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ABSTRACT 

The EPA and state governmental agencies are in
vestigating means of controlling the emissions of toxic 
metals from waste incinerators. In order to aid in the 
development of effective regulations and control stra
tegies, an analytical procedure to estimate the emission 
of metals from combustion devices is being developed. 
The procedure includes analysis of key phenomena 
such as particle entrainment, metal vaporization, vapor 
condensation, particle coagulation and particle re
moval by flue gas cleaning equipment. This paper de
scribes the components of the procedure, discusses its 
application to identify key parameters, and compares 
model predictions with experimental data. 

INTRODUCTION 

The emission of toxic metals during the incineration 
of metal bearing wastes presents a potential health 
hazard of increasing interest to federal and state reg
ulatory agencies. The emitted metals are often con
centrated on the particles with diameters of less than 
1 J.Lm [1]. This significantly enhances the threat posed 
by the metals, since air pollution control equipment is 
less efficient at capturing these small particles and par
ticles of this size are most likely to be deposited in the 
lungs [2]. 
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The U.S. Environmental Protection Agency (EPA) 
has published proposed regulations for restricting the 
burning of metal bearing wastes in boilers and indus
trial furnaces based on dispersion modeling and worst 
case risk assessment [3]. Similar regulations or guide
lines are likely to be forthcoming for hazardous and 
municipal waste incinerators. State and local agencies 
often follow the EPA's lead and institute their own 
regulations restricting the emissions of toxic metals. 
This body of regulations is likely to affect the majority 
of the incinerators in the U.S., since nearly every waste 
contains at least trace quantities of some toxic metals. 

A procedure for predicting the behavior of toxic 
metals during the incineration of metal-bearing wastes 
could aid governmental agencies in the development 
of appropriate regulations and could help incinerator 
operators develop effective strategies for minimizing 
emissions from their incinerators. In order to develop 
such a procedure, however, it is first necessary to de
termine the key phenomena that control the behavior 
of metals during the incineration of waste materials. 
By examining the characteristics of emissions from a 
wide variety of incinerators, it is possible to identify 
many of the mechanisms that play important roles in 
controlling the behavior of the metals. Figure 1 illus
trates these mechanisms. 

Inorganic material often contains most of the metals 
and metal species present in a waste. A large fraction 
of the inorganic material remains inert during incin-



eration and forms ash particles [4]. If the waste is a 
liquid burned in a liquid injection incinerator, nearly 
all of the ash particles are small and are entrained by 
the gas flow [5]. If the waste is initially a solid, some 
fraction of the smaller particles are entrained while the 
remaining material is removed from the combustion 
chamber as residual ash. The quantity of material en
trained is a function of the size, shape, and density of 
the ash particles as well as the incinerator operating 
conditions [6]. For liquid and solid wastes the en
trained particles can range in size from 1 /-tm to over 
50 /-tm. However, they are generally less than 20 /-tm 
in diameter [5, 7). 

Some metals and metal species found in waste ma
terials are relatively volatile and vaporize under the 
conditions encountered in the incinerator [8]. This 
behavior is probably independent of the physical form 
of the waste. The vapors are carried away from the 
waste by the exhaust gas and recondense as the gas 
cools. The vapors condense both homogeneously to 
form new particles and heterogeneously on the surfaces 
of the entrained ash particles [9]. Homogeneous con
densation produces small particles less than 1 /-tm in 
diameter [10]. Heterogeneous condensation also tends 
to favor small particles due to their higher surface area 
[ 11]. Thus the small entrained particles have higher 
concentrations of volatile metals than either large par
ticles or the original waste. The concentration of some 
metals in the small particles is as much as one hundred 
times greater than in the original waste [12]. 

Metals may exhibit a third type of behavior during 
the combustion of waste materials. A high tempera
ture, reducing environment is created near the burning 
waste even though the incinerator is operated at an 
overall excess air condition [4]. The exact conditions 
in this area depend on the physical characteristics of 
the waste and the configuration and operation of the 
incinerator. Under these conditions, some metal species 
react to form new compounds such as metal chlorides, 
sulfides, and reduced species [4]. These new com
pounds are often more volatile than the original species 
and vaporize. Once the vapors move away from the 
waste and encounter the lower temperatures and higher 
oxygen concentrations found in the exhaust gases, they 
may undergo secondary reactions, convert back to their 
original form, and condense [9]. As with the volatile 
metal species, both homogeneous and heterogeneous 
condensation occurs. 

