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REPORT USER FEEDBACK AND MAIL KEY REGISTRATION

The U.S. Environmental Protection Agency’s (EPA) Office of Air Quality
Planning and Standards (OAQPS) provides technical support to assist State and
local air pollution control agencies in develcping and implementing air toxics
programs. One way that OAQPS provides assistance to agencies and other
“interested individuals is by compiling and publishing emission data for agencies
and others who are interested in Jlocating potential emitters of toxic air
compounds and in making preliminary estimates of toxic air emissions. These
reports published by EPA are introductory documents only, and they are not
intended to provide exact estimates of air toxics releases from specific
facilities. EPA will update and expand these reports and publish new documents
as toxic air emissions data are obtained. Your comments on the usefulness of
this report and availability of additional data which could be used to extend
and improve it, are important input to this process. Please provide any
information to us that will allow us to improve these reports. The format below
is provided for your convenience.

Please check the appropriate blanks and mail to:
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Pollutant Characterization Section
Noncriteria Pollutant Programs Branch (MD-15)
U.S. Environmental Protection Agency o
Research Triangle Park, North Carolina 27711

I have additional air toxics emission data that would help EPA. Please
contact me. ; ’

.Other comments on the report or needs for similar reports. °

NAME:
POSITION:
COMPANY /AGENCY :

MAILING ADDRESS:

PHONE NUMBER: ( ) ‘
REPORT TITLE:
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1. PURPOSE OF DOCUMENT

\ 1

-

This document is'designed to assist Federal, State, and local air
po11ution‘agencies in inventorying air emissions of potentially toxic ‘
substances. It is one of a series the Envirpnmehta] Protection Agency (EPA)
is preparing to compile information on sources and émissions of these
pollutants. Specifically, this document deals W1th emissions from sewage
sludge incinerators (SSIs).

The emissions information in th1s document W111 be most useful in
mak1ng preliminary estimates of air emissions and should not be used in
exact assessments of emissions from any barticu]ar faci]ity. The reason for
this is that insufficient data are available to estimate the statistical
accuracy of these emission factors. In addition, variabi1ity in sludge
composition contributes to variations in em1ss1on factors In fact, the
difference between actual and calculated emissions cou]d be as.great as
orders of magnitude in extreme cases. The size of error would depend on
differences in source configurations, variability of sludge composition,
control equipment design and operation, and overa]]}operating practices. A
source test is the best way to determine air emissions from a particular
source. However, even when a source test is used fpr a specific facility,
variability of sludge composition could change the composition of emissions.

To date, 22 reports in this series have been published, each with the
generic title "Locating and Estimating (Toxic) Emissions from (or of)
(Source Category or Substance)." Reports are available for the fo110w1ng
substances or source categories: acrylonitrile, 1,3-butad1ene, carbon
tetrachloride, chloroform, ethylene dichloride, formaldehyde, nickel,
chromium, manganese, phosgene, epichlorohydrin, vinylidene chloride,
ethylene oxide, chlorobenzenes, polychlorinated biphenyls (PCBs), polycyclic
organic matter (POM), benzene, organic liquid storage tanks, coal and oil
combustion sources, municipal waste combustors, perthioroethy]ene and

trichloroethylene. A reports is in production for styrene and others are

planned.. . |
I
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2. OVERVIEW OF DOCUMENT

This section briefly outlines the contents of§this report.

Section 3 is an overview of the sewage sludge incineration (SSI)
industry, describing the'major types of SSIs in the existing population:
multiple hearth furnaces, fluidized bed furnaces, and electric furnaces.
Several types of lesser importance are also presenfed. Included is a
process description for each type of combustor, as well as a current
facility 1ist. In addition, this section describes the air emission control
technologies currently in use at SSI facilities.

" Section 4 focuses on the air emissions from SSIs. Emission factors are
given in tabular format for organics and 1norgan1cs including metals.

Section 5 discusses the EPA reference methods and generally accepted
methods of sampling and analysis for each p011utant Appendix A contalns a
1ist of the existing SSI facilities. Included in the 1ist are incinerator
~type, unit size, start-up date and type of air pollution control device. '

This document does not discuss health or other environmental effects of
emission from SSIs, nor does it discuss ambient air levels or ambient air
monitoring techniques for emissions associated with SSIs.

Comments on this document are we]come, 1nc1ud1ng information on process
descr1pt1ons, operating practices, control measures, and emissions

information that would enable EPA to improve the contents All comments

should be sent to: : i
Chief, Pollutant Characterization Section (MD 15)
Noncr1ter1a Pollutant Programs Branch
U. S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711
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3. BACKGROUND,INFORMATION
|

Incineration is a means of disposing of sewage sludge generated by the
treatment of wastewater from residential, commercial, and industrial
establishments. When compared to other forms of disposal, incineration has
the advantages of reducing the solid mass and the potentia1 for recovering
energy through combustion. Disadvantages include the necessity of ash
disposal and the potential for air emissions of poﬁ1utants. '

This section provides background information on the current status of
sewage sludge incineration. In Section 3.1, the sewage sludge incineration
industry is briefly overviewed. Incinerator and emission control design are
described in detail in Sections 3.2 and 3.3, respe¢tive1y.

3.1 CHARACTERIZATION OF THE INDUSTRY

There are currently about 200 sewage sludge 1nc1nerat1on (SSI) plants
in operation in the United States. Three main types of incinerators are
used: multiple hearth, fluidized bed, and e]ectr1c infrared. 1 Some sludge
is co-fired with municipal solid waste in combustors based on refuse
combustion technology. Unprocessed refuse co-fired with sludge in
combustors based on sludge incinerating techno]ogy}is limited to multip1é
hearth incinerators only. : : |

Over 80 percent of the identified operat1ng sludge 1nc1nerators are of
the multiple hearth design. About 15 percent are f]u1d1zed bed combustors
and 3 percent are electric. The remaihing combustprs co-fire refuse with
sludge. | | '

Figure 3-1 shows the approximate geographic distribution of the
existing SSI population. Most sludge incineration facilities are located in
the Eastern United States, though there are a significant number on the West
Coast. New York has the largest number of facilities with 33. Pennsylvania
and Michigan have the next-largest numbers of facilities with 21 and
19 sites, respectively.

gep.003 3-1
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A list of the existing facilities is in Appendix A. Table A-1 is

sorted by combustor technology, and shows incinerator type, unit capacity,
year of facility start-up, and type of air po]1ution control deV1ce

3. 2 INCINERATOR PROCESS DESCRIPTIONS ‘
Types of incineration described in this sect1on include:

Mu1t1p1e hearth
Fluidized bed
Electric }
Single hearth cyclone

Rotary kiln

High pressure, wet air oxidation
Co-incineration with refuse :

3.2.1 Multiple Hearth Furnaces _

The mu1tip]é hearth furnace was originally developed for mineral ore
roasting nearly a century ago. The air-cooled variation has been used to
incinerate sewage sludge since the 1930’s. A cross section diagram of a
typical mu1t1p1e hearth furnace is shown in Figure 3-2. The basic multiple
hearth furnace (MHF) is cylinder-shaped and orientaed vertically. The outer
shell is constructed of steel, lined with refractory, and surrounds a series
of horizontal refractory hearths. A ho]1oq cast iron rotating shaft runs
through the center of the hearths. Cooling air for the center shaft and
rabble arms is introduced into the shaft by a fan Jocated at its base
Attached to the central shaft are the rabble arms, which extend above the
hearths. Each rabble arm is equipped with a numbeu of teeth, approximately
- & inches in length, and spaced about 10 inches apavt The teeth are shaped
- to rake the sludge in a spiral motion, alternating in direction from the
outside in, to the inside out, between hearths. Typically, the upper and
lower hearths are fitted with 4 rabble arms, and the middle hearths are
fitted with two. Burrers, providing aux111ary heat, are located in the
sidewalls of the hearths.

