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I. | INTRODUCTION

This document provides practical guidance fof the testing and
perm?tting of sewage sludge incinerators under regulations being proposed
under the Clean Water Act. Designed for use by the organizations that own and
operate sludge incinerators and control agency permit writers (EPA and state),
theldocument provides guidance for testing, monitoring, and evaluating the
performance of sewage sludge incinerators in conjunction with proposed rules
publ Jshed in the Federal Register on February 6, 1989.

§ The rules (proposed as 40 CFR 503) will establish numerical require-
ments for sewage sludge incinerators. A previous ruling, incorporated into
40 CFR 501, established the framework for a permitting program for sewage
s]udge incinerators. Although specific details in the proposed rules are
subJect to revision prior to final promulgation, the general approach is not
expepted to change. Since the Clean Water Act requires compliance within
12 mpnths of the date the rule is promulgated (or within 24 months if the
regulation requires construction of new pollution control facilities),
owner/operators of sludge incineration facilities are encouraged to evaluate
the Hmpact of the proposed rules upon their facilities as soon as possible.
Th1s§document provides a basis for evaluating sludge incinerators in response
to tbe proposed rules.

E This document addresses only the requirements proposed and
prcm@]gated under the Clean Water Act; these requirements may be administered
thropgh other EPA or state control Agency programs and permits. However, it
is important to note that sewage sludge incinerators must comply as applicable
with regulations of the Clean Air Act (CAA) and the Resource)Conservation and
Recoyery Act (RCRA); this document does not address the requirements of these
two programs.

|

i Based upon the rules proposed on February 6, 1989, and subsequent
deve1opments, the permitting program for sewage sludge incinerators is
expected to include the following major components: ‘

i







P e A risk-based limitation of inputs of bery1lium, mercury, 1lead,
§ arsenic, cadmium, chromium, and nickel to the incinerators.

| .

i

Le A technology-based 1limitation of total hydrccarbons (THC) in
2 incinerator emissions.

'o Limitations on maximum combustion temperature, maximum oxygen
content of exit gas, and selected air pollution control system
parameters.

!
g- Continuing monitoring and record keeping requirements for sludge
| feed and specific key operating parameters.
|
A ser1es of equations are provided in the proposed rule for determining input

11mits for metals.

!
i
i

| This document describes how an incinerator owner/operator can
collect the appropriate data and establish an appropriate monitoring system to
comp}y with the proposed regulations. The document also provides guidance to
'cont¢o1 Agency permit writers for reviewing test plans, reviewing the results
of testing and monitoring, and establishing permit conditions. Both
. ownern/operators and permit writers are encouraged to read this entire document
to become familiar with the testing/monitoring methods available and the
objectives of the permitting program. The remaining sections of the document
are organized as follows:

!
! Chapter II--Testing and Monitoring -
Chapter III--Reviewing and Interpreting Test Resu]ts
Chapter IV--Establishing Permit Conditions
Chapter V--Continuing Enforcement Objectives

i
f In an attempt to make this document as concise and functional as
possvb]e, the remaining sections are highly referenced, providing background

descr1pt1ons of standard methods as appropriate and referring to readily

|
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avaﬁ]ab]e EPA documents for the details associated with established proce-
durés. For further information on the proposed rules, specific limitations,
equat1ons, and general background on sewage sludge incinerators, the reader is
referred to the proposed rule and preamble (Federal Register, February 6, 1989)
and the technical support document for sewage sludge incineration (EPA, 1989a,

wh1ch is available from EPA).

l

II. !TESTING AND MONITORING ACTIVITIES

| The permitting program for sewage sludge incinerators is based upon
11m1t1ng the toxic metal loading to the incinerator and continuously moni-
tor1ng key indicators of adequate combustion and air pollution control. This
requnres (1) a continuing siudge characterization program to assess the input
of meta]s and (2) instruments for continuously monitoring the operating
parameters. Facilities must also measure stack emissions to develop site-
spec1f1c control - efficiency factors and conduct dispersion modeling to
ca1cu1ate a site-specific dispersion factor. These are used to caiculate
s1te ~-specific operating 1limits. This chapter describes the testing,
momtormg, and modeling options available to satisfy the needs of the sludge
1nc1nerator permitting program.

I

'A.  SAMPLING AND ANALYSIS OF SLUDGE INPUTS

Sludge inputs to incinerators must be character1zed at a minimum in
terms of the concentrations of toxic metals. The metals concentrations are
used in a calculation to compute the allowable concentration of each metal in
the feed sludge and the allowable maximum feed rate of sludge to the
1nc1nerator. These calculations are based upon the risk factors associated
w1th‘each of the toxic metals. (The equations and basis for these calcu-
1at1ons are provided in the preamble and proposed rules 1n the February 6,
1989, Federal Register).

|
i
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The best sludge characterization data will result from a long-term
samp11ng and analysis program that is designed to m1n1m|ze the effect of
random variation in sludge quality. Suggested methods for developing such a







program are provided in the POTW Sludge Sampling and Analysis Guidance Document
(EPA' 1989c). This document notes the importance of addressing anticipated
cyclic variation in poliution loading and treatment plant characteristics in
characterizing the sludge characteristics. Additional guidance on sampling
plan| design can be found in Chapter 9 of SW-846 (EPA, 1986). This chapter
prov?des guidance on designing a sampling plan to demonstrate that a
particu]ar waste (sludge) is beneath a particular regulatory limit (calculated
maximum sludge concentration for metal of interest).

1. Frequency of Sampling:

! Ideally, sludge characterization data used for determining permit
11m1ts for sludge feed rates will result from a long-term sampling and
ana]ys1s program or at least from a shorter term program specifically designed
to co]]ect samples that are representative of the expected range of vari-
at1oT. An exception will be the sampling programs designed to determine
control efficiencies of toxic metals in an incineration facility. Such tests
(des¢ribed in Section C of this chapter) will be based upon only the charac-
teri?tics of the sludge fed to the incinerator at the time of the test.

E Continuing sludge characterization is required dur1ng the 1life of

each' operating permit. Required minimum frequencies (e.g., monthly,
quarter1y, or annually) for sampling and analysis of input sludge are based °
upon{the design capacity of the treatment works, as described in Subpart I of
the @roposed rules.

2. Access to Sludge Inputs and Sampling Methods:

;
L Suggested sampling points and sampling methods are described in EPA
(1989c) Each facility is required to provide access to the sewage sludge

feedlso that representative samples of the sewage sludge can be collected.
MaJor considerations for sampling include the following:

'
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%- Each grab sample should be collected in a manner to be as
| representative per guidelines (EPA, 1989c) as possible of the total
] flow stream.  Particular attention should be paid to obtaining
Z samples which are representative of both liquids and solids
! fractions of the sludge. Metal concentrations for some sludges are
| higher in the solids fraction.

. Efforts must be made to minimize the possibility 6f contamination or
any other potential chemical change to the sample during sampling
and subsequent handling/storage prior to analysis.

@ 3. Analytical Methods For Metals:

| Measurements of the sludge for metals concentration are required.
The fol]owing discussion concerning these analyses are based upon guidance in
the Hazardous Waste Incineration Measurement Guidance Manual (EPA, 1989b), POTW
Sludée Sampling and Analysis Guidance Documnent (EPA, 1989c), and Proposed Methods
for Azleasurements of CO, O,, THC, HCI, and Metals at Hazardous Waste Incinerators
(EPA, 1989e).
§

.[ . The physical properties of the waste and the calculated regulatory
thresho]d limits (equations 1, 2, 3, and 4 of the proposed rule) should guide
the cho1ce of sample preparation and analysis methods. The method of sample
preparat1on should be sufficiently rigorous to provide for complete digestion
of the sludge, and the analytical technique must provide sufficient
sen51t1v1ty to generate reliable data at the concentration levels of
reguiatohy concern. For example, 1if the regulatory 1limit is low,
determ1nat1on of arsenic by inductively coupled plasma would not provide an
adeqdate detection 1imit of sufficient sensitivity, and the more sensitive
techq1que of graphite furnace atomic absorption would be appropr1ate.

% The last two guidance documents in the previous paragraph give
genera] background information on metals analysis. Table II-1 summarizes the
spec1f1c methods given in the guidance manuals. The methods come from SW-846
(EPA[ 1986) with the following specific recommendations:

|
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TABLE II-1

METHODS OF PREPARATION AND ANALYSIS OF -
SLUDGE _SAMPLES FOR METAL ANALYTES

:Ana1ysgs
Analyte Preparation Method Analysis Method ~__Type
As 3050 6010 . 1cP
3050 7060  AAS-GF
7061 7061 Hydride
Be 3050 7090 ' AAS-DA
3050 6010 IcP
3050 7091 AAS-GF
Cd 3050 7130 AAS-DA
3050 6010 1cP
3050 7131  AAS-GF
Cr 3050 7190 AAS-DA
3050 6010 IcP
3050 7191 ~ AAS-GF
Pb 3050 7420  AAS-DA
3050 6010 IcP
3050 7421  AAS-GF
Hg 7471 7471 AAS-CV
Ni 3050 7520 " AAS-DA
3050 6010 1CP

& A11 methods come from the Test Methods for Evaluating
Solid Waste (SW-846 Third Edition, November 1986).
b AAS-DA: Atomic absorption spectrometry by direct
aspiration method. ‘
AAS-GF: Atomic absorption spectrometry by graphite
furnace method. ‘

AAS-CV: Atomic absorption spectrometry by cold vapor
method.

ICP: Inductively coupled plasma atomic emission
spectroscopy.







. Method 3050 for digestion. In Table II-1 the preferred method
is 3050 which is applicable to sludges, sediments, and soil
samples. However, if the sample is more aqueous in nature,
Methods 3010 or 3020 are suggested in EPA (1989b).

. Analysis by direct aspiration atomic spectrometry or
Method 6010 for inductively coupled plasma.

. Low concentration analysis by graphite furnace atomic
| spectrometry.

. Method 7471 for mercury cold vapor atomic absorption (CVAA).

4. Quality Assurance and Quality Control (QA/QC) Procedures:

General quality assurance and control procedures are discussed in
SW-846 and are covered in detail in EPA (1989c; 1990). The "POTW Sludge
Sampling and Analysis Guidance Document" (EPA, 1989c) states that "sludge
samﬁ]ing and analysis programs for determining compliance’ with permit
conditions should include a written QA Plan.® A QA plan gives the data
qua11ty objectives of a sampling and analysis effort and details the sampling,
ana]ys1s, qua11ty control, and quality assurance procedures which will be
emp]oyed to ensure that data quality is sufficient to support the regulatory
dec1s1ons based upon the data. A general discussion on QA plan development
: canibe found in EPA (1980). EPA (1990) contains specific information on
development of QA plans for sampling and analysis of hazardous waste
1ncinerators. Some general applicable topics concerning QA/QC are discussed

in th1s section.

l
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a. Sampling QA/QC: One primary obJect1ve in sampling for
th1s rule is to obtain representative comparable sludge samples over a
re]qt1ve1y long compliance period. The POTW sampling document (EPA, 1989c)
and;Chapters 1, 2, 3, and 9 of SW-846 are useful in designing a sampling
strategy. From a QA/QC perspective, the sampling design should be formalized
intq a standard operating procedure (SOP). This SOP should justify the sta-
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tistical design of the sampiing strategy, specify the samp]mng frequency, give
a d%ta11ed descr1pt1on of the sampling procedures, and delineate required
sample documentation. Each time a sample is taken, the documentation of the

sampiing event needs to be sufficient to demonstrate comp]ianée to the SOP.

f b. Sample custody, handling, and holding times: General
gu1dance on sample preservation, sample custody, sample storage containers,
and {o1d1ng times can be found in Section 2.5 of the POTW sampling document
and ghapter 2 of SW-846. For sample custody considerations, all samples must
be gﬁven unique identifiers which are readily traceable from the field sam-
p]iné records, through the analysis records to the final reportable data.

i Holding times, sample preservation methods, and sample

conta1ners must be specified for each analysis type and must follow the
esta?11shed guidance. Holding times are dependent upon the properties of the
sample matrix and the analytes of interest. Holding times can vary from
28 déys for mercury to 6 months for chromium. These preservation procedures
shoufd be delineated in the sampling SOP. There must be sufficient field and
1aboﬁatory documentation to ensure that sample handling and holding time
procédures were followed. A1l sample results should be reported with the
date$ of sample collection, sample preparation, and sample analysis. If the
esta51ished procedures are not followed, the acceptance of analytical data
must%be justified in terms of the end use of the information.

i

! As an additional check on sample handling, field blanks should
be co11ected on a regular basis. Field blanks should consist of a water rinse
(free of metal analytes) of sampling equipment before the sample has been
co]]écted. This check will assure that the observed sample concentration was
highgr than any possible contamination from sample handling.

§ c. Analysis QA/QC: The methods of analysis of the sludge for
meta]s should be designated during the planning stage and should also be
wr1tten as an SOP to be a companion document to the satmp'hng SOP. The

analxs1s SOP should indicate the following:

|
|
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. The sampling SOP reference.
. The estimated analyte cdncentration of regulatory concern.

. The analytical methodology.

- The QC procedures for documenting the accuracy and
precision of the analytical result.

; . The reportable data and required records for complete
i documentation.

; Each determination for metals analysis shou1d be reported along
w1thi QA/QC  information giving the precision and accuracy of the data.
Howeber, the specific analysis method and QC procedures for documenting the
prec1S1on and accuracy of the determination can vary depending upon the
1abo}atory conducting the analysis. For example, precision can be measured by
ana]ys1s of the sludge sample and a sample split, while accuracy is measured
by SP11tt1ng the sample and fortifying the split sample. - Some 1aborator1es "
use ? different method employing a control sample of known constant concentra-

tion; and multiple analyses of the control sample to provide the determination .

of bbth accuracy and precision. Control samples of metals in a sludge matrix
I N
can be commercially obtained.

é A1l the analytical methods have QC procedures concern1ng
ca11brat1on, accuracy, and precision. These should be supplemented with some
add1t1ona1 QC. To establish the precision and accuracy of metals analyses,
ana1ys1s of duplicate and analyte-fortified sludge samples is recommended. In
the kbeg1nn1ng of the monitoring program, a small study is recommended to
demopstrate acceptable precision and accuracy for the analysis of the sludge
sampies. Three sludge samples are each split into three portions. Two
port1ons are prepared and analyzed to provide precision data as percent
range. The third portion is fortified with the analyte of interest at two
timeé the level of regulatory concern and then prepared and analyzed like the
othef two split samples. Accuracy is measured as the recovery of the
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fortﬁfied analyte compared to the average analyte level found in the two
samplles for precision analysis. This precision and accuracy determination
shouﬁd be done with a single sample for every 20 field samples or once per

year, whichever is greater. The accuracy and precision should meet the

statﬂst1ca] criteria of the sampling and analysis design presented in the QA
p]an9

i

EB. MONITORING OF KEY OPERATING PARAMETERS

! Key operating parameters for sludge incinerators are monitored
cont1nuous1y to indicate that adequate combustion conditions are being
ma1nta1ned in the incinerator and to minimize toxic metals emissions. Key

parameters specifically identified in the proposed rules to be monitored
continuously include:

. Sludge feed rate.
| . Temperature.

. Oxygen.
|
i . Total hydrocarbons.
i ‘
' . Selected air pollution control device parameters.
% Maximum or minimum values will be established ?or each of these
monitored parameters. Limits are established for maximum sludge feed rate
based upon formulas provided in the proposed rule. Sludge feed rate
11m1tat1ons are based upon the risk associated with the total sewage sludge

feed | rates for all sewage sludge incinerators located at each treatment
fac1]1ty.

% Limits for maximum combustion temperature 1in - a sewage sludge
inciﬁerator and maximum oxygen content for exit gas from incinerators will be
based upon the results of performance testing. Limitations for selected

10







parameters for the air pollution control system will also be specified in a
perm1t to indicate appropriate performance of the emission control devices.
These Timits will be based upon monitored information collected during
perfermance tests.

f The following pages briefly discuss the mon1tor1ng of each of the
1dent1f1ed parameters.

i
t

1. Sludge Feed Rate:

i
E Although the sludge feed rate to a sewage sludge incinerator can be
monifored by a variety of flow devices, conveyor weighing systems and

vo]umetr1c methods appear to be the most common methods used.

E Conveyor weighing systems include belt weighers and weigh
beité/augers. A11 conveyor weighing systems are fairly similar in operation,
ma1n1y differing because of placement locations of the weighing device. 'In
general the accuracy of these systems is around +2%. Sludges can be moni-
toreq with the systems, provided that wet material does not drain off the
convéyor belt. Screw augers, however, may be used in such cases to replace
the ?onventiona] conveyor belt. A summary of details on‘weight belt/auger

systems is provided in Table II-2.

v; Volumetric methods include calibrated augers and pumps, rotary
feeders, and belt conveyors. These systems are not generally available
precé]ibrated but must be calibrated by the user for each particular feed
material The accuracy of the method depends upon steady operation at a given
speed and assumes appropriate feeders are used to ensure the cavities are
a]ways filled to capacity. Most of these methods can provide some kind of
tachometer signal to indicate speed, which must be related to feed rate by
perform1ng calibration tests. A summary of details about calibrated screw
feeders used in sewage sludge applications is provided in Table II-2.

| Each selected feed rate device must have an accuracy of at least +5%
over | its operating range. The device must be designed and installed to
facilitate periodic recalibration of the device over its operating range

(i.e., a zero adjustment and an adjustment near the maximum fiow rate).

11







; TABLE II-2
é SUMMARY DETAILS ON TWO COMMON SLUDGE FEED RATE MEASUREMENT DEVICES

Weigh Belts or Augers

Operation/implementation: This is a combination belt scale and conveyor
system. A prefeeding unit (typically an auger screw) feeds material onto a
conveyor belt, which is mounted on a weight sensor (i.e., load cells). As the
weight of material is sensed, adjustments to the screw speed are made by a
microprocessor/controller, enabling a constant mass feed rate to be
achi?ved. Similar systems are available which use an auger conveying system.

Usagé: A11 types of solids, granules, and powders. Uses include sewage
sludge and shredded metal.

Operéting range: Capacity typically is 60 1b/hr to 48,000‘1b/hr (based upon
average density of 40 1b/ft3 on a dry material basis).

Output: Typically mass flow rate and totalization.

Measurement frequency: Continuous, with signal averaged at l-min intervals.

Calibration: Weigh system is counterbalanced and includes electronic

adjustments for any on-site dampening necessary. Load cells may be calibrated
by vqndor.

Accuracy: +1% based upon 1l-min sampling cycles.

Limitations: Due to effects of momentum, shifting weights, etc., feeds of
widely varying density will affect accuracy somewhat, perhaps to #3%. Over-
load ‘of weigh belt may cause poorer performance as well. May not give direct
indication of weight charged to incinerator. (The material may "roll along
the ¢onveyor, so that its velocity lags behind that of the conveyor.)

Noteé: Similar operations can be installed with feed systems other than
conveying belts. For example, a screw auger can be mounted upon the weight
sensors, thereby making a weigh auger system.

;
I
i
:
i
!
i
i
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(continued)

|
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TABLE II-2 (CONCLUDED)

Calibrated Screw Feeders

Operation/implementation: A vibrating (to maintain constant flow) hopper
filled with process material empties into a screw auger which has been cali-
bratpd by the vendor or user to give a volumetric feed rate. Auger speed can
be varied, allowing for a broad range of volumetric feed rates, dependent upon

the size of the auger screw.

Usagé: Used for dry materials of fairly consistent density including powders
and granuies, solvent-laden filter cakes at an industrial facility, sewage
s]udge, and contaminated soil.

Operhting ranges: 0.04 ft3/hr maximum up to 600 ft3/hr maximum depending upon
sizel of the auger screw and rotational speed. For a dry material basis of
40 1?/ft3, this amounts to 1.5 1b/hr maximum up to 24,000 1b/hr maximum. '

Outght: Tachometer reading indicates rpm which correlates with volumetric
feed rate. '

Measurement frequency: Continuous.

Calibration: Tachometer of screw calibrated by rpm, which is correlated to
vo]ume of materials tested.

Accu}acx: +2% of set rate.

1 ‘
Limitations: Due to volumetric calibration of feed system, use with materials
of varying density may not provide suitable mass feed rate.

t
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; 2. Temperature:

’ Temperatures within a sewage sludge incinerator are typically
mon1%ored by thermocouples 1located at various points within the system.
M1n1hum required Tocations for thermocouples are specified in the proposed
ru]%s for multiple hearth, fluidized bed, electric, and rotary kiln incin-
erators. Maximum temperatures in the combustion zone (or outlet duct) are
monitored to minimize the emission of toxic metals from the incinerator.

i

The thermocouples are always enclosed-in a thermowell to protect the
smalll thermocouple wires and the critical thermocoupie "hot" junction from
direct exposure to the combustion gases and entrained dust particles. Thermo-
coupﬁes are usually located near the exit of the combustion chamber to provide
a representative temperature reading away from the flame zone, which can
otherwise cause erratic temperature readings as well as damage to the thermo-
coup?e. Thermowells may extend several inches past the inner wall of the
refractory into the gas stream, or may extend only to the depth of the
refractory. Thermowells that extend past the refractory provide a more
accurate measure of the gas temperature and respond more quickly to tempera-
ture; changes; however, this type also may be subject to dust and slag buildup,
wh1ch can slow response to temperature changes. Thermocouples may also be
1oca¢ed upstream of the air pollution control system to provide a warning or
control mechanism for high temperaturelexcursions that could damage control
equipment.

i

E Thermocouples are available in a variety of types, with each type
constructed of specific metals or alloys. The temperature ranges and reported
accuracy vary by type. The environment the thermocouple is suited for also
var1es.

E

i
i
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A summary of thermocouple types and 1imitations is given below.

Upper Thermocouple

Temp. Accuracy
Type Materials (°F) (%) - Environment
J Iron/constantan 1400 0.75 Reducing, vacuum, or
inert
E Chromel/constantan 1650 0.50 Oxidizing or inert
K Chromel/alumel 2300 0.75 Oxidizing or inert
S Pt 10% rhodium/pure Pt 2650 0.25 Oxidizing or inert
! (no metal tubes)
R Pt 13% rhodium/pure Pt 2650 0.25 Oxidizing or inert
(no metal tubes)
B Pt 30% rhodium/pure Pt 3100 0.50 Oxidizing or inert
: 6% rhodium (no metal tubes)

'
i

Note: Accuracies do not consider environmental effects or location.