A procedure based on the mechanisms illustrated in 
Fig. 1 has been developed to estimate the emissions of 
metals from the incineration of metal-bearing wastes. 
This paper describes the analytical approach and dis
cusses the application of the procedure to: (a) identify 
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FIG. 1 TRANSFORMATION OF MINERAL MATTER 

DURING COMBUSTION OF METAL CONTAINING 

WASTE 

the variables which most strongly influence metals 
emissions; and (b) compare predictions with experi
mental measurements to ascertain the accuracy of the 
approach. 

ANALYTICAL APPROACH 

The procedure consists of a group of computer 
models and analytical approaches. These models sim
ulate the physical and chemical processes which occur 
in the incineration of metal-bearing wastes. The phe
nomena simulated include: 

(a) Reactor thermal behavior. 
(b) Particle entrainment. 
(c) Metals reactions and vaporization. 
(d) Aerosol dynamics. 

( 1) Condensation. 
(2) Coagulation. 

(e) Particle capture. 
Figure 2 illustrates the relationship between these 
mechanisms and the operation of a typical grate-type 
furnace. 

Initially the temperature history of the incinerator 
must be established in order to determine the back
ground environment for the burning waste and the 
post-flame temperature history of the condensing metal 
vapors. A number of computer models capable of es
timating the thermal behavior of an incinerator are 
either available or are under development. These 
models vary widely in complexity from relatively sim
ple zero-dimensional approaches [13] to extensive 
three-dimensional models [14]. An appropriate model 
is selected based on the amount of information avail
able and the degree of accuracy that is desired. 
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FIG.2 KEY PHENOMENA CONTROLLING THE BEHAVIOR 

OF METALS IN A GRATE-TYPE INCINERATOR 

The local temperature encountered in the vicinity of 
the burning waste is also important and must be es
timated. However, the behavior of the burning waste 
is strongly influenced by the physical form of the waste 
being incinerated. In general, wastes can be classified 
into one of five categories based on their physical form. 
These categories are: 

(a) Liquids. 
(b) Liquid-solid mixtures. 
(c) Homogeneous solids. 
(d) Heterogeneous solids. 
(e) Containerized materials. 

Homogeneous solids consist of particles that are rel
atively uniform in size and composition. Heteroge
neous solids vary widely in both size and composition. 
Some procedures exist for modeling the incineration 
of liquids in spray flames [15], but no effective mod
eling procedures are available for the other waste 
forms. Thus the temperatures in these wastes must be 
estimated based on the bulk temperature and the adi
abatic flame temperature. 
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Once the temperatures are established, the quantities 
of metal species that vaporize directly or react and 
vaporize can be determined. The approach in this de
termination is based on two assumptions: (a) all re
actions achieve equilibrium at local conditions; and 
(b) all elements contained in the waste are intimately 
mixed. The program developed by NASA's Lewis Re
search Center, CET85 [16], is used to determine the 
equilibrium behavior of the metals in the waste under 
combustion conditions. 

The amount of ash entrained depends on the size, 
shape and density of the ash as well as the operating 
characteristics of the incinerator. Li [6] developed an 
approach that is used to estimate the entrainment from 
rotary kiln incinerators. Approximations are made for 
entrainment for other incinerator types based on par
ticle settling velocities and gas flow rates. 

Condensation is a key process since it accounts for 
the enrichment of metals on small particles. A com
puter model accounting for both homogeneous and 
heterogeneous condensation has been developed. The 
rate of homogeneous condensation is predicted using 
the classical Becker-During approach as presented by 
Friedlander [10]. The approach used to model het
erogeneous condensation depends on the size of the 
particles onto which the material is condensing. For 
particles much smaller and much larger than the mean 
free path of the gas (0.25 /-Lm) expressions derived by 
Friedlander [10] based on the kinetic theory of gases 
and gas phase diffusion, respectively, are used. For 
particles with diameters approximately the same size 
as the mean free path of the gas, a transition expression 
developed by Fuchs and Sutugin and described by 
McN allan et al. [17] is used. 