Partially dewatered sludge is fed onto the per1meter of the top hearth
by conveyors or pumps. The motion of the rabble arms rakes the sludge
toward the center shaft where it drops through ho]es located at the center

gep.003 3-3
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of the hearth. In the next hearth the sludge is raked in the opposite
direction. This process is repeated in all of the subsequent hearths. The
effect of the rabble.motion is to break up solid material to allow better

* surface contact with heat and oxygen, and is arranged so that sludge depth
of about one inch is maintained in each hearth at the design s1udge flow
rate. S .- : | S

’ Scum may also be fed to one or more hearths mf the_incinerator. Scum
is. the material that floats on wastewater. It is generally compesed of
vegetable and mineral oils, grease, hair, waxes,-ﬁat$; and other materials
that will float and usually has a higher heating value and larger volatile
fraction than sludge. Scum may be removed from‘meny treatment units
including preparation tanks, skimming tanks, and sedimentation tanks.
Quantities of scum are generally small compared ta those of other wastewater
solids. ‘ ﬂ

Ambient air is first ducted through the central shaft and its
associated rabble arms. A portion, or all, of this air is then taken from
the top of the shaft and recirculated into the lowermost hearth as preheated
combustion air. Shaft cooling air which is not circulated back into the
furnace 1s ducted into the stack downstream of the air pollution contro]
devicés. The combustion air flows upward through the drop holes in the
hearths, countercurrent to the flow of the s1udge, before being exhausted
from the top hearth. Provisions are usually made to 1nJect ambient air
directly into on the middle hearths as well.

From the standpoint of the overall 1nc1neration'process, multip]e :
hearth furnaces can be divided into three zones. The upper hearths compr1se
the drying zone where most of the moisture in the s1udge is evaporated The
temperature in the drying zone is typically between 425 and 760°C (800 and
1 400°F) Sludge combustion occurs in the middle hearths (second zone) as
the temperature is increased between 815 and 925°C (1,500 and 1, 700°F) The
combustion zone can be further subdivided into the}upper -middle hearths
where the volatile gases and solids are burned, and the Tower-middle hearths
where most of the fixed carbon is combusted. The third zone, made up of the
lowermost hearth(s), is the cooling zone. In this zone the ash is cooled as
its heat is transferred to the incoming combustion air.

|

|
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Multiple hearth furnaceés are sometimes operated with afterburners to
further reduce odors and concentrations of unburned hydrocarbons. In
afterburning, furnace exhaust gases are ducted to a chamber where they are
mixed with supplemental fuel and air and completely combusted. Some
incinerators have the flexibility to allow sludge to be fed to a lower
hearth, thus alTowing the upper hearth(s) to function essentially as an

(afterburner.. B ' ‘ o ' o

Under normal operating conditiqns, 50 to 100 percent excess air must be
added to an MHF in order to ensure complete combustion of the sludge.
Besides enhancing contact between fuel and oxygen in the furnace, these
relatively high rates of excess air are necessary in order to compensate for
normal variations in both the organic characteristics of the sludge feed and
the rate at which it enters the incinerator. When an inadequate amount of
excess air is available, only partial oxidation of the carbon will occur
with a resultant increase in emissions of carbon monoxide, soot, and
hydrocarbons. Too much excess air, on the other hand, can cause increased
entrainment of particulate and unnecessarily high auxiliary fuel
consumption. o

Some MHFs have been désigned to operate in a starved air mode. Starved
air combustion (SAC) is, in effect, incomplete combustion. The key to SAC
is the usage of less than theoretical quantities of air in the
furnace--30 to 90 percent of stoichiometric quantities. This makes SAC more
fuel efficient than an excess air mode MHF. The SAC reaction products are
combustible gases, tars and oils, and a solid char that can have appreciable
heating value. The most effective uti1ization of these products is by
burning of the total gas stream with subsequent heat recovery. ‘When an
SAC MHF is combined with an afterburner, an overall excess air rate of 25 to
50 percent can be maintained (as compared to 75 to 200 percent overall for
an excess air MHF with an afterburner). |

Multiple hearth furnace emissions are usually controlled by a venturij
scrubber, an impingement tray scrubber, or a combination of both. Wet
cyclones are also used.

gep.003 ' 3-8
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3.2.2 Fluidized Bed Incinerators

Fluidized bed technology was first developed by the petroleum industry
to be used for catalyst regeneration. Fluidized bed technology was first
used for municipal sludge incineration in 1962. Figure 3-3 shows the cross
section diagram of a fluidized bed furnace (FBF). ' Fluidized bed furnaces
are cylindrically shaped and oriented vertically. The outer shell is
constructed of steel, and is lined with refractory. Tuyeres (nozzles
designed to deliver blasts of air) are located at the base of the furnace
within a refractory-lined grid. A bed of sand, approximately 0.75 meters
(2.5 feet) thick, rests upon the grid. Two general configurations can be
distinguished on the basis of how the fluidizing air is injected into the
furnace. In the "hot windbox" design the combustion air is first preheated
by passing through a heat exchanger where heat is recovered from the hot
flue gases. Alternatively, ambient air can be injected directly into the
furnace from a cold windbox.

Partially dewatered sludge is fed into the bed of the furnace. Air
injected through the tuyeres, at pressure of from 20 to 35 kPa (3 to
5 psig), simultaneously fluidizes the bed of hot sand and the incoming
sludge. Temperatures of 725 to 825% (1,350 to 1,500° F) are ma1nta1ned in
the bed. Residence times are on the order of 2 to § seconds. As the sludge
burns, fine ash particles are carried out the top of the furnace. Some sand

~ is also removed in the air stream; sand make-up requirements are on the

order of 5 percent for every 300 hours of operation.

The overall process of combustion of the sludge occurs in two zones.
Within the bed itself (zone 1) evaporation of the water and pyrolysis of the
organic materials occur nearly simultaneously as the temperature of the
sludge is rapidly raised.. In the second zone, (freeboard area) the
remaining free carbon and combustible gases are burned. The second zone
functions essentially as an afterburner.