Source: Complete Temperature Measurement Handbook and Encyrlopedla, Omega
; Eng1neer1ng Inc., 1986.

{

; Rep]acement thermocouples must always be the same type as the
or1g1na1 because the receiver to which a thermocouple is connected is designed
to rece1ve the signal from a specific type of thermocouple. Thermocouples
generate a small millivolt signal that increases with increasing temperature,
but the amount of voltage for a given temperature is different for each type
of thermocoup]e. It is important to realize that thermocouples operate on the
bas1§ of a junction between two different metals that generates only a small
mi]]hvo]t signal. Consequently, any wiring connections from the thermocouple
to tbe receiver or any interfering electrical signals can affect the resulting
temperature reading. This sensitivity necessitates the special shielding of
the &1re in electrical conduit.

E Although thermocoupies typically are very re]iab]é, they can fail or
give?erroneous readings. For example, a thermocouple junction or wire may
break after 1long exposure to high temperatures or repetitive cycling.
However, a thermocouple can g1ve erroneous readings for reasons that are not
as obv1ous as a broken junction or wire. For example, if mechanical vibration
abrages the insulation and one of the thermocouple wires comes into contact
with; the metal wall of the thermowell or other grounded metal surface, an

15







r

erroneous temperature reading will Tikely result. As noted earlier, faulty
thermocoup1e readings may also be the result of external conditions; for
examp1e, excessive dust buildups around a thermowell can insulate it from the
gas stream and result in erroneously low temperature readings. To have the
abi1§ty to compare readings to didentify a faulty thermocouple, dual
thermocouples are often used at nearby locations in the incinerator chamber.
A1so; the second thermocouple enables continued monitoring of temperatures
whi]% the faulty thermocouple is being checked or replaced.

E Periodic replacement of thermocouples, and checking the phyéica1
1ntegrity of the thermowell and any outer dust buildup, is probably the best
mainfenance procedure. Because it is not practical to perform a high tempera-
ture calibration of the thermocouple, only periodic replacement ensures that a
prop?r1y operating thermocouple is in place. The receiver should be checked
periodically using calibrated equipment that produces a known millivolt signal
equ1va1ent to a specific temperature reading for a particular type of thermo-
coup]e. The generated signal can be applied to the thermocouple leads to
chec% that the receiver's output produces the correct "temperature" reading.

|
f 3.  Oxygen:
E Oxygen in the exit gas is monitored continuously in a sewage sludge

e el . s . . . e .
1nc1?erator as an indirect indicator of gas velocity in the incinerator.

E Oxygen monitors may be of two types: in situ or extractive. In
s1tu'mere1y means that the analyzer's sensor is mounted in direct contact with
the gas stream. In an extractive system, the gas sample is continuously
w1thdrawn (extracted) from the gas stream and directed to the analyzer which

may be located several feet or several hundred feet away.

% Extractive analyzers include a conditioning system to remove dust
and mo1sture from the gas sample; thus, the oxygen concentration measurement
is on a dry basis. In situ analyzers, on the other hand, do not include a
cond]t1on1ng system, and the oxygen concentration measurement in on a “"wet
basis." For the. same gas stream, the oxygen measurement obtained with an in
situ, analyzer will be slightly Tower than that obtained with an extractive

1
i
;
|
!
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ana1yzer. For example, a typical combustion gas stream that contains 10%
watef vapor will yield a reading of 8% oxygen using an in situ analyzer and a
readﬁng of 10% oxygen using an extractive analyzer. The oxygen values for

sewa?e sludge incinerators must be reported on a dry basis.

% Oxygen analyzers are capable of good accuracy (%1% of full scale) as -
1onglas the actual gas to be sampled reaches the analyzer (no pluggage or
in- 1eakage of air), the conditioning system (if one is present) is operating
properly, and the instrument is calibrated. Electrocatalytic in situ monitors
havefrapid response time (i.e., seconds). The response times for polaro-
grapnic and paramagnetic extractive analyzers are slower (several seconds to a
minute). Extractive systems inherently involve Tlonger response times, usually
on tbe order or 1 to 2 min, depending on the sampling rate and the volume of
the sampling line and conditioning system.

é Problems with oxygen analyzer systems may be difficult to discern
s1nce they commonly are associated with slowly developing pluggage in the
system, or small air in-leaks, etc. The extractive systems should be checked
da11y by the operators, and maintained and calibrated on a weekly basis by the
1ncinerator instrument personnel. ‘

t

E a. In situ oxygen analyzers: In situ analyzers provide rapid
response to changes in the oxygen content of the gas because the sensor is in
direét contact with the gas stream. In most cases, the sensing element is
enc]ésed in a sintered stainless steel tube, which allows the gas to permeate
thromgh the tube but prevents particles in the gas stream from entering. Most
in s1tu oxygen analyzers are equipped with connections 'so that zero gas
(nitrogen) or calibration gas (air) can be flushed through the permeable tube
in contact with the sensing element. Flushing provides a means of zeroing and
spann1ng the analyzer, and also creates reverse flow of gas through the
permeab1e tube that helps to remove dust particles that eventually will clog
the tube and slow the detector's response time. Even so, the tube periodi-

ca11¥ must be removed for cleaning or replaced if warranted.

Most in situ oxygen analyzers are of the electrocatalytic type,
somet1mes referred to as fuel-cell analyzers. Operation of these analyzers is

t
‘t
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|
baseb upon an electron flow created by reaction of oxygen with a solid
zirconium oxide electrolyte. Consequently, manufacturers recommend that the

sensiing element be replaced after several months of service.

E b. Extractive oxydgen analyzers: Extractive analyzers always
involve a "conditioning system" for removal of water, dust, and sometimes
othe} constituents that would interfere with operation of the analyzer. An
examb]e extractive system 1is illustrated in Figure II-1. The moisture
knockout for removal of water vapor and the normal connect1ons for zeroing and
ca11brat1ng the analyzer are shown.

i The integrity of the sample 1ine and the conditioning system is
crucﬁa] to obtaining a representative sample and accurate results. Any
in-leakage of air can drastical]y distort the reading. The extractive system
requires a pump to draw the sample gas continuously through the sample line,
condht1on1ng system, and analyzer. Most systems include a small rotameter
(f]oneter) which shows that sample gas is flowing through the system. This
flowmeter is always one of the first items that should be checked if any
probllem is suspected because 1oss of flow will occur if the pump fails or the
systém is plugged. However, even if the flow rate is correct, the measured
gas concentrat1on will not be correct if there is any prob1Pm with the leakage
of aqr into the gas sample.

! - Two types of extractive oxygen analyzers, paramagnetic and polaro-
graph1c analyzers, are available in addition to the electrocatalytic type
descr1bed previously for 1in 'situ analyzers. Paramagnetic analyzers measure
the pxygen concentration as the strength of a magnetic field in which oxygen
mo]ebu]es are present. Oxygen molecules are somewhat unique in displaying a
permanent magnetic moment (paramagnetism), allowing oxygen concentration to be
d1fferent1ated from the stack gas sample. Calibration is performed by moni-
tor1ng an inert gas such as nitrogen (zero) and a gas of known oxygen
concéntration (span). A potential problem with this type of analyzer is its
suscéptibility to paramagnetic molecules other than oxygen. Nitrogen oxide
and fm‘trogen dioxide in particular display a high degree of paramagnetism
(about one-half that of oxygen), but their concentration 1is usually Tow
compared to that of oxygen.

t
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oxyg%n to pass through a selective, semipermeable membrane and react at an
electrode in an oxidation-reduction reaction. Measuring the current

Polarographic analyzers monitor oxygen concentration by allowing

prodbced by the reaction indicates the oxygen concentration. Improper
condktioning of the sample gas is a potential problem with these analyzers,
sincF moisture and particles will hinder performance of the semipermeable
membrane. Calibration 1is performed by zeroing with an oxygen-free gas
(nit}ogen) and spanning with a gas of known oxygen concentration (e.g.,
airx. Furthermore, these monitors contain a liquid electrolyte that has a
11m1&ed 1ife span and must be replaced at regular intervals.

% Additional background information on oxygen monitors is available in
EPA | (1979), additional guidance on the operation and calibration of oxygen
monftors is provided in EPA (1989e).

4, Total Hydrocarbon:

|
i
| THC is tontinuous1y monitored in a sewage sludge incinerator as an
indirect indicator of combustion efficiency for organic material in the
s]que. The method measures the total hydrocarbons as a surrogate for the
toti1 gaseous organic concentration of the combustion gas stream. The concen-
traﬁion,is expressed in terms of propane. A gas sample is extracted from the
souﬁce through a heated sample line, if necessary, and a fiber filter to a
f1ade'ionization detector (FID). A standard method, Method 25A (40 CFR 60,
Appendix A), is provided as Appendix B of this document. Another variation is
presented in MRI (1989e) and is currently undergoing review at EPA.
; ‘

E The monitors equipped with FIDs essentially respond to unoxidized
carﬁon. Monitoring efficiency remains relatively constant over a wide range

of doncentrations. However, water vapor may have an effect on response.

|

; A wide variety of FID systems are commercially available for THC
monftoring. A sample is usually extracted using a diaphragm pump. Prior to
entéring‘the FID, moisture may be removed by use of a condenser, and particu-
1at§ may be removed by use of one or more filters. Calibration gas may be
injected into the monitor immediately after the sample probe (i.e., before
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fi]t#rs and condensers) or immediately before the FID analyzer (i.e., after
f11t%rs and condensers). A recent survey of manufacturers and facilities that
use ETHC monitors indicated that the THC monitoring systems were operated
contﬁnuous]y on hazardous waste incinerators with reliability (MRI, 1989). .

1
i

5. Air Pollution Control System:

E Permits for sewage sludge incinerators will include permit limits
anchontinuous monitoring requirements for selected parameters that indicate
adequate performance of air pollution control (APC) devices. Such
requﬁrements will be developed on a case-by-case basis, depending on the APC
devﬂce used and facility-specific issues.

f Selected APC parameters are monftored continuously to indicate that
thegAPC system is operated and maintained to meet all app]icab1e requirements
and to minimize toxic metal emissions. A 1ist of performance indicator param-
eteﬁs for various APC technologies is presented in Table {I-3 along with the
comﬁon measuring devices for the respective parameters.

|

§ The performance indicator parameters include (a) APC technology-
specific parameters and (b) universal APC parameters. - Examples of APC
tecﬁno1ogy—specific parameters include pressure drop and Tiquid flow for wet
scrubbers, and secondary voltage and secondary current for wet electrostatic
preQipitators (ESPs). Because the performance of all APC devices is
inffﬁenced by gas flow rate and gas temperature, these two parameters are
conéidered to be universal APC parameters and are included for each APC
tecﬁno]ogy.
|

i

6. Other Parameters:

'
i
i

é Other indicator parameters may be appropriate for continuous moni-
torﬁng or permit 1imits for special cases or for facilities using technologies
different from the types addressed in the proposed rules. Such requirements
woufd be developed on a case-by-case basis.
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; TABLE 1I-3

? PERFORMANCE INDICATOR PARAMETERS FOR
! AIR POLLUTION CONTROL DEVICES

} APC Device Parameter ‘Example Measuring Devices
Venthri scrubber Pressure drop Differential pressure (AP)
; - gauge/transmitter
|
i Liquid flow rate Orifice plate with aP
| gauge/transmitter
f Gas temperature Thermocouple/transmitter
| (inlet and/or ‘
i outlet)
| :
‘ Gas flow rate Annubar or induced fan (ID)
parameters
Impihgement scrubber Pressure drop AP gauge/transmitter
| | v
g _ Liquid flow rate Orifice plate with AP gauge/
! transmitter
E ‘Gas temperature Thermocouple/transmitter
? - (inlet and/or :
outlet)
Gas flow rate Annubar or ID fan parameters
M1st eliminator (types Pressure drop Differential pressure gauge/
1nc1ude a wet cyclone, vane transm1ttPr
- dem1ster, chevron demister,
mesh; pad, etc.) Liquid flow Orifice plate with AP gauge/
) transmitter
Dry Scrubber Liquid/reagent Magnetic flowmeter
(spray dryer absorber) flow rate to
E atomizer
‘ pH of Tliquid/ pH meter/transmitter
! reagent to |
| atomizer
f For rotary
! atomizer:
§ Atomizer motor Wattmeter.
| power
{
' (continued)
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Wet
itat

ﬁc filter

F]ectrostatic precip-
or (ESP)

i

TABLE II-3 (CONCLUDED)

For dual fluid
flow:
Compressed air
pressure

Compressed

airflow rate

Gas temperature
(inlet and/or
outlet)

Pressure drop (for

each compartment)
Broken bags
Opacity

Gas temperature
(inlet and/or
outlet)

Gas flow rate

Secondary voltage
(for each trans-
former/rectifier)
Secondary currents
(for each trans-
former/rectifier)
Liquid flow(s)
(for separate
1iquid feeds)

Gas temperature
(inlet and/or
outlet)

Gas flow rate

23

Pressure gauge

Orifice plate with
AP gauge/transmitter

Thermocoupie/transmitter

AP gauges/transmitters

Proprietary monitors
Transmissometer

Thermocouple(s)

Annubar or ID fan
parameters

Kilovolt wmeters/transmitter
Miiliammeters/transmitter
Orifice plate(s) with AP

gauge/transmitter

Thermocoupie(s)

Annubar or ID fan parameters







'C. STACK GAS SAMPLING

% This section describes testing activities used in determining
faciiity-specific control efficiency values for toxic metals emissions. These
effi&iency values are used to calculate the maximum allowable concentration of
toxié metals in the sludge feed and the maximum allowable sludge feed rate
to tﬁe incinerator based upon the equations provided in the proposed rule.
The test data will also be used to determine facility-specific limits for
température, oxygen, and air pollution control conditions.

i
! 1. Test Design:

E The stack test must be designed to gather all needed information in
an aéceptab]e manner. Major elements of the testing are:

E . Sampling and analysis of sludge feed for metals.
!
|

. Sampling and analysis of stack emissions for metals.
E

. Monitoring and documentation of operating conditions during the
| test (including temperature(s), oxygen, total hydrocarbon,
E sludge feed rate, and air pollution control devices).
i

A few general guidelines are appropriate:

. The test should be conducted at worst case‘conditions (i.e.,
i with the highest expected feed rate of sludge, at the highest
i temperature, etc.) for metals emissions in order to obtain the
| most flexible permit conditions. However, the system must be
E operated within 1its design specifications to demonstrate
§ adequate performance in controlling metals emissions.

|
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A11_testing and monitoring must be conducted concurrently (or
phased to account for material lag time). Sludge feed samples
must be collected and analyzed to calculate an input loading
rate for each investigated toxic metal for comparison with
outlet emission rates.

Three replicate test runs are requested for each specific set
of operating conditions. This provides added assurance that
the incinerator is operating in a consistent manner. Operating
conditions should be maintained as consistently as possible for
the three test runs.

Measurements of temperature; oxygen, THC, sludge feed rate, and
air pollution control indicators should be recorded continu-
ously, or, at a minimum, every 60 sec.

A1 monitoring instruments should be recalibrated immediately
prior to and after the test. Documentation of calibrations
should be included in the test report.

Sludge feed samples should be collected at\]east every 15 min
during each stack sampling test period. Individual samples can
be composited into one sample analyzed per test run.

Sampling should not begin until the incinerator has reached a
steady state on sludge feed. A minimum of 60 min (or 120 min
for a multiple hearth) of operation feeding sludge is recom-
mended prior to sampling. :

Minimum stack sampling time for each run (agtua] sampling time
not including time for port changes, etc.) should be 1 hr.

Custody procedures should be'used for handling all samples.
Full chain-of-custody procedures are typically much more labor-
intensive but may be used at the applicant's option.
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information and data necessary to calculate final results and
verify quality assurance objectives. Results should be
presented in as clear and succinct a format as possible.

I
!
E . Results should be reported in a format which includes all
|
i

2. Methods for Measuring Metals Emissiohs:

Specific EPA methods for sampling and analysis of metal emissions
are |Method 12 for lead, Method 101A for mercury, Methods 103 and 104 for
beryﬂ11um, and Method 108 for arsenic. These methods may be applicable to
sewage s]udge incinerators in cases where only one metal is being
inve%tigated. ~ However, for the past 3 years a method has been under
deveﬁopment for sampiing and analysis of multiple metal analytes, "Methodology
for | the Determination of Trace Metal Emissions 4in Exhaust Gases From
Statﬁonary Source Combustion Processes." A copy of this method is provided in
Appendix A. Currently the draft method can be applied to 16 analytes. This
makes the “Multiple Metals Method" highly appropriate for the sampling and
ana1§s1s of the regulated metals emitted in the exit gas from a sewage sludge

1nc1nerator.
@

E The Multiple Metals Method is a variation of U.S. EPA Method 5
- (40 &FR 60, Appendix A) which was originally used to sample particulate matter
emitied from power plants. In Method 5, samples are taken at several desig-
nated sampling points in the stack, which represent equal av'eas. At each sam-
p11ng point, the velocity, temperature, and static pressure of the
partﬁcu]ate—1aden gas stream are measured. The sampling brobe is placed at
the first sampling point, and the sampling apparatus (commdn]y referred to as
the &amp]ing train) adjusted to take a sample at the conditions measured at
fhis'point. The sampling probe is then moved to the next point, and the pro-
cesst1s repeated continuously until a sample has been taken from each desig-
nated sampling point. To achieve valid results in a part1cu1ate source test,
the Pamp]e must be withdrawn at the same velocity as the flow of gas in the
stack. This is commonly referred to as isokinetic sampling. Measurement of
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; |
stac$ conditions allows adjustment of the sampling rate to meet this
requ%rement.

¥
&

As the gas stream proceeds through a Method 5 sampling train, the
partﬁcu]ate matter is trapped on a filter, the moisture s removed, and the
vo]uhe of the sample is measured. Upon completion of sampling, the collected
mate%ia] is recovered and sent to a laboratory for analysis.

Since the metals emitted from a sewage sludge incinerator may be in
a solid form within the particulate or in a volatile form within the gas
stream, a modification of the Method 5 train is necessary to collect appro-
pria&e samples for analysis of all of the regulated toxic metals simultane-
ous]&. Appendix A of this document contains the draft metals protocol
Methodology for the Determination of Trace Metal Emissions in Exhaust Gases From
Stati:onary Source Combustion Processes. This method describes the only system
that, has been proposed to collect both the volatile and nonvolatile fraction
of ﬁhe stack gases. This draft protocol will be incorporated into a methods
document under preparation by EPA's Office of Solid Waste as background for
propbsed amendments to the RCRA incinerator regulations, and is also appro-
pria@e for sampling sewage sludge incinerators.

5 The metals train contains special solutions in the impingers to
co]lhct volatile metals. A glass probe tip is used. Full instructions on the
sampﬂing apparatus, sampling procedure, recovery of the samples, analysis, and
qua]ﬁty assurance/quality control associated with the metals train is provided
in APpendix A.

% As a special note, sampling specifically for hexéva]ent chromium (as
opposed to trivalent or total chromium) presents several problems. These
prob?ems are the stability of the sample and recovery efficiencies when
sepa%ating .Tow level samples. Both oiidizing and reducing materials may
affe?t the stability of the samples and produce errors in the determination.
At this time, EPA has a first draft of a procedure for collecting and

ana]&zing chromium(VI) stack samples. This is included in Appendix C.
|
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3. QA/QC for Metals Determinations in Stack Samples:

|
5
f
E
1

i As noted previously, the "POTW Sludge Sampling and Analysis
Guidénce" (EPA, 1989c) recommends a QA plan for s1ddge sampling and
analysis. The EPA also recommends a QA plan for demonstration tests at
haza%dous waste incinerators (EPA, 1990). Any demonstration test involving
stack sampling is a complex and expensive experiment; a QA p]an is recommended
to ensure that the field sampling and laboratory analysis will provide data of
"sufficient quality for regulatory decision making. Guidance on preparing a QA
planifor a demonstration test can be found in EPA (1990).

a. Method design: One of the biggest difficulties in metals
determinations in stack samples is lack of a clear target concentration. The
draff method requires specific adaptations of the procedures in order to
obta%n various detection Timits. Using the equations in the proposed rule,
the cr1t1ca1 removal efficiency can be calculated given the known sludge metal
1npuf This critical removal efficiency and the sludge metal input can then
be used to calculate the stack gas concentration and resu]ting sample concen-
tratjon for analysis. To assure reliable quantitation of the analyte in the
stack gas, the sample concentration at the critical level should be at least
f1ve‘to ten times higher than the detection 1imit specified for the method.

;

f b. Determination of precision and accuracy. The analysis for
meta]s in stack gas should be accompanied by determination of the precision
and accuracy of the measurement system. Various procedures are discussed in
EPA (1990). Precision and accuracy are determined using the QA/QC procedures
in tbe associated methods, plus additional analysis of two sets of metal sam-
pling train components fortified at the critical concentration level and pre-
pareé and analyzed along with the stack gas sampling train components.
Accuﬁacy is measured as percent recovery of fortified analyte, and precision
is méasured as the percent range of the found analyte in each of the two sets
of sémpling train components.

E c. Data reporting: Data reported for stack gas samples
shou]d be calculated according to the methods. In addition, data reported for

the removal efficiency should be uncorrected for any background levels found
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in b?anks. If significant levels are found in blanks, stack gas data should
be corrected only if sufficient statistical justification is given. Any
remova1 efficiency reported from blank-corrected data should also be reported
uncorrected for comparison.

ED. DISPERSION MODELING

i!