As the particles formed by homogeneous conden
sation and the entrained particles move through the 
incinerator they collide both with one another and with 
the vessel's walls. Often the colliding particles stick 
together and form a single larger particle. Similarly, 
many of the particles which collide with the walls stick 
to them and are consequently removed from the gas 
flow. Particle coagulation and wall capture are simu
lated using a computer model developed by Gelbard 
[ 18]. 

Finally the removal of particles from the gas stream 
by the air pollution control device (APCD) associated 
with the incinerator must be accounted for. The effi
ciency of particle removal typically depends on the 
particle size distribution and on the design and oper
ation of the APCD. A wide variety of APCDs are 
used. Each is based on a different basic mechanism. 
Computer models have been developed or obtained for 
the following APCDs: 



(a) Electrostatic precipitators. 
(b) Venturi scrubbers. 
( c) Cyclones. 
(d) Baghouses. 
(e) Baffle plate scrubbers. 

The models have been obtained from a variety of 
sources. A detailed discussion of these models is be
yond the scope of this paper. 

SENSITIVITY STUDIES 

A sensitivity analysis was conducted to identify im
portant parameters affecting the partitioning of metals 
in waste incineration. Parameters considered include: 

(a) Combustor temperature. 
(b) Waste chlorine content. 
(c) Saturation ratio. 
(d) Entrained particle size distribution. 
( e) Gas residence time. 
(/) Waste sulfur content. 
The temperature of the burning waste has one of 

the strongest effects on the predicted behavior of the 
metals. Figure 3 illustrates the impact of temperature 
on some representative metals' effective vapor pres
sures. The effective vapor pressure determines the 
quantity of material that vaporizes and subsequently 
condenses. It depends on the most stable chemical form 
of the metal under the conditions considered. As tem
perature increases vapor pressure increases, resulting 
in increased metals emission. The curves in Fig. 3 were 
determined based on a local stoichiometric ratio of 1.0 
as is expected near the burning waste. Under these 
conditions, metals are predominantly in the form of 
their oxides. 

Several features of the curves in Figure 3 warrant 
attention. First the vapor pressures of all the metals 
increase sharply with temperature. A ten-fold increase 
in the vapor pressure can result from a temperature 
increase as small as 20 K. Second, the vapor pressures 
vary widely from metal to metal. Third, all of the vapor 
pressures shown are very small. This indicates that 
only a small quantity of each metal will vaporize. How
ever, due to the enrichment of vaporized species on 
small particles, the ability of small particles to pene
trate deep into the lung, and the toxicity of many of 
the metals, a small quantity of vaporized material is 
sufficient to constitute a potential health threat. 

The quantity of chlorine in the waste was found to 
have a significant effect on the vapor pressure of many 
metals. Figure 4 indicates the behavior of several rep
resentative metals under typical combustor conditions. 
In general, chlorides are more volatile than the cor-
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VOLATILITY OF REPRESENTATIVE METALS 

responding metal oxides or uncombined metals. Thus, 
the effective vapor pressure of the metal is increased 
as the concentration of chlorine increases and more of 
each metal is converted to metal chloride. However, 
once the metal has been totally converted into metal 
chloride, the presence of additional chlorine has no 
effect on the vapor pressure of the metal. In Fig. 4 the 
curves for chromium, nickel, strontium and copper 
reflect this type of behavior. The vapor pressures in
crease rapidly with chlorine concentration at low chlo
rine concentrations, but level off at higher 
concentrations. 

Heterogeneous and homogeneous condensation oc
cur simultaneously at different rates. All of the material 
that condenses homogeneously forms particles less 
than 1 J-Lm in diameter, whereas the distribution of the 
material that condenses heterogeneously depends on 
the size distribution of the entrained particles. Some 
heterogeneous condensation occurs on larger particles, 
which are effectively captured by the APCD. Thus 
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metal emissions increase as the ratio of homogeneous 
to heterogeneous condensation increases. 

Condensation ratio is defined as the ratio of the 
homogeneous condensation rate to the heterogeneous 
condensation rate. One of the most important param
eters controlling the condensation ratio is the ratio of 
the actual concentration to the equilibrium concentra
tion of the metal in the vapor phase, defined as the 
saturation ratio. Thus, in order for condensation to 
occur, the saturation ratio must be greater than 1.0. 
High saturation ratios result when there is rapid cool
ing or when a metal reacts suddenly to form a relatively 
nonvolatile species. This second mechanism occurs 
when a nonvolatile metal oxide reacts in the reducing 
atmosphere in the vicinity of the burning waste to form 
a volatile species which subsequently vaporizes, moves 
away from the waste, and then reacts again to form 
the original nonvolatile metal oxide. 