Fluidization achieves nearly ideal mixing between the sludge and the
combustion air and the turbulence facilitates the transfer of heat from the
hot sand to the sludge. The most noticeable impact of the better burning
atmosphere provided by a fluidized bed 1nc1nera10r is seen in the Timited
amount of excess air required for complete combust1on of the sludge.

gep.003 3-8




These incinerators can achieve comp]ete combustion with 20 to 50 percent
excess air, about half the amount of excess air typically required for
incinerating sewage sludge in multiple hearth furnaces. As a consequence,

FBF incinerators have generally lower fuel requirements compared to MHF
incinerators. : : ' ;

Fluidized bed 1nc1nerators most often have ventur1 scrubbers. or
‘venturi/1mp1ngement tray scrubber comb1nat1ons for: emissions control.

3.2.3 Electric Incunerators ]

Electric furnace technology is new compared to other sludge combustor
designs; the first electric furnace was installed ?n 1975. Electric
incinerators consist of a horizontally oriented, insulated furnace. A woven
wire belt conveyor extends the length of the furnace and infrared heating
elements are located in the roof above the conveyor belt. Combustion air is
preheated by the flue gases and is injected into the discharge end of the
furnace. Electric incinerators consist of a number of prefabricated
modules, which can be linked together to provide the necessary furnace
length. A cross section of an electric furnace isthnwn in Figure 3-4,

The -dewatered s]udge cake is conveyed into one end of the incinerator.

An internal roller mechanism levels the sludge 1ntm a continuous layer
approximately one inch thick across the width of the belt. The sludge is _
sequentially dried and then burned as it moves beneath the infrared heating
elements. Ash is discharged into a hopper at the opposite end of the
- furnace. The preheated combustion air enters the furnace above the ash. ,
" hopper and is further'heated'by the outgoing ash. The direction of air flow
is countercurrent to the movement of the sludge  along the conveyor. Exhaust .
gases leave the furnace at the feed end. Excess ai} rates vary from 20 to
70 percent. |

When compared to MHF and FBF technologies, the‘electr1c furnace offers
the advantage of lower capital cost, especially for smaller systems. )
However, electric¢ costs in some areas may make an e]ectr1c furnace
infeasible. Another concern is replacement of various components such as
the woven wire belt and infrared heaters, which have 3 to 5 year lifetimes.

Electric incinerators are usua]ly controlled w:th a venturi scrubber or
some other wet scrubber.

gep.003 3-9
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3.2.4 cher Techno]og1e ‘

A number of other technolog1es have been used for incineration of
sewage sludge including cyclonic reactors, rotary kilns and wet oxidation
reactors. These processes are not in widespread use in the United. States
and will be discussed only briefly. |

The cyclonic reactor is designed for small capacity applications. It
is constructed of a vertical cylindrical chamber that is"Tined with
refractory. Preheated combustion air is introduced into the chamber
tangentially at high velocities. The sludge is sprayed radially toward the
hot refractory walls. Combustion is rapid: the residence time of the
sludge in the chamber is on the order of 10 seconds. The ash is removed
with the flue gases.

Rotary kilns are also generally used for4sma11jcapacity applications.
The kiln is inclined slightly from the horizontal plane, with the upper end
receiving both the sludge feed and the combustion air. A burner is located
at the lower end of the kiln. The circumference of the kiln rotates at a
speed of about 6 inches per second. Ash is depos1ted into a hopper located
below tﬁe_burner. ' |

The wet oxidation process is not strictly one of incineration; it
instead utilizes oxidation with air at elevated ‘temperature and pressure in
the presence of water (flameless combustion). Thickened sludge, at about
six percent solids, is first ground and mixed. with a stoichiometric amount
of -compressed air. The sludge-air mixture is then preheated in a heat
exchanger using the reactor effluent stream as the heat source before
entering the pressurized reactor. The temperature mf the reactor is held
between 175 and 315°C (350 and 600°F) The pressure is normally 7,000 to
12,500 kPa (1,000 to 1,800 psig). Steam is usually used for auxiliary
heat. The water and resulting ash are circulated out the reactor and are

separated in a tank or lagoon. The liquid phase 1s\reeyc]ed to the
" treatment plant. Off-gases must be treated to e]iminate odors: wet
scrubbing, afterburning or carbon absorption may be used.
3.2.5 Co-incineration with- Refuse 1

Wastewater treatment plant sludge generally ha' a high water content
and in some cases, fairly high levels of inert materials. As a result, its

|
|
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‘net fue] va]ue is often 1ow. 1f sludge is combined with other combustible

materials in a co-combustion scheme, a furnace feed can be created that has
both a Tow water concentration and a heat value high enough to sustain
combustion with 1ittle or no supplemental fuel. ]

Virtually any material that can be burned can be combined with sludge

" in a co-combustion process. Common materials for co-combustion are coal,

municipal solid waste, wood waste and agricu1tu}a1 waste. Thus, a municipal
or industrial waste can be disposed of while providing an autogenous
(self-sustaining) sludge feed, thefeby solving two disposal problems.

There are two basic'approaéhes to combusting sludge with municipal
solid waste (MSW): 1) use of MSW combustion technology by adding dewatered
or dried sTudge to the MSW combustion unit, and 2) use of sTudge combustion
technology by adding raw or processed MSW as a supplemental fuel to the
sludge furnace. '

With the latter, MSW is processed by removing noncombustibles,
shredding, air-c]as;ifying, and screening. Waste that is more finely

‘processed is less 1ikely to cause problems such as severe erosion of the

hearths, poor temperature control, and refractory fai'lures.2

3.3 EMISSIONS AND CONTROLS ) .

Sewage sludge incinerators potentially emit significant quantities of
pollutants. The major pollutants emitted are: 1) particulate matter,

2) metals, 3) carbon monoxide (C0)," 4) nitrogen oxides (NO ), 5) sulfur
dioxide (502) and 6) unburned hydrocarbons. Partial cqmbust1on of sludge
can result in emissions of intermediate products of incomplete combustion
(PICs) including toxic organic compounds.

