.113–127. doi:10.1016/j.conbuildmat.2014.01.081. 

ZHAO, H., XIA, B., FAN, C., ZHAO, P and SHEN, S. Human health risk from soil 
heavy metal contamination under different land uses near Dabaoshan Mine, Southern 
China. En: Science Total Environmental. 2012. vol. 417, p.45–54. doi: 
http://dx.doi.org/10.1016/j.scitotenv.2011.12.047. 

ZIEGLER, K., HSIEH, J.C.C., CHADWICK, O.A., KELLY, E.F., HENDRICKS, D.M. 
and SAVIN, S.M. “Halloysite as a kinetically controlled end product of arid-zone basalt 
weathering”. En: Chemical Geology. 2003. vol. 202, no. 3, p. 461-478. 

ZIMANOWSKI, B., WOHLETZ, K., DELLINO, P. and BUTTNER, R. The volcanic ash 
problem. En: Journal Volcanology Geothermal Research. 2002. vol. 122, no. 2, p.1-5.  

ZOVKO M and ROMIC M. Soil contamination by trace metals: geochemical behaviour 
as an element of risk assessment. En: Earth and environmental sciences. Rijeka: In 
Tech; 2011. p. 437–56. 

 

 

http://dx.doi.org/10.1016/j.conbuildmat.2014.01.081
http://dx.doi.org/10.1016/j.scitotenv.2011.12.047

