MATERIAL FLOWS THROUGH THE ECONOMY AND THE ENVIRONMENT 

For housing, food, transportation and entertainment, humans depend on the use of materials that are  mined from the Earth (non-renewables such as minerals and fossil fuels) or grow on land and water (renewables). A third class of materials are those that are discarded after use. As materials are mined, processed and used, a certain fraction is discarded at each stage either purposely or inadvertently, in the form of solid, liquid and gas wastes or emissions. In order to protect the environment and also conserve valuable resources, Industrial Ecology studies the flow of selected materials through the economy and the environment. Two such cases are presented below.

Case Study 1: Mass flow of cadmium in the Rhine River: 1980-1990
Introduction

Most of the world’s cadmium (Cd, atomic weight: 112.4) is produced as a by-product of zinc (Zn, atomic weight: 65.4). Both metals exist in the form of sulfides (ZnS, CdS) in zinc ore that is first  concentrated physically (crushing, grinding and recovery of the zinc sulfide particles by flotation).  The predominant processing method today (R-L-E: Roast-Leach-Electrowin) consists of “roasting” (i.e.oxidizing with air) the zinc concentrate to produce ZnO, ( and CdO). Roasting is carried out in fluid bed reactors where air is injected through the bottom to “fluidize” the mineral particles and  oxidize them:



ZnS+1.5O2 = ZnO +SO2


The sulfur dioxide produced is captured in water scrubbers to form sulfuric acid (H2SO4 ) that is used in fertilizer and other chemical production.  One of the uses of sulfuric acid is to react with finely ground phosphate mineral and produce phosphoric acid:

Ca3(PO4)2+3H2SO4+2H2O = 3CaSO4.2H2O+ 2H3PO4
Phosphoric acid is used in the production of fertilizers, by reaction with phosphate, to produce, for example  triple superphosphate:


Ca3(P04)2+4H3PO4  + 5H2O = 3CaH3(P04)2.H20


The minerals oxidized in the fluid bed reactor are then leached in acid. Iron is precipitated in the form of a mineral called “jarrosite” and zinc/cadmium and other valuable metals are recovered by “electrowinning”, a process similar to electroplating where direct current electricity is used to deposit the zinc ions on a metal plate (cathode) as metal:




Zn++ + 2e- = Zno 


An earlier processing method (the Imperial Smelting Furnace or ISF, 1960-1990) consisted of roasting zinc-lead mixed concentrates on a sintering machine (horizontal moving grate through which air was blown to oxidize the mineral bed on the grate); the sintered material was then smelted under reducing conditions in a vertical blast furnace, similar to those used for producing crude iron from iron ore oxides. The zinc/lead/cadmium vapor from the furnace was then quenched in liquid lead scrubbers. The ISF process was a great improvement from earlier processes that were used in the U.S. and elsewhere: Small horizontal furnaces (“retorts”) which had to be loaded and unloaded after every batch. However, ISF had one major disadvantage in comparison to the R-E-L process: Much greater emissions, specially of cadmium into the atmosphere. 

Cadmium flow in the Rhine River valley

The above introduction was necessary in order to discuss in class the results on an Industrial Ecology study by Stigliani and Anderberg  (1) of the flow of cadmium through the Rhine River estuary. This famous river runs through several European nations. This important study included: The natural occurrence of cadmium (ore reserves location, etc.); its industrial use, products; atmospheric emissions, atmospheric deposition, aqueous emissions (point sources such as Waste Water Treatment Plants and non-point sources, such as deposition from the atmosphere , runoff from agricultural and urban areas, etc.), cadmium in solid wastes and  “availability” from solid wastes, net input to agricultural soils, diffuse sources. The study consisted of a full material balance in the 1980’s and a projection of cadmium flows for late 1990’s.  The findings of this study are illustrated in the attached PowerPoint presentation (Week8 PPt).


Case Study 2: Mercury flow in Hudson-Raritan Basin: 2001

The presence of inorganic and organic contaminants in the waters and sediments of New York/New Jersey Harbor impacts environmental quality and biota and also the scope and cost of the dredging operations that are necessary, on a continuous basis, to keep open the navigable channels of the Harbor, on which depend, directly or indirectly, hundreds of thousands of jobs. Amongst several other actions taken, the Port Authority of NY/NJ and EPA have sponsored an Industrial Ecology study at the New York Academy of Sciences. The objectives of this study are to identify the industrial/consumer sources of the most toxic metal and organic contaminants of water and sediments in the NY/NJ Harbor; examine the economic and environmental effects associated with these materials; and then suggest technical or policy changes that will benefit the NY/NJ Harbor (e.g., use of substitute materials or products, changes in processes like dredging, better disposition of used products, informing public and policymakers, etc.). 

This study is still under way but already has identified several sources of mercury emissions. They include the gaseous emissions of coal-fired power plants, industrial and residential boilers, secondary iron and steel smelters, and  waste-to-energy plants; the liquid emissions of wastewater treatment plants (WWTP); and the liquid and gaseous emissions of landfills used for the disposal of municipal and commercial solid wastes. Mercury metal is liquid at ordinary temperatures and it boils at about 350oC. Therefore, mercury vapor is easily emitted to the atmosphere. In fact, most of the mercury existing in the atmosphere, currently estimated at about 6,000 metric tons is in the form of metallic vapor. Due to anthropogenic emissions, the amount of mercury in the atmosphere has increased by about 40 tons per year.

Most of the mercury that is emitted to the atmosphere precipitates back on land and water close to the areas from where it was emitted. The measured rate of precipitation in this region ranges from 7 to 35 micrograms per square meter per year. If all the mercury emitted globally were to precipitate uniformly on the surface of the Earth, the average rate of precipitation would be only 1 microgram/m2/year.  

The good news of the study for the Hudson-Raritan Estuary is that mercury emissions to the environment in this area have decreased from about 60 tons a year in 1998 to 8 tons in 1989 and to less than 1.5 tons in 1999. A large part of this decrease is due to termination of certain used of mercury across the U.S. (e.g. most types of mercury batteries) that in overall have reduced mercury consumption nationally from nearly 2,500 tons in 1980 to about 400 tons in 1999. Other reasons are improved gas control systems on waste-to-energy plants and much decreased mercury concentrations in the effluents of waste water treatment plants. 