Uncontrolled particulate emission rates vary widely depending on the
type of incinerator, the volatiles and moisture content of the s]udge, and
the operating practices employed. Generally, uncontrolled partxcu]ate '
emissions are highest from fluidized bed incinerators because suspension
burning results in much of the ash being’éarried out of the incinerator with
the flue gas. Uncontrolled emissions from multiple hearth and fluidized bed
incinerators are extremely variable, however. Electric incinerators appear
to have the Towest rates of uncontrolled particulate release of the three

gep.003 3-12-




major furnace types, possibly because the sludge 1s not disturbed dur1ng -
firing. In general, higher airflow rates increase the opportunity for
particulate matter to be entrained in the exhaust gases. Sludge with low
volatile content or high moisture content may compound this situation by
requiring more supplemental fuel to burn. As more fuel is consumed, the
amount of air flowing through the incinerator is also increased. However,
" no direct correlation has been established between air f]ow and partwcu]ate
emissions. 1

Metals emissions are affected by fuel bed temperature and the level of
particulate matter control, since metals which are vo]at1112ed in the
combust1on zone condense in the exhaust gas stream. 1 Most metals (except
mercury) are associated with fine particulate and are removed as the fine
particulates are removed. ‘ -i : '

Carbon monoxide is formed when available oxygen is 1nsuff1c1ent for
complete combustion or when excess air levels are too h1gh resulting in
Tower combustion temperatures. ;

Nitrogen and sulfur oxide emissions are primarily the result of
oxidation of nitrogen and sulfur in the sludge. Therefore, these emissions -
can vary greatly based on local and seasonal sewage‘chdracter1st1cs

Emissions of volatile organic compounds also vary greatly with
incinerator type and operation. Incinerators with countercurrent air flow
such as multiple hearth. designs provide the greatest opportun1ty for
unburned hydrocarbons to ‘be emitted. In the MHF, hot air and wet sludge
feed are contacted at the top of the furnace. Any compounds distilled from
the SO]]dS are immediately vented from the furnace at temperatures too low
to completely destruct them. ’

Particulate emissions from sewage sludge 1nc1nerators have historically
been controlled by wet scrubbers, since the associated sewage treatment
plant provides both a convenient source and a good disposal option for the
scrubber water. The types of existing sewage sludge incinerator controls
range from low pressure drop spray towers and wet cyclones to higher
pressure drop venturi scrubbers and venturi/impingement tray scrubber
combinations. A few electrostatic precipitators are employed, primarily

where sludge is co-fired with municipal sol1d waste dnd baghouses have been

l
|
|
|
i

gep.003 l - 3-13 )




used. The most widely used control device applied to a multiple hearth
incinerator is the impingement tray scrubber. Older units use the tray
scrubber alone while combination venturi/impingement tray' scrubbers are.
widely applied to newer multiple hearth incinerators and to fluidized bed
incinerators. Most electric incinerators and some f1u1d1zed bed
incinerators use venturi ‘scrubbers - only.

In a typical combination venturi/impingement tray scrubber {shown ‘in
Figure 3-5), hot gas exits the incinerator and enters the precooling or
quench section of the scrubber. Spray nozzles in the quench section cool
the incoming gas and the quenched gas then enters the venturi section of the
control device. .

Venturi water is usually pumped into an inlet weir above the quencher.
The venturi water enters the scrubber above the throat and floods the throat
completely. This eliminates build-up of solids and reduces abrasion.
Turbulence created by high gas velocity in the converging throat section.
deflects some of the water traveling down the throat into the gas stream.
Particulate matter carried along with the gas stream impacts on these water
particles and on the water wall. As the scrubber water and flue gas leave
the venturi section, they pass into a flooded.elbow where the stream
velocity decreases, allowing the water and gas to separate. Most venturi
sections come equipped with variable throats. By restricting the throat
area within the venturi, the linear gas velocity is increased and the
pressure drop is subsequently increased. Up to a certain point, increasing
the venturi pressure drop increases the removal efficiency. Venturi
scrubbers typically attain 60 to 99 percent removal efficiency for
particulate matter, depending on pressure drop and particle size
distribution.3 _

At the base of the flooded elbow, the gas stream passes through a
connecting duct to the base of the impingement tray tower. Gas velocity is
further reduced upon entry to the tower as the gas stream passes upward
through the perforated impingement trays. Water usually enters the trays from
inlet ports on opposite sides and flows across the tray. As gas passes
through each perforation in the tray, it creates a jet which bubbles up the
water and further entrains solid particles. At the top of the tower is a
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Figure 3-5. Venturi/impingement tray scrubber.
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mist eliminator to reduce the carryover of water droplets in'ihe stack
effluent gas. The impingement section can contain from one to four trays,
but most systems for which data are available have two or three trays.
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"4, EMISSION FACTORS i

Emission factors have been deve]oped for the‘various pollutants emitted
from SSIs These emiss1on factors are derived frmm publxshed emissions
data; no new samp11ng of sources was done for this prOJect. The factors
relate the amount of pollutant emitted in the f]ue gas to the amount of
sludge incinerated and may be used to estimate émissﬁons from a facility.
Flue gas emissions are the principal source of air toxics emissions from
sewage sludge incinerators. The estimated emissions should be used with
caution, however, because the emission factors aré generally averages from
several facilities and are not necessarily represéntative of the emissions
from any particular facility. Additionally, because of limited data, a
representative number of facilities could not. be dsed in evaluating emission
factors. In some cases, data from only one facility were available; these
factors are noted individuai1y, and'should‘on]y bq used with extreme
caution. ‘ : I '

~

If more accurate emission estimates are needéd, source testing should
be done. Data collected should include s]uﬁge fead rate and cohposition,
ash composition, and stack emissions. The actual lair toxics emissions from
any given fac111ty are a function of variables such as capacity, throughput,
sludge compos1t1on, operat1ng characteristics,’ and air pollution control
device operations. The effects of these factars should be considered when
testing. If such testing is done, the Pollutant Characterization Section
requests copies of the.tests be submitted so that beiter databases and
emission factors may be developed in the future. i

In this document, emission factors are presented for 32 inorganic
compounds including metals, 25 volatile organic cqmpounds,-various isomers
of chlorinated dibenzo-p-dioxins and dibenzofuran# (CDD and CDF), and
7 other semivolati]e'organic compounds. Average emissions factors were
evaluated per incinerator type and emission contrQ] itype. The overall
averages were derived by combining the average em1ssaon factors for each
test of the same general incinerator and emission contro] type. For

|

|

’ . |
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facilities where multiple operating conditions were evaluated or multiple
tests were performed over a period of years, the average emission factor
from each test condition or test was used in deriving the overall average.
Several individual emission factors were derived for each facility.
For inorganic compounds, three factors were derived by dividing the mass

_emission rate of the pollutant .by 1) the measured feed.rate of that

po]]utanf, by 2) the total particulate matter emission rate, and by 3) the
total dry sludge feed rate.- Which factor is selected to estimate emissions
will depend on what information is available.. The first factor should be
used when the sludge feed composition is known in addition to the total dry
sludge feed rate. The second factor can be used to predict emissions of
specific compounds from the total particulate matter emission rate. The
third factor can be used if only the total sludge feed rate is known.
Organic compound emission factors were derived by dividing the mass emission
rate of the pollutant by the total dry sludge feed rate.

The first twp‘inorgqnic compound factors are presented on a fractional
mass basis (ppm).' A11 the emission factors on a total feed basis are
presented in both SI and English units. When a pollutant was -not detected,
no value was reported; overall average emission factors include data from
only those facilities where the compound was detected.