E In broad terms, an atmospheric dispersion model provides a
re1at1ve1y inexpensive means of predicting the impact that mass em1ss1ons from
a grven source have on ambient air concentrations experienced at 1ocat1ons
surrpunding the source. Dispersion models have a long history of application
to ériteria pollutant [e.q., part1cu1ate, sulfur ox1des (S03)] air quality
problems. For criteria pollutant ana]yses, the U.S. EPA has developed a set
of approved models and has a well established set of procedures to address
issués such as: ‘

e selection of an appropriate model given site location relative to
surrounding topography and land use; |

. meteorological data requirements; and
. source data requirements

Although there are no directly comparable procedures that are
spec1f1c to modeling metals emissions from sewage sludge incinerators, a set
of mpde11ng recommendations has been prepared for a similar source-—hazardous
waste incinerators. These recommendations borrow extensively from the

|
|
|
+
l

criteria pollutant modeling procedures.

i As an initial step in performing a dispersion analysis for a sewage
s1udge incinerator, it is recommended that the applicant become familiar with
the ]nformat1on contained in the documents given below.

|
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. Guideline on Air Quality Models (Revised), 1986, EPA-450/2-78-027R
| from the U.S. EPA Office of Air Quality Planning and Standards.
i This document is available from the National Technical Information
| Service (NTIS) as PB86-245248 and is the criteria pollutant modeling
guidance cited above.

| ® Workbook of Atmospheric  Dispersion Estimates, 1970, by
| D. B. Turner. This document is available from NTIS as PB191482.
3 This ‘document provides a very readable introduction to the
fundamentals of Gaussian dispersion models.

; The actual dispersion model programs (i.e., the computer source code
or executab]e versions) can be obtained from at least two sources. For
examp1e, one can purchase a specific model from a commercial software
vendor. There are many model vendors and one can obtain names and telephone
numﬁers for several vendors by looking at the advertisements given in the
Professional Services Directory of any recent issue of the Journal of the Air

and . Waste Management Association. Alternatively, one can obtain the most
recént version of a model by accessing the U.S. EPA's computerized bulletin
-board system (BBS) maintained by the Support Center for Regulatory Air Models
(SC&AM). For information regarding the SCRAM BBS one should write to the
fo]jowing address:

i

Support Center for Regulatory Air Models
SRAB (MD 14)

U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

i In many instances the Industrial Source Complex Long Term model
(ISCLT) will be the appropriate model for estimating the impact of emissions
from sewage sludge incinerators. This model is used very extensively in
regulatory applications. It is generally considered to be applicable unless
the! topography in the area immediately surrounding the facility (0.5 km)
con%ists of locations where the elevation exceeds the physical height of the
incﬁnerator stack. In this case it probably would be necessary to use what
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are commonly referred to as complex terrain models. These models include
COMP}EXI and LONGZ. Note that atmospheric dispersion in complex terrain is an
ongoing research area and that there are still many questions involved in
applying and interpreting the results obtained by use of the COMPLEXI and
LONGZ models.
|

III.§ REVIEWING AND INTERPRETING TEST RESULTS

E This chapter serves two primary purposes. First, it provides
desc}iptive advice to control agency permit writers who are reviewing and
intefpreting test results from sewage sludge sampling and analysis, data from
prockss monitoring instrumentation, and the results from stack sampling and
analysis of emissions from sewage sludge incinerators. Secondly, this chapter
summprizes typical reporting requirements for the testing of sewage sludge
inciberators and, thus, provides guidance to owner/operators in providing a
comphete test report to the control agency.

|
k In general, the owner/operator must provide in a report to the

control agency adequate information (see Table III-1) to develop a permit in
resppnse to the requirements of the proposed rules for sewage sludge
1nciperators. Minimum information includes a description of the incinerator
facipity, operating conditions, and monitoring instrumentation; the results of
s1udpe sampling and analysis; full stack test results including documentation
of %1udge sampling and analysis; data from the monitoring of key process
instruments; and complete documentation of stack sampling and analysis
resuhts/activities. A modeling report will be submitted to document the
dispersion factor to be used for each site.

E The findings of the stack testing should be preéented in a concise
and %comp1ete summary format, at the beginning of the test report. Test
resuﬁts, QC results, and analysis system performance should be thoroughly
discpssed and documented in the subsequent pages of the report. Sufficient
detaﬁ] is needed in the report to allow an agency reviewer to trace the calcu-
1ati?ns for all results from the summary presentation back to the raw data.
Resqlts also are compared to the original test methods to verify that all

!
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TABLE III-1

SUMMARY OF MINIMUM DATA REQUIREMENTS FOR A SEWAGIE SLUDGE
~ INCINERATOR PERMIT APPLICATION

r
'Type of incinerator

ET_ype of air pollution control
r
' Sludge characteristics

[ * Concentration of Be, Hg, Pb, As, Cd, Cr, and Ni

|

EDeta11s of adequate continuous process monitoring instrumentation
(including appropriate calibration and maintenance programs) for the

gfoﬂowmg'

Sludge feed rate

Temperature(s) (in specified 1ocat1ons)

Oxygen in exit gas

Total hydrocarbon in exit gas

Air pollution control device indicator(s)

)(-**’(-*

!
|
'
[
[
|
i

i Results of stack testing program (see Table III-4)

Values for:

L * Sludge feed rate (annual average, dry basis, daily rate)

* Stack parameters such as stack height exit -diameter, exit
temperature, exit velocity, etc.

Dispersion factor including the EPA approva] of dispersion modeling
report

*

1
t
|
|
F
|
|
:

Deta1ls of program to meet requirements for record keep1ng, reporting,
and sludge monitoring
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phaées of the sampling, monitoring, and analysis activities were carried out
in éccordance with the methods. Requirements are discussed in more detail in
the ifollowing sections. |

E A.  SEWAGE SLUDGE SAMPLING AND ANALYSIS RESULTS

i

; A report of the results of the sewage sludge sampling and analysis
is éssential]y a summary of the test results and documentation of the various
samﬁ11ng and analysis activities and requirements as discussed in Chapter II
andéin the references (EPA, 1989c; 1986). A summary of critical issues for
sewége sludge sampling and analysis is listed in Table III-2; the failure to
docqment an adequate response to any of the issues on the list may justify
issQance of deficiency comments or potentially the rejection of the results by
theECOntro1 agency as incomplete.

i

; Minimum required sludge data will be based ideally on long-term test
dat§. In addition, data must be provided for the sludge samples collected
during the stack tests; these data will be correlated with stack emissions
data to calculate facility-specific control efficiency values for regulated
toxic metals. '

g Minimum required test results for sewage sludge characterization
will include data for beryllium, mercury, lead, arsenic, cadmium, chromium,
and 'nickel.

t
1

' B.  PROCESS MONITORING RESULTS

; The control agency permit writer will evaluate the adequacy of
pro¢ess monitoring instrumentation based upon specific requirements in the
proéosed rules and the various design capabilities and practical limitations
of éach instrument, as discussed in Chapter II. Table III-3 summarizes the
critica1 issues for the monitoring of the key operating paﬁameters.

i
1
|
{

‘ As noted in Table III-1, monitored data for siudge feed rate must be
subﬁitted in a permit application to provide the minimum data requirements for
determining permit conditions. In addition, the stack test report must

5 I .

1
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TABLE III-2
CRITICAL ISSUES FOR SEWAGE SLUDGE SAMPLING AND ANALYSIS

Justification for samp1fng and analysis strategy

ﬁamp]ing frequency/number of samples

%amp11ng method and location

ko]]ection of equal volumes for each subsample making uh composite

Durat1on and timing of sampling (timing is especially 1mportant during a
stack sampling effort)

;Preparat1on of containers and equipment

Fje]d compositing methods '

|

Sample storage, preservation, holding time, and sh1pp1ng

gamp1e custody

Samp]e preparat1on methods

%nalysis parameters and methods

%Preparation and analysis of standards

%nalytical instrument operation/calibration curves
EB]anks (sampling/analysis)

EDetermination of accuracy and precision

&etection Timits

ka]cu]ation of results

b1scuss1on of the fu1f111ment and attainment of quality assurance and

Hua11ty control objectives

iD1scuss1on of any sampling and analysis difficulties

!
!
i
|
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TABLE III-3

CRITICAL ISSUES FOR_MONITORED INDICATORS OF SEWAGE SLUDGE
INCINERATOR PERFORMANCE

Monitoring of appropriate paraﬁeters
Location and number of sensors
Methods of monitoring

Instrument calibration

* Method
Frequency

*
i Documentation
3

Calibration prior to stack sampling

f Frequency of data readouts/records

Correction of data (e.g., dry basis, oxygen correction) as required
Other maintenance issues (availability of spare parté,jetc.)

Discussion of the fulfillment and attainment of quality assurance and
quality control objectives
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inc]hde documentation of the monitored parameters during each stack sampling
run.| Data to be reported and documented in the test report should include:

. A summary table of each parameter indicating average, minimum,
and maximum values for each test run.

. Printouts from a data logger or strip chart of the raw data
collected.

. Documentation of instrument calibrations made prior to the
first test (or prior to each test run if applicable).

§ . Documentation of calculations and factors used to adjust raw
i

data to final data (i.e., dry basis, oxygen correction for THC,
etc.).

g C. RESULTS OF STACK SAMPLING AND ANALYSIS
l The results of stack sampling and analysis are reported in a summary’
tabﬁe; detailed in a descriptive report of findings, methods/activities, and '
problems; and fully documented via field sheets, raw data, etc., to allow a
thoﬁough review of the requirements of the sampling and analysis methods. A
sumﬁary 1ist of critical issues for testing metals emissions from sewage
s]udgé incinerators is provided in Table III-4; the failure to document an
adequate response to any of the issues on the 1ist may justify the issuance of
Tab1e I1I-3 deficiency comments or potentially the rejection of the results by
the[contro1 agency as incomplete.
i

IV.E APPROACH TO ESTABLISHING PERMIT LIMITS
E This chapter describes how a permit writer will deve]op specific
perﬁit Timits for a sewage sludge incinerator based on the required informa-
tiod submitted by the applicant. This decision process can also be used by a
perﬁit applicant to preview possible permit conditions.

|
|
!
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TABLE III-4

CRITICAL ISSUES FOR TESTING METALS EMISSIONS FROM
SEWAGE SLUDGE INCINERATORS

|
|
!
}{
|

| Identification of sampling objectives and methods

' Location of sampling ports

Traverse points

'Absence of cyclonic flow verified

EEquipment calibration

?Stack gas velocity/flow rate calculation

'Gas analysis/calculation

iField data sheets

Isokinetic calculations

iProper temperatures maintained.

lSamp]ing rate/volume/time

Mandatory leak checks performed with acceptable resu1t<
Number of replicate runs per test cond1t1on

Samp]e recovery documentation

,Hand11ng/d1str1but1on of samples for analysis

Filter weight/moisture determination

ESamp1e storage, preservation, shipping, and holding time
ESample custody

}Samp]e preparation methods

fAna1ysis methods

;Preparation and analysis of standards

'Analytical instrument operation/calibration curves
gBlanks (sampling/analysis)

%Determination of accuracy and precision

(Calculation of results (based upon input sludge characteristics)
%D1scuss1on of the fulfiliment and attainment of quality assurance and
kquahty control obJect1ves
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E Many of the numerical permit limits are calculated using formulas
proviided in the proposed rules (Federal Register, February 6, 1989). The
specific formulas and factors are not repeated here since they are subject to
revi%ion prior to promulgation. However, the following pages discuss how a
perm?t writer will use the calculations and submitted information to develop
specific permit conditions. Individual parameters are addressed in the
fo]]bwing sections. The use of assumed factors will allow an applicant to
estimate possible permit limitations.

|
'A.. SLUDGE FEED RATE
I
i

A major objective of the sewage sludge incinerator permitting pro-
gram| is a risk-based limitation of inputs of beryllium, mercury, lead,
arseﬁic, cadmium, chromium, and nickel to each incinerator. Limitations of
meta] inputs result in limitations of potential metal emissions to the atmo-
sphere.

i The specific 1imits for each metal are based upon formulas contained
in the proposed rule that involve such factors as control efficiency and dis-
pers%on. Two major variables in each formula are the concentration of the
reguﬂated metal in the sewage sludge and the input rate of sludge to the
1nciﬁerator.

I

| .
j Sludge feed rate will serve as the continuously mdnitored parameter;
a ma*imum value specified in the permit will serve as a 1limit to the input of
the @ost critical metal, i.e., the metal that requires the lowest sludge feed
rate‘ in the risk-based calculations described in the proposed rule. In
determ1n1ng permit conditions, the concentration of each metal will be assumed
to be a constant, based upon the average of accumulated s]udge analysis data
for that metal. (Idea11y, long-term information will be available for these
evaluations.) Allowable sludge feed rates are calculated for each metal using
the lformu1a5° the Jlowest value is selected as an operating 1limit. A
cont1nu1ng sludge analysis effort, required by the regulations, serves as a
1ong term check of the validity of the average concentrat1on values used to

determ1ne maximum s1udge feed rate.

|

1
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: The individual steps of determining the maximum allowable sludge
feed rate are as follows:

1.

Gather the input information needed to use the formulas pro-
vided in the proposed rules. Inputs include:

- Average concentration of each regulated metal in the
sewage sludge (based upon long-term data collection)

- Site-specific factors for dispersion 1and control effi-
ciency obtained from site-specific studies/emission tests

Note that the calculations involve the combined feed of all
incinerators within the property 1ine of the treatment works.

Solve the formulas for sewage sludge feed rate for each regu-
lated metal.

Select the lowest calculated sewage sludge feed rate (j.e. for
the metal that requires the lowest feed rate in the formulas),
convert this value from dry basis to wet basis (based on
historic moisture data) and compare with the design (or
manufacturers recommended) maximum sludge feed rate of each
incinerator.

Select the smaller value (i.e. the Towest calculated rate or
design maximum) as the permitted maximum feed rate. The rate
should be expressed on a wet basis in the permit if monitored
by the facility on a wet basis. If the faci]ity has more than
one incinerator, allocate allowable feed rates to individual
units so that the total feed rate (to all of the incinerators)
does not exceed the sludge feed 1imit for the entire site.

| A Timited example set of calculations invoiving two metals is
provided in Appendix D of this document.
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i
; The permit will correlate the maximum allowable sewage sludge feed
ratezwith average concentration values for each regulated toxic metal. Each
facihity is required to conduct a continuing characterization of sewage sludge
in the proposed rules; if the results of this characterization indicate a
trend in averaged sludge data requiring a 10% or greater decrease in the
max1mum aliowable sludge feed rate, the permit 1imit must be modified.
L1kew1se, a facility can request a permit modification if data trends indicate
a bas1s for increasing the allowable siudge rate by 10% or greater.

i An incinerator owner/operator, as a result of completing the above
exerk1se with preliminary or estimated information, may identify a need to
modify or replace air pollution control equipment in order to maximize the

a11o@ab1e sludge feed rate limit.

%B. TEMPERATURE, OXYGEN, AND TOTAL HYDROCARBONS (THC)

1' .

' Limits for maximum temperature and maximum oxygen are based on the
cond1t1ons documented during the tests. The maximum temperature limit should
be qo more than 100°F higher than the average temperature demonstrated-during
the [tests. Likewise, the oxygen 1imit shouid be no more than 1% 0, higher
thanithe average demonstrated during the test. Oxygen 1imits are expressed on
a d%y basis. A technology-based 1imit for THC will be included 1in the
promh]gated regulation.

E C. AIR POLLUTION CONTROL LIMITS

% The selection and monitoring of selected indicators of air pollution
contro1 was addressed in Chapter II. Permit 1imits for the dindicators
se1ected by the permit writer should reflect design operating conditions
(1.e?, within design minimum/maximum ranges recommended by the manufacturer of
the %contro] device) and the operating conditions documented during stack
testing. Permit limits for the indicator parameters should not be more than
20% iabove/be1ow the average value demonstrated during the tests (e.g., a
minibum scrubber pressure drop of 16 in if the test average was 20 in or a

maximum flow rate of 120 gpm if the test average was 100 gpm.)

|
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ED. DEVIATIONS FROM LIMITS

f Permit writers should identify general requirements related to
devﬂations from limits in each sewage sludge incinerator permit. Brief
excursions above/below the maximum/minimum 1imits for continuously Tlimited
paraﬁeters are allowed if they do not cause the Timit to be exceeded for more
thaﬁ 60 min. A report must be submitted to the control agency whenever permit
1im1¢s are exceeded more than 60 min.

f E. CALIBRATION AND MAINTENANCE OF MONITORING INSTRUMENTATION

| The permit should 1include requirements for the calibration and
maintenance of instrumentation used to continuously monitor permit-limited
par&meters. Required calibration methods and the minimum frequency of
calibration should be clearly identified in each permit. The method should be
as %pecific as possible. Recommended minimum frequencies of calibration are
dai]& for oxygen monitors, daily or weekly for THC wmonitors, and every
6 m@nths for sludge feed rate and air pollution control indicators.

| Permits should also identify the key steps of a preventative
maiﬁtenance program for the THC and oxygen monitors.. The preventive
maintenance program typically is based on manufacturers’ recommendations and
incﬁudes such items as:

é 1. Checking the integrity of probe and sample T1ine and backflush-

! ing as necessary. | o

2. Checking and maintaining the sample conditioning system, e.g.,
cleaning or replacing filters.

3. Cleaning optical lens (in situ monitors).

f 4. Checking operation of recorders and data loggers (e.g., replac-
ing pens, ink, charts, etc.).







ﬁ The preventive maintenance program should be established by the
faciiity and should didentify daily, weekly, monthly, and annual maintenance
acti?ities. The permit should require a maintenance log to document adherence
to the maintenance program. |

'F.  RECORD KEEPING

Sewage sludge incineration facilities are required to maintain
detaj]ed records to document compliance with regulations and permit condi-
tion$. These records are important for compliance 1nspections conducted by
EPA §and state agency staff. The required records can be reviewed by
inspéctors to demonstrate recent and past operations at the facility. Permit
writers should be very specific in each permit in defining the following:

{ . Which records must be maintained?

I

. What is the content and format of the records?

. What is the frequency of inputs to each type of records (con-
tinuous, weekly, etc.)?

. How are the records stored for ease of access?
In general, documentation to be maintained by the facility includes:

| | . Records associated with continuously monitored operating param-
eters (e.g., strip charts, computerized logs, operator logs).

. Records associated with sludge characterization and the calcu-
| lation of allowable siudge feed rates. |

% . Calibration and maintenance logs.
| The content and format of each record should be defined in the
perm%t in sufficient detail to ensure that all needed information will be
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avaibab]e to inspectors. Records of calibrations should document date, cali-
bratﬁon method, initial reading, and final reading. The permit should clearly
iden&ify the minimum frequency of 1inputs to records (i.e. continuous strip
chaﬁts or data logging every 60 seconds). Specific requirements for strip
chaﬁts may include minimum chart speed and minimum 1abe1iﬁg of date and time

(e.gﬁ, daily manual labeling by the operator).
|
f A1l records should be stored for ease of access for inspections
(i.é., in one central location).
:

V. ;CONTINUING ENFORCEMENT OBJECTIVES

After a permit 1is issued for a sewage sludgé incinerator, the
conﬁrol agency will evaluate the facility's continuing compliance with the
appficab]e regulations and -permit conditions by reviewing submitted reports
and?conducting inspections.

The basis for enforcement includes:

i
|
| e ‘
| . Records of sewage sludge characterization.

; . Records/observations of continuously monitored operating
i conditions.

E ‘

% . Records/observation of monitoring instrumentation function.

The control agency will review submitted reports and on-site records
of continuing sewage sludge sampling and analysis to evaluate any variations
in metals concentrations that would impact the risk-based calculation of the
maximum allowable sludge feed rate.

1
|

i Inspectors will observe instrument readouts and review records of
monitored parameters to determine compliance with operating permit Timits and
repérting requirements. Observations of the function of monitoring instru-
menés and the review of calibration and maintenance records serve as a check

{
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of the completeness and vé]idity of readings and response to specific permit

requirements.