Figure 5 shows the impact of the saturation ratio 
on the condensation ratio. In Fig. 5, T is the bulk 
temperature, P sat is the saturation vapor pressure, and 
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Condensation Ratio is the Ratio of Homogeneous to 

Heterogeneous Condensation Rate and Submicron Fraction 

is the Fraction of the Condensing Material Forming 

Submicron Particles. 

SA is the available particle surface area. The available 
particle surface area is defined as the sum of the surface 
areas of all particles in a given volume of gas. The 
value of SA, 7 X 10 -14 m 2 / m l, corresponds to 1000 
particles 5 J.Lm in diameter per cubic meter of gas. The 
sensitivity study shown in Fig. 5 used typical bulk 
combustor conditions and a simplified entrained par
ticle size distribution. The simplified size distribution 
was used to simplify the analysis since relative rather 
than absolute effects were of interest. At low saturation 
ratios the condensation rates are approximately equal. 
However, as the saturation ratio increases, the rate of 
homogeneous condensation increases rapidly. Nearly 
90% of the condensation is homogeneous at a satu
ration ratio of about 4.0. As the saturation ratio con-



tinues to increase heterogeneous condensation again 
becomes more important. 

The APCD's performance plays a vital role in de
termining the quantity of particulates emitted by an 
incinerator. The efficiency of each device is a function 
of its operating parameters and the size distribution of 
the entrained particles. Figure 6 shows the effect of 
pressure drop, a key operating parameter, and particle 
size on the collection efficiency of a typical venturi 
scrubber. The calculations were performed with a ven
turi scrubber model based on the semi-empirical of 
Calvert [19 ]. Values typically found in industrial ven
turi scrubbers were used for other parameters such as 
liquid-to-gas ratio and gas velocity. The collection ef
ficiency increases with pressure drop for all sizes of 
particles. However, the efficiency is small for particles 
less than 1 J.lm in diameter. The particles typically 
formed by homogeneous condensation, those around 
0.1 J.lm [4], are collected with efficiencies of less than 
40% at all pressure drops examined. 

Additional sensitivity analyses were conducted to 
assess the impacts of residence time, waste sulfur con
tent and particle coagulation on metals emissions from 
hazardous waste incinerators. The gas residence time 
was found to exert little influence. The sulfur content 
of the waste was determined to have little impact on 
the vaporization of metals. Sulfur does, however, affect 
the dewpoint and resistivity of the effluent which may 
impact APCD performance. Coagulation was found to 
be too slow to significantly affect the size distribution 
of the entrained particles within the residence times 
typically encountered in incineration systems. 

COMPARISON WITH EXPERIMENTAL DATA 

A complete data set which can be used to verify the 
analytical procedure is not available. However, some 
idea of the method's accuracy can be obtained by using 
data from experimental studies which did not obtain 
all of the input data needed by the procedure and 
making reasonable estimates of the remaining data. 
One applicable data set was compiled by Brunner and 
Monch [20], who analyzed the partitioning of several 
metals in a large municipal solid waste incinerator. 
The incinerator is similar to that shown in Fig. 2. It 
has a nominal system capacity of 192 metric tons per 
day. The waste used was generated by a partially rural 
area and was subjected to no pretreatment. The resid
ual ash was sampled after quenching and the captured 
fly ash was removed directly from the electrostatic 
precipitator hoppers. The entrained particles were sam
pled isokinetically and collected on quartz wool. Con-
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centrations of metals in the particles were determined 
using ion-coupled plasma spectrometry. Gaseous met
als in the exhaust stream were captured by sorption 
in 0.1 N sodium hydroxide and were measured using 
atomic adsorption spectroscopy. One of the principal 
parameters which could not be calculated was the 
quantity of material entrained. Since iron was not ex
pected to vaporize under the conditions encountered 
in the incinerator, the experimentally measured quan
tity of iron in the captured and emitted fly ash was 
used to estimate the amount of entrainment occurring. 