Emission factors for the different types of combustors and emission
Fontrols are presented in §eqtions 4.1 to 4.3,

4.1 EMISSION FACTORS FOR MULTIPLE HEARTH FURNACES

Emission factors for inorganic ‘compound emissions from mu1tip1é hearth
furnaces are presented in Tables 4-1 through 4-4. The emission factors are
for uncontrolled flue gas emissions as well as controlled flue gas
emissions. Emission factors for controlled emissions are separated by the
different types of .emission controls used with multiple hearth furndces
including cyclones, impingement tray scrubbers, venturi scrubbers and
exhaust gas afterburners. Test data from facilities using a venturi
scrubber (with or without other devices) are reported separately from those
facilities using only low-energy scrubbers. In addition, pilot scale test
data are presented for control by an electrostatic precipitator and by a
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fabric filter. It should be noted that data from reference 14 are
apparently biased high. The test report authors noted, but did not explain
their "consistent error", and reported an average of 20 percent more mass
emitted than fed, on a compound-specific basis. No attempt has been made
here to adjust or modify the values reported by the original reference.
Unreasonable (phys1ca11y 1mp0551b1e) results have been 1nd1v1dua11y noted 1n
the tables.

4.2 EMISSION FACTORS FOR FLUIDIZED BED COMBUSTORS

Emission factors for inorganic compound em1ss1on* from f1u1d1zed bed
combustors are presented in Table 4-5 through 4- 8. Fluidized bed combustors -
are generally controlled by high-energy scrubbers,;and no data are available
for any other control devices. Emission factors are presented for both
uncontrolled and controlled emissions. »

4.3 EMISSION FACTORS FOR ORGANIC COMPOUNDS -

Emission factors for volatile organic compounds are presented in
Tables 4-9 and 4-10 in SI and English units, respectively. A1l data are
from multiple hearth furnaces and are separated by}contro] device type. All
tested facilities are controlled by a venturi scrubber; emissions controlled

" by a scrubber and an afterburner are reported separat&]y Uncontrolled
emissions are also reported.

Em1ss1on factors for semivolatile compounds are reported in Tables 4-11
and 4 12 in SI and English units, respectively. . Emission factors are for
uncontrolled and controlled emissions. All data are for emissions from
multiple hearth furnaces except one FBC data set controlled by a high energy

“scrubber. The emission factors from the FBC facility were within the range
of the MHF data and were therefore not reported semarately.

4.4 OTHER COMBUSTCR TYPES

Emission factors for the other s]udge incinerator types described in
Section 3 have not been separately prepared because of insufficient data.
The expected emissions from electric furnaces, single hearth cyclones,
rotary kilns, and high pressure wet air oxidation iyétems cannot be
quantified with the available data. Data for emissions from co-incineration

of sewage sludge with refuse are also not available.
. |
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5. SAMPLING AND ANALYSIS PRQCEDMRES
\

The purpose of this section is to provide a brief discussion of the EPA
" reference methods and/or general]y accepted methods mf sampling and analysis
used to gather emissions data on air toxics emitted From sewage sludge
incinerators. ' Different sampling and analytical methods than the ones
described may have been used previously. S11ght modifications of the
methods may be specified by some State agencies to make results consistent
with their regulatory compliance results. However, these sampling methods
are widely used and accepted and should y1e1d resu]ta comparable with data
from other facilities. ‘ o

This -section presents a general description of ﬁhe sampling and
analytical methods for the determination of particulate, metals, CDD/CDF and
other semivolatile organics, vo]ati?e organics and particle size air
emissions from‘sewage sludge incinerators. EPA reference methods are
described when available. Otherwise, the state-of—the-art draft methods are
descrjbed. 1

5.1 PAﬁTICULATE DETERMINATION BY EPA METHOD 5 |

The particulate mass is defined as-any material which condenses at or
above the filtration temperature of 248 + 25°F after removal of uncombined
water. The Method 5 sampling train is shown in F1gure 5-1. The particulate
matter is withdrawn isokinetically and co]]ected on the glass fiber filter.

The particulate sample is recovered by rinsing the glass probe liner
“and front half of the glass filter holder with acetone. The acetone rinses
are evaporated and desiccated along with the filter.i Both fractions are

weighed to a constant weight. The final weight is adjusted for an acetone
1 :
blank.

§.2 METALS DETERMINATION BY EPA/EMSL DRAFT PROTOCOL |

Sampling for particulate matter and toxic metalsiis currently performed
according to the EPA draft protocol entitled "Methodology for the
Determination of Trace Metal Emissions in Exhaust Gases from Stat}onary
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Source Combustibn Processes."2 This method is app]iﬁab1e for the
determination of particulates and Pb, Zn P, Cr, Cu, Ni, Mn, Cd, Se, As, Hg,
Be, Th, Ag, Sb, and Ba emissions from municipal waste imciherators,,sewage
s]uage incinerators, and hazardous waste incinerators. The metals sampling
train is shown in Figure 5-2.° ‘

Earlier:.sampling efforts may have employed EPA Method 12 wh1ch is
specifically des1gned for lead.  With Method 12, the flue gas passed through
nitric acid only impingers which were than analyzed for the desired metals
~ in additional to lead. However, some metals such as nickel and mercury,
~ where found to be insufficiently collected in some cases. .

‘Tﬁe EPA draft method is based on Method 5 except for the following:

) The glassware is cleaned prior to sampling with an 8 hour soak in
10 percent (v/v) nitric acid solution. N

o The impingers contain:

first impinger - empty
second 1mp1nger - HNO,/
third impinger. - HNO
fourth impinger - ac 18 EMnO

|
|
|
|

The sampling train is recovered and the samp]es?are analyzed according
to the scheme shown in Figure 5-3. The first, second and third impingers
are analyzed for all metals. The fourth impinger is analyzed only for
mercury which is typically not collected eff1c1ent1y in the HNO3/H
impingers. |
’ The digested samp1es are ana]yzed by 1nduct1ve1y coupled argon plasma
(ICAP) spectroscopy for all metals except mercury. If arsenic or lead
levels are less than 2 ppm, graphite furnace atomic absorption spectroscopy
(AAS) is used. For mercury analysis, cold vapor AAS ﬁs used.