VI.

u.s.

u.s.

u.S. |

u.s.

u.s.

u.sS.
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APPENDIX A

DRAFT MULTIPLE METALS SAMPLING TRAIN PROCEDURE?

aThfs method is a preliminary draft that has not been formally released by
EPA.
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M$THODOLOGY FOR THE DETERMINATION OF METALS EMISSIONS IN EXHAUST GASES
; FROM HAZARDOUS WASTE INCINERATION AND SIMILAR COMBUSTION PROCESSES
1. épplicability and Principle
i.l Applicability. This method is applicable for the determination of
total%chromium (Cr), cadmium (Cd), arsenic (As), nickel (Ni), manganese (Mn),
beryllium (Be), copper (Cu), zinc (Zn), lead (Pb), selenium (Se), phosphorus
(P), ﬁhallium (Tl),‘siIVer (Ag), eantimony (Sb), barium (Ba), énd mercury (Hg)
emissions from hazardous waste incinerators and similar combustion processes.
This ﬁethod may also be used for the determination of particulate emissions
follo#ing the additional procedures described. Modifications to the sample
recovéry and analysis procedures described in this protocol for the purpose of
deter@ining particulate emissions may potentially impact the.front half mercury
determination.* ‘ o
) i;2 Principle. The stack sample is withdrawn isokinetically from the
sourcé, witﬁ.particulate emissions collected in the probe and 'on a heated
filteﬁ and ééseous emissions collected in a series of Chilled‘impingers
containing a s&lution of dilute nitric acid in hydrogen peroxide in two
impingers, and acidic potassium permanganate solution in two (or one)
impinéers. Sampling train components are recovered and digested in separate
front%and back half fractions. Materials collected in the sampling train are
digeséed with acid solutions to dissolve inorganics and to remove organic
constituents that may create analytical interferences. Acid digestion is
perfoémed using conventional Parr® Bomb or microwave digestion technigues. The
rnitrié acid and hydrogen peroxide impinger solution, the acidic potassium
permaﬁganate impinger solution, and the probe rinse and digested filtér
solut%ons are analyzed for mercury by cold vapor atomic absorption spectroscopy
(CVAA%). Except for the permanganate solution, the remainder of the sampling

i

i

*Fielﬁ tests to date have shown that of the total amount of mercury measured

by the method, only O to <2% was measured in the front half. Therefore, it is-
tentatively concluded, based on the above data, that particulate emissions may
be measured by this train, without significantly eltering the! mercury results. ™
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| |
trainscatches are analyzed for Cr, Cd, Ni, Mn, Be, Cu, Zn, Pb, Se, P, Tl, Ag,
Sb, Be, and As by inductively coupled argon plasma emission spectroscopy (ICAP)
or atomic absorption spectroscopy (AAS). Graphite furnace atomic absorption
spectﬁoscopy {(GFAAS) is used for analysis of antimony, arsenic; cadmium, lead,
selen{um. and thallium, if these elements require greater analytical
sensiéivity than can be obtained by ICAP. Additionally, if desired, the tester
may use AAS for analyses of all metals if the resulting in-stack method’
detéction limits meet the goal of the testing program. For convenience, v
aliqu&ts of each digested sample fraction can be combined proportionally for a
singl% analytical determination. The efficiency of the analytical procedure is
quantéfied by the analysis of spiked quality control samples containing each of
the térget metals including actual sample matrix effects checks.

|

2. éange. Sensitivity, Precision, and Interferences |

2%1 Range. For the analyses described in this methodology and for similar
analy$es, the ICAP response is linear over several orders of magnitude. Sam-
ples éontaining metal concentrations in the nanograms per. milliliter (ng/ml) to
micrograms per milliliter (ug/ml) range in the analytical finish solution can
be an%lyzed7u$§ng this technique. Samples containing greater than~ .
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted to that.
level or lower for final analysis. Samples containing greater than
apﬁro%imately 20 ug/ml of cadmium should be diluted to that level before
analy%is. -

ZLZ Anslytical Sensitivity. ICAP analytical detection limits for the
sampl? solutions (based on SW-846, Method 6010) are approximately as follows:
Sb (3? ng/ml), As (53 ng/ml), Ba (2 ng/ml), Be (0.3 ng/ml), Cd (4 ng/ml), Cr (7
ng/ml), Cu (6 ng/ml), Pb (42 ng/ml), Mn (2 ng/ml), Ni (15 ng/ml), P (75 ng/ml),
Se (fS ng/ml), Ag (7 ng/ml), Ti (40 ng/ml), and Zn (2 ng/ml). The actual
methdd detection limits are sample dependent and may vary as the sample matrix
may %ffect the limits. The analytical detection limits for analysis by direct
aspination AAS (based on SW-846, Method 7000) are approximately as follows: Sb
(200 ng/ml), As (2 ng/ml), Ba (100 ng/ml), Be (5 ng/ml), €d (5 ng/ml), Cr (50
ng/mﬁ). Cu (20 ng/ml), Pb (100 ng/ml), Mn (10 ng/ml), Ni (40 ng/ml), Se (2
ng/m%), Ag (10 ng/ml), T1 (100 ng/ml), and Zq (5 ng/m;). The}detecgion limit
for mercury by CVAAS is approximately 0.2 ng/ml. The use of (GFAAS can give
addeé sensitivity compared to the use of direct aspiration AAS for the
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follo;ing metals: Sb (3 ng/ml), As (1 ng/ml), Be (0.2 ng/ml), Cd (0.1 ng/ml),
Cr (lfng/ml), Pb (1 ng/ml), Se (2 ng/ml), and T1 (1 ng/ml).

U%ing (1) the procedures described in this method, (2) the analytical
detecﬁion 1imits described in the previous paragraph, (3) a volume of 300 ml
for tﬁe front half and 150 ml for the back half samples, and (4) a stack gas
sample volume of 1.25 m3, the corresponding in-stack method deﬁection limits
are pgesented in Table A-1l and calculated as shown: |

i :
AxB _

C D

analytical detection limit, ug/mi.

volume of sample prior to aliguot for analysis, ml.
stack sample volume, dscm (dsm3). '

in-stack detection limit, ug/m3.

¥
{
|
b
where:
|
|

I
! o
Valueé in Table A-1 are calculated for the front and back half and/or the total

U O wH

g 4 % u

train.

. Té ensure optimum sensitivity in obtaining the measurements, the
conceytrations of térget metals in the solutions‘a;e suggested to be at least
ten t#mes tpe snalytical detection limits. Under ce:tain conditions,‘and with
great?r care in the analytical procedure, this concentration can be as low as
approximately three times the analytical detection limit. In all cases,
repetitive analyses, method of standard additions (MSA), serial dilution, or
matri% spike addition should.be used to establish the quality of the data.

Actual in-stack method detection limits will be determined based on actual
sourc% sampling parameters and analytical results as described sbove. If
requi&ed. the method in-stack detection limits can be made more sensitive than
thoseishown in Table A~1 for a specific test by using one or more of the

folloﬁing options:

|

© A normel 1-hour sampling run collects a stack gas sampling volume of

é about 1.25 m3. If the sampling time is increased and 5§ m3 are

E collected, the in-stack method detection limits would be 6ne fourth of
the values shown in Table A-1 (this means that with this change, the
method is four times more sensitive than normal). o '

The in-stack detection limits assume that all of the $ample is digested

NS o E .

(with exception of the aliquot for mercury) and the final liquid
volumes for analysis are 300 ml for the front helf and 150 ml for the
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TABLE A-1. IN-STACK METHOD DETECTION LIMITS (ug/m3)
FCR TRAIN FRACTIONS USING ICAP AND AAS

| Front Half

Back Half, Back Half,

| Fraction 1 Fraction 2 Fraction 3 Total Train
Metal Probe and Filter Implngers 1-3 Impingers 4-5
Antimony 7.7 (0. 7)' 3.8 (0.4)’ 11.5 (1.1)*
Arsenic 12.7 (0.3)* 6.4 (0.1)* 19.1 (0.4)*
Barium 0.5 0.3 0.8
Beryllium 0.07 (0.05)* 0.04 (0.03)* 0.11 (0.08)*
Cadmium 1.0 (0.02)* 0.5 (0.01)* 1.5 (0.03)*
Chromium 1.7 (0.2)* 0.8 (0.1)* 2.5 (0.3)*
Copper 1.4 0.7 2.1
Lead ! 10.1 (0.2)* 5.0 (0.1)* 15.1 (0.3)*
Manganese 0.5 (0.2)* 0.2 (0.1)* 0.7 (0.3)*
Mercury 0.05%* 0.03** 0.03** 0.11%+
Nickel 3.6 1.8 5.4
Phosphorus 18 9 27
Selenium 18 (0.5)* 9 (0.3)* ”7 (0.8)*
Silver 1.7 0.9 2.6
Thallium 9.6 (0.2)* 4.8 (0.1)* w 4(03P
Zinci 0.5 ‘ 0.3 ¢.8

{)* Detectlon limit when analyzed by GFAAS.
haliad Detection limit when analyzed by CVAAS.
Actual method in-stack -detection limits will be determlned based

on actual source sampling parameters and analytical results as .
descrlbed earlier in thls section.

i
back half sample.

the values shown above (ten times more sensitive).

If the‘frbnt half volume is reduced from 300 ml to
© 30 ml, the front half in-stack detection limits would be one tenth of

If the back half

volume is reduced from 150 ml to 25 ml, the in-stack detection limits

Matrix effects checks are

necessary on analyses of samples and typically are of greater signifi-

sample volume.

l
|
i would be one sixth of the asbove values.
t
1

cance for samples that have been concentrated to less fhan the normal

A volume less than 25 ml may not allow resolubiliza-

tion of the residue and may increase interference by‘other compounds.

j

of When both of the above two improvements are used on one sample at the
I
i

same time, the resultant improvements are multiplicati&e.

For example,

§ where’stack gas volume is increased by a factor of five and the total

sensitive).

liquid sample digested volume of both the front and back halves is
| reduced by factor of six, the in-stack method detection limit is
; reduced by a factor of thirty (the method is thirty times more
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o' Conversely, reducing stack gas sample volume and increesing sample
liquid volume will .increase limits. The front half and back half,
samples (Fractions 1 and 2} can be combined prior to analysis. The

' resultant liquid volume {excluding Fraction 3, which must be analyzed
% separately) is recorded. Combining the sample as described does not

; allow determination (whether front or back half) of where in the train
the sample was captured. The in-stack method detection limit then
becomes a single value for all metals except mercury, for which the

E contribution of Fraction 3 must be considered.

o The asbove discussion assumes no blank correction. Blank corrections

| are discussed later in this method.

2}3 Precision. The precisions (relative standard deviation) for each
metalidetected in a method development test at a sewage sludge incinerator, are
as fo?lows: Sb (12.7%), As (13.5%), Ba (20.6%), Cd (11.5%), Cr (11.2%), Cu
(11.5%), Pb (11.6%), P (14.6%), Se (15.3%), Tl (12.3%), and Zn (11.8%). The
preci%ioh for nickel was 7.7% for another test conducted at a source simulator.
Beryl;ium, manganese and silver were not detected in the tests; however, based
on\th? analytical sensitivity of the ICAP for these metals, it is assumed that
thein;preciéions should be similar. to those for the other metals, when.detected

i .
at similar levels.
i

4.4 Interferences. Iron can be a spectrel interference during the
analy%is of arsenic, chromium, and cadmium by ICAP. Aluminum can be a spectral
inteﬁference during the‘anaiQSis of arsenic and lead by ICAP. Generally, these
inte%ferences can be reduced by diluting the sample, but this incréases the
methoh detection limit. Refer to EPA Method 6010 (SW-846) for details on
poteﬁtial interferences for this method. For all GFAAS analyﬁes, matrix
modiﬁiers should be used to limit interferences, and standards should be matrix
matcﬂed. ‘

3. &pparatus

%.1 Sempling Train. A schematic of the sampling train is shown in Figure
A-l.i It is similar to the Method 5 train. The sampling train consists of the
following components. ' ‘

3.1.1 Probe Nozzle (Probé Tip) and Borosilicate or Quart# Glass.Probe

Lineﬁ. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzles are required

unleﬁs an alternate probe tip prevents the possibility of contamination or
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i
inte%ference of the sample with its materials of construction. If a probe tip
otheé than glass is used, nc correction of the stack sample test results can be
made %ecause of the effect on the results by the probe tip.

§.1.2 Pitot Tube and Differential Pressure Gauge. Same as Method 2,
Sections 2.1 and 2.2, respectively.

3.1.3 Filter Holder. Glass, same as Method 5, Section 2.1.5, except that
a Teﬁlon_filter support must be used to replace the glass frit.

§.1.4 Filter Heating System. Same as Method 5§, Section 2.1.6.

§ 1.5 Condenser. The following system shall be used for the condensation
and collectlon of gaseous metals and for determining the moisture content of
the stack gas. The condensing system should consist of four to six impingers
connected in series with lesk-free ground glass flttlngs or other leak-free,
non-contamlnatlng fittings. The first impinger is optional and is recommended
as a%water knockout trap for use during test conditions which require such a
trapf The impingers to be used in the metals train are now described. When
the first impinger is used as a water knockout, it shall be approprlately-sized
for an expected large moisture catch and constructed generally as described for
the flrst impinger in Method 5, Parasgraph 2.1.7. The second impinger {or the
flrst HNO /H20 impinger) shall also be as described for the first 1mpinger in
Meth?d 5. The third impinger (or the impinger used as the’ second;HN03/H202
impinger) shall be the same as the Greenburg Smith impinggr with the standard
tip éescribed as the second impinger in Method 5, Paragraph 2.1.7. All other
implngers used in the metals train are the same as the second impinger (the
flrst HNO /HZO impinger) prev1ously described in this paragraph. In summary,
the flrst impinger should be empty, the second and third shall contain known
quanyltles of a nitric acid/hydrogen peroxide solution (Section 4.2.1), the
fouréh (and fifth, if required) shall contain a known quantity of acidic
pota%sium permanganate solution (Section 4.2.2), and the last impinger shall
contain a known quantity of silica gel or equivalent desiccant. A thermometer
capa%le of measuring to within 1°C (2°F) shall be placed at the outlet of the
last impinger. When the water knockout impinger is not needed, it is removed
”fromgthe train and the other impingers remain the same. If mercury analysis is
not éeeded. the potassium permanganate impingers are removed.

3.1.6 Metering System, Barometer, and Gas Density Determination
Equipment. Same as Method 5, Sections 2.1.8 through 2.1.10, respectively.
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3?1.7 Tefion Tape. For capping openings and sealing conhections on the
sampling train.

3;2 Sample Recovery. Same as Method 5, Sections 2.2.1 through 2.2.8
(Nonmétallic Probe-Liner and Probe-Nozzle Brushes, Wash Bottles, Sample
Storaée Containers, Petri Dishes, Gless Graduated Cylinder, Piastic Storage
Containers. Funnel and Rubber Policeman, and Glass Funnel), respectively, with
the f@llowing exceptions and additions:

3;2.1 Nonmetallic Probe-Liner and Probe-Nozzle Brushes. For gquantitative
recovéry of materials collected in the front half of the sampling train.
Descr#ption of acceptable all-Teflon component brushes to be included in EPA's
Emission Measurement Technical Information Center (EMTIC) files.

3:2 2 Sample Storage Containers. Glass bottles with Teflon-lined caps,
1000-—and 500-m1, shall be used for KMnQ,-containing samples and blanks.
Polyethylene bottles may be used for other sample types.

3}2.3 Graduated Cylinder. ' Glass or equivalent.

3%2.4 Funnel. Glass or eguivalent,

3’2 5 Labels. For identification of samples.

3 2.6 Polypropylene Tweezers and/or Plastlc Gloves. For récovery of the
'fllter from the sanpling train filter holder. ' ‘

3 3 Sample Preparation and Analysis. For the analysis, the following
equiphent is needed:

3 3.1 Volumetric Flasks, 100 ml, 250 ml, and 1000 ml. Fér preparation of
standards and sample dilution.

3.3.2 Graduated Cylinders. For preparation of reagents. .

§ 3.3 Parr® Bombs or Microwave Pressure Relief Vessels with Capping
Statfon {CEM Corporation model or equivalent).

3 3.4 Beakers and Watchglasses. 250 ml beakers for sample digestion with
watc@glasses to cover the tops. '

-3.3.5 Ring Stands and Clamps. For securing equipment such as filtration
appaﬁatus. ‘

3.3.6 Filter Funnels. For holding filter paper.

i.3.7 Whatman 541 Filter Paper (or equivalent).‘ For filtration of
digested samples.

5.3.8 Disposable Pasteur Pipets and Bulbs.

3.3.9 Volumetric Pipets.

3.3.10 Analytical Balance. Accurate to within 0.1 mg.
’ i GOCUMENT 8 8 .Precminary aran
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3.3.11 Microwave or Conventional Oven. For heating samples at fixed
power levels or temperatures.

3.3.12 Hot Plates.

3.3.13 Atomic Absorption Spectrometer (AAS). Equipped w?th a background
corrector. ,

5.3.13.1 Graphite Furnace Attachment, With antimony, arsenic, cadmium,
leadj selenium, thallium, and hollow cathode lamps (HCLs) or glectrodeless
: discﬂarge lamps (EDLs). Same as EPA Methods 7041 (antimony), 7060 (arsenic), .
7131£(cadmium). 7421 (lead), 7740 (selenium), and 7841 (thallium).

§.3.13.2 Cold Vapor Mercury Attachment. With -a mercury HCL or EDL. The
equiﬁment needed for the cold vapor mercury attachment includés an air
reci{culation pump, a quartz cell, an serator apparatus, and & heat lamp or
desiccator tube. The heat lamp should be capable of raising the ambient
temp%rature at the quartz cell by 10°C such that no condensation forms on the
wall of the quartz cell. Same as EPA Method 7470.

3&3.14 Inductively Coupled Argon Plasma Spectrometer. With either a
direﬁt or sequential reader and an alumina torch. Same as EPA Method 6010.
4, %eagenps . _ »

iness‘étherwise indicated, it is intended that all reagents conform to
the qbecificﬁtions established by the Committee on Analytical Reagents of the
Amerﬁcan Chemical Society, where such specifications are available; otherwise,
use the best available grade. |

@.1 Sampling. The reaéents used in'sampling are as follows:

4.1.1 Filters. The filters shall contain less than 1.3 ug/in.? of each of
the metals to be measured. Analytical results provided by filter ménufacturers
are écceptable. However, if no such results are available, filter blanks must
be aﬂalyzed for each target metal prior to emission testing. Quartz fiber or
glas% fiber filters without organic binders shall be used. The filters should
exhibit at least 99.95 percent efficiency (<0.05 percent penetration) on 0.3
micr&n dioctyl phthalate smoke particles. The filter efficiency test shall be
conddcted in accordance with ASTM Standard Method D2986-71 (incorporated by
refeﬁence). For particulate determination in sources containing S0, or SO.,
the ﬁilter material must be of a type that is unreactive to S0, or SO3. as
descﬂibed in EPA Method 5. Quartz fiber filters meeting these requ;réments are
reco@mended. |
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4.1.2 Water. To conform to ASTM Specification D1193.77, Type II1
(incerporated by reference). Anaiyze the water for all target metals prior to
fiel% use. All target metals should be less than 1 ng/ml.

%.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed or equivalent.

%.1.4 Hydrochloric Acid. Concentrated. Baker Instra-anélyzed or
equix;ralent.‘ | .:;,,, cecurent s & prellminary dres |

4.1.5 Hydrogen Peroxide, 30 Percent (V/V). )‘:‘a‘;:&'d‘:::'mmauy feleased by £Ps ‘

| . ) ls §lage be construea

l!}.1.6 Potassium Permanganate. ‘ “_ur ésg';sdar;; rAgnay policy. It is peing

‘ 4.,1.7 Sulfuric A¢id. Concentrated. _accuracy and H’;‘;*‘;:pzr;it;;:chmw

4.1.8 Silica Gel and Crushed Ice. Same as Method 5, Sections 3.1.2 and
3.1.4. respectively.

9.2 Pretest Preparation for Sampling Reagents.

4,2.1 Nitric Acid (HNO3)/Hydrogen Peroxide (H,0,) Absorbing Solution,
5 Peécent HN03/10 Percent H,0,. Add 50 ml of concentrated HNO, and 333 ml of

‘
30 percent H,0, to a 1000-ml volumetric flask or graduated cylinder containing
approximately 500 ml of water. Dilute to‘velume with water. The reagent shall
contaln less than 2 ng/ml of each target metal. |

4 2.2 Acidic Potassium Permanganate (KMnO,) Absorbing SoLution, 4 Percent
KMnO4 (W/V), Prepare fresh daily. Dissolve 40 g of KMn0, in sufficient 10
percent HZ'SO,‘ ‘to make 1 liter. Prepare and store in glass bot:tles to prevent
degr%dation. The reagent shall contain less than 2 ng/ml of Hg.
‘ Precaution- To prevent autocatalytic decomposition of the permanganate
solutlon, filter the solution through Whatman 541 filter paper. Also, due to
reactlon of the potassium permanganate w1th the acid, there may be pressure
bulldup in the sample storage bottle; these bottles should not be fully filled
and should be vented both to relieve excess pressure and prevent explosion due
to pressure buildup. Venting is highly recommended, but should not allow
contaminatlon of the sample; a No. 70-72 hole drilled in the EOntainer cap and
Teflén liner has been used.

4 2.3 Nitric Acid, 0.1 N. Add 6.3 ml of concentrated HNO, (70 percent) to
a graduated cylinder containing approxlmately 900 ml of water; Dilute to 1000
ml w;th water. Mix well. The reagent shall contain less than 2 ng/ml of each
target metal.

4 2.4 Hydrochloric Acid (HC1l), 8 N.  Add 690 ml of concentrated HC1 to a
graduated cylinder containing 250 ml of water. Dilute to 1000 ml with water.
Mix yell. The reagent shall contain less than 2 ng/ml of Hg.
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Q.b Glassware Cleaning Reagents.

4.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equivalent.

4.%.2 Water. To conform to ASTM Specifications D1193-77, Type II.

4, % 3 Nitric Acid, 10 Percent (V/V). Add 500 ml of concentrated HNO; to a
graduated cylinder containing approximately 4000 ml of water. Dilute to 5000
ml w1qh water.

4.% Sample Digestion and Analysis Reagents.

4.4.1 Hydrochloric Acid, Concentrated.

44.2 Hydrofluoric Acid, Concentrated.
4j4.3 Nitric Acid, Concentrated. Baker Instra-analyzed or equivalent.

uﬁu.u Nitric Acid, 10 Percent (V/V). Add 100 ml of concentrated HNO, to
800 mﬁlof water. Dilute to 1000 ml with water. Mix well. Reagent shall

conta#n less than 2 ng/ml of each target metal.

4@4.5 Nitric Acid, 5 Percent (V/V). Add 50 ml of concentrated HNO, to
800 ml of water. Dilute to 1000 ml with water. Reagent shall contain less
than é ng/ml of each target metal. .

4?4 6 Water. To conform to ASTM Specifications Di193-77.‘Type II.

4, 4 7 Hydroxylamine Hydrochloride and Sodium Chloride Solution.. See EPA
Metbod 7470 for preparation.

4ﬂ4.8 Stannqus Chloride. s
4,4.9 Potassium Permanganate, 5 Percent (W/V).

i . This docurﬁ'ant Iss -prelimtn

s , ary draf%
4.4,10 Sulfuric Acid, Concentrated. ¢ nas not besn farmally re<=arzed b7 EPA
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4.4.13 Nickel Nitrste, Ni(NO,),6H,0. ey 20d poliGy ngtiar .

4.4.14 Lanthanum Oxide, La,0,.

4{4.15 AAS Grade Hg Standard, 1000 ug/ml.
4 4,16 AAS Grade Pb Standard, 1000 ug/ml.
4.)4.17 AAS Grade As Standerd, 1000 ug/ml.
4.4.18 AAS Grade Cd Standard, 1000 ug/ml.
4W4.19 AAS Grade Cr Standard, 1000 ug/ml.
4,4.20 AAS Grade Sb Standard, 1000 ug/ml.
Li4.21 AAS Grade Ba Standard, 1000 ug/ml.
4.4.22 AAS Grade Be Standard, 1000 ug/ml.
444.23 AAS Grade Cu Standard, 1000 ug/ml.

44,24 AAS Grade Mn Standard, 1000 ug/ml.
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4.4.25 AAS Grade Ni Standard, 1000 ug/ml.
414.26 AAS Grade P Standard, 1000 ug/ml. -

4.4.27 AAS Grade Se Standard, 1000 ug/ml. T™his docurnfent B a prafiming eran
! 7 ) * has not bean fafma”y r.‘“?.d bf EPa
4.4,28 AAS Grade Ag Standard, 1000 ug/ml. 370 shoufd not at this stage ve eonstrues

T represest Agen lley, .
4.4.29 AAS Grade Tl Standard, 1000 ug/ml. tciiated tor com?n :: :;' anzl:: ::.Icn:
44,30 AAS Grade Zn Stendard, 1000 ug/ml. fecumey anc: o ey implicangae

4.4.31 AAS Grade Al Standard, 1000 ug/ml.

4,4.32 AAS Grade Fe Standard, 1000 ug/ml.

