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1. INTRODUCTION

The United States Environmental Protection Agency (EPA) has determined that
medical waste incinerator (MWI) emissions may reasonably be anticipated to contribute
to the endangerment of public health and welfare. As a consequence, new source
performance standards (NSPS) for new MWIs and emission guidelines for existing
MWT’s are being developed under Sections 111(b), 111(d), and 129 of the Clean Air Act,
as amended November 1990.

The Office of Air Quality Planning and Standards (OAQPS), through its
Industrial Studies Branch (ISB) and Emissions Measurement Branch (EMB), is
responsible for reviewing the existing air emissions data base and gathering additional
data where necessary. As a result of this review, several MWI emission tests are being
conducted to support the regulatory development program.

The emissions that are being studied for standards development are the criteria
pollutants--particulate matter (PM), sulfur dioxide (SO,), nitrogen oxides (NO,), carbon
monoxide (CO), and total hydrocarbons (THC); as well as other acid gases, such as
hydrogen chioride (HCI); chlorinated organics, including dioxins and furans; trace metals;
and pathogens.

1.1 TEST OBJECTIVES

The purpose of the testing program at the Jordan Hospital facility in Plymouth,
Massachusetts, was to obtain uncontrolled and controlled emission data from a
controlled, batch-fed MWI. These data are used in the regulatory development program
for MWIs. In addition, certain data will be used by Jordan Hospital to show compliance

with applicable Massachusetts regulations. The specific objectives were:

o Determine what levels of CO, PM, SO,, NO_, HCl, metals, THC and
polychlorinated dibenzo-p-dioxins (CDD) and polychlorinated
dibenzofurans (CDF )vw1m:emmﬂmed1&fmn'ﬂMﬂcmmnbmmbmrwwhemfburnﬁmg
medical wastes;

o Determine the levels of PM, acid gases, metals, and CDD/CDF emissions
associated with a fabric filter/packed bed absorber control technology;

dkd.176 1-1



o Calculate the control efficiencies for PM, acid gases, metals, and
CDD/CDF;

o Determine the microbial survivability based on a surrogate indicator
'mnymmmmm1munvwwmmmmmmmﬂﬂHMJltm:hmmmmnﬁmomikmmlCMHing'madh1mmmlmum

o ]Dmmemmﬂmﬁ:ﬂm3(Mﬂpmmic%WmmWHMMMMQn‘wfthe:kmuj\m&mmm;baﬁedwomgpewmmmt
caﬂmwn:mmd1kmﬁlmni@wﬁﬁomLUL(MUtoflhelmmﬂxmm¢mmn:mmdlly&mﬁlcmikmmed
in the fabric filter;

o Determine if there are differences in the uncontrolled and controlled
emissions between the two distinct operating modes of the batch cycle
(burn;mmd‘burmd@wmd)tmmmmlﬂmlanmmwﬂﬁ4mfcmmmhmm0u54mmﬂ&ﬁ£mlrmOMIMMﬁ
(CEMs) data; and

o EMMfﬁﬂ&hMﬁthevnﬂmmhmmﬂmmuiw:mm%jberwmmmlvﬂﬂMMatmmdmﬂomm“and.ommar

emissions, such as PM.

The measurements described above were repeated in triplicate at the design
cmmnﬁmmMg«xnmﬁﬁhmuwwhﬂk:ﬂh&inmimemwﬂmrvmm;hmmnimglmmﬂkmq;awmﬂmebmﬂogimﬂlhmmpﬁmﬂ
vwmﬂmﬁn‘TTNEtemtcommﬁﬁkmm;mmat:mmmmwﬂmzckm@gmlmmmmhugrama(MfagmoanmﬂﬂTSO]mm;per
tmumhtoffﬁmpei}ﬁlnmhmxleMNcwmdﬂnEtﬁemomﬁMWy1dmmmﬂmmrbenmwanMﬂne:&&ﬁmmMﬂ:of
1800°F.

]ﬁeylmmmmmm;opmmaMMW;vmxhﬂﬂmmunmﬂuﬁmng1&ucggms(mq%mmm((lgu«mmtmnn(ﬁomhiﬁ
ﬂi(lﬂgImﬂmmmqwaxmluecommmmyldmanﬂmmrtemummnmmufm”adrﬁ%mw&,ammﬂthe'xmmﬂimmmmmmlcm
vwmﬂm:chamg@d'waﬁzmmmmmmwed:mmd1nmmmmkmj1@»dommmmemttbm:oymmﬂlhugcxmmﬁlkmmﬁ
during each test.

ITM:testpmmgwamnimmhmdedﬂmniMmﬁrnaﬂ(pmﬂ&ﬁ;c@mmmulpmmgwamm.'Thm:gﬂml(ﬁiﬂma
(WMMHQWamgmmamcelqmmdhylmmmmmﬂmﬂawk/CMS);MﬂTmmhﬁ;vmm;MUtmmmmmzthatthmswmmimswwema
cﬁ]@mommngmfmmmﬂmlammlaﬁmmracy,ammlﬂmmtth@waeT¢<mmquﬁmﬂ,rapwemmnmmdve:mmd
comparable.

1.2 SITE DESCRIPTION

JtmﬁmmlE{o$phﬁdiﬁ]mmﬂmed‘hnﬁﬂymmwuﬂm,h&mmmmﬂmmmmm&.'T%m:h&VVH&ﬂxﬂﬁmfﬁmﬁﬁﬁy
hsatbahdhdmmnuEMnmomﬂBiN%mdeﬂEHﬁHHﬂ.ﬂhzhﬁﬂ:ﬂﬂﬂb@d‘wmnumm:ufikuﬁcmﬂﬂcw&mﬂ:hﬂwhm
pwhmmmywmmnﬂmmmdomxchmmﬂmenpmwﬂch1mmnmﬁ¢mmmmsto:axmmmﬂmmdfﬂﬂ)ﬂbyhmmch1mf1ﬁnma(%4
waste. A front view of the incinerator is shown in Figure 1-1. One natural gas-fired

burner in the primary chamber is used to light the waste after a preset temperature
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condition is met in the secondary chamber. The primary chamber temperature is
controlled by modulating the combustion air according to timers and the primary
chaxmberlxmmpmmaﬂuna,'Thﬁ:prhmary<ﬂmmmﬂmmrmamummmnmmerwaﬁMm'behweﬁmlamubkmmtaﬂwl
>1500°F during a typical 24 hour operating cycle. For approximately 16 hours, the
temperature is below 1000°F and for approximately 8 hours, the t temperature is above
1000°F. ﬂﬂmauuﬁliﬁ<ﬂmmqymjImmmmuﬂhykmlommmﬂm@:HJMWgﬁ.nm&mﬁmowwlhmmdtﬂmmmﬂmg;dmmw
t the front of the primary chamber. The unit is designed for approximately 22 hours of
operation each day, and ashes must be periodically removed manually when the unit is
cool.

WHmasmmmeMquchaxmbﬁr(multdsmuﬁhiﬁ<mﬁkmﬂammﬂlmvhawe:agvrm retention time of

about two seconds. A gas-fire auxiliary burner in the secondary chamber is activated
awmommaﬁﬁme'm&Mﬂﬂthm:MMWWMM%mMreJ&ﬂk;hmmomzagpmmmmthwwﬂLlmmnmmdhfﬂEI[WPl Set
ImmwnuandﬂacanlMmmmmmwnmw¢5inl;awh»dhanﬂm&rammwdhmﬂayedl0ﬂtﬂ¢ikﬂ:ﬁ1the1mmmmmﬂ
panel.

The unit has air pollution control de vices, namely a fabric filter for particulate
removal and a packed bed absorber (scrubber) for acid gas removal. The hot gas from
mhm:hmdﬂmmamoris(mmmwmbeInmnmw.od‘mfam&ﬂmxmmyhtbm:hmm:ﬂdc:of&lhmmm‘mmdmanger
where it is cooled to below 400°F. The gas then passes through the fabric filter to
remove particulates. Passing through the fan and damper system (which is used to
mmmwnmimlmmﬂhmmulmwmmureiMntheimmjneWHMMﬂ»ﬂme@mm;h;tnen]pammmjthwom@ﬁla»pack@d
bed wet scrubber. The cooled gas is then directed through the cold side of the heat
exchanger where nlmxuﬁmmskmmm:ﬁmmm1ﬂmalmmthMEgmm:&md'ﬂmunlmmﬁmd to the stack.

"Fhemei$1m01hﬂ]mhmm:cmmmaWOWlkm“ﬂﬂﬁi&miﬁrypmm'mﬁ.'Thm:hmmpdmﬂjhmmmﬁkmmmﬁmv
staff is currently responsible for charging the incinerator with waste and seeing that the
incinerator is started. Once the incinerator is started, the operator is free to leave and
gmabmm«nhm4hnwmcmmddmghhmwnwmmmwInnmwmnwhwypmmHmMHSM)nmkemmm
that the unit is operating properly.

?Hmelwmﬁcalkmmmx;OESMWMﬂmemd(nm&ﬁmﬁommana1%0m11h0@tajmmwmuEﬂM)pmnl‘]Dmmmmg
this time or what is called the "Burn" operational mode, ¢ the primary chamber is supplied
wﬂhhmmﬁmeUMW4Mww&mrmMﬂ&uGﬁUWMMnukamhmrmMGMmehuwwmmkmﬂwﬁm

(high flow) and low-fire conditions to maintain the set L point temperatures. After
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approximately 7 hours at this condition the unit moves into what is called the "burndown”
operation with the primary chamber cycling between high-fire and low-fire air according
to primary chamber temperature. After about 5% hours of burndown operation, the
&emomdeyndmmmMmmrtmuTmn'QMMM5c¢f‘]Hkmmww&npﬂmazﬂrlmmmrh;nmahmmdMﬁﬁlhﬂkmmmm
chambers during a burn out or cool down period which lasts about 10% hours.

ITN&tmchmm%nmwxm,qWﬁmmhw'ﬁrﬁd.ﬂmmmﬁthmvﬂ]pelwmeﬁknhﬂuumvfwmmy'oﬂmar«nqﬂband
the ash is removed once per week after it is allowed to cool.

Waste materials are collected by the hospital housekeeping staff. Waste is
DMwaﬂﬁomudTanmlﬂdem¢nm%,mthqu;nwmtwwmm‘mmmmanM|umqm,
operating and recovery rooms, and laboratories. Included in the waste stream are waste
dhmgm:mmd‘deHMuahu}paﬁfmm1mmm1m4.uu4msGnullas1ihymmm¢ﬂe;gmmmmmnﬁ:mmd<inmﬁings;MMU
wastes; disposable surgical tools; sharps; diagnostic devices; and human tissue. Only red
bag and sharps containers are fed into the incinerator. Pathological waste is estimated at
1&@mni§tm»10qpemmmmtcdﬁﬂm3tmm&lvnmme‘WfQQML

]Ntmpred'bag‘WMSMmssuchlas<md@h&ﬁﬂtamﬂloﬁﬁce\waﬂum;are<m1ﬂecmmdlnythe
hmmwhwmmwumﬁldephwmlmxMmmhmdjﬂyﬂmmlMdMu1LMmtmmmmmﬂ(Mpmﬁmﬂﬁna

dumpster. Red bags are transported via plastic bin-type carts from the collection area to

ﬂmafmmMm&anM'ame&.‘ITm:hmmmde.hmﬁnw"ﬂnml(MMAMNIW hand feeds and stacks the bags in
the incinerator prior to ignition.

Thecambmemmwwwmsuﬁﬁmﬂthndnmmewmmmumthmiwu1MHMMH@WMMWS
known as controlled or "starved"” air incineration. The unit is designed with two separate
chalmhmxs(ﬁxpwhmmwy<ﬂ||mﬂwmrA|mld.mMmmmd1Lymﬂmmmmmm)imlvﬂﬁmmlcﬂmmnmmed:mmmmmmmwof
combustion air and combustible material are admitted. The lower chamber, known as
MM@|mﬁnmmqyamrigmjmomlchameen,h;oymmmbmd:mthw%owzshﬁkimommwuiu{km-ahrﬁumwmmﬂ
conditions). A gas-fired pilot burner is only used to ignite the waste material. Limited
amounts of underfire air are admitted through ports in the lower chamber so that
combustion of the fixed carbon matter can be sustained.

The volatile matter i is vaporized in the lower chamber and passes into the
Seconmmmywmmnﬂmmmmommmhamﬂmﬂn‘Amnmmmmmdimmwfhfmlhmmnmmwﬁ;u&ede)Lgnhx:Mmﬂ
mmnhthkqummhmmlm@mmMMMwamquJlmMWThﬂﬂﬂﬂdWWﬂanhmauwmmﬁﬁd

termperature range. Ktm:ummmmrbmmnmmﬁmmmmuhumml@ebweemyalmwwdmmﬂammﬂkﬁghwﬁre
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condition to maintain upper chamber temperatures. In the second: ry chamber, excess
air is supplied to achieve more complete combustion of the volatile matter and entrained
suWﬁﬂqumwMMmuMmemummmmm%mum@pWﬁmﬂtuﬂmhw&mﬂhhg

1.3 AIR EMISSIONS CONTROL SYSTEM

medamllmmmnmarﬁjNTMﬂlrse.uurqumﬂvﬂkh:mn:mmwanﬂﬂmkmmscmmmmmlsymMnmn The
system WIJHDMHJ%ﬁh@lﬂ&ﬂhd”@'hl]ﬁmmmﬁtﬂ{l.AQAHMMNﬂ(Nﬂﬂiﬁmﬂthﬁmluﬂmnn of each of the

Symnrmlmwumumnmmls«uulnhatmncrum is given below:

(]

vige. A heat exchanger is used to accomplish the cooling from

ﬂmmuWMMMH;WMthMwaM‘HmmIHMW’n]ﬂ@WTInthﬁEmmwﬁﬂn
temperature of 365-400°F. Jordan’s system consists of a tube and shell
HMWQHMWMHIQMJmmw?M]MmuMMU]NWPIPW%MEmHIN incinérator and

enter hw'healtﬂﬂﬂmmnm" l”nm&hur(m1&m*:wm¢slm]pe rformed by the 130°F
air exiting the packed bed absorber passing over the tube bundle in which
the incinerator flue gas is flowing, In addition to the heat exchanger there
u,dho.nva1erum1¢nnm‘wnnnnuqmumamlaliMMN‘HMUxim1h@lmwn

exchanger ductwork as well as an air damper system upstream of the fabric
filter for additional cooling capabilities.

° “abric Fi ':.l&llfﬂto‘HNWIﬂﬂu exhaust gases go into a fabric filter.

¢ P-84 bags to retain useability at 450°F, with a SO0°F
nmmnrmmM|tennpmrdummwaumla 350°F operating temperature. The P-84 bags
are a woven syntheti cannvﬂmmkwmpmanmmcmmmmyWMMhh@shmﬂl
felted to smooth the bag surface. The fabric filter is made of 316 L
stainless steel. The fabric filter has a compressed air pulse cleaning
system, 10 remove PM, ]%M“(hbdﬂﬁh;:y%"ﬂ1lMsﬂHddm up of seven pulse jet
solenoids that operate at 30-second intervals to clean the bags and
nnmunmmu'Alh1HMMHMLdlpm@$mmna(M?hﬁm‘ﬂmmntitmcheﬁwwanmrrmﬂmmnn(nn
Ww.C.).

L Blower. After the fabric filter is the main blower, which provides the air
movement for:

ﬁh‘Ww%mmMmm1mnanMWﬂmamwhwwmwwnmdmmmwhaﬂfmm
the packed bed absorber and the fabric filter;

the ductwork;

heat exchanger; and,

the stack.

Ihwn“dnﬂdanummsaiﬁmuandﬁnhwtulﬂhﬂrEHNI; MM*ddmun at the fan
1s use lnrx%mﬂ%zmﬁthmMﬂmm.m)xm1unhmnlunukmxm incinerator pressure
while mummmvuumy he flue gases. The fabric filter damper is used for rapid
cooling of flue gases entering the fabric filter.
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o kwnnlmm The gases leave the blower and enter a packed bed

hsa h is made of fiberglass. The absorber consists of three
wmmdonmJWMMM3uq)rﬂ\a]K’Wmvlmmmmw1ﬁmﬂwpwmmwmﬁne1packedjbed. The
absorber is cylindrical, and mounts horizontally above the floor. The two
front beds have a manifold which houses four nozzles each that spray water
onto and against the bed at a total flow of 60-80 gpm (8-10 gpm at each
nozzle).

The liquid for the packed bed scrubber is held in the polypropylene tanks
directly below the scrubber. There are three cascaded tanks with absorber
mpum1MMmm'mN»MeJﬂﬁtmﬂ:muiWWncmmmndlmUua%ﬂmmlhmm\mN'e
caustic (50% NaOH) is added. The liquor goes from the central tank to
the third tank where make-up water is added and pH is monitored. The
pH is maintained at 6.5 - 9.5. From the third tank, the absorber liquor is
(mewﬂlﬂ1hﬁVNMUnpnmp.md1uth‘nmmWMM(MlmmduhNMHMKW
There is a manual bleed, located on the left return tank, (3 - 5 gpm) to
control the buildup of salts in the system. The tanks are maintained at an
appropriate level as determined by hydraulic conditions.

" By-P nper. A damper to bypass the air pollution control system and
vent directly out the stack is located at the heat exchanger outlet. This
damper is provided so that in the event of a breakdown, the absorber, the
fabric filter, and the rest of the air pollution control system are not
destroyed by excessive temperatures. The bypass damper is open during
the pre-heat cycle when the emissions system is not in operation and is also
interlocked to open upon failure of the ID fan, or upon excessively high
temperature at the fabric filter or absorber inlet when the air pollution
control system is in bperation.

i

(4

® Controls. The entire system is controlled by a programmable controller

and separate process controllers. This control is integrated into the
incinerator controls so that interlocks, operating controls, and dump
controls are handled in a coordinated fashion.

1.4 EMISSIONS MEASUREMENT PROGRAM

This section provides an overview of the emissions measurement program

conducted at Jordan Hospital. Included in this section are summaries of the test matrix,

sampling locations, sampling methods, and laboratory analysis.

141 T atrix

The sampling and analytical matrix for this test program is presented in Table 1-1.

Sampling locations are shown in Figure 1-2. Both manual emissions tests and CEMs

were employed for the Jordan Hospital MWI test program. Flue gas was sampled af

both the inlet and outlet to the air pollution control system (APC system). In addition to
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flue gas sampling, incinerator bottom ash and ash quality pipe samples were taken as
well as absorber make-up and discharge water. Each of these tests are briefly described
in Sections 1.4.3 and 1.4.4.

142 Sampling Locations

Flue gas samples were collected at the exhaust stack using three sets of ports and
at the APC inlet using six sets of ports.

Sampling at the exhaust stack was conducted as shown in Figure 4-2. The lower
set of ports was used for the CEM, HCI/CEM, and manual HCI tests. The center set of
ports was used for CDD/CDF testing. The upper set of ports was used for PM/metals
testing.

Figure 4-4 shows sampling locations at the APC inlet piping. The first port on the
down-flow section of piping was used for CEMs. The lower two ports were used for
microbial testing. The lower port on the up-flow section was used for manual HCL
testing. The middle port accommodated CDD/CDF testing and the uppermost port was
used for PM/metals testing.

Incinerator ash was sampled each day following operation. Ash was completely
removed from the incinerator manually and screened through %" mesh. The ash was
then placed in bulk ash containers and mixed to provide a nearly uniform mass of which
representative grab samples were taken. Fly ash sampling from the baghouse was also
conducted but not enough material was acquired to conduct a full set of analyses on.

Absorber water samples were also taken. Grab samples were taken from a water
supply tap (make-up water) and the absorber discharge line (discharge water).

143

pling Methods

........ SR ESFA TS VAR

Total PM emissions along with a series of 11 toxic metals [lead (Pb), chromium
(Cr), cadmium (Cd), mercury (Hg), nickel (Ni), arsenic (As), beryllium (Be), antimony
(Sb), barium (Ba), silver (Ag), and thallium (T1)], were determined using a single sample
train. Particulate loading on the filter and front half (nozzle/probe, filter holder) rinse
was determined gravimetrically. Metals analyses were then completed on the filter front
half rinses and back half impinger catches using atomic absorption (AA) and inductively
mmupMmd:mqymn;ﬂﬁmmmaEmmmmrmmdmpylﬂ{LmIﬂlUmﬂmmMpmmL Flue gas samples for CDD/CDF

were collected using EPA Method 23. Flue gas was extracted isokinetically and
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CHDIIWCI)P’mmm;coMﬁmmad1an1WMﬁfﬂman1mn:amﬂMHMmlacmmwbmmWWMamn:mmdinﬂheitmphmgﬁnL

The analysis was completed
moupmﬁdeﬂﬂmK{nyulle&ohndom:hiamsSmmmmwommmMywﬂHW{hdS)(memmhmm

Hydrogen chloride, hydrogen bromide (HBr), and hydrogen fluoride (HF)
concentrations in the stack gas were determined using EPA Method 26. Gas was
extracted from the stack and passed through an acidified collection solution which
stabilized the respective halogen ions (CI, Br, F). The quantity of ions collected was
then determined using ion chromatography (IC) analyses.

Two types of Microbial Survivability testing were completed. These tests were
intended to evaluate the effectiveness of the MWI in destroying microbial elements in
the waste. The first was aimed at determining microbial survivalibity in the combustion
gases (emissions) and bottom ash. Indicator spores in solution (wet-spores) were loaded
onto material commonly found in the medical waste stream and then charged into the
incinerator to determine the ability of the indicator organisms to survive in the
combustion gases and the incinerator bottom ash. The second microbial survivability test
muiﬁzedi&fmmm:drhmjjmdumaMMTSpu»ws((hy'qumumqlﬂncuw9d1mluumnln1dldmu&ﬂ« pipe
containers (pipe-samples) which were spiked to the MWI. Flue gas testing for spore
emissions was conducted simultaneously with the other emissions testing were also
ﬂoaﬂkmltmu)thm:huﬁrmmﬂmon.'T%m:next«hgwﬁo“cmﬁm@;thetiEMylmunnmwmia,aﬁh:mmrmﬂew.mmd
pipe samples were recovered and subsequently analyzed for spore viability. Direct ash
sampling and pipe sampling were conducted daily when the ash was removed manually
from the incinerator. Flue gas samples were collected isokinetically and passed through
a circulating phosphate buffer solution. Following the test, the buffer solution samples
were analyzed for viable spores using microbiological identification, culturing, and

quanMﬁMaﬁmntﬁmhmkmﬁsmmnhmedin1Tm:EI%%(hﬂﬂtHmﬂhod'Tdkwnbud.muvmwmﬂHQwTﬁmt

ﬂmrPﬂfmﬁcal\Nﬁmma]MmjnermM1rEﬂwn&mtmmd"Aﬁblwamuﬂm:‘dmd]puw%aulnphmmvwmmrawmﬂym&d
as outlined in the EPA draft method "Microbial Survivability Test for Medical Waste
Incinerator Ash."

Visual opacity measurements were also taken continuously during the particulate
tewtpmmhmds.‘A.cermwhmi(MMMﬂwwmwdocunmanmmdianm$HHMM'SMMﬂcgmm<mpamhm'by1&ﬂhmwimg

EPA Method 9 protocol.
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(3&5&0Mﬁ4$WHS$MmH;(hNDW,CM),EmjmeT{LWimmd]HM:Uimwmf:MMEWMMHHjIMﬂmgHCWENmS
1mmmﬁnmmmuﬂy1iuﬁwq;the<day.'Thm:dﬂhmﬂm:gamms((lwiC{lgiwmnf:mmmwmmnmjlmﬂmgytﬁimm$am
all times when tests were being performed so that the emission results could be
normalized to a reference O, or CO, basis. The O, and CO, results were also used in
the calculation of flue gas molecular weight for stack gas flow rate calculations.

Jﬁsh'wwm:mmrmﬂﬂd\nmmwmauy;mmd:mﬂxed,M)ﬁmrmddela1fmmmmmmmathw:commp0@ﬂm:
sample. Samples were taken for analysis as follows: loss-on-ignition (LOI), carbon, toxic
metals, dioxins, and microbial analysis. An archive sample was also saved for each test
condition. KmdmmaMM'Spore]mmMﬁ;vmnf:chargedldaﬂy|Qmﬁmw1Mmthe:Mﬂm1(M?hmdmmnﬁmhMm)
hmxtmmﬁirminemaumra{mirecoverﬁdlmmummmmyikm'nﬁcwobﬁMlammiwﬁﬁ. Detailed descriptions
of the sampling and analytical procedures are provided in Section 5.
1.44 Laboratory Analyses

All manual ﬂum:gaﬁ1ﬁ$t§wwmmﬁs&mm(mntforcwﬂmmmﬁw3labmmmmomyaumﬂyﬁes.:&ammﬂkm
:&tmnICI)K%NEIIFRHHMS@RMMteﬂm;mmmw:amﬂkwmmjibwwmnraﬂmmmt(HDW)/(HDT’hMMWNmﬁlmy
Triangle Laboratories, Inc (Triangle). Ash samples were also analyzed by Triangle for
these analytes. Analytical procedures followed EPA Method 23 protocols (Analytical
Immmhmmlﬁﬁﬁmﬂﬁ)"Ihmstechmhqmeimem¢MMﬁmes]HW%CNS/}{RﬂMﬁiammﬂyﬁcalymxmmmkmm&;

Sammpkﬂ;fnmmlpmmtkmdabsIMﬂxtﬂy%mctam;emﬁmﬂkmntegu;MNMf:aﬂmmwmmdlwylladmmm@
Perimeter Park (PPK) laboratory. Analytical procedures were completed using ICAPS,
(Emaphhm:FﬁmwmmmrAKMMmdcIﬁbmmwpmkmuEﬁmmﬂro&mwpyqﬂBEh&ﬁﬂiL:mmd<CIﬂd'V%mmmr/kmxmdc
Absorption Spectroscopy (CVAAS). Incinerator ash was also analyzed for metals
content using these techniques. Particulate matter was analyzed using gravimetric
UmﬂmmmymmsfoM&wwmw;Eﬂpﬁ;PAﬁmha@lS;ymMMﬂhme&.!&mmqﬂﬁmi&mmnEhahmymmcmmdmﬂmmnhmm$
were analyzed by Radian’s PPK laboratory. Quantities of chloride, bromide, and fluoride
ions in the impinger solutions were determined using IC techniques.

N&kmmkdaﬂsurvhmﬂﬁuny:mmmmﬂeslkmmnlkm:emmﬁmhmwsteﬂm;amﬂlmmﬁ:Mﬁmammﬂympm:nmms

by Research Triangle Institute (RTT). Impinger samples (emissions), ash, and pipe
:mmmeeS\were<mﬂwured;amd'amunmanmmm1umhmg;mmemhmﬂ1MNﬁmﬁmNMﬁ;wemenmw'devehmped

specific for this test method. This protocol is given in the EPA draft methods "Microbial
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Survivability Test for Medical Waste Incinerator Emissions" and "Microbial Survivability
Test for Medical Waste Incinerator Ash.

The incinerator ash was analyzed by McCoy Labs for volatile matter (LOI) by
Standard Methods of Water and Wastes, Method 209G, and for carbon content by
ASTM Method D 3178-84.

L5 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

All flue paatewnlu'puncmduu:w1RHMTWﬁclcommpnmnan5hw:(JAWWJMEKthxmhmwm;as
outlined in the Jordan Hospital MWI test plan and EPA reference methods. A full
description of the resulting QA parameters is given in Section 6.

Post-test leak check criteria were met for the majority of outlet manual sampling
trains. The inlet sampling trains did not meet all of the leak checks and sample volumes
needed to be leak corrected. The corrections resulted in minimal changes in sample
volume (1-6%) and would therefore did not significantly change the emission values.
The allowable isokinetic QC range of =10 percent of 100 percent was met for 21 of the
30 emission test runs. The exceedances mostly fell within 20 percent of 100 percent and
were not expected to affect the overall quality of the data. All post-test dry gas meter
calibration checks were within § percent of the full calibration factor. Field blanks (FB)
results showed very little CDD/CDF contamination. The halogen FB showed virtually

no contamination. Final toluene rinses of the CDD/CDF samples showed only small

amounts of residual CDD/CDF isomers remaining after the methylene chloride rinse.

From an analytical QA perspective, all analyses were completed under a strict
QA/QC regimen. Outlet CDD/CDF flue gas and CDD/CDF ash samples had to be
diluted because of analytical saturation problems. Matrix spike values for all metals
except silver were within the acceptable range.

1.6 DESCRIPTION OF REPORT CONTENTS

Section 1 of this report provides an introduction to the medical waste testing
program conducted at Jordan Hospital in Plymouth, Massachusetts. This section
includes the test objective, a brief site description, an overview of the emissions
measurement program, a brief overview of the QA/QC program, and this description of

the report contents.
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Section 2 gives a summary of the test results, Included in the contents of this
s&cmkunamezﬂmsﬁnnmmnmmm‘mﬁmlM@;1:IIEUW3[MF1fmmdmgIImicxnmmah;remuhs,Eﬂvhﬁdsﬂﬂﬁ
enﬁS&ansreﬁmhs,kmdogmmtmam1mﬂ,(Hﬂhilmﬁmdmg:mﬂulJCﬂ‘and‘m&ﬂmanmﬁmﬂni;amd
microbial survivability results.

Sﬁcﬁmm13|de:mwswhﬁlmmmuﬂm;and\opﬁnmdontofthe;hmmmmninchmmwﬂmwm&nd;gﬁwm
]mnmmmﬁ;mmmlmﬁ.ihmﬂumkmﬂin1ﬁuipmtmmmﬁ1%mmd&;are1&m:vwmnfsﬂmmdzmmmmmmm;amﬂ
incinerator chamber temperatures.

Secﬁcmld-pwovnmmsaxdetaﬂedldescﬁpﬁhxnenud«hmnwhmg;cﬁﬁﬁmrsamwph&lomaﬁkwmh

Section S presents detailed d@ScﬁpmhmmgcﬂHmmmthmg;uudemmmbwhxﬂjpnwm&dure&
ijaakﬁmmhjﬂomm'dmm:are<mmmmmuﬂﬂn'ﬂﬂﬁfmmmhmmzmm:the1CI)ELN$IIF”mﬂmhngIMﬁthULthe
]Ph&:mmd1mndclmmmah;v&mdng:mmﬂkmml:mﬂcmmbhﬂlsurvhaﬂﬂuhy1mmmhngmnetnodm,thezmuumJal
halogen emissions testing nmsﬁumi,Eﬂ?AkhﬂeﬂbodSilthrougtl4y(IE$AﬁnmmmMMia1ﬂm3uimmde
enﬁﬁ&kmv;rmeﬂmmd,pmmmkﬂe:ﬂze<dﬁmmwmmion‘mﬂm&.amdlprocem&sanmphn@;pwocedumes.

G&mﬁkmxtipmmw@des(Mﬂfdk;Of!fﬁ:(lAq%)()pm@mmmhuem'm&mdcmm1iﬂ5[mmnymum.and
the QC results. ]Mmﬂudkmlhnltdssmmmkmnﬁs&1sunnnmm3f0$(Jm&WCM$quhmnﬁwma'CND
procedures for the manual flue gas sampling methods, QC procedures for the ash and
pﬂp@(jﬂkﬁ@bhﬂ)ﬁ@fﬂphng,anabmhxﬂ(}(?pwocedunmsandtam\pmwanmmmm&‘andISEHVIEMZ
procedure and QA parameters.

AMQpﬁmﬁHmmscxmnaimnugthﬁ:acnmﬂlﬁmidtiaM1shmﬁms&umj(xmnwmnﬁm1iauﬂﬂﬁmhugsawe

contained in a separate volume.
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2. SUMMARY OF RESULTS

This section provides results of the test program conducted at the Jordan Hospital
MWI from March 5§ to March 9, 1991. Included in this section are results of manual flue
gmdﬂmﬁmmmhmmﬁfhrCIMLMﬂJRJnmnrmﬂM&JWW»WMMMuxmmmnnmhmhwcm”dnd
microbial survivability. This section also contains the results of continuous emissions
monitoring for Q,, CO,, CO, NO,, SO,, THC, and HCI gases as well as particle size
distribution (PSD) results. Results from analyses of ash and scrubber water are also
included.
2.1 EMISSIONS TEST LOG

Six test runs were conducted during 3 test days. Flue gas sample locations were
at the inlet and outlet (stack) to the air pollution control devices (APCI). Two test runs
were conducted on each day with the first corresponding to the incinerator burn
condition and the second to the burndown condition. The CEM instruments monitored
gas concentrations during burn, burndown, and cooldown periods of each test day.
Table 2-1 presents the emissions test log. This table shows the test date, run number

and condition, test type, run times, and port change times for all the flue gas testing

conducted during this program.
22  CDD/CDF RESULTS
2.2.1 Querview

Simultaneous CDD/CDF test runs were conducted at the inlet and outlet of the

Jordan Hospital MWI APCD. Two runs were conducted each day. The first run,

conducted during the burn cycle, typically lasted seven hours. Testing was initiated
approximately 0-5 minutes before the incinerator reached the initial secondary chamber
burn temperature set point. Following the burn cycle, a second test run was conducted
to determine emissions during burndown. These test runs were started within 5 minutes
of burndown initiation except for Day 2 (Run 4). For this run, the inlet run was started
43 minutes after the burn period was initiated.

Testing protocol followed EPA Method 23 which requires a final sample recovery

rinse with toluene to be analyzed separately from the rest of the sample. Because these
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TABLE 2-1.

EMISSIONS TEST LOG;

JORDAN HOSPITAL (1991)

11[53\.1:1!5:*

CRUNNO./ -

TEST |

. INLET

QUTLET

| [!\u!

CHANG By l'..a

wnmmmwm»m IWPW"L RUN T -:MQF' MUWTIMﬂ} PORT CHANGES
3705791 1/Burn PM/TM | 09:50-16:49 13:26-14:10 09:47-16:49 13:07-13:10
3705191 1/Burn CDD/CDF | 09:44-16:49 13:20-14:09 09:45-16:49 13:06~13:15
305191 1A/ Burn HCI 09:56-11:26 | 09:45-11:15
3105191 1B/Burn HCI 12:43-13:43 11:25-12:55
3/05/91 1C/Burn HCI 14:21-15:51 14:21-15:51
3/05/91 1D/Burn HC1 16:20-16:49 16:21-16:49
3/05/91 1/Burn Spore 09:38-16:18
3/05/91 1/Burn PSD 11:28-11:58

Burn Period 09:47-16:49
3/05/91 2/Burndown PM/TM | 17:35-22:10 20:23-20:48 16:49-22:13 20:09-20:12
3/05/91 2/Burndown CDD/CDF | 17:35-22:10 20:23-20:48 16:49-22:13 20:09-20:14
370591 | 2A/Burndown HC1 17:45-19:15 17451915
3/05/91 2B/Burndown, HC1 19:23-20:53 19:24-20:54
3705791 2/Burndown Spore 16:45-22:05 |

Burndown. Period 16:49-22:11

30791 3/Burn PM/TM | 09:32-16:30 13:08-13:22 06:32-16:30 12:52-13:01
30791 3/Burn CDD/CDF | (9:30~16:30 13:06-13:22 09:32-16:30 13:01~13:04
30791 3A/Burn HCl 09:31-11:01 09:32-11:02
3/07191 3B/Burn HCI 11:12-12:42 11:13-12:43
307491 3C/Bumn HC1 12:53-14:23 12:58-14:28
310791 3D/Burn HCI 14:35-16:05 14;35~16:08
30791 3/Burn Spore 09:31-16:11

Burn Period 09:30-16:38
3/07/91 4/Burndown PM/TM | 16:35-21:57 19:23-19:34 16:34-22:00 19:54-20:15
3/07/91 4/Burndown CDDICIDF | 16:34-21:58 19:22-19:34 16:33-21:59 19253200 15
310791 | 4A/Burndown HCI 16:59-18:29 17:00~-18:30
3/0791 4B/Burndown I 18:42-20:12 18:42-20:12
0791 | 4C/ Burndown HCI 20:20-21:57 20:20-21:50
3/07/91 4/Burndown, Spore 16:30~22:59
307191 4/Burndown PSD 15:02-17:42

Burndown Period 16:38-21.58




TABLE 2-1. EMISSIONS TEST LOG (continued);
JORDAN HOSPITAL (1991)

RUN NO./ TEST INLET OUTLET
DATE | CONDITION TYPE * | RUN TIME | PORT CHANGES | RUN TIME | PORT CHANGES
3109/91 5/Burn PM/TM | 09:25-16:30 13:01-13:08 09:27-16:32 12:47-12:53
309/91 5/Burn CDD/CDF | 09:25-16:29 13:01-13:08 09:27-16:32 12:47-12:52
3/00/91 5A/Burn HCI 06:43-11:13 09:37-11:07
3/00/91 SB/Burn HCl 11:33-13:03 11:33-13:03
3/09/91 5C/Burn HCL | 13:19-14:49 13:19-14:49
3/09/91 5D/Burn HC1 15:08-16:29 ‘ 15:08-16:32
3/08/91 $/Burn Spore 06:26-16:06 |
Burn Period 09:25-16:25
3/09/91 6/Burndown, PM/TM | 16:31-21:44 19:19-19:27 16:44-21:46 20:04-20:11
3/09/91 6/Burndown CDD/CDF | 16:29-21:44 19:17-19:27 16:42-21:46 20:02-20:10
3/09/91 6 A/ Burndown HCl 17:03-18:33 17:08-18:38
3/09/91 6B/Burndown HC1 18:48-20:18 18:48-20:18
| 3/09/91 6C/Burndown HC1 20:26-21:44 20:26-21:46
1 3/00/91 6/Burndown Spore 16:28-21:46
3/08/91 | 6/Burndown PSD 11:14-13:46
| Burndown Period 16:25-21:44

* HC1 = manual HCI/HBr/HF tests

PM/TM

= Particulate Matter/Toxic Metals tests

CDD/CDF = Tetra ~ Octa polychleorinated debenzo-p-dioxins/dibenzo furans tests

Spare = Indicator Spore Micrabial Survivability tests

PSID = Particle Size Distribution tests

~y oy
42:".!’




data were not incorporated into the final emission results, they will be presented with the
sampling QA parameters in Section 6.2.1. A brief summary of the gas phase CDD/CDF
concentrations incorporating both the pooled Modified Method 5 results with the toluene
rinse results is given in Section 2.11.

As well as flue gas samples, daily incinerator bottom ash and scrubber water

samples were also taken. Each ash sample was also analyzed for tetra through octa

CDD/CDF isomers. Results are given as quantitated values, non-detected values, or

estimated maximum possible concentrations (EMPCs). The EMPC values are flagged by
parentheses. These values were only incorporated into the emission calculations for
isomers where the EMPC flags were noted in the analytical results summary sheet. (See

"

Appendix E.1 for analytical results). The CDD/CDF isomers categorized as "other" did
not normally include EMPC values.

Table 2-2 presents a summary of the CDD/CDF emissions, CDD/CDF ash

concentrations, mass of CDD/CDF isomers discharged in the ash stream, and scrubber
water concentrations. Flue gas emission rates were found to be much higher at the
from 0.24 ug/hr for 2378 TCDD to

73.4 ug/hr for Octa-CDF. Outlet values ranged from 0.64 ug/hr for 123789 HxCDF to

outlet than at the inlet. Inlet averages range

937 ug/br for Other TCDF. All CDD/CDF congeners were detected in both the ash
and scrubber water samples. Average rates of removal of CDD/CDF isomers in the ash

stream ranged from 24 ug/day for 2378 TCDF to 16,500 ug/day for Other TCDF.,
!.’ \‘ l.!' .5 i 4." .&

Scrubber water concentrations ranged from 0.12 to 137 parts per trillion by weight
(ppt. wt).

The following sections report CDD/CDF average emissions test results in
Section 2.2.2, results from each run in Section 2.2.3, sample parameters are shown in
Section 2.2.4, incinerator ash CDD/CDF concentrations in Section 2.2.5, and scrubber
water CDD/CDF concentrations in Section 2.2.6. All field data and analytical data are
shown in Appendices A.1 and E.1, respectively.

2.22  CDD/CDFE Emission Results

Tables 2-3 through 2-6 present the average CDD/CDF emission parameters for

the test program. Daily emission averages calculated by averaging the burn and

burndown runs on a time weighted basis are shown in Table 2-7. Emission tests analyses
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TABLE 2-2. SUMMARY OF CDD/CDE TESTS SHOWING AVERAGE DAILY FLUE GAS
AND INCINERATOR BOTTOM ASH MASS RATES AND SCRUBBER WATER
CONCENTRATIONS; JORDAN HOSPITAL (1991)

CONGENER

AVERAGE DAILY
EMISSION RATES a

AVERAGE BOTTOM ASH
PARAMETERS

AVERAGE
- SCRUBBER
| DISCHARGE

Inlet Cutlet
(ug/hr) (ug/hr)

CONC.
{ppb.wt)

DISCHARGE
(mg/day)

WATER CONC.
{ppt.wt) ¢

DIOXINS
2378 TCHD
Other TCDD
12378 PCDD
Other PCDD
123478 HxCDD
123678 HxCDD
1123789 HxCDD
Other HxCDD

0.240 1.316
3.110 | 534.503
1.510 7.936
7.185 |  486.266
2151 |  5.185
1.403 7.961
4.840 | 13.613

12.628 | 255.961

0.700
111.580
5.500

140.867 |
5.633
7.867
15.100

141.433 |

0.024 |
4.027 |
0.191 |
4.959 |
0.202 |

0.279
0.537

5.106

0.123
28.643
1.873
114,127
3.030
5.067
8.500
126.170

123789 HxCDF
Other HxCDF
1234678-HpCDF
1234789-HpCDF
Other Hepta-CDF
Octa-CDF

1.538 0.637
48.961 145.208
32.477 26.461

7.117 2.031
24.220 15.127
73,359 3.184

0.510
115.257
59.267
3.700
27.867
20.800

0.018
4.044
2.078
0.129
0.977

0.703 |

1234678-HpCDD 17.247 17.7167 48.633 1.750 37.367
Other Hepta-CDD 0.025 29.915 56.667 2.057 136.833
Octa~CDD 59.809 6.537 50.433 1.751 28.967
Total CDD b 97.0 1367.0 584.4 | 20.9 490.7
FURANS

2378 TCDF 1.647 13.103 11.167 i 0.385 12.300
Other TCDF 49.924 | 936,526 476.167 | 16.503 29.033
12378 PCDF 4.590 17.851 10.100 0.342 2.570
23478 PCDF 4.883 34.317 21.967 0.742 8.633
Other PCDF 55.359 498.020 222.933 7.613 §7.007
123478 HxCDF 20.163 59.564 78.533 2.755 28.600
123678 HxCDF 9.812 17.491 19.000 0.660 7.567
234678 HxCDF 10.535 24.864 30.367 1.066 16.567

0.543
57.257
31.867

4,233
28,533
13.867

TOTAL CDF b

343.8 1 1194.4

1097.6

38.0

G 3287

TOTAL CDD+CDF b

440.9 1 3161.3

1682.0

58.9

819.4

a Flue gas mass rates were averaged from incinerator burn test run averages
(duration ~ 7 hrs) and incinerator burndown test run averages (~3.5 hrs).

b Values represent the average of the totals (not the sum of the averages)

¢ Serubber discharge water had an approximate flow rate of 3-5 gpm.
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TABLE 2-3. CDD/CDF AVERAGE FLUE GAS CONCENTRATIONS
FOR BURN (RUNS 1, 3, & 5) AND BURNDOWN
(RUNS 2, 4, & 6) CONDITIONS; JORDAN HOSPITAL (1991)

- BURN 1{Z5tCll!‘i[lil[l7][fl!(2lﬂt~[
GAS CONCENTRATION
~ (nigfdscm) a

BURNDOWN 1IIh(Z)Et*ll{:id['l?f[i[lb]fif
GAS CONCENTRATION
{ng/dscny)

CONGENER IN- o1 OUT N QUT
DIOXINS

2378 TCDD 0.041 0.746 0.464 0.283
Other TCDD 0.498 324.705 6.372 92.540
12378 PCDD 0.128 3.921 3.002 2.419 |
Other PCDD 0.485 255.393 16.034 135.257
123478 HxCDD 0.220 2.683 3.887 | 1.416 |
123678 HxCDD 0.185 4.114 3.140 2,227
123789 HxCDD 0.596 7.010 §.021 3.817
Other HxCDD 1.521 133.057 27.481 70.661
1234678-HpCDD 1.064 9.206 40.356 4,835
Other Hepta-CDD 0.114 15.562 0 8.005
Qcta-CDD 3.567 3.494 122.711 L.677
Total CDD 6.40 1 759,89 226.50 | 323,14
FURANS

2378 TCDF 0.15§ 7.201 3.763 3.134
Other TCDF 4.448 554.843 111.651 175.632
12378 PCDF 0.143 9.286 11.286 4.844
23478 PCDF 0.450 17.739 | 11.254 9,225
Other PCDF 3.344 262.462 131.792 129.937
123478 HxCDF 0.923 30.214 48.540 17.438
123678 HxCDF 0.309 §.852 24.064 5.130
234678 HxCDF 0.700 12.673 24.686 7.080
123789 HxCDF 0.060 0.295 3.075 0.218
Other HxCDF 1.476 14,125 120.080 | 41.768 |
1234678~-HpCDF 1.240 13,703 78.940 7.348
1234789-HpCDF 0.418 1.083 17.078 0.527
Other Hepta-CDF 0.829 7.817 59.143 4.234
Octa~-CDF 2.818 1.7708 178.420 | 0.528
TOTAL CDF AT P 0020 | 8227 [ 4073
TOTAL CDD+CDF 2351 17619 0 10492 0 7305

a Standard conditions are defined as | atm and 68 °F,
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were targeted for the tetra through octa 2378 substituted CDD/CDF isomers. Results
are presented for zach isomer as well as for each tetra-octa homologue total (Total
CDD, Total CDF).

Average CDD/CDF inlet and outlet gas concentrations for the burn and

burndown test conditions are presented in Table 2-3. Stack gas concentrations of all
target CDD/CDF congeners were detected during each test condition throughout the
program at both the inlet and outlet. In comparing gas concentrations at the inlet to
those found at the outlet, higher concentrations for the majority of congeners were
okmermed:atthe1umHMW4&mack).‘Wﬁnhjkmwirdetpmuthmﬂaﬁe]fmmﬁm%:amnlhhyhinmﬂt
temperatures (~1100°F or 600°C), this phenomenon is not surprising. Dioxins and
furans are theorized to form through several chemical mechanisms. One mechanism
proposes that CDD/CDF forms from heavy organics and a chlorine donor (2). The
optimum temperature window for this reaction ranges from 500 to 600°F. At
temperatures above 750°F, this reaction is slowed considerably (2). The additional
amounts of CDD/CDF species found at the outlet may have formed downstream of the

inlet sample location where lower temperatures occurred. Additionally, the PM inlet

loading was relatively low during these tests (Averages = 0.007 and 0.05 g/dscm at burn
and burndown, respectively), and the absence of this available surface area for catalytic
reactions involving organics may also help explain the low inlet CDD/CDF
concentrations.

Average inlet CDD/CDF congener concentrations ranged from 0.041 ng/dscm for
Zﬁﬁﬁ:ﬁWZEMD'dmrhugwhmsburm'mmndﬂdOMLu)]HME:@gkhmmm1kmwocuw{IEﬂ?KMMﬁmm;burmﬂkwmm
conditions. Inlet CDD + CDF loading was higher during the burndown condition with
Total CDD + CDF concentrations at 1,049 ng/dscm versus 23. 5 ng/dscm during the
burn condition.

Outlet burndown concentrations on the other hand, were generally lower than
during the burn conditions. Total CDD + CDF values were 730 and 1,762 ng/dscm for
burndown and burn tests, respectively. A possible explanation may be that with the
higher inlet PM loading during the burndown condition, the inlet CDD/CDF isomers

associated with the PM were removed more effectively by the fabric filter.
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ﬁummwmm:(ﬂDﬂ)/(HD%Tcmmmxmurammmmicornmmfmlvo‘7ymmmmmnnoxmgen;mnaEmwmmmmed
in Table 2-4. (kmwﬁmmed1mJMQEHMMMmon5\W¢mazmnmuxm1nd1Jw'41MMuumlmphel1k¢u1whﬁ
uncorrected values at the outlet and 1.2 to 1.4 times higher at the inlet. Average oxygen
concentrations at the outlet and inlet were 17.5 and 9.6% by volume/dry, respectively.

Average CDD/CDF emission rates for each condition are shown in Table 2-5.
Average inlet mass rates of 2378 TCDD for the burn and burndown condition were 0.05
and 0.44 ug/hr, respectively. Outlet 2378 TCDD values were 1.8 and 0.67 ug/hr for
hwmrlammlbmmnmknwnﬁrespecﬁWfiy.]hmcmﬁkm‘M)gnfmmnn.uided perspective into the
mxmmmmmhmmn(Mfommhﬂ:amﬁlhﬂmm1CI)ELN$IMF1wmmm1mﬂxmyamlcmmhmtnmimdeﬁnmaﬁs1ﬁm¢1mmioim
also shown. Average ratios for the burn condition range from 10 for OCDF to 28,900
tor Other HxCDD. Burndown values are somewhat lower. The outlet to inlet ratios for
Total CDD +ISEW’RM1&@lnnn«nmlbunmkwwnummhrun&am*lﬂiﬁ.ﬂmlﬂﬂ&
respectively. These values highlight the relatively lower outlet mass rates which occurred
during the burndown versus burn condition.

Table 2-6 presents average corrected CDD/CDF gas concentrations in
2&/8'IIHEW)'T@micHiqubwﬂkmﬂg.'TTm:cmmmmmmmaﬁmmloftmmﬂn«xmummm&rcmmTecumjtﬂ

7]menmmmt(lzvnmsnmmhipﬁm@lby:msxfmpmmmhm:WRmchExnﬂvameqylﬁmmMM'(TIHF)t@

determine 2378 Toxic Equivalents. The TEF’s used in this report are the international
TEF (I-TEF) developed by the North Atlantic Treaty Organization Committee of the
Challenges of Modern Society (NATO/CCMS)(1). The average outlet 2378 Toxic
Equivalent Concentrations for Total CDD + CDF for the burn and burndown were 75.4,
and 44.1 ng/dscm at 7 percent O,, respectively.

Hlbh‘)"KMlWPHWmhu[“mHM[thnanﬂlM1P%i€HﬂMﬁ0nlﬁﬂ@SHWWWHg&d(MJELdaﬂy
basis using time weighing averaging techniques. Typically, the incinerator burn lasted for
7 hours and the burndown lasted for 5.5 hours. Day 2 inlet and outlet values were the
hhymmmtofliw:tnnmelﬁﬁt(kmmL Daily Total CDD + CDF emission rates at the outlet
were 2,744, 4,499, and 2,241 ug/hr for Days 1-3, respectively.