5.3 CDD/CDF AND PCB/PAH/CB/CR DETERMINATION BY THE DRAFT ASME/EPA METHOD
The state-of-the-art development for-organics sampling is to collect
CDD/CDF, polychlorinated biphenyls (PCB), polynuclear aromatic hydrocarbons
(PAH), ch]orobenzenes (CB), and chlorophenols (CP) in' a single sampling
train and to separate the fractions during analysis. 3 4 Previous sampling
methods collected the CDD/CDF and PCB, PAH, CB and CP\1n separate trains

207
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Isokinetic Sampling Heat}d Zone
. —,{/Filter

Impingers with

¢ F' Absorbing Solutions
Glass Probe '

Ice Bath
- » ' . Silica
Empty Gel
HNO, HNQ, Acidic
Hzoz H:Og KMnO.
{All, (Al . (Hg)

Metals) Metals)

Figure 5-2. EMSL metals sampling train configuration.
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Front Half Sample Recovery Fractions
L
Container No. 1 Nozzie
Filter Brush/Rinse - Probe, Cyicons Brush/Rinss
Dessicate; Acstone No. 1 Acetone Mo. 2 0.1N No. 3 Acetone
Weigh Rinse Rinse FINO; Rinss Discard
P'anic:une
(mg) |
Evaporate; Evaporats; i
Dessicate; Weigh Dessicate; Weigh 1
|
I ] !
Particuiats Particuiate i
(mQ) . (mlg) }
Dissoive Residue !
in HNO, Rinse
Divide into Two : . Acidify to pH - ‘
Sections R with Nitric Acid i
|
Reduce Volurne :
to ~50mi |
by Hesting I
}
- Digest each Section . i . |
with HF and HNO, ’ mewngm? HFma‘nd |
:1"75"9 PRV's i";:’ ‘ Microwave or Parr | ’
icrowave or Parr : ) i
Bomb in 8 Bomb in monuonal \
Conventional Oven |
| Fraction 18
{Fraction 1) Add KM, 0., Digest
Combine with Acid and Potassium Persuifate
Fitter and at 85° C in a Water Bath
Probe Rinse lor Convection Oven for 2 hrs.
i .
Filter and 1 Add Hydroxylamine,
Oilute to Volume ;. Hydrochioride, and
: ; Stannous Chloride
Fraction 1A |
‘ Analyze for Hg
| i Vapor
Anaiyze for Cd, . Analyze for Pb using Colt
Cr.Ba, Ba, Cu, Ni, o b A by x AAS
Ag, and Zn by ICAP AAS 1

1081587R

Figure 5-3. Digestion and analysis scheme for EMSL ;trace metal train
components - front half. :
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l
that were essentially identical.” Since December 1984 when the draft
ASME/EPA method was prepared, many modifications have been incorporated, not
all of which can be d1scussed in this brief sect1on.i

The sampling train is based on Method 5, but as' shown in F1gure 5 4,
includes a condenser and XAD resin trap after the filter and before the
impingers. - The sampling train glassware, XAD resin,ﬁand filters are cleaned

by baking, and rinsing with acetone and toluene prior to sampling. After
sampling, the sampling train is recovered with acetone followed by methylene
- chloride and toluene rinses. The solvents should be of the highest grade
available to prevent the introduction of chemical impurities which can
interfere with the quantitative analytical determinations. ‘

The state-of-the-art extraction scheme is shown in Figure 5-5. The
extracted samples are analyzed by gas chromatography and mass spectroscopy
(GC/MS). The typical organics available are summarized in Tables 5-1
and 5-2.

5.4 VOLATILE ORGANIC SAMPLING TRAIN (VOST) METHOD |

Sampling for volatile organic compounds (VOC) ig conducted according to
SW-846, Method 0030. The sorbent cartridges are-analyzed according to
SW-846, Method 5040. Specific compounds of interest, which typically vary
depending on the test program, are listed in Table 5 3 A brief flow
diagram of the VOST analysis is shown in Figure 5- 6

The VOST is des1gned to collect volatile organ1r compounds with boiling
points between 30° C and 100%C and has a flue gas detection limit of about
0.1 ug/m for most compounds. A schematic diagram of the VOST is shown in
Figure 5-7. The flue gas is sampled from the stack through a glass probe
with a glass wool plug. The probe temperature is malnta1ned above 300°F.

The gas sample is then cooled to 68°F by a water- cooled condenser and passes
through a pair of resin traps in series, a silica gel drying tube, a
rotameter, a sampling pump, and a dry gas meter. The first resin trap
contains Tenax and the second trap contains Tenax followed by
petroleum-based charcoal. ‘

A VOST run consists of collecting four pairs of ‘traps, with each pair
used for 20 minutes at a sample flow rate of 1 11ter per minute. The

i
|
[
\
[
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TABLE 5-1. TYPICAL CDD/CDF TARGET CbNGENERS

DIOXINS

Total trichlorinated dibenzo-p-dioxins (TrCDD) '

e 2,3,7,8 tetrach]orodibenzo-p-dioxiﬁ (2,3,7,8 TCDhD)

- " Total tetrachlorinated dibenzo-p-dioxihs (TCDD)1
1,2,3,7,8 pentachlorodibenzo-p-dioxin (1,2,3,7,8 PeCDD)
Total pentachlorinated dibenzo-p-dioxins (PeCDD}
1,2,3,4,7,8 hexachlorodibenzo-p-dioxin (1,2,3,4;7,8 HxCDD)
1,2,3,6,7,8 hexachloredibenzo-p-dioxin (1,2,3,6,7,8 HxCDD)
1,2,3,7,8,9 hexachlorodibenzo-p-dioxin (1,2,3,7,8,9 HxCDD)
Total hexachlorinated dibenzo-p-dioxins (HXCDD)3
1,2,3,4,6,7,8 heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8 HpCDD)
Total heptachlorinated dibenzo-p-dioxins (HpCDD)
Total octachlorinated dibenzo-p-dioxins (0CDD) |

i
|
FURANS |

Total trichlorinated dibenzofurans (TrCDF)
2,3,7,8 tetrachlorodibenzofurans (2,3,7,8 TCDF) !

Total tetrachlorinated dibenzofurans (TCDF) - 3
1,2,3,7,8 pentachlorodibenzofuran (1,2,3,7,8 PeCDF)

- 2,3,4,7,8 pentachlorodibenzofuran (2,3,4,7,8 PeCDF)

" Total pentachlorinated dibenzofurans (PeCDF) |
-f,2,3,4,7,8 hexachlorodibenzofuran (1,2,3;4,7,8:HXCDF)
1,2,3,6,7,8 hexachlorodibenzofuran (1,2,3,6,7,8 HxCDF)
2,3,4,6,7,8 hexachlorodibenzofuran (2,3,4,6,7,8 HxCDF)
1,2,3,7,8,9 hexachlorodibenzofuran (1,2,3,7,8,9 HxCDF)
Total hexachlorinated dibenzofurans (HxCDF) . i

'1,2,3,4,6,7,8 heptachlorodibenzofuran (1,2,3,4,6,7,8 HpCDF)
1,2,3,4,7,8,9 heptachlorodibenzofuran (1,2,3,4,7,8,9 HpCDF)
Total heptachlorinated dibenzofurans (HpCDF)
Total octachlorinated dibenzofurans (OCDF)
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TABLE 5-2. TYPICAL CB, PCB, CP, AND PAH TARGET COMPOUNDS

Chlorobenzenes

etrachlorobenzenes

Total Dichlorobenzenes - ' Total T
1,2-dichlorobenzene ’ 1,2,3,4-tetrachlorobenzene
1,3-dichlorobenzene T 1,2,3,5-tetrachlorobenzene

?
?
?