4%4.33 The metals standards may also be made from solid chemicals as
descr#bed in EPA Method 200.7. EPA Method 7470 or Standard Methods for the
Analysis of Water and Wastewater. 15th Edition, Method 303F should be referred

to fo% additional information on mercury standards. ’ ~
4.4.34 Mercury Standards and Quality Control Samples. Prepare fresh
weekl§ a 10 ug/ml intermediate mercury standard by adding 5 ml of 1000 ug/ml
mercuéy stock solution to a 500 ml volumetric flask; dilute to 500 ml by first
addiné 20 ml of 15 percent HNO3 and then adding water. Prepare a working
mercu%y standard solution fresh daily: add 5 ml of the 10 ug/ml intermediate
standard to a 250 ml volumetric flask and dilute to 250 ml with 5 ml of
-4 peréent KﬁnOh, 5 ml of 15 pefqent HNO3, and then water. At least six -
separ?te aliquots of the working mercury standard solution should be used to
prepare the standard curve. These aliquots should contain 0.0, 1.0, 2.0, 3.0,
4.0, gnd 5.0 ml of the working standard solution. Quality control samples
shoulé be prepared by making 'a separate 10 ug/ml standard and diluting until in
the rénge of the calibration. ‘
434.35 ICAP Standards and Quality Control Samples. Calibration standards
for I?AP enalysis can be combined into four different mixed stgndard solutions
as shown below.

i
I

MIXED STANDARD SOLUTIONS FOR ICAP ANALYSIS

T Solution Elements
* I As, Be, C4, Mn, Pb, Se, Zn
! II Ba, Cu, Fe
| 111 Al, Cr, Ni
| v Ag, P, Sb, T1

] .
Prepaée these standards by combining and diluting the appropriate volumes of

the 1@00 ug/ml solutions with 5 percent nitric acid. A minimum of onhe stan-
dard énd a blank can be used to form each calibration curve. However, a
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separgte quality control sample spiked with known amounts of the target metals
in quantities in the midrange of the calibraticn curve should be prepared.
Sugge%ted standard levels are 50 ug/ml for Al, 25 ug/ml for Cr énd'Pb. 15 ug/ml
for F%, and 10 ug/ml for the remaining elements. Standards containing less
than P ug/ml of metal should be prepared daily. Standards containing greater
than 1 ug/ml of metal should be stable for a minimum of 1 to 2 weeks.

4&4.36 Graphite Furnace AAS Standards for Antimony, Arsenic, Cadmium,
Lead.$Selenium. and Thallium. Prepare a 10 ug/ml standard by adding 1 ml of
1000 pg/ml standard to a 100 ml volumetric flask. Dilute to 100 ml with 10
perceht nitric acid. For graphite furnace AAS, the standards must be matrix
matched; e.g., if the samples contain 6 percent nitric acid and 4 percent
hydrofluoric acid, the standards should also be made up with 6 percent nitric
acid gnd 4 percent hydroflﬁoric acid. Prepare a 100 ng/ml standard by adding
1 ml @f the 10 ug/ml standard to a 100 ml volumetric flask snd dilute to 100 ml
with &he appropriate matrix solution. Other standerds should be prepared by
dilutﬁon of the 100 ng/ml standards. At least five standards should be used to
make hp the standard curve. Suggested levels are 0, 10, 50, 75, and 100 ng/ml.
Quality cogtrol samples should be prepared by making a separate 10 ug/ml
stand;rd aﬁd diluting until it is in the range of the samples. Standards
containing léss than 1 ug/ml of metal should be prepared daily. - Standards - .
containing greater than 1 ug/ml of metal should be stable f‘or‘a minipum of 1 to
2 weeks.

Li.4.37 Matrix Modifiers.
4.4.37.1 Nickel Nitrate, 1 Percent (V/V). Dissolve 4.956 g of
Ni(NO3)2'6H20 in approximately 50 ml of water in a 100 ml volumetric flask.
Dilute to 100 ml with water.

4.4.37.2 Nickel Nitrate, One-tenth Percent (V/V). Dilute 10 ml of 1 per-
cent hickel nitrate solution to 100 ml with water. Inject an equal amount of

sample and this modifier into the graphite furnace during AAS analysis for As.

_#@4.37.3 Lanthanum. Dissolve 0.5864 g of La,0, in 10 ml of concentrated
HNO, and dilute to 100 ml with water. Inject an equal amount of sample and
this #odifier into the graphite furnace during AAS analysis for Fb.

|
|

5. P%ocedure
5%1 Sampling. The complexity of this method is such that, to bbtain reli-
able results, testers should be trained and experienced with the test procedures.
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5]1.1 Pretest Preparation. Follow the same general procedure given in
Metﬁoi 5, Section 4.1.1, except that, unless particulate emissions &re to be
deterﬁined. the filter need not be desiccated or weighed. All sampling train
glasséare should first be rinsed with hot tap water and then washed in hot
soapy3water. Next, glassware should be rinsed three times with tap water,
followed by three additional rinses with water. All glassware should then be
soaked in a 10 percent (V/V) nitric acid solutiocn for a minimum of 4 hours,
rinsed three times with water, rinsed a final time with acetcne, and allowed
to aif dry. All glassware openings where contamination can occur should be
coveréd until the sampling train is assembled, prior to sampling.

521.2 Preliminary Determinations. Same as Method 5, Section 4.1.2.

5%1.3 Preparation of Sampiing Train. Follow the same general procedures
giveniin Method -5, Section 4.1.3, except place 100 ml of the nitric
acid/ﬁydrogen peroxide solution (Section 4.2.1) in the two HNC, /H,0, impingers
(normally the second and third impingers), place 100 ml of the acidic potassium
. permanganate solution (Section 4.2.2) in the fourth and fifth impinger, -and
transfer approximately 200 to 300 g of preweighed silica gel from its container
to thé last impinger. Alternatively, the silica gel may be weighed directly in
the i%pinggr'juSt prior to train assembly. l

*Séveral~options are available to the tester based on the sampling
condiﬁions. The use of an empty first impinger can be eliminsted if the
moist#re to be collected in the impingers is calculated or deﬂermined to be
less than 150 ml. The tester shall include two impingers containing the
acidi¢c potassium permanganaté sglution for the first test run, unless past
testiﬁg experience at the same or similar sources has shown thét only one is
neceséary. The last permanganate impinger may be discarded if' both
perma#ganate impingers have retained their original deep purple permanganate
colori A meximum of 200 ml in each permanganate impingér (an¢ a maximum of
three%permanganate impingers) may be used, if necessary, to maintain the
desired color in the last permanganate impinger.

Rétain for reagent blanks, 100 ml of the nitric acid/hydrcgen peroxide
solut#on and 100 ml of the acidic potassium permanganate solution. These
solutions should be labeled and treated as described in Section 7. Set up the
sampling train as shown in Figure A-1. If necessary to ensure lesk-free
samplgng train connections, Teflon tape should be used insteac of silicone
greasé to prevent contamination. Mis @ocurient is a preffininary eran
: , * has not veen formally released by EMa
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Precaution: Extreme care should be taken to prevent contamination within
the tr%in. Prevent the mercury collection reagent (acidic potassium
permanganate) from contacting any glassware of the train which is washed and
enalyzed for Mn. Prevent hydrogen peroxide from mixing with the acidic
potassium permanganate.

5.?.4 Leak-Check Procedures. Follow the leak-check procedures given in
Methodés, Section 4.1.4.1 (Pretest Leak-Check), Section b.1.4.2 (Leak-Checks
Duringgthe Sample Run), and Section 4.1.4.3 (Post-Test Lesk-Checks). '

5.#.5 Sampling Train Operation. Follow the procedures given in Method 5,
Sectio? 4.1.5. For each run, record the data required on a data sheet such as
the oné shown in Figure 5-2 of Method 5.

S.i.G Calculation of Percent Isckinetic. Same as Method %, Section 4.1.6.

S.é Sample Recovery. Begin cleanup procedures as soon as the probe is
remove& from the stack at the end of a sampling period.

Thé probe should be allowed to cool prior to sample recovery. When it can
be safély handled, wipe off all external particulate matter neﬁr the tip of
the prébe nozzle and place a rinsed, non-contaminating cap over the probe
nozzlefto prevent losing or gaining particulate matter. Do not cap the probe
tip ﬁightlyfﬁhile the sampling train is cooling. - This -normally causés a vacuum
to for% in the filter holder, thus causing the undesired result of drawing
liquidifrom the impingers into the filter.

Be?ore moving the sampling train to the cleanup site, remove the probe from
the sa&pling'train and cap the open outlet. Be careful not to lose any
conden%ate that might be present. Cap the filter inlet where the probe was
fasten?d. Remove the umbilical cord from the last impinger and cap the °
impingér. Cap off the filter holder outlet and impinger inlet, Use non-
contam?nating caps, whether ground-glass stoppers, plastic caps, serum caps,

or Teflon tape to close these openings.

Al&ernatively, the train can be disassembled before the probe and filter
holdéryoven are completely cooled, if this procedure is followed: Initially
disconéect the filter holder outlet/impinger inlet and loosely cap the open
ends. fThen disconnect the probe from the filter holder or cyclone inlet and
loosel§ cep the open ends. Cap the probe tip and remove the umbilical cord as
previously described. 7

Trénsfer the probe and filter-impinger assembly to a cleanﬁp area that is
clean énd protected from the wind and other potential causes of contamination
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or loss of sample. Inspect the train before and during disassembly and note
any aﬁnormal conditions. The sample is recovered and treated as follows (see
schemétic in Figure A-2). Assure that all items necessary for recovery of the
sample do not contaminate it.

5.2.1 Container No. 1 (Filter). Carefully remove the filter from the
filteé holder and place it in its identified petri dish container. Acid-
washeq polypropylene or Teflon coated tweezers or clean, disposable surgical
gloves rinsed with water should be used to handle the filters. If it is
neces%ary to fold the filter, make certain the particulate cake is inside the
fold.f Carefully transfer the filter and any pariiculate matter or filter
fibers that adhere to the filter holder gasket to the petri dish by using a dry
(acidjcleaned)rnylon bristle brush. Do not use any metal-containing materials
when ﬁecovering this train. Seal the labeled petri dish. ‘

5i2.2 Container No. 2 (Acetone Rihse). Taking care to see that dust on
the o&tside of the probe or other exterior surfaces does not .get into the
sample, quantitatively recover particulate matter and any condeénsate from the
gnozzle, probe fitting, probe liner, and front half of the filter holder

{
)}

by waghing these components with 100 ml of acetone and placlng the wash in a
glassfcontainer. Note: The use of exactly 100'ml is necessary for the

probe

subsequent blank correction procedures. Distilled water may be used instead of
acetode when approved by the Administrator and shall be used when specified by
the Administrator; in these cases, save a water blank and follow the

Administrator's directions on analysis. Perform the acetone rinses as follows:

Carefully remove the probe nozzle and clean the inside surface by rinsing with

aceter from a wash bottle and brushing with a nonmetallic brush. Brush until

the aéetone rinse shows no visible particles, after which make & final rinse of
the iﬂside surface with acetone.

Brush and rinse the inside parts of the Swagelok fitting wjth acetone in a
51milar way until no visible particles remain.

R;nse the probe liner with acetone by tilting and rotating the probe while
squirﬁing acetone into its upper end so that all inside surfaces will be wetted
with écetone. Allow the acetone to drain from the lower end into the sample
contaﬁner. A funnel may be used to aid in transferring liquid washings to the
contaﬁner. Follow the acetone rinse with a nonmetallic probe brush. Hold the
probe;in an inclined position, squirt acetone into the upper end as the probe
brush is being pushed with a twisting action through the probe{ hold a sample
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conta&ner underneath the lower end of the probe, and catch any acetone and

- partlculate matter which is brushed through the probe three times or more until
no viLible particulate matter is carried out with the acetone or until none
remai%s in the probe liner on visual inspection._ Rinse the brush with acetone,
and q?antitatively collect these washings in the sample container. After the
brushang, make a final acetone rinse of the probe as described above.

It is recommended that two people clean the probe to minimize sample
-losses. Between sampling runs, keep brushes clean and protected from
contaplnation. ‘

Cﬁean the inside of the front half of the filter holder by rubbing the
surfabEs with a nonmetallic nylon bristle brush and rinsing with acetone.
Rinseieach surface three times or more if needed to remove visible particulate.
Meke ﬁ final rinse of the brush and filter holder. After all acetone washings
and particulate matter have been collected in the sample container, tighten the
1lid op the sample container so that acetone will not leak out when it is
shipp;d to the laboratory. Mark the height of the fluid level to determine
whether or not leakage occurred during transport. Label the container clearly
to 1dent1fy its contents.

5.2.3 Container No. 3 (Probe Rinse). Rinse the probe liner, probe nozzle,
and front half of the filter holder thoroughly with 100 ml of 0.1 N nitric acid
and place the wash into a sample storage container. Note: The use of exactly
100 ml is necessary for the subsequent blank correction procedures. Perform
the rlnses as described in Method 12, Section 5.2.2. Record the volume of the
comblned rinse. Mark the helght of the fluid level on the outside of the
storage container and use this mark to determine if leskage occurs during
transbort. Seal the container and clearly label the contents. Finally, rinse
the nozzle, probe liner, and front half of the filter holder with water
followed by acetone and discard these rinses.

542 4 Container No. 4 (Impingers 1 through 3, Contents and Rinses). Due
to the large quantity of ligquid involved, the tester may place the impinger
solutions in more than one container. Measure the liquid in the first three
impln%ers volumetrically to within O.S'ml using a graduated cylinder. Record
the vélume of liquid present. This information is required to calculate the
moisture content of the sampled flue gas. Clean each of the first three
impingers, the filter support, the back half of the filter housing, and
connectlng glassware by thoroughly rinsing with 100 ml of 0.1 N nitric acid as
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descrﬁbed in Method 12, Section 5.2.4. Note: The use of exacﬁly 100 ml of 0.1
N‘nidric acid rinse is necessary for the subsequent blank correction
proc%dures. Combine the rinses and impinger solutions, measure and record the
volu@e. Calculate the 0.1 N nitric acid rinse volume by difference. Mark the
heigﬂt of the fluid level on the outside of the container to determine if
leakége occurs during transport. Seal the container and clearly label the
contents. | ' |

5.2.5 Container No. 5 (Acidified Potassium Permanganate Solution and
Rinsés, Impingers No. 4 & 5). Pour all the liquid from the permanganate
impingers (fourth and fifth, if two permanganate impingers are used) into a
grad%ated cylinder and measure the volume to within 0.5 ml. This information
is required to calculate the moisture content of the sampled flue gas. Using
100 Hl total of the acidified potassium permanganate solution, rinse the
permanganate impinger(s) and connecting glass pieces a minimum of three times.
Combi@e the rinses with the permanganate impinger solution. Finally, rinse the
perménganate impinger(s) and cohnecting glassware with 50 m} of 8 N HC1 to
remové any residhe. Note: The use of exactly 100 ml and 50 ml for the two
rinse% is necessary for the subsequent blank correction proceclures. Place the
combi%ed riﬁses and impinger contents in a labeled glass storage bottle. Mark
the height o?iﬁhe fiuid-level on thé odtside of the bottle to determine if
leaka%e occurs during transport. See the following note and the Precaution in
Parag%aph 4.2.2 and properly seal the bottle and clearly labe$ the contents.

Npte: Due to the potential reaction of the potassium permanganate with the

acid,zthere may be pressure buildup in the sample storage bottles. These
bottl%s should not be filled full and should be vented to relieve excess
press@re. Venting is highly recommended. A No. 70-72 hole drilled in the
conta&ner cap and Teflon liner has been found to allow adequate venfing without
loss ?f sample.

5;2.6 Container No. 6 (Silica Gel). Note the color of the indicating
silic% gel to determine whether it has been completely spent and make a
notathon of its condition. Transfer the silica gel from its ihpinger to its
origihal container and seal. The tester may use a funnel to pour the silica
gel ahd a rubber policeman to remove the silica gel from the impinger. The
small!amount of particles that may adhere to the impinger wall ﬁeed not be
remode. Do not use water or other liquids to transfer the silica éel since
weigh¢ gained in the silica gel impinger is used for moisture calculations.
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Alteﬁnatively. if a balance is available in the field, record the weight of
the ﬁpent silica gel (or silica gel plus impinger) to the nearest O. 5 g.

5 2.7 Container No. 7 (Acetone Blank). Once during each field test, place
100 ml of the acetone used in the sample recovery process into a labeled
container for use in the front half field reagent blank. SeaL the container.

5?2'8 Container No. 8 (0.1 N Nitric Acid Blank). Once during each field
test Eplace 200 ml of the 0.1 N nitric acid solution used in the sample
recovery process into a labeled container for use in the front half and back
half fleld reagent blanks. Seal the container.

29 Container No. 9 (5% Nitric Acid/10% Hydrogen Peroxide Blenk). Once
during each field test, place 200 ml of the 5% nitric acid/10% hydrogen
peroxade solution used as the nitric acid impinger reagent into a labeled
container for use in the back half field reagent blank. Seal the container.

5.2.10 Container No. 10 (Acidified Potassium Permanganate Blank). Once
durlng each field test, place 300 ml of the acidified potassium permanganate
solutlon used as the impinger solution and in the sample recovery process into
a 1abeled container for use in the back half field reagent blank for mercury
analysis. Seal the container. ‘

Note. Thls container should be vented, as described in Section 5.2.4, to ’
relieve excess ‘pressure. ‘

5 2.11 Container No. 11 (8 N HCl Blank). Once during each field test,
place 50 ml of the 8 N hydrochloric acid used to rinse the acidified potassium
permanganate impingers into’'a labeled container for use in the back half
reagent blank for mercury.

5.2.12 Container No. 12 (Filter Blank). Once during each field test,
place! an unused filter from the same lot as the sampling filters in a labeled
petri%dish. Seal the petri dish. This will be used in the front half field
reagept blank.

5’3 Sample Preparation. Note the level of the liquid in each of the
containers and determine if any sample was lost during shipment. If a
notlceable amount of leakage has occurred, either void the sample or use
methods subject to the approval of the Administrator, to correct the final
results. A diagrem illustrating sample preparation and analysis procedures for
each of the sample train components is shown in Figure A-3,

5 3.1 Container No. 1 (Filter). If particulatre emisszons are being
deter?lned then desiccate the filter and filter catch w1thout heat and weigh to
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a constant weight as described in Section 4.3 of Method 5. For analysis of
metals. divide the filter with its filter catch into portions containing
approx1mately 0.5 g each and place into the ‘analyst's choice of either
individual microwave pressure relief vessels or Parr® Bombs. Add 6 ml of
conc%ntrated nitric acid and 4 ml of concentrated hydrofluoric acid to each
vessél. For microwave heating, microwave the sample vessels for approximately
12- 15 minutes in intervals of 1 to 2 minutes at 600 Watts. For conventional
heating. heat the Parr Bombs at 140°C (285°F) for 6 hours. Then cool the
samples toc room temperature and combine with the acid dlgested probe rinse as
requfred in Section 5.3.3, below.

Egggg; 1. Suggested microwave heating times are approximate and are dependent
upon the number of samples being digested. Twelve to 15 minute

‘ heating times have been found to be acceptable for simultaneous

i digestion of up to 12 individual samples. Sufficient heating is

j evidenced by sorbent reflux within the vessel.

; 2. 1If the sampling train uses an optional cyclone, the cyclone catch
% should be prepared and digested using the same procedures described
{ for the filters and combined with the digested filter samples.

5 3.2 Container No. 2 (Acetone Rinse). Note the level of’ liquid in the
container and confirm on the analysis sheet whether or not leakage occurred
duriﬂg transport. If a noticeable amount of leakage has occurred, either void
the sample or use methods, subject to the approval of the Admﬁnlstrator. to
correct the final results. ‘Measure the liquid in this container either
volumetr1cally to +1 ml or gravimetrically to +0.5 g. Transfer the contents to

an ac1d-cleaned tared 250-ml1 beaker and evaporate to dryness at ambient

temperature and pressure. If particulate emissions are being determlned
desiccate for 24 hours without heat, weigh to a constant weight according to
the procedures described in Section 4.3 of Method 5, and report the results to
the nearest 0.1 mg. Resolubilize the residue with concentrated nitric acid and
comb#ne the resultant sample including all liquid and any particulate matter
with‘bontainer No. 3 prior to beginning the following Section 5.3.3.

§.3.3 Container No. 3 (Probe Rinse). The pH of this sanple shall be 2 or
loweﬁ. If the pH is higher, the sample should be acidified with concentrated
nitric acid to pH 2. The sample should be rinsed into a besker with water and:
the beaker should be covered with a ribbed watchglass. The sample volume should
be reduced to spproximately 50 ml by heating on a hot plate at a temperature
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Just Selow boiling. Inspect the sample for visible particulaie matter, and
depending on the results of the inspection, perform one of the following. If no
particulate matter is observed, combine the sample directly with the acid
digested portions of the filter prepared previously in Section 5.3.1. 1If
partioulate matter is observed, digest the sample in microwave vessels or Parr®
Bombs%following the procedures described in Section 5.3.1; then combine the
resultant sample directly with the acid digested portions of the filter prepared
previously in Section 5.3.1. The resultant combined sample is referred to as
Fraction 1. Filter the combined solution of the acid digested filter and probe
rinsetsamples using Whatman 541 filter paper. Dilute to 300 ml (or the
appropriate velume for the expected metals concentration) with water.. Measure
and record the combined volume of the Fraction 1 solution to within 0.1 ml.
Quantitatively remove a 50 ml aliquot and label as Fraction 1B. Label the -
remaining 250 ml portion as Fraction 1A, Fraction 1A is used for ICAP or AAS
analysis. Fraction 1B is used for the determination of front half mercury.