223 [HDW)/(HD%TKﬂum:Cmmsﬁ%mmmms1kmﬁEmmithmm

1hbkmﬁﬂﬁwumqﬁubllpmmuml]HMWW1HDHMF{mme&MNﬁMnﬂM=an
condition test runs (Runs 1, 3, & 5). WDMUM:‘<8|nmhnKM£lmmmomnmﬂmmlﬂhm&gmm

concentrations at the inlet and outlet. Only one of these runs detected 2378 TCDD at
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TABLE 2-4. CDD/CDF AVERAGE FLUE GAS CONCENTRATIONS
CORRECTED TO 7% 02 FOR BURN (RUNS 1, 3, & 5)
AND BURNDOWN (RUNS 2, 4, & 6) CONDITIONS;
JORDAN HOSPITAL (1591)

BURN CONDITION BURNDOWN CONDITION
CONCENTRATION CONCENTRATION
, (ﬁrljg;lﬂ:l:ia::linl 7% Q) a (ng/dscm @ T% O2)

CONGENER [ IN ourT IN ouUT
DIOXINS |
2378 TCDHD 0.059 2.885 0.533 1.191
Other TCDD 0.704 1263.921 7.763 389.280
12378 PCDD 0.184 15.112 3.465 10.161
Other PCDD ! 0.677 993.744 19.293 567.949
123478 HxDD | 0.315 10.300 4.530 5.927
123678 HxCDD 0.262 15.863 3.724 9.311
123789 HxCDD 0.854 26.973 9.435 15.954
Other HxCDD 2.159 512.775 32,747 295.232
1234678-HpCDD | 1.508 35.279 47.054 20,140
Other Hepta-CDD ] 0.140 59.641 0 33.435
Qcta~-CDD 5.081 13.427 141.181 6.991
Total CDD Q08| 20499 | 0000639 | 1355.6
FURANS
2378 TCDF 0.214 27.919 4,385 13.203
Other TCDF 6.285 2156.605 132.588 739.513
12378 PCDF 0.202 35.803 12.894 20.343
23478 PCDF 0.632 68.068 13.053 38.652
Other PCDF 4,736 1008.992 | 151.850 544,506
123478 HxCDF 1.298 116.853 55.892 73.057
123678 HxCIDF | 0.435 34.186 | 27.542 21.494
234678 HxCDF ; 0.985 48.825 28.679 29,684
123789 HxCIDF i 0.085 1.131 3.553 0.912
Other HxCDF f 2.086 286.731 137.513 175,254
1234678-HpCDF | 1.746 S2.705 | 90.615 30.687
1234789-HpCDF 0.593 4.159 19.657 2.194
Other Hepta-CDF ] 1.176 30.075 67.748 17.683
Octa~-CDF 3.998 6.590 204,653 3.446
TOTAL PCDF . oo 24,800 38TR.6 | 9494 | 1710.6
TOTAL PCDD+PCDF o333 G82BG | 12134 o 3066,2

a Standard conditions are defined as 1 atm and 68 °F

NOTE: Inlet oxygen meassrements were made upatream of the CODVCDF sumple port and may
have been lower than the actual value encountered at the sample location.
The nsnociated inlet CDD/CDF oxygen corrected values may be biased alightly low as well,
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TABLE 2-5.

CDD/CDF STACK |

EMISSIONS AND OUTLET TO INLET EMISSIONS

RATIOS

FOR BURN (RUNS 1,3,5) AND BURNDOWN (RUNS 2,4,6) CONDITIONS;

JORDAN HOSPITAL

(1991)

BURN CONDITION i BURNDOWN - CONDITION
EMISSIONS | OUTLETANLET| .. - EMISSIONS OUTLET ﬂ[Nﬂ LET
INLET JOUTLET RATIO - - INLET 1‘[ WITLET RATIO
CONGENER {ug/hr) (ug/hr) (Runs 1,3,5) a| lhugi'l]tnr‘i {ug/hr) (Runs 2,4,6) a
DIOXINS
2378 TCDD 0.05 1.80 110 0.44 0.67 6.25
Other TCDD 0.60 | 772.15 7,625 6.45 | 221.12 2,868.8
12378 PCDD 0.15 9.54 294 2.81 5.80 147.8
Other PCDD 0.58 611.20 3,973 15.95 | 320.58 1,464.5
123478 HxCDD 0.26 6.55 153 3.69 3.38 | 47,9
123678 HxCDD 0.22 9.97 241 3.06 5.29 72.5
123789 HxCDD 0.72 17.03 472 1.72 9.08 194.3
Other HxCDD 1.83 322.47 28,886 26.94 167.776 6,678.2
1234678-HpCDD 1.28 22.55 140 38.35 11.41 34.3
Other Hepta-CDD 0.00 3812 NA 0.00 19.01 NA
Qcta-CDD 4.29 8.49 81 114.40 3.95 31
Total CDLY 7.68 1820 TR0672 a 215 768 420 a
FURANS
2378 TCDF 0.19 17.33 232 3.58 7.49 51.3
Other TCDF 5.3¢4 { 1328.31 1,751 108.98 | 417.16 245.9
12378 PCDF 0.17 22.57 629 10.41 11.57 112.0
23478 PCDF 0.54 43,50 405 10.62 22.10 87.2
Other PCDF 4.02 | 639.86 4,937 123.12 | 309.55 307.3
123478 HxCDF 1.11 73.06 391 45.31 41.66 75.8
123678 HxCDIF 0.37 21.44 319 22.26 12.25 67.2
234678 HxCDF 0.84 30.80 217 23.34 16.98 49.9
123789 HxCDF 0.07 0.72 32 2.88 0.52 11.6
Other HxCDF 1.77 179.25 2,454 111.19 100.04 101.7
1234678-HpCDF 1.49 33.22 121 73.36 17.50 15.5
1234789-HpCDF 0.50 2.62 22 15.95 1.24 1.4
Other Hepta~CDF 0.99 18.94 151 54.85 10.07 3.8
Qcta-CDF 3.38 4.12 10 165.66 1.94 0.45
TOTAL - CDF 20056 1 416 B85 f TN 970 2789 a
\
TOTAL CDD+CIDFE [ 28,24 4236 1235w {Eii 086 1738 2.1 a

a Calculated from the average of the indi vdlu‘axl test run ratios as ‘.howux on ]'Blllil("i 2-11 .alm.l 2-15.
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TABLE 2-6. CDD/CDF AVERAGE FLUE GAS TOXIC EQUIVALENCIES CORRECTED

TO 7% O2 FOR BURN (RUNS 1,

3, & 5) AND BURNDOWN

(RUNS 2, 4, & 6) CONDITIONS; JORDAN HOSPITAL (1991)

CONGENER

TOXIC

BURN CONDITION

jiNNMJWWb{ﬂIﬂVAJJﬂW{TE$
F$WNM;&NWW g

(ng/dscm @ 7% O2) b

. BURNDOWN CONDITION
TOXIC EQUIVALENCIES

hngjdhndmllﬂb 7% O)

FACTOR a’ N ~out IN OUT

[DIOXINS

12378 TCDD 1.00000 0.059 2.885 0.533 1.191
Other TCDD 0.00000 0.000 0.000 0.000 0.000
12378 PCDD 0.50000 0.092 7.556 1.732 | 5.081
Other PCDD 0.00000 0.000 0.000 0.000 0.000
123478 HxCDL 0.10000 0.032 1.030 | 0.453 0.593
123678 HxCDD 0.10000 | 0.026 1.586 0.372 0.931
123789 HxCDD 0.10000 0.085 2,607 0.943 1.595
Other HxCDD 0.00000 0.000 0.000 0.000 0.000
1234678-HpCDD 0.01000 0.015 0.353 0.471 0.201
Other Hepta~CDD 0.00000 0.000 0.000 0.000 0.000
Octa-CDD 0.00100 0.005 0.013 0.141 0.007
Total CDD 0.125 16.121 3.603 9.599
FURANS

2378 TCDF 0.10000 0.021 2.792 0.438 1.320
Other TCDF 0.00000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 0.010 | 1.790 0.645 1.017
23478 PCDF 0.50000 0.316 34.034 6.527 19.326
Other PCDF 0.00000 0.000 0.000 0.000 0.000
123478 HXCDF 0.10000 0.130 11.685 5.589 7.306
123678 HxCDF 0.10000 0.043 3.419 2.754 2.149
234678 HxCDF 0.10000 0.098 4.882 2.868 2.969
123789 HxCDF 0.10000 0.009 0.113 0.355 0.091
Other HXCDF 0.00000 0.000 0.000 0.000 0.000
1234678-HpCDF 0.01000 0.017 0.527 0.906 0.307
1234789~HpCDF 0.01000 0.006 0.041 0.197 | 0.022
Other Hepta-CDF 0.00000 0.000 0.000 0.000 0.000
Octa-CDF 0.00100 | 0.004 0.007 0.205 0.003
TOTAL CDF 0.647 59,291 20365 34.511
TOTAL CDD+CDF 0T Ts412]  23.968 44.110

uNomummMuImeFMMmMMMl(mmmwwvmmw'%MMmﬂumhMMMWWmmV

Pilot Study on

International Information Exchange on Dioxins and Related Compounds: International Toxic ity

Equivalency Factor (I-TEF) Methods of Risk Assessment for Complex Mixtures of Dioxins and

Report No. 176, August 1988,
b Standard conditions are defined as 1 atm and 68°F,

NOTE: Inlet oxygen measurements were made upstream of the COD/CDF sample port and may

have boen lower than the actunl value encountered at the sample location.

The associated inlet CDD/CDF oxygen corrected values may be binsed slightly low as well.

Related Compounds.
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TABLE 2-7. CDD/CDF EMISSIONS AVERAGED OVER EACH TEST DAY;

JORDAN HOSPITAL (1991)

DAY 1
(RUNS 1 & 2)

DAY 2
(RUNS 3 & 4)

DAY 3.
(RUNS 5 & 6)

: Inlet Outlet Inlet Outlet Talet Outlet
CONGENER {(wg/lr) (g /) (ug/hr) (ug/hr) (ug/hr) (ug/hr)
DICQNXING
2378 TCDD {0.064) 1.121 (0.156) 1.906 0.499 0.922
Other TCDHD 0.053 471.472 4.504 648.288 4.774 483.748
12378 PCDD [0.029] 6.789 (.890 12,871 | 2.131 | 4.147
|Other PCDD (0.109) 470,229 9.374 663.518 12.072 325.052
123478 HxCDD [0.043) 3.700 1.700 8.506 2.602 3.348
123678 HxCDD 0.020 6. 109 1.410 12.533 2,781 5.240 |
(123789 HxCDD [0.036) 9.932 4.590 21.776 5.090 9.130
Other HxCDD 0.153 191.522 13.426 401.833 24.306 174.528
1234678-HpCDD 0.110 11.851 11.566 30.664 40.064 10.787
Other Hepta-CDD 0.000 20.692 0.074 51.356 0.000 17.698
Octa-CDD 0.312 4.378 46.470 10.265 132.643 4.968
Total CHD 0.775 1 1197.793 | 63.372 | 1863.517.| - 226.961 | 1039.568

FURANS

2378 TCDF
Other TCDF
12378 PCDF
23478 PCDF
|Other PCDF
123478 HxCDF
123678 HxCDF
1234678 HxCDF
123789 HxCDF
Other HxCIDF
1234678~HpCDF

Other Hepta-CDF
Octa~-CDF

0.063 | 12.188 |
0.737 | 867.766
(0.034) 15.112
0.093 26.177

0.523 379.780
0.207 50.956
0.070 14.560
0.143 19.901
[0.026) 0.474

0.347 126.954

0.299 18.140
0.270 1.247
0.433 10.465
0.651 2.242

1.078 18.700

51160 | 1254.464
1.125 28.469
2,709 60.423

23.153
8.304
2.181
6.262
0.960

14.396

11.247

810.764
93.655
27.595
40.393

1.108

227.011
41.591

2.854 3.099

7.240 23.565

24.180 4.760 |

3.799
97.873 |
12.611
11.846
142.402

8.420
687.347
9.972
16.351
303.518

51977 34.080
26.587 10.317
25.201 14,297
2.115 0.328
132,138 §1.657
85.886 19.651

18.227
64.989
195.247

1.746
11.352

2.551

TOTAL CDF

3.718 | 1545.961

- 156.900

2635.506

870.898 | 1201.589

TOTAL CDI+CDF

o 4,493

2743754 |

CN0.212

- 4499113

10697.859 | 2241157

[ ] = Minimum Detection Linuit
{

() = Estimated Maximum Possible Concentration.



TABLE 2-8.

CDD/CDF FLUE GAS CONCENTRATI

TIONS AT THE I

INLET

[ AND OUTLET

SAMPLE LOCATION DURING THE BURN CONDTION (RUNS 1,3,5);
JORDAN HOSPITAL (1991)

INLET CONCENTRATION OUTLET CONCENTRATION
(ng/dscm, as measured) a (ng/dscrn, as measmred)
CONGENER RUN 1T I RUN3 | RUN 5 |AVERAGE| RUN 1 | RUN 3 | RUN 5 |[AVERAGE
DIOXING ‘
2378 TCDD [0.019] | [0.010] | (0.041) 0.041 0.63 1.02 | (0.592) 0.75
Other TCDD 0.057 | 0.062 1.375 0.498 | 291.35 | 352.70 | 330.06 324.71
12378 PCDD [0.033] | [0.021]] 0O.128 0.128 328} 6.08 2.40 3.92
Other PCDD (©.104) {  0.103 1.247 0.485 | 252.44 | 323.18 | 190.56 255.36
123478 HxCDD [0.047] | [0.026] | ©.220 0.220 1.85 4.08 2,12 2.68
123678 HxCDD [0.033]1 | 0.026 ] 0.344 0.185 KA 5.87 327 4.11
123789 HxCDD [0.043]1 | [0.021] | 0.5965 0.596 5101 10.20 5.74 7.01
Other HxCDD (0.218) | 0.005 | 4.340 1521 | 100.92 | 188.69 | 109.56 133.06
1234678~HpCDD 0.100 | (0.114) | 2.979 1.064 6.28 1 1481 6.53 9.21
Other Hepta-CDD 0.000 | 0.000 | 0.000 0.000 | 10.71 25.08 10.90 15.56
Qcta-CDD 0.214 | [0.052) | 6.920 3.567 2.35 4.99 3.15 3.49
Total CID 0.692 | 0.319 ] 18.189 | 6.397 | 678.11 1 936.69 | 6654.88 759.89
FURANS
2378 TCDF 0.052 | 0.052 | 0.362 0.155 6.64 9.76 5.20 7.20
Other TCDF 0.612 1 0.444 | 12.287 4.448 | 523,89 | 693.90 | 446.73 554.84
112378 PCDF (0.024) | 0.026 | 0.380 0.143 7.7 14.15 5.94 9.26
23478 PCDF 0.081{ 0.077 1.192 0.450 | 13.59 | 29.73 9.90 17.74
Other PCDF 0.536 | 0.067 | 9.427 3.344 | 196.20 | 403.91 | 187.27 262.46
123478 HxCDF 0.180 | 0.114 | 2.475 0.923 | 2672 | 43.27 | 20.65 30.21
123678 HxCDF 0.062 | 0.041 | 0.825 0.309 7.48 | 12.81 | 6.26 8.85
234678 HxCDF 0.133) | 0.088, 1.879 0.700 | 10.10 | 19.00 | 8.92 12.67
123789 HxCDF [0.028] | [0.015] | 0.060 0.060 0.21 0.49 | (0.186) 0.30
Other HxCDF 0.280 | 0.036 | 4.111 1.476 | 66.18 | 106.55 | 49.64 74.13
1234678-HpCDF Q.214) | 0,160 | 3.346 1.240 9271 19.00 12.83 13.70
1234789-HpCDF [0.043] | 0.057 | 0.779 0.418 | (0.649) 1.45 115 1.08
Other Hepta-CDF 0.066 | 0.083 | 2.337 0.829 532 10.78 7.35 7.82
Octa~-CDF 0.142 | 0.382| 7.929 2818  1.26 2.24 1.62 1.71
TOTAL CDF 2.383 | 1.626 | 47.388 17.132 | 875.29 [1367.06 | 763.66 1002.00
TOTAL CDD+CDF 3.08 1.94 | 65.58 23.53 | 1553.40 [2303.74 |1428.54 1761.89

a Standard conditions are defined as | atm and 68 °F.

(1=
()=

- Mlinimum Detection Limit

Estimated Maximum Possible Concentration.
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the inlet. All three runs detected 2378 TCDD at the outlet. Run 3 results showed
mmb&ﬁuﬂdaﬂyqﬂhﬂmmrcuoxhusammifmmams&u;ﬂm.lmh‘tvnlh1ﬁm-1ﬂmmd1cm)m)-r1CI)F‘&£(EL6
ng/dscm versus 3.08 and 1.94 for Runs 1 1 and 2, respectively. Outlet concentrations of
Tmmlﬂﬁﬂ)4-CIW“wmmwnmmuxmmmﬂﬂmabmmmﬂnmmiwmmﬁmumamlﬁﬁiZ%MM and
lﬂﬁﬂmr%y%kmmni&N'thms]uilHandj3,remmecﬁv¢hL

Table 2-9

presents the burn condition flue gas concentrations corrected to

7 percent oxygen. Results show the same trends as discussed with the uncorrected

values.
I%&ﬂ@iZJH)KMfmmmmsEKVNBTHCI)EN1&mﬂkrEanVmL&mqyKiommmmmmaﬂummwofthm:ﬂmmsgmﬁ

for the burn condition. Total CDD + CDF Toxic

‘quivalencies for the inlet range from

(1G@Gimgjhmcmn&n,7]manmnvt(lzﬂmr]{un131K)ELLZlﬁ;ﬂi&ﬂﬂlﬁﬁi’pmmcﬂnm1351&M‘Fhmnfi

Outlet values ranged from 48.2 for Run 5 to 112 ng/dsem at 7 percent O, for Run 3.
Table 2-11 presents the flue gas CDD/CDF mass rates for the burn condition test

runs. Inlet and outlet mass rates are

oresented for Runs 1, 3, and 5. Qutlet to inlet

mass rate ratios are also presented.

Tables 2-12 through 2- 15 present CDD/CDF flue gas emissions test results for the
test runs conducted during burndown condition. These included test runs 2, 4, and 6.
kmkn:andtoutknxﬂum:gast:[MEU%?EMFtxmmmmnﬂawnmmaamejpnmmmmeﬂﬂn'ThtmeZZJML Inlet
ﬁkMHJIZIMDi4~IZIMF‘uMmmm.mwmﬁ»4iﬂh4¢57,anleJMY?muxuhmwm for Runs 2, 4, and 6,

respectively. Outlet values for the three runs were more comparable at 740, 993, and
458 ng/dscm.

Table 2-1 HlmrumnmmetmwwnunﬂeUEd[mfpms(TH)NWihr»mmmmaﬁmmnhr
the burndown condition. Trends follow the same pattern as the uncorrected values with
imhetﬂﬁmmd<¢1)ﬁw~r<CI)FWmmncemtmmi0m3lmuuyn@;ﬁmmmlakaw(Mf41¥7mugﬁimnm.at7'pmmcem1
O, for Run 2 to 3,036 ng/dscm at 7 percent O, for Run 6. Outlet values were 3,320,
4JM3L,amnllﬁknyIQQMMMmm:at7’pm¢ment()21bw}ﬁwum,z 4, and 6, respectively.

Table 2-14 presents the 2378 TCDD toxic equivalent flue gas concentrations.
Total CDD + CDF Toxic Equivalencies for the inlet were 0.15, 11.5 and 60.2 ng/dscm
at 7 percent O, for Runs 2, 4, and 6, respectively. Outlet values were 43.8, 68.0, and

20.4 ng/dscm at 7 percent O,

dkd.176 2-14



TABLE 2-9. CDD/CDF FLUE GAS CONCENTRATIONS CORRECTED TO 7% 02

AT THE INLET AND OUTLET SAMPLE LOCATION DURIN¢
BURN CONDITION (RUNS 1,3,5); JORDAN HOSPITAL (1991)

3 THIE

CONGENER

INLET CONCENTRATION
{(ng/dsci, adjusted to 7 percent O2) a

I:l’l;]'ilf][.lliffl' CONCENTRATION
(ng/dscm, adjusted to 7 percent O2)

RUN 1

RUN 3

RUN §

AVERAGE b R

UN 1

. RUN3

- RUN S

AVERAGE

DIOXINS

2378 TCDD [0.022] [ [0.012] | (0.059) 0.059 2.65 372 (2.286) 2.89
Other TCDD 0.065 0.076 1.970 0.704 | 1227.22 | 1290.14 | 1274.40 1263.92
12378 PCDD [0.038] | [0.026] 0.184 0.184 13.83 22.23 9.28 1511
Other PCDD (0.119) 0.127 1.786 0.677 | 1063.32 | 1182.16 T35.75 $493.74
123478 HxCDD [0.054] | [0.032] 0.315 (.315 7.80 14.93 8.17 10.30
123678 HxCDD [0.038] 0.032 0.493 0.262 13.50 21.47 12.61 15.86
123789 HxCDD [0.049] | [0.026] 0.854 0.854 |  21.46 37.30 22.15 26.97
Other HxCDD (0.250) 0.006 6.219 2.159 | 425.07 690.22 423.04 512.77
1234678-HpCDD 0.114 | (0.140) 4.269 1.508 26.45 54.16 25.23 35.28
Other Hepta-CDD 0.000 0.000 0.000 0.140 45.10 91.74 42.09 59.64
Octa~-CDD 0.245 | [0.064] 9.917 5.081 9.89 18.24 12.16 13.43
Total CDL 0.794 0.381 26.066 9.080 | 2856.28 | 342631 | 2567.17 2 2949.92
FURANS
|2378 TCDF 0.060 0.064 0.519 0.214 27.97 35.72 20.06 27.92
Other TCDF 0.703 0.546 17.607 6.285 | 2206.70 | 2538.23 | 1724.89 2156.61
12378 PCDF (0.028) 0.032 0.545 0.202 32.72 51.75 22.94 35.80
23478 PCDF 0.093 0.095 1.708 0.632 57.23 108.74 38.23 68.07
Other PCDF 0.616 0.083 13.509 4. 736 826.43 | 1477.47 723.08 1008.99
1123478 HxCDF 0.207 0.140 3.546 1.298 112.54 158.29 79.73 116.85
123678 HxCDF 0.071 0.051 1.182 0.435 31.51 | 46.87 24.18 34.19
234678 HxCDF (0.153) 0.108 | 2.693 0.985 42.52 69.51 34.44 48.82
123789 HxCDF [0.032] | [0.018] 0.085 0.085 0.88 1.79 1 (0.718) 1.13
Other HxCDF 0.322 0.044 5.8901 2.086 | 298,77 389.74 191.68 286.73
1234678-HpCDF (0.246) 0.197 4,794 1.746 39.07 69.51 49.54 2.
1234789-HpCDF [0.049] 0.070 1.116 0.593 | (2.734) 5.30 4,44 4.16
Other Hepta-CDF 0.076 0.102 |  3.349 1.176 22.43 39.44 28.36 30.08
Qcta~-CDF 0.164 0.470 | 11.361 3.998 5.31 8.19 6.27 6.59
TOTAL CDF- 2.739 2.000 67.906 24.215 1 ¢ 3687 5001 2949 3878
TOTAL CDD+CDF 35331 0 2382 :.9397 33.295 0543 1 - 8427 5516 6829

a Standard conditions are defined as 1 atm and 68 °F.
[ 1= Minimum Detection Limit

() = Estimated Maximum Possible Concentration

b Detection limits are considered zeros for calculating averages.
NOTE: Inlet oxygen measurements were munde upstream of the CDD/CDF sample port and may
have been lower than the actual value encountered at the sumple location.

The associsted inlet CDD/CDF oxygen corrected valuea may be binsed alightly low ms well.
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TABLE 2-10. CDD/CDF FLUE GAS TOXIC EQUIVALENCIES CORRECTED TO 7% 02 FOR
HHE]HUBTJ(lMWUﬂ[NDN{hJﬂW%]l.”dh‘W,MIMLMMNlﬂﬂﬁmTIAL.UMWW)

2378-TCDD INLET 2378 TOXIC EQUIVALENCIES = QUTLET 2378 TOXIC EQUIVALENCIES
e . TOXIC ' - (ng/dsem, adjusted to 7 percent O2) b rzié‘j; o (g dimam, scjuatiod 6o 7 percent OF)
CONGENER FACTOR a ROUN 1 RUN3 | RUNS: | AVERAGE e} RUN 1T | RUN3 | RUNS | AVERAGE
DIOXINS |
2378 TCDD 1.00000 [0.022] [0.012] | (0.059) | 0.0:59 2.65 372 (2.286) 2.89
Other TCDD 0.00000 0.000 0.000 0.000 0 0.00 0.00 0.00 0
12378 PCDD 0.50000 | {0.019) [0.013] 0.052 0,062 6.91 11.11 4.64 1.56
Other PCDD 0.00000 | (0.000) 0.000 0.000 0 0.00 0.00 0.00 0
j 123478 HxCDD 0.10000 | [0.005] [0.003) 0.032 0.032 0.78 1.49 0.82 1.03
123678 HxCDD 0.10000 | [0.004] 0.003 0.049 0.026 1.35 2.15 1.26 1.59
123789 HxCDD | 0.10000 i [0.005)] [€.003) 0.085 0.085 2.15 373 2.22 2.70
Other HxCDD 0.00000 | (0.000) 0.000 0.000 0 0.00 0.00 0.00 {
1234678~-HpC DD 0.01000 0.001 (0.001) 0.043 0.015 0.26 0.54 | 0.28 0.35
Other Hepta~CDD 0.00000 0.000 {0.000) 0.000 0 0.00 0.00 0.00 0
Octa~-CDD ‘ 0.00100 0.000 [0.000] 0.010 0.005 0.01 0.02 0.01 0.01
Total CDD 3 0.001 0.004 0.370 0.125 |- 14,12 22.76 11.48 16.12
FURANSE
2378 TCDF 0.10000 0.006 0.006 0.052 0.021 2.80 3.57 2.01 2.9
Other TCDF ‘ 0.00000 0.000 0.000 0.000 0 0.00 0.00 Q.00 0
12378 PCDF 0.05000 | (0.001) 0.002 0.027 0.010 1.64 2.59 1.15 1.79
23478 PCDF 0.50000 0.046 0.048 0.854 0.316 23.62 54.37 19.12 34.03
Other PCDF 0.00000 0.000 | 0.000 0.000 0 0.00 0.00 0.00 0
123478 HxCDF 0.10000 0.021 0.014 0.355 0.130 11.25 15.83 7.97 11.69
123678 HxCDF Q. 10000 0.007 0.005 0.118 0.043 315 4,69 2.42 3.42
234678 HxCDF 0.10000 | (0.015) 0.011 0.269 0.098 4.25 6ﬁ$i 3.44 4.88
123789 HxCDF Q. 10000 [2.003] [0.002) 0.009 0.009 0.09 0.18 (0.072) 0.11
Other HxCDF 0.00000 0.000 0.000 0.000 0 0.00 0.00 0.00 0
1234678-HpCDF 0.01000 | (0.002) 0.002 0.048 0.017 0.39 0.70 0.50 0.53
1234789-HpCIDF 0.01000 [ [0.000] ]  0.001 0.011 0.006 1 (©.027 0.05 0.04 0.04
Other Hepta-CDF 0.00000 0.000 0.000 0.000 0 0.00 0.00 0.00 0
Qcta~-CDF 0.00100 0.000 0.000 | 0.011 0.004 0.01 0.01 0.01 0.04
TOTAL CDE . i U QL0987 0089 1.754 2o LG8 52,22 1 48.93 C36.72 59,29
TOTAL CDDMCDEF R “0.100 “0.093 2. 124 QTR E 66,33 ] e 828 T5.41

nNmmAMMuIWMMMWMWWHlmmMMwmmuNmeumwmmmﬂmww Pilot Study on lnternational Information Exchange o
Dioxins and Related Compounds: memmmmmloquymemeuvlmmm(lKEP]NkmmmnMFUﬂAMWummuuhm(AmmmeMMMmu
of Dioxins and Related Compounds. Report No. 176, August 1988,

b Standard conditions are defined as 1 atm and 68 °F,

[ ] = Minimom Detection Limit.

() = Estimated maximum Possible Concentration

¢ Detection limits are considered zeros for calculating averages.

NOTE: Inlet oxygen mensurements were made uptream of the CDD/CDF wample port and may
have been Jower than the sctual value sncountered at the sumple location.
The associated inlet CDD/CDF oxygen corrected values may be binsed alightly low as well,
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TABLE 2-12.

LOCATION DURING THE BURNDOWN

CONDITION (RUNS 2, 4, & 6); )

JORDAN HOSPITAL (1991)

CDD/CDF FLUE GAS CONCENTRATIONS AT THE INLET AND
OQOUTLET SAMPLE I

CONGENER

‘I NLET CONCENTRATION

(ol lscm,, as measured) a

O‘IL]PTI']L.:IEi'TIT‘ CONCENTRATION
_(ng/dscm, a8 measured)

MUJN 2 1 RUN4 | RUN6 IAVERAGE| RUN2 | RUN4 | RUN6 |AVERAGE

DIOXING ‘
2378 TCDD 0.050) | (0.139) 1.20 0.46 | 0311 (Q.361) 0.18 0.28
Qther TCDID 0.02 9.31 9.78 6.37 | 101.82 112.26 63.54 92.54
12378 PCDID [0.012] 0.79 5.21 3.00 2.42 3.6l 1.24 2.42
Other PCDD (0.068) H41 28.63 16.03 141.23 171.15 93.39 135.26 |
123478 HxCDD [0.019] 1.52 6.26 3.89 1.25 2.28 0.71 1.42 |
123678 HxCDD 0.02 2.90 6.50 3.14 1.91 3.58 1.19 2.23
123789 HxCDD [0.012] 4.09 11.95 8.02 3.23 6.23 2.00 3.82
Qther HxCDD 0.01 27.99 54.45 27.4% 59.50 114.11 38.37 70.66
1234678-HpCDD 0.07 23.96 97.03 40.36 3.65 §.10 2.76 4.83
Qther Hepta-CDD 0.00 0.00 0.00 0.00 65.63 13.15 4.23 4.00
Qcta-~-CDD 0.30 41.45 326.38 122.71 1.32 2.67 1.05 1.68
Total CDD- 0.54 1. 131561 547.39 | © 226,50 |  323.26 | 437.50] 208.65 323.14
FURANS |
2378 TCDF 0.05 2.18 9.06 3.76 3.56 3.85 2.00 3.13
Other TCDF 0.57 106.07 228.31 111.65 | 200.26 200.24 126.39 175.63
12378 PCDF {0.031) 2.31 3152 11.29 4.90 6.92 2.7 4.84
23478 PCDF 0.07 5.54 28.15 11.25 8.35 15.14 4.18 9.22 |
Other PCDE 0.28 48.18 346.91 | 131.79 122.05 195.72 72.04 129.94
123478 HxCDF 0.15 17.16 128.31 | 48.54 15.97 | 27.64 8.70 17.44
123678 HxCDF 0.05 574 66.40 24.06 4,72 | 8.05 | 2.62 5.13
234678 HxCDF 0.09 12.94 61.03 24.69 6.59 | 11.42 3.23 7.08
123789 HxCDF [0.012] 0.86 5.29 3.08 0.19 1 0.36 0.10 0.22
Other HxCDF 0.28 26.97 329, ‘J") 120.08 40.18 | 64.54 20.58 41.77
1234678-HpCDF 0.27 23.23 p 78.94 5.93 i 12.60 | 3.52 7.35
1234789-HpCDF 0.21 5.87 5,15 17.08 0.40 0.89 | (0.295) 0.53
Other Hepta-CDF 0.70 14.98 4‘»[ 7’ 59.14 3.45 7.12 | 2.14 4.23
Octa~CDF 1.00 49.90 1 484.36 178.42 0.61 1.35 | 0.52 0.83
TOTAL CDF = | 3751 324.95} 2139.53 | -822.75| 417,15 | 555.84 | 249.03 | . 407.34
TOTAL CDD+CDF 4,291 456.51 | 2686.93 1049.24 | 740,41 | 99334 | - 457.69 730.48

a Standard conditions are defined as 1 atm and 68 °F.

[]=
()=

- Mininum Detection Limit,
Estimated Maxiunum Possible Concentration.
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TABLE 2-13. CDD/CDF FLUE GAS CONCENTRATIONS CORRECTED TC

1% 02 AT THE INLET AND OUTLET SAMPLE LOCATION

DURING THE BURNDOWN CONDITION (RUNS 2, 4, & 6);
JORDAN HOSPITAL (1991)

INLET CONCENTRATION _ QUTLET CONCENTRATION
{ng/dscm, adjusted to 7 percent O2) a (ng/dscm, adjusted to 7 percent O2)

CONGENER. RUNZ2 | RUN4 | RUNG6 | AVERAGE | RUN2 | RUN4 | RUN6 | AVERAGE |
DIOXINS

2378 TCDD - (0.058) | (0.182) 1.36 0.53 1.38 | (1.476) 0.72 1.19
{Other TCDD 0.03 12.20 11.06 | 176 | 456.56 | 458.94 | 252.34 389.28
12378 PCDD [0.014) 1.04 5.89 3.46 10.83 14.74 4.91 10.16
Other PCDD {0.07%) 25.45 32.35 19.29 | 633.24 699.72 370.89 $67.95
123478 HxCDD [0.022] 1.99 7.07 4.53 5.61 9.34 2.83 5.93
123678 HxCDID 0.02 3.81 7.34 3.72 8.57 14.64 4.72 9.31
123789 HxCDD [0.014) 5.37 13.50 9.43 N4 48 25.45 7.93 15.95
Other HxCDD 0.01 36.70 61.53 32.75 266.79 |  466.51 152.40 295.23
1234678-HpCDD 0.09 31.42 | 109.66 47.05 16.35 33.12 10.95 20.14
Other Hepta-CDD 0.00 Q.00 0.00 0.00 29.74 53.76 16.81 | 33.44
Octa~-CDHD 0.35 54.36 | 368.84 141.18 5.91 10,91 4.15 6.99
Total CDL 0.63 172.51 - 618.60 263.91 | 1449.45 | 1788.60 | . 828.66 1385.57
FURANS

2378 TCDF 0.06 2.86 10.24 | 4.38 15.95 15.72 7.93 13.20
Other TCDF 0.66 139.10 | 258.01 132.59 897.96 | 818.63 501.95 739.51
12378 PCDF (0.036) 3.03 35.62 12.89 21.96 28.30 10.76 20.34
23478 PCDF 0.08 7.27 31.81 13.05 37.42 61.91 16.62 38.65
Other PCDF 0.32 63.19 |  392.04 | 151.85 | 547.26 | 800.15 | 286.10 544.51
123478 HxCDF 0.17 22.50 145.00 55.89 71.60 113.02 34.56 73.06
1123678 HxCD/ 0.06 1.53 15.04 27.54 2117 32.92 10,39 21.49
234678 HxCD! 0.11 16.96 68.96 28.68 | 29.54 46.68 12.84 29.69
1123789 HxCDF [0.014] 1.13 5.98 3.55 0.85 1.47 0.42 0.91
Other HxCDF 0.32 39.30 | 37292 137.51 180.16 |  263.87 81.73 175.25
1234678-HpCDF 0.32 30.47 1 241.06 90.61 26.59 51.50 13.97 30.69
1234789-HpCDF 0.25 1.70 $1.02 19.66 1.77 3.64 | (L.172) 2.19
Other Hepta~-CDF 0.81 19,68 182.79 G67.75 15.46 29.09 8.50 17.68
Octa-CDF L15 | 65.44 | 547.37 204.65 2.76 3.50 2.08 3.45
TOTAL CDF 4.35 | 426,81} 241785 949,44 1187046 | 227241 |-:989.02 1710.63
TOTAL CDIACIDF 4.97 | 598.63 | .3036.45 1213.35 | 331992 | 4061.02 | 1817.68 3066.20 |

a Standard conditions are defined as 1 atm and 68 °F.
[ 1= Minimum Detection Linit.

() = Estimated Maximum Possible Concentration.

NOTE: Inlet oxygen mensurements were made upstream of the CDD/CDF sample port and may

have been lower than the sctusl value encountersd ot the sumple Locntion.

The associated inlet CDD/CDF oxygen corrected values may be biased slightly low an wedl.
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TABLE

2-14,
T% «

02 FOR THE BURNDOWN CONDITION

JORDAN HOSPITAL (1991)

RUNS 2, 4, &

CDD/CDF FLUE GAS TOXIC EQUIVALENCIES CORRECTED TO

6);

2378-TCDD INLET 2378 TOXIC EQUIVALENCIE QUTLET 2378 TOXIC EQUIVALENCIES
| TOXIC EQUIV. | ”{nWVHMumﬁ.uuﬁunhnﬂln»7@pﬂuuﬂmt(ﬂ2)ll {m“#ﬂhnﬁn;mn!hmﬁnﬂlxv?fpcmﬁuntﬂﬂﬂh
CONGENER FACTOR a RUND | RUN& | RUNG | AVERAGE | RUNZ { RUN4 | RUN G | AVERAGE
DIOXINS 1 !
2378 TCDD 1.00000 | (0.058) | (0.182) 1.359 0.533 1.379 | (1.476) | 0.8 1.191 |
Other TCHD 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12378 PCDD 0.50000 | [0.007 0.519 2.945 1.732 5.416 T1.371 2.458 5.081
Other PCDD 0.00000 | (0.000) 0.000 0.000 0.000 0.000 0.000 0.000 0.0
123478 HxCDD 0.10000 | [0.002) 0.199 0.707 0.453 0.561 0.934 0.283 0.593
123678 HxCDD 0. 10000 0.002 0.381 0.734 0.372 0.857 1.464 0.472 | 0.931
123789 BaCDD Q.10000 1 [0.001) 0.537 1.350 | 0.943 1.448 2.545 0.793 1.595
Other HxCDD 0.00000 0.000 0.000 (.000 0.000 2.000 0.000 0.000 0.000
1234678-HpCDD 0.01000 0.001 0.314 1.097 0.471 0.163 0.331 0.110 0.201
Other Hepta~CDD 0.00000 0.000 0.000 0.000 0.000 |  0.000 0.000 0.000 0.000
Qeta-CDD 0.00100 0.000 0.054 0.369 0.141 j 0.006 0.011 0.004 QUOOW'}
|
Total CDID 0.061 2.186 8.561 3.603 1 . :9.830] 14.132 4.835 9.599 |
FURANS
2378 TCDF 0. 10000 0.006 ! 0.286 1.024 0.438 1.595 | 1.572 0.793 1.320
Other TCDF Q.00000 $.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 | (0.002) 0.151 1.781 0.645 1.098 1.415 0.538 1.017
23478 PCDF 0.50000 0.040 3.638 15.905 6.527 18.712 | 30.957 8$.309 19.326
Other PCIDF €.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
123478 HxCDF 0.10000 0.017 2250 | 14.500 5.589 7.160 11.302 3.456 7.306
123678 HxCDF €.10000 0.006 Q.753 7.504 2.754 2117 3.292 1.039 2.149
234678 HxCDF 0.10000 0.011 1.696 6.896 2.868 2.954 4.668 1.284 2.569
123789 HxCDF 0.10000 | 10.001) 0.113 0.598 0.355 0.085 0.147 0.042 0.091
Other HxCDF 0.00000 0.000 0.000 0.000 0.000 0.000 | C.000 0.000 0.000
1234678-HpCDF 0.01000 0.003 0.308 2.411 0.906 0.266 0.515 0.140 0.307
1234789-HpCDF ¢.01000 0.002 0.077 0.510 0.197 0.018 0.036 | (0.012) 0.022
Other Hepta-CDF 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Octa~CDF 0.00100 0.001 0.065 0.547 0.205 0.003 0.006 0.002 0.003
TOTAL CDE Q.08 | 9.A3R Y SEET6 L 200365 | 34007 {583,910 4 - L5618 34.511
TOTAL CDI+CDF 00149 519 1 60,237 39681 43,838 1 68.042 | 20,449 44,110
a North Atlantic Treaty Organization, Committee on the Challenges of Modern Society. Pilot Study on International Information Exchange

quthnquaﬂndlHuﬂﬂnwdl:cunpcuuunm:1thumm&knmml1¥mnkﬂqVlﬁqukunhnqulﬁnmnnr(PJI%ﬂF)Ithhxnhicﬂ?ﬂiﬂk‘Amaaﬂmnnnn:ﬁﬁrtﬂcwuphmm
Mixtures of Dioxing and Related Compounds. Report No. 176, August 1988,
b Standard conditions are defined as | atm and 68°F.

(1=
(' ) =
NQTE:

Minimum Detection Limit.

Estimated Maximum Possible Concentration.

[nlet oxygen mensurements were made upstream of the CDD/CDF sumple port amd may

have been lower than the sctusl value encountered st th sumpie location.
Mwmwmmﬂmhm1mmImmwwmmwmmmemmwﬁmeMﬂ%MWMwmli
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Table 2-15 presents the mass emission rates for the test runs during burndown
condition. Outlet to inlet ratios of mass rate are also presented. The most noticeable

observation is that almost all of the inlet CDD/CDF species during Run 6 had mass

rates higher than the associated outlet values. This may be correlated to the relatively

]h@ﬂMM'hmkn4PhdJkMMﬁm@;ﬂhatcmxmmTed1durhugﬁﬂmn<&.<CnMy<durMu;thh;rumymmmﬁ:ﬁimﬂs
and/or impinger solutions noticeably discolored by "soot" type deposits. The Run 6 inlet

Total CDD + CDF mass rate was 2,440 pg/hr compared to 859 ug/hr at the outlet.

224 CDD/CDF Flue Gas Sample Parameters

The flue gas sample parameters for Runs 1, 3, and § are shown in Table 2-16.
Values such as sampling rate, meter volume, shuJ«gmv.nlnmm='lulu,gwm'(%/(WC,zlﬂﬂj
concentrations, stack gas flow rates, and isokinetics are shown. Values for the burndown
condition (Runs 2, 4, and 6) are shown mll‘ﬂﬂh'"-IT.ﬂFbma(mmzoflvmﬂmﬁ:CH)[IWCI)F‘H%W
runs did not meet the isokinetic criterion of being within 10 percent of 100. This is
further discussed in Section 6.

2.2.5 CDD/CDF Ash Results

Incinerator bottom ash was completely removed from the incinerator on the
iﬂlemmoomxﬂjwoudmg;each1@fth¢‘ﬂmmmzbmm:days.iFabwh:fﬂwarfbfashmmmwmﬂhmg\was
attempted however not enough material was available to complete the analyses and
therefore any reference to ash in this report is referring to incinerator bottom ash. After
collection, the ash was passed through a one-half inch mesh sieve to remove large pieces

of glass, metal, or other large objects. The sifted ash was stored in a pre-cleaned

stainless steel drum and allowed to cool. Daily composite ash samples were then taken
using a 4 foot sample thief. An approximately 1 liter bottle was filled with ash and sent
to the laboratory for CDD/CDF analyses.

ﬁmﬁlsammphﬁ;umnf:anmmwmmdikm“ﬂmasmmmelSIIEUMZKMFiﬁmnman;thatthﬁ:ﬂum:gaﬁ
samples were analyzed for. Ash CDD/CDF concentrations for each test day as well as a
pre-test sample are presented in Table 2-18. Concentrations are given in units of
parts-per-billion by weight (ppb.wt).

All CDD/CDF congeners were detected in the test run samples as well as the
pre-test sample. Pre-test incinerator operation had a slightly shorter burndown cycle

(approximately 4 hours). Concentrations of 2378 TCDD in the test run samples ranged

dkd.176 2-21
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TABLE 2-16. CDD/CDF EMISSIONS SAMPLING AND FLUE GAS PARAMETERS
AT INLET; JORDAN HOSPITAL (1991)

. , v BURN CONDITION =
RUN NUMBER Run' 1 Run3. | Ruoa § . AVERAGE
DATE 03/05/91 03/07/91 | 03/09/91 BREE
Total Sampling Time (min.) 370 404 423 NA
Average Sampling Rate (dscfin) 0.20 0.17 0.18 0.18

Metered Volume (dscf) 74.41 68.4 T7.03 73.28
IMetered Volume {dscm) ‘ 2.107 1.937 2.182 2.075
Average Stack Temperature (°F) 1170 | 1220 1122 1170
02 Concentration (% V) 8.8 9.6 11.2 9.9
C0O2 Concentration (% V) 7.5 5.9 5.1 6.2
Stack Gas Moisture (%) 9.58 8.33 6.94 8.3
Volumetric Flow Rate (dscfm) 710 663 708 694
Volumetric Flow Rate {(dscmm) 20.12 18.79 20.04 19.65
Percent Isokinetic 117 106 107 NA
§ . BURNDOWN CONDITION
RUN NUMBER Run2 - |  Rund S Rum 6 AVERAGE
DATE 03/05191 03/07/91 03/09/91
Total Sampling Time (min.) 248 311 305 NA
Average Sampling Rate (dscfm) 0.23 0.17 0.14 0.18
Metered Volume (dscf) 56.75 53.5 44.04 | 51.43
Metered Volume (dscm) 1.607 1.515 1.247 | 1.456
Average Stack Temperature (°F) 1096 1173 1223 1164
02 Concentration (% V) 8.9 | 10.3 8.6 9.3
CO2 Concentration (% V) 8.9 | 6.3 7.7 7.6
Stack Gas Moisture (%V) 8.33 6.36 6.57 7.1
Volumetric Flow Rate (dscfm) 756 660 534 650.00
Volumetric Flow Rate (dscmum) 21.4 18.7 15.1 18.40
Percent Isokinetic 130 109 112 NA

NA = Not Appliable.
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TABLE 2-17.

CDD/CDF EMI

SSIONS SAMPLING AND FLUE GAS PARAMETERS
AT OUTLET; JORDAN HOSPITAL (1991)

RUN NUMBER

-BURN QO

NDITION

~Run 1

» ‘Rm3 . Rom§ :‘,ANVEHAM

DATE _ 03/05/91 0TRL | 0309091 |

Total Snmpling Time (min.) 415 404 415 NA,
|Average Sampling Rate (dscfimn) 0.45 0.46 0.50 0.47
Metered Volume (cdscf) 184,93 187.66 208.61 193.73
Metered Voluwme (dscm) 5.24 5.315 5.908 5.488
Average Stack Temperature (°F) 174 186 171 177
02 Concentration (5% V) 17.6 17.1 17.3 17.3
CO2 Concentration (% V) 1.8 2.2 2.2 2.1
Stack Gas Moisture (% V) 21.37 7.84 12.63 15.9
Volumetric Flow Rate (dscfm) 1257 | 1557 1357 1390
Volumetric Flow Rate (dscmm) 35.59 44.11 38.42 39.37
Percent Isokinetic 112 94 115 NA

iR

r_,,

RUN NUM

BURNDOWN

CONIMTION

B v ; “Rum 2
L0351

JRun 4

Ry 6§

AVERAGE

DATE = : w71 | o309 |

Total Sampling Time (min.) 324 ..ltﬂl(:' | 296 INA
Average Sampling Rate (dscfm) 0.50 0.48 0.25 0.41
Metered Volume (dscf) 160.77 146,89 74.26 127.31
Metered Volume (dscm) 4.553 4.16 2.103 3,605
Average Stack Temperature (°F) 183 186 12 180
02 Concentration (% V) 17.8 17.5 17.4 17.6
CO2Z Concentration (% V) 1.9 2.1 2.4 2.1
Stack Gas Moisture (% V) 14.63 14.6 15.74 15.0
Volumetric Flow Rate (dscfin) 1584 1400 1100 1361
Volumetric Flow Rate (dscmm) 44.85 39.64 3116 38.55
Percent Isokinetic 98 9% 103 NA

NA = Not Applicable.

2-24




TABLE 2-18.

CDD/CDF CONCENTRATIONS IN INCINERATOR BOTTOM ASH;
JORDAN HOSPITAL (1991)

SAMPLE ID:
DATE:

RUN No.s
CONGENER

PRE-TEST ASH
03/01

(ppb.wit)

ASH COLLECTED DURING

TEST PROGRAM

03/05

{ppb.wt)

03411
J&4
{ppb.wt)

03409
586
(ppb.wt)

AVERAGE

{ppb.wt)

2378 TCDD
Other TCDD
12378 PCDD
Other PCDD
123478 HxCDD
123678 HxCDD
123789 HxCDD
Other HxCDD
1234678-HpCDD
Other Hepta-CDD
Octa~-CDD

0.450
64. 150
3.000
65.100
2.700
3.700
7.400
67.000
22.400
30.000
30.900

(.960

136.040
6.900
169.100
7.100
9.800
18.700
156.400
53.200
(
(

)
)
)
)

57.800

0
)
55.300

(0.650)
147.000
5.700
162.300
7.000
9.400
18.300
191.300
64.900
80.100
55.000

(0.490)
51.700

3.900
91.200
(2.800)

4.400

8.300
76.600
27.800
32.100

41.000

0.700
111,580
5,500
140.867
5.633
1.867
15.100
141.433
48.633
56.667
50.433

Total CDD

296.800

671.300 |

741.650

340.290

- 584,413

FURANS
2378 TCDF
Other TCDF
12378 PCDF
23478 PCDF
Other PCDF
123478 HxCIDF
123678 HxIDCF
234678 HxCIDF
123789 HxCDF
Other HxCDF
1234678-HpCDF
1234789-HpCDF
Other Hepta-CDF
Octa~CDF

7.000
178.000
5.000
11,100
123.900
42.200
10.90¢
16.40C
0.240
68.260
28,300
1.400
14,400
10.90¢

15.000
609.000
13.300
30.700
267.000
103.000
23.400
37.000

(.640
135.960
73.100

4.300
31.600
21.200

10.800
488.200
8.800
18.100
212.100
86.100
20.100
34.300
0.600
130.900
66.100
4.000
31.900
19.500

7.700
331.300
8.200
17.100
189.700
(

13.500
19.800
0.290
78.910
38.600
2.800
20.100
21.700

11,167
476,167
10,100
21.967
222.933
78.533
19.000
30.367
0.510
115.257
59,267
3.700
27.867
20.800

TOTAL CDF

§19.000

1365200 |

1131.500

< 196,200

1097,633

TOTAL CDD+CDF

815.80¢

- 2036.500 |

1873.15¢

1136.490

1682.047

() = Estimated Maximum Possible

Concentration.
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from 0.49 to 0.96 ppb.wt. Test Day 1 had the highest Total CDD + CDF concentrations
at 2,036 ppb.wt as compared to 1,873 and 1,136 ppb.wt for Days 2 and 3, respectively.
The daily ash results do not appear to vary as much as the flue gas values. The highest
values for each respective species appear to be within a factor of 2 of the lowest value.
Further discussion on data variability can be found in Section 6

Table 2-19 presents the 2378 TCDD Toxic Equivalencies for the Jordan
incinerator ash. Total CDD + CDF values for Days 1, 2, and 3 were 43.3, 33.1, and 22.5
ppb.wt 2378 TCDD toxic equivalents, respectively.

Table 2-20 presents the mass of CDD/CDF isomers discharged in the ash stream.
Ash removed weights for the 3 Test Days were 70.34, 94.82, and 60.35 Ibs for Days 1
through 3, respectively. Average 2378 TCDD discharged in the ash stream was 0.024
mg/day. The highest average value for an individual isomer or "other” designated
isomers was 16.5 mg/day for Other TCDF compounds.

226 CDD/CDF Concentrations in Absorber Water

The liquor used in the packed bed absorber drains into a three tank, cascaded
systemn. Overall flow rates were not measured during this test program however
manufacturer’s specifications state liquor flow to be 8-10 gpm through each of eight
nozzles (64 - 80 gpm). Liquor drains from the scrubber into the first holding tank.
There is a 3-5 gpm blow-down (discharge) off this first holding tank which is drained into
a floor drain in the incinerator room. The liquor remaining in the first tank flows into
the second tank where the pH is buffered with 50% caustic (NaOH) to maintain the acid
removing capacity. Absorber discharge liquor (water) samples were collected from the
No. 1 tank blow-down line. Absorber make-up water was sampled during each test day.
However, only one sample was analyzed with the results assumed to represent all test
days. Absorber discharge water samples were taken on each test day by collecting a grab
sample from the drain pipe located underneath as floor drain. All three absorber water
discharge samples were analyzed. Results are given in units of parts per trillion by
weight (ppt.wt).

Table 2-21 presents the results for the CDD/CDF absorber water analyses. The

make-up water showed positive detections of more than half the target CDD/CDF
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TABLE 2-

-19.