1,4-dichlorobenzene | 1,2,4,5-tetrachlorobenzene
Total Trichlorobenzenes Pentachlorobenzene

1,2,4-trichlorobenzene

1,3,5-trichlorobenzene Hexachlorobenzene

1,2,3-trichlorobenzgne

¥

Polychlorinated Biphenyls

Tota]AMonoch]orobipheny1s "~ Total Hexachlorobiphenyls
2-chlorobipheny] 1 2,2’4,4,5,6’-hexachlorobipheny]
Total Dichlorobiphenyls Total Heptachlorobiphenyls
2,3-dichlorobiphenyl 2,2'3,4,5’,6,6-heptachlorobipheny1
Total Trichlorobiphenyls Total Octachlorobiphenyis
2,4,5-trichlorobiphenyl : 2,2',3,3,’,4,5',6,6'-octachloro-
: . biphenyl
. Total ?etrach]orobipheny]s Total nonachTérobipHeny]s
2,2’4,6-tetrachlorobiphenyl . 2,2',3,3',4,4',5,6,6’ -nonachloro-
bipheny1 . .
Total Pentachlorobiphenyls o Decach]orobfﬁheny]
2,2’,3’,4,5-pentach10robipheny1
Chlorophenols
2-chlorophenol ’ Total Trichlorophenols
3-chlorophenol 2,3,4-trichlorophenols
4-chlorophenol 2,3,5-trichlorophenol
: 2,3,6-trichlorophenol
Total Dichlorophenols 2,4,5-trichlorophenol
2,3-dichlorophenol . 2,4,6-trichlorophenol
2,4-dichlorophenol
2,5-dichlorophenol Total Tetrachlorophenols
2,6-dichlorophenol 2,3,4,6-tetrachlorophenol
3,4~dichlorophenol 2,3,5,6-tetrachlorophenol
3,5-dichlorophenol

(continued)
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TABLE 5-2. (Continued)

|
|
i

Chlorophenols, (continued)
Pentachlorophenol

4-ch10ro-$-methyTphenoT

Polynuclear Aromatic Hydrocarbons

: \
1,4-Dichlorobenzene-d4
Naphthalene-d8 : |
Acenaphthene-d10 )
Acenaphthylene e
Acenaphthene :
Fluorene
- Phenanthrene-d10
Phenanthrene
Anthracene
Fluoranthene
Chrysene-d12
Pyrene :
Benzo(a)anthracene -
Chrysene
Perylene-d12
- Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a;h)anthracene :
Benzo(g,h,i)perylene . B
. Benzo(e)pyrene |
- Perylene {
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TABLE 5-3. TYPICAL TARGET VOC
Acetaldehyde . : . trans-1,2-Dichloroethene
Acrolein . = 1,1-Dichloroethylene .
-Acrylonitrile : ~ Dichlorofluoromethane
Benzene 1,2-Dichloropropane
Bromodichloromethane | cis-1,3-Dichloropropene
Carbon Tetrachloride _ trans-1,3-Dichloropropene
Chlorobenzene Epoxyethane (ethylene oxidé)
Chloroethane 1,2-Epoxypropane (propylene oxide) "
2-Chloroethylvinyl ether Ethylbenzene
Chloroform : . Methylene Chloride
Chloromethane 2-Nitropropane
2-Chlorophenol? PAN (Peroxyacetylnitrate)
3-Chlorophenol? Tetrachloroethene
4-Chlorophenol? Toluene
Chloropropane . 1,1,1-Trichloroethane
» 2-Chloropropane . 1,1,2-Trichloroethane’

Dibromochloromethane - ) -+ Trichloroethene
1,1-Dichloroethane . Trichlorofluoromethane
1,2-Dichloroethane . 1;1*2-Trich1oropr0pdne

. : 4,2-Dich10roefhane Vinyl Chloride

. 1,1-Dichloroethene
Measured in chlorophenol analysis.

gep.003 - 5-14 .




VOST ANALYSIS PROTCCOL

Tenax and/or
Tenax-Charcoal Tube

'

|
\
Additional Spikes

Spike the Tube(s) with d, Dichloroethane
100 ng d. Benzene while . 100 ng
at Roos Temperature Parabromofluore-

benzene 200 ng

Place Tube(s) in Desorption !
Unit and Desorh for i

10 Minutes at 180°C onto
the Analytical Trap

Use the Purge and Trap Apparatus
as Described in" Method 624
Rapidly Heat_the Analytical Trap i

to 180°C 4=5 minutes 1

Analyze the Desorbed Compounds ‘
by GC/MS per Method 624

Figure 5-6. VOST analysis protocol. |
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ne

|

|

|
samples are collected at a fixed point representing average gas velocity.
Since the target species are gaseous components of the flue gas, isokinetic
sampling is not a consideration for this method. \

|
5.5 PARTICLE SIZE SEMIVOLATILE ORGANIC SOURCE |
ASSESSMENT SAMPLING SYSTEM (SASS) :

Particulate matter and semivolatile organics are w1thdrawn at a constant
rate near isokinetic conditions. Three heated sta1n1ess steel cyclones
(10 um, 3 um and 1 um) and a final filter collect and separate the
particulate matter. Since isokinetic sampling conditions are not
guaranteed, this method is not used for compliance determinations.

A schematic of the sampling. train is shown in Figure 5-8. After the
cyclones and filter, the flue gas is cooled and organics are removed by a
sorbent caftridge. Following the sorbent cartridge is a set of impingers
which contain a nitric acid and peroxide mixture to condense moisture and
remove metals. The analytical scheme for the train is presented in
Figures 5-9, 5-10 and 5-11.'6 _ i
5.6 SLUDGE ANALYSES ' o ‘

Sludge samples are often analyzed for metals, mbisture and volatile
organics. The metals analyses are done according toisw -846, Method 3050 for -

-digestion and Methods 6010, .7421 and 7060 for ana]ys1s The analysis

protocol is shown in Figure 5-12. - |
The volatile organic analysis follows SW- 846 Method 8240. The-
analysis protocol is shown in F1gure 5-13.

|
. |
gep.003 5-17
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ISOLATION
B BALL VALVE »
vk CONVECTION FRIER ~
S - IROLLER OVEN ) ., GAS COOLER
el . )
:—<—< i

GAS
TEMPERATURE

1.

i
|
|
|
|
i
-

_g_-___-..fﬂ =

OVEN '
@ T.C. !
H SORBENT ' :
@ CARTRIDGE [ ' wme/coour S <=

TRACE ELEMENT .
COLLECTOR
CONDENSATE
COLLECTOR
. - IMPING ER .
. . T.c o
ot | DRY GAS METERJORIFICE METER
=
~z CENTRALIZED TEMPERATURE
AND PRESSURE READOUT
CONTROL MODULE
- TWO 1003 /mia VACULM PULPS

Figure 5-8. SASS sample diagram. :

Source: IERL Procedures Manual: Level 1
Environmental Assessment Second Edition, EPA-600/7-78-201
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NOZ2LE
ANO
MOosE