5. 3 4 Container No. 4 (Impingers 1-3). Measure and record the total vol-
ume of this sample (Fractlon 2) to within 0.5 ml. Remove a 50 ml aliquot for
mercury analysis and label as Fraction 2B. Label the remaining portion of
Container No. 4 as Fraction 2A. The Fraction 2B aliquot should be prepared and
analyzed as ‘described in Section 5.4.3. Fraction 2A shall be pH 2 or lower.

Ir necessary, use concentrated nitric acid to lower Fraction 24 to PH 2. The
sample should be rinsed into a beaker with water and the beaker should be
covered with a ribbed watchglass. The sample volume should be reduced to
approx1mately 20 ml by heating on a hot plate at a temperature Just below
boiling. Then follow either of the digestion procedures descrlbed in Sections
5.3.4. 1 and 5.3.4.2, below.

5. 3 4.1 Conventional Digestion Procedure. Add 30 ml of S50 percent nitric
acid and heat for 30 minutes on a hot plate to just below bciling. Add 10 ml of
3 percent hydrogen peroxide and heat for 10 more minutes. Add 50 ml of hot

water and heat the sample for an additional 20 minutes. Cool, filter the
sample. and dilute to 150 ml (or the appropriate volume for the expected metals
concentrations) with water.

5.8 4.2 Microwave Digestion Procedure. Add 10 ml of 50 percent nitric
acid and heat for 6 minutes in intervals of 1 to 2 minutes. at 600 Watts. Allow
the sample to cool. Add 10 ml of 3 percent hydrogen peroxide and: heat for 2
more minutes. Add 50 ml of hot water and heat for an additionsl 5 minutes.
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Cooli filter the sample, and dilute to 150 ml (or the appropriate volume for the
expedted metals concentrations) with water.

ﬁggg: All microwave heating times given are approximate and are dependent
uponithe number of samples being digested -at a time., Heating times as given
above have been found acceptéble for simultanecus digestion of up to .12
indi%idual samples. Sufficient heating is evidenced by solvent reflux within
the Qessel; | |

é°3.5 Container No. 5 (Impingers 4 & 5). Measure and record the total
volume of this sample to within 0.5 ml. This sample is referred to as Fraction
3. Follow the analysis procedures described in Section 5.4.3. ,

5.3.6 Container No. 6 (Silica Gel). Weigh the spent silica gel (or silica
gel élus impinger) to the nearest 0.5 g using a balance. (This step
may Qe conducted in the field.) |

5.4 Sample Analysis. For each sampling train, five indi%idual samples are
geneﬁated for analysis. A schematic identifying each sample and the prescribed
sample preparation and analysis scheme is shown in Figure A-3. The first two
sampﬁes. labeled Fractions 1A and 1B, consist of the digested samples from the
froné half of the train. Fraction 1A is for ICAP or AAS analysis as described
in S%ctioqs.s.h.l and/or 5.4.2. Fraction 1B is for determination of front half
mercury as described in Section 5.4.3.

ﬁhe back half of the train was used to prepare the third through fifth
sampﬁes. The third and fourth samples, labeled Fractions 2A and 2B, contain
the Qigested samples frop the H,0 and HN03/H;‘,O2 Impingers 1 through 3. Fraction
2A is for ICAP or AAS analysis. Fraction 2B will be analyzed for mercury.

ﬁherfifth sample, labeled Fraction 3, consists of the impinger contents and
rins%s from the permanganate Impingers 4 and 5., This sample is analyzed for
mercury as described in Section 5.4.3. The total back half mercury catch is
deter@ined from the sum of Fraction 2B and Fraction 3.

5.4.1 ICAP Analysis. Fraction 1A and Fraction 2A are analyzed by ICAP
-

using EPA Method 200.7 (40 CFR 136, Appendix C). Calibrate the ICAP, and set up

an a%alysis program as described in Method 200.7. The quality control proce-

duresgdescribed in Section 7.3.1 of this method shall be followed. Recommended
wavel@ngths for use in the analysis are listed below.
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Element : Wavelength (nm)
"Aluminum ‘ 308.215
g Antimony . 206.833
i ‘ Arsenic , 193,696 This docusfient I8 & prefiminary dras
- Barium 455,403 * has not been formally relegssd by EPm
Beryllium 313.042 #7d should nor at this stage be construes
| Cadmium 226.502 ¢ 'ef’a'lis;*'zz Ag::'er, ptzllcy.‘ 1t is being
t . .~ 1 4 e [.] = ’
| gl;;;x;um ' ggz;gg d;cu(acv »nG 1 dicy ,:am"::a"t.:: ics
Iron 259.940
Lead 220.353
Manganese 257.610
Nickel : 231.604
Selenium 196.026
Silver 328.068
Thallium . 190.864
Zinc 213.856

The wayelengths listed are recommended because of their sensitivity and overall
accept@nce. Other wavelengths may be substituted if they can provide the
needed sensitivity and are treated with the same corrective techniques for
spectr%l interference.

In&tially. analyze all samples for the target‘metals plus iron and
aluminﬁm. If iron and aluminum are present in the sample, the sanple may have
to be diluted so that each of these elements is at a concentration of less than
50 ppmgto réduce their spectral interferences on arsenic and lead.

Egig: When analyzing samples in a hydrofluoric acid matrix, an alumina
torch should be used; since all front half samples will contair hydrofluoric
acid, ﬁse an alumina torch. .

5. 4 2 AAS by Direct Aspiration and/or Graphite Furnace. If analysis of
metals in Fractlon 1A and Fraction 2A using graphite furnace or direct
asp1rat1on AAS is desired, Table A-2 should be used to determine which
techniéues and methods should be applied for each target metal. Table A-2
shouldgalso be consulted to determine possible interferences and techniques to
be followed for their minimization. Calibrate the instrument according to

Section 6.3 and follow the quality control procedures specified in Section
732.§
5. Q 3 Cold Vapor AAS Mercury Analysis. Fraction 1B, Fraction 2B, and
Fraction 3 should be analyzed for mercury using cold vapor atomic absorption
spectroscopy following the method ocutlined in EPA Method 7470 or in Standard

Methods for Water and Wastewater Analysis, 15th Edition, Method 303F. Set up
; - .
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L
the calibration curve as described in Section 7.3 of Method 303F Add
apprqximately 5 ml of each sample to BOD bottles. Record the amount of sample
edded The amount used is dependent upon the expected levels of mercury.
Dilute to approximately 120 ml with mercury-free water. Add approximately 15
ml of 5 percent potassium permanganate solution to the Fraction 2B and Fraction
3 samples. Add 5 percent potassium permanganate solution to the Fraction 1B
samp%e as needed to produce a purple solution lasting at leest 15 minutes. A
minimum of 25 ml is suggested. Add 5 ml of 50 percent nitrlc acid, 5 ml of
concentrated sulfuric acid, and 9 ml of 5 percent potassium persulfate to each
sample and each standard. Digest the solution in the capped BOD bottle at 95°C
(205°F) in a convection oven or water bath for 2 hours. Cool. Add 5 ml of
hydrcxylamine hydrochloride solution and mix the sample. Then add 7 =l of
stendous chloride to.each sample and analyze immediately.

i

3
P

6. Calibration . , : ‘ B

@aintain a8 laboratory log of all calibrations.

6.1 Sampling Train Calibration. Calibrate the sampling train components
acco;ding to the indicated sections of Method 5: Probe Nozzle (Section 5.1);
Pitot Tube (Section 5.2); Metering System (Section 5.3); Probe Heater (Section
5. 4).,Temperature Gauges (Section 5.5); Leak-Check of the Metering System
(Section 5.6); and Barometer (Section 5. 7).

6.2 Inductively Coupled Argon Plasma Spectrometer Calibration. Prepare
standards as outlined in Sectlon 4.4, Profile and calibrate the instrument
accordlng to the instrument manufacturer's recommended procedures using the
above standards. The instrument calibration should be checked once per hour.

If the instrument does not reproduce the concentrations of the standard within

10 percent, the complete calibration procedures should be performed.

6 3 Atomic Absorption Spectrometer - Direct Aspiration, Graphite Furnace
and- Cold Vapor Mercury Analyses. Prepare the standards as outlined in Secticn
4.y, Callbrate the spectrometer using these prepared standards. Calibration
procedures are also outlined in the EPA methods referred to in Table A-2 and in
Standard Methods for Water and Wastewater, 15th Edition, Methed 303F (for
mercury) Each standard curve should be run in duplicate and the mean values
used Fo calculate the calibration line. The instrument should be recalibrated

xi very 10 to 12 samples. !
appro}xlmately once every 10 t pie :ms ocutent i 8 prafiminary eratc
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7. ?uality Control

Z.l Seampling. Field Reagent Blanks. The blank samples in Container
Numbers 7 through 12 produced previously in Sections 5.2.7 through 5.2.11,
respectively. shall be processed, digested, and analyzed as follows. Digest
and process Container No. 12 contents per Section 5.3.1, Container No. 7 per
Section 5.3.2, and half of Container No. 8 per Section 5.3.3. This produces
Fracﬁion Blank 1A and Fraction Blank 1B from Fraction Blank 1. Combine the
remaﬁning'half of Container No. 8 with the contents of Container No. 9 and
digeét and process the resultant volume per Section 5.3.4. This produces
Fracéion Blank 2A and Fraction Blank 2B from Fraction Blank 2. Container No. 10
and QOntainer No. 11 contents are Fraction Blank 3. Analyze Fraction Blank 1A
and Fraction Blank 2A per Section 5.4.1 and/or 5.4.2. Analsz Fraction Blank
1B, Fraction Blank 2B, and Fraction Blank 3 per Section 5.4.3. The analysis of
Fraction Blank 1A produces the front half reagent blank correction values for
the metals except mercury; the analysis of Fraction Blank 1B produces the front
half reagent blank correct value for mercury. The analysis of Fraction Blank 2A
produtes the back half reagent blank correction values -for the metals except
mercury, while separate analysis of Fraction Blanks 2B and 3 produce the back
half ;eagent blank correction value for. mercury. .

7.2 An attempt may be made to determine if the laboratory reagents used in
‘Section 5.3 caused contamination. They should be analyzed by the procedures in
.Section 5.4. The Administrator will determine whether or not the laboratory
blank!reagent values can be used in the calculation of the stationary source
test results.

7.3 Quality Control Samples. The following quality control samples should
be analyzed.

7!3 1 ICAP Analysis. Follow the quality control shown in Section 8 of
Metho& 6010. For the purposes of a three run test series, these requirements
have been modified to include the following: two instrument check standard
runs,.two calibration blank runs, one interference check sample at the
beginning of the analysis (must be within 25% or analyze by standard addition),
one quality control sample to check the accuracy of the calibration standards
(must ! be within 25% of calibration), and one duplicate analysis (must be within
5% of ,average or repeat all analysis).

7‘3 2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony,
Arsenic, Barium, Beryllium, Cadmium, Copper, Chromium, Lead, Nickel .Manganese.

‘, ‘ 29 ™is document is o . crtm'mnary erst,
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Mercdry. Phosphorus, Selenium, Silver, Thallium, and Zinc. All samples should
be a%alyzed in duplicate. Perform a matrix spike on one front half sample and
one Back half sample or one combined sample. If recoveries of less than 75
percent or greater than 125 percent are obtained for the matrix spike, analyze
each sample by the method of additions. A quality control sample should be
analjzed to check the accuracy of the calibration standards. The results must
be wﬁthin 10% or the calibration repeated. ‘

7 3.3 Cold Vapor AAS Analy51s for Mercury. All samples should be analyzed
in duplxcate. A quality control sample should be analyzed to check the accuracy
of the calibration standards (within 10% or repeat calibration). Perform s
matrlx spike on one sample from the nitric 1mp1nger portion (must be within 25%
or samples must be analyzed by the method of standard additions). Additional
1nformatlon on quality control can be obtained from EPA Method 7470 or in
Standard Methods for Water and Wastewater, 15th Edition, Methpd 303F.

8. Calculations

8&1 Dry Gas Volume. Using the data from this test, calculate LA m(std)s the
dry gas sample volume at standard conditions as outlined in Section 6.3 of
Method 5.

8 L2 Volume of Water Vapor and Moisture Content. Using the data obtained
from | thls test, calculate the volume of water vapor Ve(srq) and the moisture
content B,, of the stack gas. Use Equations 5-2 and 5-3 of Method 5.

8 3 Stack Gas Velocity, Using the data from this test and Equation 2-9 of
Method 2, calculate the average stack gas velocity.

8 4 Metals (Except Mercury) in Source Sample. .

8 4.1 Fraction 1A, Front Half, Metals (except Hg). Calculate the amount
of each metal collected in Fraction 1 of the sampling train using the following

equation.

™k Qrmnt s MTmt = :
* has not beon fnnn':rl?y re?:am: EPs Men = (?. Fd V”“'l | o
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*If Fractlons 1A and 2A are comblned proportional allquots must be used.
Approprlate changes must be made in Equations i-3 to reflect this approach.
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where:

MrQ = total mass of each metal (except Hg) collected in the
front half of the sampling train (Fraction 1), ug.

C, = concentration of metal in sample Fraction 1A as read from the
; standard curve (ug/ml).
F& = dilution factor (Fd = the inverse of the fractional portion of the
! concentrated sample in the solution actually used in the instrument to
} produce the reading C, For example, when the dilution of Fraction 1A
% is from 2 to 10 ml, F = 5).
Veoin,1 = total volume of dlgested sample solutlon (Fraction 1), ml.

8.4.2 Fraction 2A, Back Half, Metals (except Hg). Calculate the amount of
each metal ccllected in Fraction 2 of the sampling train using the following

equatlon.
| Mpn =C, F, V, Eq. 2%
where:!
M, = total mass of each metal (except Hg) collected in the back half

= concentration of metal in sample Fraction 24, as read from the

h
| of the sampling train (Fraction 2), ug.
3 standard curve (ug/ml).

i
n

a aliquot factor, volume of Fraction 2 divided by volume of allquot
. Fraction 2A.
V, = volume of digested sample analyzed (concentrated Fraction 24), ml.

.?.3 Tota.l Train, Metals (except Hg). Calculate the total amount of each
of the'quantified metals collected in the sampling train as follows:

M, = (Mr}; - M) v (M, - Myny) j Eq. 3*

=
"

. = total mass of each metal (separately stated for each metal) collected
i in the sampling train, ug.
blank correction value for mass of metal detected in front half
. field reagent blank, ug.
M,,,| = blank correction value for mass of metal detected in back half
| field reagent blank, ug.

|

i

|

|
*If Fractions 1A and 2A are combined, proportional aliquots must be used.
Appropriate changes must be made in Equations 1-3 to reflect this approach.
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If the measured blank value for the front half (m,,,) is in the range 0.0
to A ulg [where A ug equals the value determined by multiplying 1.4 ug per square
inch (

used in the emission sample], m,,, may be used to correct the emission sample

!
i
|
%
i
3
:

Note:f

|

1.4 ug/in.?) times the actual area in square inches (in.2?) of the filter

value (mth); if m,,, exceeds A ug, the greater of the two following values
(either I. or II.) may be used:

Il A ug, or
II. the lesser of (a) Byyp» OF (b) 5 percent of m,, .

T
i

If the measured blank value for the back half (my,p) 1s in the range 0.0 to 1

ug, mb!hb may be used to correct the emission sample value (m,,); if m,,, exceeds

I

Byne | .

8.5 Mercury in Source Sample.

835.1 Fraction 1B, Front Half, Hg. Calculate the amount of mercury
i

collected in the front half, Fraction 1, of the sampling train using the
1 .

1 ug, /the greater of the two following values may be used: 1 ug or 5 percent of

following equation:

D

|

| 2
} _ Hgew = = X V,oin1 Eq. 4
[ Veisn

|

|

where

Hg,, total mass of mercury collected in the front half of the sampling
' train (Fraction 1), ug.

Q. quantity of mercury in analyzed sample, ug.

i total volume of digested sample solution (Fraction 1), ml.

i volume of Fraction 1B analyzed, ml. See the following Note.

-2

soiln

<
W o=

b g

1
Note: |V,,, is the actual amount of Fraction 1B analyzed. For example, if 1 ml
of Frgction 1B were diluted to 100 ml to bring it into the proper analytical
range| and 1 ml of the 100 ml dilution was analyzed, V,,p would be 0.01.
8f5.2 Fraction 2B and Fraction 3, Back Half, Hg. Calculate the amount of
mercp$y collected in Fractions 2 and 3 using Equations 5 and 63 respectively.
Calcu}ate the total amount of mercury collected in the back half of the sampling

train|using Equation 7.

Qn2 ‘
Hgype = "v'_"’ X Vioin,2 1 Eq. 5
£18

|
}
|
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total mass of mercury collected in Fraction 2, ug.
quantity of mercury in analyzed sample, ug.

Veas volume of Fraction 2B analyzed, ml (see Note in
Section 8.5.1).

= total volume of Fraction 2, ml.

<
i

; Qbh3
‘i ‘ ‘ Hgbh3 = i x Vsoln.3 Eq. 6
Vezs
where:
. Hg,,, = total mass of mercury collected in Fraction 3, ug.
| Qth = quantity of mercury in analyzed sample, ug.
Vra = volume of Fraction 3 analyzed, ml (see Note in
Section 8.5.1). '
soin,3 total volume of Fraction 3, ml.

st e g
L[]

Hgyp = Hgypy + Hg, 4 Eq. 7

Hg;h = total mass of mercury collected in the back half of the sampling - -
. train, ug.

§.5.3 Total Train Mercury Catch. Calculate the total amount of mercury
collécted in the sampling train using Equation 8.

! M, = (Hg,, - Hg,,,) + (Hg,, - Hgy s ) Eq. 8
i
wherg:
- M, = total mass of mercury collected in the sampling train, ug.
Hérhb = blank correction value for mass of mercury detected in front half
] field reagent blank, ug.
ﬁgbh = blank correction value for mass of mercury detected in back

! ° half field reagent blank, ug.

Noteﬁ If the total of the measured blank values (Hg,p, + Hg,,,) is in the range
|
of O;to 3 ug, then the total may be used to correct the emission sample value

(Hg,, + Hg,,); if it exceeds 3 ug, the greater of the following two values may
be u%ed: 3 ug or-5 percent of the emission sample value (Hg,, + Hgb;).
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8.?6 Metal Concentration of Stack Gas. Calculate the cadmium, total
chromium, arsenic, nickel, manganese, beryllium, copper, lead, phosphorus,
thall#um, silver, barium, zinc, selenium, antimony, and mercury concentrations

in thé stack gas (dry bésis. adjusted to standard conditions) as follows:
i .

}

! cl = Kh (Mt/vu(ctd)) Eq'9
where: '
% C, = concentration of each metal in the stack gas, mg/dscm.
| K, = 103 mg/ug. _
’ M, = total mass of each metal collected in the sampling train, ug.
A = volume of gas sample as measured by the dry gas meter, corrected

-(;std) cea
g to dry standard conditions, dscm.

i

S.b Isokinetic Variation and Acceptable Results. Same as;Method 5.
Sec%i#ns 6.11 and 6.12, respectively.
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U. S. hnvironmental Protection Agency, Washington, D.C. 20460.

93 EPA Method 200.7, Code of Federal Regulations, Title 40, Part 136,
Appendix C. July 1, 1987. .
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APPENDIX B

MEASUREMENT OF TOTAL HYDROCARBONS IN STACK GASES 
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Pt. 60, App. A, Meth. 25A

MEeTHOD 25A—DETERMINATION OF TOTAL (GAS-
E0US ORGANIC CONCENTRATION USING A
PLAME IONIZATION ANALYZER

1. Applicability and Principle
- 1.1 Applicability. This method applies to
the measurement of toial gaseous organic
concentration of vapors consisting primarily
of alkanes, alkenes, and/or arenes (aromatic
hydrocarbons). The concentration is ex-
pressed in terms of propane (or other appro-
priate organie calibration gas) or in terms of
carbon. :

1.2 Principle. A gas sample is extracted
from the source through-a heated sample
line, if necessary, and glass fiber filter to a

flame ionization analyzer (FIA). Results are -

reporied as volume concentration equiva-
lents of the calibration gas or as carbon
equivalents.

2. Definitions

2.1 Measurement System. The total
equipment required for the determination
of the gas concentration. The system con-
sists of the following major subsystems:

2.1.1 Sample Interface. That portion of
the system that is used for one or more of
the following: sample acquisition, sample

transportation, sample conditioning, or pro- -

tection of the analyzer from the effects of
the stack effluent. ’

2.1.2 Organic Analyzer. That portion of
the system that senses organic concentra-
tion and generates an output proportional
to the gas concentration. .

2.2 Span Value. The upper limit of a gas
concentration measurement range that is

67—\

40 CFR Ch. I (7-1-89 Edition)

specified for affected source categories in
the applicable part of the regulations. The
span value is established in the applicabie.
regulation and is usually 1.5 to 2.5 times the
applicable emission limit. If no span value is
provided, use a span value equivalent to 1.5
to 2.5 times the expected concentration. For
convenience, the span value should corre-
spond to 100 percent of the recorder scale.

2.3 Calibration Gas. A known concentra-
tion of a gas in an appropriate diluent gas.

2.4 Zero Drift. The difference in the
measurement system response t0 a zero
level calibration gas before and after a
stated period of operation during which no
unscheduled maintenance, repair, or adjust-
ment took place.

2.5 Calibration Drift. The difference in
the measurement system response to a mid-

‘level calibration gas before and after a -

stated period of operation during which no
unscheduled maintenance, repair or adjust-
ment took place.

2.6 Response Time. The time interval
from 3 step change in pollutant concentra-
tion at the inlet to the emission measure-
ment system to the time at which 95 per-
cent of the corresponding final value is
reached as displayed on the recarder. - .

2.7 Calibration Error. The difference be-
tween the gas concentration indicated by
the measurement system and the known
concentration of the calibration gas.