JORD

AN HOSPITAL

{1991)

CDD/CDF ASH TOXIC EQUIVALENCIES;

SAMPLE PRE-TEST ASH ASH COLLECTED DURING TEST PROCHRAM
DATE: ' TOXIC BEQUIV.] 0301 QW05 KTl 03/09 AVERAGE
RUN No. FACTOR. a L& 1&2 Jhd S5&6
CONGENER TEF - (ppb.wt) | TEF - (ppb.wt) [ TEF ~ (ppb.wt) | TEF = {ppb.wt) | TEF < (ppb.w)
2378 TCDD 1.00000 0.450 €.960 (0.6500) (0.4900) 0.700
|Other TCDD 0.00000 0.000 0.000 0.000 0.000 0.000
|12378 PCDD (.50000 1.500 3.450 2.850 1.950 2,750
Other PCDD (.00000 0.000 0.000 0.000 0.000 .00
123478 HxCDD 0.10000 0.270 0.710 0.700 (0.2800) 0.563
123678 HaCDD 0. 10000 0.370 0.980 0.940 0.440 0.787
123789 HxCDD 0.10000 0.740 1.870 1.830 0.830 1.51C
Other HxC DD 0.00000 0.000 C.000 0.000 0.000 0.000
1234678-HpCDD 0.01000 0.224 0.532 0.649 0.278 0.486
Other Hepta~CDD 0.00000 0.000 0.000 | 0.000 0.000 0.000
Octa-CDD 0.00100 0.031 0.055 0.058 0.041 0.050
Total CDI S 3585 8.557 ¢ 7.674 4.309 | 6.847
FURANS ‘
2378 TCDF 0.10000 0.700 1.500 1.080 0.710 1117
Other TCDF 0.00000 0.000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 (0.250 | 0.665 0.440 | 0.410 0.505
23478 PCDF 0.50000 5.550 15.350 9.050 8.550 10983
Other PCDF 0.00000 0.000 0.000 0.000 0.000 0.000
123478 HxCDF 0.10000 4.220 10.300 8.610 4.650 7.853
123678 HxDCF 0.10000 1.090 2.340 2.010 1.350 1900
234678 HxCDF 0.10000 1.640 3.700 3.430 1.980 3.037
23789 HxCDF 0.10000 0.024 0.064 0.060 0.029 0.051
Other HxCDF 0.00000 0.000 0.000 0.000 0.000 0.000
1234678-HpCIDF 0.01000 0.293 0.731 0.661 0.386 0.593
1234789-HpCDF 0.01000 0.014 0.043 0.040 0.028 0.037
Other Hepta—-CDF 0.00000 0.000 0.000 0.000 0.000 0.000
Octa-CDF 0.00100 0.011 0.021 0.020 0.022 0.021
TOTAL CDE ©e135992 .74 25.401 18.175 26,096
|TOTAL CDD+CDF 17,317 43,271 33,075 22,484 32.943

a North Atlantic Treaty Organization, Committee on Challenges of Modern Society. Pilot Study on
International Information Exchange on Dioxins and Related Compounds: International Toxicity
Equivalency Factor (I-TEF) Methods of Risk Assessment for Complex Mixtures of Dioxins
and Related Compounds. Report No. 176, August 1988,

( ) wmz

Estimated Maximum Possible Concentration.
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TABLE 2-20. CDD/CDF DAILY DISCHARGE RATE IN THE ASH
JORDAN HOSPITAL (1991)

STREAM;

- e MASS REMOVED IN ASH

DATE:. 03005 0340 {0 0309 | AVERAGE
RUN No. Co1&2 384 586

CONGENER | (mg/day) (mg/day) | (mgfdny) | (mg/day)
2378 TCDD 0.031 (0.028) (0.013) 0.024
Other TCDD 4.340 6.326 1.415 4.027
12378 PCDD 0.220 0.245 0.107 0.191
Other PCDD 5.395 6.984 2.497 4.959
123478 HxCDD 0.227 0.301 (0.077) 0.202
123678 HxCDD 0.313 0.405 0.120 0.279
123789 HxCDD 0.597 0.787 0.227 0.537
Other HxCDD 4.990 8.232 2.097 5.106
1234678-HpCDD 1.697 2.793 0.761 1.750
Other Hepta-CDD 1.844 3.447 0.879 2.057 |
Octa-CDD 1.764 2.367 1.122 1.751
Total CDD 21418 31.915 9315 | 20.843
FURANS

2378 TCDF 0.479 0.465 0.211 0.385
Other TCDF 19.430 21.008 9.069 16.503
12378 PCDF 0.424 0.379 0.224 0.342
23478 PCDF 0.979 0.779 0.468 0.742
Other PCDF 8.519 9.127 5.193 7.613
123478 HxCDF 3.286 3.705 1.273 2.755
123678 HxCDF 0.747 0.865 0.370 0.660
234678 HxCDF 1.181 1.476 0.542 1.066
123789 HxCDF 0.020 0.026 0.008 0.018
Other HxCDF 4.338 5.633 2.160 4.044
1234678-HpCDF 2.332 2.844 1.057 2.078
1234789-HpCDF 0.137 0.172 0.077 0.129
Other Hepta-CDF 1.008 1.373 | 0.550 0.977
Octa-CDF 0.676 0.839 | 0.594 0.703 |
TOTAL CDF- Lo A3 48691 21,195 | 38.015
TOTAL CDD+CDF: 64976 w0606 T 31110 58,897

() = Estimated Maxinoum

1 Possible Concentra

tion.
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TABLE 2-21.

CDD/CDF CONCENTRATIONS IN ABSORBER MAKE-UP WATER
AND DISCHARGE WATER; JORDAN HOSPITAL (1991)

SAMPLE ID:

MAKE UP

DISCHARGE

DATE: 03708 0305 o300 w0309 AVERAGE
{RUN No. 1&2 1&2 &4 5&6 ‘
| CONGENER (ppt.wt) (ppt.wt) (ppt.wt) (ppt.wt) (ppt.wt)
i””V73‘1“f1FH‘D (0.003) 0.050 0,290 0.030 0.123
|Other TCDD 0.007 10.050 69.310 6.570 28.643
[12378 PCDD 0.001 0.380 4.900 0.340 1.873
{Other PCDD 0.005 26.620 2893.100 22.660 114.127
|123478 HxCDD [0.005] 0.700 7.800 0.590 3.030
123678 HxCDD [0.003] 1.400 12.600 1.200 5.067
{123789 HxCDD [0.005)] 1.900 22.000 1.600 $.500
|Other HxCDD 0.020 28.800 327.600 22.110 126.170
1234678~-HpCDD 0.020 12.500 93.400 6.200 37.367
Other Hepta~CDID 0.020 28.900 369.600 12,000 136.833
Octa~-CDD 0.260 12.100 69.700 5.100 28.967 |
Total CDD 0.336 123.400 1270.300 78.400 490.700
I !
FURANS
2378 TCDF 0.040 4.300 28.800 3.800 12.300
Other TCDF 0.040 10.800 68.000 $.200 29.033
12378 PCDF [0.003] 0.700 6.300 0.710 2.570
23478 PCDF [0.003)] 2.000 22.200 1.700 8.633
Other PCDF [0.003] 20.900 221.500 18.890 §7.097
123478 HxCDF 0.002 6.700 71.700 7.400 28.600
123678 HxDCF [0.003] 1.900) 18.600 2.200 7.567
234678 HxCDF 0.004 3.700 41.900 4.100 16.567
|123789 HxCDF [0.003] 0.140 (1.300) 0.190 0.543
Other HxCDF 0.003 14.560 142.800 14.410 57.257
1234678-HpCDF 0.004 9.600 80.000 6.000 31.867
11234789-HpCDF [0.005] 1.400 10.200 1.100 4.233
iOther Hepta~-CDF 0.001 9.000 71,800 4.800 28,533
{Octa-CDF 0.010 6.600 31.200 3.800 13.867
|
FTOTAL CDF - 0.104 92,400 S 816,300 77,300 4,328,667
TOTAL COD+CDE 0.440 215.800 - 2086.600 - 155.700 $19.367

[ ] = Minimum Detection Limit.
() = Estimated Maximum Possible Concentration.
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isomers. Concentrations of 2378 TCDD in the make-up water were 0.003 ppt.wt. The
Total CDD + CDF concentration was 0.44 ppt.wt.

Absorber discharge water CDD/CDF concentrations were higher than the
make-up water. Concentrations of 2378 TCDD for Days 1, 2, and 3 were 0.05, 0.29 and
0.03 ppt.wt, respectively. The Total CDD + CDF values were 216, 2,087, and
156 ppt.wt, respectively. Day 2 (03/07/91) concentrations for all isomers were
approximately 5 to 10 times higher than either Day 1 or Day 3 values.

Table 2-22 shows the absorber water CDD/CDF concentrations as 2378 TCDD
toxic equivalents. The Total CDD + CDF 2378 TCDD toxic equivalents for Days 1, 2,
and 3 were 3.60, 35.6, and 3.34 ppt.wt, respectively. The make-up water 2378 TCDD
toxic equivalents for Total CDD + CDF was determined to be 0.009 ppt.wt.

The flow rates of absorber make-up water and discharge water were not measured
during this test program. However, manufacturing specifications state that discharge
water flow rates to be 3-5 gpm. Based on a 5 gpm flow, approximate mass rates for
CDD/CDF congeners can be estimated. At the average 2378 TCDD concentration of
0.123 ppt. wt, the corresponding mass rate at S gpm would be 0.314 ug/hr. Total CDD

CDF mass rates calculated in this fashion using the average value of 819 ppt. wt at
5 gpm would be 930 ug/hr.
23 TOXIC METALS RESULTS
2.3.1 Qverview

A single sampling train was used to determine emission rates of a series of 11
metals Sb, As, Ba, Be, Cd, Pb, Hg, Ni, Ag, and Tl, and PM. Three sampling runs were
performed under each of the two test conditions (burn and burndown) in order to ensure
representative test results. Sampling locations, methods, and QA,/QC procedures and
results are discussed in Sections 4, S, and 6, respectively. The average metals emission
rates and removal efficiencies are summarized in Section 2.3.2. The results for each
individual run are presented in Section 2.3.4. Concentrations at dry, standard conditions,

concentrations adjusted to 7 percent O,, and emission rates are shown. The metals to
PM ratios are presented in Section 2.3.5, flue gas metals by sample fraction in

Section 2.3.6, and metals concentration in ash in Section 2.3.2.
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TABLE 2-

2. CDD/CDF TOXIC EQUIVALENCIES OF ABSORBER
MMM&WWMWWRMWN)WWAWIWWHE&
JORDAN HOSPITAL (1991)

SAMPLE TD: T MAKE UP DISCHARGE WATER o
DATE: TOXIC EQUIV. | 03/05. 03705 0307 03/09 AVERAGE
RUN No. FACTORa | f&2 12 | 3&4 58&6 -
CONGENER TEF ~ (ppt.wt) | TEF ~ Gept-wt) | TEF ~ (ppe.wt) | TEF — (ppt.wt) | TEF ~ (ppt.wt)
2378 TCDD 1.00000 (0.0030) 0.050 0.290 0.030 | 0.123
|Other TCDD 0.00000 0.000 0.000 0.000 0.000 0.000
12378 PCDD 0.50000 0.001 0.190 2.450 0.170 0.937
Other PCDD 0.00000 0.000 0.000 0.000 0.000 0.000
123478 HxCDD 0. 10000 [0.0005] 0.070 0.780 0.059 0.303
123678 HxCDD 0.10000 [0.0003] 0.140 1.260 0.120 0.507
123789 HxCIDD 0.10000 [0.0005] 0.150 2.200 0.160 0.850
Other HxCDD 0.00000 0.000 1,000 0.000 0.000 0.000
1234678-HpC DD 0.01000 0.000 0.125 0.934 0.062 0.374
Other Hepta-CDD 0.00000 | 0.000 0.000 0.000 0.000 0.000
Octa-CDD 0.00100 0.000 0.012 0.070 0.005 0.029
Total CDD 0.004 0717 | 7.984 0.606 3120
FURANS

2378 TCDF 0.10000 0.004 0.430 2.880 0.380 1.230
Other TCDF 0.00000 0.000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 (0.0002) 0.035 0.315 0.036 0.129
23478 PCDF 0.50000 [0.0015] 1.000 11.100 0.850 4.317
Other PCDF 0.00000 [0.0000] 0.000 0.000 0.000 0.000
123478 HxCDF 0.10000 0.000 0.670 7.170 0.740 2.860
123678 HxDCF 0.10000 [0.0003] 0.190 1.860 0.220 0.757
234678 HxCDF 0.10000 0.000 0.370 4.190 0.410 1.657
123789 HxCDF 0.10000 [0.0003) 0.014 (0.1300) 0.019 0.054
Other HxCDF 0.00000 0.000 0.000 0.000 0.000 0.000
1234678-HpCDE 0.01000 0.000 0.096 0.800 0.060 0.319
(234789-HpCDF 0.01000 [0.0001] 0.014 0.102 0.011 0.042
Other Hepta~CDF 0.00000 0.000 0.000 0.000 0.000 0.000
Octa-CDF 0.00100 0.000 0.007 0.031 0.004 0.014
TOTAL CDF 0.005 | 2.826 28,578 | 2.729 11.378
TOTAL CDD+CDF 0.009 3.603 36,562 3.335 14.500

a North Atlantic T Jrc=-i|1*;a Drganization, l! -ommittee on Challenges of Modern Soci

1=l‘w.

Pilot . :1t11h:l‘yv on

hm@mmwkmmlhﬂoummmmmEx1hmmwtw|]mnnmn&mJﬁmhmm.(mmmmmmdb International Toxicity

Equivalency Factor (I-TEF) Methods of Risk Assessment for C omplex Mixtures of Dioxins
Rerpot No. 176, August 1988,

N

and Related

[1=

~ompounds.

Minimum Detection Linait.
{ ) = Estimated Maximum Possible

Concentration.
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f%:nunwnary(M?MW&;meku1]HGSPMmﬂ:MMdCJWMﬂahsregmhﬁ1mvamymanjﬁmeh&deiZ&Ki

Inlet mass rates ranged from not detected for Be and T, to 4.8 grams/hr (g/hr) during
the'burndcwwn;mmﬁcmlﬁorlﬂm.1Cmnmstﬁmmkmhmusxﬁw%mmﬂfhunurmM:debacmuﬂfbwch‘andﬂTi
to 0.57 g/hr for Pb. 1ﬂlafmsomMmelremmwwalefﬁchmmdkmvwwmﬁ:aH<ab0wc:70]m¢nmmntﬁor
ﬂuakmmnmiwmwnarmlgmmmmﬁibrahmww:Sﬂbpemmmntforttm:hmmm1p@rhmd..Ammmn@m:mmamdﬁ
discharge amounts in the ash stream are presented on a daily basis (includes burn and
burndown periods). Mercury, Ag, and Tl were not detected. Other values of metals in
ash ranged from 0.073 g/day for Be to 31.4 g/day for Pb. Further details on flue gas and
ash toxic metals results are given in the following sections.

2.3.2 Metals Data Reduction

TTM:valuesxfmmmmedlhuthe:ﬁﬂwomdmgymdeJHmﬂﬂhsresuhﬁmﬁmﬂuﬁk:remmecﬁv&
detection limits for metals which were not detected in the samples. Since the samples
were analyzed in three separate fractions (see Section 5 for details), guidelines for
mathematically handling detection limits were required. The guidelines used for this

report are:

o [f‘llntmllumﬂ»dﬁIPCMWﬂ1H4WHt<UlIHGHUiUdCTN)Um(H1kt’%dﬁ@ph§tﬂ&ﬁltmﬂ
not in all fractions, only the detected values were used to determine total
sarmple mass (non detects = zero).

U If a metal was not detected in any fractions of a sample train, the lowest
det @rumummnrewmnﬂihm=undeNMA]hlc(nlwwmwwd'wlhwcw¢mﬂ
sample detection limit.

For the purpose of calculating average results:
& -

] If a metal was detected in one or more of the test runs but t not in all, only
those runs for which a detected result was obtained were used in
cnﬂﬂnannqr the average. (Runs where the metal was not detected were not

mncluded for averaging.)

o If the metal was not detected in any of ] the three runs, then the average
results were reported as not detected at the average detection limit,
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This approach assumes that it is most likely that an element would be found in the train
fraction with the lowest detection limit: therefore, the minimum detection limit for the
entire train is based on the lowest fraction detection limit.

The ash samples were analyzed for the same series of metals as were the
emissions mam:sannpdes" These results will be reported in Section 2.3.7.

2.3.3

Table 2-24 presents the metals emissions results for each test condition. Two
incinerator operating conditions were tested. The first was the initial ~7 hour burn
perﬂmﬂmﬁfmmelmmmﬁlhmad1@fa¢4mxmdmvmmﬂy'ﬂmﬂ1b$4mfﬂﬁqma()hm¢$wmmmm:(mma!%mmiomg3ikm
am_exphmmaﬁomnof\wasm:type)\whhla:mnmmmdanycimmmhmm*mnmmmmnmumasmnpmdmimﬁf18@@PFZ
The second condition or "burndown" occupied the next ~5% hours following the burn
condition. The primary chamber operated on low-fire air during the burn test condition,
aﬂmlmw1hmgh4in.znr(mnd]rwvEnm=(de'WTMMUWVUMIprnmm1v<J|mmﬂMH'1wwnpm1nhunﬁ)thuing
the burndown test condition. The emission test results include a mass rate for each
metal at the inlet and outlet, and the associated removal efficiencies.

lwmmmp1hutmmm«nmmk“onvﬁhvkud11elnphmm(mmwmyrnmerHMzatﬂm:hﬂﬁvamh
1.297 g/hr, followed by Pb with 0.798 g/hr. Beryllium and Tl were not detected in any
of the runs at the inlet or outlet during the burn condition. Mercury was the most
prevalent element collected for the three runs at the outlet during the burn condition
with an average emission rate of 0.263 g/hr. Sample results for Ni during the burn
condition showed negative removal efficiencies for two of the three runs. The Run 1
value resulted from similar inlet and outlet mass rates of Ni at 0.003 and 0.004 g/hr,
respectively. Run 3 showed a substantially higher mass rate of Ni at the outlet of
0.019 g/hr versus 0.003 g/hr at the inlet. All other metals showed positive removal
efficiencies for this run. Analytical QA showed good Ni standards recovery and no
contamination in the blank samples was found. Further explanation is beyond the scope
of this data report.

During the burndown condition, Pb had the highest average mass rate for the
inlet runs with 4.791 g/hr, followed by Hg at 2.520 g/hr. As with the burn condition, Be
and T1 were not collected in detectable amounts for any of the runs at the inlet and

outlet during the burndown condition. Mercury was the most prevalent element
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collected for the three outlet runs during the burndown condition with an average
emumﬁhmnrfmelof(kﬁ7i;g/hn,mdﬂnlﬂjluwﬂrm;mnexmmmthmgnestemmﬁmhmnlmuﬁeu1[)058 g/hr.
As with Ni, results for Ag also showed a negative removal efficiency for Run 2, with ¢
munm‘nmm:cﬁllﬂmﬁtg/hw:atLhejwﬂemiumj(L004;g/hreu:Um3(mymem,!&mmuﬂm:mmmmmﬁikm'ﬂma
other metals showed positive removal efficiencies for Run 2, and therefore, sampling
error or analytical error is probably not the cause of these values. Other reasons which
could cause this value can not be given at this time.

Of the metals for which an average removal efficiency could be calculated, the
removal efficiencies for the burndown condition were generally higher than those for the
burn condition. Barium had an average removal efficiency of 68.6 percent during the
burn|mmmdhdom.and,an:mwenmyﬂ(M78937pmmtmnmtimﬁwwgthelwmnmdownu«xnmﬁmhmn.ﬂmeclhﬂs
an:wwa1my3Ifmnowmltﬂfkﬂencytmf@@uﬂlmmxxmn.durhugthﬁ:burn'mwmdhdomxanﬁl99&2pmntmmm
for the burndown condition.

Flue gas mass rates of metals are presented as daily averages in Table 2-25.
Emission rates from the burn and burndown runs from each day were averaged on a
thwm:vwﬂ@imedlbaﬁm;ushngﬁhe‘umwdlwmnMLeS(ﬂ?burn:&mdlhurmdmwmnimmMmﬁanM'ommmﬁlkmm
(These durations were almost identical to the respective run sample times.)

2.3.4 Metals Flue Gas Concentrations

Metals concentrations, mass rates, and removal efficiencies are presented for each
run in Tables 2-26 through 2- 31. Also shown for each run are the location, date, time,
O, concentration, and flow rate. FMMprnrmuwﬂmhnMnnnmaWWgnvwminxmmnm;ufuthMCnh
dnulpwakulm<(nuewled‘M)?’pmwcentﬂjw,1megmmlcommmmmmaﬁmmmefmelmmkaHMWdihmmm
CEM data as shown in Section 2.7.

2.3.5 Flue Gas Metals to PM _Ratios

1%:mmmmmarytmfthe1mnmu(MmeaMM$lx)FWM[ﬂmrﬁhefbmrn<mmmdhdom.E;pwewmmumiin
Table 2-32. PA@uMswo»Phﬁraﬁﬂsemm:ghwmlhmtmﬂm;ofmmMMgHMWM(MEHmnalvogmamM;Of
PM collected by the sampling train. The inlet values range from 0.090 mg arsenic pe:
gMUMxofFWWnduﬂmglRuw1ﬁl{»362lﬂ@lH@;pﬁrgmamnofFWM[duﬁMm;Emm134 Lead had the

highest inlet ratios for Runs 1 and 5, with 77.8 and 113 mg metal/g PM, respectively.

did.176 2-36
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TABLE 2-26.

METALS CONCENTRATIONS, EMISSION RATES AND REMOVAL

EFFICIENCIES FOR RUN 1 (BURN CONDITION)
JORDAN HOSPITAL (1991)

LOCATION

INLET

OUTLET

DATE 0370591 03/05/91
TIME - WWHWW 09:47-16:4%

lWHﬁWN(PNKmmINMQU%VW 8.80 17.6
FLOW RATE (dsconm) 25.8 .71 REMOVAL
o o ' {EFFICIENCY (%)
Antimony  (ug/dscm) 15.0 1.75

(ug/dscm @7% O2) 17.3 7.37

(g/hr) 0.023 0.004 $2.5
Arsenic (ug/dscum) 0.718 [0.084]

(ug/dscm @7% O2) 0.825 | [0.354)]

(g/lur) 0.001 [0.0002] > 80
Bariwm (ug/dscm) 4,52 1.04

(ug/dscm @7% O2) 5.20 4.40

(g/hr) 0.007 0.002 65.3
Beryllium  (ug/dscm) [0.052] | [0.021]

(ug/dsem @7 % O2) [0.060] [0.088)

(g/hr) [0.0001] [0.00005) NA
Cadminm  (ug/dscm) 38.3 1.58

(ug/dscm @7% O2) 43.9 6.64

(g/hr) 0.059 0.004 93.8
Chromium  (ug/dscm) 12.2 2.20

(ug/dscm @7 % Q) 14.0 9.26

(g/hr) 0.019 0.005 72.9 |
Lead (ng/dscm) 625 2.82

(ugtdscm @7% Q) 718 11.9

{(g/hr) 0.966 0.007 99.3
Mercury  (ug/dscm) 459 104

(ug/dscm @7T% O2) 527 436

(g/hr) 0.710 0.241 66.1
Nickel (ug/dscm) 2.1 1.81

(ug/dscm @7% O2) 2.43 7.63

(g/hr) 0.003 0.004 -28.9
Silver (ug/dscmm) [0.313) 3.14

(ug/dscm @7 % O2) [0.360) 13.2

(g/lr) [0.0005) 0.007 NA
Thallivm  (ug/dscm) [0.523] [0.210]

(ug/dscm @7 % 02) [0.601] (0.885]

(g/hr) [0.001] [0.0005] NA

Note: Values enclosed in braclets represent the minimum detection limits for compounds not detected in the

samples.
NA =

Not applicable

2-38
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TABLE 2-27.

METALS CONCENTRATIONS, E

[ISSION RATES AND REMOVAL
EFFICIENCIES FOR RUN 2 ( I(‘[il|.]‘liL]Fiflflil.]"lif'l‘i CONDTITION)

JORDAN HOSPITAL (1991)

DATE
TIME .

LOCATION -

MMt“U@M?FNKHAJﬂCWJ(%NﬂY

INLET

03/0591 |
17:35-22:10 1

OUTLET

- 030591
16:49-22:13

490 T 1781

‘lﬁ’ll.![ll‘ili' RATE (dscoum) o Ti!tll.ﬂtl' & 4.6 | - REMCQWVAL
e R B o AEFFICIENCY (%)
Antimony  (ug/dscm) 41.2 | 1.70

(ug/dscm @7 % O2) 47.7 7.64

(g/hr) 0.053 0.004 92.1

|
|

Arsenic (ug/dscm) 2.08 [0.058]

(ug/dscm @7T% Q) 2.40 [0.439]

(/hr) 0.003 [0.0002) » 03,3
Bariwm (ug/dscm) 11.7 1.03

(ugldscm. @7 % O2) 13.6 4.62

{w/hr) 0.015 0.003 80.1
Beryllium  (ug/dscim) [0.085) [0.024]

(ug/dscm @7% 02) [0.098) {0.108]

(g/hr) [0.0001] [0.00005] NA
{Cadnginm — (ug/dscm) 131 0.761

(ug/dscm @7 % 02) 152 3.41

(g/hr) 0.168 0.002 98.9
Chromium  (ug/dscm) 24.0 0.719

(ug/dscm @7% O2) 21.7 3.22

(g/lur) 0.031 0.002 94.3
Lead (ug/dscm) 4478 16.2

(ug/dscm @7 % O2) 5187 T2.5

(g/hr) 5.75 0.039 099.3
Mercury  (ug/dscm) 564 117

(ug/dscm @7 % O2) 654 525

(g/lr) 0.725 0.285 60.7
Nickel (ug/dscm) 8.90 0.387

(ug/dscm @7% O2) 10.3 | 1.74

(g/lur) 0.011 0.001 91.7
Silver (ug/dscm) 172 1.77

(ug/dscm @7 % O2) 1.99 7.94

(g/hr) 0.002 0.004 ~95.2 |
Thallium  (ug/dscm) [0.852] [0.244)

(ug/dscm @7 % Q) [0.987] [1.094]

(g/hr) [0.001] [0.001) NA

Note:

Values encloned in brackets represent the minimum detoction limits for compounds not detected in the

samples. Detection limits are not included in the avernges unless otherwise indicated.

NA =

Not applicable

2-39




TABLE 2-28. METALS CONCENTRATIONS, EMISSION RATES AND REMOVAL
EFFICIENCIES FOR RUN 3 (BURN CONDITTON]
JORDAN HOSPITAL (1991)

LOCATION

INLET

OUTLET

]F:'l‘!;ﬁl??‘i;, 030791 = 0370791
TIME - : S 09:32-16:30 09:32--16:30
o2 CONCENTRATION (% V) 9.60 1.1
FLOW RATE (dscoim) ST 34.9 REMOWVAL
Lo : s Sheiof EFFICIENCY (%)
Antimony  (ug/dscim) 12.5 1.68

(ug/dscon @7 % Q) 15.3 | 6.15

(g/hr) 0.016 0.004 71.3
Arsenic (ug/dscm) [0.196] [0.090]

(ug/dsem @7 % O2) [0.241) [0.329]

(g/hr) [0.0002] [0.0002] NA
Bariumm (ug/dscm) 14.6 0.946

(ug/dscm @7 % Q) 18.0 3.46

(g/hr) 0.018 0.002 89.1
Beryllium  (ug/dscm) [0.049 [0.022]

(ug/dscm @7% O2) [0.060] {0.080]

(g/hr) [0.0001] [0.00005) NA
Cadmium  (ug/dscen) 18.5 0.87¢

(ug/dscm @7% Q) 22.8 3.18

(g/hr) 0.023 0.002 92.1
Chromivm  (ug/dscm) 10,2 1.33

(ug/dscm @7% O2) 12.5 4.87

(g/hr) 0.013 0.003 78.0
Lead (ug/dscon) S16 5.38

(ug/dscom @7 % O2) 634 19.7

(g/Tur) 0.642 0.011 98.2
Mercury  (ug/dscnn) 2327 | 245

(wg/dscm @7% O2) 2862 808

(g/hr) 2.897 0.514 82.3
Niclkel (ug/dscm) 2,46 9.03

(ug/dscm @7 % O) 3.02 33.0

(g/hr) 0.003 0.019 -517.5
Silver (ug/dscmm) 2.34 0.64(

(ug/dscrn @7 % O2) 2.88 2.34

(g/hr) 0.003 0.001 54.0
Thallium  (ug/dscm) [0.490] [0.224]

(ugldscm @7 % 02) [0.603) [0.819]

(g/lr) [0.001] {0.0005] NA

Note: Values enclosed in brackets represent the minizoum detection limits for compounds not detected in the

samples. Detection limits are not included in the averages unleas otherwise indicated.

NaA = Not applicable
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TABLE 2-29. ME

EF]

JORDAN HOSPITAL (1991)

TALS CONCENTRATIONS, EMISSION RATES AND REMOVAL
FICIENCIES FOR RUN 4 (BURNDOWN CONDITION)

LOCATION

INLET |

OUTLET

DATE 03/07/91 - 03/07/191
TIME 16:35-21:57 165342200
02 CONCENTRATION (% V) 10.30 : 175
FLOW RATE (dscrm) 1S 3271 REMOVAL
e Lo - |EFFICIENCY (%)

Antimony  (ug/dscm) 96.0 3.21

(ug/dscm @7% 02) 126 13.1

(g/hr) 0.089 0.006 93.0
Arsenic (ug/dscrn) 1.38 [0.127]

(ug/dscm @7 % 0O2) 1.81 [0.519]

(g/hr) 0.001 {0.000:2) > 80
Barium (ug/dscm) 110 1.59

(ug/dscm @7% 02) 145 6.51

(g/hr) 0.103 0.003 7.0
Beryllium  (ug/dscm) [0.119] [0.032]

(ug/dsem @7% O2) [0.156] | [0.131]

(g/lr) [0.0001] | [0.00006] INA
Cadmiun  (ug/dscn) 192 0.990

(ug/dscm @7% O2) 252 4.05 ‘

(g/hr) 0.179 0.002 | 98.9
Chromium  (ug/dscm) 17.4 1.9]

(ug/dscm @7% O2) 22.9 7.8

(g/hr) 0.016 0.004 76.9
Lead (ug/dscm) 3834 11.4

(ug/dsem @7 % O2) 5028 46.5

(g/hr) 3.57 0.022 99.4
Mercury  (ug/dscn) 6574 622

(ug/dscm @7% O2) 8620 2541

(g/hr) 612 1.22 80.1
Niclel (ug/dscny) 8.33 0.821

(ug/dscm @7% O2) 10,9 3.36

(g/hr) 0.008 0.002 79.9
Silver {(ug/dsemn) [0.713] [0. 190

(ug/dscm @7% O2) [0.935] [0.777]

(g/hr) [0.001] [0.000:3) INA
Thalliom  (ug/dscm) [1.186] [0.318)

(ug/dsem @7 % O2) [1.555) [1.300]

(g/hr) [0.001) [0.001) INA

Note: Values enclosed in brackets represent the minieam deection limits for compounds not detected in the

samples. Detection limits re not included in the averages unless otherwise indicated.

NA = Not applicable
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TABLE 2-30. METALS CONCENTRATIONS, EMISSION RATES AND REMOVAL
EFFICIENCIES FOR RUN § (BURN CONDITION)
JORDAN HOSPITAL (1991)

LOCATION INLET OUTLET |
DATE 03/09/1 | - 0310991
TIME X - 09:25-16:30 0 | 09:25-16:30°
02 CONCENTRATION (% V) 1 w2y 17.3
FLOW RATE (dscmm) b o vNE 23,8 REMOWAL
£ iE i “oins [EFFICIENCY (%)
Antimony  (ug/dscm) 16.0 2.37

(ug/dsem @7% O2) 23.0 9.15

(g/hr) 0.017 0.005 (8.4
Arsenic (ug/dscm) [0.557) [0.084]

‘ (ug/dscm @7% O2) [0.798] [0.324)

(@/hr) [0.001] [0.0002] NA
Barium (ug/dscm) 3.63 0.776

(ug/dscm @7 % O2) 5.20 3.00

(g/hr) 0.004 0.002 54.4
Beryllium  (ug/dscm) [0.060] [0.021]

(ug/dscm @7% O2) [0.086) [0.081]

(g/hr) [0.0001]) [0.00005) NA
Cadmiuvm  (ug/dscm) 15.6 0.547

(ug/dscm @7 % Q2) 22.3 2.11

(g/hr) 0.017 0.001 92.5
Chronmtivm  (ug/dscm) 13.6 122

(ug/dscon @7T% O2) 19.4 4.71

(g/hr) 0.014 0.003 80.48
Lead (ug/dsco) 742 3.73

(ug/dscm @7% O2) 1063 | 14.4

(g/hr) 0.787 0.008 98.9 |
Mercury  (ug/dscm) 267 15.2

(ug/dscm @@7% Q) 383 58.9

(g/hur) 0.283 0.035 87.8
Nickel {ug/dscm) 14.7 342

(ug/dscm @7% O2) 21.1 13.2

(g/hr) 0.016 0.008 50.3
Silver (ug/dscm) 2.28 [0.126]

(ug/dscm @7 % 02) 3.27 {0,487

(g/hr) 0.002 [0.0003] > 85
Thallium  (ug/dscm) [0.602] [0.211]

(ug/dsem @7% 02) [0.863] [0.815]

(g/hr) [0.001)] [0.0005)] INA
Note: Values enclosed in brackets represent the minimum. detection limits for compounds not detected in the

samples. Dietection limits are not included in the averages unless otherwise indicated.

NA = Not applicable
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TABLE 2-31. METALS CONCENTRATIONS,
EFFICIENCIES FOR RUN 6 (BURNDOWN CONDITION)
JORDAN HOSPITAL (1991)

EMISSION RATES AND REMOVAL

DATE
TIME

02 'II!![:IiEiIItZiIEE]Ei[flfflll‘liiflf?liilblﬁiI {%V)

LOCATION

INLET
03409491

16:31-21044

OUTLET
0309191

1642146 |

8.60 174 _
FLOW RATE (dscrium) 14,8 1 291 :,JEEMMDV%U;
SR N T g oo ERFICIENCY (%)

Antimony  (ug/dscm) 133 [0.637)

(ug/dscm @7% 02) 150 [2.530]

{g/hr) 0.118 [0.001] > 99.2
Qﬂd1umnmc (ug/dscm) 8.24 [0.170]

(ug/dscm @7 % O2) 9.31 [0.675]

(g/lr) 0.007 [0.0002] » 971
Barium (ug/dscm) 65.6 2.66

(ug/dscm @7% 02) 74.1 10.6 |

(g/hir) 0.058 0.005 92.0
Beryllium  (ug/dscm) [0.114] [0.042]

(ug/dscm @7% O2) [0.129] [0.167]

(g/hr) [0.0001) [0.00007] NA
Cadmium  (ug/dscm) 191 1.80

(ug/dscm @7% 02) 216 7.15

(g/hr) 0.170 0.003 98.1
Chromium  (ug/dscm) 19.4 1.81

(ug/dscm @7 % O2) 21.9 1.20

(g/lr) 0.017 | 0.003 81.7
Lead (ug/dscm) 5674 9.1

(ug/dscm @7% 02) 6412 116

(g/Mlr) 5.06 0.051 99.0
Mercury  (ug/dscm) #03 122

(ug/dscm @7% O2) 908 486

(m/hr) 0.716 0.214 70.1
Nickel (ug/dscm) 16.7 2.33

(ug/dscm @7 % O2) 18.9 9.26

(g/hr) 0.015 0.004 72.7
Silver (ug/dscun) 6.54 | [0.2557 |

(ug/dsem @7% 0Q2) T.40 [1.013]

(g/hr) 0.006 [0.0004] >93.3
Thalliure  (ug/dscnn) [1.145} [0.425]

(ug/dsenn @7 % O2) [1.294) [1.688)] |

(g/hr) [0.001] [0.001) NA |

Note:

Values enclosed in brackets represent the minimum detection limits for compounds not detected in the

samples. Detection limits are not included in the averages unless otherwise indicated.

NA = Not applicable
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LT,

Outlet values range from 0.415 mg Cd per gram of PM during Run § to 238 mg
Hg per gram of PM during Run 3. There was no measurable amount of PM collected
during Run 1 and ratios for that run were not calculated.

Table 2-33 presents a summary of the ratio by weight of metals to PM for the
burndown condition. Inlet values range from 0.036 mg As per gram of PM to 174 mg
Hg per gram of PM. Lead had the highest ratios for Runs 2 and 6 with 138 and 67 mg
per gram of PM, respectively. Values at the outlet range from 0.824 mg Ni per gram of

PM to 624 mg Hg per gram of PM. Mercury had the highest ratios for all three runs at

the outlet.

A comparison of the metals to PM ratios at the outlet to those at the inlet is
given in Table 2-34. The values were calculated by dividing the outlet metal to PM ratio
by the inlet metal to PM ratio. A number close to 1 would indicate no relative change
in the proportion of metals in the flue gas particulate across the APCD. A number less
than 1, or high inlet metal to PM versus low outlet metal to PM, indicates higher

removal of the metals in the gas stream than its associated PM. Values greater than 1

indicate less removal of the metals species compared to its associated PM. There can
also be other interpretations of the data as well.

There appears to be a distinct difference between the burn and burndown outlet
to inlet ratios. The average burn outlet to inlet values are mostly less than 1, whereas

the burndown values with the exception of Pb, are all greater than 1. This difference

may reflect the higher inlet PM loading during burndown coupled with high removal

efficiency of non-metal containing PM.

2.3.6

Tab

le 2-35 presents the metals amounts in the inlet flue gas samples by sample
fraction for the burn and burndown conditions. The highest proportion of Hg was
consistently collected in the nitric acid/hydrogen peroxide impingers (Impingers 1-3). All

of the other metals, except Ni in Run 5 and $b in Run 6, were collected in the highest

proportions in the front half (filter, nozzle/probe rinse).
‘The metals amounts in the outlet flue gas samples are presented in Table 2-36 by
sample fraction. As at the inlet, the highest proportion of Hg was consistently collected

in the nitric acid/hydrogen peroxide impingers. All of the other metals were collected in

dkd.176 2-45
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TABLE 2-35

o

. METALS

AMOUNTS IN INLET FLUE GA

JORDAN HOSPITAL (1991)

] ¢
|El|

AMPLES

BY SAMPLE FRACTION

e v S BURN .0 5 B
. RUNI(omlug) * RUN 3 (totill ug) . RUNS (botal ug)
| FRONT | IMPINGERS | IMPINGER | FRONT |IMPINGERS | IMPINGER | FRONT | IMPINGERS | IMPINGER
METAL | HALF | 123 | -4$56s | HAF | 123 | as6 | mar 123 | 456
Antimony 19.9 1.7 22.9 5.09 20.6 8.15
Arsenic 151 b0.438) [1.000] [0.440] [1.000] [2.000]
Barium 8.95 0.559 32.4 0.374 5.85 0.667
Beryllium [0.250] [0.110] [0.250) (0.110] [0.250] [0.108]
Cadmium 80.0 0.406 412 0.418 27.0 0.936
Chromium 22.2 141 21.5 | 1.38 17.5 6.85
Lead 1312 1.38 1156 0.876 | 1330 1.36
Mercury 11.4 947 6.47 8.48 5208 5.21 [2.450] 478 1.3
Nickel 3.98 0.460 4.88 0.638 7.6 18.8
Silver [1.500] [0.658] 5.25 [0.660] 4.10 [0.645)
Thallium [1.250] [1.100] [1.250] [1.100] (1.250] [1.080)
i@ L CBURNDOWN -
JRUN 2 (total A R i M L CTRUN 4 (tond ug) e o RN G (total ug)

‘ | IMPINGERS | IMPINGER |  FRONT = |IMPINGERS | IMPINGER | FRONT | IMPINGERS | IMPINGER
METAL | “HALF | 123 | 486 | mar | 123 | 456 | mar | 1,2,3 45,6
Antimony 485 3.67 5.5 14.4 58.5 67.7
Arsenic 2.63 [0.433) 1.29 [0.445) 6.95 0.392
Barium 14.4 0.466 103 0.367 61.9 0.534
Beryllium [0.250] [0.108] [0.250] [0.111] (0.250] [0.108]

Cadmium 164 1.831 180.0 [0.222] 181 0.556
Chromium 25.8 1.55 14.0 2.32 17.1 1.36
Lead 5672 1.15 3588 0.663 5400 1.52
Mercury [2.450) 713 2.03 2.50 6148 2.57 9.65 755 [0.650]
Nickel 9.98 1.29 6.90 0.900 15.6 0.338
Silver 2.18 [0.650] [1.500] [0.667] 6.23 (0.654]
Thallium [1.250) [1.080] [1.250] [1.110] [1.250] [1.090]

a Values enclosed in brackets represent the minimurn detection limits for compounds not detected in the samples

b Impingers 4, 5, 6 analyzed for mercury conteat anly.
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TABLE

2-36.

METALS AMOUNTS IN OUTLET FLUE GAS SAMPLES BY SAMPLE FRACTION
JORIDAN HOQSPITAL (1991)

CTRUN § (total ug

)

lEliI[I’ﬂllili’!ﬂliﬂll

LB ]’Il l'ifl lll.l"ii?f

I R S | [N _FRONT | IMPINGERS | IMPINGER
mmmm“r**‘ 1ol 4S6e ¥ |H,Y 45,6 CHALF | 123 | 456
Antimony 1&3%5 b [1.580] 7.88 [1. %704 1.9 [1.590]

Arsenic (1.000] [0.420) [1.000} [0.420] [1.000] [0.423]

Barium 4.70 0.518 4.08 0.357 3.9 [0. 106]

Beryllium [0.250) [0.105] [0.250] [0.105) [0.250] [0.106]

Cadmivm 3.93 3.952 4.08 [0.210] 2.78 [0.211]

Chronuiun 10.1 0.883 545 1.797 6.13 [0.634]

Lead 13.0 1.1 4.6 0.626 18.2 0.560

Mercury 370 465 48.7 3.10 1061 86.3 [2.450] 57.8 18.8
Nickel 8.38 0.673 38.0 4.31 17.2 [0.317}

Silver 15.7 [.631) 3.00 [0.630) [1.500] [0.634]

Thallium [ﬂiﬁﬁﬂﬂ ﬁﬂJDSOﬂ [1.250) [1.050] [1.250] [1.060]

mwwmmm@p

VUN 4 (totad ug

—

CRUN6. (total ug

E]i.v :

IMPINCGER

' L PN I]E’lil‘!n I'1Il1[lilil l ; l]!vlﬂ!'iﬁlilliil!i]il:ii o JiFWlI!;]ll\lfl‘vv L IMPINGE ]EIJEF IMPINGER
METAL 230 CHALE [ 028 0 4,56 HALF |0 456
Antimony | [1.580] 10.8 [[1.600] [3.750) [1.620]

Arsenic | [IJJOOM [0.422] [1.000) [0.426] [1.00¢) [0.433)
Barium 4.15 0.295 5.18 0.203 6.48 0.202
Beryllium [0.250) [0.105] [0.250] [0.107] [0.250] [0.108)
Cadmium 3.28 [0.211] 3.33 WOJNH]j 4.58 [0.216]
Chromiun 2.00 1.10 4.78 1.64 | 3.55 1.06
Lead 68.5 1.19 3.8 0177 73.3 0.717
Mercury [2.450] 499 5.28 [2.450) 2061 28.8 [2.450] 298 13.0
Nickel [0.750] 1.67 2.43 | 0.331 5.93 [0.325)
Silver 7.63 [0.632) [1.5007} } [0.640) [1.500] [0.649]
Thatlivm [1.250) [1.050] ﬁﬂJZSOﬂ} [1.070) [1.250) [1.080]

a Values enclosed in brackets represcat the minimum detection limits for compounds mot detected in the samples,

b Impingers 4, 5, 6 anallyzed for mercury content only.
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the highest proportions in the front half fraction, except for Cd in Run 1 (3.95 ug in the
back half versus 3.93 ug in the front half). ] Laboratory analytical results for each sample
fraction are presented in detail in Appendix E.2.

Sampling and flue gas parameters for the PM/metals runs at the inlet are shown
in Table 2-37, and Table 2-38 presents the parameters for the runs at the outlet. Total
sampling times, sample volumes, and isokinetic results for each sampling run are
presented. Three out of the twelve metals runs did not meet the isokenitic criterion of
being within 10 percent of 100 percent. This is further discussed in Section 6.

Appendix C.2 contains a complete listing of these and additional sampling and flue gas
parameters for each run. The field data sheets are contained in Appendix A.2.

2.3.7 Metals in Ash and Absorber Water

A sample of the incinerator bottom ash was collected the following afternoon
after each test day. The test day 1 sample includes flue gas Runs 1 and 2, test day 2
includes Runs 3 and 4, and test day 3 includes Runs 5 and 6. Each sample represented
the ash generated for both the burn and burndown conditions. The metals of interest

were the same as those sampled for in the flue gas. Concentrations of the metals in the

ash in units of mg/kg were determined by extracting the metals from 1 gram of ash in
100 ml of extraction fluid. The analyses were then completed as discussed in Section 5.

The metals in ash results are shown in Table 2-39. Chromium was the most
prevalent metal in the ash from Day 1 with 1,087 mg/kg. Later days showed Cr values
much lower at 394 and 573 mg/kg for Day 2 and 3, respectively. Barium showed the
highest concentration of metals in the ash from Days 2 and 3, with 5,694 and 5,394
mg/kg, respectively. Silver was detected in the pretest ash sample, but not in the run
samples. Thallium and Hg were not detected in any of the ash samples. Analytical
results of the ash analyses are contained in Appendix E.2.

Table 2-40 shows the mass of each metal removed from the incinerator in the ash
stream.

Table 2-41 presents the metals concentrations in the absorber water. Water solids

concentrations is also included.
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TABLE 2-37. METALS/PM EMISSIONS SAMPLING AND FLUE GAS
PARAMETERS AT INLET; JORDAN HOSPITAL (1991)

RUN NUMBER ,
DATE" :

BURN CONDITION

SR 1
03/05/91

R 3
Q370791

o Rum 3
- (3708491

AVERAGE

Total Sampling Time (min.)
Average Sampling Rate (dscfm)
Metered Volume (dscf)
Metered Volume (dscm)
Average Stack Temperature (F)
02 Concentration (% V)

CO2 Concentration (% V)

Stack Gas Moisture (% V)
Volumetric Flow Rate (dscfm)
Volumetric Flow Rate (dscmm)
|Percent Isokinetic

375
0.20
74.21
2.102
1171
8.8
7.5
9.0
910
25.71

90.9

403
0.20
19.22
2.244
1195
9.6
5.9
10.8
733
20.75

111

418
0.15
63.4

1.795

1183

11.2
5.1
9.6
625

17.69
101

NA
0.18
72.28
2.047
1183
9.9
6.2
9.8
756
21.40
NA

RUN NUMBER
DATE

BURNDOWN CONDIY

(ON

~ R 2
03/05/91

~Run 4

CO3/0791 |

o ]E!Jt)lql 6
301 |

AVERAGE

Total Sampling Time (min.)
Average Sampling Rate (dscfn)
Metered Volume (dscf)
Metered Volume (dscm)
 Average Stack Ternperature (F)
02 Concentration (% V)

CO2 Concentration (% V)
1Stack Gas Moisture (%V)
Volumetric Flow Rate (dscfm)
Volumetric Flow Rate (dscnum)
Percent Isokinetic

250
0.18
44.74
1.267
1108
8.9
8.9
8.0
756
21.40
99.0

3l
0.11
33.07
0.936
1130
10.3
6.3
10.2
548
15.52

81.1

305
0.11
33.63
0.952
1228
8.6
1.1
6.5
524
14.85

87.1

NA
0.13
37.15
1.052
1155
9.3
7.6
8.3
609
17.26
NA

NA = Not applicable.
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TABLE 2-38. METALS/PM EMI
PARAMETERS AT OUTLET; JORDAN HOSPITAL (1991)

[SSIONS SAMPLING AND FLUE GAS

RUN NUMBER
DATE

BURN CONDITION

Run 1
0305791

‘Run 3

0300791

R 5
03/09/91

SAVERAGE

Total Sanipling Time (min.)
Average Sampling Rate (dscfm)
Metered Volume (dscf)
Metered Volume (dscm)
Average Stack Temperature (F)
02 Concentration (% V)

CO2 Concentration (% V)

Stack Gas Moisture (% V)
Volumetric Flow Rate (dscfim)
Volumetric Flow Rate (dscnm)
Percent Isokinetic

415
0.43
176.47
4.998
181
17.6
1.8
15.8
1368
38.74
96.4

404
0.41
165.54
4.688
192
17.1

2.2

16.2 |

1232
34.90
103

419
0.42
177.41
5.024
176
17.3
2.2
13.2
1333
31.75
100

NA
0.42
173.14
4.903
183
17.3
2.1
15.0
1311
37.13
NA

RUN NUMBER
DATE v

- BURNDOWN CONDITIC

W

2 Run 2
03/05/91

Run4

03107191

. Run 6 E

0309091 |

- AVERAGE

Total Sampling Time (min.)
Average Sampling Rate (dscfm)
Metered Volume (dscf)
Metered Volume (dscm)
Average Stack Temperature (F)
02 Concentration (% V)

CO2 Concentration (% V)

Stack Gas Moisture (% V)
Volumetric Flow Rate (dscfin)
Volumetric Flow Rate (dscrom)

Percent Isokinetic

321
0.47
152.22
1.311
187
17.8
L9
13.92
1434 |
40.60

103

305
0.39
118.72
3.362
193
17.5
2.1
14.65
1153
32.66
105

295
0.3
89.84
2.544
180
17.4
2.4
11.95
1028
29.12
93.3

NA
0.39
120.26
2.406
186
17.6
2.1
13.5
1205
34.13
NA

NA = Not applicable
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TABLE 2-39. METALS IN ASH CONCENTRATIONS;
JORDAN HOSPITAL (1991)

| Sample

Pretest Ash
(rog/kg)

* Day 1
(mg/ke)

Day 2
| (mglkg)

(mg/kg)

‘Day 3

Average

Days 1,2,3

(mg/kg)

Antimony
Arsenic
Barium
Beryllinm
Cadmium
Chromium
Lead
Mercury
Nickel
Silver

i"l']bm]lIii‘m:m

638

10.8
927
0.37
1.9
123
867
[9.80]
29.7
2,28

[1.50]

200 |

[4.46]
416
1.14
64.8
1087
674
[9.80]

96

[1.20] |

[1.50]

660
5.37
5694
2.46
39.4
394
1093
(9.80]
53.4
[t _:im»]

[1.50]

604
[4.00)
5394
2.76
35
573
931
[9.80]
111
[1.20]

[1.50]

518
5.37
KHEN]
2.12
46,4

685

901

[9.80]
86.8
[1.20]

[1.50]

NOTES:

~Values enclosed in brackets represent minimum detection limits
for samples not detected in the saniples.