' cu,c:,.cu:o'n ninNSE a—

—

OMUSH UNTIL, RINSE
APPEARS CLEAN —

BiNAL cuzc:,.cn,on niNgg -

10 - » CYCLONE

ADD SRUSH RiNSE

TAP AND BRUSH CONTENTS
FROM WALLS INTOD LOWER CUP

ABMOVE CUP AND TRANSEER
CONTENTS TO HOLP CONTAINER

ATCONNECT CUP; RINSE CY-
CLONE WALLS ANO INTER.
CONNECTING TUBING INTO

COMBING ALL
FRONT.MALS
MINSINGS

LOWER CUP WITH mz:x’.cn,ou

3=~ u CYCLONE

[ ——————————————————
AEMOVE LOWER CUP AND TAANS

FER CONTENTS USING CH Cly:

CH,OM

1wum
CYCLONE

SAME AS 10 ~ ym CYCLONE

FILTER

SAME AS 10 ~ ym CYCLONE

TRANSFER FILTEN TO
ORIGINAL PETRIE DiSH

SAUSH ANY PARTICULATE AD-

HERING TOSASKETONTO FILTEN

COVER $TAL ARCUNO LIO
WITH TESLONS® TASE . .

SRUSH ANY PAARTICULATE AD-
HERING TO FRONT MALS ONTO |-
FILTER SEFORE SEALING

FILTER
HOUSING

RINST FRONT MALE WITH ]

NOTES:

Figure 5-9.

gep.003

(= 2¥-3 :CNSOM. AQD SRUSH
RINS

AINSE BACK HALE WITH

o

ALL cazaz:cu:ou MIXTURES ARE 30:30 v/V,

ALL CONTAINERS FOR SAMPLES FON QAGANIC ANALYSIS MUST 88§ GLASS,

USE TELON® OR GLASS WASH BOTTLES: TRFLON® 1S PAEFERRED.

SASS sample handling and transfer:

and filter.
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AQD TO REST OF

SACK HALPS
MINSINGS




2AQ-20
MCouLe

INTACT SORGENT MOCULE
AFTER SAMPLING AUN

RELEASE CLAMP JOINING
SOMSENT CARTRIOGE
SECTION TO THE UPSER Gag
CONDITIONING SECTION

AEMOVE CONDENSATE
REIERVOIR AND ORAIN
CONOENSATE THROUGH
VALVE INTO TME

AENCVE SORBENT CAN.
TRIOGE FROM HOLDER.
AEMOVE SCREEN PROM
TOP OF CAATRIOGE.
EMPTY RESIN INTO A .
WICE-MOUTH AMBER JAR
USING CLEAN SUMNEL

CONOENSATE DRAIN
CONTAINER USED TO
COLLECT COMOENSATE
QURING THE SASE AUN

CLOSE CONDENSATE vaLVE
AND REASIEMELE TO MOO-
ULE TO COLLECT WASHINGS

ATLEASE UPPHR CLAMS
AND LIFT OUT INNER WELL

RINSE WITH CH,
ALONG INNSR WELL SURFACE
ANO CONOENSER wALL

PLACE INNTR weL L,
ASIOE IN CLEAN AREA

RINSE ENTRANCE TUSE AND
BACK MALE QF FILTEN NOUS-
ING INTO MODULE. RINSE
OOWN CONDENSER WALL

RELEASE CINTRAL CLAMS
TO SEPARATE CONDENSER
SECTION FROM LOWER ‘
SECTION. RINSE LOWER
SECTION INTO CONDENSATE

RINSR SCREEN AND CAN-
TRIOGE INTO RESIN CON-
TAINEA WITH CN,G’

REALIEMELE MOOLLE TO
FOLLECT WASHINGS

RINSE WITH C)"zC!’

CUP. RELEASE THE SOTTOM
CLAMP AND RINSE INTD
CONDRNZATE CUP. DRAIN
INTO AMEER BOTTLE VIA
DAAIN vaLve

CLEAN ALL MODULE METAL
PARTS BY CLEANING
PROCIDUAS

Figure 5-10. SASS sample hand]ing and transfer:

gep.003
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18 % MOISTURE ONLY
MEASURE VOLUME: RECORD ———— — o (30d DISCARD
|
INPINGER »t o - ' N
. TRANSFER CONTENTS TO !
HOLP® CONTAINER |
- RINSE GAADUATED CYLINOER
RINSE WITH DISTILLED- WITH KNOWN AMOUNT OF
ORIONIZED W90 OISTILLED-ORIONIZED M0
!
TRANSEER RINSES TC :
. GRAQUATED CYLINOER. |1 ADD RINSE FROM CONNECTING
* MUEASURE VOLUME: RECORD ™1 LINE LEAGING FROM SORSENT
| | MDOULE TO SIAST IMPINGER
IMPINGER 2 2 : |
: 15 % MOISTURE ONLY
MEASURSE VOLUME; RECORD o o wmem oo o e <im DISCARD
i
\
TRANSPER CONTENTS TO - ‘ -
HOLP® CONTAINER
[
IMPINGER =3
RINSE WiTH OISTILLED. AINSE GRAGUATED CYLINOER
DEIONIZED M0 WITH KNOWN AMOUNT OF
OISTILLED-ORIONIZED H,0
TRANSFER RINSES TO ‘
GRACUATED CYLINOER. ‘
MEASURE VOLUME; RECORD ‘
i
|
i
c |
WEIGH: RECOND WRIGHT ’ ;
. ' 13
IMPINGER =4 L,
-. . DISCARD OR AEGENSRATE

MOLS » HIGH-DENSITY LINEAR POLYETHYLENE.

\
Figure 5-11. SASS sample handling and transfer: impinger train.

.
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METALS IN SLUDGE ANALYSIS PROTOCOL

$Sludge
Digest/gram
Aliquot by
Method 3050
Total Metal f . o AA Furnace
ICAP . Pb Method 7421
Method 6010 As - Method 7060

Figure 5-12. Analysis protocol for metals in sludge.
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METHOD 8240 - VOLATILE ORGANICS

£

|
|
i

Sludge or Ash

Scrubber Water

Mix .5 to 1.0 grams of so]id
with 5 m1 of Tetraglyme and
Place in Purge Vessel of
Method 624 Purge
Trap Apparatus

Transfer 5 m] Aliquot to Purge
Vessel of the Method 624
Purge and Trap Apparatus

Add 50 ng of Internal
Standard d_. Benzene to
the 993301 '

Add 50 ng of Internal
Standard d. Benzene to
the 935501

Purge the Sample for 10 min.,
with Inert Carrier Gas Onto
Analytical Trap of P&T
Apparatus

1 with Inert Carrier Gas Onto

Purge the Sdmp1o for 10 min.

Analytical Trap of P&T
Apparatus

Desord the Analytical Trap
at 180°% for 5 min.

Analyze by GC/MS

Desord tho Analytical Trap
at 180°% for 5 min,

Analyze‘by GC/MS

Figure 5-13. Analysis protocol for volatile organics in solids wastes.
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APPENDIX A
U.S. SEWAGE SLUDGE INCINERATORS
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