Figure 7 shows how the predictions produced using 
suitable approximations compare with the experimen
tal results for some typical metals. The metals in the 
waste are divided between three streams: residual ash, 
captured ash and emitted ash. The residual ash is col
lected at the end of the combustion chamber and con
sists of nonreactive and nonvolatile species. The 
captured ash is made up of particles removed from the 
gas stream by the electrostatic precipitator. It consists 
primarily of the larger entrained particles and a frac
tion of the small particles formed by condensation. 
The emitted particles consist of some of the small 
entrained particles and any of the particles formed by 
condensation processes that are not captured by the 
electrostatic precipitator. 
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The predictions correctly identify the major mode 
of emission for each metal. Mercury is found primarily 
in the emitted particles, cadmium in the captured ash 
and copper in the residual ash. Lead is split between 
the residual ash and the captured ash. The assumptions 
involved in the analytical procedure itself and the ap-
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proximations required for this particular analysis could 
potentially account for the difference between the pre
dicted fractions of each metal in each stream and the 
observed values. However, the qualitative agreement 
obtained indicates that the analytical procedure cor
rectly accounts for the key phenomena. 

Several studies are being conducted or have been 
completed which examine the emission of metals from 
waste incinerators [ 12, 21, 22]. In general, these studies 
have found higher concentrations of several volatile 
metals in submicron particles than in larger particles 
or in the original waste. The toxic metals commonly 
found to be concentrated on the small particles are 
antimony, arsenic, cadmium, copper, lead, silver, and 
zinc. This is in qualitative agreement with the metals 
partitioning model which predicts that these metals 
vaporize at relatively low temperatures and recondense 
on the surfaces of small particles. 

CONCLUSIONS AND RECOMMENDATIONS 

An analytical procedure has been developed to es
timate the partitioning of metals into different effluent 
streams during waste incineration. Sensitivity analyses 
indicate that high incinerator temperatures, high cool
ing rates, high waste chlorine concentrations, and small 
entrained particles all increase the quantity of metals 
contained in the small particles emitted into the at
mosphere. Comparison of the predictions with the re
sults of experimental studies indicates that the 
procedure accounts for the key phenomena but that 
additional refinement is needed. 

The procedure has a number of potential applica
tions both in the design and operation of incinerators 
which minimize the emissions of metals and in the 
development of effective regulations to restrict the met
als emissions. Among these applications are: 

(a) Prediction of emission modes from a given in
cinerator. 

(b) Evaluation of the feasibility of new control con
cepts. 

(c) Determination of principal permitting concerns 
for a given incinerator. 

(d) Determination of appropriate monitoring and 
control parameters. 

The modeling procedure is useful in its present form; 
however, the accuracy and utility of the predictions 
could be increased by improvements in the following 
areas: 

(a) Prediction of local temperature and oxygen con
centrations in the vicinity of burning wastes. 



(b) Incorporation of kinetic �nd diffusional limita
tions in addition to equilibrium into the metals reac
tion / vaporization model. 

(c) Expansion of the APCD modeling capabilities 
to include treatments of a wider variety of devices. 

In addition to the modeling work the following ex
perimental studies are needed to provide the data nec
essary to tune and verify components of the modeling 
procedure: 

(a) Determination of the behavior of burning solid 
wastes. 

(b) Metals reaction kinetics studies. 
(c) Determination of the quantity and size distri

bution of particles entrained in various types of incin
erators. 

(d) Large scale metals emission studies. 

ACKNOWLEDGEMENT 

This work was performed under EPA contract 68-
03-3365, Engineering Analysis of Hazardous Waste 
Thermal Destruction. The authors gratefully acknowl
edge the support and contributions of the EPA officer, 
Dr. C.C. Lee. 

REFERENCES 
[I) Davidson, R. L., et. al. "Trace Elements in Fly Ash: De

pendance of Concentration on Particle Size. " Environmental Science 
and Technology 8 (no. 13, 1974): 1107. 

[2) Natusch, D. F. S., and Wallace, J. R. "Urban Aerosol 
Toxicity: The Influence of Particle Size." Science 186 (no. 4165, 
1974): 695. 

[3) Federal Register (no. 52, May 1987): 16982-17050. 
[4) Quann, R. J., and Sarofim, A. F. "Vaporization of Re

fractory Oxides During Pulverized Coal Combustion." In 19th Sym
posium (International) on Combustion, The Combustion Institute, 
1982, 1429. 