~Day 1 = Rums 1,2; Day 2 = Runs 3,4; Day 3 = Runs 5,6.
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TABLE 2-40. METALS DAILY DISCHARGE RATES IN THE ASH STREAM;
JORDAN HOSPITAL (1991)

Sample Day:1 Day 2 Day 3 | AVERAGE
‘ {grams/day) | (grams/day) mymmmmmmwz memmhhwj‘
Antimony 9.25 28.40 16.53 18.06
Arsenic [0.14] 0.23 | [0.11] 0.23
Barium 13.27 245.02 147.66 135.32
Beryllium ‘ 0.04 0.11 0.08 0.07
Cadmiuvm 2.07 1,70 0.96 1.57
Chromium 34.68 16.95 15.69 | 22.44
Lead 21.63 47.03 25.49 31.38
Mercury [0.313] [0.422] [0.268] | [0.334]
Nickel 3JM3‘ 2.30 3.04 2.80
Silver [0.038] [0.052] [0.033] [0.041]
Thallinm [0.048) [0.065) [0.041] MNWH‘
LBS ASH | 70.34 94.87 | 60.35 75.20

Note: Values enclosed in brackets represent the minimum detection linits
for compounds not detected in samples.
NA = Not applicable
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24 PARTICULATE MATTER/VISIBLE EMISSIONS

2.4.1 Particulate Matter Results

]Rdﬂl(dhﬂf'ﬂhdﬂ@l4JUH?M(WN.W%HF‘H|1?”Wdﬂ€dlﬁ%ﬂﬂlﬂmﬁEmmnﬂJmmwmﬂhwg1fabniMiMm¢d
for metals determinations. Before metals analysis, PM collected on the filter and in the
front half acetone HWmﬁrQpnﬂbe,nmmmmﬁ,ﬁuhmrhmﬂdﬁr)wmms&umﬂyzedkgnwwmnﬁtﬁmmhb'as
discussed in Section 5.

1ﬂmaznwna@w:FTMI&Mmﬂ;gms1mmnnﬁHU«Hh@ﬂSiumdxmmmslfmesikm'ﬂmaTmmetrmnmmamd
@mmhmtrmmﬁ,ﬁorkmmmltheIburm:mmdImunmdouancmmmﬁtkmmm:mmipnfmenwed:MIWDMWM:PMI”
'UnmnnxunhmmmmnmansamdmmuﬁnummMWHMﬂmmmtm?ﬂmwmnn(%ﬁnﬁshmmm
Removal efficiencies, based on ﬂm3mnaﬁsxﬁmﬂs&M:ﬂuaimhatammlnanmQ1EM'bcthMmm
comﬂﬁﬁcmmgﬁuf:ahM)shmwwm.'T%m:average1mmmmamm%HMJm:mmd:wwmmuyﬁrnﬁﬁo rate at the
hﬂmmeere]hmﬂmmfﬂurthm:burmdkmwm<mmmdhmmn1&uu1fbw1&m:tmuTlcmmmﬁﬁkmm(ﬂdlﬁZgyﬁkmmn
and 0.051 kg/hw‘wmmnm;OAMTTEU%kmmm:mmdtlﬂmmﬂ.kﬁﬂTm).‘TTm average concentration and
ﬂnﬂmﬂamlmmaamtkecmﬂkﬂ&hdlmn‘wmy¢m1mmnhlukthutwm»u@lcomdnkwm
(0.0012 g/dscm and 0.0022 kpfhrikm'burndcwwntmmmimhmm,UMNWWXSg%hmm:MLamd
0.0017 kg/hr for burn condition). The removal efficiency for the burndown condition
was 95.7 perce ent compared to a removal efficiency of 64.8 percent for the burn
condition.

]Handcmkmx:mmancr<mmmmammmnhmm&>enﬁ@&kmurﬂme&.andlnmmmm;ﬂ efficiencies for the

iVW“thwalfUUm‘durwuithelburm1ummdﬂhmn:mmﬂsurmnmmdzed_n11DM}k:‘~4’ There was no

measura MMﬁ:anmwwnt(M?PTdﬁmmuecmmd:mcmma(MJMQI«MMHm@IFhmnZL Run 5 showed the
.hnymmm:P%A‘mmncemtnmiommandwenﬂﬁ&kmnrmmezm:ﬂma{Mﬂﬂﬁt\vmhlOiMltﬁgy%kmmn:mmd
()OOBﬂlkg/hr,re&pecﬁveb%‘]hflmnvuﬂcEhmm?n«mﬂ.mdnpcd from 56.9 percent for Run § to
72.7 percent for Run 3.

Tk&ﬂemZ«h%stwmwsthm:P%d‘mmnmenmmmiong,enmmmhmmlﬁmﬁm and removal efficiencies
for the runs during the burn condition. Run 2 has the lowest concentration and emission
naw'1|1h<‘outMm'wium(hOOOBQ;ng&mWIamd1w{KKM1kg/hr,remmecﬁvebw Run 6 outlet had
the highest concentration and emission rate at 0.0021 g/dscm and 0.0037 kg/hr,
respectively.

‘AKWMfmmnnmmwmﬂmesmmpm%!nmiHm*pmqummmﬂewdnmﬂM'PN[nmsmmm

given in Tables 2-37 and 2-38. Appendix C.2 presents a detailed listing of the
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parameters for each sampling run. Appendix E.2 shows the gravimetric PM analytical

results.

24.2  Visible Emissions
'Tbm:ommmiQ/cﬁkmwﬂ&M£mm;ﬁmmnlﬂmeEmack'wmreciammmnmmmd‘ﬁmmaibfbwuatmmaﬁﬁkml

observer following EPA Method 9 protocol. Sets of observations were recorded typically

(=]

for 1 hour durations, separated by 10 to 15 minute intervals for observer breaks. Data

was recorded for 6 hours on Day 1, 5 hours on Day 2, and 6 hours on Day 3.

Observations were curtailed each day at approximately 1700 hours due to darkness and

were therefore only taken during a partial period of the burndown test duration.
Observations were recorded at 15-second intervals to the nearest 5 percent

opacity. Rolling 6 minute averages of the 15-second field observations were calculated

by taking the average of each 15-second observation and the 23 previous readings.

Table 2-45 presents a summary of the highest 15-second observation and highest

6 minute average for each observation set. The highest 6 minute average recorded on

Day 1 and Day 2 was 1 percent, while the Day 3 high was 4 percent.

2.5 HALOGEN GAS EMISSIONS

Hydrogen chloride, HF, and HBr gas concentrations were manually sampled at
(! .,

the inlet and at the stack, following EPA Method 26 procedures. In this method, flue

gas was extracted from the sample location and passed through acidified water. The HCI
solubilizes and forms chloride (CI') ions in acidified water. Ion chromatography was

r~

used to detect the CI', bromide (Br), and fluoride (F) ions present in the sample.

Testing was conducted on three test days at the operating conditions describe
previously.
2.5.1  Halogen Gas Emissions Results

Table 2-46 presents a summary of HCI inlet and outlet concentrations and
emission rates and presents the HCl removal efficiency for the absorber system. Twenty
runs were completed, 12 runs during the burn cycle and 8 runs during the burndown
cycle. The removal efficiency for Run 1B could not be calculated because the inlet and
outlet sampling was not conducted at the same time. One sample for Run 5B was
recovered improperly and, therefore, a HCl removal efficiency could not be calculated.

The HCI removal efficiencies ranged from 45.9 percent to 97.5 percent.
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TABLE 2-45. PERCENT OPACITY OBSERVATIONS SUMMARY;
JORIDAN HOSPITAL (1991)

7 ‘ ‘ ' ' Highest = | Highest
S Test Observation | SO E, RN ? 15 second . | 6 minute
Day o Bet Time ’7 | Condition | v'(:,ﬂfi!illul'lfilntihi)ﬁui»' i “Average
' RN S o a| (% Opacity) | (% Opacity)
Day 1 M9-01 09421042 Burn 0 0
(03/05/91) M9-02 1056-1156 Burn 0 0
M9-03 1214-1314 Burn (0] 0
M9-04 13541438 Burn 0 0
M9-05 1448~1548 Burn 5 1
M9-06 1600-1700 Burn 5 1
Mo-07 1705-1720 Burndown 5 1
Day 2 | M9--08 0931-1008 Burn 0 0
03/07/91) M9-09 1056-1156 Burn 5 1
MO-1G 1211-1311 Burn 5 ]
M9-11 13481448 Burn 0 0
M9-12 14531603 Bum 0 0
M9-13 16141714 Burndown 5 1
Pay 3 M9-14 06201020 Burn 10 2
(03/09/91) M9-15 1031-1131 Burn 10 3
M9-16 1207-1307 Burn 10 3
M9-17 13181418 Burn 10 4
M9-18 14441544 Burn 10 3
M9-20 16031703 Burndown 10 3

a Opacity readings could only be taken during the first part of the burndown condition
due to darkness.
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Table 2-47 provides a summary of the HCI results at the inlet. Concentrations
are reported in mg/dscm and parts per million by volume/dry (ppmv), both at measured
conditions and corrected to a 7 percent O, basis.

Average values for the burn periods were similar, ranging from 87 to 158 ppmv at
7 percent Q,. I;WMﬂwhmgzwmmmmyzE{Cm‘.mmmd.hmrthelbummdomnlymmjodiwewe:ﬁnuﬂan
ranging from 236 to 367 ppmv at 7 percent O,.

Table 2-48 shows the HCI results at the outlet (stack) for the same test periods
shown in the previous table. The average HCI during a test period at the outlet
varied from a low of 12 ppmv at 7 percent O, during a burn period to 111 ppmv at
7 percent O, during a burndown period.

Data from Tables 2-47 and 2-48 were used to generate the HCl removal
efficiencies in Table 2-46.

Table 2-49 summarizes the HF results at the inlet. Measurable quantities of HF
were found in only 1 out of 20 runs (Run 14 during Day 3 burndown period).
concentration of approximately 3 ppmv at 7 percent O, was calculated for this run. All
other values shown in brackets represent minimum detection limits for HF,

Table 2-50 presents the HF results at the outlet. As shown, no measurable
quantities of HF were found in any of the test runs. All the values shown in the brackets

represent minimum detection limits,

Table 2-51 provides the HBr results at the inlet for all runs conducted at the
Jordan Hospital MWI1. Measurable quantities of HBr were found in only 1 out of 20 test
runs. ;Aumwncmmtnmdom~0f(h05|mpnmwam'7lmmxmman%ymwmmdeumcﬁmlbmrI{mn19<0hmnm@;ﬂma
burn period on Day 2). T he calculated values for this run are shown in parenthesis to
signify that these values are less than five times the detection limit in t the analytical
laboratory.

A summary of the HBr results is presented in Table 2-52. Very small amounts
were detected in 2 out of 20 runs (Run 8 and Run 9 during the burn period on Day 2).
Even though these values are above five times the detection limit, they are under 1 ppmv
at 7 percent O, and are, therefore, insignificant. All other values shown in brackets

represent detection limits.

dkd.176 2-63



TABLE 2-47.

SUMMARY ¢

JORDAN HOSPITAL

(1991)

OF HCI RESULTS AT THE INLET;

HCI TEST

MEASURED CONCENTRATIONS

.EEIM!I!EEL' SION RAT. I. 5

CRUN (mg/dsem) | (mg/decn (ppmv) = | (ppmv .

NUMBER - @7% 02) Tl @Teo | '.i[gguflmrjb ' - {Ibihiry
1A 60.5 65.2 39.9 43.0 83.5 0.184
1B 65.7 75.5 43.4 49.8 | 90.8 0.200 |
Ic 185.9 228.6 122.6 150.8 256.7 0.566 |
1D 150.9 189.0 99.6 124.7 194.0 0.428

AVERAGE 115.7 139.6 76.3 92,1 156.3 | 0.345
24 610.9 653.2 403.0 430.9 785.4 1.731
2B 46.6 | 61.1 30.8 40.3 59.9 0.132
AVERAGE 328.8 357.2 ) 216.9 - 235.6 422.7 0.932
3A 27.8 32.5 18.3 21.4 33.0 0.073
3B 76.5 90.1 50.4 59.4 | 90.8 0.200
ic 236.2 285.6 155.8 188.4 280.4 0.618
3D 178.2 223.1 117.5 147.2 211.4 0.466
AVERAGE 194.4 | (A38.9 | 128.2 157.6 230.7 0.509
4A 327.6 367.2 216.1 242.2 336.8 0.743
4B 300.8 394.5 198.4 260.2 309.4 0.682
4C 269.8 364.1 178.0 240.2 277.5 0.612
AVERAGE 209.4 LATH3 | 1975 Lo 4.8 307.9 0.679
SA 3181 68.025 20.982 44,870 36.054 0.0795
5B 14.2 18.5 9.4 12.2 16.1 0.036
5C 140.9 179.6 92.9 118.5 159.7 0.352
5D 202.9 261.1 133.8 172.3 230.0 0.507
AVERAGE Or3 1315 64,2 $6.7 110.3 0.243
G6A 412.5 3747 272.1 247.2 312 0.818
6B 397.7 536.7 262.3 354.0 351.9 0.78%
6C 574.5 760.5 378.9 501.7 | 517.1 1.140
AVERAGE 461.5 557.3 3044 . 367.6 415.4 0.916

L)‘ l




TABLE 2-48.

JORDAN HOSPITAL (1991)

SUMMARY OF HCL RESULTS AT THE OUTLET (S

TACK);

: ‘H'!'l ll'..:.l

*wwwmunnmnvmmﬁmwnunmmmffs

8 NG A]
1!!'1‘,

umqgjdli..m} (mg/dscm | ;

o @1% 02 o : hry - (b/hr)

4|> 15.47 %7 1024 9.19 0.020

5.19 20.62 3.43 13.60 11.58 0.026

1C 5.76 26.68 3.80 17.60 12.84 0.028

1D 8.68 38.91 ‘iT' 25.66 22,25 0.049
AVERAGE . | =~ 8594 ' 2542] 16TTE 0 13961 0.031
2A 47.82 207.70 31.54 137.00 | 122.59 0.270

2B 7.94 38.07 5.24 25.11 20.36 0.045
AVERAGE 27.88 122,98 1839 8105 . 7148) 0 0158
3A 3.84 12.12 2.53 7.99 9.10 0.020

3B 6.16 21.96 4.06 14.49 14.61 0.032

ac 21.71 86.24 14.32 56.88 51.48 0.114

3D 9.73 38.63 6.42 25.48 23.06 0.051
AVERAGE o do36| 307t T GEI| T %691 . 20,054
4A 40.39 160.41 26.64 105.81 87.61 0.193

4B 49.50 208.52 32.65 137.54 107.38 0.237

4C 38.48 137.14 25.38 90.46 83.46 0.184
AVERAGE: | - 42790  168.69| 92822 L2y 2,821 0.205
SA 8.48 22.36 $.59 14.75 19.37 | 0.043
5B NC NC NC NC NC NC |

5C 4.86 13.70 3.20 9.03 11.10 0.024

5D 6.20 17.49 4.09 11.54 14.18 0.031
AVERAGE = CeSUL o 1788 0 430%. 1Ll iaes 033
6A 15.16 39.53 10.00 26.07 27.43 0.060

6B 10.45 26.75 6.89 17.65 18.91 0.042

6C | 7.16 18.97 4.73 12.51 12.97 0.029
AVERAGE 0 {692 | 2 ‘ 721 8.74 1997 044

NC =

2-65
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TABLE 2-49.

SUMMARY OF HF RESULTS AT THE INLET;

JORIDAN HOSPITAL (1991)

“Mmmmrdmmew

- TEST
RUN.
NUMBER

1 1[1u[|¢i'l<rlls

lm’ TH O J

‘:MEAmmMﬂmememmmrmmm?"“

mmm:ﬁ

1A [0.4448) [0.4788]) | [0.5348)] [0.5758) [0.6138] [0.0018]

18 [0.6348) [0.7288) [0.7628] [0.8758] [0.8768) [0.0028]

1C [0.4368)] [0.5368] [0.5248] [0.6458] [0.6028) [0.0018] |
AVERAGE | [0.505] 1 = [0.581]} . [0.607] © [0.698] | fMMﬁWII'Qhﬂmﬁmm]

2A
2B

.....

[1.1489]

[0.4339] |

[0.4098]

[1.43°9]
[0.4639]
[0.5368]

[1.3809]
[0.5219]
[0.4928]

[1.7289]
[0.5579]
[0.6458]

4769

[0.0039]
[0.0019]
[0.0018)

AVERAGE |

10.6642)

- 10.8132]

[0.7985] 1

1097751 1

[1 1
[0.5579]
[0.5268)
[0.8539]

o [0.0025)

3A [0.4408) [0.5148] | [0.5298] | [0.6188] | [0.5228] | [0.0018]
3B [0.4328) | [0.5098) | [0.5198] | [0.6118] | [0.5138] | [0.0018)
3¢ [0.4680] [0.5660] | [0.5630] | [0.6800] | [0.5550] | [0.0010]
3D [0.4419) [0.5529] | [0.5309] | [0.6649] | [0.523%]| [0.0019]
AVERAGE | = [0.445]|  [0.535]|  [0.535]] {0.643]] [0.528]| [0.001]
4A [0.5119] [0.5739] | [0.6149] | [0.6889] | [0.5269] | [0.0019]
48 [0.4520) [0.5930] [ [0.5430] | [0.7120] | [0.4650] | [0.0010]
4C [0.3990) [0.5380) | [0.4800] | [0.6480] | [0.4100] | [0.0010]
AVERAGE | [0.454]| . [0.568] | [0.546) | [0.683)| [0.467]| [0.001]
SA 1.165 2.491 1.400 2.995 1.320 0.003
5B [0.4430) [0.5750] | [0.5330] | [0.6920] | [0.5020] | [0.0010]
5C [0.4430] [0.5650] .5330] | [0.6800] | [0.5020] | [0.0010]
5D |nwwm wmmw 0] | [0.7250] | [0.5300] | [0.0010)
AVERAGE | 1,165 | 91 400} 2 20| . 0.003
6A [0.4169] [0.3789] | [0.5009] | [0.4549] | [0.3749]{ [0.0019]
6B [0.4312) [0.5822] | [0.5182] | [0.6992] | [0.3882] [0.0012]
6C [0.4792) [0.5762] ruwym\ [0.4312) | [0.0012]

AVERAGE |: ¢

044211 [0

ML 05311

911 [0.398]}

[0.001)

(1=

Minimuym detection liit.

o o
4{!"‘.,‘5)




TABLE 2-50.

JORDAN HOSPITAL (19591)

SUMMARY OF HF RESULTS AT THE OUTLET;

NNWHWW

MMWWNMWWWWNWAMWWf”'W

TMISSION RATE

MMNMmm
3 oy Y

)

(jppmoav

(g/br)

1A
1B
1C

[0.2579)
[0.2438])
[0.2218]

[0.9659]
[0.9658]

[1.0248]

[0.3099]
[0.2928]
[0.2668]

[1.1608]

[1.1619] |

[0.5739]
[0. »4234

[0.0019]
[0.0018]
[0.0018)

|

]

1.2328) 0.
[ et

"AVERAGE [0:2401 1 [0.9851]  [0.289) T 18] [0.001]
2A [0.7188) [3.2198] | [0.8638] | [3.8708] | [1.8418] | [0.0048)
2B [0.2216] [0.9606] | [0.2666] | [1.1556] | [0.5676] | [0.0016]
2C [0.2216] [0.9606] | [0.2666) | [1.1556) | [0.5676] | [0.0016]

AVERAGE |

~10.38731

C[1.137

= [0.4657]

[2.0607)

- [0.9923)

[0.0027

3A [0.2198) [0.6928) | [0.2638] | [0.8318] | [0.5198] | [0.0018]
3B [0.2198) [0.7818] |  [0.2638) [0.9378] | [0.5198) | [0.0018]
3C [0.2199] [0.8709] | [0.2639] | [1.0449] | [0.5199] | [0.0019]
3D [0.2258) [0.8948] | [0.2708] | [1.0728] | [0.5348] | [0.0018]
TAVERAGE | [0.22111 . [0.809] | = [0.2651 | - [0.970]] @ [0.523] | - [0.001)
4A [0.2048) [0.8108] | [0.2458) | [0.9738] | [0.4428] | [0.0018]
4B [0.2699] [1.1339] | [0.3239] | [1.3619] | [0.5839] | [0.0019]
4C {0.2008] [0.7138) puzwual [0.8558] | [0.4348] | ([0.0018)

C[0224) 1

JO:885):

{LO63] |

10.486)

T 0.001]

AVERAGE

5A [0.2401) [0.6331] | [0.2891) | [0.7621]| [0.5481]} [0.0011]
SB [0.2138] [0.5188] | [0.2568] | [0.6228) | [0.4878] | [0.0018]
5C [0.2188) [0.6158] | [0.2628) | [0.7398) | [0.4988] | [0.0018]
5D [0.2391) [0.6741) | [0.2871]] [0.8081) | [0.5461) | [0.0011]
AVERAGE | [0.228] 0.610] 1 (0:274Y | [0.7331 | [0.520] | [0.001]
6A [0.2239] [0.5829] | [0.2689] | [0.6999] | [0.4049] | [0.0019]
6B [0.2228) [0.5688] | [0.2678) | [0.6838) | [0.4028] | [0.0018]
6C [0.2428] mmm 0.7708] | [0.4388] | [0.0018]
AVERAGE | [0.229] .56 0.7V [0.41511 0 [0.001]

[' “I omme
L

Minimum detection Limit.
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TABLE 2-51. SUMMARY OF HBr RESULTS AT THE INLET:
JORDAN HOSPITAL (1991)

hMMﬁMRWDC@NHHWﬂM TONS 'ZjifﬂMh@MMUMMWﬂﬂ

. ﬂmwMHM|“ mg/dscnn
NHWH%W _, - @7% 02)

Uwh]

ppv) | pmy | (ghn)

laezon|
1A [0.1306] [0.1406] | [0.0396] | [0.0426]| [oO. nnul [0.0006]
1B [0.1867] [0.2147] | [0.0557]| [0.0637]| [0.25771] [0.0017]
1c [0.1286] [0.1576) | [0.0386] | [0.0476] | [0.1776] | [0.0006)
AVERAGE | - [0.148] |  [0.1701] [o.0441| (00517 [0.2051 ]  {0.000]
2A [0.3367] [0.4217] | [0.1007] | [0.1257)| [0.43271| [0.0017)
2B [0.1277) [0.1367) | [0.0387] | [0.0417)| [0.1637]] [0.0007]
2C [0.1207) [0.1577) | [0.0367] | [0.0477]| [0.1547]| [0.0007]
AVERAGE | [0.1950] C[0:2387) | [0.05871 | [0.07171] [0.2504) ]  [0.0010]

3A [0.1296} [0.1516] | [0.0386] | [0.0446) | {0.1536] | [0.0006]
K):] [0.1266} [0.1486] | [0.0376] | [0.0446) | [0.1506) | [0.0006]
3¢ | (0.1569) (0.1899) | (0.0469) | (0.0569) | (0.1859) | (0.0009)
3D | [0.1297) [0.1627) | [0.0387] | [0.0487] | [0.1537]| [0.0007]
AVERAGE | - 0156 - 0189 [ 0.046 1 - 0,056 | 00185 [ 0.001
4A [0.1507] [0.1687] | [0.0457] | [0.0507] | [0.1547)( [0.0007]
4B [0.1297] (0.1697] | [0.0387] | [0.0507]| [0.1337)| [0.0007]
4C [0.1147] | [0.1547) | [0.0347) | [0.0467) | [0.1177]| [0.0007]
AVERAGE | = J0.1317 ] [0.164) [  [0.039) | 10.049] | T0.135] [ - {0.000]
5A [0.1257] | [0.26771 | [0.0377] | [0.0797] | [0.1427]] [0.0007]
SB [0.1277] [0.1657] | [0.0387] | [0.04971| [0.1447]| [0.0007)
5C [0.1267] [0.16171 | [0.0377] wmun [0.1437] | [0.0007)
5D [0.1346) [0.1726] | [0.0406] | [ 6] | [0.1526) | [0.0006]
AVERAGE | - [0.128] 1 [0.X91] | [0:038) | [0.057] | 0 [0.145)] ~ [0.000]
6A [0.1227) [0.1117 p&£66713 [0.1107] | [0.0007)
6B [0.1237) [0.1667) | [0.0377] [0.1117] | [0.0007)
6C [0.1376] [0.1816) | [0.0416] [0.1236] | [0.0006)
AVERAGE |~ [o.12n 1 A531 L [0.038] | 10.046) 0 [0.115] | ¢ 10.000]

Minimum detection linait.

[]=

( ) = Estimated maximum possible concentration.
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TABLE 2-52.

JORDAN HOSPITAL (1991)

SUMMARY OF HBr RESULTS AT THE OUTLET;

mﬁm?
_RUN

| NUMBER |

b MEASURED: CONCE

INT) El’u‘l TIONS

1 EMISSION RATE

(mg/doctn)

@T% 02)

1A [0.0757] [0.2827] | [0.0227] | [0.0837] | [0.1677]| [0.0007)
1B [0.0716] [0.2826] | [0.0216] | [0.0836] | [0.1586] | [0.0006]
1C [0.0656] [0.3016] | [0.0196] | [0.0886] | [0.1456] | [0.0006]
AVERAGE |7 [0.070] | [0.288] [0.021] | . [0.085] |- - [0.157] | [0.000]
2A [0.2106] [0.9426] | [0.0626] | [0.2786] | [0.5386] [0.0016]
2B [0.0656) [0.2826] | [0.0196] | [0.0836] | [0.1676] | [0.0006]
2C [0.0656] [0.3126] | [0.0196] | [0.0916] | [0.1676] | [0.0006]
AVERAGE | - [0.1139] | - 05126) | [0.0339] [ [0.15131] [0.2913] | {0.0009]
3A [0.0646] {0.2026] [ [0.0196] | [0.0606] | [0.1526] | [0.0006]
3B 0.910 3.244 0.271 0.964 2.158 0.005
3C 1.036 4.114 0.308 1.223 2.457 0.005
3D [0.0666] y [0.0206] | [0.0796] | [0.1566] | [0.0006]
AVERAGE 1+ 0,973 1o 0,289 094 | 2307 0,005

4A [0.0606] [0.2386] | [0.0186] | [0.0716] | [0.1306] | [0.0006)
4B [0.0797] [0.3337] | [0.0237) | [0.0977)| [0.1717] | [0.0007]
4C [0.0596] [0.2106] | [0.0186] | [0.0646] | [0.1286] | [0.0006]
AVERAGE |* - [0.066] 102601 | [0.0200 ) [0.077) 0 [0.143] | [0.000)
5A [0.0697) [0.1827] | [0.0217] | [0.0557] | [0.1587]| [0.0007]
5B [0.0626] [0.1516] | [0.0186] | [0.0446] | [0.1426] | [0.0006)
5C [0.0646] [0.1806] | [0.0196] | [0.0546] | [0.1466] | [0.0006]
5D [0.0687) [0.1927] | [0.0207] | [0.0567} | [0.1557] | [0.0007]
AVERAGE |- [0.066) | [0.176]] (002011  [o.05 [0.150T 1 [0.000]
6A [0.0657) [0.1707] | [0.0197) | [0.0507) | [0.1187)| [0.0007]
6B [0.0656) [0.1666] [ [0.0196] | [0.0496] | [0.1186) | [0.0006]
6C [0.0716) uwnmmn [0.0216) | [0.0566] | [0.1286) | [0.0006] |
| AVERAGE | [o.06T) 1 L [0.175) | [0.0201} [0.052) | (01217 ]  [0.000)

Minimum detection limit.
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Since no significant quantities of HF and HBr were detected, no removal
efficiencies were calculated.
2.6 HYDROGEN CHLORIDE CEM RESULTS

Simultaneous flue gas determinations of HCI flue gas concentration was made by
both the manual method (EPA Method 26) as well as by a CEM analyzer.
Measurements were made at both the inlet and outlet. The analyzers were TECO
Model 15 instruments employing dilution probe extractive techniques.

Because of the dilution probe system, the HC! CEMs had to be calibrated after
the incinerator had reached its steady state operating temperature. Post-test calibrations
could not be performed after the burndown run because flue gas temperatures would
decrease so quickly. However, QC gas challenges were made on the system and are
documented in Appendix D.

The inlet results comparison is made in Table 2-53. Averages are presented for
the time interval corresponding to the manual test runs. These runs were typically
1 hour to 1% hours in duration. All of the CEM averages appear to be substantially
higher than the manual values.

The outlet HCl CEM flue gas concentrations could not be determined using the
HCl CEM analyzer because the concentrations were too low to resolve using the dilution
probe extractive system. An undiluted sample stream could not have been used either as
HCI gas would have been removed along with the moisture during conditioning
procedures.

27  CEM RESULTS

Continuous emissions monitoring was conducted at the inlet and outlet to the
APCD during all three test runs. The CEMs were operated from the beginning of the
test run until the morning of the following day. Monitoring was performed using an
CO, 50,, THC, and

HCI concentrations. The diluent gases (O,, CO,) were measured using CEMs at all
L’ Dal's e, L!

extractive sample systern and instrument methods to measure NO

x*

times so that the emission results could be normalized to a reference 7 percent O,
Concentrations of NO,, 50,, CO, CO,, and O, were measured on a dry basis with the
sample stream conditioned as shown in Figure 5-16. The THC concentrations were also

monitored on a wet basis, by allowing the sample stream to bypass the conditioners. All
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TABLIE 2-53, COMPARISON OF MANUAL AND CEM HCl RESULTS
AT THE INLET SAMPLE LOCATION;
JORDAN HOSPITAL (1991)

MANUAL HCLRE

CCEM

ESULTS

]

-~

o NUMBER G ._fﬁmﬂWB(EMw- : i -hwmﬂﬂRCﬂﬂ?
1A 39.9 43.0 249.2 266.7

1B 43.4 49.8 350.4 411.0
1c 122.6 150.8 330.2 427.4
1D 99.6 124.7 371.6 485.2
AVERAGE 76.3 92.1 325.4 397.6

2A 403.0 430.9 NC NC
28 30.8 40.3 NC NC
AVERAGE 216.9 235.6 NA INA

3A 18.3 214 NC NC
3B 50.4 59.4 229.8 269.6
ic ‘ 155.8 188.4 | 215.8 270.8
3D 117.5 147.2 197.1 254.8
AVERAGE 128.2 157.6 214.2 265.1

4A 216.1 242.2 825.1 1174.8
4B 198.4 260.2 252.4 346.6

4C 178.0 240.2 201.5 282.6
AVERAGE 197.5 247.5 426.3 601.3
SA 21.0 44.9 NC NC
5B } 9.4 12.2 272.0 300.9

iC 92.9 118.5 305.3 401.1
5D 133.8 172.3 404.5 544.1

AVERAGE 64.2 86.7 327.3 415.4
GA 2721 247.2 NC NC |
6B 262.3 354.0 534.9 686.0
6( 378.9 501.7 482.6 6635.5
AVERAGE 304.4 367.6 508.7 675.8

NC== Run not completed.
ND = Not Determined.
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CEM data were recorded as 30-second averages over each sampling interval, copies of
which are included in Appendix D.

Two additional CEM analyzers were used during this program to monitor HCI

concentrations at the inlet and the APCD. These systems used separate gas
extractive systems employing dilution probe techniques. The resulting concentrations
were calculated on a ppm by volume, wet basis.

The 30-second CEM values were averaged over the sampling interval for each test
run. The run averages summarized in Tables 2-54 and 2-55 present actual and corrected
values, respectively. Actual concentrations are presented as they were measured (NO,,
$Q., CO, CO,, and O,-dry; THC and HCl-wet). Each 30-second CEM reading was
corrected to 7 percent O, based on the corresponding O, value. Averages of the
corrected values were then calculated. For HCl and THC, the corrected values are still
on a wet basis. Overall averages are presented for each CEM parameter under each of
the six test runs.

Of the two HClI CEM analyzers, only the inlet unit produced valid data. Both

systemns used a dilution probe extracting system which on the outlet sample location,

rendered the HCI concentration too low to be detected by the analyzer. Valid inlet and
outlet HCI testing was also performed by the manual EPA reference method 26 with

results reported in Section 2.5 and 2.6.

All CEM analyzers were left operative while the unit was cooling down. This
period (cool-down) occurred for approximately ~ 10 hours from 22:00 hours to 09:00
hours the next day. The average CEM gas concentrations for the cooldown periods are
shown in Table 2-56. Cooldown CEM data and time plots are shown in Appendices D.5
and D.6 Because stack ternperatures were substantially cooler than during the test
phase, the HCl CEM data can not be used for calculating accurate emission averages for
the cooldown period. This is because the dilution ratio of the HCI dilution probes are
proportional to the stack temperature and any deviations from the temperature exhibited
during calibration procedures (i.e. burn temperature) would cause inaccuracies in the

data.

dkd.176 272



o B8 n";
el

9

du”

-73



L) o ! ! ! P
- 0 =& - = =
‘r '_‘; “,; ey ooy ey e
™~ o " 1] [ W
) <t :;E: % [ X
v v e “ ot €
i ol
o | l!:: 1![: 1![: <I[: <l[: \‘.;
=y =g =gy - = > ’
A I 4 4 P4 e | g
(=]
6
a
9
o) - b o s tn | W)
1,""1‘1 [ W (o] ot I~ ‘.!
I~ ey ) [ e~d [
) = o P~ ] | "t
on ™~ [ [ e
| ‘;
0
2
=] n o0 | | [ | [+ |
r~ o~ Iy o~ S IR
e o~ e < o~ W | e
‘ | oy ==
2
=3
" " o J :ig: :"‘E
- ) o A W i
&= < @ o ~ | 80
N < - - v o | 8 &
60 & e Y 0 2 ] -
sy
] ] l! o
] o i | «f o
Lo 14 —gp - | . -
s s Wt s i w
o o ! o o«
gy > o =y =
4 rA s s prid
™ =~ Yol 0 v
\o £~ <§Eg 5 3]
T~ t~ ~ I~ [
vt — — — —
{
< v V) o ) 0 2
o " ~, = =
o 60 A ™ ) '::i g b
oo ) N ) vt 0o |48 B0 :Ei
vy =y i =] h :!’
[ I - 3
#ow ow
RN
] P O
(m ol l=ll o)
] ur wp [+ Wy ] = 6
e o o s < el 8o & o
" <r i «r o3 oo @ B O 8
= oy - -|E| ':5
w0 3
B0 oW ~E:' @
5 ¥ G 8
‘ e re o* | g B o
] ™ ey (3] Py v 3 5= =~
- o i Nl t & l il:i & %
[ fa unl N ‘ul'l; ‘hl'."; n .E ap
o i & " Alg @ E;’ @
] © =
=
o
‘ ©
o
‘-ll
|
©
i <
o) g 2

2-74



ad .q: ..(:
(=] s rd
Wy 41[: ;:»
» — [+

o <y !
ii::' o o
+

Y « «,
4 s pa
o o ol
rid i s
ol [ )
& % o
<-~3 \O e
g oy

v o o)
- & &
™ D =
-l )

e~ &)

o o

(=} [ [l
@ 2 ¥
} = !
2l | R
o) A "
3] [ )
] &
g [} )
<-:I &b ®
b= - o
1] &3
s <
ot N
et
1%+] & [
" SN iy
wy "'5? Wy
(221 | N
ol

oy oy
“2:" /.‘:}




2.8  ASH LOSS-ON-IGNITION AND CARBON CONTENT RESULTS

This section presents results of laboratory analyses of ash samples collected.
During the testing, ash was removed manually from the incinerator each morning
following a test day, screened through 1/2-inch mesh, weighed, and placed in clean
55-gallon metal cans. After the ash was allowed to cool, samples were taken manually
and composited to obtain as representative a sample as possible. Portions were taken

fnmwnthe<mmmwmmﬂhssmwnpmsftm‘uma\%mhuuseunMWse&,hmd&mﬁn@;omm:&anuﬂk:mdﬁ&%xmww

analyzed for moisture content, LOI, and carbon content.

Samples were collected for three replicate test days at rated operating conditions
(total of three runs).

Table 2-57 presents a surnmary of the ash analysis results. The moisture content
ofttm:ganm1Mm.nmmged:ﬁtwn'&ﬁmipmmcemltkm”ThﬁtI)aintm»ZOﬁKﬁEmmxmmnxﬁmrﬂﬁﬁmIEMQr1_
The ash moisture content for Test Day 1 was exceptionally high due to the fact that a
water spray was used to quench the ash prior to removal. The average moisture values
for the two test days, excluding Test Day 1 was 3.02 percent.

Loss-on-ignition results varied from 17.15 percent for Test Day 3 to 24.21 percent
for Test Day 1. The average LOI for all 3 test days was 19.5 percent.

EMmhmmmcmwmenmiflMMe:mﬂnsanmphﬁ;VHWMNﬂfhmnnfh&l]m&nmmmtﬁurﬁﬂmm:IMmyfinu
9£Mlpmmt@nw1&n'ﬁkmm]me'1.‘TTm:aweragﬁ'wmumrﬁor"ﬂemtIlmmsﬂ!amﬂlBVWHﬁtﬁﬁﬂ.pmmcemL
The test Day 1 value was not used in calculating the average carbon content because of
the water used to cool the ash may have biased that day’s value.

29  MICROBIAL SURVIVABILITY RESULTS

THMS:MMﬂhmn]mnmkam;ﬂmalmmﬂqymmmmd:mmdixmtlmmwﬁm:ﬂmrnmhmtmﬂalsmmvrwmthy
testing and presents the test results for microbial survivability in emissions, in ash and in
ash quality pipes.

2.9.1 Background and Test Matrix

Chmﬁ(Mfﬂ@ﬂ(ﬂbﬁ%ﬁ%ﬂﬂiﬂfIﬁﬂslﬁﬁtﬂﬂt%ﬂﬁmﬂVwﬂﬁixiﬁmﬂmMHfdﬁwwmop“MﬁmﬂmgIM£1h0@m
to determine microbial survivability in incinerator processes. As part of the MWI test
program at Jordan Hospital, testing was conducted to determine microbial survivability

tmwmmlcmna_mmnmnny:hmdkmmmwnwrymmmmmlimm‘WHm:ﬂﬂmmxltmunthm:hmdmmmﬁmorlhmmldmmhmg

each‘Mﬂmlnmm.'Thm:munmnymx:hmdMXNGwcmqgmmﬁmmummmj\mmszltmwe(Mfﬁoﬂ‘mmomalmmwmmlas
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othermophilus. This organism was chosen because it survives at high

temperatures and it is easy to culture and identify. Also, it is non-pathogenic and is not
commonly found in medical waste streams.

Two types of testing were performed. The first test method was aimed at
determining microbial survivability in the combustion gases (emissions) and the bottom

ash. For these tests, a known quantity of B. stearothermophilus in solution (wet spores)

was absorbed onto materials commonly found in the medical waste stream (i.e., gauze,
pmmmnglmmmdage&,ewn),pdacedimlpdamdclxaghlmag&_and»dnam@mdimmthe]NTWW[amomgpwiﬂﬁ
the medical waste. Emissions testing was conducted at the incinerator exit upstream of
the air pollution control system using the protocol described in the EPA draft method
"Microbial Survivability Test for Medical Waste Incinerator Emissions” (Appendix K).
This testing was performed concurrently with other emissions testing (PM/Metals,

CDD/CDEF, halogens, and CEMs) during the burn and burndown periods. Ash samples

were taken daily each morning following a test when the incinerator was cleaned
manually. The ash was sampled and analyzed as described in the EPA Draft Method
"Microbial Survivability Test for Medical Waste Incinerator Ash" (Appendix K).

The second Microbial Survivability test method utilized freeze-dried spores (dry

spores) encapsulated in metal pipes which were insulated and contained in two designs

of outer containers. These tests were used to aid in the assessment of microbial
survivability in the ash. Two types of outer containers were used for comparison to each
other. One type used a large (6 inch by 2 inch diameter) metal pipe capped at both
ends and filled with vermiculite insulation. Another type utilized high temperature
ceramic insulation contained by wire mesh.

Complete details of the microbial spiking, recovery and analysis procedures are

given in Section 5.3.

Two emissions test runs were performed at the rated incinerator operating

conditions (burn and burn down) each day for three test days. Each test day the
incinerator was spiked with the wet spore stock as well as the dry spore samples. Liquid
spores were poured into mock garbage bags containing absorbent materials and placed in

eight locations as shown in Figure 2-1. Each of the eight bags also contained a wire

mesh package containing freeze-dried spores encased in the small metal tubes. Nine
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metal pipes containing freeze-dried spores encased in the metal tubes were placed on the
floor of the incinerator as shown prior to charging the incinerator with waste. Eight
liquid spore bags were spiked in the same manner for Test Day 2. Nine metal pipes
were placed on the floor in the same locations as in Test Day 1. No mesh packages
were charged for this test. Prior to Test Day 3, eight liquid spore bags and nine metal

pipes were placed in the same locations as in both previous tests. Each of the eight bags

also contained a wire mesh package. Nine additional wire mesh packages containing dry
spores were placed on the incinerator floor next to each metal pipe.

Table 2-58 summarizes the spore spiking times and quantities as well as waste
feed and total ash quantities.

2.9.2  Qverall Microbial Survivability

By comparing the number of wet spores spiked to the incinerator with the number
of viable spores exiting in both the stack gas and incinerator ash, an overall microbial

survivability value can be determined as follows:

S+ A
MS = ) X 100

MS = spore microbial survivability (wet)

Se = Number of viable spores detected exiting the stack

A, = Number of viable spores detected in the incinerator ash
S, = Number of viable spores spiked in the waste feed

This is an adaptation of the destruction efficiency (DE) calculation presented in the
reference test protocol which calculates DE based only on stack emissions and a separate

DE based on spores in ash. lﬂytmmmmﬂmhmgttm:rww»IME<mijMMmmWa1mKMf:commphﬁﬂ

estimate of Microbial Survivability (1 - DE) is obtained. The total number of spores in
the ash was calculated by multiplying the number of spores found in 1 gram of ash by
the total weight of ash removed from the incinerator per day. The values presented in

this section were taken from a "quantitative summary" performed on the raw analytical
data by the analytical laboratory. These results are included in the analytical results

shown in Appendix E.3, and calculations are shown in Appendix F.
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Table 2-59 presents the overall survivability of the indicator spores. Several stack
zas samples had viable spore colonies on the culture plate. However, because there was
only quantitative consistency shown in one of these samples (Run 3) and the fact that the
field blank showed some positive detects, the other samples were assigned relatively high
less than values (<1000, <10,000 spores/analysis). Spores were found in most of the ash
samples, including the background ash sample. As with the flue gas samples, iwo test
day samples were assigned less than values (Days 1 and 3). These numbers were based

on the consistency of detected values as well as a L method recovery efficiency factor. The

Day 2 sample showed some spores present on the plate. Incorporating both the flue gas
EmM£mhrmmh&theamw@ﬁmﬁlﬂkmMﬂMﬁhwﬂwMMwmvmms<IMM50ﬂW%Lmui<1ﬁﬂ
percent for Days 1, 2, and 3, respectively. Flue gas microbial survivability and ash
microbial survivability are further discussed in the following sections. All microbial
survivability calculations are shown in Appendix F.

2.9.3 Microbial Survivabilitv in Fmissions

Microbial Survivability in emissions tests were conducted to quantify the number
of viable spores exiting the stack during the test run. The formulas used for calculating
the number of viable spores existing in the stack, hh”num:ncuL ted as shown in
Appendix F, and in the EPA draft method in Appendix K.

Each test day for viable spore emissions was actually made up of 2 runs; one
durhygwhﬁ:burn;perkmﬂammﬂcum1¢huingwﬁm3tmuTmthm‘perMMi‘,mﬁlapmmmijMN£zljiLner
sample of impinger collection solution was generated for each run. These run samples
vwmm:recovered:mla,demﬁwQMNﬂIﬂObiM:}MbomaMngEm=ﬂ¢d,fmmﬂsmmm1M)the:mmahnixm
laboratory.

For each run performed, 6 aliquots were prepared for analysis: three 10 ml and
three 100 ml aliquots. The filter plates were examined and colonies counted after a

48-hour period. For 2 test runs samples and the field blank sample, additional aliquots

were counted on 2 serial dilutions (1:10) on luu1%th@(ﬂﬂﬂﬂdlnmmngmrmﬂuﬁnn,‘Mﬂ
of these results were used to determine the final test run values.
Table 2-60 presents the Microbial Survivability in Emissions test results. There

were several test runs where viable spores were found on the culture plate. Runs 1-3
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samples were determined to have <1000, <10,000, and 1 spore per 100 ml aliquot of
impinger solution. The values were then factored by the total impinger solution volume,
meter volume, stack gas flow rate and test duration to calculate total spores emitted per
test run.

The Microbial Survivability sampling and flue gas parameters are shown in
Table 2-61.

2.9.4  Migcrobial Survivability in Ash

Incinerator ash was completely removed from the incinerator every day and stored
in a pre-cleaned, disinfected stainless steel drum. Composite ash samples were pulled
from the drum using a sample thief and then mixed and deposited into clean, amber
glass sample bottles. The composite samples were then submitted to the laboratory for
culturing and enumeration of B, stearothermophilus.

The microbial survivability in ash results for the Jordan MWI tests are presented
in Table 2-62. Three one gram ash aliquots were taken from each sample and extracted
in 100 mls of phosphate butter solution. Three one ml aliquots were taken from each
100 ml aliquot and separately filtered, cultured, and counted. Three serial dilutions were
pmﬁpam&d<wnlﬁm:tewtUMW'3:Munmma:mmd:mmm»ujphamﬂammd.,EhgmﬁﬁlgmmgmmmmﬂmﬂmﬁthMmﬂeS
were found in several of the cultures. After reviewing counts from replicate analyses and
incorporating a standard recovery efficiency value, the final sample values were
determined. Test days 1 and 3 were assigned less than values of <145 and < 1,014,493
spores/gram, respectively. The Test day 2 sample was assigned a value of 96 83
spores/gram. A quantitative summary of the analytical data used to compile this data is
shown in Appendix E.3.

2.95 Microbial Survivability in_Pipes

Pipe and wire mesh samples which were loaded with days indicator spores were
placed into the incinerator during each test day. The approximate location of the
samples in the incinerator is shown in Figure 2-1. The pipes were recovered the
following morning during ash removal. After allowing the samples to cool, the inner
containers were removed from the outer containers and sent to the laboratory for

analysis. The entire contents of the inner pipe were rinsed, filtered, and cultured.
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TABLE 2-61 INDICATOR SPORE EMISSIONS SAMPLING AND FLUE GAS PARAMETERS;
JORDAN HOSPITAL (1991)

RUN NUMBER:

o RUN'L

(BLIRN)

RUN2 -

(BURNDOWN)

Total Samapling Time (min.) 400 320
Average Stack Temperature (°F) 1638 1592
Carbon Dioxide Concentration (% V) T.50 8.90
Oxygen Concentration (% V) 8.80 8.90
Average Sampling Rate (dscfm) 0.18 0.16
Standard Metered Volume, Via(std) (dscm) 1.986 1.421
Stack Moisture (% V) 9.31 §.18
Volumetric Flow Rate (dscfm) 576 444
Volumetric Flow Rate (dscmm) 16.3 12.6
Percent Isokinetic 101.4 118.8

RUN NUMBER;

SRUN

3 (BURN).

“RUN-4

(BURNDOWN)

Total Sampling Time (min.)

400

330

Average Stack Temperature (°F) 1613 1614
Carbon Dioxide Concentration (%'V) 5.90 6.30
Oxygen Concentration (% V) 9.60 6.30
Average Sampling Rate (dscfim) 0.17 0.09
Standard Metered Volwme, Vm(std) (dscm) 1.870 0.8694
Stack Moisture (%V) 9.57 8.28
Volumetric Flow Rate (dsefim) 513 435

Volumetric Flow Rate (dscoum) 14.5 12.3
Percent Isokinetic 107.2 925

RUN NUMBER:

. RUNS  (BURN)

“RIIN-6

CS(BURNDPDOWN)

Total Sampling Time (min.) 400 320
Average Stack Temperature (°F) 1644 1649
Carbon Dioxide Concentration (% V) 5.10 7.95
Oxygen Concentration (%'V) 11.20 §.61
\Average Sampling Rate (dscfim) 0.16 0.10
Standard Metered Volume, Vin(std) (dscm) 1.866 0.870
Stack Moisture (% V) 8.26 6.50
'Volumetric Flow Rate (dscfm) S 431
Volumetric Flow Rate (dscimm) 15.9 12.2
Percent Isokinetic 102.6 96.5
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TABLE 2-62. VIABLE SPORES IN ASH;
TORDAN HOSPITAL (1991)

- oresT |

DAY

'l

| CONCENTRATION Oi
_ INDICATOR SPORES

_ RUN
 NUMBE

INASH

spores/g msh)

0

Pre-Test
1,2
34

5,6

16 +/- 48
< 145
96 +/- 83

< 1,014,493

NA

<. 4,62E+06

4.13E+06

< 2. 78E+10
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The number of viable spores found in the pipes is presented in Table 2-63. In

comparing the number of indicator spores found in the pipe and mesh samples to the

quantity of dry spores loaded into each sample, the survivability is very low. Three out
of 17 samples from day 1 had viable spores found. Two out of 9 Day 2 samples and 4
out of 26 Day 3 samples had several spores found. Only a small amount of spores were
found in those samples (highest value was 8 spores).
2.10  PARTICLE SIZE DISTRIBUTION RESULTS
1ﬂmmmiK%MD'MmM;nmmswm@namxmmmmcmmﬂchming‘ﬂm3]fmﬁMm1E{0@phmd]MFWH[M&M
program,. Pm:1m‘Mamk.ﬁnghtsmMgaIMU{]HI4nmmmmk:hmqmmﬂxmwmmmmﬂhmgliwmkm:ums.u%ed
Pm&&ﬂkmﬂﬁﬂanDNmmmﬂ‘WMW%U&MMMWWmmumwmm%wmuwmmﬁﬂm
test exchanger, immediately upstream of the fabric filter. Condensable PM was also
«meummmhmadlmyxﬂaﬁmmgzmn&um&demtl@%mperaﬂmmrtmmﬁ&mp»ﬁUMM'dmwwmmmmmmmnmfthe

impactor and recoveri mn'lhu.mqmeuusimmphuymrfnmﬂimn:mmd:mﬂvemmimmphmymrrhmmn

Following a test, the impactor was inspected to determine if there was a equate particle
loading on each of the filter stages. A properly loaded impactor has distinct particulate

"piles” under each stage’s acceleration jets (holes). An underloaded impactor is

evhkmmm&dIxyciean?LWMMGMuHmmdiihﬁrS\vhﬂﬁzan|ww&rmoademlhwmmunmmﬁhas[MmﬂhmJMWe

pﬂﬁﬁ‘whdch(ywaﬂap»amclapmmmr'm)kummi"bmokemymp”(tmidemce<meNM[rew&mmmmmmmentL

xMH:mmmﬁﬁnmmmt@f1wm:qumdMW'ofﬂmmmhmMMme]Mmmﬁnm;mwm;nmmiewathc:nmmmwmqwbecnmhdﬁml

with observations noted on the PSD field data sheets (See Appendix A.6). Of those

three PSD runs, the first one did not meet recovery QC objectives and, therefore, was
mmmihmﬂud&Llhntbmm@‘nmmﬂm&"Th@‘ﬁﬂﬁ]ﬁﬁﬂdﬂ;ﬁorIH%IFHhmnsiZammﬂﬁludMlbm:HﬂWONMNﬂiH
the following section.

H‘nunm»im1ﬁﬂssmmmhmmfmmmw1&M§Logqmunmmﬂ]@kﬂ$<mftheIPSIJImWML The log of
Particle cut size (Dp50) at each impactor stage is plotted against mass fraction of
parﬂcmhwﬁzme;tham,numtlhpmu,mmlagpmmbabﬂwgw(mmmmmMUummMﬁn Linear regression
analyses were conducted and the correlation coeffici ients (R?) are shown on each figure.

Tabl

e 2-64 reports the Run 2 PSD results. Test 2 was conducted during the last
hmmu'oftmmn1£umjthm:ﬁwgtkKMM'@flmmnmmowmmcmlFﬂarch‘l,1991 (Test Day 2). The size

distribution results are given for total PM, including the condensable fraction, as well as

dkd.176 2-88



TABLE 2-63.