3. Apparatus ‘

A schematic of an-acceptable measure-
ment system.is shown in Figure 25A-~1. The
essential components of the measurement
system are described below:

HEATED
SAMPLE ‘
/ “\ \ ‘
ORGANIC
PRO8E - L_f\____ ANALYZEH
| P a N | 3 AND
h - HRECORDER
. PARTICULATE
CALIBRATION FILTER
VALVE SAMPLE
PP
) S1AGK .
’ Figiue 26A 1. Osganic C M t Syst
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3.1 Organic Concentration Analyzer. A
flame ionization analyzer (FIA) capable of
meeting or exceeding the specifications in
this method. ’

3.2 Sample Probe. Stainless steel, or
equivalent, three-hole rake type. Sample
holes shall be 4 mm in diameter or smaller
and located at 16.7, 50, and 83.3 percent of
the equivalent stack diameter. Alternative-
ly, a singie opening probe may be used so
that a gas sample is collected from the cen-
trally located 10 percent.area of the stack
cross-section. : -

3.3 Sample Line. Stainless steel or
Teflon® tubing to transport the sample gas
to the analyzer., The sample line should be
heated, if necessary, to prevent condensa-
tion in the line. )

3.4 Calibration Valve Assembly. A three-
way valve assembly to direct the zero and
calibration gases to the analyzers is recom-
mended. Other methods, such as quick-con-
nect lines, to route calibration gas. to the
analyzers are applicabie.

3.5 Particulate Pilter. An in-stack or an
out-of-stack glass fiber filter is recommend-
ed if exhaust gas particulate loading is sig-
nificant. An out-of-stack filter should be
heated to prevent any condensation.

3.6 Recorder. A strip-chart recorder,
analog computer, or digital recorder for re-
cording measurement data. The minimum
data recording requirement is one measure-
ment value per minute. Note: This method
is often applied in highly explosive areas.
Caution and care should be exercised in
choice of equipment and installation.

4. Calibration and Other Gases

Gases used for calibrations, fuel, and com-
bustion air (if required) are contained in
compressed gas cylinders. Preparation of
calibration gases shall be done according to
the procedure in Protocol No. 1, listed in
Reference 9.2. Additionally, the manufac-
turer of the cylinder should provide 2 rec-
ommended shelf life for each calibration gas
cylinder over which the concentration does
not change more than =2 percent from the
certified value. For calibration gas values
not generally available (i.e., organics be-
{ween 1 and 10 percent by volume), alterna-
tive methods for preparing calibration gas
mixtures, such as dilution systems, may be
Lljed with prior approval of the Administra-~

.

Calibration gases usually consist of pro-
Pane in air or nitrogen and are determined
In terms of the span value. Organic com-
pounds other than propane can be used fol-
lowing the above guidelines and making the
2Ppropriate corrections for response factor.

e s
* Mention of trade names or specifie prod-

Hets does not constitute endorsement by the
Vironmental Protection Agency.

Pt. 60, App. A, Meth. 25A

4.1 Fuel. A 40 percent H,/60 percent He
or 40 percent H,/60 percent N; gas mixture
is recommended to avoid an oxygen syner-
gism effect that reportedly occurs when
oxygen concentration varies significantly
from a mean value.

4.2 Zero Gas. High purity air with less
than 0.1 parts per million by volume (ppmv)
of organic material (propane or carbon
equivalent) or less than 0.1 percent of the
span value, whichever is greater.

4.3 Low-level Calibration Gas. An organic
calibration gas with a concentration equiva-
lent to 25 to 35 percent of the applicable
span value.

4.4 Mid-level Calibration Gas. An organic
calibration gas with a ¢oncentration equiva-
lent to 45 to 55 percent of the applicable
span value,

4.5 High-level Calibration Gas. An organ-
ic calibration gas with a concentration
equivalent to 80 to 90 percent of the appli-

' cable span value.

5. Measurement System Performance Speci-
fications '

5.1 Zero Drift. Less than =3 percent of
the span value. . .

5.2 Calibration Drift. Less than 3 per-
cent of span value.

8.3 Calibration Error. Less than +5 per-
cent of the calibration gas value. .
6. Pretest Preparations

6.1 Selection of Sampling Site. The loca-

- tion of the sampling site is generally speci-

fied by the applicable regulation or purpose
of the test; i.e., exhaust stack, inlet line, ete.
The sample port shall be located at least 1.5
meters or 2 equivalent diameters upstream
of the gas discharge to the atmosphere.

6.2 Location of Sampie Probe. [nstall the
sample probe so that the probe is centraily
located in the stack, pipe, or duct and is
sealed tightly at the stack port connection.

6.3 Measurement System Preparation.
Prior to the emission test, assembie the
measurement system following the manu-
facturer’s written instructions in preparing
the sample interface and the organic analyz-
er. Make the system operable. !

FIA equipment can be calibrated for -
almost any range of total organics concen-
trations. For high concentrations of organ-
ics (>1.0 percent by volume as propane)
modifications to most commonly available
analyzers are necessary. One accepted
method of equipment modification is to de-
crease the size of the sample to the analyzer
through the use of a smaller diameter
sample capillary. Direct and continuous
measurement of organic concentration is a
necessary consideration when determining
any modification design.

6.4 Calibration Errvor Test. Immediately
prior to the test series, (within 2 hours of
the start of the test) introduce zero gas and
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high-level calibration gas at the calibration
valve assembly. Adjust the analyzer output
to the appropriate levels, if necessary. Cal-
culate the predicted response for .the low-
level and mid-level gases based on a linear
response line between the zero and high-
level responses. Then introduce low-level
and mid-level calibration gases successively
to the measurement system. Record the an-
alyzer responses for low-level and mid-level
calibration gases and determine the differ-
ences between the measurement system re-
sponses and the predicted responses. These
differences must be less than 5 percent of
the respective calibration gas value. If not,
the measurement system is not acceptable
and must be replaced or repaired prior to
testing. No adjustments to the measurement
system shall be conducted after the calibra-
tion and before the drift check (Section 7.3).
If adjustments are necessary before the
completion of the test series, perform the
drift checks prior to the required adjust-
ments and repeat the calibration following
the adjustments. If multiple electronic
ranges are to be used, each additional range
must be checked with a mid-level calibration
gas to verify the multiplication factor.

- 6.5 Response Time Test. Introduce zero
gas into the measurement system at the
calibration valve assembly. When the
system output has stabilized, switch quickly

to the high-level calibration gas. Record the -

time from the concentration change to. the
measurement system response equivalent to
95 percent of the step change. Repeat the
test three times and average the resuits.

1. Emission Measurement Test Procedure

7.1 Organic Measurement. Begin sam-
pling at the start of the test period, record-
ing time and any required process informa-
tion as appropriate. In particular, note on
the recording chart periods of process inter-
ruption or cyclic operation.

7.2 Drift Determination. Immediately
following the completion of the test period
and hourly during the test period, reintro-
duce the zero and mid-level calibration
gases, one at a time, to the measurement
system at the calibration valve assembly.
(Make no adjustments to the measurement
system until after both the zero and calibra-
tion drift checks are made.) Record the ana-
lyzer response. If the drift values exceed the
specified limits, invalidate the test results
preceding the check and repeat the test fol-
lowing corrections to the measurement
system. Alternatively, recalibrate the test
measurement system as in Section 6.4 and

report the results using both sets. of calibra- .

tion data (i.e., data determined- prior to the

test period and data determined following

the test period).

8. Organic Concentration Calculations
Detgermine the average organic concentra-

tion in terms of ppmv as propane or other

40 CFR Ch. | (7-1-89 Edition)

calibration gas. The average shall be deter-
mined by ‘the integration of the output re-
cording over the period specified in the ap-
plicable regulation. )

If results are required in terms of ppmv as
carbon, adjust measured concentrations
using Equation 25A-1.

cc= K Cnm

‘Where:
C.=Organic concentration as carbon, ppmv.
Cnea=0Organic concentration as measured,
© ppmav.
K =Carbon equivalent correction factor,
» K=2 for ethane.
K=3 for propane.
K=4 for butane.
K=Appropriate response factor for other
organic calibration gases.
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' Eq. 25A-1

MEeTHOD 25B—DETERMINATION OF TOTAL GAS-
EOUS ORGANIC CONCENTRATION USING A
NONDISPERSIVE INFRARED ANALYZER

L. Applicability and Principle

1.1 Applicability. This method applies to
the measurement of total.gaseous organic
concentration of vapors consisting primarily
of alkanes. (Other organic materials may be
measured using the general procedure in
this method, the appropriate mlibratgmn
gas, and an analyzer set to the zxpprognate
absorption band.) The concentration is ex-
pressed in terms of propane (or other appro-
priate organic calibration gas) or in terms of
carbon. .

1.2 Principle. A gas sample is extracted
from the source through a heaied sample
line, if necessary, and glass fiber filter to &
nondispersive infrared analyzer (NDIR). Re-
sults are reported as volume concentration
equivalents of the calibration gas or as
carbon equivalents.

2. Definitions
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The terms and definitions are the same as
for Method 25A.

3. Apparatus

The apparatus is the same as for Method
25A with the exception of the following:

3.1 Organic Concentration Analyzer.” A
nondispersive infrared analyzer designed to
measure alkane organics and capable of
meeting or exceeding the specifications in
this method.

4. Calidbration Gases

The calibration gases are the same as re-
quired for Method 25A, Sectién 4. No fuel
gas is required for an NDIR.

5. Measurement System Performance Speci-
fications

5.1 Zero Drift. Less than +3 percent of
the span value.

5.2 Calibration Drift. Less than +3 per-
cent of the span value.

5.3 Calibration Error. Less than =5 per-
cent of the calibration gas value.

6. Pretest Preparations

6.1 Selection of Sampling Site. Same as
in Method 254, Section 6.1.

6.2 Location of Sample Probe. Same as in
Method 254, Section 6.2.

6.3 Measurement System Preparation.
Prior to the emission test, assemble the
measurement system following the manu-
facturer’s written instructions in preparing
the sample interface and the organic analyz-
er. Make the system operable. '

6.4 Calibration Error Test. Same as in
Method 254, Section 6.4,

6.5 Response Time Test Procedure. Same
as in Method 25A, Section 6.5.

T. Emission Measurement Test Procedure

Proceed with the emission measurement
immediately upon satisfactory completion
of the calibration.

7.1 Organic Measurement. Same as in
Method 254, Section 7.1. .

7.2 Drift Determination. Same as in
Method 254, Section 7.2.

8. Organic Concentration Calculations

The calculations are the same as in
Method 254, Section 8.

9. Bibliography

The bibliography is the same as in
Method 254, Section 9.

Meraop  27—Derermamarion  or VaAror
TIGHTNESS OF GASOLINE DELIVERY TANK
UsiNG PRESSURE-VACUUM TEST

L. Applicability and Principte

11 Applicability. This method is applica-
ble for the determination of vapor tightness
2 gasoline delivery tank which is
eqmpped_ with vapor collection equipment.
-2 Principle. Pressure and vacuum are
applieq alternately to the compartments of

Pt. 60, App. A, Meth. 27

a gasoline delivery tank and the change in
pressure or vacuum is recorded after a speci-
fied period of time. '

2. Definitions and Nomenclature

2.1 Gasoline. Any petroleum distillate or
petroleum distillate/alconol blend having a
Reid vapor pressure of 27.6 kilopascals or
greater which is used as a fuel for internal
combustion engines.

2.2 Delivery Tank. Any contiainer, includ-
ing associated pipes and fittings, that is at-
tached to or forms 2 part of any truck, trail-
er, or railcar used for the transport of gaso-
line,

2.3 Compartment. A liquid-tight division
of a delivery tank.

2.4 Delivery Tank Vapor Collection

Equipment. Any piping, hoses, and devices
on the delivery tank used to collect and
route gasoline vapors either from the tank
to a bulk terminal vapor control system or )
from a bulk plant or service station into the
tank.
2.5 Time Period of the Pressure or
Vacuum Test (t). The time period of the
test, as specified in the appropriate regula-
tion, during which the change in pressure or
vacuum is monitored, in minutes.

2.6 Initial Pressure (P,). The pressure ap-
plied to the delivery tank at the beginning
of the static pressure test, as specified in
the appropriate regulation, in mm H,O.

2.7- Initial Vacuum (V}). The vacuum ap-
plied to the delivery tank at the beginning
of the static vacuum test, as specified in the
appropriate regulation, in mm H,O. *

2.8 Allowable Pressure Change (Ap). The
allowable amount of decrease in pressure
during the static pressure test, within the
time period t, as specified in the appropriate
regulation, in mm H,O,

2.9 Allowable Vacuum Change (Av). The
allowable amount of decrease in vacuum
during the static vacuum test, within the
time period t, as specified in the appropriate
regulation, in mm H,O.

3. Apparatus

3.1 Pressure Source. Pump or compressed
gas cylinder of air or inert gas sufficient to
pressurize the delivery tank to 500 mm H,O
above atmospheric pressure.

3.2 Regulator. Low pressure regulator for
controlling pressurization of the delivery
tank,

3.3 Vacuum Source. Vacuum pump capa-
ble of evacuating the delivery tank to 250
mm H,O below atmospheric pressure.

3.4 Pressure-Vacuum Supply Elose.

3.5 Manometer. Liquid manometer, or
equivalent instrument, capable of measur-
ing up to 500 mm H.O gauge pressure with
*2.5 mm H,O precision.

3.6 Pressure-Vacuum Relief Valves. The
test apparatus shall be equipped with an in-
line pressure-vacuum relief valve set to acti-
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; | APPENDIX C

DRAFT METHOD FOR DETERMINATION OF HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES3 .

-
3This method is a preliminary draft that has not been formally released by

EPA%
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DRAFT - 08/13/90

METHOD Cr*% - DETERMINATION OF HEXAVALENT CHROMIUM EMISSIONS
FROM STATIONARY SOURCES

1. Applicability and Pringiple
1.1 &opli:ab;l;ty, This methed applies to the determination of hexavalent
chromiumj(cr’") emissions from hazardous waste incinerators, municipal waste

combustors, and- sewage sludge incinerators. With the approval of the
Administrator, thiz mechod may alsoe be used to measure total chromium. The
sampl;ng train, constructed of Teflon compeonents, has only been evaluated at
temperacur°s l=2ss than 30QQ°F. Traing constructed of other materials, for

testing at higher tempersatures, are currently being avaluated.

1.2 ‘Prznchlc. or incinerators and combustors, the Cr*® emissions are
collected isokinetically from the source., To eliminate the possibility of Cr*$
reduction between the nozzle and impinger, the emission samples are collected
with a  recirculatory train wpere the impinger reagent i1s continuously
recirculated to the nozzle. Recevery procedures include a post-sampling purge
and fillration. The Zapinger train samples are analyzed for Cr* -6 by an ion
chromatogr1ph gquipped with a post- column reactor and a wvisible wavelength
de*ecboé The IC/PCR separates the ¢r*® as chromate (Cr0, ") from other
componcnt% in the sample matrices that may interfere with the Cr’ 6 -specific
dlpheny“carbaa1de reaction. thaet occurs in the post-column reactor. To increase
sensitivity for trace levels of chromium, a preconcentration system is also
used inzconjunction with the IC/PCR.

i

2. ggpﬂé Sensitivity, Precisicn, end Interference

2.1 |Renge. Fmploying a preconcentratzon procedure, the lower limit of the
detect1on range can be extended to 16 nanograms per dry standard cubic meter
(ng/dscm) with a 3 dscm gss sample (0.1 ppb in solution). With sample
dilution, there is no upper limit.

[
2.2 | Sensitivity. A m;nimum detection limit of 8 ng/dsem with a 3 dscm gas
sample can be achieved by preconcentration (0.05 ppb in solutienm)}.
\

2.3 | Precision. The precision of the IC/PCR with sample preconcentraticn is
5 Lo lO pcrcent. The overall precision for sewage sludge incinerators emittin
120 ngﬁdscm of dr‘5 and 3.5 ug/dscm of total chromium is 25% and a¥% for Cr-
and Lotgl chromium, respectively.

4 '
{
2.4 ﬁ Interference. Components in the sample matrix may' cause Cr*8 to
convert to trivelent chromium (Cr*3) or cause Cr*3 to convert to Cr” +&, A poat-
qampl;ng nitrogen purge and sample {iltration are included to etlminate many of

these iinterfcrences. The chromatographic separation of Cr° *é using ion
chromatography reduces the potential for other metals to 1ntprfe"e _with the
- pust-column reaction. For the IC/PCR analysis, only compounds that coelute

1







with cr+é and affect che diphenylcarbazide reaction will causa interference.
°ew4cdic?analys-s of delonized (DI) water blanks is used to demonstrate that
the ana;ytical system is essentially. free from contamination, Sanple cross-
Lontaminhtzon that can occur when high-level and low-level samplms or standards
are anal yz=d alternately is eliminated by thorough purging of the sample loop.

Purging rran easily be obtained by increasing the injection volume of the
samplﬂsfco ten times the sizs of the sample loop.

3. Annaﬁatus

3.1 Sampling Train, Schematics of the recirculatcry sampling trains
employed in this method are shown in Figures Cr*8-1 and Cp8-2. The
rocirculatory train is readily assembled from commercially available
componeﬁts. All porticns of the train in centact with the sample are either
glass, quartz, Tygon, or Teflon, and are to be cleaned as per subsection

5.1.1.

The meterzﬁg system is identical to that specified by Method 5 {see section

3.8.1); lthe sampling train consists of the following components:

3.1. 1 Probe Nozzle. Glass or Teflon with a sharp, tapered leading edge.
The ang_e of taper shall be <30° and the taper shall be on the outside to
o“pservc a constant internal diameter. The probe nozzle shall be of the
hutton—hook or elbow design, unloss otherwise  specified by the Administrator.

A range of nozzlc sizes suitable for isokinetic sampling should be
available, e.g., 0.32 to 1.27 cm (1/8 tc 1/2 in.) == or larger if higher volume
sample tr_lns are used =-- inside diameter (ID) nozzles in increments of 0.16 cm
(1/16 din.). Each nozzle sghall be calibrated according t¢ the procedures
outlineé in Section 6.

3.1. 2 Taflon Aspirator or Pump/Sprayer Assembly. Teflon aspirator cspable
of recirculating absorbing reagent at 50 ml/min while operating at 0.75 cfm.
Alcprnqﬁlvcly, a pump/sprayer assembly may be used instead of the Teflon
asnlrwtcr A Teflon union=T is connected behind the nozzle to provide the
absorbing reagent/sample gas mix; & peristaltic pump is used to recirculate the
absorbing reagent at a flow rate of at least 50 ml/min. Teflon figtings,
Teflon ferrules, and Teflon nuts are used to connect a glass or Teflon nozzle,
reci rcuiatloq iine, and sample line to the Teflon aspirator or union-T. Tygon,
C= Flex”ar other sultablc inert tubing for use with peristaltic pump.

3.1, 3 Teflon Sample Line, Teflon, 3/8" outside diameter (OD) and 1/4"
inside  diameter (ID), or 1/2" OD x 3/8" ID, of suitable length to connect
asplrator (or T-union) to first Teflon impinger. ‘

3. 11& Teflon Recirculation Line. Teflon, 1/4" 0.D. and 1/8" 1I.D., of
hUlt&ble length to connect first impinger to aspirator {or T=union).

|
i

l
I
|
i

VOTh.: Mention of trade names or specific product does not constitute
. endorsempnt by the Enviornmental Protection Agency.
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3.1.5 Teflon Impingers. Four Teflen impingers; Teflon tubes and fittings,
such asgmade by Savillex’, can be used to construct impingers 2" diameter by
12" leng, with wvacuum-tight 3/8" 0.D. Teflon compression Ffittings,
Alternaﬁively,‘ standarid glass impingers that have been Teflon-lined, with
Toflon stems and U-tubes, may be used. Inlet fittings on impinger top to be
borad tyrough o accept 3/8" 0.D. fubing as impinger stem. The second and
third 3/8" 0D Teflon sctem has a 1/4" OD Teflon’ tube, 2" long, inserted at its
end to &uplicate the affects of the Greenburg-Smith impinger sizem. The first
impinger stem should extend to 2" from impinger bottom, high enough in the
impinger reagsnt to prevent air from entering recirculating line; the second:
end third impinger stems should extend to. 1/2" from impinger bottom. The first
impinger should include o 1/4" 0,D, Teflon compression filtting for

recircu%ation line. The fourth impinger serves as a knockout impinger.
!
3.1.6 Q(less Impinger. Silica gel impinger. Vacuum-tight I1mpingers,

capable! of containing 200 g. of gilica gel, with compatible fittings. The
silica gel impinger will have a modified stem (1/2" ID at tip of stenm).
i
3.1.7 Therzometer, (identical to thas specified by Methed 5) at the outlet
of the ?ilica gel impinger, to monitor the exit temperaturs of the gas.

| .
3,1.8 Metering System, Barcmeter, -and (as Density Determinations
Fquipment. Same as Mechod 5, Section 2.1.8 through 2.1.10, respectively.

3,2 ' Sample Recovery. Clean all items for sample handling or storage with
10% nit%ic acid solution by sogking, where possible, and rinse- thoroughly with
ot wate# befors use.

'3.2.? Nitrogen Purge Line. Inert tubing and fittings capablie oft delivering
0 to 1 scf/min {continuously adjustable) of nitrogen'gas to the impinger train
from a |standurd gas cylinder (See Figure Cr'8-3), Standard 3/8-inch Teflon
tubing 'and compression fittings In conjunction with an adjustable pressure
regulator and needle valve may be used.

i ,
3.2.2 Wash Bottles. Two polyethylene wash bottles, for DI water and nitric
rinsa solution.

3.2J3 Sanple Storage Containers. Polyethylene. with leek-free screw cap,
500Q-ml ior 100C-ml.

3.2%” 1000-ul Graduated Cylinder and Balance.

3.2%5 Plastic Storass Containers. Air tight centainers to store silica
gel. | ‘

1
f

3.2ﬁ6 Funnel and Rubber Policeman. To aid in transfer of silica gel from
impinger to storage container; not necessary if silica gel is weighed directly -
in the impinger. ‘

¢
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3.3 Samp.:.ﬂ Sreparacion for Analysis. Sample preparation prior to analysis
includes purzing the sample train immediately Ffollowing the sample run, and
filtering the recoverad sample to remove particulate matter lamedliately
folﬁowmg reccvery.

2.3, l Beakers, Fuanels, Volumetric Flasks, Volumetric Pipets, and
Graduated Cyiinders. Asgorted sizes, Teflen or glass, for preparation of
samplesé sampla dilution, and prcparation of calibration standards, Prepare
initially follewing procedure described in Section 5:1.3 and rinse between use
with Q.1 N HNC; end DI water.

