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Characterization of Particulate Emissions from Municipal Wastewater Sludge Incinerators Roy L. Bennett" and Kenneth T. Knapp Environmental Sciences Research Laboratory, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina 2771 1 Particulate emissions from a group of municipal sludge incinerators, three with multiple-hearth furnaces and one with a fluidized-bed furnace, were characterized. Three plants operated at or near autogenous burning conditions. Chemical element composition was determined for total and sized emission samples by X-ray fluorescence analysis. Objectives of the investigation were to obtain specific elemental emission factors and to provide source inventories and source signatures, especially in terms of particle size, to assist the development and evaluation of source apportionment models. Considerable enrichment of several elements (S, V, Cu, Zn, Cd, Sn, Pb) in the particulate emissions compared to their content in the sludge feed was observed. The largest average enrichment ratios were found with cadmium (31),zinc (13),lead (Q),and sulfur (8).
 
 Introduction With the trend in the production of municipal wastewater sludge on a definite increase, an attendant increase in the use of incineration in the management of sludge disposal is expected. A characterization study has been conducted on the particulate emissions from the stacks of a group of municipal sludge incinerators, three with multiple-hearth furnaces and one with a fluidized-bed furnace. One purpose of the investigation was to provide information on the concentration of chemical elements, especially heavy metals such as cadmium and lead, in the emissions. A related objective was to obtain source emission factors and source signatures to assist in the development and validation of source apportionment models. The chemical compositions of municipal sludges vary with location and time because the sludges result from a diversity of manufacturing activities as well as human excreta and food residues. Thus, as demonstrated in the analyses of Furr et al. (1) on the municipal sludge from 16 cities, there is no typical sludge. Enrichment of some elements, notably Cd and Pb, in the emissions from incineration compared to the concentration in the sludge feed can occur. Therefore, predictions of the stack emissions based on the content of the sludge being burned are likely to be erroneous. These investigations involved the collection of representative emission samples for particulate mass emission determination, for chemical characterization, and for particle size determinations of total mass emissions and
 
 individual chemical element emissions. Sulfur dioxide and sulfuric acid emissions were determined. The gaseous concentration of hydrocarbons and nitrogen oxides were monitored, and a few samples were collected to determine the emissions of high molecular weight organic compounds. At each plant process, samples of the feed sludge were collected and analyzed. Information on the four incinerator facilities during the test periods are shown in Table I. The sludge was preconditioned thermally with the hot exhaust gases from the furnaces to produce a higher solids sludge cake for better burning. At the multiple-hearth incinerator 0, this process was carried to the point of positive heat balance, autogenous burning. Some supplemental fuel was burned at all of the sites. At incinerator 0 only a total of 16 gal of fuel oil was burned, and that only during the last two of the 29-h sampling periods for shutdown purposes. The remainder of the time the sludge was autogenously combusted. At incinerator P an average of 40 ft3/h of natural gas was burned. The supplemental fuel oil at incinerator Q ranged from 0 to 64 gal/h and averaged 17 gal/h over the 3-day test period. Incinerator R was not designed for autogenous combustion and never reached this condition. An average of 40 gal/h of fuel oil was burned.
 
 Experimental Section Sampling Procedures. A standard U.S. Environmental Protection Agency (EPA) Method 5 sampling train (2) was used to collect particulate samples for mass emission rate determinations. The impingers were adapted to determine gaseous sulfur oxides by EPA Method 8 (3). The first impinger contained 150 mL of 80% isopropanol and was followed by a high purity glass wool plug in the U-tube between the f i s t and second impinger. The second and third impingers contained 100 mL each of 3% hydrogen peroxide solution and the fourth impinger was filled with approximately 400 g of indicating silica gel. Prior to sampling, a velocity profile of the duct at the sampling location was determined through transversing. AU Method 5 and Method 8 samples were collected with a 5-ft heated Pyrex-lined probe at a single point having the average velocity of the flue gas within the duct. Samples used for chemical characterization by X-ray fluorescence analysis (XRF) were collected with a modified Method 5 train in which the conventional sample box, filter holder, and glass impingers were replaced by an EPAdesigned heated sample box that housed a stainless steel
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 Table I. Furnace Types, Control Systems, and Sludge Loadings of Tested Incinerators
 
 furnace type
 
 control equipment
 
 av load of unit tested, kg/h (dry)
 
 seven-chambered multiple-hearth eight-chambered multiple-hearth fluidized-bed seven-chambered multiple-hearth
 
 wet, tray-type scrubber wet, tray-type scrubber wet, tray-type scrubber single-pass cyclone scrubber
 
 1940 1740 839 1890
 
 site designation
 
 0 P
 
 Q
 
 R
 
 sludge moisture, 63.5 49.3 66.2 71.3
 
 %
 
 Table 11: Elemental Composition (%) of Municipal Wastewater Sludge site 0 element
 
 av
 
 Na Mg Al Si P S
 
 1.o 1.8 3.4 10.1 6.4 0.93 0.45 1.3 17.0 0.84 0.03 0.22 0.70 6.7 0.01 0.03 0.12 0.30
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