VIABLIE SPORES IN PIPES;
JORDAN HOSPITAL (1991)

. TEST |- OCATION | SAMPL

Ef ) ,l‘l\ !, } fb, tsf'[‘;ng AL R TaY
1 111 PIPE
1 310 211 PIPE
1 03/05/91 0 311 PIPE
1 03/05/91 0 121 PIPE
1 03/05/91 0 221 PIPE
1 03/05/91 0 321 PIPE
1 03/05/91 0 131 PIPE
1 03/05/91 3 331 PIPE
1 03/05/91 0 231 PIPE
1 03/05/91 0 213 MESH
1 03/05/91 0 112 MESH
1 03/05/91 0 113 MESH
1 03/05/91 0 223 MESH
1 03/05/91 1 123 MESH
1 03/05/91 0 212 MESH
1 03/05/91 0 222 MESH
1 03/05/91 0 122 MESH
2 03/07/91 0 111 PIPE
2 03/07/91 0 211 PIPE
2 03/07/91 0 311 PIPE
2 03/07/91 0 121 PIPE
2 03/07/91 0 221 PIPE
2 03/07/91 0 321 PIPE
2 03/07/91 0 131 PIPE
2 03/07/91 1 231 PIPE
2 03/07/91 1 331 PIPE

& See Figure 2-

NOTE:

and recovered the following day.
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Table 2-58)

All pipe and mesh sample containers were spiked with 9.0E+07 to 2.6E+08
freeze-dried spores at approximately 08:30 am (See




TABLE 2-63.

JORDAN HOSPITAL (1991)

VIABLE SPORES IN PIPES (continned);

"EST ;. s.'|="rl<: . _ NUMBER LOCA SAM] ']L)!
\Y G :»l« «;15'1 I]Et i«':s: o i
3 1{)3;‘/':)9'11;»:1 0 311 3
3 03/09/91 0 213 MESH
3 03/09/91 0 231 MESH
3 03/09/91 0 321 PIPE
3 03/09/91 0 331 MESH
3 03/09/91 0 112 MESH
3 03/09/91 0 123 MESH
3 03/09/91 ) 111 MESH
3 03/09/91 0 111 PIPE
3 03/09/91 0 112 MESH
3 03/09/91 1 113 MESH
3 03/09/91 0 121 MESH
3 03/09/91 0 121 PIPE
3 03/09/91 0 122 MESH
3 03/09/91 0 131 MESH
3 03/09/91 0 131 PIPE
3 03/09/91 0 211 MESH
3 03/09/91 1 211 PIPE
3 03/09/91 0 212 ‘!vl‘F"i:l'-l'
3 03/09/91 0 221 MESH
3 03/09/91 0 21 PIP) E:,

3 03/09/91 0 222 MESH

3 03/09/91 0 223 MESH

3 03/09/91 2 231 PIPE

3 03/09/91 NF b 311 MESH

3 03/09/91 1 321 MESH

3 03/09/91 0 331 PIPE
BLANK 03/07/91 >274 NA ¢ AMBIENT
BLANK 03/07/91 1 NA ¢ BLANK
BLANK. 03/07/91 >274 NA ¢ DRYSTOCK

& See Figure 2-1
NOTE:

All pipe and mesh sample containers were spiked with 9.0E+07 to 2.6E+08

freeze-dried spores at approximately 08:30 am (See Table 2-58)
and recovered the following day,

b NA -

Not Charged Into Incinerator.
¢ NF - Not Found in Ash Afte

Test.
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TABLE 2-64.

PARTICLE SIZE DISTRIBUTION RUN 2 RESULTS ;
JORDAN HOSPITAL (1991)

l:ln;lnf]['liix

=309

"”l M:::]E‘

| (microns)

<[§!5irii1:|1usi)'

Net. Weight
D0 |

l\rILilaili

| Mass Fract. |

nteTy M

el

* (microns)

1g:r|J

dlog 1]

!‘ﬂ']\[ (\I :

4(15'1 l :l'sa 1 )

Preim &

BCK-UF

Preim &

BCK-~UP

1 11.93
7.82

5.10

3.60

2.13

121

0.74

0.47

TOTAL

| 11.93
7.82
5.10
3.60
2.13
1.21
0.74
0.47

TOTAL

INCLUDING CONDENSABLE PM

0.005986
0.000285
0.000155
0.000105
0.000225
0.000525
0.001020
0.002270
0.032068
0.042639

0.1404
0.0067
0.0036
0.0025
0.0053
0.0123
0.0:239
0.0532
0.7521
1.0000

0.8596

0.8529
0.8493
0.8468
0.8416
0.8262
0.8053
0.7521

0.0000

NOT INCLUDING CONDENSABLE PM

0.005986
C.000285
0.000155
0.000105
0.000225
0.000525
0.001020
0.002270
0.016080
0.026651

(
(
(
(

0.2246
0.0107
0.0058
0.0039
0.0084
0.0197
0.0383
0.0852
0.6034
1.0000

0.7754 »

0.7647
0.7589
0.7549
0.7463
0.7268
0.6885
0.6034
0.0000 »

24.42 2.4712E-03
9.66 3.992E-04
(.31 2.148E-04
4.29 1.786E-04
2.7 2.539E-04
1.61 5.485E~04
0.95 1.228E-03
0.59 2.906E-03
0.05 4,184E~03

24.42 2.472E-03
9.66 3.992E-04
6.31 2,148E~04
4.29 1.786E~04
2.1 2,539E~04
k61 5.485E-04
0.95 1L228E~03
0.59 2.906E-03
0.05 2.098E-03

* these values asume top end and bottom end dp50s of 50 and .005 um.

”%IHNRASA&H)SMMWLmMyPAHAMIFTerﬁV

Sampling Time
Test Condition

Average Stack Temperature (°F)
Average Sampling Rate (dscfim)
Standard Metered Volume, Vm(std) (dscf)
Standard Metered Voluwme, Vm(std) (dscm)
Stack Moisture (% V)
Percent Isolinetic

15:02-17:42 (150 MIN)

BURN and BURNDOWN

393
0.40
60.05
1.701
12.2
17.9

0.001538
0.000073
0.000040
0.000027
0.0¢
0.0

b/

)

0.000058
(
(
(
(

00135
00262
0583
). 008241
0.0109:58

).(
).(
0.(

0.001538
0.000073
0.000040
0.000027
0.000058
0.000133
0.000262
0.000:58:
0.004132
0.006849

2-91




for PM not including the condensable fraction. The results are presented graphically in
Figure 2-2. /&ppwothmmﬂhyEK}pmmceml(MFﬂhalxmallﬂwivwmﬁbamsthamxl;wnm

Table 2-65 reports the results from PSD Run 3. This test run was conducted
(hmdmgpumakmmwmcmmmﬂtkmuscmlhdarch!i,IQQH‘(]vallmia 3). The Run 3 PSD results are

presented graphically in Figure 2-3. Slightly larger particle sizes were found in this run

msEqnmnmnrmamﬂW'80]@&nmmmtmf|¢m:pmmmkieswm&naﬂe&sthaﬂlIﬂuwmm

2.11  CDD/CDF EMISSION VALUES INCORPORATING THE TOLUENE
RECOVERY RESULTS

In accordance with EPA Method 23, a final toluene ri rinse was completed on the
(HD%)/(HDf’samuiﬁmngan:mﬁeriﬁm:rmeﬂmﬂﬁmm:chmmﬁkk:(hde(ﬂi}rkmmzpmmmxmhm%a This
was done to determine how well the MeC 1, was collecting all of the CDD/CDF material.
As prescribed in the method, these values were to be used only as a QA indicator and
were not 1o be incorporated into the emission values. Therefore, a full presentation of
the data is given in Section 6. However, to gain perspective into how these values

effected Hu:@mw.phmsﬁ'tK)[mNCIIFNmmeenmmumwn&,smuﬂ:gmm1CI)E%N$IIFWmmncenhmmiomﬁ
hmumqmmnmjng1WMatohunme1mmmmmmy'amummnm;awe;ghwmlim Tables 2-66 through 2-69.
’Tabﬁm&2%66;&mdiZ%f?;mesenn1fmmdﬁ;ﬁurwhﬁ:bmrn<mmmdhd0mmand@24ﬁ3&mmﬂibﬁ@’ﬁbowrﬂhe
burndown results. (kmmmmmmadhmmaawm;ghmmmcmmrﬁcmmd1M17’percmrm1C5:mswwim.«mlm 2378
TCDD Toxic Equivalents. Results for each test run as well as the overall condition
averages are given. These values can be directly compared to the non-toluene
CDD/CDF gas concentrations shown in Tables 2-9 and 2-10 for the burn condition and

ﬁkﬂﬂﬁﬁildﬁiawmﬂ2514:&mrﬁhelmunmdowmmcmmmﬁtkmm

dkd.176 2-92
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TABLE 2-65.

JORDAN HOSPITAL (1991)

PARTICLE SIZE DISTRIBUTION RUN 3 RESULTS

= U3A09/91

IDATE:

. Dps0 -

STAGE |

| (microns)

Weight

' (grams) |

Mass

]:.'l.

Interval

g dM/dlog DP -

n Z: R(f;é;i.&dbsu::if_)» A

CONC

(gridsct)

Preim & 1
2
3
4
5
6
7
8
BCK-UP

Preim & 1
2

3

4
]

6

7

g
BCK-UP

INCLUDING CONDENSABLE PM

11.88  0.004352 0.1929 0.8071
779 0.000045 0.0020 0.8051

5.08  0.000035 0.0016 0.8035

3.59  0.000508 0.0224 0.7812
2,12 0.000320 0.0142 0.7670

1.20  0.000385 0.0171 0.7499

0.74  0.000415 0.0184 0.7315

0.46  0.000505 0.0224 0.7091
0.015997 0.7091 ~(,0000

TOTAL 0.022559 1.0000

24.37
9.62
6.29
4.27
2.76
1.60
0.94
0.58
0.05

NOT INCLUDING CONDENSABLE PM

11.88  0.004352 0.3515 0.6485 »
7.79  0.000045 0.0036 0.6449
5.08  0.000035 0.0028 0.6421
3.59  0.000505 0.0408 0.6013
2,12 0.000320 0.0258 0.5754
1.20  0.000385 0.0311 0.5443
074 0.000415 0.0335 0.5108
0.46  0.000505 0.0408 0.4700

0.005820 0.4700 0.0000 *
TOTAL 0.012382 1.0000

24.37
9.62
6.29
4.27
2.76
1.60
0.94
0.58
0.05

* these values asume top end and bottom end dp50s of 50 and .005 wm.

[FLUE GAS AND SAMPLING PARAMETERS

Sampling T

ime

Test Condition

Average Stack Temperature (°F)
Average Sampling Rate (dscfi)

Standard Metered Volume, Vm(std) (dscf)
Standard Metered Volume, Vm(std) (dscm)
Stack Moisture (% V)

Percent Isokinetic

14-13:
BURN

370
0.42
63.71
1.804
11.2
116

1.687E~
5.934E-
4.56TE~
8.086E~-04
3.399E~-04
3.785E~0d
4.699E 04
6.063E~04
1.968E-03

{3
Q5
05

L68TE~
5.934E~
4. 56T~
8.086E-04
3.399E-04
3.785E~(4
4.699E-04
6.063E~04
7.161E-04

03
05
05

b6 (152 1min)

0.001053
0.000011
0.000008 |
0.000122
0.000077
0.000093
0.000100
0.000122 |
0.003871 |
0.005459

0.001053
0.000011
0.000008
0.000122
0.000077
0.000093
0.000100
0.000122
0.001408
0.002996

~ O
.‘Z. -H4




TABLE 2-66. CDD/CDF FLUE GAS CONCENTRATIONS CORREC
DURING THE BURN CONDITION (RUNS 1,3,5) INCORPORATING
THE TOLUENE RECOVERY RESULTS; JORDAN HOSPITAL (1991)

TED TO 7% Q2

l wmuﬂ1wmwwmmﬁmlmmr5*jgggf:::? 'HNFRmmwN

| G l(l[lil'l't:'l-l na, ‘adjusted to 7 pe; & | (ng/dsem, w.]ﬂll!i'ﬁf"[ to 7 percent O2)
|CONGENER RUN1-} RUN3 | RUNS ANhRMWEh R‘Wl RUN3 | RUNS | AVERAGE
DIOXINS

2378 TCDD [0.024] | [0.016) | (0.059) 0.059 2.653 3.716 | (2.286) 2,885
Other TCDD 0.065 0.076 1.974 0.705 {1227.233 | 1290.582 | 1274.416 1264.077
12378 PCDD - [0.041] | [0.031] 0.184 0.184 | 13.826 | 22.239 9,280 15.115
Other PCDD (0.134) 0.158 1.796 0.696 | 1063.332 | 1182.453 | 735.760 993.848
123478 HxCDD [0.059] | [0.038) 0.315 0.315 T.797 | 14.947 8.169 10.304
123678 HxCDD [0.041] 0.032 |  0.493 0.262 | 13.505 | 21.494 | 12.613 15.871
123789 HxCDD [0.053] | [0.031] 0.854 0.854 | 21.463 | 37.326| 22.155 26.981
Other HxCDD (0.250) 0.006 6.227 2.161 | 425.100 | 690.549 | 423.083 512.911
1234678-HpCDD 0.114 | (0.140) 4.274 L510 | 26.446 | 54,285 | 25.235 35.322
Other Hepta~CDD 0.000 0.000 0.005 0.005 | 45.095 | 91.956 | 42.088 59.713 |
Octa~-CDD 0.269 0.022 9.932 3.408 0.887 | 18.325 [ 12.180 13.464
TotalCDD = b 083 L 043 2601 9.13 | 2856.34 | 3427.87 | 2567.27 2950.49
FURANS

2378 TCDF 0.060 0.064 0.520 | 0.214 | 27.976 | 35.733 | 20.064 27.924
Other TCDF 0.703 0.546 | 17.628 6.293 | 2206.742 | 2539.129 | 1724.914 2156.928
12378 PCDF (0.028) 0.032 0.545 0.202 | 32.716 | SL774 | 22.939 35.810
23478 PCDF 0.093 0.095 1.708 0.632 | 57.233 ( 108.774 | 38.234 68.081
Other PCDF 0.616 0.083 | 13.519 | 4.739 | 826.446 | 1477.965 | 723.092 1009.168
123478 HxCDF 0.207 0.140 3.546 1.298 | 112.538 | 158.400 | 79.741 116.893
123678 HxCDF 0.071 0.051 1.182 0.435 | 31.511| 46,902 24.183 34.198
234678 HxCDF 0.155 0.108 2.699 0.987 | 42.523 | 69.621 | 34.448 48.864
123789 HxCDF [0.036) | [0.026) 0.085 0.085 0.884 1.789 | (0.718) 1.131
Other HxCDF 2] 0.044 5.896 2.087 | 391.326 | 548.373 | 191.696 377.132
1234678-HpCDF |m’mn 0.197 4.799 1747 | 39.067 | 69.616 | 49.547 52.743
1234789-HpCDF [0.049] 0.070 1.116 0.593 | (2.734) 5.311 4.444 4.163
|Other Hepta~-CDF 0.076 | 0.102 3.350 L176 | 19.694 | 39.449 [ 28.366 29.170
Octa~CDF 0.164 0.470 | 11.361 3.998 5.305 8.223 6.274 6.601
TOTALCDE = 1 974 2000 67961 2423 1379669 | S161.06 | 2048.66 3968.80
TOTAL CDD+CDF | ~ 3.57| 243 | 94.07]  33.36| 6653.03 | 858893 | S515.02 - 6919.30

a Standard conditions are de hmu:,d as 1 atm and 68 °F,
[ ] = Minimum Detection Limit
() = Estimated Maximum Possible Concentration

b Detection limits are considered zeros for calculatin g averages.

NOTE: Inlet oxygen measurements were made upstream of the

cRDIC

have been lower than the actual value encountered at the sample location.

The associated inlet CHIVCDE o tygen corrected values

2-96

DF sample port and may

may be biased slightly low as well,




TABLE 2-67.

CDL

RECOVERY RES

ULTS;

 BURN CONDITION (RUNS 1, 3, &
JORDAN HOSP

]

[1

D/CDF FLUE GAS TOXIC EQUIVALENCIES CORRECTED TO 7% 02 FOR
: 5) INCORPORATING THE TOLUENE
AL (1991)

TWIW1W’_,, OXIC EQUIVALENCIES - fzuun»z&mmmmwmnwwmmwmm
Gl MWMﬂhmﬂfﬂf mWMmmmmMﬂﬁWp@®m0Mh¢“if' : (ig/deern, adjust to 7 peecent 02)

CONGED FACTOR o RUNE - RUN 3 -RUN S | AVERAGE | RUNT | RUN 3 [ RUNS AVERAGE
DIOXINS |

2378 TCLD L.00000 1 [0.024] [ [0.016] | (0.05%) 0.059 2.653 36| (2.286) 2.885
Other TCDD 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12378 PCDD 0.50000 | [0.021]] [0.016) 0.092 0.0%2 6.913 11,120 4.540 7.558
Other PCDD 0.00000 | (0.000) (.000 0.000 0.000 0.000 0.000 0.000 0.000
123478 HxCDD 0.10000 [ [0.006] | [0.004] 0.032 | 0.032 0.780 1.495 0.817 1.030 |
123678 HxCDD 0.10000 | [0.004] 0.003 0.049 0.026 1.350 2.149 1,261 | 1.587
123789 HxCDD 0.10000 | [0.005] | [0.003) 0.085 0.085 2.146 3.733 2.215 2.69%
Other HxCDD 0.00000 | (0.000) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1234678-HpC DD 0.01000 0.001 (0.001) 0.043 0.015 | 0.264 0.543 0.252 0.353
Other Hepta—-CDD 0.00000 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000
Octa-CDD 0.00100 0.000 0.000 0.010 0.003 0.010 0.018 0.012 0.013
Total CDID:E00 0.001 {0,004 0.370 0.128 14.12 L2.TT | 1148 16.12
FURANS

2318 TCDF 0.10000 0.006 0.006 0.052 0.021 2.798 3.573 2.006 2.792
Other TCDF 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 | (0.001) 0.002 0.027 0.010 1.636 2.589 1.147 1.790
23478 PCDF 0.50000 0.045 0.048 0.354 0.316 28.617 54,387 19.117 34.040
Other PCDF 0.00000 0.000 0.000 0.000 2.000 0.000 0.000 0.000 0.000
123478 HxCDF 0.10000 0021 ] 0.014 0.355 Q.130 11.254 15.840 7.974 11.689
123678 HxCDF 0.10000 00071 Q.00 Q.18 0.043 3.151 4.690 2.418 3.420
234678 HxCDF 0.10000 0.016 0.011 0.270 0.089 4.252 6.962 3445 4.836
123789 HxCDF 0.10000 | [0.004] [0.003] 0.009 0.009 0.088 0.179 | (0.072) 0.113
Other HxCDF 0.00000 0.000 0.000 0.000 0.000 | 0.000 0.000 0.000 0.000
11234678~HpCDF 0.01000 | (0.002) 0.002 0.043 0.017 0.391 0.696 0.495 0.527
1234789-HpCDF 0.01000 | [0.000] 0.001 0.011 0.006 | (0.027) 0.053 0.044 0.042
Other Hepta~CDF 0.00000 0.000 0.000 0.000 3.000 0.000 0.000 0.000 0.000
Octa~CDF 0.00100 0.000 0.000 .01 0.004 0.008 0.008 0.006 | 0.007
TOTAL CDE - 0089 F 0089 LIS FE i 068 | 5292 88.98 363 59.31
TOTAL CODHCDE . 07 SOLTO0 1003 2L ST L eh. 3 TLEYS g =75.43

mMmhMMM:hmwUmmmmmm“mmﬂwmmm(%memdeﬁm
Dioxins and Related Compounds: International Toxicity Equivalency Factor (I-TEF) Methods of Risk Ass

of Dioxins and Related Compounds. Report No. 176, August 1988,
b Standard conditions are defined as | atm and 63 °F.

gmnuw KMWFWm%meMmummmmlmmmmmmmdbuMmg:a
ssessment for Complex. Mixtures

[ 3 = Minimum Detection Limit.
() = Estimated maximum Possible Concentration
Detection limits are considered zeros for calculating averages.
NOTE: LMH(mvmntmnmmumwmvmu«umdzmmmmmnmimv(lmwfmﬂ

sample port and may
have been lower than the actual value enc ountered at the sample location.

“The associated inlet CID/AC FHC1»:yﬂ«mx¢cwr:<huﬂwndﬂuwnummylnztnnﬂnd slightly low as well.
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TABLE 2-68. CDD/CDF FLUE GAS CONCENTRATIONS CORREC

E' ED TO

7% 02 DURING THE BURNDOWN CONDITION (RUNS 2, 4, & 6);

INCORPORATING

JORDAN HOSPITAL (1991)

THE TOLUENE RECOVERY RESULTS;

OINLET CONCENTRATION: .+ OUTLET CONCENTRATION
BRI l'uj;ld scm, 'Ildfwl'.h'hdx o 1j~:~r< et C )'a,) a _[l}E’/'dJ:J. m, audquus.hu:l to 7 percent C ¥2)
CONGENER RUN2 | RUN4 [ -RUNG | AVERAGE CRUNZ L RUN4 | RUNG | AVERAGE
DIOXINS |
2378 TCDD - (0.058) | (0.182) 1.367 0.536 1.379 | (1.476) 0718 1.191
Other TCDD 0.029 12.204 11.078 7770 | 456.572 | 457.644 | 259.906 391.374
12378 PCIDD [0.019] 1.039 5.923 3.481 10.833 14.762 4.910 10.168 |
Other PCDD 0©.079) | 25.613 | 32.415 19.369 | 633.250 | 699.846 | 370.951 568.016
123478 HxCDD [0.027] 1.991 7.123 | 4.557 §5.613 9.359 2.833 5.935
123678 HxCDD 0.022 3.808 7.395 3.742 7 8.568 14.700 4.736 9.3335
123789 HxCDD [0.019] | 5.366 13.632 9.499 14.477 | 25.519 7.941 15.979
Qther HxCDD 0.007 36.709 |  61.980 32.899 | 266.806 | 467.397 | 152.417 205,540
1234678-HpCDD 0.086 | 31.437 | 111.014 47.513 16.348 1 33,386 10.993 20.242
Other Hepta-CDD 0.000 0.000 1.441 0.720 1 29.741 54.261 16.866 33.623
Octa-CDD 0.356 | S54.414 | 375.265 143.343 5.909 11.092 4,235 7.079
Total CDD -~ |  0.637} 17276] 628.63 | C267.34 | 144950 | 1789.44 | 836.50 | 1358.48"
FURANS
2378 TCDF 0.058 2.858 10.282 4,399 15.963 15.837 7.957 13.252
Other TCDF 0.663 | 139.114 | 258.871 132.883 | 897.956 | 818.814 | 501.966 739.579
12378 PCDF (0.036) 3.029 | 35.793 12.953 | 21.961 28.337 10.764 20.354
23478 PCDF 0.079 7.27 31.954 13101 37.423 1 61.991 16.628 38.681 |
Other PCDF 0.324 | 63.192 | 393.556 152.358 | 547.263 | 801.045 | 286.146 544.818
123478 HxCDF 0.173 22.512 | 146.041 56.242 | 71.596 | 113.281 34,590 73.156
123678 HxCDF 0.058 7.533 7 15.567 21719 | 21,174 | 33.009 10.397 21.527
234678 HxCDF 0.112 16.973 69.579 28.888 | 29.545 | 46.848 12.874 29,755
123789 HxCDF [0.019] 1,125 1 6.039 3.582 0.847 1.474 0.415 0.912
Other HxCDF 0.324 | 61, ‘Ei(]m §21.227 194.453 | 180,162 | 264.390 § 81.751 175.435
1234678-HpCDF 0.317 l( 243,461 91.451 26.590 1 51.698 14.003 30.764
1234789-HpCDF 0.245 S0 51.658 19.869 1.773 3.655 | (1.172) 2.200
Other Hepta-CDF 0.807 19.651 | 184.680 68.379 15.462 | 29.119 8.498 17.693
Octa-CDF 1.153 65.467 | 554.891 207,170 2,751 5.587 2.077 3.474
TOTAL CDE © 435 ] 448.81 | 2583.60 101225 1870.47 |- 2275.08 | 989.24 21711.60
TOTAL CDD+CDF | 5 4.99 | 621.58 1 3212.23 T1279.60 | 3319.97 | 4064.53 | 182575 | oo 30770.08

a Standard conditions are defined as 1 atm and 68 °F.
[ ] = Minimum Detection Limit.
() = Estimated Maximum Possible Concentration,

NOTE:

have been lower than the actual value encountered ot the sample location.
The associsted inlet COD/CDF oxygen corrected values may be biased slightly low as well.
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TABLE 2-69. CDD/CDF FLUE GAS TOXIC EQUIVALENCIES CORRECTED TO
1% O2 FOR THE BURNDOWN CONDITION (RUNS 2, 4, & 6) INCORPORATIN
THE TOLUENE RECOVERY RESULTS; JORDAN HOSPITAL (1991)

2318-TCDD {0 MMEFWMHNMW%QMWMMWWW “MM&1?WVNMMKMMWWH%WWW
: S TOXIC BQUIV. { = & (ng/docm, lII’]IHtIIbl:(l to 7 pereent O2) b | . (ngidsem, adjusted to 7 percent O2)
1::1[]P|\|‘.1]E‘]Pi"l*nll‘ | FACTORa ‘| RUNZ | R UN4- 1 RUNG | AVERAGE | RUN2 | RUN4 | RUNG | AVERAGE
DIOXINS
2318 TChD 1.00000 (DﬁﬂMI;GMJﬂED 1.367 0.536 13191 (1.476) 0.718 1.191
Other TCDD 0.00000 0.000 0.000 Q.000 0.000 0.000 0.000 0.000 0.000
12373 PCDD 0.50000 [ [0.010] 0.519 2.961 1.740 5416 7.381]  2.455 5.084
QOther PCDD 0.00000 1 (0.000) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
123478 HxCDD 0.10000 | [0.003] 0.199 0.712 0.456 0.561 0.936 0.283 0.594
123678 HxCDD 0. 10000 0.002 0.381 0.740 0.374 0.8357 L.470 0.474 0.933
123789 HxCDD 0.10000 | [0.002] 0.537 1.363 0.950 1.448 2.552 1 - 0.794 1.598
Other HxCDD 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 |
1234678~-HpC DD 0.01000 0.001 0.314 1.110 0.475 0.163 0.334 0.110 0.202 |
Other Hepta-CDD 0.00000 0.000 0.000 | £.000 G000 0.000 0.000 0.000 0.000
Octa~CDD 0.00100 0.000 0.054 0.375 0.143 0.006 0.011 0.004 0.007
Total CDIDy:: ? SR 0,061 BT | 629 o 3626 49,830 14.160 | . 4,838 9.609

FURANS

2378 TCDF 0.10000 0.006 0.286 1.028 0.440 1.596 1.584 0.796 1.325
Other TCDF 0.00000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12378 PCDF 0.05000 | (0.002) 0.151 1.790 0.643 1058 1.417 0.538 1.018
23478 PCDF 0.30000 0.040 3.635 15.977 6.551 18.712 30.996 8.314 19.340
Other PCDF 0.00000 0.000 0.000 0.000 ()"[)()(]' 0.000 | 0.000 0.000 0.000
123478 HxCDF 0.10000 Q.017 2.251 14.604 5.624 7.160 11.328 3.459 1.316
123678 HxCDF 0.10000 0.006 0.753 1.557 :!1‘1'1742‘ a7 3.301 1.040 2.153
234678 HxCDF 0.10000 0.011 1.697 6.958 2.889 2.954 4.685 1.287 2.976
123789 HxCDF 0.10000 | [0.002] 0.113 0.604 0.358 0.085 0.147 0.042 0.091
Other HxCDF 0.00000 Q.000 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1234678~HpCDF 0.01000 0.003 0.306 2.435 0.915 0.266 |  0.517 0.140 0.308
1234789-HpCDF 0.01000 0.002 Q.07 0.517 0.199 0.018 0.037 | (0.012) 0.022
Other Hepta-CDF Q.00000 0.000 Q.000 0.000 0.000 0.000 0.000 0.000 0.000
Qcta-CIDF 0.00100 0.001 0.068 0.555 0.207 0.003 0.006 0.002 0.003
TOTAL CDE it e FO088 109335 P 52002 0 20048 34001 402 |0 15063 4 34,85
TOTAL CDDHCDE: [ 00 200450750 11.522 160,65 | 240l | 43841 6818 02087 | 44.16

a North Atlantic Treaty '[]'lli anization, 1; ommittee on the Challenges of Modern Society. Pi l<34L .:ntll<i'y on International Information Exchange
on Dioxins and Related Compounds: mwmmmmmlmuuwlqmwmmwﬂummxﬂJHK)NhWMNHfRMKAwwwmmnhu!omﬂm
Mixtures of Dioxins and Related Compounds. Report No. 176, August 1988.

b Standard conditions are defined as 1 atm and 68°F.
[ 1= Minimum Detection Limit.
NOTE: Inlet oxygen measurements were made upstream of the CDI/CDF sample port and may
have been lower than the actual value encountered at the sample location.
The associated inlet COD/CDF oxygen corrected values may be binsed slightly low as well.
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3. PROCESS DESCRIPTION AND SUMMARY OF PROCESS OPERATION
DURING TESTING AT JORDAN HOSPITAL

3.1 INTRODUCTION

Jordan Hospital is a 162-bed hospital located in Plymouth, Massachusetts. The
medical waste incinerator (MWI) at this facility is a batch-burn Simonds Model 2151B.
The MWI system at Jordan Hospital also has a heat exchanger for flue gas cooling, a
baghouse for particulate matter (PM) removal, and a packed-bed scrubber for acid gas

N

removal that was designed and installed by B. G. Wickburg Company. The hot gas from

the incinerator is drawn by means of the main blower through a heat exchanger, where it
is cooled below 204°C (400°F) before passing through the baghouse. After moving
through the main blower and the automatic controlled damper system, which is used to
maintain a uniform draft in the primary chamber, the gas passes through the packed-bed
wet scrubber, the cold side of the heat exchanger, and then out the stack.

The following sections describe the MWI system as tested and the process
operations during the pretest and actual testing. Section 3.2 describes the incinerator,
the heat exchanger, the baghouse, the main blower, and the packed-bed scrubber;
provides a description of the hospital waste management practices; and describes the
typical daily operation of the system by the operators. Section 3.3 discusses the pretest
activities deemed necessary to ensure the success of the test program. Finally, Section
3.4 describes the process conditions encountered during testing,

32  PROCESS DESCRIPTION
3.2.1 Incinerator

The Simonds Model 21518 is a dual-chamber, controlled-air, batch-burn MWI.
The rectangular primary chamber has a volume of 6.1 cmhdelmmmemg(mma)(Qﬂﬁicubmcﬁﬁet
Ht’”bdmcluymmahesnn‘a‘manw&d.mu mode. The combustion air is injected into the
primary chamber through 28 air injection ports distributed evenly around the side and
back walls 15 centimeters (cm) (6 inches [in]) above the hearth and another 8 air
injection ports evenly spaced from front to back in a straight line down the center of the
hearth. The waste is charged to the primary chamber one time for each complete
incineration ¢ycle. The primary chamber is fully loaded to within 15 e¢m (6 in) of the top

while also leaving a 15 ¢m (6 in) clearance channel between the primary chamber burner
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and the waste bed. The combustion air modulates between either high or low flow
according to preset timers and the temperature in the primary chamber. One natural
gas-fired burner in the primary chamber ignites the waste charge ¢ once a preset
temperature has been reached in the secondary chamber. The primary chamber burner
mmﬂawxh)¢ﬂundlamnum1Mlumevawﬂhwwkmcmmh)amwmmmyc}d|MWWINHW

lJmasmmmmmkm3'chaﬂmber]mmsaxvohnmmacﬁflfmimi3(@Hg7ihj);mmdiﬁ4mpemaumjﬁM¢an
excess-air mode. The calculated secondary ch 1amber residence time, according to the
permit application form, is 1.16 seconds at 871°C (1600°F). The combustion air for the
Sacommwmy'dhanﬂm&u*wtdchiS:mmmph«dlhylﬁt’gqmmﬁlthWHI1ku||mawmd¢rltm:pwhmmmy
chamber combustion air, is controlled by a manually set valve and remains constant
throughout the entire incineration cycle. One natural gas-fired burner i in the secondary
chamber ignites and shuts off according t to a preset timer and, while burning, modulates
hmmw&m‘HMN]HW!O]thhMHMWUHmm,m%hmﬁﬁwmdMVuhdmhﬂrPHMWhMJW

Seven timers, TD1 through TD7, and two thermocouples control the various
processes for incinerating a batch charge of medical waste in this unit. The following is
a brief description of a typical incineration cycle for this facility.

After the waste has been loaded and the charge door secured, the incinerator is
manually started. When the incinerator is turned on, TD7 (purge timer) starts. This

dmwrmaﬂﬁﬂwMMMMNNWmnanlﬂwweqamdlm primary chamber combustion air goes to

high flow to purge any combustible gases from the unit. When TD7 times out (typically
4ﬁi&emondm},mme(mmmmmmmhmmzMTIbkmwerEmopm:mmd1ﬂmrsecnnmmmwaManﬂmarkmmmmmfhmmmem
mmfmmdeum!uhmmdnc«uMWlm”m“mwmmvuhMWMMtempmmMu@1shﬂnwthﬁhmm
secondary chamber temperature set- point of 1010°C (1850°F). This is the beginning of
the preheat cycle. ()nﬁe‘kmzS@mmmmkuy'dhanﬂm&rtemmmenmﬂuf:reacheﬂlim:warmwmmndmrv
chamber temperature set-point of 871°C (1600°F), ' IDS (primary ignition timer) starts,
the|unrmanyc¢mummmm'burneriinma1&micmwmbm&ﬁkm1adrkﬂomwmrﬁummﬁ,anmltha]nﬁmmamy

chamber combustion air modulates to low flow. This is the beginning of the burn cycle.

When TDS times out (typically 60 seconds), the primary chamber burner turns off and
TD6 (pathological on timer) starts. The TID6 timer is used to ignite the primary
chamber burner if the pathological waste switch is in the on position and to time the

actual burn cycle no matter what position the pathological switch is in. (The
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pathological switch was in the off position for the three test runs performed at

Jordan Hospital). When TD6 times out (typically 6.5 hours), T3 (carburetor extend
timer) and T4 (pathological duration timer) start. The TD4 timer is used to set the
amount of time that the primary chamber burner stays on if the pathological switch is in
the on position. If the pathological switch is in the off position, TD4 still times, but the
primary chamber burner does not fire. When TID3 times out (typically 30 minutes), the
primary chamber combustion air changes to the high flow setting if the primary chamber
temperature is still below the high primary chamber temperature set-point of 677°C
(1250°F), TD2 (carburetor off timer) starts, and the burndown cycle begins.

During the burndown cycle, the primary chamber combustion air modulates
between either high or low flow, depending on whether the primary chamber
temperature is below or above the high primary chamber temperature set-point. The
secondary chamber burner modulates between either high or low fire, depending on
whether the secondary chamber temperature is below or above the high secondary

chamber temperature set-point. When TD2 times out (typically 5.3 hours), the secondary

chamber burner turns off, and TD1 (shutdown timer) starts. This is the beginning of the
cooldown cycle.

During the cooldown cycle, all burners are turned off, the combustion air blower
remains on, and the primary chamber combustion air modulates between either high or
low flow, depending on the primary chamber temperature. When TD1 times out
(typically 10.25 hours), the combustion air blower turns off and all timers are reset for
the next burn.

3272

ot p v

L Exchan

iy
A shell and tube air-to-air heat exchanger is used to cool the flue gases leaving
the secondary chamber before they enter the baghouse. These gases are at a
temperature of about 871°C (1600°F) to 982°C (1800°F) and are cooled to 185°C (365°F)
to 204°C (400°F) by the 54°C (130°F) flue gases exiting the wet scrubber. The flue gases
from the packed-bed scrubber are warmed to about 149°C (300°F) and then passed out
the stack. If the heat exchanger exit temperature climbs above the temperature set-point

of 182°C (360°F), a water spray is started in order to drop the flue gas temperature.
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3.2.3 Baghouse

A pulse-jet, single-chamber horizontal baghouse with 36 P-84 bags is used to
remove PM from the flue gases. The outer shell of the baghouse is made of 316L
stainless steel. The baghouse is designed to operate at 177°C (350°F) with a maximum
temperature excursion to 260°C (500°F). Six rows of six bags each collect PM on the

outside of each bag. The compressed-air pulse cleaning system is composed of a row of

six tubes, each controlled by a diaphragm, self-piloted valve, to blow the dust off the
bags and into a bottom chute, and another valve and control solenoid to blow the dust
down the bottom chute towards the cleanout door. The system was programmed so that

the pulse jet solenoids operated at 30-second intervals once the baghouse pressure drop

exceeded 0.5 kilopascals (kpa) (2 inches of water column [in w.c.]

). The total cleaning
time for the baghouse should have been 3.5 minutes; however, the system was mistakenly
programmed for a total of eight solenoids and a total cleaning time of 4 minutes. The
cleaning system should maintain a differential pressure of less than 1.5 kpa (6 in. w.c.)
across the baghouse. Also, in order to protect the baghouse against high temperatures, a
temperature-controlled air damper is used. If the baghouse inlet temperature exceeds
the temperature set-point of 204°C (400°F), the baghouse air damper opens, allowing
ambient air in to cool the flue gases. If the baghouse inlet temperature remains above
the set-point temperature for more than 2 minutes, the bypass valve opens, the main
blower turns off, and the flue gases go directly to the stack.

324 N

A centrifugal blower is used to provide the air movernent as an induced draft fan

for the two combustion chambers, the hot side of the heat exchanger, and the baghouse
and as a forced draft fan for the wet scrubber, the cold side of the heat exchanger, and
the stack. An automatic controlled damper at the outlet of the fan is used to maintain a
uniform draft in the primary chamber. The blower was designed for a capacity of 42.5

dry standard cubic meters per minute (dscmm) (1,500 dry standard cubic feet per minute

[dsctm]) at 2.7 kpa (11 in w.c.) and a speed of 1,200 revolutions per minute (rpm).
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x%]horhxmuﬂd[mmdmmd4mmd<ntmﬁﬂmwv5mwuh¢mm is used to remove acid gases. The
scrubber shell is made of fiberglass and consists of two removal sections and one
demister section with each section being 71 ¢m (28 in) in diameter and comprised of
kimre woven polypropylene packing. The two removal sections are each 15 cm (6 in)
thick and the demister section is 10 cm (4 in) thick. At the entrance to the scrubber, a
water spray is used to cool the flue gases by evaporation. The amount of water spray is
adjustable with a manual valve. The temperature of the flue gas is monitored just after
the water spray before entering the first removal section. If this temperature is above
the scrubber inlet temperature set-point of 80°C (176°F) for more than 2 minutes, the
bypass valve opens, the main blower turns off, and the flue gases go directly to the stack.
The two front removal beds have a manifold that houses four nozzles that spray a liquid
solution onto and against the bed at a rate of approximately 208 liters per minute

(¢/min) (55 gallons per minute [gal/min]

). B.G. Wickburg claims that the design liquid-
to-gas contact time is adequate for the liquid to remove the hydrochloric acid (HCl) to a
level in excess of 97.5 percent, or below 20 parts per million (ppm). The liquid solution
is held in three polypropylene tanks directly below the scrubber and consists of a mixture
of salts, caustic soda, and water maintained at a design pH of 6.5 to 9.5. The pH is
controlled by the injection of caustic soda into the end tank which is controlled according
to a pH sensor located in the middle tank. All these tanks are connected by overflow
pipes. According to the representative from B.G. Wickburg, three tanks were used
instead of one due to space limitations. This solution is pumped by the main pump
throughout the system. A manual bleed to the sewer to the left of the return tank of up
to 11 ¢/min (3 gal/min) controls the buildup of salts in the system. The tanks are
maintained at an appropriate level as determined by hydraulic conditions.
3.2.6 Waste Management Practices

The waste materials are collected by the hospital housekeeping staff. The red
bag, or infectious, waste is collected from all patient contact areas including patient
rooms, examination rooms, operating and recovery rooms, and laboratories. This red
bag waste is composed of drugs and chemicals; patient contact items such as disposable

garments, dressings, and disposable surgical tools; sharps; diagnostic devices; and human
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tissue. Pathological waste is estimated to be from 5 to 10 percent of the total waste
weight. Only red bag wastes and sharps containers are fed into the incinerator.

The non-red bag wastes such as cafeteria and office wastes are placed in standard
30-gallon plastic trash bags and placed in a dumpster.
3.2.7 Typical Daily Operation

The hospital maintenance staff is responsible for operating the MWI. The typical
hours of supervised operation are from 7:00 to 15:00 and consist of charging the
incinerator in the morning (approximately 20 minutes), starting the incinerator, and
occasionally monitoring key parameters to make sure the unit is operating properly. The
time required for the entire burn, which includes the preheat cycle, the burn cycle, the
burndown cycle, and the cooldown cycle, is approximately 24 hours. At the end of the

burn, the primary and secondary chamber temperatures are approximately 288°C (350°F

i1
e

At these temperatures, the charge door can be opened, but the MWI is too hot for the
ash to be removed or another waste charge to be added. Typically the incinerator is

a

fired three times a week (about every other day) with the ash being removed only once
week. The ash is then put into red bags, placed into boxes, and shipped to a medical
waste disposal facility.

3.3 PRETEST ACTIVITIES

A pretest was conducted on March 1, 1991, to determine the operational
readiness of the incinerator and the ability of the incinerator to operate successfully at
the desired conditions of feed rate and temperature. The test conditions were the design
burning rate of a nominal 340 kilograms (kg) (750 pounds [Ib]) per batch of mixed Type
0-4 waste with a secondary chamber temperature set-point of 982°C (1800°F).

For the pretest on March 1, 1991, 318.4 kg (702 1b) of waste were loaded into the
primary chamber, and the unit was started at 13:30. At 14:37, the secondary chamber
had reached the low secondary chamber set-point temperature of 8§71°C (1600°F), and
the primary chamber burner fired for 60 seconds. At 14:38, the primary chamber burner
turned off and TD6 started, which was the beginning of the burn cycle. At 21:10,

6 hours and 32 minutes later, TID6 timed out and TD4 started. At 21:36, TID4 timed out
and TD2 started. This was the end of the burn cycle, which lasted 6 hours and 58

minutes, and the beginning of the burndown cycle. At this time, the primary chamber air
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changed to the high flow rate because the primary chamber temperature was below the
low primary chamber set-point of 621°C (1150°F). At 02:04 on March 2, 1991, TD2
timed out, TD1 started, and the secondary chamber burner turned off. This was the end
u1|h@lmmndQWM<muh=\Wuchﬂdswd4$knuv,dmdxjimmnuMm,umdthekwpnmmnp(ﬂ1%@
cooldown cycle. During the cooldown cycle, both the primary and secondary chamber
burners were off, and the combustion air remained on in both chambers. The primary
chamber combustion air, however, was still controlled between high and low flow based
on the temperature in that chamber. At 12:20, the cooldown cycle was completed, and
the unit shut down.

During the preheat cycle, while the secondary chamber temperature was below
871°C (1600°F), the main blower was not operating and there was no draft in the primary
chamber. The heat and flames from the secondary chamber ignited some of the waste in
the primary chamber, however, which caused considerable smoking from around the

charge door seals and the primary chamber burner.

During the burn cycle, the temperature in the primary chamber increased slowly
from 121°C (250°F) to 566°C (1050°F). The temperature in the secondary chamber
increased from 871°C (1600°F) to 982°C (1800°F) and was maintained at that
temperature by the secondary chamber burner’s switching between high and low fire.
At the beginning of the burndown cycle (21:36), the primary chamber combustion
air switched to the high flow rate and the primary chamber temperature began to
increase more rapidly. At 22:21, the primary chamber temperature reached 621°C
(1130°F), and the primary combustion air switched back to the low flow rate. The
prhmary<ﬂmmmﬂmmrvenummHMxmﬁ:ﬂmmm<mmmdnm&mlhwinmwea&esﬁomﬂy1umﬁﬂlfmmﬁﬂmg;704WC
1300°F) at 02:04, which was the end of the burndown cycle. Also at the beginning of
lim:hmurmkmwmmqwdﬁ,lhesmmmmmmanwcmmmnbw r temperature increased until 22:00, when it
peaked at about 1093°C (2000°F). The secondary chamber temperature then decreased

982°C (1800°F), and then cycled between 982°C (1800°F)

until 22:26, when it reached

and 1010°C (1850°F) as the secondary chamber burner cycled between high and low fire.
At 02:04, the beginning of the cooldown cycle, the secondary chamber burner

turned off and the secondary chamber temperature began to decrease. At the same

time, the primary chamber temperature started to increase. At 03:15 the primary
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chamﬂb@rt@nmpeMHUMMEreachﬁ£IQQWWCI(I7OOﬂF)aumjﬁmammmﬂﬁOwdecﬁnmu Both chamber
temperatures continued to decrease until 12:20, when the cooldown cycle was over and
the unit shut down.
Iﬁﬂs‘AJmkﬂﬁmmxcﬁ]Rﬁmcmmme'Thmmmmﬂmgm”CknﬁmMﬁmhmm,mmﬂ1mmmmmmmytha1inmt&ﬂed
thm:thVl,mmmmnmmmmmkmdeulﬁncmammaim.bnmhiim:tﬁmcuand,mmmmmnﬁmure'mfthﬁlbmrmdowwn
cycle during the actual test program. This recommendation was made because of the
rapid increase in the primary chamber temperature during the pretest when the unit
changed from the burn cycle to the burndown cycle and when the unit changed from the
burndown to the cooldown cycle.
T%m:pmhmmuy'chamﬂmﬁrﬂovxbenmwamﬂmmf:wshpmﬁntm»ms«%«nqwmdlkumn 621°C
1150°F) to 677°C (1250°F), and the burndown time was changed from 4 hours 28
ITanb&SKUrﬁIWOUPSZK}UH“MHMA. The settings were maintained for the entire test period
and were also the recommended operational settings for the hospital to use after the
testing program was completed.
3.4 PROCESS CONDITIONS DURING TESTING
The primary purpose of this source test was to characterize uncontrolled and
controlled emissions from a batch-fed MWI operating at design conditions with emissions
«XMMWMdeﬂtm/ﬂnﬁﬂmﬁciﬁhﬁw/pmmmmmhbmfl&mnﬂMbem.'Thm:nu"mMMMHMf1m3\wnma1fmmmMMmlhm
triplicate at Hne(hMMﬁmxoomdﬁﬁmmm'wtdhﬁth@JMMﬁMﬁrmMmrtmuTmmﬂrﬁdlbm@;homphdewaﬁua
The incinerator ar midll]MMhu“GHICUUHH}l@YMF]HEMNHMMK‘hOtmpemHMEmemMHTy
during ¢ all three test runs with the exception of the smoking problem from around the
door seals. This seemed to be a problem with the main blower and the draft control

system’s being able to maintain a negative draft in the primary chamber. Also, this

problem seemed to be aggravate by the air leakage due to the modifications made to
Umasmmxmmﬂmqwchmwmb@r<mmmwumt$ecﬁcm|ﬁwrte5MM@;purpomesemmdltmwwwﬂmthe'ﬁﬁm]WOﬂm

around the test probes during the actual sampling period.

The incinerator and air pollution control system operating parameters monitored
during each test run were the charge weight, the primary and secondary chamber
Mmmmmnﬁmure&,ﬂmﬁinchmmmnmw<dnmﬁyth¢lbdphomm@ inlet temperature, the baghouse
pressure drop, the scrubber temperature, t the scrubber pH, the scrubber pressure drop,

the flameport temperature, the te mperatures at various positions within the primary
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chamber, the ash weights, the opacity, and the actual times for the various incinerator
operating cycles. A data logger was used to record all the above parameters except for
the charge weight, the ash weight, the scrubber pH, the baghouse pressure drop, and the
opacity, which were manually recorded. Averages for the recorded operating parameters
are presented in Table 3-1, and the data sheets documenting the recorded parameters
are presented in Appendix B. Figures 3-1 through 3-6 show the data-logged temperature
profiles for each run. A summary of each test run is given below.

3.4.1 Test Run 1: March 5, 1991

The loading of the waste into the incinerator for Run 1 began at 08:00 on March

4, 1991. Nine indi

icator spore pipes with thermocouples placed inside were positioned on
the floor of the primary chamber. Also, eight wire mesh indicator spore packages with
thermocouples were placed inside the separate indicator spore bags and located within
the waste bed (see Figure 3-7). The loading procedure was completed at 12:00, with 326
kg (719 1Ib) of waste having been loaded into the primary chamber. At this time it was
discovered that the automatic data loggers were not operating, and the test was
postponed until March 5, 1991, Dry ice was loaded into the primary chamber in order to
cool the indicator spores until the test could begin.

The loading process, which normally takes only 20 minutes, took approximately
4 hours due to the careful placement of the thermocouples within the waste so that a
three-dimensional temperature profile of the burning waste bed could be obtained. Due
to the increased loading time and the increased cooldown time necessary to facilitate the
careful placement of the waste bags, Mr. Bill Maxwell of EPA decided to perform this
three-dimensional temperature profile test only once. The remaining two tests had the
nine thermocouples within the spore pipes on the floor of the incinerator, but no
thermocouples were placed within the wire mesh packages.

At 08:33 on March 5, 1991, the automatic data logging system had been repaired,
and the MWI was started. The primary chamber low temperature set-point was 371°C
(700°F), the primary chamber high temperature set-point was 677°C (1250°F), the
secondary chamber low temperature set-point was 871°C (1600°F), the secondary

chamber high temperature set-point was 1010°C (1850°F), the baghouse cleaning cycle
(=] X W\ {3
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“wm;BO:mmmmmd&,ﬂmslmmymou&airdettemumal ture set-point was 204°C (400°F), the heat
emmhamgmr|mdtienqpe.muxc5@||m}nlwwnmI&WWP( 365°F), the scrubber Mﬂm;mmanum=¢e

point was 80°C (176°F), and the timer set-points were as follows: TD1 = 10, TD2 = 5.5

TD3 = 2.0, TD4 = 3.5, TD5 = 3.75, TD6 = 6.5, and TD7 = 2.5.

1

A considerable : lnmoumw(MFSanhamxumm:ﬁmMM1ammumﬂlMWe<ﬂmmmmECMmmrseak;anmlthe
]pﬁfﬂﬂpy(ﬁﬁﬂﬂ&ﬁﬁ'bmrn|rwwhmh:the.mwmmutduy:hmwnhfl11mmpe"1nuf'vnM;hmiomw&?lﬂﬁ
(1600°F) during the preheat cycle.