3.3.2 Filtration Apparatus. Teflon, or equivalent, for filtering samples,
and Teflon filter holder. Teflon impinger components have been found tg be
gsatisfactary as a sample reservoir for pressure filtration using nitrogen,

i

3.4 gAnalysis.

3.4.3}. IC/PCR System. High performance liquid chromatograph pump, sample
injection valve, post-column reagent delivery and mixing system, and a visible
detectczf:', capable of ¢parating at 520 nm, all with a non-metallic (or inert)
flow path. An eleoctronic recording integrator operating in tha peak area mode
is recommended, but cther recording devices and integration ‘techniques are
acceptable provided the repeatability criteria and the linearity cri teria for
the cal.z.brat*un curve desgcribed in Section 5.5 can be satisfied. A sample
’oadfng system will be required if preconcentratlon is employed. -

3.4 2 Ansiytical Column. A high performance ion chromatograph (EPIC) non-

metalli¢ ecolumn with anion separation characteristica and a high loading

capacity designed for separation of metal chelating compounds to prevent metal

iqtarf‘eynnce. Resolution described in Section 5. 4 must be obtained. A non-

merallie guard column with the same lon-exchange material is recommended.
] ‘

3.4.3 Preconcentration Column, An HPIC non-metallic column with
acceptable anion retentlon characteristics and sample loading rates as
described in Section 5,5,

3.4.4 0.45 um filter cartridge. For the removal of insoluble material. To
be used just prior to sample injection/analysis.

'
t
i

4. Reagents
]

All |, reagents should, at a minimum, conform to the specifications

established by the Committee on Analytical Reagents of the Anerican Chenmical

Society, where such specifications are available, All prepared reagents should oo
be checked by IC/PCR analysis for Cr*® to assure that contamination is below

the a.na"yt-rca] detection limit for direct injection. or, if selected,
proconcentration. If total chromium is also to be determined, the reagents

should also ba checked by the analytical technique selected to agsure that
contamination is below the analytical detection limit.

|
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4.1 :Sampling.
bL.1, i. Warer. -Deicnized water. It is recommended that water blanks be
checke«‘ pricr to preparing sampling reagenta ko ensure that the Co*® content
is less than the analytical detection limie,

h.l.? Potassium Hydroxide, 0.1 N. Add 5.6 gm of KOH(s) to approximately
800 ml é:f DI water and let dissolve. Diluts %o 1000 ml with DI water.

4.1.15 Silica Qel and Crushed Ice. Same as Methed 5, Sections 3.1.2 and
3.1.4, respectively.

4.2 ';Sample Racaovery. The reagents used in sample recovery are as follows:

|
4.2.1 Water. Same as subsection 4.1.1.

4,2.2 Nitsic Acid, 0.1 N. Add 6.3 ml of concentrated HNQ, (70 percent) to
a a-radua.red eylinder containing approximately 900 ml of DI watar., Dilute to
1000 ml with DI water, and mix well.

4.3 §Sample Preparation
4.3.? Water., Same as subsection 4.1.1,
u.3.p Nitric Acid, 0.1 N. Sams as subsecticn 4.2.2.

L. 33 Filsersg. Acetate 'mambrane, or -equivalent, fil *-ers with 0.45
mic*ometsf' or smgller pore size to remove insoluble material.

F

b4 | Analysis, ‘

ﬂ.h.{l Chromatographic Eluent. The eluent used in the analytical system is
ammonium sulfate based. It is prepared by adding 6.5 ml of 294 ammonium
hydroxi‘de (NH, OH) and 33 grams of ammonium sulfate C(NH,) 504] te 500 ml of DI
water, § The mixture should then be diluted to 1 liter w:.th DI water and mixed
well. |Other combinations of eluants and/or columns may be employed provided
peak resolution, as described in Section 5.4, repeatability and linearity, as
doscribed in Section 6.2, and analytical sensitivity are acceptable.

4,4, 2 Past=column Reagent. An effective post-column reagemt for use with
the chroma.tcgz.anh:.c eluent described in Section 4.4.,1 is a diphenylcarbazide
(DP¢) based system. Dissolve 0.5 g of 1 5-diphenylcarbazide (DPC) in 100 ml of
ACS grade methanol. Add to 500 ml of degassed containing 50 ml of 96%
spcctrophotometric grade sulfuric acid. Dilute to 1 liter with degassed DI

watar,

b4 '4 Cr*$% Calibration Standard. Prepare Op*$ standards from potassium
dichronate (K,Cr, O FW 294.19). To prepare a 1000 ug/ml Cr*® stock solution,
dissolve 2. 829 g of’ dry K,Cr,0, in -1 liter of DI water. To prepare working
standards, dilute the stock solution to the chosen standard concentrations for
:.nstrunie'xt calibration with 0.05 N KOH to achieve a matrix similar to the
“actual | Ileld samples.







|
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4.5 Performanca Audit Sampls. A paerfermance audit sample shall be
obtained from the Quality Assurance Division of EPA and analyzed with the field
s,.eum_a‘ess.= The mailing address to request audit samples 13:

| U. S. Environmental Protsection Agency

| Atmespheric Ressarch And Exposure Assgssment Laberatory
i Qualizy Assurance Divisicn

| Scurce Branch, Mail Drop 77-4

| Research Triangle Park, North Carclina 27711

i ‘ ‘

The audit sample should be preparsd in a suitable sample matrix at a
concentration similar te the actual fiz1d samples,

5, Procédure

5.1 iSampl‘ng . The complexity of this method i1s such that to obtain
rel;ab;é results, testers should be trained and experienced with test
procedures.

5.1.1 Pretast Preparatic All compenents shall be wmaintained and
calibrated according te the p*ocedures described in APTD-0576, unless otherwise
specified herein.

Ringe all sample train components from the glass nozzle up to the silica
gel impdnger end sample containers with hot tap water followed by washing with
hot soapy water. Next, ringe the train components and sample containers three
times with tap water followed by three rinseg with DI water., ALl the
components =and containers should then be soaked overnight, or a minimum of 4
hours, in a 10 % (v/v) nitric acid solution, then rinsed three times with DI

water. Allow the compcnents to air dry prior to covering all openings with
Parafilm, or equivalent.

5.1‘? Preliminary Determinations. Same as Method 5, Section #,1.2.
i I é Preparation of Sampling Train. Measure 300 ml of 0.1 N KOH into a
graduated cylinder (or tare-wc1ghed precleaned polyethylene container). Place
apprcximately 150 ml of the 0.1 N KOH reagent in the first Teflon impinger.
Split the rest of the 0.1 N KOH between the second and third Teflon impingers. .
The nexc Teflon impinger is left dry. Place a preweighed 200-to 400~g portion
of inaicating silica gel in the final glass impinger. (For sampling perieds in
excess |of two hours, or for high moisture sites, 400-g of silica gel is
recommended. )
Reta&n reagent blanks of the 0.1 N KUOH equal to the volumes used with the
field samples.

5.-ﬂ+ Leak-Check Procedures. Follow the lesk-check procedures given in
Method | 'S5, Section 4.1.4.1 (Pretest Leak-Check), Section 4.1.4.2 (Leak-Checks
During ithe Sample Run), and Section b.,1.4.3 (Post-Test Leak-Checks).
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5.1. 5 Samp-ing Train Operation. Follow the procedures given in Method 5,
Section' 4.1.%. The sampling train should be icad down with water and ice o]
insure heat transfer with the Teflon impingers.

.For leach run, record the data required on & data sheet auch as the one
shown iﬁ Figure 5-2 of Method 5.

5.1, 6 Calculation of Parcent Isckinetic. Seme as Wethod 5, Section 4.1.6.

5.2 'Post-test Nitrogen Purge. The nitprogen purge is used as & safeguard
. aga;nstrbbe conversion of hexavalent chromium to the trivalent oxidation state.
The purge is effective in the removal of SOz from the impinger contents.

Attach the anitroger purge line to the input of the impinger train. Check to
+nsure the output of the impinger train is open, and that the recirculating
linae s capped off. Cpen the nitrogen gas flow slowly and adjust the delivery
rate to 10 L/min. Check the recirculating line to insure that the pressure ig
not forcing the impinger reagent out through this line. Continue the purgs
under these conditions for one-half hour periodically checking the flow rate,

5,23 | Sample Racovezy. Begin cleanup procedures as soon as +the train
asqamblv has teen purged at the end of the sampling run. The probe assembly
does may be disconnected from the sample train prior to sample purging,

The i probe assembly should be allowed to cool prior to sample recovery.
Disconnect the umbilical cord from the sample train. When the probe assembly
can be safe1y handled, wipe off all external particulate matter near the tip of
the nozzle, and cup the nozzle prior to transporting the sample train to a .
clean Qp area that is clean and protected from the wind and other potential
causes of conlaminaticn or loss of sample. .Inspect the train baefore and during
dzsasscmbly and- note any abnormal conditions,

5.341 Container No,. 1 (Impingers 1 thrcocugh 3). Digsconnect the first
impinger from the seccnd impinger and disconnect the recirculation line from
the agpirator or peristaltic pump. Drain the Teflon dimpingers into a
pr@cleaned graduated cylinder or .tare-weighed precleaned polyethylene sample
container and measure the volume of the liquid to within 1 ml or 1 gm. Record
the volume of liqulid present as this information is required to calculate the
mo1stmre content of the flue gas samplse. I necessary, transfer the sample
from the graduated cylinder to a precleansd polyethylene sample container.
With . DI water, vrinse fotr times the insides of the gless nozzle, the
aqpirator, the sample and recirculetion lines, the impingers, and the
connecting tublng, and combine the rinses with the impingesr solution in the
sample container.

1

5.3.2 Container No. 2 (HNO3 rinse optional for total chromium). With 0.1 N
HNO3, rinse tlhres times the entire train assembly, from the nozzle to the
fourthiimpingow and combine the rinses into a separate preclesned polyethylene
sample | ¢ontaincr for possible total chromium analysis, Repeat the rinse
procedure a final time with DI water, and discard the water rinses, Mark the
height ; lof the fluid leval on the container or, alternatively if a balance is
available, weigh the container and record the weight to permit determination of
any leakage during transport. Label the container clearly to identify dits

contenﬁs.
|
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5.3.3 Container No., 3 (Silica Gel). Nots the color of the indicating
silica gel tc deteraine if 1t has been completely spent. Quantitatively
transfer the silica gel from its impinger to the original container, and seal
she congainsr. A funnsl and a rubber policeman may be used to aid in the
trangfer, The small amcunt of particulate that may adhere to the impinger wall
nead no{: be removed. Do not use water or other liguids to transfer the silica
gel, lternativaly, if a balance is available in the field, record the weight
of the spent silicas gel (or the silica gel plus impinger) to the nearest 0. 5 8.

5.3. 4 Container Ne. 4 (0,1 N KOH Blank), Once during esch field test,
place a volume of reagent equal to the volume placed in the sample train into a
precleened polyethylene sample container, and seal the container. Mark the
neight of the fluid level on the container or, alternatively if a balance is
ava:.lable weigh the container and record the welght to permit determination of

any leakage during transport, Label the container <¢learly to identify its
content$.

5.3.5 Container No. 5 (DI water Blank), Once during each field taest,
place g volums of DI water equal to the volume employed to rinse the sample
train into a precleaned polyethylene sample container, and seal the container.
Mark the height of the fluid level on the container or, alternatively if a
balance! is available, weigh &the container and record the weight to permit
determination of any leakage during transport. Label the container clearly to
identify its contents.

5.3.6 Container No. 6 (0.1 N HNO; Blank). Once during each field test if
total ckromiu.n is to be determined, place a volume of Q.1 N HN(J3 reagent equal

to the volume employed to rinse the  sample train into” a precleaned
polyethylene sample container, and seal the container. Mark the height of the
fluid level on the conctainer or, alternatively if & balance is available, weigh
the container and record the weight to permit determination of any leakage
dur:.ng transm:nt Label the container clearly to identify its contents.

5.4 Sample Preparation. For detaermination of Cr°®, the sample should be
f‘:.lteretl -immediately following recovery to remove any insoluble matter.
\r:.b—ngcn gas may be used as a pressure ass:l.st to the filtration process (see
Figure Cr*®-4).

Filter the entire impinger sample through a Q.45 micrometer Teflon filter
{or eqqivulent,. and collect the filtrate in a 1000-ml’ graduated cylinder.
Rinse the sample container with DI water three separatzs times and pass these
rinses f‘chmugh the filter, and add the rinses to the sample fillgrate. Rinse
the 're-f" cn resarvolr with DI water three separate times and pass these rinses
through the filter, and add the rinses to the sample, Determine the final
velume of the filtrate end rinses and return them to the ringed polyethylene
sample conteiner. Label the container clearly to identify its contents. Rinse
the Tefllon reservoir once with 0. l N HNO3 and once with DI water and discard
these f'd.nses .

Tf total chromium 1s to be detarmined, guantitatively recover the filter
and residue and place them in a vial. (The acetate filter may be digested with
5 ml of 70% nitric acid; this digestion solutionR may then be diluted with DI
water far total chromium analysis.)

- r

{







~-O0——C0

REGULATOR

TEFLON
RESERVOIR

TEFLON FILTER HOLDER
WITH .46 MICRON FILTER

1000 mi
GRADUATED CYLINDER

Figure Cr+8 4. Schematlc o sample fiter system,
i2

4198 2/90







5.4, i Container 2 (HN03 rinse, coptional for total ¢hromium)., This sample
shall be snalyzed in szccordance Wlth the selected procedure for total chromium
ana;ysis. At a mirizum, the gample should be subjected to a digestion
nrocedure sufficient to solubilize all chromium present.

z

5.4.% Container 3 (Silica Qel)., Weigh the apent silics gel to ths nearegt
0.5 g using e calance. (This step may be conducted in the field.)

5.5 Sample Analysis, The Cr*® content of the sample filtrate is
determined by ion chroxatography coupled with a post column reactor (IC/PCR).
To increase sansitivigy for trace levels of chromium a preconcentration system
is slsojused in conjunction with the IC/PCR.

Prior to preconcentration and/er analysis, all field samples will be
fixterad through a 0.45 um filter., This filtration should be conducted Just
prior tc sample injecticon/asnalysis.

The precon"ant*at-cn is accoemplished by selectively retaining the analyte on:
a solid; absorbent (as described in 3.4.3), followed by removal of the analyta
from the abscrbent, The sample is injected into a seample loop of the desired
size (repeatea loadings or larger size loop for greater sensitivity) and the
cr-® ig! collected on the resin bed of the column. When the injection valve is
sw1cche& the eluent displaces the concentrated Cr*® sample moving it off the
pteccnc§ntration column and onto the IC anion separation column. © After
separation from other sample components, Cr*® forms a specific complex in the
post-column reactor with a diphenylcarbazide reaction soluticn, and the complex
is then detectad by visible absorbance at a wavelength of 520 nm. The amount
of abso#bance measured *s proportional to the concentration of the Cré complex
formed., The IC retention time and absorbance of the Cr*® complex is compared
with known Cr”® standards analyzed under identical conditicns to provide-both
qu&lltaFlVE and gquanticative analydes.

Pricr to sample analysis establish a stable baseline with the detector set
at the requlred attenuation by setting the eluent flowrate at approximately 1
ml/min land post column reagent flow rate at approximately 0.5 ml/min. (Note:
As long as the ratio of eluent flowrate to PCR flowrate remains constant, the
standard curve should remain linear.) Inject a semple of DI water to insure
that no, Cr* *6 appears in the water blank.

Pnrst inject the calibration standards prepared, as described in Section
4.4.4, to cover the appropriate concentration range, starting with the lowest
standarp first. Next, inject, in duplicate, the performance audit sample,
followed by the 0,1 N KCH field blenk and the field samples. Finally, repeat
the injection of the <¢alibration standards to allow for «.ompensanion of
instrument drift. Measure areas or heights of the Cr"®/DPC complex
chromatogram peak. The response for replicate, consecutive injections of
samoles must be within 5 percent of the average response, or the injection

should be repeated until the 5 percent criteria can be met. Use the average
response (peak areas or heights) from the duplicate injections of calibration
standards to generate a linear calibration curve. From the calibration curve, .
determine the concentration of the field samples employzng the average response
from the duplicate injections.

Thefresults for the analysis of the performance audit sampls must be within
10 percent of the reference value for the field sample analysis t6 bé valid.







-

6. Cal‘bﬁacion. Maintain a written log of all calibration activities.

6.1 Samnlp Train Calibpration. Calibrate the sample train components
acccrdiu, o =ke indicated szections of Method 5: Probe Nozzle (Section 5.1);
Bitot Tu{e (Seczion 5.2); Metering System (Section 5.3); Temperature Gauges
(Section |3.5)1 Leak-Check of the Metsring System (Section 5.6); and Barometer
(Sectionl5 7).

8.2 Ca.ibratzon Cuzve for the IC/PCR. Prepare working standards from the
stock soluticﬁ described in Sectien 4.4.4. by dilution with e DI water
solution: to eapproximate the field sample matrix. Prepare at least four
standa*ds to cover cne order of magnitude that bracket the field sample
concentrations. Bun the standards with the field samples as described in
Secticn % 5. Tor each standard, determine the peak areas (recommended) or the
peak ha*%hts. caTcula»e the average response from the duplicate injections,
and ploc the average response against the Cr° *6 concentration in ug/l. The
*nd*v*dugl presponses &= each calibration standard determined before and after
fileld sample emalysis must be within 5 percent of the average respense {or the
analysis| to be valid. If the 5 percent eriteria is exceadad, excessive drift
and/or ipstvument_degr adation may have occurred, and must be corrected hefore
further analyses are performed.

Fmploying iinear vregression, calculate a  predicted value for each
calibration standard with the averags response for the duplicate injections.
Bach predicted value must be within 7 percent of the actual  value for the
calibration curve to be considered accéptable. Remake and/or rerun the
calibration standards. If the calibration curve is still unacceptable, reduce
the rangg of the curve. ‘ ' ‘

7. Calculations

7.1 EDry Gas Volume. Using the data from the test, calculate vV, (atd the

dry gas; sampls volume at standard conditions as outlined iIn Section é 3 of
Methaed 5.

7.2 iVolume of Water Vapor and Moisture Content. Using the data from the
test, calculac- Vg(etd) and B ., the volume of water vapor and the moisture

content [af the stack gas, respectlvely, uging Equations 5-2 and 5 3 of Method
5. >

7.3 §Stack Gas Veloclity. Using the data from the test and Equation 2-3 of
Method 2, calculatc the average stack gas velocity.

7.4 |Total ug Co*® Peor Sample. Calculate as described below:
I . . ‘
= (5-8) x V;, x & |

Mass of Cr°% in the sample 2
Analysis of sample, ug C“’ /ml
Analysls of blank, ug Cr* /ml

V., = Volume of sample after fi ltration, ml, and,
Dilution factor (1 if not diluted).

US,

" oWw
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APPENDIX D

. EXAMPLE CALCULATION FOR DETERMINING THE ALLOWABLE SLUDGE FEED RATE.







The following calculations demonstrate the determination of the
maximum sludge feed rate allowed within the proposed rules for the disposal of
sewage sludge published in the Federal Register on February 6, 1989. The
formulas used are provided in the proposed rule.

i These example calculations show the steps involved in calculating
the minmum allowable sludge feed rate based upon: ‘

| * the average concentration of each toxic metal in-sludge feed
I (obtained via long term monitoring);

; ° the control efficiency of the incineration system for each
toxic metal (obtained from stack sampliing); and

e the dispersion factor (obtained from dispersion modeling).

| The calculation is demonstrated -in this case for two metals.
Facility "X" collected the following information dinvolving two of the
regulated metals.
e Chromium--50 mg/kg of sludge
! ° Lead--180 mg/kg of siudge

e 96% control of chromium by the incinerator and air pollution
r “control device

. 85% control of 1lead by the incinerator and air pollution
control device

° A calculated dispersion factor of 7.52 ug/m3/g/sec

i ° An average sludge feed rate of 7 metric tons/hr (dry weight
| basis)
!

CALCbLATION FOR CHROMIUM

| From the proposed rule, the formula is
¢ = _RSC x 86,400
! DF x (1-CE) x SF

Wheres
C=Maximum allowable concentration of arsenic, cadmium, chromium, or nickel in
séwage sludge, in milligrams per kilogram (dry weight basis).
CE=Sewage sludge incinerator control efficiency.
DF=Dispersion factor, in micrograms per cubic meter, per gram, per “second.
RSC=Risk specific concentration, in micrograms per cubic meter.
86,400=Number of seconds in a day.
SF=Sewage sludge feed rate, in metric tons per day (dry weight basis).
!
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for SF and make substitutions:

RSC x 86,400

SF = §F x (1-CE) x C

0.085 pg/m3

0.085 x 86,400
7.52 x (1-.96) X 50

. SF

. SF = 488 metric tons/day (dry basis)

20 metric tons/hr (dry basis)

|
Conclusion: The allowable feed rate of sludge based on chromium content is
higher than the average sludge feed rate of 7 metric tons per hour (dry
basis).

CALC&LATION FOR LEAD

| . 225 (NAAGS) x 86,400
| DF x (1-CE) x SF

l
Where:
C=Maximum allowable concentration of lead in sewage sludge, in milligrams per
kilogram (dry weight basis).
NAAQS=National Ambient Air Quality Standard for lead (1.5 micrograms per cubic
| meter maximum arithematic mean averaged over a calendar quarter).
86,400=Number of seconds in & day.
DF=Dispersion factor, in micrograms per cubic meter, per gram, per second.
CE=Sewage sludge incinerator control efficiency. ‘
SF=Sewage sludge feed rate, in metric tons per day (dry weight basis).

So]fe for SF and make substitutions:

|
| of - =25_(NAAQS) x 86,400

DF x (1-CE) x C
_ .25 %1.5){86,400)
7.52 (1-.85) x 180

160 metric tons/day (dry basis)

[
{

6.6 metric tons/hr (dry basis)







|
|

Conclusion: Based upon the lead content of the sludge feed, the maximum
allowable feed rate is less the average feed rate of 7 metric tons per hour
(dry basis). This facility would need to operate at less than the average
feed rate unless improvements can be demonstrated in the control efficiency of
Tead emissions. ‘
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