[5) Goldstien, H. L., and Siegmund, C. W. "Influence of Heavy 
Fuel Oil Composition and Boiler Combustion Conditions on Par
ticulate Emissions." Environmental Science and Technology 10 (no. 
12, 1976): 1109. 

[6) Li, K. w. "Application of Khodorov's and Li's Entrainment 

386 

Equations to Rotary Coke Calciners." AIChE Journal 20 (no. 5, 
1974): 1017. 

[7) Kauppinen, K., Larjava, K., and Hillmo, R. "Mass and 
Metal Size Distributions of Municipal Waste Combustion Aerosols." 
Journal of Aerosol Science 17 (no. 3, 1986): 597. 

[8) Vogg, H., Braun, H., Metzger, M., and Schneider, 1. "The 
Specific Role of Cadmium and Mercury in Municipal Solid Waste 
Incineration." Waste Management and Research 4 (1986): 65. 

[9) Senior, C. L., and F1agan, R. C. "Ash Vaporization and 
Condensation During Combustion of a Suspended Coal Particle." 
Aerosol Science and Technology 1 (1982): 371. 

[10) Friedlander, S. K. Smoke, Dust, and Haze. New York: 
John Wiley and Sons, 1977. 

[11) Linak, W. P., and Peterson, T. W. "Effects of Coal Type 
and Residence Time on the Submicron Aerosol Distribution From 
Pulverized Coal Combustion." Aerosol Science and Technology 3, 
77. 

[12) Law, S. L., and Gordon, G. E. "Sources of Metals in 
Municipal Incinerator Emissions. " Environmental Science and Tech
nology 13 (no. 4, 1979): 432. 

[13) Clark, W., Maly, P., and Seeker, W. R. "BALANCE
Computer Program for Energy and Mass Balance of Hazardous 
Waste Incinerators, January 1987 Version, Users Manual." Draft 
Report for EPA Contract 68-03-3365. Energy and Environmental 
Research Corporation, Irvine, California, January 1987. 

[14) Pohl, J. H., and Richter, W. F. "Assessment of Pulverized
Coal Fired Combustor Performance. " Draft Final Report for DOE 
Contract DE-AC22-80PC30297. Energy and Environmental Re
search Corporation, Irvine, California, 1987. 

[15) Sirignano, W. A. "Fuel Droplet Vaporization and Spray 
Combustion Theory." Progress in Energy and Combustion Science 
9 (1983): 291. 

[16) Gordon, S., and McBride, B. J. "Computer Program for 
Calculation of Complex Chemical Equilibrium Composition, Rocket 
Performance, Incident and Reflected Shocks and Chapman-Jouget 
Detonations." Interim Revision, NASA SP-273, 1976. 

[17) McNallan, M. J., Yurek, G. J., and Elliott, J. F. "The 
Formation of Inorganic Particulates By Homogeneous Nucleation 
in Gases Produced by the Combusion of Coal." Combustion and 
Flame 42 (1981): 45. 

[18) Gelbard, F., and Seinfeld, J. H. "Simulation of Multicom
ponent Aerosol Dynamics." Journal of Colloid and Interface Science 
78 (no. 2, 1980): 485. 

[19) Calvert, S., Goldshmid, J., Leith, D., and Mehta, D. Scrub
ber Handbook. U.S. Department of Commerce, NTIS PB-213016, 
1972. 

[20) Brunner, P. H., and Monch, H. "The Flux of Metals 
Through Municipal Solid Waste Incinerators." Waste Management 
and Research 4 (1986): 105. 

[21) Greenberg, R. R., Zoller, W. H., and Gordon, G. E. 
"Composition and Size Distributions of Particles Released in Refuse 
Incineration." Environmental Science and Technology 12 (no. 5, 
1978): 566. 

[22) Trenholm, D., and Wallace, D. "Assessment of Metal 
Emissions From Hazardous Waste Incinerators." In Proceedings of 
the 78th Annual APCA Conference, Detroit, 1985. 


	1988-National-Waste-Processing-Conference-47-0001
	1988-National-Waste-Processing-Conference-47-0002
	1988-National-Waste-Processing-Conference-47-0003
	1988-National-Waste-Processing-Conference-47-0004
	1988-National-Waste-Processing-Conference-47-0005
	1988-National-Waste-Processing-Conference-47-0006
	1988-National-Waste-Processing-Conference-47-0007
	1988-National-Waste-Processing-Conference-47-0008