At 09:46, the secondary chamber temperature reached 873°C (1603°F) and TDS
smarumi.'IhﬁMTIDSWMmmmrthmmmlmmmt&@ﬁﬁmxmmk;hmma;Eumjtbm:pwhnmwylbmmmermﬁﬁlmmmlmgnt
Wﬁmmﬂmmgﬂmmmnmrww,nmﬂlwlummmwmwmmmrﬁMMgmmpn At this time, the primary
burner fired and burned!hmrcmlm&mwnd51mmﬁlfﬁtﬁithmm@lomm:mymmn This was the
beghnmﬁugcﬁWHM§kmmwlcychﬂammﬂthe'burn<qnﬂewmmmhm;

Am:apmwcmhmmncﬁy]MkZUuwhﬁ:Mmmnmdary<ﬁmmmmmn'MmmWMNﬁmmre1mmmﬂmmﬂiH]UTW?
(l&SOﬂF),amﬂlMmefmmngMmqrchmmmberImunmarcimmqmmﬂtmlmejﬁm&.'Thm:wmmmndmwy
‘htmnbeltflmpm‘annmith1nlhepulxmlmwmhﬁln“NMFHM‘WBFﬂﬂtﬁnﬂﬂTWT>arwl1(H(FW"(TﬂﬂﬂWF)
as the secondary chamber burner cycled between high and low fire. Also at this time,
the primary chamber draft cycled between -0.07 and +0.12 | kpa (-0.3 and +0.5 in. w.c.).
\Nkmmxthe;pmMnary&ﬂmmmmmu'draﬁ:chamgmmlmalmmmtmwa:nmmmm:hmMMed1&tmm:&nmund‘Mma
charge door and the primary chamber burner. Apparently, when the secondary chamber

bmmmrrmMWHdh)hmhme,m@rmﬂnbkwmmc@Mﬂxmmmmmmmnﬂﬂwmwhmgew&nmml

ﬂhe<mmmmtﬂ<ianummrkmmﬂcmmmmmdsmﬂfkienﬂbu Once the control system recognized the

positive pressure in the primary chamber, the damper opened, the primary chamber draft
increased, and the smoking stopped. Also, if ports were left open, or the port area
mﬁmumdlﬂme|nmﬂum%wwm§rmm:mmahm1tmﬂmlm,ﬂmaEmnokmmgwwaﬂlmmmﬁlvwmmmz The smoking

pMMWJn«HMDMﬂNHN(ﬂHUMHPlhﬁ]”ﬁh%[\MMHIMH1MNWWWWMthm?[WTMMMMﬂlPmt

seemed to be in smaller amounts. Increased diligence was exercised in keeping the test
pmm%ssmmi@d<ﬁmmﬁu;[h¢:nmmmdndkm«mfthewmmm]mmmymumu
Am:16y$9,mmelmannmwmmetmmm&d:mmd1&mrtmuTmmemuwwdm:begmmL At this time, the
primary chamber air flow, which up until this point had been in low flow, changed to
kﬂgh1ﬂmmm,amdlﬂmaEmnoklmg1&mmm1mmzCkmMﬁuamdjpﬂ&ﬂarylmmnmmrtmmnmmmmi,‘Ammmmmmmim

wwhﬁnthw]mﬁnmmy'ﬂmumberbmmwerisom1hmﬂ1ﬂumvamnlke.uwumdauzrh&nﬂmu'bummwzm
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onlﬁghf%m;thernamlbhmwcrcanmotranumm:aﬂthﬁ1%Mﬂgamm;amd1nahuah1a1mmwmhw
dmaﬁ:huthe:prﬁmary(ﬂumwﬁmmfev&ntmﬁmm1mhm:monhnﬂ{danmperis:mtﬂhei&dﬂcwmmn&mmﬁkm;
Wﬂﬁm:mmmﬂﬂn@;probMam1them-qwﬂfmlcmlammlo&famwﬂm*,m@u»mhuy'chamﬂmermmmmmdlmﬁhw¢en
lﬂgilammlhmw'ﬁrelunmﬂiH%45,vdmmmllm:pwhxmmy«dmanﬂmmrtemnmﬂ1mmuf:@Mnmbedﬁabmw&
6UWWCI(1250WF)zmmdlfm:pwhmwmy|mhanﬂmmrcmwnbmmhkmmadrcimuuymﬂlm'hyW'ﬂcww‘,mlltds
time, the MDbﬁmnzmmdtmmmntﬁ¢iamummrvwmm:atde1mmnmahmmdn:a&duﬂmiylmmgWMV¢<dnmﬁ:mmd
control the smoking problem fairly well.

‘Amillﬂiwlim:tmmrmkmwm»qwﬂ@:endelammlﬂhe<mm1kkmwm.qwdm:bmgmmu At 08:30 on
IwkmmﬂlﬁgiHMJL‘ﬂmsmxmﬂkkmwn1quﬂe'and@dlamd[ﬂmalmmm:ﬂmmtdkwwm.'ITM:%mcMmm%mmw<moor
was opened at 08:35, and the main blower was turned on to help cool the incinerator
more quickly. A white to gray ash covered the hearth to a depth of § to 10 cm (2 to 4
hﬂ)vdth1mme:umailchmmu)(ﬂ\mmmﬂdewhugmmaheﬁﬂd.'Thm:MMWM£mn;mpp@ﬂmedlu)kM§»fmy
good.

At 15:20, the ash cleanout began. A small amount of water was sprayed onto the
ash bed to minimize the dust. The total weight of the ash removed was 31.91 kg
(70.34 1b).

Once the incinerator had been cleaned, nine indicator spore puu@%wwmh
thermocouples were placed on the hearth in preparation for Run 2.

342 Test Run 2: March 7. 1991

The loading of the waste into the incinerator for Run 2 began at 07:30 on March
/, 1991, and 318.5 kg (702.21 Ib) of waste were loaded. Nine indicator spore pipes with
thermocouples were on the floor of the incinerator. The eight wire mesh indicator spore
packages, however, were inadvertently left out of the spore bags during the loading
procedure. See Figure 3-7 for the location of the pipes.

At 08:27, the incinerator was started and the preheat t cycle began. All the
setpoints were the same as those for Run 1 except that TD5 was increased from 3.75 to
7.5. This was due to the primary chamber burner not igniting before TDS had timed out
in Run 1.

[anmmgthe]pnﬂm&atcychm'beﬁmn3thefburn'qmﬂeTbegmmﬂthﬁwﬂ'wmm:mmmmm:cmmmhug

from around the door seals and the primary chamber burner. At 09: 36, the secondary
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chamber temperature reached 872°C (1602°F), TD3 started, the primary chamber burner
ﬁrﬁdi&ﬂ‘IQUMmmmmmds,andw&m3tmuw1cychztm%ﬁmm
At approximately 11:45, the secondary chamber temperature reached 1010°C

(1850°F) and the secondary chamber burner chs

fire. As the secondary
kmmmmn'bmgmw1hw<QmﬂeIbemweﬁnlhmw:wmd]h@ﬂnfucyIkm:snmikhugammmmmﬂthmzdmmm'mxwm and
the primary burner became much worse. The incinerator draft was cycling between -0.07

:MMM+QlewarMmhmul+UMﬁim\mawasMmuumMmﬂdmnmmwwmmd
| y 5 o

with the secondary
chamber burner, trying to maintain a draft in the primary chamber. At 12:50,
Ms. Maureen Pellegrini from B. G. Wickburg Company, Inc., changed the full open
position of the control damper. The damper was opened as much as possible for the full
open setting. The impact of this change on the primary chamber d draft was minimal, and
the smoking continued to cycle with the secondary chamber burner. At 1 16:38, the burn
cycle ended and the burndown cycle began. The primary chamber combustion air
<ﬁmmgmimwmghﬂmw“mmﬂﬂmﬁmumhm”nmUMHme=qu1"ﬂmuwmﬂﬁmgwm%kmm
continued until approximately 18:20, when the primary chamber temperature reached
677°C { WMWFLMMImm]Mummyuh¢mbmHWWMWMUmlau(%ﬂﬂﬂﬂhﬂdwwﬁhwn
Wﬂhﬂew&mrsmmmkmugIMtﬂMﬁmm:mmmmmdiwm:GMMM'&&aM;amﬁlﬂhnmmghI&M§pmmmuuyr
chamber burner occurred during the pretest, the amount of smoke released was much
greater when the manual test trains wer re operating, and especially during port changes
when the ports had to be open for a short time. It was decided that some effort to
mwnmmammamzforltm:d&mwea&aixtdraﬂ:ﬁmmmnﬂmalmmﬁm%;pwameGMWﬁs‘wdﬁ1m&mmmmn3 because
the amount of smoke being released was substantial and was causing problems not only
in the incinerator room but throughout the hospital. Ms. Pellegrini had already changed
Lhe‘manIM1danumarfUHlopmmlpmmmMGm1mnim;rmamhmnwm:mﬂlhugWbutiﬁwmw a small change
in damper position and the effect on the smoking problem was minimal. Ms. Pellegrini
then suggested a slight increase in the ID fan speed in order to increase the ID fan
capacity. It was agreed to try this for the next test on March 9, 1991,
Amxilhfﬁhltm:hmmwmkmwmlqwﬂczendmmlammlmmatmmﬂkkmwm»mwﬂﬁ:begmmu At 08:14 on

and the unit shut down.

March 8, 1991, the cooldown cycle ende
The incinerator was opened at 08:20, and the main blower was turned on to cool

the incinerator for ash removal. The hearth was covered with a light-gray ash with some

dkd.176 3 . :2' |[)



ark black spots to a depth of § to 10 cm (2 to 4 in). There were no visible smolderis ing
clumps, and the burnout appeared to be very good.

At 13:50 the ash cleanout began. A small amount of water was sprayed onto the
ash bed to minimize the dust. The total weight of the ash removed was 43.03 kg
(94.87 Ib).

Once the incinerator had been cleaned, nine indicator spore pipes with
thermocouples were placed on the hearth in preparation for Run 3.

At 15:00, the main blower pulleys were changed in order to increase the fan speed
from 1,740 to 1,839 rpm. According to Ms. Pellegrini, this adjustment should increase
the fan capacity by approximately 5 percent.

3.4.3 Test Run 3: March 9, 1991

The loading of the waste into the incinerator for Run 3 began at 07:30 on March
9, 1991. The eight wire mesh indicator spore packages that were inadvertently left out of
Run 2 plus one more were placed beside the nine indicator spore pipes on the
incinerator hearth, and 330.7 kg (729.38 Ib) of waste were then loaded into the
incinerator. Also, eight wire mesh indicator spore packages were placed inside the
separate indicator spore bags and located within the waste bed. See Figure 3-7 for
placement of the pipes and mesh packages.

At 08:18, the incinerator was started and the preheat cycle began. All the

setpoints were the same as those for Run 2.

At 09:26, the secondary chamber temperature reached 872°C (1602°F) and TDS
started, but the primary chamber burner did not fire during the entire 120-second cycle.
The timer was reset, the burner fired, and the burn cycle began.

At 10:04, the main blower shut down and the bypass valve opened, sending the
flue gases directly to the stack. This bypass happened because the scrubber inlet
temperature exceeded the scrubber inlet temperature set-point of 80°C (176°F) for more
than 2 minutes. Within about one minute, the gases cooled, the bypass valve closed, and
the flue gases were again being passed through the baghouse and scrubber by the main
blower. At this point, the scrubber inlet water flow rate was increased so that a scrubber

inlet temperature of approximately 49°C (120°F) would be maintained. When the main

dkd 176 3-21



blower uﬂpacnyjnad1beem>hmmfmmmclbwwﬂmmfmmhmglhm:bmmmwm'qnmLWWMﬂsmrmbhmmwmmOMng
water flow had not been increased.

The primary chamber draft increased with the increase in the main blower rpm.
However, the smoking problem continued, though it appeared to be in smaller amounts.

At 12:04, the secondary chamber temperature reached 1010°C (1850°F) and the
secondary chamber burner changed to low fire. The secondary chamber temperature
ﬂumnszenmaumjkmﬂwwwam!%&?%31ﬂwMMTTﬂiam@llﬂﬂﬂﬂCf(lﬂﬁﬁﬂF)&m;Mbasmmmwmimq;chmmnbmw
burner cycled between low and high fire,

At 16:25, the burn cycle ended and the burndown cycle began. The secondary
chamber temperature continued increasing until it finally peaked at 1193°C (2180°F) at
17:41 and then started to decline. By 18:45, the secondary chamber temperature had
dh@ymmnﬂkmﬂmwv]ﬁﬂNYTI(]SﬁIPTﬂyammﬂthe:mmummdamy(ﬁmummmm“bmrnerwwaﬂ.mﬁ%ﬂlcycﬁmg
between low and high fire,

At 21:44, the burndown cycle was over and the cooldown cycle began. At 07:59
on March 10, 1991, the cooldown cycle ended and the unit shut down.

The incinerator was opened at 07:59, and the main blower was turned on to cool
the incinerator for ash removal. The hearth was covered with a light-gray ash mixed
with more black spots than were present in the ash from the other two runs. The ash

depth varied between 5 10 10 cm (2 to 4 in). No smoldering clumps were visible. The

total weight of the ash removed was 27.37 kg (60.35 Ib).
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4. SAMPLING LOCATIONS

The sampling locations used during the emission testing program at the Jordan
Hospital MWI are described in this section. Flue gas samples were collected at the inlet
to the APCD and at the exhaust stack.

An unlined steel stack extension was fabricated and temporarily installed at the
top of the existing stack. The existing stack is also a 21 inches inside diameter (1D) steel
stack housed in a brick shell. The existing stack has ample straight run for meeting
Method 1 sample point requirements; however, only a single set of ports was in place
and the extension had to be installed. The existing stack was 40 feet high. The general
configuration of the stack/extension placement is shown in Figure 4-1.

The extension was 21 in. ID and 16 feet high. Three sets of test ports were
provided as shown in Figure 4-2. The lower set of ports were used for the CEM,
HCl/CEM, and manual HCI tests. The upper two sets of ports were used for both
CDD/CDF and PM/Metals testing. The two upper sets of ports were aligned with each

other in the vertical plane, while the lowest set was offset by 45° to prevent flow

disturbances. The test ports were located in an ideal location according to EPA

Method 1. There were at least two stack diameters of undisturbed flow downstream of

the ports, and greater than eight diameters of undisturbed flow upstream of the ports.
(NOTE: CDD/CDF and metals sampling probes are not treated as upstream
disturbances for the upper set of ports.)
The number of traverse points required for the CDD/CDF and PM/Metals
testing is eight. Four points on each of two diameters were used as shown in Figure 4-3.
The sampling location at the inlet to the air pollution control system is shown in
Figure 4-4. Four manual flue gas sampling trains were employed at the inlet as well as

both the main CEM and HCl/CEM extractive systems. The manual trains consisted of

microbial, CDD/CDF, PM/Metals, and the midget HC] trains. Immediately after the
gas exited the incineration chamber, it was directed downward in a 4.75 x 19.25 inch
refractory-lined duct. Eight inches below the gas entrance to this duct, two sample
probes were located for inlet CEMS (O,, CO,, CO, NO,, §0,, and THC), and inlet HCl

CEM. Estimated temperature at this locations probably ranged from 1500 to 2000°F.

dkd.176 4-1
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Themﬂmmbhdmﬂmymmmm@dﬂuwgm&mthmm@hawmmmapmﬂima

4.75 x 19.25 inch ID duct, with an equivalent diameter of 7.6 inches. This location was

apmmcmijMfiyfiemnMVaLemtcﬁanm&&nﬁmdounumrﬁanuEumj2L9<imummmensmemm&annfmmnnwhﬁ

cio&mm:ﬂan(MGMuﬂmances.‘AA1:m4LS&ﬂﬂﬂﬁngJmmnrb:vmmsumﬁd!aSEimmwm:M1Kﬁgmme'44i
TTm:imhﬂ;nmmumaﬂHﬁ(ﬂ/f{ﬁw/}{F“MﬂmswmensmxmmmuGMNﬂﬂn:a;mmﬂ:dmwmmMIeaBM(mfthe

microbial port located in the 15-inch ID cylindrical duct. These tests were not isokinetic

and hence, Method 1 sample location criteria did not apply.

1Hm3imhst(ﬂﬂﬂ)/(ﬂjm?ﬁamnpkztnmwlanmlﬂme]Phi/hmauﬂs1mﬁim:mmMﬁmmmlﬂhmrgmm

Hmmmuyhlmwnm‘M1axmeﬁﬁmmoryJMmmd'tﬁﬁnch‘ﬂmbdumm.'Thmme'mee‘nwosmmm<mftmmmsanmphn@
ports established for isokinetic sampling. The lower set was 2.1 duct diameters
downstream and approximately 2 diameters upstream from the closest flow disturbance.
frhe|uppersmnAW%mu3£2ﬂhmﬁ<iﬁum&$ensCannSMfmmn:mmd:mppmomhmaxebfl;SmhmmtdimWMﬂmmS
upstream from the closest flow disturbance. Both CDD/CDF and PM/Metals inlet tests
were conducted simultaneously through one set of ports same level). Traverse points
were used ﬂmr(ﬂﬂm)/(ﬂjf?armiFﬂmqukmahsbammuasshmnwnimlfﬁgure‘$%L Twenty points
were actually used as Points 1 and 2 were combined and Points 11 and 12 were
combined, because they were located within 1 inch of the duct wall.
Amwusmmumﬁmm'mmakeﬂup\waan:mmd:MmumﬂMmrhmmmmkmwmnmwmerwwema:Mmmummmmﬂeﬁl
durhngthmﬁcﬁﬂlpmm@wamm.‘Ash«mmmynmmmmmmﬂfmonuthe‘hmﬂmmmaMmrkmmﬂthmzdayl&ﬂkﬁrmoomo
ﬂﬂﬂomdmgpaimmtsmmhm&(bmumrmun:mmdlmmnmdovnﬁrmmum Ash was placed in a large
(55 gallon) stainless steel drum where it was later composited into 1 liter samples using a
sample thief. Ekmmhmmn'anbaﬂMJ\waumrSanniMmrmmmﬁ:mmUemmmd1&mmm:ﬂkmmm:tapﬁkmmmﬁd
inside the incinerator room. Scrubber blowdown water was collected from a scrubber

liquor discharge line.

dkd.176 4-6
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5. SAMPLING AND ANALYTICAL PROCEDURES BY ANALYTE

The sampling and analytical procedures used for the Jordan Hospital MWT test
5. Where

published methods were not available, state-of-the-art sampling and analytical methods

program were the most recent revisions of the published EPA method

were used. In this section, descriptions of each sampling and analytical method by
analyte were provided.

A summary of the sampling methods that were used is included in Table 5-1.
Sampling times, minimum sampling volumes, and detection limits are summarized for the
manual sampling methods in Table 5-2.

5.1  CDD/CDF EMISSIONS TESTING METHOD

The sampling and analytical method for determining flue gas emissions of
CDD/CDF was EPA Proposed Method 23. This methodology is a combination of the
American Society of Mechanical Engineers (ASME) 1984 draft protocol and the EPA
Method 8290. The analytical method was designated as Method 8290X by Triangle
Laboratories, Inc., Research Triangle Park, North Carolina, who performed the analyses.
(Because of proprietary reasons, Triangle Laboratories has requested that a copy of their
standard operating procedures not be included in this test report.)

5.1.1 CDD/CDFE Sampling Equipment

The CDD/C]

F sampling method used the sampling train shown in Figure 3-1.
Basically, the sampling system is similar to a Method 5 train with the exception of the
following:

L Um(ﬂﬂlmmmwmmmﬂdqmmnszWN1mmﬁhlmmu¢MMmhuermwuuw

filters) which were pre-cleaned using solvent rinses and extraction
techniques; and

» Used a condensing coil and XAD-II® resin absorption module located
between the filter and impinger train.

All sampling equipment specifications are detailed in the reference method shown

in Appendix K.

dkd. 176 -1



TAE%IL&J.WmﬁﬂfNWWH%OEWHUSEDWWQRfﬂHEJWHMDA%IHKMWWTALJWVW

Analyte

Method

CDD/CDF

Particulates
Lead
Mercury
Arsenic
Nickel
Cadmium
Chromium
Beryllium
Antimony
Barium
Silver
Thallium

S0,
0,/CO0,

NO,

THC
HCl

HCl
HBr
HF

Microorganisms in Emissions
Microorganisms in Pipe Test
and Direct Ash Test
Opacity

Loss On Ignition

Carbon

EPA Proposed Method 23 with GC/MS$
Method 8290

EPA/EMSL Multimetals Train

EPA Instrument Methods 6C
3A
10
TE
25A/18
NDIR CEM Analyzer

EPA Draft Method 26
FPA Draft Method 26
EPA Draft Method 26

EPA Draft Method "Microbial
Survivability Tests for MWI Emissions”

EPA Draft Method "Microbial
Survivability Tests for MWI Ash"

EPA Method 9

Standard Methods of Water &
Wastes 209G

ASTM D 3178-84
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312 CDDR/CDE Equipment Preparation

In addition to the standard EPA Method 5 requirements, the CDD/CDF

sampling method included several unique preparation steps which ensured that the
sampling train components were not contaminated with organics that may interfere with
analysis. The glassware, glass fiber filters, and absorbing resin were cleaned and the
ﬁ}MHB;and‘nmﬂmuwmme:checked‘ﬁmrre&khmﬂmlmeﬁmm1th@vaere]mamhed"

5.1.2.1 Glassware Preparation. Glassware was cleaned as shown in Table 5-3.

Glassware was washed in soapy water, rinsed with distilled water, baked, and then rinsed
vﬂih:mmmﬁmmaihlkmwed'bylmmmhyhmma{ﬂﬂ@mhma.1CmmmmlyMﬁgwwmcvmﬁmuaﬂomwmjlmvdryxmmder
a hood loosely covered with foil to prevent laboratory contamination. Once the
gﬂaﬁwwmxe'wms«ddfmh1Im:aibﬁm$mmmml¢nmmwwwmﬁ:mmﬂmmlvﬂlhlmmnhwm&me<ﬂﬂkmﬁdeﬂﬁmmed
ahunﬁnmum.ﬂﬁd.,AJ]th@;gzmﬁ1mmmwmmmﬁnm;cf1im:S&mn@ﬁmgyuﬁdnIUHNMWdhmglhm:ghmm
Imxmﬂes)Kﬂum;anysmumpdelmmumm&'ﬂ@ﬁk&,p@tﬁldhﬁMﬁg;yfmhmmmmicyhmmknﬁwzmmﬂﬁﬂpmmswhmm
vmnf:uﬁed.dmrhugsmxmphr@;HMMImﬂmmveﬂywwmn3cmman¢diammmnimugtOWQMSlmnmmmmmna

I%onwghmm<mwnummnemhﬁ(Such;msﬁhe'behmmmwMmemlfﬂtmrscnm&ms&nmjﬁmﬂd&,hw&ezam&

'Tﬁfkmﬁ“smummmmztmﬂlhﬁgxuﬂmwnpwmbm:bquMe&.amﬁ[nyhmnlmmmﬂm:brmﬂheS)wwmmzcmmaned
ﬁmMOMﬂm@;ﬂmsEmmne;pnmmmdure¢mumﬂmzﬂmatrm)hmmjmgrwam]peﬁ&mwnedﬂ
1ﬂmﬁ~dkmuﬂn@;proceduwe«devnufﬁ1&mmn1&mzEﬁpﬁmpmmmmmmmlnmeﬂmmd;kmmwever,pmﬁt
mqmmﬁemmm:haﬂ:ﬂmmwmlﬂmatthe1mm3(Mfdhnmmnc;mmMI&ohmdomxnmmwcmmmmzammbmdcal
interferences with the compounds of interest.

g mom wa oy 1T e e ' - - @ . . ,
3.1.2.2 XAD-II_ Resin and Filters Preparation. The XAD-II" absorbing resin and

gmmmsfmmm'ﬁwummrmmmﬁ:pmewﬂeanmxlhwxmmmanmm:pwomedmmﬁﬁ:mmmmmﬁn@;ﬁultm:$p¢cﬂiwd
method. CMﬂw'peSﬁcmmaﬂyﬁmk:smbwmnm;amnl}mpmﬁlﬁmmnm:mmumw‘wewe1mmmdlx»pmepmr@i&mr
organic sampling and to recover these samples. The lot number, manufacturer, and
Egﬁmk:cikmmdhlfmwxnm:U$edVWﬁmJMMNMKhMjﬁanMﬂLabomemqwrmchmMML
'Tm'pmepame11m:fdmmmg&1tmmch'offM)Mmu;pMWmmdintazmmdﬁMm]wnwﬂmmanedlby
extraction with toluene. The soxhlet was charged with fresh toluene and refluxed for
16 hours. After the extraction, the toluene was analyzed as described in Sections $.2 and
fh3tmfthelmﬂkmenmmznmﬂ&mmjﬁbw1&m3pmeﬁemce'mf1ﬁmMHmbmmnu]DmbﬂmzoprDmoths(IWIEMDQ

or Tetrachloro Dibenzofurans (TCDF). If these analytes were found, the filters were

dkd.176 5.5



TABLE 5-3. CDD/CDF GLASSWARE CLEANING PROCEDURE

(Train Components, Sample Containers and
Laboratory Glassware)

NOTE:

a’

8.

9.

USE VITON® GLOVES AND ADEQUATE VENTILATION WHEN
RINSING WITH SOLVENTS

Soak all glassware in hot soapy water (Alconox®).
Tap water rinse to remove soap.
Distilled/deionized H,O rinse (X3).2

/ 2
Bake at 450°F for 2 hours.”

s !.1

Acetone rinse (X3), (pesticide grade).
Methylene chloride (X3), (pesticide grade)

Cap glassware with clean glass plugs or methylene
chloride rinsed aluminum foil.

Mark cleaned glassware with color-coded identification
sticker,

Glassware is rinsed immediately before using with
acetone and methylene chloride (laboratory proof).

a 'wigr ‘-; ')l -

three times,

u.ep1UIbhm¢ been added to the cleanup procedure to replace the dichromate
soak specified in the reference method. Radian has demonstrated in the past
that it sufficiently removes organic artifacts. It is not used for probe liners and
non-glass components of the train that cannot withstand 450°F (i.e.,
teflon-coated filter screen and seals, tweezers, teflon squeeze bottles, nylon

probe

JBS282

¢ and nozzle brushes).

e o
§5-0



re-extracted until no TCDD or TCDF was detected. The filters were then dried
completely under a clean nitrogen (N,) stream. Each filter was individually checked for
holes, tears, creases, or discoloration, and if found, was discarded. Acceptable filters
were stored in a pre-cleaned petri dish, labeled by date of inspection, and sealed with
Teflon® tape.
'Ib»prepare1mmra¢mmmh¢mgxmmin,thejWJ&E»IF”re&M1vwm;chmmmed:MItherﬁﬂhwm&ng

sequential order:

o Rinse with HPLC-grade water, discard water;

® Soak in HPLC-grade water overnight, discard water;

° Extract in soxhlet with HPLC-grade water for 8 hours, discard water;

o Extract with methanol for 22 hours, discard solvent;

o - Extract with methylene chloride for 22 hours, discard solvent;

° Extract with methylene chloride for 22 hours, retain an aliquot of solvent

for gas chromatography analysis of TCDDs and TCDFs; and
® Dry resin under a clean N, stream.

Once the resin was completely dry, it was checked for the presence of methylene
chloride, TCDDs, and TCDFs as described in Section 3.1.2.3.1 of the reference method.
If TCDDs or TCDFs were found, the resin was re-extracted. If methylene chloride was
found, the resin was dried until the excess solvent was removed. The absorbent was to
be used within four weeks of cleaning,

The cleaned XAD-1I" resin was spiked with five CDD/CDF internal standards.
Due 1o the special handling considerations required for the CDD/CDF internal
standards, the spiking was performed by Triangle Laboratories. For convenience and to
minimize contamination, Triangle Laboratories also performed the resin and filter
cleanup procedures and loaded the resin into the glass traps.

t Preparation. The remaining

preparation included calibration and leak checking of all sampling train equipment. This
included: meterboxes, thermocouples, nozzles, pitot tubes, and umbilicals. Referenced

calibration procedures were followed when available. The results were properly

dkd.176 5.7



documented in a laboratory notebook or project file and retained. If a referenced

calibration technique for a particular piece of apparatus was not available, then a

state-of-the-art technique was used. A discussion of the techniques used to calibrate this

equipment is presented in Section 7.2.7.

Smﬂi'tmmw(ﬂﬂ?dmnmm%<nwwmuuw,

5.1.3.1

Prior to sampling, preliminary measurements

were rem{mire(ilx)1snunure:ﬁsmﬂ«hmeth:syanupdjnqg These included determining the traverse
point locations, performing a preliminary velocity traverse, cyclonic flow check, and
moisture determination. These measurements were used to calculate a "K factor." The
K factor was used to determine an isokinetic sampling rate from stack gas flow readings
taken during sampling.

Measurements were then made of the duct inside diameter, port nozzle length,
and the distances to the nearest upstream and downstream flow disturbances. These
measurements were then used to determine sampling point locations by following EPA
Reference Method 1 guidelines. The distances were then marked on the sampling probe
using an indelible marker.

5.1.3.2 Assembling the Train. Assembling the CDD/CDF sampling train

components was completed in the recovery trailer and final train assembly was

verformed at the stack location. First, the empty, clean impingers were assembled and
Py prg

laid out in the proper order in the recovery trailer. Each ground glass joint was carefully
| J 5y Ey ; 3

inspected for hairline cracks. The first impinger was a knockout impinger which has a
short tip. The purpose of this impinger was to collect condensate which forms in the coil
and XAD-II" | resin trap. The next two impingers were modified tip impingers which each
contain 100 ml of HPLC-grade water. The fourth impinger was empty, and the fifth
hrmﬂmgmm<mmmummmu2001m»3%[)granm;Gflﬂhm:hmdhxuimp silica gel. After the impingers
were loaded, each impinger was weighed, and the initial weight and contents of each
impinger were recorded on a recovery data sheet. The impingers were connected
together using clean glass U-tube connectors and arranged in the impinger bucket as
shown in Figure 5-2. The height of all the impingers was approximately the same to
obtain a leak free seal. The open ends of the train were sealed with methylene

chloride-rinsed aluminum foil or clean ground glass caps.

dkd.176 5.8
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The second step was to load the filter into the filter holder in the r recovery trailer.

TﬂmatiMer]mJMMmrvum;thennmmpped.oﬁfanmIPMmmmd‘wmflthe1mﬂin1ﬂa¢»anmlcommknmwn'coﬂ
(capped) into the impinger bucket. A supply of pre-cleaned foil and socket joints was
d“d)pidU&dJUI[hﬁllu(k'Iﬂn.d(lmdﬂlphmﬂickmﬂ¥f0rle:COﬂWfﬁdeﬂﬁﬁ‘OfthﬁESWWMMMTS.'Th
avoid contamination of the sample, Mmmhnk'mmmMMﬁ;mmmf:HGW|mmmi.'ch:ummm.mmnmmmnemms
vMﬂw:tmmmﬂxmred'Mmthe:mmmmﬂhmglmmmrkmxzmmﬂEmﬁﬁmﬂbkmﬂam;pmwwkmmﬂy:ﬂmmWT1M1

Figure 5-1.

5.1.3.3 Sampling Procedures. After the train was assembled, the heaters were

turned on for the anhv]hnLr:mmdlmm&mmﬂfﬂvarkMM(awmﬂthw<mnHantxmndmde¢<UMMMmmxm
coil recirculating pump was turned on. When the system reaches the appropriate
temperatures, the sampling train was re: ady for pre-test leakchecking. The temperature
of the sorbent module resin must not exceed 50°C ( (120°F) at any time and during testing
it must not exceed 20°C (68°F). The filter skin temperature was maintained at 120

+ 14°F (248 =25°F). The probe temperature was maintained above 100°C (212°F).

The sampling naxnswneualmdk:checkedﬁatthe:Mﬁmtiumj{mmhmlumsmummmhug
(Method 5/23 protocol « nnhy11qmmwm%pmﬁm4mm1leakxmmmmmmandunmmmmummmmh;pweqmml
leakchecks.) Radian protocol dhn)umwmnmonmhmﬂ]*mk1ﬂm&v‘%kmﬂhm@umndkaﬁmmwwwanwmem
change. An acceptable pre-test leak rate was less than 0.02 acfm (f’/min) at
approximately 15 inches of mercury (in. Hg). If during testing, a piece of glassware
needs to be emptied or replaced, a leak check was performed before the glassware piece
was removed, and after the train was re-assembled.

To leak check the assembled train, | the nozzle end was capped off and a vacuum
oflﬁiim.E{gwwag|mumﬂd\huthemmﬂmemn.'Wﬂh&nmeisyQMnmnmwmmwwamuaMmd,Mmewmﬁummcwof
gas flowing through the system was timed for 60 seconds. After the leak rate was
determined, the cap was slowly removed from the nozzle end until the vacuum drops off,
and then the pump was turned off. If t the leak rate requirement was not met, the train
was systematically checked by first capping the train at the filter, at the first impinger,
etc., until the leak was located and corrected.

After a successful pre-test leak check had been conducted, all train components
mmnf:altbmﬂrsmmmiﬁe@lMmmummmnmuem,mmhhﬁldata\wemﬁ1fmxmfk(ﬂ|dry5uﬂ.mn ter (DGM)

reading], the test can be initiated. Sampling train data were recorded periodically on

dkd.176 5-10



standard data forms. A checklist for CDD/CDF sampling is included in Table 5-4. A
samnphmg;omeQMMnmthat\wusmmﬁmnuito‘CI)ELNSIIFsmunmdhugwwmswhaxIim:gmﬁ
temumaHMMMf:enneﬁﬁwgLh61Mﬁdn‘ma¢)mmmmthmzh1hrw'/UW( (68°F). The gas was cooled by a
water jacket condenser through which ice water was circulated.

WTMiLaaklmnﬁm:amd:mmmmﬂhmgswaﬁtammlSUMQtiWMﬁ;WMﬂf:wmmmniadqwm1&MEsammpUmg
task log. ﬁﬂmouﬁmurcmhﬁrqwmmnm;ﬂm&tcmmmw<dmﬂﬂq;samnpﬁmgymwmc:nmmmnmmd(multm:wmﬂx
hwg,such:mssawbmmmemMmuk:hmmm1ammmmdom5,deMLchﬁmnumhIwmnTnomommﬂe1muﬂﬁmncﬁmmmg
heater malfunctions, or any other unusual occurrences.

If the probe liner breaks while the DGM wa not running (i.e., during port changes

or after the run was completed), the phlbﬁ]ﬂmﬁl\N&SIfmﬂaCedﬂﬁhﬁlﬂlﬂ‘Nﬁﬁ(ﬂMWWﬂ@h@d,

aﬂmlﬁanuik:reccwwmy«domﬂtomjbomhIim:bwo&mmxSecﬁ@wmwofwhmaghmmﬁﬁm&w:mmdmeﬁ
nmq&mxmmﬁnm]dnew.IH'umakmww&;cwmmww&d‘mhdk:the]EM3B4VWQ§1nmmmhugﬁmmﬂthc~&maclthmc
ofthﬁ:break‘was1mommi,mm&lfﬁt\wassmoppmxlgowﬁmm:ﬂmaImxﬂmaﬂhmmrcmmdd'be1mﬂﬂ@mmmL
XTM:runlm&m;Mmamnummmﬂehwd:mmd:mummme1mmmmmny'd@mm:@mlaﬂxMnmm:ymﬂions.ﬂH?ﬂms
recovered sample appeared unusual, the sample was discarded and an additional run was
xmmﬂbwmmmd]amen.]M“ﬂmzrﬁ@mwewedummmmﬂe‘app@ﬂred.mﬂrnmﬂwthm:mmn‘Wﬁ$1WHMﬁmhmﬂy
acceptable.

At the conclusion of the test run, the sample pump (or flow) was turned off, the
pwobmwmmm.nmwmmmmjﬁrommwhmzduﬁm,aiﬁnal])(}NﬁmemmﬁmgHWﬁmtmﬂumm,amﬂla]mmmHMmm:hﬁMK
check was completed. The procedure was identical to the pre-test procedure; however,
the vacuum should be at hanc)mﬂ1Lm11IMglﬁgmmm“ﬂmmnthm:hhymemtvacuumm:mmamed
during sampling. An acceptable leak rate was less than 4 percent of the average sample
rate or 0.02 acfm (whichever was lower). If a final leak rate does not meet the
acmwpmﬂbk:crhmwhmm,Mmalﬁmt11m1rmaysmﬂlMm3emmm$med\mpmmlapmmmmwd<mfthe1mmm

administrator. If so, the measured leak rate was reduced by subtracting the allowable

leak rate from it and then multiplied fc '"“Kmnﬂodlofthmm:hmxwhhﬂuthm:hﬁﬂmmmmmuTmCL
Thm"kmkmjwﬂumw"meHWHSMMWMW%ﬂhumIhemmmmuedpwﬁwﬂumr in order

determine the final gas sample volume.
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TABLE §5-4. CDD/CDF SAMPLING CHECKLIST

Before test starts:

Check impinger set to verify the correct order, orientation, and number of
impingers. Verify probe markings, and remark if necessary.

Check that you have all the correct pieces of glassware. Have a spare probe liner,
probe sheath, meter box, and filter ready to go at location.

Check for data sheets and barometric pressure.

Em%;sanumﬁngm&quhpmmmmtﬁur(3C%/{}2rmmmk;MleaXfmmb/excep&wwhemtushug(ﬁEﬁﬂS
for CO,/0, determinations.

Examine meter box - level it, zero the manometers, and confirm that the pump is
operational.

Verify the filter is loaded correctly and as tight as possible; place filter in line
with the train and leak check at 15 inches Hg.

Add probe to train.

Check thermocouples - make sure they are reading correctly.

Conduct pitot leak check, recheck manometer zero.
]D@»ﬁrmd]hm&:chmmk;lﬁmxmﬁlﬂmMKlﬁme:mdewmmmmmmcmlﬁmmmpﬁm@LMML

Turn on variacs and check to see that the heat is increasing,
(Hmmﬂ(thﬂ1<mmiﬁng‘wawerisfmmmdng:mmdtmm..Amhjﬁce1mmhmmﬂﬂ@mm“buckmm&
Check isokinetic K-factor - make sure it is correct. (Refer to previous results

to confirm assumptions. Two people should calculate this independently to
double check it.)

JBS282
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TABLE 5-4, CDD/CDF SAMPLING CHECKLIST, continued

During Test:

8.

9.

Notify crew chief of any sampling problems ASAP. Train operator should
fill in sampling log and document any abnormalities.

I%mﬁmwm1simnﬂmanﬁowm/CUmmmmTemttmﬁnlmgmuMh(nkmﬂ locations (if applicable).
Maintain filter temperature between 248°F +25°F. Keep temperature as
steady as possible. Maintain the resin trap and impinger
temperatures below 68°F. Maintain probe temperature above 212°F.

Leak check between ports and record on data sheet. Leak check if the test is
stopped to change silica gel, to decant condensate, or to change filters.

Record sampling times, rate, and location for the fixed gas bag sampling (CO,
CO,, O,), if applicable.

Blow back pitot tubes periodically if expecting mositure entrapment.

Change filter if vacuum suddenly increases or exceeds 15 inches Hg.
Check impinger solutions every 1/2 hour; if the knockout impinger h.appu@athnuw
full, stop test and empty it into a pre-weighed bottle and replace it in the train.

Check impinger silica gel every 1/2 hour; if indicator color begins to fade, request
:apmehhedypMWWAghmdimunug&r1nmmkﬂm,mmmW@HVMWﬂkm,

Check the ice in the impinger bucket frequently. If the stack gas temperatures
are high, the ice will melt at the bottom rapidly. Maintain condensor coil and
silica gel impinger gas temperatures below 68°F,

After test is completed:

1.
2.

ol
D

Record final meter reading,
Do final leak check of sampling train at maximum vacuum during test.

Do final pitot leak check.

JBS282
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TABLE 5-4. CDD/CDF SAMPLING CHECKILIST, continued

i:lr "

Check completeness of data sheet. Verify that impinger bucket identification is
recorded on the data sheets. Note any abnormal conditions.

Leak check function (level, zero, etc.) of pitot tubes and inspect for tip damage.
\ 4 A | =]

Disassemble train, cap sections, and take each section and all data sheets down to
recovery trailer.

Probe recovery (use 950 ml bottles)
a) Bring probes into recovery trailer (or other enclosed area).
b) Wipe the exterior of the probe to remove any loose material that could
contaminate the sample.
¢) Carefully remove the nozzle/probe liner and cap it off with prerinsed
aluminum foil.
d) For acetone rinses (all trains)
Attach precleaned cyclone flask to probe to catch rinses
Wet all sides of probe interior with acetone
While holding the probe in an inclined position, put precleaned probe
brush down into probe and brush it in and out
Rinse the brush, while in the probe, with acetone
Do this at least 3 times until all the particulate has been recovered.
Recover acetone into a preweighed, prelabeled sample container
e) K(HWUMIIHP]UHNNJJUH outlined in (d) using methylene chloride. Recover the
solvent into the same acetone recovery bottle,
f) Follow the procedure outlined in (d) using toluene. Recover this solvent into
a separate preweighed prelabelled sample container.

Cap both ends of nozzle/probe liner for the next day, and store in dry safe place.

Make sure data sheets are completely filled out, legible, and give them to the
Crew Chief.

JBS282
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514 CDD/CDF Sample Recovery

To facilitate transfer from the sampling location to the recovery trailer, the
sampling train was disassembled into the following sections: the probe liner, filter
holder, filter 1o condenser glassware, condenser sorbent module, and the impingers in
their bucket. Each of these sections was capped with methylene chloride-rinsed
aluminum foil or ground glass caps before removal to the recovery trailer. Once in the
trailer, field recovery followed the scheme shown in Figure 5-3. The samples were
recovered and stored in cleaned amber glass bottles to prevent light degradation.

The solvents used for train recovery were all pesticide grade. The use of the
highest grade reagents for train recovery was essential to prevent the introduction of
chemical impurities which interfere with the quantitative analytical determinations.

in Table 5-5. The sorbent

Field recovery results in the sample components liste
module was stored in a cooler on ice at all times. The samples were shipped to the
analytical laboratory by truck accompanied by written information designating target
analyses.

5.1.5 CDD/CDF Analvtical Procedures

The analytical procedure used to obtain CDD/CDF concentrations from a single
flue gas sample were by HRGC and HRMS (resolution from 8000-10000 m/e). The
target CDD/CDF congeners are listed in Table 5-6. The analyses were performed by
Triangle Laboratories, Inc., by Method 8290X.

The flue gas samples were analyzed in two fractions according to the scheme in
Figure 5-4. One fraction was the total train methylene chloride and acetone rinses,
filter(s), and sorbent module; the other fraction was comprised of the toluene rinse of
applicable portions of the sampling train. For the CDD/CDF analysis,
isotopically-labeled surrogate compounds and internal standards were added to the
samples before the extraction process was initiated. The internal standards and
surrogates that were used are described in detail in EPA Method 23.

Data from the mass spectrometer were recorded and stored on a computer file as
well as printed on paper. Results such as amount detected, detection limit, retention

time, and internal standard and surrogate standard recoveries were calculated by

dkd. 176 §5-15



’,, HEZSPOSE

SReCoIC
Srgnt
i
e
s ik
G

o
L
4
H
H
W
irwnen
biggre 1
Lptre
-
H
SSCOy

. G -). !"’: & — 8
E E = g!i b (E &
.4 e

3 @ ‘ﬁ [o0] ¢

S00!
Py
ana

s sirade
Cacinaio
aain
iy
i
1
i
i
H
FS
-
H
e

weignt
ugt - H

L[ :
&

]
) b
B §2 3]
@ 2

‘; =
[ =
[ B e
E ! -

(.
‘lllll

: [
(‘.; ‘!::I
EII L4 IE;%'
B Y W (Ca,
g8 - TS SN P SO | (&)

B _ o
EE ) I m‘;.
i B &
a :
li’i i§ E ll;
i :j e 1! y ‘Ei L)
tEst! m:EEJ‘ i

§

&

i!i B, !l:

g 13e {'i: 4...! E!

! sl

gli |

iy




TABLE 5-5. CDD/CDF SAMPLE FRACTIO
TO ANALYTICAL LABORAT

NS SHIPPED
ORY

Container/ Code Fraction
Component

1 F Filter(s)

2 PR® Acetone and methylene chloride rinses of
nozzle /probe, cyclone, front half/back half
filter holder, filter support, connecting
glassware, condensor

3 PRT® Toluene rinse of nozzle/probe, cyclone, front
el ‘ 4 : / €, C)
CRT” half/back half filter holder, filter support,
connecting line and condensor
4 SM XAD-II® resin trap (sorbent module)

* Rinses include acetone and methylene chloride recovered into the same sample bottle.
b]Rin&mscﬂ“mﬂummm1recowered:MMm»mmpamaMESHMMQMEtmntm:{wmnmﬂiHMﬂ;hwhmmma;mmﬂme
rinse (PRT) and coil rinse (CRT) are recovered separately).
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TABLE 5-6. CDD/CDF CONGENERS ANALYZED

DIQXINS:
Zﬂﬂ%PWﬂIHMQHMMWmmmpﬂMHmI(Nikﬂ TCDD)
Total tetrachlorinated dibenzo-p-dioxins (TCDD)
1,2,3,7 JﬂﬁMﬂn‘ukﬂn«ndlbenznﬂpﬂﬁkmdni(LJ”%A'%IHJCI)EM
Total pentachlorinated dibenzo-p-dioxins (PeCDD)
1,2,3, h/éilmmumﬂﬂnwudﬂbenfn]pch(MJnt[,Lw 4,7,8 HxCDD)
1&&!(5/8 hexachlorodibenzo-p-dioxin (1 12,3,6,7,8 HxCDID)
1,2,3,7,8,9 hexachlorodibenzo-p-dioxin (1,2,3,7,8,9 HxC) DD)
Total hexachlorinated dibenzo-p-dioxins (HxCDD)
hm54b'Muhﬂnuﬁmmndm@muwmdhmﬁuﬂﬁm%m&ﬂ%IIwCUIw
Total heptachlorinated dibenzo-p-dioxins (HpCDD)
Total octachlorinated dibenzo-p-dioxins (OCDD)

ZﬂﬁﬂﬂmmWMMOMmmeMMMmmm(RJ;m?IW1H}

otal tetrachlorinated dibenzofurans (TCDF)

1,2,3,7,8 pentachlorodibenzofuran (1,2,3,7,8 PeCDF)
&WﬁLhﬂpwmIMMWHMMMmmMmumH?JMIh@P@wLﬂ?

Total pentachlorinated dibenzofurans (PeCDF)
L“%478PmmmemdhmwnM1m(hlﬂﬁ?ﬂlh(ﬁﬁ]
1,2,3,6,7,8 hexachlorodibenzofuran (1,2,3,6,7, 8 HxCDF)
2,3,4,6,7,8 hexachlorodibenzofuran (2,3,4,6,7,8 HxCDF )
Lﬂiﬂ&ﬂ)MJﬂdﬂﬂHMﬂWﬂﬂﬂMhm(]JL%MHJIUW“})
WGHMlmmnhhnnmuu(Mhﬂwohumm(ﬁul[ﬂW

1,2,3,4,6,7,8 hflnﬂcthuudtMMmenl:mltlﬁ&:‘1mnhﬁ:}hmfﬁmfw
]UA%AHmm@lmphwhhmummMmmnumuuUﬂRJA,L&ﬂ]Mn([ﬁﬂ
Total heptachlorinated dibenzofurans (HpCDF)

Total octachlorinated dibenzofurans (QCDF)

5.18
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XALD NI it e e Acatone/MeCl Toluene
Filters

Resin Rinses Rinses
Concentrate Concentrate
mthwmnwmmms tmrawmmmmum
) aTel - 1370 QR°F
Add Internal <37°C (98°F) | «37°C (98°F)
Stancards
1-5 mlL Solution 1-5 ml. Solution
i
¥

\

Soxhilet Extract
with Toluene for
16 Hours

GConcantrete
IMWUMWMWB
:!) /"'( ‘m' }

1 ml. Final
Volume; Split
in Half

1

Silica Gael Column
'l

Ghromatography Cleanup;

. Concentrate Eluate to 1 mi.

Htore with N,
Half in
Froezer
Baslc Aluminium CGolumn Store
mmmmeQMWMyMMNmmp; Half in
Concenirate Eluate 1o Freezer

0.5 mil. with N,

Fi-21 Carton/Celite 545

LmhmwﬂHwamMnmmhy

.anmptammmmeQ
Eluate 1.0 ml. in
Rotary Evaporator

" v
Concentrade Eluate to Analyze with DE-S
200 miL. with N ; ‘mmvanummwnw
Storae in Freezer TCOF is Found, Continue
i ki
Analyze with DEB3-5 ﬂmmeawmh
'bmmhmymdemmd 2331
TCDF ia Found, Cortinue AMmmﬂ
Analyze with Quartify Reasults
SP 2331 Amwwwmﬁha
Column Saection 5..3.2.6
of Reference Method

Quantify Results

According to B
Section 5.3.2.6 ¥
of Rafersnce Method ﬁ
Figure 8.4, Extraction and Analysis Schematic for COD/CDF Samples
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cmmnpmﬁ&w.'T%m:chmomvmmnmfmm$~wemﬁ1fnahmadlwythw'wmalymumlkabowaanwammﬂadmn
included in the analytical report delivered to Radian Corporation.

5.1.5.1 FWﬁmmmamhmn(M?Saﬂmmhmsﬂwr]ﬂxmﬁmmkmm,1memulfmmTwMu;the:mmmmﬂ@

shhqmmnmg1Im:sanupkm;mmmfscheckedkagahmm,ﬂmaKShHMWWM%CkaOGW“ﬁMHM$:mmdlmmmu
zmmmmmed:an:mmahmhmﬂ.hﬂmmnmmmywmmmmﬂewnundbem.]Emmhxmmmuﬂﬁzcomnpomﬂmm‘wmﬁ

reweighed to determine if leakage occurred during travel. Color, appearance, and other

pmxﬁkmmanscﬁ”ﬁmzsmmmphmsvmmx:nmmed. :munphm»VWJm=ewlhu1ﬁmlvﬁ1hhniklcmmmuof

collection.

"y e

5.1.5.2 Calibration of GC/MS System. A five-point calibration of the GC/MS

MWWWIWNwWJhmmwdiw(hﬂmMHhMPMMHHmﬁm]MH”MUHWN’]m*umweMIHMMrﬁmﬁ
of interest. Ebﬁmnvwaxﬁspmwmm:hmmxmﬁwwere4mM£mtdumlEma1mmﬂh(mmmyamermmrcommpommmlcﬁ
MWMHfmm.'Thm:wmmmmn&aIhmmomsvwmmzwewﬁﬁed<@n:a«kﬂtykmmd51mﬂmgga<mmmﬂmudng
calibration standard momﬁmmhug(ﬂﬂalmdeMWfJ1mdmwdi$ommers¢andﬂxd“ The instrument
perﬂmmmammx:wmw;acmepﬂMbh:cmﬂyiﬁiim:nmea&unmdlfm@mmmmzEnvNMS‘ww the labeled and
Lnﬂatmﬁedlmwnummmmdm:mmdwﬁmaiomﬂabumﬁwmmx:raﬁfmwwwme‘wdﬂﬂmlﬂmeammommﬂﬂﬁ:Hmmﬁ@
specified in the method (52200, §2201 FR 891220).

5 1.6 CDD/CDF _Analytical Quality Control

x%M.qmalMy<mmuutﬂ]pnmmmdmmmsspmmﬂﬁedkhnthe‘mﬁmlmmnhmmlvwmm:fowawwd.'Emmnkﬁ
were used to dete rnm:m,anmmyﬁcaﬂcmmnﬂmmhmmiomﬂcm&ﬂmwmhmmsmammmmfmnwmmermmmdikm
ingummmﬁmm<mmmbmwﬁom1amﬂlMnnmmhmrchﬂckg,MWMHTMH:mﬂmmhutmrmmmﬁ:u&ed‘M)ckﬂmwmﬂwm:
MOmmrrmxwmmmuMMMMmmmmmmummlﬁmum&brmmm%nMﬁ%MgmmwmwM&MamMu&ywmm

MMMJﬂwmmmummmﬁcmMmWMneﬂmmmuyofﬂw“wmmmmpnmﬂmmmmmy”mmﬂmndmﬂmrm

standard was used as a colu efficiency check.

§.1.6.1 CDD/CDF Quality Control Blanks. Three different types of sample

blanks were collected for CDD/CDF analysis. The type of blanks that were required are
shown in Table 5-7.

Reagent blanks of 1000 ml of each u*mymutum@dlatwhm:anxmmve@reemmmmﬂfmw
potential analysis. ]Eaﬁ%nmwmg&ntkﬂaﬂm:mmm;Ufthm:mmnmakotzmrmma.n&md<dmﬂmu;the
sampling program. Eﬂmﬂnﬂo&lmmmﬂmmraﬂmlreageml5yﬁmMsvwmsrecomdedwomyﬂm“Ecﬂhlhﬂ&nk

label and in the laboratory notebook.

dkd.176 5.20



TABLE 5-7.

CDD/CDF BLANKS COLLECTED

Blank

Collection

Analysis

Field Blanks

Glassware Proof

Blank

Method Blank

Reagent Blanks

One run collected and

analyzed for each sampling

location.

Each train to be used (2)

will be loaded and
quantitatively recovered
prior to sampling

At least one for each
analytical batch

One 1000 ml sample for

reagent and lot.

Analyze with flue
gas samples.

Archive for potential
analysis

Analyze with each
analytical batch of flue
gas samples

Archive for potential
analysis.

JBs282
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Am,gkmmvauf:tdank‘Qmmmmfhdank)wwaﬁlxmxnmnfxlfnmmlﬁﬂmmlmatcﬁWmmmmﬂe‘uﬁdn

gmmmnvansthmm‘wmﬁlmmmjtﬂ»coﬂﬂmmltm:mwgamnraulmpﬂna The precleaned glassware, which
mxmuﬁsm;miilpmtmmrleﬂ;1ﬁMerlmuhkmu«mmmden$0r<MML.and!hnmﬁngmr:mﬂ;wmmsﬂmmﬁkmlaﬁiw
ﬁmrsarmphm%;anmlthen'quammnathmﬂylwmxmmnfmlemmﬁm@'msltm:&mnmikmrmmmfu Analysis of
ﬂhﬁgﬁmm&ﬂﬂxmifnmijHS\Naﬂlnmmjtolehecklwmzefﬂmﬂiwamemgcﬁ“ﬂngﬂa&mwame«ﬂemmdng
procedure only if sample analysis indicates a potential contamination problem,

A field blank was collected from a set of CDD/CDF glassware that had been

used

to collect at least one sample and had been recovered. The train was re-loade
Enmjlﬁﬁtalzmsammpﬁn@;hm.mwum‘duruux:l1&4 run. The train was then recovered. The
purpose of t kﬁiﬁ%kﬂtﬂankaastogmmxmmuftMmﬁl@valcﬁimmnmundmmﬁkmmthammmmnmm;ﬁxmn
hanmwhu%‘hmmiMq%JMHKMNHﬂngﬂawmﬂrr:mqmnrimp the sampling train. The field blanks were
analyzed with the flue gas samples. THmaﬁLﬂMlhmamkssﬁmmwed\nmypmobhmwmrmdﬂh
contamination,
ﬂkmwwwﬁb'ﬂmsIhm&gym;samuak:vnm;qmwmummniwmw'nmmww&mmi,mmMMﬂmaximmm§wwmna
also analyzed separately from the other fractions.
kn&uﬂiﬁhmmlx»ﬂhe1TMfm:mnnm»(mekuﬂmsthaﬁww&narmmuﬂmmdi&M'ﬂhe‘mumpdhug
pmmgnmmh1&@=aumﬂyﬂclllahomaﬂmmfanabmxmiaxnmmﬁmmjkﬂank'wﬂﬂnemmflset(ﬂ?ﬂmm'yﬂa

samples, 'TTds'mmmshncﬂl(ﬂfprepmdrmgéumj;mma¢yzmMg:nmmgeml'mwmer'by the exact procedure

used for the samples analysis. HTM1pmuxmmm:mfltdswmasIOIV@rMy'ﬂmmttnerﬁ'W%m_mo

Mabmwamnqycxmnaﬂmnmmdommofwhﬁ:ﬁehdswmmpmm&

3.1.6.2 Quality Control Standards and Duplicates. Recoveries of the internal

mmmmmmmk;nnmmthm:bmfwwmmld{imnZEM)pmntmmm1&M'ﬂmalmmn&-thnmmghIhemmchhmﬁmmmed
commpomwmk;ammlhmmmmmm12ﬁiMuiKM)Emnwmmm1&M'Mmﬂ]mmpur-amd[mcmmdmkminHMmd
homologues. ]flimmMEthHM%ﬂm¢1mJ\NPhPIM)[HWP the data was acceptable if the signal to
rmnse1mum0\waﬁgw¢unﬁw1&MM1(M'equmJ1x)nam. If these requirements were met, the results
forltm:mmmhmi{&anuﬂkmﬂlmpecMﬁ;mmnf:adﬁmMmmlar«nmdmu?t@»ﬂn internal standard
recoveries.

Surrogate mmnmmdxnLwewmnmmmkmﬂwwmmﬂ|M)u»1muwmmmn If the

mmmwm&ﬁkmmofﬁdlsmmmdardswwem&leﬁsthmml7ﬂkpemmmmn‘ﬂm&;mrdectcﬁmmmMM'uﬂm;M£mﬂimd
hﬂmﬂﬁdllMﬂy]ﬂmlhﬂelnﬂrm:MF]fP‘mnl@@it@l’ﬂﬂﬂLaClﬂthe used to adjust the results of the

native species.
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KMMp“thﬂéﬂﬂﬂWSk;Vﬂﬁ;meﬁJnmelﬁOFtNMHy'ﬂmnEmmnpmm& The purpose of this was

to evaluate Hmamemimmm1cﬁWﬁmrcmmnbhmed:anmne]pnmmaHMNOanmd analytical
methodology.

52 PARTICULATE MATTER AND METALS EMISSIONS TESTING
METHOD

“ﬂnmpduuwinr]Phd‘nnJlﬂW*ﬂk,MMN,p@rhﬁnnwwldvcnrdmuvt@»Lm.Eﬁ%m.Emnhmmon
Measurement Branch (EMB) draft protocol entitled "Met thodology for the Determination
of Metals Emissions in Exhaust Gases from Incineration Processes.” The protocol was
pwe&emb&diﬁnﬂﬁmpend&x]ﬁ.‘TTmsImmthMIWWm;appMkm&ﬂet&M‘ﬂmetmamnTnthMOmlmf
parﬁcmhamﬁ;ammlFTn]Ni,zhm:(Zhﬂn]JMOSphowus1}?%1$r,cmwmmm'ﬂCmn,rnanpwumwm‘(N%ml
selenium (Se), Be, TL%m;SbQBmﬂﬁi%mhamjEmwwMMmmmithvadmmuymwwﬁ
incinerators. Aumﬂwﬂes{M?Mmeihmxkuﬂkﬂoﬁphmd]NTWN[hmm:mamuﬂkm*wwme1p€rMMInedlhn[}Mm
Cd, Cr, Hg, Ni, Pb, Sb, Ag, Ba, Be, and TL

The PM emissions were also determined from this sampling train. Particulate

concentrations were based on the weight gain of the filter and the front half acetone

rinses (probe, nozzle, and filter holder). After the gravimetric analyses had been

completed, the sample fractions were then analyzed for the target metals as discussed in
PM/Meta

Section 5.2.5. 5.2.1 Js Sam

pling Equipment

The methodology used the sampling train shown in Figure 5-5. The S-impinger
tnmmlGOﬂmhnedlof;lcuuu111mmmmmummth§LMMM'ﬁmHﬁmmmjku/a.heamwﬂiﬁhmm:mmmmmbmy\whhla
Wﬁﬂiomﬁ’ﬁIMH'smppmmm,a:mmjesmﬁfhmmﬂmgﬁr&,and;ﬂmaummmﬂﬁE%%%QNmaﬂmmdfﬁrn@hmﬂmmx&umj
vacuum pump. "Fhe:mmwmﬂe*was1moﬁem¢mmwmlbo:mmylmmmalsmrﬁmmm;hultdstrahm‘"Fhe
commanm;cm1wm:seqmmmnhmlhwmﬂM@mWS\wema:‘Nwoikmphmg&n;vdﬂh:ﬂfipmmmemm
HNO,/ 1 U;mmmxnm;kLﬁ)zsmdummmhwmwmirmpMMW1ﬂ,uuﬂt‘14+pw1c9ntlxh&nﬂh, 10 percent
suMimLc&mﬂdwUHQS(lJ»wunmion“awmﬂawnhmmﬂn@mm1mmmummdng:MMMngeL An optional empty
Muwkmnlmmmww1wasmmkdt"ﬂmwmwmuimmﬁmymcmmmhmm;H%MLngﬂzwwgmﬂmm
Greenburg-Smith design; the other impingers had str raight tubes. The impingers were
connected together with clean glass U-tube connectors and were arranged in an impinger
bucket as shown in Figure 3-6. EmmnPMMmttnmmlcommpommmmswwemalfmxmmmﬁmlanmlammmwmmd

in separate front and back half fractions according to the ¢ described method.
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Figure 5-8. Impinger Configuration for PM/Metals Sampling
(optional knock out impinger not shown)
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5.2.2 PM/Metals Sampling Equipment Preparation

5.2.2.1 (NMmﬁmwuf:FTemanmdon.'CHa$QWHre‘wa5Vwmﬁhedirlhmmtmmmqy\wammmlﬁmmed

with tap water (3X), and then rinsed with deionize d distilled water (3X). The glassware

was then subjected e following series of soaks and rinses:

o Soak in a 10 percent HNO, solution for a minimum of 4 hours;
0 KuHMm.vdthciﬁMMﬁMmmldhmiMed'wanerrlnmP( 3X); and
o Rinse with acetone rinse.

The cleaned glassware was allowed to air dry in a contamination-free
environment. The ends were then covered with parafilm. All glass components of the
sampling train plus any sample bottles, pipets, Erlenmeyer flasks, petri dishes, graduated
cylinders, and other hﬂunnutmy'prﬁmmue'uwed‘durmuxsammphapmﬁmmmnxnmm,mmmww&nm:mnd

;mmm@%usvmmw:chmmmed;ammmnﬁwm;ho1idsIMXMMNMMmL

5.2.2.2 Reagent P

. The sample train filters were Pallflex
Tissuequartz 2500QAS filters. 1ﬂms;Mﬁdm:mmd}HhﬁlzmeUWMiawwemﬁ]Bakmw
"Instra-analyzed" grade or equivalent. The peroxide was purchased specifically for this
test site and was kept cold until it was opened.

'T%mzn&ag&ntuma&n'vﬂm;EkﬂumrWAmuﬂyzedZEU?L(Tﬂgnmmﬁtmrexuﬂvmhmmt The lot
number, manufacturer, and grade of each reagent that was used was recorded in the
laboratory notebook.

The kﬂw(}yﬂHéC%,ab&owbhygsmmmﬁkmlammlLne:mdkﬁc]ﬁhdm&)¢a&mxmtdng:mﬂmmhmm
was prepared fresh daily according to Sections 4.2.1 and 4.2.2 of the reference method.
The analyst wore both safety glasses and protective gloves when the reagents were mixed
and handled. Eﬁuﬂm1¢apf|m]had1n3(mwmldea¢mhnuxlnnuuﬂfl.Mmd1dﬂutMm1gﬂammwame.'Thms

gﬂaﬁ@wnm¢'Wﬁm1mmuﬁxmﬂforidenﬁHcaﬁmmxvﬂﬂh:mféh:mmygkmm;mmmﬂdm%;pmmlammlMmﬁ

for the reagent for which it was designated.
The acidic KMnO,  solution was prepared by the following procedure.
o ()uannﬂﬁlhmﬂylmnnmmw:4Umlnﬂ>ﬁtmm.a¢$Hhmmlbomme1mfﬁmmmwr"ﬁmmmmmmml

HPLC" water so that 3.6 liters remained in the bottle. This bottle was
labeled 4.4 percent KMnO, in water.
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o Quantitatively add 160 g of potassium permanganate crystals to the bottle:
a'TeﬁkmﬂﬁﬁmuThmglmmrarmiSﬁrﬂﬁq;pdauﬂww&nammmxlvosnﬁram‘ﬂmmnmmghh/aﬁ
possible. This reagent was stored on the counter in a plastic tub at all
times.

o Each morning the acidic reagent was needed, 900 ml of KMnO, solution
was decanted into a 1000 ml volumetric flask. Carefully added 100 ml of
concentrated H,S50, and mixed. This reagent was volatile and must be
mixed cautiously. The flask cap was held on the flask, mixed once, vent
quickly. Mixing was completed slowly until the mixture was homogenous.
The solution was allowed to cool and brought to a final volume to 1000 ml
with H,0.

o The reagent was filtered through Wattman 541 filter paper into another
volumerric flask or 2 liter amber bottle. This bottle was labeled 4 percent

acidic KMnQ, absorbing solution. The top was vented and the reagent was
stored in a plastic tub at all times,

___________________________________ paration. The remaining preparation included calibration
and leak checking of all train equipment as specified in EPA Method 5. This equipment
included the probe nozzles, pitot tubes, metering system, probe heater, temperature
gauges, leakcheck metering system, and barometer. A laboratory field notebook was
maintained to record these calibration values.
323 PM/Metals Sampling Operations

The sampling operations used for PM/Metals testing were virtually the same as
those for the CDD/CDF tests as discussed in Section 5.1.2. The only differences were
that there was no condensor coil so coil temperatures were not recorded and glass caps,
Teflon® tape, or parafilm was used to seal off the sample train components rather than
foil. Detailed instructions for assembling the metals sampling train were found beginning
on page 14 of the reference method.
524  PM/Metals Sample Recovery

The recovery procedures were begun as soon as the probe was removed from the
stack and the post-test leakcheck was completed.

To facilitate transfer from the sampling location to the recovery trailer, the
| L= “

sampling train was disassemnbled into three sections: the nozzle/probe liner, filter
holder, and impingers in their bucket. Each of these sections was capped with Teflon®

tape or parafilm before removal to the recovery trailer.
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Once in the trailers, the sampling train was recovered as separate front and back
half fractions. A diagram illustrating front half and back half sample recovery
procedures is shown in Figure 5-7. No equipment with exposed metal surfaces was used
in the sample recovery procedures. The weight gain in each of the impingers was
recorded to determine the moisture content in the flue gas. Following weighing of the
impingers, the front half of the t train was recovered, which included the filter and all
mmmmﬂcw&mpo&ed:mmﬂhxmﬁ1&uwwmmﬂtﬂ“ﬂm3ﬁﬂ$en.'ThﬁquobeIﬁmmrwwaﬁldMﬂedﬁmdﬂuﬁmxmomm:
tvaHUU@;amﬂlwoumingwﬁmEFmtmm:vﬂmuesmwhwmww;ammvone:MMm'MSwmppmm1amd:mnthmw:mu
inside surfaces were wetted. The acetone was quantitatively collected into the
appropriate bottle.

Tﬂhm;mem:umm;ﬁmMommmjknraﬁkﬁﬁkmuﬂ'bmmmu[ﬁmmmqpmmmﬂdures1Mﬁmgpa1mmnqmmnaﬂmc
hwush;thm:pwobmxmmm.hehdimLaniMMﬂhmmd|mmﬁtkmuﬁmmﬂzmxmcmm:umm;quMNﬂflhmMmthe
mp@mmnand‘asthﬁ:brm&h‘waﬁ|mmﬂmmd11mnmmﬁmvﬂhh:alwﬂﬁmmmgacﬁMmm All of the acetone
and particulate was caught in the sample container. This procedure was repeated until
no visible particulate remains and finished with a final acetone rinse of the probe and
brush. The front half of the filter was also rinsed with acetone until all visible
particulate was rermoved. AM&@r:MJfkommlmmmdmmmmmmawmeum»vwmmrcmmhmﬂﬁmhllm:cqplmwm
tightened, the liquid level marked, and the bottle weighed to determine the acetone rinse
volume. WHWelmmthd:ﬂm&dﬁkﬁ;ﬂﬁﬂﬂﬂdtﬂfl@@nﬂd(Mfamemamelmquhm:USedtﬁmrrhmﬁmgtmmmw
components. However, R adian feels that a thorough rinse requires more reagent. An
acetone reagent blank of approximate ly the same volume as the acetone rinses was
analyzed with the samples.

The numzhm]pnmbelimen,amﬂlﬁmmmthaifcﬁ1&m:fﬂhmrkmﬂdmm‘wwmluﬂmudtﬂnmw imes
with 0.1N HNQ, and placed into a separate amber bottle. The bottle was capped tightly,

thw-umﬂphn(nEthe<nnmﬂmnwwlluum-lecnmdwd,«mmﬂ1le liquid level marked. The filter was

placed in a clean, well-marked glass petri dish and sealed with Teflon® tape.
HﬂmrmuwmmmﬂmgNM3hm%lw%ﬁummmun”ﬂmnﬂmMWW%w<mnmﬂ@mmﬂmw
moisture control determinations. Any unusual appearance of the filter or impinger

contents were noted. Pictures were taken to further document any abnormality.
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The conte mﬂ;hmltm:kmmmﬁmmmthmmnmngVWﬁwe:mmxmmﬂmAﬂJMMW.1]newwsm%twl
pmakﬂmﬂkmitmntm:vdrh1mmrcmmmenms{romimhm:}ﬂN()mﬂHg(l,mmmmn@mwﬁ.'Thmmm:hmmmmgers
and connecting glassware were rinsed thoroughly with 0.1 IN HNO,, the rinse was
captured in the impinger contents bottle, and a fi final weight was taken. Again, the

method specifies a t LNaJ(M.IUULmﬂloithlhllihNJglmammmmit01mmme'ﬂMﬂmzcmmmpmmmmm$ A

lﬂb«C@JmmmymnttdankmofzqnmmmdnmamﬂywﬂMﬁsanm&wmﬂhwn@wwswh@ rinse volume was
analyzed with the samples.
The impingers that contain the : umtuhetlM]VHHU4'MMLmhmm\wﬁmelmwumwd1m%mﬂtmm

into a preweighed, prelabeled bottle. The impingers and connecting glassware were

rinsed with at least 100 ml of the acidified KMnO ()4 solution (from the same batch used
for sampling) a minimum of three times. Mnmwm‘wem:addud1ulh65ﬂnuﬂexﬁﬁmwny
bottle. AJHMJSOImHMﬂhy%m@Moﬂcadd(ﬁMl}Mmmmmmuxmducwdamdlmmwdlmu
the sample recovery bottle. x%iﬁnaﬂwwa@ﬂMVme»nmmmmhmd;mmdltm:hkuﬂdlhmmﬂxmwm.nmmﬂmmﬂ
OMxﬂmalmmmha"Thezbcmue‘mmpwwa$100$ebzt¢ﬁN£mmmlbo:MWou/vmmmhug
‘Admarfhmmlumﬂghmmg,the:ﬂhMm.gelikomnltm:wnMnxmmm;mmwmdiklﬁfbﬂgi&mr
regeneration after the job has been completed. The ground glass fittings on the silica gel
mmmmwwuwwsmuud(%Eamrsmmwm=umawmyUmeuwuahmklwh1flhn1m next test,

J%lmmmymwtbdmnk'Wﬁm:nmmywmmmﬂﬂnwﬂm&fhﬂdlﬂmremmilmflim:ﬂmﬂﬁwﬁm%;x*apmmr&
o Acetone blank - 100 ml sample size;

o 0.IN HNO. 4 blank - 1000 ml

sample size;
o fipmmcenm]Hmﬁtmmﬁ[)pmwcemtIﬂﬁC%ibkmﬂk--ZOOJWH:mmmmﬂe:mzc;

® ﬁmﬁdﬁﬁed]ﬁﬁdn&)qtﬂank--lﬂmminﬂ;mmmmﬂezﬂzﬁ;thﬁ;bkuﬂcstmmﬂﬂlhﬂwﬁ:a
vented cap;

o 8N HCl blank - 50 ml sample size;
] Dilution water; and
] Filter blank - one each.

Each reagent blank was of the same lot as was use during the sampling program. Each

lot number and reagent grade was recorded on the field blank label.
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Tﬁhe]ﬁquhjl@v&l(ﬂ’each:mmmmﬂenmmmuﬂrmm“mwm‘mmmﬂmmﬂcunth@‘bomﬂe‘ﬁmcmtkm'u)
demenwnmﬁ‘H’any:ﬁunmﬁe]kmﬁimmmJnfmichninp:sﬂ{mnenL

Approximate detection limits for the various metals of interest are summarized in
Table 5-8.

525

Theﬁmnep1m*dhmdmeU1 procedure described in Method 5, Section 4.3 was
follc

EhmﬁlfHMmm;ammlpwechnmmmdlmmmhensvwmm:vwﬂpmmmﬂto:ammmmﬂmxm\wehghttmﬂhwe
use in the field. Ih&‘munﬂlnﬂdncelmwwﬂfnr1armu;vnm,MMMdiuw\wuw¢umplhm,manqﬂem
ﬁﬂuaﬁmmmomm:rmmmmwwwme‘rwapowaumjlmmmerélchmarkmmmj&HUZOWCTO$WﬂF)ﬂn:alﬂwed

beaker temperature silica gel. The filter was also desiccated under the same conditions

to a constant weight. Weight gain was reported to the nearest 0.1 | mg. Each replicate
wwa@ﬂﬁn@;agm&edtm)wmnhhﬂ(kﬁ:mq;cm‘l;mmmmnm:oft@malvwmmﬁm less tare weight, whichever
umn,ywndn*ylnm\meentmmo<mmmmmmMMVveehghMM¥nzmmd\wemezm:hmmntﬁlmwmmaammut.

5.2.6 Metals Analytical Procedures

A(hdem1Mumn|wwtnvmmnmwlwHNHMNmLmuLmuJ1wUUmnmAMWPNnthﬂ
target metals is shown in Figure $-8.

1Hm3fkamllmmmﬁ&aﬁrkmm;hmmhuﬂhywwana(Hg@ﬁumjwwmhxmoncemrnm.AiKl%ﬂlm.mmd
hydmoﬂhmmic(ﬁ%?);amkiLmeﬂnherzmrnhﬂtmmawa|mmﬁmmwe‘wmﬂmlcm a Parr® bomb. The
lnmcmywmwe‘dhyﬁmhmm1xmﬂ<yﬂacelwwaralpmmhmd(Mfapmmmmimuummy]M)to 12 minutes in
intervals of 1 to 2 minutes at 600 watts: the Parr® bomb digestion was for 6 hours at
140°C (285°F). Both the digested filter and the digested probe rinses were combined to
yield the front half sample fraction. The fr: action was diluted to a specified volume with
water and divided for analysis by applicable instrumentation.

The absorbing solutions from the HNO,/H,0, impingers were combined. An

anuotvwmsremmnfmlﬁM'rhm'mnﬂwns(%xwmw1mvyby<(WHMAmadﬂd‘ﬂMﬂrenmﬂndﬁrwwms

acidified and reduced to near dryness. The sample was then digested in either

nﬂMTOMMNM§cm'by1MMWWﬁHM£mMﬂndnﬁﬁmhmm,mdﬂhfﬂ)gmﬂtmﬂn}Hﬂﬁk,,ﬂmml51ptPUNHIKﬂ

After the fraction had cooled, it was filtered and dﬁhutecltm»alspnm:ﬂﬁe«ﬂwm)hjnnﬁ'mdth

water,
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TABLE 5.8 APPROXIMATE DETECTION LIMITS FOR METALS
OF INTEREST USING EMB DRAFT METHOD

\v
o

- Front Half

Analytical (300 ml _

Detection sample sample
. _ . Limits size) size)
Metal Method? (ug/ml) (ug/m”) (ug/m>)
Chromium ICAP 0.007 1.7 0.8
Cadmium ICAP 0.004 1.0 0.5
Arsenic® GFAAS 0.001 0.3 0.1
Lead’ GFAAS 0.001 0.2 0.1
Mercury CVAAS 0.0002 0.05 0.03°
Nickel ICAP 0.015 3.6 1.8
Barium 1ICAP 0.002 0.5 0.3
Beryllium ICAP 0.0003 0.07 0.04
Silver ICAP 0.007 1.7 0.9
Antimony ICAP 0.032 7.7 3.8
Thallium ICAP 0.040 9.6 4.8

*ICAP = Inductively Coupled Argon Plasma
GFAAS = Graphite Furnace Atomic .A.lbrs()w:rl;ntlum Spectroscopy

CVAAS = Cold Vapor Atomic Absorption Spectroscopy

®These detection limits are based on a stack gas s;;sum;ple:: volume of 1.25 m’. If $ m® are
collected, the instack method detection limits are 1/4 of the values indicated.
/

“ The detection limit for mercury is the same in the HNO,/H,0, fraction as it is in the
KMnO, fraction.
4

d i}ﬁgt’ Fe and Al are present, samples will be diluted which may raise analytical detection
1rmuts.
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Each sample fraction was analyzed by ICAPS using EPA Method 200.7. All
target metals except mercury, iron, and aluminum, were quantified. If iron and

aluminum were present, the samples were diluted to reduce their interferences on

arsenic and lead. If arsenic or lead levels were less than 2 ppm, GFAAS was used to
analyze for these elements by EPA Methods 7060 and 7421. Matrix modifiers such as
specific buffering agents may be added to these aliquots to react with and tie up

interfering agents. The total volume of the absorbing solutions and rinses for the various

ﬁmmﬂkmxswwmenvmwmnwed:mmdrecmnimdin1&mzﬁ@MﬂrmMebmokm

ﬂkm:mﬁnmmmzﬁmrrmemmmnw:mmﬂvmm?bvt:\%AJM$,anlaM1LMM:ﬂxmnlﬂmalKh&m{}
. J J ) 4
.

ﬁnumﬁqmnﬁwlﬂPJJ3/}Lﬂ32immphuymmg{ﬂuermﬁgm$MMthmmd1&mmn}haM?ﬁMmmm‘mem»dhymmed

wwﬁh‘aQMManmmymnm;aKEEFTSﬁmwmmpped\EK)I)kmmmhﬁ;ﬁmrﬁmummmdmmamﬂy:3lmmmn&

Hydroxylamine hydrochloride solution and stannous chloride was added immediately
before analysis. Cold vapor AAS analysis for mercury followed the procedure outlined

in EPA Method 7470 or in Standard N&aﬂmm&sfﬁw‘%ﬁmmn'amdlVVagmﬁwaMmr/Mmahﬁﬂ&

Method 303F,

5.2.7 Quality Control for Metals Analvtical Procedures

........................................................................... R A AR A,

All quality control procedures specified in the test method were followed. All

{maklreap@mtkﬂammﬁ'mee‘mmmmﬂmedL«Mﬂmﬁumi,amﬁlanabmxmlaﬁss»mﬁfMNﬂﬁn1ﬂmztest

& ) &2 o

method. ’Folsmwuna(nmdnmnmlsemgnimmyinlnmmmmmmnmmmmﬁ,MbetmmmmmHUﬁmhmmscﬂ?mm$mﬂ
metals in the solutions were at least 10 times the analytical detection limits.

5. The quality control

pmocedmmﬁﬂimmimdcﬁlrmnmmmg1WWuEmaMQMWﬂm1&M'hmMrummmmtcimmﬁm;Omrfmmquemwwwof
10 percent), two calibration blank runs (or frequency of 10 percent), one interference

check sample at the beginning of the analysis (must be within 10 percent or analyze by

SMmderd:mddhiom),cmm:quwﬂhy'QDHMNM‘&mmuﬂﬁ:u)«ﬁmmﬂ;th@:mmmmnmmlcmW&MEcml&mehmm
standards (must be within 10 percent of calibration), one duplicate analysis and one
smmmdamd:mmdhion:&M-QV@ryiH)sammphms(nmxm:be'wiﬂnnlﬁ]menmmmtcmdwwmnmyﬂ(M‘ﬂﬁpeam&ﬂﬂ
analysis).

SmaHGMdeJMmﬁiimun].m@yTnﬂﬁﬁWalnmmmﬂvwmmﬂFm@¢mme£ldebq1wmmm:vﬂth

commmmmraﬁcmm;gmmaﬁn'ﬂhaHIWMS\weme1mmmkivwmﬂkbvmrlmhmmmnﬂmmn
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5.2.7.2 Graphite Furnace Standards and Quality Control Samples. Standards

used for GFAAS analysis were matrix matched with the samples analyzed and the matrix
moditiers that were added. Standards less than 1 ug/ml of a metal were prepared daily;
thnwﬁ\wnlxf@uueanan(uh.gnwdmn'mnan1WH5\wema1ﬂmmk:vmmﬂb@vorIMmewnﬂhbn A
{mimhmumnnuffhm:smmmdamdsrmakm:ﬁhesmamﬁkmﬁlcmrwa.1Cnuﬂhq'uumnuml@dnq1Mm.mmm@
pwep@redﬂﬁTMﬂxasﬂummmnf:1O,wg/mﬂlsﬁumimnﬂknzdﬁhﬂimgiiixmo‘Mmaxax@m:@f1iN:ﬁ&ﬂﬂpkﬁn
All samples were analyzed in duplicate. A matrix spike on one front half sample
and one back half sample for each 10 field samples was analyzed. If recoveries of less
than 75 percent or greater than 120 percent were obtained for t the matrix spike, each
sample was analyzed by the method of additions. One quality control samplé was
analyzed to check the accuracy of the calibration standards. The results must be within

10 percent or the calibration repeated.

3.2.7.3 Mercury Standards and Quality Control. An intermediate mercury
smammmmﬁlmmm;prepared*we@%jy;vwmﬂdn@;wﬁumimmh;vwmm:pn‘pmu‘dlddﬂw The calibration
curve was made with at least six points. Quality Control samples were prepared from a
separate 10 ug/ml standard by diluting it into the range of the samples.

A

uality control sample had to agree within 10 percent of the calibration, or the

calibration will be repeated. A matrix spike on one of every 10 samples from the

HNO,/H,0, back half sample fraction must be within 20 percent or the samples were

analyzed by the method of standard addition.
5.3 MICROBIAL SURVIVABILITY TESTING
TTMfJCWdelliompnalIwﬁmﬂfmmmjkmmmmd\Whilmmmmt1mnnhnnunh.nmmm@mm¢:MmﬁMmmor
organisms which measured the ability of native microbes to survive the incineration
process. This ability of the surrogate indicator organisms to survive directly reflected
WmWMMahmmnumMMpmﬁmMMQMMWagwmminﬁmmmMW.bnwmaIWM1mumm¢5wwmﬂMmm;
employed to measure microbial survivability. The first test method was aimed at
determining microbial surviv vability in the combustion gases and the ash. This method
involved inoculating a kHﬂMﬂluNLnﬂHPylﬂ‘ﬂuuuﬂmJm‘mﬂulmwl(MHK)HMdHﬂHaPaﬂHHlmﬂMy
found in the medical waste stream (i.e., gowns, petri dishes, gauze, ¢ etc.). Direct ash

sampling and flue gas testing were conducted in order to determine the destruction
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efficiency. Test procedures follow guidelines set forth by the EPA draft methods located
.5 N ! o

in Appendix K.

The second test method utilizes spiked spore samples encased in insulated metal
containers charged into the incinerator with the waste stream. These tests were aimed at

comparing this method with the direct ash sampling method and should provide a

general assessment of microbial survivability and destruction efficiency. Two types of
insulated outer containers were used for comparison to each other. One type utilizes
large (6 inch by 2 inch diameter) metal pipes filled with vermiculite insulation and
capped at both ends. Another type utilizes a 1/2-inch thick blanket of high temperature
ceramic insulation rolled and contained by a wire mesh wrap. Both outer containers
hold a smaller 3/8 inch diameter stainless steel tube capped at both ends. The smaller
tube contains a known quantity (approximately 1 x 107 spores) of freeze dried spores.
Following the test, the viability of the indicator spores in each sample was checked to
assess the destruction efficiency based on the number of spores that remain in the ash.
Testing procedures used here follow an EPA draft method entitled "Microbial
Survivability Test for Medical Waste Incinerator Ash." The following sections detail both
spiking procedures (emissions/ash and pipe) as well as the spore flue gas sampling and
analytical techniques.
5.3.1 Spiking Procedure for Emissions and Ash Microbial Loading

In order to conduct emissions and ash testing for microbe survivability, a series of

waste materials inoculated with indicator spores were charged into the incinerator. A

known quantity of B. stearothermophilus wet spores were inoculated onto or in materials

normally found in the medical waste stream such as gowns, petri dishes, test tubes,
gauze, towels, etc. The waste was loaded into the incinerator with the batch of wastes
charged prior to the emission tests conducted at the incinerator outlet. Direct ash
samples were collected after the incineration cycle has been completed and the ash has
cooled sufficiently.

3.3.1.1 Eguipment. A "wet spore” culture solution was prepared by the University

of Alabama. The culture inoculum was divided between the three sampling days as

shown in Figure 5-9. The spore solution was prepared as a frozen slurry in 1-liter
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w
A minimum of 1 X 10 are spiked on vach test day.

Figure 5-9. Indicator Spore Spiking Scheme for
Combustion Gas Destruction Efficiency Testing
Jorcdan Hospital (199 1)
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amounts. Inoculation quantities were approximately 500 mils. The culture inoculum was

added directly to various materials using sterile gloves and the prepackaged containers.

y s

5.3.1.2 Spiking Preparation and Procedure. The spiked waste sample was
pmﬁpﬂm@dsM)thalzmrnhmﬁnurm(mfﬂ‘xiNTzsmmmmm;mmnf:chamgedJWHm»MWainmimemaﬂmrpmm“Mﬁm
day (the exact quantity was recorded). The total charge each day was separated into
eight nearly equal batches. The eight batches of spores were inoculated in eight mock

garbage bags and placed into the incinerator prior to each day’s startup. Two sampling

runs were performed per test day, however, since Jordan was a batch-fed unit, more
spores could not be inoculated after the unit has started.
3.3.2  Indicator Spore Flue Gas Sampling

.......................... B~ B e B R LR R S R i e S 2R R

Flue gas was extracted from the incinerator stack during the burn and burndown

periods to determine spore emissions. The testing procedure followed the previously

mentioned, draft EPA method. Flue gas samples were collected isokinetically in a
buffered solution in impingers (no filter). The recovered samples were divided into
different volume aliquots. These samples were cultured and colonies were identified

using gram stains to establish cellular morphology, and possibly other biochemical tests

as needed. The colonies were then enumerated. The following sections describe the

flue gas sampling techniques used.

5.3.2.1 Egquipment. A schematic of the spore sampling train is shown in
Figure 5-10. Flue gas samples were extracted isokinetically through a quartz
nozzle/probe system housed in a water-cooled sheath. A smaller tube was located inside
the sampling probe to deliver a buffered solution at the nozzle end of the probe. This
allowed the gas sample stream to be immediately buffered, preventing acid condensate
from killing viable spores. From the probe, the sample stream was delivered to a series
of chilled impingers. The first two contained 200 ml and 100 ml, respectively, of
phosphate-buffered solution to collect indicator spores. The third impinger served as a
knock-out (empty) and the fourth contained silica gel. In between the third and fourth
impinger, a small amount of quartz wool was placed to collect PM. This material was
rinsed into the impinger catch during recovery operations. The remainder of the
sampling train was identical to a Method S system. (Meter box containing pump, meter,

velocity and sampling pressure manometers, etc.)
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z%JPenmLahh:pnmrm)vun;used!nnmhﬂbwmrthe?buﬂ&m‘mmhﬂion‘M)thﬁ:pwobe‘ﬁpn The
pump was capable of accurately metering a 10 to 20 ml/minute flow rate.
5.3.2.2 Sampling Preparation. /&H1mquhmmm:m:used1&mr$aHHQMMggand¢mmqu@

o

recovery, which come into contact with the sample, was H,0,/alcohol disinfected and
washed before each run. The nozzle/probe liner, impingers, impinger connections, and
the nozzle/probe brush were first washed using the same procedure as discussed in
Section 5.3.4.2. Fmdkmwhugumamnww5:MH<mmmmmmm&mm;umnf:dmﬁnfecumj\wntl}LﬂjmﬂakxﬂmﬂL
After completing this procedure, all components were sealed with Parafilm® to prevent
contamination. ‘Axkﬁtkmmm.sanmphacmmmabmanh1mxxmmmyvh£mn&,amﬁlammmwmcaEemnnpmnemm
were stertlized by autoclaving or another equivalent method. Some of the items which
require sterilization were wash bottles, two liter glass sample storage bottles, incubation
Uubes,pmiﬁid&ﬂmmaiﬁhxmwunhxﬂreagmmmemmar(SUmdkﬂ(hﬂ@mdmed),ammlbmmﬁmﬁn@;nmmganm
The train was assembled by first antiseptically adding the buffer solution to the
first two impingers. Silica gel was added to the fourth impinger and the impinger train
was connected to the meter box via an umbilical line. A pre-test leakcheck on the
hrmﬂmgmwwﬂaﬂn\waﬁ1mmwmﬂetmd:mtapmmtmimuufiy]Miim.f{g.IL@ﬂmm%m:rammihm excess of
4 percent of the average sampling rate or 0.02 c¢fm, whichever was less, were
unacceptable.

3.3.23 Flue Gas Sampling. Before inserting the probe into the stack, the nozzle

cap was removed and alignment of the nozzle and pitot tube were checked. The probe
coohﬁmgvnﬂmm“ﬂuwvmwm;smumed;amd;mdhmmed.'T%m:bmﬂkmhmgEmﬁmmmlpmumy»wmm;ﬂmam
started making sure that the probe was slightly inclined so that the buffer solution
drained into the first impinger. The probe was inserted into the duct and located at the
first sampling traverse point. Isokinetic sampling commenced in accordance with
hA@thodlS;@ukkﬂjmes.JAJIsamu@ﬁmg¢pammmmmﬁws(ILP;Ewm;nmmmm“nmmdhuygsmaﬁk
temperature, meter temperatures, meter A H, meter vacuum, first impinger temperature,
and silica gel impinger temperature) were periodically monitored, adjusted, and recorded
throughout the test run.
ﬁ%m01iﬁﬂmnmmttnmmmvwwme‘mwmd.‘VVhem‘ﬂmaﬁmmm1rawerm3wmas«xmm¢memmi,ﬂma

second traverse was immediately started with the second train.
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Ad%arcxmnpmeﬁ@w1@fiim:ham:wunﬂthe]pndbe‘waﬁ1mﬂnmmmmifnmmmthe:ﬁﬂmm:anmlee
flow of buffering solution turned off. The final meter reading was recorded and the
sample train was leak checked. IPOSLI&SIlﬁakﬁh@mkﬁ*wefe1m1muMMm¢d‘at:ﬂwwmmnmmlequmd

hu«mrgweaharthaIIMhe1Tmmjmmuw1vacuumm1muuﬂmmﬂ«huﬁmg;ﬂmaﬁmmanngrunn Acceptable

pmmrdﬁstMeakﬁhﬁmk.crhfwhmm\wasltm:ﬁanmaém;mmmypmﬁwkmmﬂylmmWMMQned for the pre-test
leakchecks.

SSLZAl,ﬁgimpL;jigngggy.1&&mmﬂm:m&mww&ny;mtmmmhufm%ansEmmmnmaﬁmmmlhn
Figure 5-11. Jmfmn'ﬂhalmmﬂmeImm;cmmﬂed9thﬁ;pnmbe1mmmﬁmgymmmerwwas1mmnmxlc&£"Fhe
rmmmﬂe1&pvw1m1dm¢mmmed\ﬁmrpmmtsmmmpdmgs(Mfﬂnww&mmnmuﬂ:muumerxmmmrthe1dpwand
remmwm&dJWWRMMWd.'TTm:pwobm:mwm;dhmxmmmmmmxifnmm1theiﬁnp®mgertrah1"Thegpmmbe:&md
probe buffer delivery tube, were rinsed and brushed with sterile buffer solution. All
rinses were collected in a sterile sample bottle.

HWMﬁinmﬁMmﬁns'wae‘wwmghed‘amd'ﬂMﬁcxmnmmmswwemseumdmmpﬁcah@'UWmmmErnmdtu
thm:&mmuﬂﬁ:bmwﬂe‘OOHMmMﬂmg;ﬂmaImxmﬂe/rmmmm:rhmﬂngﬂ.'Thm:p&l(mfthesmummmveaﬂ
adjusted if necessary to between 6.0 and 7.5 with 1.0 N NaOH. The level of liquid in the
&anuﬂm:bmmﬂﬁ:mmm;numﬁumjtu»deh&nmdneJMmerifl@akﬁ@msmmcurnmd(Mmﬁm@;MHMMﬂmmn; The
kMMIMavwmsthem.packedlh)ﬂmesmwthatﬁmmmphatemmpemaﬂmmm;mwmmznmﬂ&mahmwd:mt@wlbekmw

4WC?CwWﬂFL‘ﬂmrshhmmmnntmulhm:hMWoanmyu

5.3.3  Direct Ash Sampling for Indicator Spores
[lemiemﬁlsammpﬁmggpmkakmjEunindhmmdom»mftheuabﬂjm’mflim:hmdhxnmmwongmmMmm

to survive the incinerator process under various conditions. An outline of the proposed

aﬁh:mmmmﬂhmglmmM£mxmwwaﬂikmumjim_Aqmmmmdbcﬁi.‘Aﬁh:mmmmﬂeﬁ\NerelmmmMMﬂfmlfnmmmthe

ash when it has cooled sufficiently. Ash samples were taken using a sampling thief,

composited and placed in clean sample jars. During each sampling run, two samples

were taken. CMmawmmsmranﬁporumﬂtm»ﬂmalabmmaannyr:mmmbmhsaxmlthe:mmmmmdsmmmpme
was used to determine the pH of the material and the archived as a backup sample.
Laboratory samples were tested in accordance with proposed Draft Method found in

Appendix K,
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3
Lal

3.1 Ekuh$mnenm..Aﬁ&l&ﬂﬂﬂﬂkﬁmw@ﬁ@'uﬂmmn1mﬁmggatmmhm&mﬂﬁcl&anuﬂm:thﬂ?and

....... S AT R

}pkummﬂﬂn:mmmmﬂelmmnﬁahmsﬁ;ﬁmrmranﬁportto1&mihaboraumqh These samples were stored

on ice. The pH of the ash was determined by adding a known amount of deionized
water to a weighed aliquot of ash and measuring the pH by specific ion electrode.
534  Pipe Spiking Procedures

______________________________________________________________________________________________________ hukmmilkbmds«ﬂfhmmﬂMmedgphmm&

Samples were cultured according to the Draft Method found in Appendix K. Colonies of

gram stained to ensure correct cellular morphology and

further identified using biochemical tests as needed. Enumeration of
B._stearothermophilus was then completed.

534.1 jﬁgﬁﬂﬂg;ﬁﬁﬂﬂﬁmmﬁﬂg.‘Akdmmgnmmlufthe]pqmasaﬂmpﬂﬂEmﬁemﬂbﬁeglﬂmmﬂfhr
the pipe test m;$homm1im]FQymm:5F12.‘TTm:Hmdixummwmnymmhmmswweﬂs1Teemeﬂiﬁ££l$powes
(lyophilized) that were prepared by American Type Culture Collection in
IRUMKWMﬂ,hAaqMamd"‘AsﬁmamEummumtcﬁﬂyophﬂhmmlHmnﬁﬂalequa“ﬂqgappnmdan@b
1}(lCﬂsmmmmﬁ;mwm;prepared:&md]packaged in the inner metal containers.

The inner metal container consisted of a short piece (2-4 inch) of 3/8 stainless
steel tubing capped on both ends with Swagelock™ caps. This inner container was then
placed in the outer container which was either a 2 inch diameter steel pipe nipple about
6 inches long, or the insulated mesh wrap. Each outer container was identified with a

insulation surrounded the inner container to maintain its position in the center and to

protect it from thermal shock.

5.3.4.2 Spiking Pre

aps were cleaned and

dhﬂnﬂmwmmﬂtmﬂbwewuma.'Whﬂﬁpmcmmmhuf:COMﬁkmﬁdmofsmmmjmgpﬂm3cxWMHimeM§fﬂr:Mthmmn
one houwiﬁnlJJIWJHHﬂ(l”‘washhquWMM‘hﬂmmnuxmy1meum$mnm;ximmwwgﬂ»ﬁnmeswvhblmmp
vuﬂfm,EiMMneﬁ\NMilﬂumﬂhzedldehmmhmmﬂvwmﬁn;&umjihmamy,rhmﬂmypwiﬂuﬁ%)pmmwemw
isopropyl alcohol.
MWMESpmhed:MMMW%&‘Wﬁﬁ]pﬁﬂm&HmﬂfﬂlFﬂachugﬁlknmwmm:MWKMMWIOWKWMMMﬂi(MMﬁﬁﬁﬂd

; P N ] . . ; . . '
at,lx,10‘)umM£m:mhelrmmn'commaummranmlLhen:mwMﬁmlmsmugthm:emﬁlcapﬁ. T'he inner
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container was placed in the outer container with enough vermiculite or ceramic

insulation to position it in the center.

5.3.4.3 Spiking Procedure. The Jordan Hospital MWI was a batch-fed

hMManhmemxinmimenamm*thatcwmmmmeﬁtmmmmmtmwy;utmmmdltm:chmﬂx«muthm:day&limﬁ‘N‘wmm

fired. The typical hours of operating were from 7:00 a.m. to 7:00 a.m. the following day.

During this time, the unit operates in three distinct modes. The burn period was the
first mode, which generally lasts 5% to 6 hours. The second mode was the burndown
period which was almost 7 to 8 hours in duration. The cooldown period was the final
mode, which lasts from 10 to 12 hours.

Nine metal pipes were loaded onto the incinerator floor and covered with wastes

prior to the start of operating. The locations of the pipes are shown in Figure 2-1. Eight

xnesh1mmmummmmﬂVwere]pmemﬂimt&m:vwmt$p0mesmﬂkm:bagﬂzmmd]cmmwed:mearbrevenmy

throughout the volume of the incinerator as shown.,

v

3.3.4.4 Sample Recovery. The pipes were recovered from the incinerator

............. -

following a cool down period the morning following the test run. When the ash cleanout
door was opened, the location of the samples on the floor was recorded to the extent
possible. The samples were recovered and the hot ashes removed from the combustion

chamber. Excess debris was removed from the outer container. The inner pipe was then

recovered and identified and placed in labeled baggies. The pipe samples were
maintained at or below 4°C (39°F) in an ice cooler with care to protect them from
contamination from melting ice or cross-contamination from other samples or spike
materials.
3.3.5 Migrobial Analysis

The quantity of viable spores were determined from the pipe samples, flue gas
samples, and the direct ash samples. Sample preparation for the three sample types is
discussed below.

5.3.5.1 Pipe Sample and Ash Analytical Pr

paration Procedure. The sample

preparation and analysis scheme for the pipe and ash samples were presented in
Figures 5-13 and 5-14. The analysis was performed within 96 hours after sample
recovery. The contents of the inner container of the pipe and the direct ash samples

were transferred 1o separate sterile incubation tubes. The inside of the sample
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containers were rinsed with sterile phosphate buffer solution into the respective

incubation tube. Any glassware used for this transfer procedure was rinsed with sterile

deionized water into the respective incubation tubes. The direct ash samples were mixed

and aseptically added to 100 mls of sterile deionized water before further processing.
5.3.5.2 Flue Gas Sample Analytical Preparation Procedure. The sample

preparation and analysis scheme is presented in Figure 5-15. The level of each sample

was checked to determine if leakage during shipment occurred. Each sample contains
approximately 1.5 to 2.0 liters of sample. The sample was then aliquoted and prepared
as shown in Figure 5-15. Three 10 ml aliquots, three 100 ml aliquots, and three equal
volume of the remaining solution was prepared. The aliquots were placed in sterile
incubation tubes, one set was processed without heat-treatment, the other with heat-
treatment. Each aliquot was then filtered and placed onto agar plates as discussed in the
following sections.

3.3.5.3 Colonial Enumeration and Identification Procedure. Agar plates were
prepared by pouring the molten trypticase soy agar into a sufficient number of petri
dishes for both sample and field blanks. The media was then allowed to harden. Each
sample was then filtered through a separate vacuum filter unit employing a sterile
cellulose nitrate filter (0.2 um). The incubation tube was rinsed with sterile deionized
water and poured through the filter as well. Each filter was removed from the filtering
unit using sterile forceps and placed face up on an agar plate. The plates were

incubated in an air convection incubator at 65°C (49°F) for 18 to 24 hours prior to

biochemicals may be used to confirm that the colonies were B, stearothermophilus.

r~

5.3.5.4 Indicator Spore Analytical Quality Control. The QA/QC procedures
followed during spore enumeration and verification procedures (analysis) are
documented in Table 5-9. An aliquot from one batch of the wet spore spiking slurry was
sent to RTI to verify the manufacturer’s count.

Field blanks from a flue gas (impinger) sample as well as a non-charged pipe

sample, were analyzed to check for contamination during preparation or recovery

procedures. Duplicates were analyzed for impinger samples from two test runs.
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TABLE

5-9.

INDICATOR SPORE TESTING QA/QC

CHECKS

Sample Type

Number

QA/QC Check

Wet Spores

Field Blank -
Impinger Sample

Field Blank -
Pipe Sample

Duplicates -
[mpinger Sample
Field Duplicates -

Pipe Samples

Pre-Test Ash
Blank

”y

Verify manufacturer’s wet spore count by
sending an aliquot from one slurry to
RTI for count.

Prepare train through leakcheck, run
buffer solution for 2 hours, collect 1 field
blank sample

Fully prepare pipe sample without
placing spore charge inside to check for
handling contamination

Complete duplicate analyses on 2
impinger samples from 2 test runs

Load duplicate pipe samples on 3
separate occasions into incinerator and
analyze

Collect ash samples using the test
procedures prior to any spiking of
indicator spores

JBS8282
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M\hmdnk.wﬂl~dunph?\waammﬂha.ewlFHM)r1n*ﬁm=Iﬁmtpmm@wamutm»checkmﬁmrthe
|wemnnmﬁ(nfmmdmwn@u'qu)umalnllu'bm:kpunmuulamhxprmM'wazmmyspdkhng
54 HYDROGEN CHLORIDE/HYDROG JEN BROMIDE/HYDROGEN

FLUORIDE EMISSIONS TESTING BY EPA METHOD 26

lﬂyﬂﬁogmmlcthHGMH]HImn:mmd]Hm?SQJMpMn@;mmm;acmonn@ﬁﬁhedwumwm;a.mwmﬂe
sampling train. 'Thw:pwocedum¢‘ﬁﬂmmmmmltheiEfU%ﬂN%mmmmjIMicMﬂftpmtmomoﬂcnmdﬂﬂml”T%m
anrmmhtmm<ﬁlﬂ]]hmmmnw»hwmlwmmwwm]MmﬂMMJMdmm,WHMPKnmmmaMM&"]n
thﬁ;mmsﬂmmi,amkhﬂf%mmmﬁd;ymasanwpkrvvvaexlhmlewlﬁmnnlthﬂ.;arl and passed through
acidified water. In acidified water, HCI solubilizes and forms CI" ions. lon
chponmmmmyﬁmﬂuwvwmsumedlmn(Mﬂmmm1jm:(HfﬂOMS]JNﬂmnm:huwhﬁ:&mmuﬂﬁn For this test
program, the presence of Br™ and F ions were also be detected by IC. The method is
included in Appendix K.

541 HCI/HBr/HF Sampling Equipment

4mmmmmofhﬂﬂHﬁmuﬂlwmmmvmmcmmmmm Figure 5-16. The
&anmﬂﬁng1maim‘mmmMSmmd(MEa«quawhvpuuww-uuﬂt‘1]mﬂMfo Teflon/glass filter to remove
PM. and a series of chilled midget impingers and a DGM system. A small amount of
quarmagiamsvaulvum;pwamadiflﬂhﬁikomm]maﬁkoftheiﬁhﬁm”hohmartmﬁheh3xfmmowe
excessive PM found in this gas stream. ]Becam&etﬁmyrdgh*Mﬂmmmmﬁxmmmscﬂ“ﬂmasmaﬁkzmmd
whczMHONMMﬁmMOthm:&mmuﬂmmglmmﬁmatbm:mammﬂm:gasinxﬂma;mxﬂm3wmmskmqm:abmww:ﬂmﬁ;mﬂd
dewpoint, the probe was not heated. The train consisted of two impingers containing 0.1
N sulfuric acid (H,S0,) to collect HCI, MﬁiNMWHHFLWW)mmﬂmymSMMMMHM@(MlN
NLMJ%IInwndpmume:mmymmﬂlmﬂmmm;pmmmmnthmilm:fhm1gmmwmmm:mﬁmim«mmmmz])(]hﬁmkmmlmmn
and finally one silica gel impinger.

542 HCI/HBr/HF Sampling Preparation

5.4.2.1 Equipment Preparation. S@mmphn@;pweparaﬁcmxhmdhmkmjmmﬂﬂmmmimnxmmd

leak checking of all train equipment. This included meterboxes, thermocouples, and
umbilicals. Fbﬂkmenmmmlcahtwnlum1ru(mwmhnua.muxemﬁﬁ%mmmmﬂvﬂm&m:wvmdmhhm,mndkﬂnﬂ
mmmmms;mmnmwﬂy‘docunmaand;mmdlfmahmmd.iH:almﬂhmemmmdlﬂ&ﬁhﬁaﬁkmnt@ﬁhmhqme1&Mfa
particular piec e()fagqnnamnw\wﬂalum { available, then a state-of-the-art technique was

used.
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5.4.22 Assembling the Train. Assembly of the sampling train was done both in

the recovery trailer and at the stack location. First, the empty clean impingers were
assemnbled and laid out in the proper order. The optimal knockout impinger was not
used for testing at this facility. The first two impingers contained 15 to 20 ml 0.1 N
H,80, each, followed by two impingers filled with 15 to 20 ml each of 0.1 N NaO YH, and
hwmﬂbyaw1ummﬂn@xmwmmnmmwﬂmgpzo1x)3ﬂrgnmmm;ofsiMcalyﬂL When the impingers were
hn«dedqlh@v‘Wﬂwe*WTap@mmlvdth’feﬂkmﬂﬁtapm:masmmmmc‘ﬂm3tvm)smmrkmm;of1jmrtmuﬁrmmmy
The impingers were connected together using U-tube connectors and arranged in the

impinger bucket. "Fhe4heQﬂﬂ:oszlthm:hmmﬂmgﬁrswmas&qnmmmﬂmmauﬂy'ﬂmasmrme1mmemmﬂy

obtain a leak-free seal. The open ends of the train were sealed with aluminum foil,

543 HCI/HBr/HF Sampling Operations

Prior to sampling, WM’Hﬂ’W;[ﬂHuzlﬂmeaimwwaslﬁakcheckedlaslfmunrﬁdfby
Method 26 protocol. The leak checking procedure was the same as that discussed in
Section 5.1, ITm:L&ak1muﬁ;smwnphumggumw:mmdzmmmxtmnes,axmlaxm'otherﬁﬂmumm‘mee

rmmmdmjonthesam@hng:mm:M@.lUpmmcoanﬂkwtufasampMngrun,&u leakcheck

procedure was repeated. Sampling train data were recorded every five minutes, and
include readings of the DGM, Ih(IVIhemunwmnumm,fhyW“nmm:mmHMngmmd‘aMﬂMLmlpW|mn

544 HCI/HBr/HF Sample Recovery

The impingers were disconnected from the probe and filter and moved to the
recovery trailer. (Mmmeinxﬂmalraﬂer,the<mmn&nmmmofthewnwo:mﬂkﬁﬁkxlhmmﬂﬂ@wmﬁwwere
quantitati veh;[e'uvcm&d‘wnﬂ1(unnminnd(ﬁ&ﬁﬂkﬂﬂWWWNﬂ'&ﬂﬂlpkmmmdimmo:amﬂeﬂm | sample
bottle. The sample bottle was sealed, mixed and labeled, and the fluid level marked.
The contents of the second set of impingers (containing the 0.1 N NaOH) were
discarded for every triplicate series except for one. These were archived for possible
future analyses. The sample recovery scheme is shown in Figure 5-17.

54.5 HCI/HBr/HF Analvtical Procedures

Hkmmmammbm&Jheﬁmmprmmm=MWWMAiqmmmtHwnJmm1M«mmnﬂyﬁmﬂmwum
then given an analytical laboratory sample number. Then, each sample was examined to
determine if any leakage occurred and any color or other particulars of the samples were

noted.
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suppressed or nonsuppressed IC was used. Prior to sample analysis, a stable baseline
was established and water samples were injected until no CI', Br', or F appears in the
chromatogram. Then, the IC was calibrated using standards spanning the appropriate

concentration range, starting with the lowest concentration standard. Next, a QC check

sample was injected in duplicate, followed by a water blank and the field samples. The

calibration standards were re-injected at the end of the analysis to allow compensation

tor any drift in the instrument response during analysis of the field samples. The CI', Br,,
and F sample concentrations were calculated from either the respective ion peak area or
peak height and the calibration curve.

54.6 HCI/HBr/HF Analytical Quality Control

The IC was calibrated with a minimum of three concentrations, not including
zero. A correlation coefficient of greater than or equal to 0.995 was achieved to have an
acceptable calibration. At least 10 percent of the total number of samples were analyzed
in duplicate. Ion concentrations in the duplicates must agree to within *20 percent.

5.5 EPA METHODS 1-4

5.5.1  Traverse Point Location By EPA Method 1

The number and location of sampling traverse points necessary for isokinetic and
N v P

flow sampling was dictated by EPA Method 1 protocol. These parameters were based
upon how much duct distance separates the sampling ports from the closest downstream
and upstream flow disturbances. The minimum number of traverse points for a circular
duct less than 24 inches was 4 (8 total sample points). Several sets of perpendicular
sampling ports were established in the incinerator outlet. Traverse point locations were
determined for each port depending on the distances to duct disturbances (see
Section 4).

352 Yolumetric Flow Rate Determination by EPA Method 2

Volumetric flow rate was measured according to EPA Method 2. A Type K
thermocouple and S-type pitot tube were used to measure flue gas temperature and
velocity, respectively. All of the isokinetically sampled methods that were used

incorporate Method 2 (CDD/CDF, PM/Metals, Microorganisms),
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5.5.2.1 Sampling and Equipment Preparation. th'Eﬂ%m.hmaﬂmmd:L,ﬂmelﬁmot

tubes were calibrated before use following the directions in the method. Also, the pitots
were leak checked before and after each run.

5.5.2.2 Sampling Qperations. The parameters that were measured include the

pressure drop across the pitots, stack temperature, and stack static and ambient pressure.
1jMﬂM:meﬂImemmmiWMHftMU&WMMMH1£H1ﬂaGM1WﬂVI[mvlmﬁﬁﬂﬂammapPMMmiﬂen A computer
pwogxanxumwsnmmmlvo<mﬂMmdauﬂthﬁwamenmgs\mﬂOMMW'dMThugthm:m&muﬂﬁmg]mﬂﬁkmk

533 Q,and CO, Concentrations by EPA Method 3A

ﬂﬂmeljgzmmd13(12commmmmmaﬁ@mmwmwmﬁ»deMmmmdmed‘byl:EﬂMh;ﬂiﬂmvdn@;EﬂlA.
Method 3A. HWUW:@ﬂS\NHStﬂﬂTHCMmj{Tonnthm:dummzmmd(mﬂernmdix)the1CIﬂN{sySan
through heated Teflon® tubing. The sample stream was then conditioned (particulate
and moisture removed) and was directed to the analyzers. The O, and CO,
concentrations were, therefore, determined on a dry basis. Average concentrations were
calculated to coincide with each respective time period of interest. More information on
the CEM system will be given in Section 5.6.

554 Average Moisture Determination by EPA Method 4

Tﬁhe:wwmmqyifhm:gﬁm;mmmmmmmecmmﬂmmnwwwmldetmmmhmed:mmmmnﬁmm;ho]ﬁfh%
Method 4. Before sampling, the initial weight of the impingers was recorded. When
sarnpling was completed, the final weights of the impingers were recorded, and the
weight gain was calculated. The weight gain and the volume of gas sampled were used
to calculate the average moisture content (percent) of the flue gas. The calculations
were performed by computer. Method 4 was incorporated in the techniques used for all
(mfﬂmﬁlmmmmli&amuﬂﬁng1wmnhmmm;ﬂmatvwmw'um1dldulnud the test.

5.6 CONTINUOUS EMISSIONS MONITORING (CE M) METHODS

Iﬁﬁuwwnmmw5ﬂh‘LyH.MMMIH)wrumquWmmm(nmnumwwxmﬂhmwmm

measuring CQ,, O,, NO,, SO,, and CO concentrations. Total hydrocarbons were

analyzed by EPA Method 25A. 4FMmaEyM;}%CHmxmmmmmﬂﬁmkmmﬁvwmm&ammw|mmmummnmdeMM@

(FﬂwﬂFntmmthmm;USHMgSREMh{%HthHIKemunxmnemw:mmd|mmmmmmmnmh A diagram of the

CEM system is shown in Figure 5-18.
TWW@<ﬂﬂfﬂ¢ﬁWﬁ:anenmsww&naummmibochuMIlﬂhm:gmﬁsmummdeulcm“ﬂm2(3EmM[$wmmmm&

One system was for HCl monitoring and the other system was for all other CEMs. For
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the main CEM extraction system, samples were withdrawn continuously a it a single point
ﬁmmmth@inewmmaMM'@uuetductandlltmmﬂwutlhn1he‘ulBd'uaﬂﬁrwhnmmﬂlhemhMﬁﬁﬂd
Teflon® line. The flue gas was conditioned (temperature lowered and moisture
removed) before the flue gas stream was split using a manifold to the various analyzers.
FhwhmmxutmmxImﬁasurenmmmm;mmnf:mmmdeimmszWﬁltmmmE'ummmﬂrmewﬁussamupM:smmﬁum
bypa&mmsLhﬁ;gma(xmmﬁlkmmmu

5.6.1

CEM probe consisted of a black iron pipe
:mmmmuﬁdwmmat&wugehﬁﬂpreduchuguunnm‘whhﬂﬂmmm;aMawhedqjm@vlv to the heat trace
mubhn%"Th@:pmobﬁ'Wﬁm]pkumnﬂEmnmmmdmmamﬂy:mtagpohntc&kwwmmmyﬂnwﬂmmhw'huthe:mmm%:
demenwdmeﬂlby;almﬁuruwiochy'Uﬁwwmﬁﬁ

5.6.1.2 Heat

smmmpdesm@»ﬂms'mmmmmrmmn,dehm'ﬁwr()%,CX)%,NNJM}S(lw1CK1,amﬂlﬁﬂﬂ(?amuﬂymm&"Theﬁe

Lings. Heated sample lines were used to transfer the flue gas

lines were heated in order to prevent condensation, Condensate could clog sample lines
or provide a medium for the flue gas sample to react and change composition.

All heat trace lines contained three 3/8 inch Teflon® tubes. One tube carried the
sample, one tube was used for calibration and QC gases, and the other was available as
a backup. The 1ese gases were then directed up to the sampling probe and through the
entire sampling/conditioning system.

5.6.1.3 Gas Conditioning. Exemplar PEL 3 and PEL 4-Special gas conditioners

\manamummitozmmmumeltm:mmmmmure«mmwmnm:ﬂfthm:ﬂungaﬁ.'TTm:Ehmrmmﬂar&m%bmmm;u&e
Mmenmmmﬂﬁmmﬁmwwmohn@;phmmm;M3lommmrthe1mmnpmma@mn3(MVUMﬂEﬁm;&mﬁl&mmﬂkmmm:amy
xnammum&in1mmrsanmﬂﬁ.'CondeMMMﬁVwmﬁﬂnmmmmﬁamﬂy1mmn0v¢dlkmmu!hw'mmmpw-paﬂnhw
a<dﬁmmlSamumk:sﬁpmMWmmmlmmattmovm;acnmm;tne]im tes, greatly reducing the potential for
sample bias. ¢ %drhnrnmdhn*Hm*Jysmﬂmm1rpemWMMﬂLummmrpdeﬁve;pmmmmu%:ehﬁnhmwﬁmg;ﬂma

possibility of a leak. The gas conditioner was located in the CEM trailer.

5.6.1.4 HCl CEM Sample System. The HCI flue gas concentrations were

monitored using a CEM analyzer as well as by manual test runs. The HCl CEM

sampling system used a GMD Model 797 dilution probe. This probe could not be used
alltm:expmmmﬂdjﬂu¢.gasm'unp«maum«'lamp@ﬁqxqmmmmﬂnmauﬂy'lﬁOOJMWWWﬂF),'Thf'ﬂﬁmum.&

slquMMmunuof{hmegymsvwm;emrnmﬂftlﬁmmmtﬂhesmaﬁkmamd:aﬂomwmﬂtm'ﬁocdtm'appmmmmWMNchy
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400 to S00°F as it passed through a length of smaller pipe (i.e., 1 inch ID). The dilution
probe was placed in a sampling well in the slipstream pipe for HCl CEM gas extraction.
A thermocouple was located adjacent to the probe to monitor gas temperatures (see
Figure 5-16). A nominal dilution ratio of 200:1 was used.

562  CEM Principles of Operation

5.6.2.1 8Q, Analysis. The Western 721A SO, analyzer was essentially a
continuous spectrophotometer in the ultraviolet (UV) range. The SO, selectively
absorbs UV light at a wavelength of 202.5 nm. To take advantage of this property of
50,, the analyzer emits UV light at 202.5 nm and measures the absorbance (A) of the
radiation through the sample cell by the decrease in intensity. Beer’s law, A = abc, was
used to convert the absorbance into SO, concentration (A = absorbance, a =
absorbitivity, b = path length, ¢ = concentration). The SO, measurements were
performed using EPA Method 6C.

5.6.2.2 NQ, Analysis. The principle of operation of this instrument was a

chemiluminescent reaction in which ozone (O,) reacts with nitric oxide (NO) to form

oxygen (O,) and nitrogen dioxide (NO,). During this reaction, a photon was emitted
which was detected by a photomultiplier tube. The instrument was capable of analyzing
total oxides of nitrogen (NO + NO,) by thermally converting NO, to NO in a separate

reaction chamber prior to the photomultiplier tube, if desired. The NO, measurements
were performed using EPA Method 7E.

5623 0O,

Oxygen analysis was completed using one of the instruments

discussed below.

I

The Thermox WDG HI measured O, using an electrochemical cell. Porous

platinum electrodes were attached to the inside and outside of the cell which provided
the instrument voltage response. Zirconium oxide contained in the cell conducted
electrons when it was hot due to the mobility of O, ions in its crystal structure. A
difference in O, concentration between the sample side of the cell and the reference
(outside) side of the cell produced a voltage. This response voltage was proportional to
the logarithm of the O, concentration ratio. A linearizer circuit board was used to make

the response linear. Reference gas was ambient air at 20.9 percent O, by volume.
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ﬁﬁmzﬁkmmkmuu1iﬁﬁi()zamuﬂyzerlmmmieiec“tmnquﬁwnagM£1n:remmnammm:U3(kﬂxm1135
molecules. Unlike most substances, O, had a triplet electron ground state which left one
electron unpaired, making it a paramagnetic molecule. This electron may have had one
of two spin quantum states (m, = =1/2). By applying an alternating electromagnetic
field of the proper frequency, the Beckman 755 Q, analyzer induced resonance between
th@:nwowmmM1QHWMM1mmzmmmes.jhue%ﬁmmgllm:(lzaﬂmﬂyzerlmmmmmmﬁmlﬂm@<ﬂMmmnmmmmymwMG
energy absorbed by O, molecules at the resonant frequency. Oxygen measurements were
performed using EPA Method 3A.

5.6.24 CQ, Analysis. Non-dispersive infrared (NDIR) CO, analyzers emitted a

specific wavelength of infrared (IR) radiation through the sample cell which was

selectively absorbed by CO, molecules. The intensity of radiation which reached the end
of the sample cell was compared to the intensity of radiation through a CO,-free
reference cell. A reference cell was used to determine background absorbance which was
subtracted from the sample absorbance. The detector used two chambers filled with
CO, which were connected by a deflective metallic diaphragm. One side received
radiation from the sample cell and the other side received radiation from the reference
cell. Since more radiation was absorbed in the sample cell than in the reference cell,
less radiation reached the sample side of the detector. This caused a deflection of the

diaphragm due to increased heat from radiation absorption on the reference side.

Deflection of the diaphragm created an electrical potential which was proportional to
absorbance. Absorbance was directly proportional to CO, concentration in the gas.
Carbon dioxide measurements were performed using EPA Method 3A.

5.6.2.5 €O _Analysis. Hﬂmhef:aTFEIBCDh&OMMJ‘HB(M'aINMmd3ﬂ4%mﬂ;amahmmn'mwm
used to monitor CO emissions. Both TECO analyzers measured CO using the same
Fmincuﬂﬁ:of(mmmnmiomwas(DC%,anabﬁm&.'Ihﬁ:hmmrmmmmmm;mmnfzmmmmﬁmml@mmnmﬂrﬂmmta
different wavelength of infrared radiation was used; 5 nm was selective for CO. Carbon
monoxide measurements were performed using EPA Method 10.

5.6.2.6 Jotal Hydrocarbon Analysis. Either a Beckman Model 400, 402 or 404

vwmsumcflMJxnmmﬂhmrfﬂoum,EMNMMMMMTMMJ(WHHKE)emnkmhmn&.]By:mmovdmg;ﬂms"FEW::mmmmﬂe
stream to bypass the gas conditioners, concentrations were determined on a wet basis.

All analyses employ Flame lonization Detectors (FID). As the flue gas entered the
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detector the hydrocarbons were combusted in a hydrogen flame. The ions and electrons

formed in the flame entered an electrode gap, decrease the gas resistance, and permitted
a current flow in an external circuit. The resulting current was proportional to the

instantaneous concentration of the total hydrocarbons. This method was not selective

between species. EPA Method 25A. applied to the continuous measurement of total
gaseous organic concentrations of primarily alkanes, alkenes, and/or arenes (aromatic
hydrocarbons). The results were reported on a methane basis and methane was used as
the calibration gas.

5.6.27 HCLCEM Analysis. HCI flue gas concentrations were continuously

monitored using an NDIR/GFC instrument manufactured by Thermo Electron
Corporation (TECO). Detection of HCI was achieved by alternately passing an infrared
(IR) beam between reference HCI gas and reference HCI free gas contained in the filter
wheel. The "chopped” beam passed through the sample cell to the detector. The
difference in IR beam strength caused by the absorption of the IR beam was
proportional to the HCI concentration.

5.6.3

All the CEM instruments were calibrated once during the test program (and
linearized, if necessary) using a minimum of three certified calibration gases (zero and
two upscale points). Radian performed the multipoint calibrations with four general
categories of certified gases: zero gas (generally N,), a low scale gas concentration, a
midrange concentration, and a high scale concentration (span gas). The criterion for
acceptable linearity was a correlation coefficient (R®) of greater than or equal to 0.998,
where the independent variable was cylinder gas concentration and the dependent
'wmﬁatﬁeVwasimmmnmmmnm:mmmm@nwa.IH\aniMmanmmetdhdlmwtnmeetthcﬁe1mmmmhwmmemﬁ&:m
was linearized by adjusting potentiometers on the linerarity card within the instrument or
by other adjustments, if necessary.

The CEM analyzers were calibrated before and after each test run (test day) on a
two point basis: zero gas (generally N,), and a high-range span gas. These calibrations
were used to calculate response factors used for sample gas concentration
(kﬂﬁTMMWMnhuns.IhmmrmnmmmtcMﬁH:wsalpmmcenm(M?mman‘wms:mmm'dehmnmnnwdlumtmrrheﬂe

calibrating for each test run.
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After each initial calibration, midrange gases for all instruments were analyzed,
with no adjustment permitted, as a quality control (QC) check. If the QC midrange gas
concentration observed were within +2 percent of full scale, the calibration was
accepted and the operator began sampling. If the QC check did not fulfill this
1mnm1ﬁemmemm,amxmher«mﬂfbnadomlmmm;perﬁmnm&@lanmlemmmeaﬁomlmmmylmapmﬂfﬁwnmmdif
deemed necessary. Calibration procedures were further detailed in the daily operating
procedure (Section 5.6.5).

Table 5-10 lists the concentration of all calibration and QC gases to be used on
this test prograrm.

5.6.4  Data Acguisition

The data acquisition system used for the Jordan Hospital MWI test program
consisted of an Omega signal conditioner, a Tecmar A/D converter and a COMPAQ 286
computer. All instrument outputs were connected in parallel to stripchart recorders and
the Omega signal conditioner. The stripchart recorders were a back-up system to the
computer data acquisition system data. The signal conditioner adjusts the
voltage response range from the output range of the instrument (typically 0-100 mV or
0-10 mV) to 0-5 volts. The A/D converter then digitizes the analog inputs for use by the
computer. A Radian computer program was used to translate the digitized voltages into
relevant concentrations in engineering units (ppmV, %V, etc.). The computer program
had several modes of operation: calibratior 1, data acquisition, data reduction, data view,
data edit, and data import. The import function was used to combine other data files for

comparison and correlation. On-line color gra

phics and data manipulation were included
in the data acquisition portion of the program so that the oper: ator and on-site engineers
nuay‘nmcmLM(M'wmsrmh;in the process.

& L &
.00

']fhe:iﬁnlhan»inqg h;:a detailed standard operating procedure for calibrating and
operating the CEMS:

1. Turn on COMPAQ computer and EPSON printer, put printer on-line, and
load the CEM.EXE program. Be sure that the CEM instruments have
been on for at least 20 hours.

o)

2. Synchronize watch with sample location leaders.
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TABLE 5-10.

CEM OPERATING

RANGES AND CALIBRATION GASES

Analyte

Gas Concentration

£O,
Instrument

Range

Qrye ae Valije

Span Gas Value

Zero Gas

Midrange QC Gas Value
Low Range QC Gas Value

Instrument

Range

Span Gas Value

Zero Gas

Midrange QC Gas Value
Low Range QC Gas Value

Instrument

Range

Qran (Tae Valpe

Span Gas Value

Zero Gas

Midrange QC Gas Value
Low Range QC Gas Value

Instrument

Range

Span Gas Value

Zero Gas

Midrange QC Gas Value
Low Range QC Gas Value

Beckman 865
0-20%

18%

N,

10%

o
5%

TECO 48H

0-50,000 ppm

1000, 9000 or 19,000 ppm®
N,

1000 or 9000 ppm

2100 ppm

TECO 48

0-100, 0-200, 0-5000 ppm
1000, 180 or 90 ppm*

N,

180 ppm

90 ppm

Thermox WDG 11T
0-25%

20%

0.2% O,

10%

5%
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TABLE 5-10.

CEM OPERATIN(

NG RANGES AND CALIBRATION GASES, continued

Analyte

Gas Concentration

- ‘» ';,1

Instrument

Range
Span Gas Value
Zero Gas
Midrange QC Gas
Low Range QC Gas

NQ,

Instrument
Range
Span Gas Value
Zero Gas

Midrange QC Gas Value

Low Range QC Gas Value

THC
Instrument
Range
Span Gas Value
Zero Gas
Midrange QC Gas Value
Low Range QC Gas

HCl

Instrument
Range
Span Gas Value

Zero Gas
Midrange QC Gas Value
Low Range

s Value

QC Gas Value

Western 721A

0-500 or 0-5000 ppm
200 or 50 ppm

N,

lUU}ple

30 ppm

TECO 10AR

ﬂ 250 ppm
200 ppm

Iﬂ

IUU]ppnl

50 ppm

Beckman 402

0-10, 0-50, 0-100 ppm
100 ppm as methane
N,
1%»ppmm
25 ppm

as methane
as methane

TECO Model 15
0-2000 ppm
1800 ppm

N,

ﬂﬂntp@un

100 ppm

@l

Several sets of calibration/QC

stack gas concentrations.

IBSz82

zases were acquired in order

5.64
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3. Turn on strip chart recorders (SCR) and make appropriate notes on charts
and in logbook (write down all procedures and observations in logbook and
on SCRs as the day progresses).

4. Turn on the gas conditioners and blow back compressor. Blow back the
systerm.

3. (Mpen;aH1mMmeaﬂomlgas<$dhumensﬁowﬂmm:ﬂm$yImay*beiwnroduced'Mmthe
instruments via control panel valves.

6. Perform daily pre-test leak check on CEMs by introducing ultra high purity
nitrogen to the system. Zero all instruments except the Thermox O,
analyzers. Make adjustments to the zero potentiometers as required to
zero the instruments. Be sure to check and maintain all flows throughout
calibration and operation.

7. Record the zero values in the computer calibration routine.

8. Introduce 0.2 percent O, to set the low scale response for the Thermox O,
analyzers and repeat Step 7 for these instruments.

9. Introduce the mixed span gases for O,, CO,, and CO. Make adjustments
as required to these instruments.

10.  Enter these values in the computer calibration routine.
11.  Introduce the NO, span gas.

12.  Make adjustments to the NO, instruments as required and enter the value
into the computer calibration routine.

13.  Introduce the SO, span gas for the SO, analyzer, repeat Step 12 for the
$O, analyzer. (Note that all calibration gases were passed through the

entire sampling syster.)

14.  Switch the Western SO, analyzer range to 0-500 ppm introduce the span
gas for this range and repeat Step 12 for this instrument.

15.  Introduce the HCI span gas to the HCI dilution probe/CEM analyzer.
Repeat Step 12 for this system.

16.  Check the calibration table on the computer, and make a hardcopy. Put
the computer in the standby mode.
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17. Introduce QC gases to instruments in the same sequence as the calibration
gases. Record three minutes of data for each, once the responses have
stabilized. If the QC gas response is not within +2 percent of the
instrument range the operator should recalibrate the instrument, or
perform other corrective actions.

18.  Begin sampling routine, with the computer on stand by.

19. Start the data acquisition system when signaled by radio that system is in
stack.

20.  Carefully check all flows and pressures during the operation of the
instruments and watch for apparent problems in any of the instruments,
such as unusual readings or unreasonable fluctuations. Check the gas
conditioning system periodically and drain the traps.

21, Stop the data acquisition system at the end of the test when signale
22. Perform final leakcheck of system.

23.  Perform the final calibration (Repeat steps 6-17) except make no
adjustments to the systemn,
24.  Check for drift on each channel.
7 VISIBLE EMISSIONS
The opacity of emissions were determined visually by a qualified observer
following EPA Method 9. The observer was certified within 6 months before the test, as
required by the method. Opacity observations were recorded to the nearest S percent at

15-second intervals. Twenty-four observations were recorded and averaged per each

data set. Observation conti throughout the 4-hour test run each day.
5.8  PROCESS SAMPLING PROCEDURE

Incinerator ash was composited each test day into a cleaned, 55 gallon plastic
drum after initial cooling in 30 gallon cans that were used by the facility. After testing
was completed for that day, approximately 1 gallon of ash was taken from the
composited sample using a sample thief. This composite was then quartered. The
quarters were sent to respective laboratories for analyses of LOI/carbon, metals, and

CDD/CDF. The fourth quarter was archived or used as needed.

dkd.176 5-66



59  PARTICLE SIZE DISTRIBUTION SAMPLING METHODS

Results from the PSD tests characterized particulate mass into ranges separated
by the PSD sampler’s 50 percent effective cut points (DpS0) for each stage. The Dp50
represents the aerodynamic diameter of a particle that had been collected by that
respective PSD stage with 50 percent collection efficiency.

Particle size distribution measurements were obtained with Anderson Mark 111
in-stack cascade impactor employing a pre-separato. A schematic tic of the sampling train
1s shown in Figure 5-19. The impactor consisted of eight stages plus a final filter. Each
stage had a number of concentric round jets offset on each succeeding stage such that
the one plate served both as jet and impaction surface. The Anderson MK I was
cwmm%nedlh1thm:mamge1&mwnllﬁiMJ(l?:mmﬁn;amd‘ﬂmthmagﬁw;mwm;mmmuMMmlhmﬁhﬁmﬂimmmy
(100 £ 20 percent) with a recommended weight gain of 50 mg.

The impactor was prepared by loading the substrates into the impactor and

recorded the identification number and tare weight. The stage order was checked for
correctness as the stages were assembled. The impinger train was prepared according to
EPA Method 5. Then, the impactor and preseparator/nozzle were attached to the probe
and the probe attached to the impinger train. Once assembled, the sampling train was
leak checked at 15 in. Hg. The leakrate had to be below 0.02 cfrm.

Prior to sampling, a preliminary velocity tranverse was conducted to determine a
point of average velocity. The nozzle was then selected to ensure both isokinetic
sampling as well as to give the desired particle separation. The impactor was preheated
to approximately stack temperature prior to placing it inside the duct. Sampling was
then conducted at a single point of average velocity at a fixed sampling rate. The
sampling rate was not adjusted during the run.

After sampling was completed, the impactor was cooled and each stage was
carefully recovered. Particles from the nozzle, pre-separator, and rinse were added to
rhe1ﬁnmwmm¢m:cammh.‘Eﬂmml$ub5nﬁme‘uﬁ$¢mmnwmme@lﬁmryyrtmﬂvIWUHUWﬁ;(MNMHUddhmp,dlml
re-entrainment. The substrates were weighted to a constant weight as detailed in

Section 5.2.
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6. QUALITY ASSURANCE/QUALITY CONTROL

Specific Quality Assurance/Quality Control (QA/QC) procedures were strictly
adhered to during this test program to ensure the production of useful and valid data
throughout the course of the project. A detailed presentation of QC procedures for all
manual flue gas sampling, process sample collection, and CEM operations can be found
in the Jordan Test Plan. This section will report the test program QA parameters so
that the degree of data quality may be ascertained.

In summary, a high degree of data quality was maintained throughout the project.
Manual flue gas sampling at the inlet was conducted at low sample rates because of
unexpected low flue gas flow rates. Therefore, sample rates were also correspondingly
low at approximately 0.1 to 0.2 ¢fm. This resulted in several of the inlet CDD/CDF and
PM/metals test runs not meeting the post-test leak rate criterion of less than four
percent of the sample flow. These sample runs were leak corrected resulting in a
decreased sample volume of 0.1 to 6.8 percent of the total volume. Several outlet
CDD/CDF runs were also leak corrected resulting in decreased sample volumes of
0.3 to 0.9 percent. These procedures are discussed further in Section 6.2. All post-test
calibration checks of the dry gas meters were within acceptable limits. Manual isokinetic

sampling trains at the inlet and outlet met the isokinetic criterion of +1

0 percent of 100
for the majority of test runs. Dioxin inlet and outlet field blanks showed very little
detection of the target CDD/CDF compounds. Comparisons of the amount of
CDD/CDF congeners collected in the toluene rinse versus the amount in the methylene
chloride/pooled MMS sample fraction showed only a small amount of residual
CDD/CDF was present in the toluene rinses. The majority of standards recoveries for
ﬂm:(ZKMDVTEEM?zumabﬁﬁﬁVwereéwhmnntacmepuMJk:LMnhmm Metals blank results showed
virtually no contamination. Method spike values for the metals analyzed were all within
acceptable limits except for silver. Silver had method spike recoveries of less than

5 percent. Gravimetric analyses of the 6 inlet and 6 outlet PM samples showed positive
vmﬂ@&m;gahm;ﬂmrkwm&mthe‘ﬁhmm'andiﬁkmm:ﬁwmmhmmsfbw:mﬂlmmmsemmepmlwmrﬁtmn 1 outlet
filter. A non-detect assignment was made to this run PM sample catch. The manual

lmﬂkwxﬂugwm.nﬂnﬁ1wmn<a0mmpuMim:reag¢mllﬂﬁmﬂ;h@wah;amnlmmwdmmdsmﬂkcynmmﬂug.'The
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CEM results showed good calibration drift values and QC gas responses. Excessive drift

(approximately 10 percent) was found on the inlet CO, and THC monitors on Day 1 and

o

N

on the SO, monitor on Day 3. This data was drift corrected. All monitors operated very
smoothly except for the HCl and THC instruments. Outlet HCl concentrations were so
low, that the dilution sample system did not allow for their resolution on the monitor.
The inlet HC1 CEM operated satisfactorily. However, this data did not match up well
with the Method 26 data (see Section 2.6). The THC analyzers only performed

acceptably for a portion of the test program. Microbial survivability test samples were
) 3 2 Y |

also analyzed. Flue gas, ash, and pipe samples showed good replicate analytical results.
One of the three PSD runs was not analyzed because of underloading. Runs 2 and 3
appeared to be adequately loaded and were reported.

Section 6.1 presents the QA/QC definitions and data quality objectives.

Section 6.2 presents manual flue gas sampling and recovery QA parameters. Section 6.3

discusses the QC procedures for ash and pipe sampling and Section 6.4 presents
method-specific analytical QA parameters. Section 6.5 discusses the CEM QA
parameters. Section 6.6 presents a QA discussion on the PSD tests. Section 6.7 presents
a discussion on data variability.
6.1  QA/QC DEFINITIONS AND OBJECTIVES
The overall QA/QC objective is to ensure precision, accuracy, completeness,
comparability, and representativeness for each major measurement parameter called for
in this test program. For this test program, quality control and quality assurance can be
defined as follows:
. Quality Control: The overall system of activities whose purpose is to
provide a quality product or service. QC procedures are routinely followed
to ensure high data quality.

. Quality Assurance: A system of activities whose purpose is to provide
assurance that the overall quality control is being done effectively.
Agsessments can be made from QA parameters on what degree of data
quality was achieved.

. Data Quality: The characteristics of a product (measurement data) that

bear on its ability to satisfy a given purpose. These characteristics are
defined as follows:
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ﬁ;ugﬂﬁg‘AlnﬁnuuwﬂxmumdlMﬂuﬂﬂﬂﬁ”mmwwimmvmmm
measurements of the same property, usually under prescribed
similar conditions. Precision is best expressed in terms of the
standard deviation and in this report will be expressed as the

relative standard deviation or coefficient of variation.

_XLLQLQQ'«'T%e>d¢prPG4wfapT¢%nmﬁn1(ﬂ’alTwzmmmﬁmmemm(ﬁn'am
nmxapv-u[lmwﬂvul¢mnemﬁ,@4Ilu-w&uu'thlmgm,ﬁﬁ'wTﬂiamlac@wpmed
reference or true value, 11<um1twmuuqnewxed<wa1he difference
between two values, X-T, the ratio X/T, or the difference as a
percentage of the HJ&I@&M£!UIIJMﬁ,Wth$,lUUtLlej/qw

Comg ¢ss - A measure of the amount of valid data obtained
f“JI]dlﬂhmHMMMHﬂmTN:ﬂ&d&ﬂl(lﬂﬂ}%ﬂﬁdlwdﬂhlﬁm:aﬁmouHWIimHTWﬁm
expected to be obtained under prescribed test conditions.

Comparability - A measure of the confidence with which one data
set can be compared with another.

mjranﬁnP&‘-'Thm:dﬁgmee‘M)wﬂhkﬁldea:mmmIHMxiyzmmd
pﬂmm ly represent a characteristic of a population, variations of a
parameter at a sampling point, or an environmental condition.

Ansmnmnmm$ro$lfm:esﬁrmaumd;mmmimknh:&mmnnugg:mmdtmmm¢ﬂ1 teness objectives is

presented in Table 6-1.

6.2 MANUAL FLUE GAS SAMPLING AND RECOVERY PARAMETERS
HW‘MMwmeSUrum\erewmImwwmmhquhrwmnpmmﬂnﬂqmmlmewW»ANWWﬁ

inmgh1cumln-@duwclatHw-quahu/@tenm%umu»MWldauipmnhueu1munlmmnm1l tests

during the test program.

6.2.1 CDRD/CDF Sampling Ouality Assurance

Table 6-2 lists both the pre-test and post-test leak checks completed on the
CDD/CDF sampling trains. The acceptance criterion Is that all post-test leak checks
rnu&ttm:hmm;than<0£ﬁ!cﬁmlcw'4lmmmmnm:ofmhm:avema@P‘ﬁmnpduull.h (whichever is less).

Flue gas flow rates were roughly 1000 c¢fm which was substantially lower than the

2500 cfm expected. One piece quart nozzles/probe liners had been fabricated and did
not allow for a wide selection of nozzle sizes. The largest nozzles present only allowed
isokinetic sampling at 0.1 to 0.2 cfm. Because this flow rate was so low, the 4 percent of
sample flow rate leak check criterion was also low. The criterion was not met on five of

the six inlet CDD/CDF test runs. Outlet CDD/CDF sample trains did not pass leak
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TABLE 6-1. SUMMARY OF PRECISION, ACCURACY,
AﬁﬂDGSLmdPLEJEﬂJESS(NBNELWIVIEﬁ

Parameter Precision Accuracy® Completeness®

(RSD) (%) (%)
Dioxins/Furans Emissions +40° +50 100
Metals Emissions +15¢ +30 100
Particulate Matter Emissions +12 =10 100
HCl/HBr/HF Concentrations + 109 * 1§ 95
Indicator Spore Emissions ND ND 100
CEM Concentrations 20 +15 95
Velocity/Volumetric Flow Rate +6 10 95
Fixed Gases/Molecular Weight *0.3%V +0.5%V 100
Flue Gas Moisture *20 +10 0%
Flue Gas Temperature +2°F £ 5°F 100

RSD = Relative Standard Deviation. Uses worst case assumption that variation
amongst run results is not due to process variation,
ND = Not Determined at this time.

“K%T«iﬂkﬂ)awmlafﬁurd1y¢NJHUMW<d based on results of EPA collaborative tests. All values
stated represent worst case values. All values are absolute percentages unless
(ﬂhWﬂMHS&]lKhCHHJJ
]HﬂdﬂW’ﬁ‘mrvhidPMWW1HWM¢mMH'deMW,WMﬂP

Percent = Measured e - Actual Value x 100
Relative Error Actual Value

.«

N&nu1mumnkuﬂuJ(anlus.lIMﬂ(wKndpe of total tests conducted.

Mmﬁymadphmmmmmy Percent difference for duplicate analyses, where:
Percent = First Value - Second Value x 100
Relative Error 0.5 (First + Second Values)

* Minimum r emmnwmﬂn%u[FP%.NWHHM(m}lmmwhmIPMCMMMﬁmewumm
" No measureable bias has been detected in the available literature.
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(%myﬁ:forltmﬁﬁ:ofthm:sm:Mmm:nums.’Thﬁ:nuﬂkmﬂ@foflﬁak:naMﬁ;umnf:hwwwm'nnmn{lﬂﬂtcﬂn
and therefore the amount of sample volume corrections were minimal.

Table 6-3 presents the isokinetic sampling rat es for CDD/CDF, PM/Metals, and
Microbial Survivability sampling trains. The acceptance criterion is that the average
sampling rate must be within 10 percent of 100 percent isokinetic. Isokinetic rates were
outside of the 10 percent criterion for three of the six inlet test runs. Two out of six
outlet test runs were outside of the 10 percent criterion. Because the majority of particle
sizes were less than 1 m and 10 m (see PST)]Ruwxﬂland.FHMﬂfireSmhs--Emmmhmniﬁu
non-isokinetic samples would not cause significant errors. This is due to the fact that as
the particles get smaller, they behave more like a gas and isokineti ic sampling becomes
less important.

Aﬂl(%yvga51nmmemﬂemezﬂﬂ&y&xﬂﬂmmﬂmxlcwerysﬂxnmmnmtm‘agahunwanﬁEmbﬁmwpproved
intermediate standard. The full calibration factor or meter Y is used to correct actual
metered sample to true sample volume. To verify the full calibration, a post-test
calibration is performed. The full and post-test calibration coefficients must be within
5 percent to meet Radian’s internal QA/QC acceptance criterion. As can be seen from
Table 6-4, the post-test calibration factor for all meter boxes used for CDD/CDF,
PM/metals, microorg: anisms, and halogens were well within the 5 percent criterion of the
full calibration factor,

Field blanks were collected at both the inlet and outlet to verify the absence of
any sample contamination. The CDD/CDF sampling train was fully prepared, taken to
the sample location, leak checked, and then recovered. Table 6- -5 compares the
(]DW)*(W'[~anmdvnrwﬂresuhs‘hu'the]warﬂftﬂ(lbd:mksxmnﬁuﬁ:wwmnmyaImmmﬁicamdmmsfﬂw

the 1 eﬁtllmw,((dhurmm1uﬂc|hdumklmﬁmHMsawe}pnmmnmmxiimlim:ﬁoﬂcwﬂkm;&ecﬁcwﬂn No

of 2378 TCDF was found in the outlet FB but only at levels ranging from 0.02 to

0.07 percent of average test run catches. Confirmation analysis reported a much lower
2378 TCDF value than the full screen at 0.005 ng versus 0.07 ng. Other C 'DD/CDF
mongﬁnmmﬁwweme‘iemmﬂeﬂlh1thm:h&hdﬁ1ﬁehﬂkﬂanm;bmmzmtmmuah]mwwarEmmmmmu51ﬂuu1ﬁM¢any

of the test runs. Because the amount of contamination was so low, no field blank
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TABLE 6-3. ISOKINETIC SAMPLING RATES FOR CDD/CDF, METAL, AND

MICROORGANISM TEST RUNS; JORDAN HOSPITAL (1991)
03/05/91 1 INLET 116 00.9 101
03/0551 | 1OUTLET 112 96.4
03/05/61 | 2 INLET 130 99 11
03/05/91 | 2 OUTLET 98.2 | 103 |
03/07/91 3 INLET 106 11 107
03/07/91 | 3 OUTLET 94 103
03/07/91 4 INLET 109 81.1 92.5
03/07/91 | 4 OUTLET 98.9 105
03/09/91 5 INLET 107 101 103
03/09/91 | 5 OUTLET 115 | 100
03/09/91 6 INLET 112 87.1 96.5
03/09/91 | 6OUTLET 103 93.3
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TABLE 6-4. DRY GAS METER POST-TEST CALIBRATION RESULTS;
JORDAN HOSPITAL (1991

g &
SAC-03 CDD/CDF-I 1.001: -0.87
METALS~IN ‘
SAC-02 CDD/CDF-IN 1.0017 0.9918 ~-0.99
METALS-IN
SAC-01 CDD/CDF-IN 0.9960 0.9884 ~-0.76
Box~3 METALS-IN 0.99910 NR NA
N-30 METALS-QUT 0.9926 0.9885 ~-0.41
N-31 CDD/CDF-0UT 1.0080 0.9851 -2.3
N-32 METALS-QUT 1.0000 0.9940 ~0.60
SAC-05 CDD/CDF-QUT 1.0011 0.9978 | ~-0.33
|5 SPORE-IN 0.9913 NR NA
V-02729 HALOGENS-QUT 0.9919 0.9870 -0.49
V-5 HALOGENS-IN 1.0104 1.0146 0.42

a  (Post-Test) - (Full) x 100
(Full)
NR = Not Recorded NA = Not Applicable
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TABLE 6-5. CDD/CDF FIELD BLANK RESULTS C(

.
y

MPARED

TO AVERAGE RUN RESULTS; JORDAN HOSPITAL (1991)

2378-TCDD
TOTAL TCDD
12378-PeCDD
TOTAL PeCDD
1123478-HxCDD
123678-HxCDD
123786-HxCDD
TOTAL HxCDD
1234678-HpCDD
'TOTAL HpCDD
Octa-CDD

2378-TCDE
TOTAL TCDF
12378-PeCDF
23478-PeCDF
'TOTAL PeCIF
123478-HxCDF
123678-HxCDF
}:1:14673---Huu::f:[:u:r

| 123789-HxCDF
I TOTAL HxCDF
1234678-HpCDF
1234789-HpCDF
TOTAL HpCDF
Octa~CDF

CONFIRMATION ANALYSES

[0.030]
[0.040]
[0.040)
[0.050]

0.03
[0.040]

0.03
(0.160)
(0. 160)

0.43

[0.020]
[0.020]
[0.030]
[0.030]
{0.030)
0.06
0.03
0.05
[0.040]
0.13
0.15
0.07
0.29
(0.530)

2378-TCDD
2378-TCDF
TOTAL TCDD
TOTAL TCDF

[0.030)

0.09
1.08
0.30
.14
0.50
0.40
1.30
4.17
2.3
2.3

T1.78

2.56
9.60
0.31
0.97
8.54
2.00
0.67
1.52
0.10
.35
2,59
0.91
4.94
6.11

0.23
0.33
1.80

9.99

0.60
9.28
3.85
24.30
5.08
4.18
10.6
51.3
52.5
§2.5

156.8

20.6

132.4 |

14.3
14.5
197.5
62.1
30.5
32.0
3.95

279.6

100.5 |

21.8
197.6

2271

1.73
4.89
14.3
153.7

[0.005]
0.11
[0.010]
0.28
[0.010]
0.01
0.02
0.16
0.06
Q.12
0.13

0.07
0.16
(0.010)
0.02
0.13
0.05
0.01
0.04
[0.010]
0.13
0.05
[0.010]
0.06
(0.020)

(0.005)
0.01
0.05
0.09

4.07
1786.7
21.2
1410.0
14.6
22.4
33.3
BOL.Y
50.1
134.7
19.1

499.0
2546.7
50.3
95.9
1573.3
164.0
48.1
68.9
1.60
6843
75.1
5.97
122.8
9.37

1.09
355.3
9.53
526.7
5.57
8.70
14.93
304.6
18.7
50.0
6.43

130.3
5717
18.9
36.6
562.7
68.7
20.2
28.1
0.860
282.7
28.9
2.04
47.4

3.17

3.00
4.20

138.0 |

270.0

[ ] = Minimum Detection Limit

() = Estimated Maximum Possible Detection Limit.
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corrections were made on the emissions results, Analytical blank results are further

discussed in Section 6.4.1.

6.2.1.1 CDDR/CDF Toluene Recovery Results. As a newly developed step in
Eﬁ%muCH)IlﬂCI)F'mmmqﬂe:n&mwwaqypmcmocom‘a1ﬁna]toMuenﬁ‘Hrm@wmmmwoonqunemluatﬂmr
sample train glassware. Following the test, ti tu=1umu%</punbm*l]hcrlu)usmun.amd

commknmmn'ooﬂ'w%me‘nmmywarwj1Mdnggmmﬂtwmane«dhkmide“ This sample fraction was

analyzed along with the filter and XAD trap to determine total CDD/CDF collected in
the sample. A final uﬂmeuﬁrhmmacﬁﬂaﬂ1&}1ammmm1cmwnpmmmnMBVWHs‘mmmuﬂfmed‘and
analyzed separately as a part of EPA Method 23 QA protocol. The following discussion
and tables present those results.
'Thtdest%ﬁ»ﬂmmmmgh«&ﬁ)commpamﬁlim:hmhmmmclfmxmmmywanmmunm;cmWCI)ELNSIMF
mxmnymmﬁnsn01mm:respecﬁWf:hdh&ﬂ:mmmmmmm;ﬁxmm,ﬁﬂU5m1@em:mmabmm$t&ﬂlummmsin
picograms). Table 6-6 and 6-7 report inlet results and 6-8 and 6-9 report outlet results.

The ratio of the toluene catch to the IVH»['expuc5m<J as a pwmmwmhmw'(1”HWIx 100}, is

present in the uﬂhmummgulmphﬂ, Iwmrthe_muetsmmansm‘wwawmyafﬂ/hdlﬁmhmsrﬂnww'hmnnlﬂ

to 2.9 percent (Other PCDD). Outlet t average values range from 0 to 2.7 percent

(Octa CDF).
'Thm:comfhrnammw1tohn&me:mmabmhxﬂ:nﬂmﬂnﬁamﬁymonnmmnmj1@»Mmatmmmﬁrmmmion

MMS3 values in Tables 6-10 and 6-11. The T/M ratios presented here are also very low,

T/M values ranged from 0 to 1. 03 percent.
The uﬁuene*ﬁw+dIbhuﬂm;dmhﬂy“ctﬂr@ﬂnhwmum:cnnnpam&dl<)lhv toluene test run

analytical results in Table 6-12. The inlet field blank did not detect any isomers except

Total PCDD and Total PCDF. The outlet toluene field blank detected a number of
{SEMDvmitﬂ?iﬁomm&m;bmm«amh/amzﬂfﬁ&@MOMIOfthm:an:nxm:mmmmmmmn

6.2.2 PTVL/hdemeds:Sarnmdhup‘()umdiﬂzx%ssuramuma

Idbmetul'»puvwenw,lhvJh”llcbmm*:anHMSth'ﬁmaIﬂvbﬂvhﬂﬂm&‘ As was stated
earlier ,bww1Lm£=ﬂmsimmﬁtsammphrfMMNJHM£s‘WﬁTe:M)ﬂ0Ma1&Mﬁ4»p@f¢@ﬂt(ﬂ?$amuﬂm:ﬂknv
leak rate criterion was also low. All six PM/metals inlet test runs did not meet the leak
<hm«k11HUMQn¢umlwen.hmncmmWGMﬂd,(Smnmcﬁonsuwh/dmnmamwlHu'mnupw'VGthe

by a small percentage. All outlet tests passed post-test leak checks.

dkd.176 6-10
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TABLE 6-12. CDD/CDF TOLUENE FIELD BLANK RF
JTORDAN HOSPITAL (1991)

SULTS

FULL SCREEN ANALYSIS

DIOXINS
2378-TCDD
TOTAL TCDD
12378~PeCDD
TOTAL PeCDD
123478-HxCDD
|123678-HxCDD
123789-HxCDD
TOTAL HxCDD
1234678~HpCDD
TOTAL HpCDD
Octa-CDD

FURANS
2378-TCDF
TOTAL TCDF
12378-PeCDF
23478-PeCDF
TOTAL PeCDF
123478-HxCDF
123678-HxCDF
234678-HxCDF
123789-HxCLF
TOTAL HxCDF
1234678-HpCDF
1234789--HpCIDF
TOTAL HpCDF
Qcta-CDF

CONFIRMATION ANALYSES

WI-TCDD
2378-TCDF
|TOTAL TCDD
ITOTAL TCDF

[5.700]
[5.700]
[10.000]
(138)
[12.300]
[8.200]
[10.500]
[10.000]
[20.500)
[20.500)
22.3

[3.500]
[3.500]
[6.400]
[6.000]
(5.700)
[10.200)
[7.800]
[10.100]
[11.300]
[9.700]
[9.000]
[14.600)
[11.100]
[30.800]

[4.500]
5.70
[6.600]
(30.4)
[8.500)
[5.600]
[7.200]
(12.0)
(8.700)
7.90

3.7

9.80
9.80
[4.200)
[3.900)
14.5
[6.700]
[5.100]
6.8
[7.400]
10.55
7.40
[9.200]
9.10
{17.800

[1.000]
1.80
14.6
34.3

8.20
18.15
(35.5)
147.5
60
60.4
142
382
760
1555

2389

68.3
512
196
160
1019
579
264
231
63.9
1669
1331
703
2728
4168

18.4
24,15
58.25

512

[6.100]
[6.100]
[21.500]
136
[28.400]
[18.800]
[24.100)
136
29.9
76
70.3

5.40
5.40
[6.200]
[5.900]
8.90
15.2
4.30
15.5
[12.100]
62.1
21.0
[17.500)
26.0
(49.400]

[4.600]

226
(13.900)

155.6

(17.700)

319
36.2
220
95.2
252.2

§2.05

B5.6
435.9
(28.8)
27.05

282
86.35
26.35
85.75

19.900)

257

83.7
(16.9)
103.8

(48.200)

2.5
114
266
475

[5.000]
65.8
214
65.1
23.3
32.95
35.95
364

146.45

418.4
114.7

45.9
111
(34.300)
42,15
524.45
143.35
4715
93.55
[10.300]
554.8
110.15
(19.300)
136.45

85.2

[10.500]
4.633
133
195

[ ] = Minimum Detection Limit.

() = Estimated Meximum Possible Detection Limit.
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The isokinetic sampling rates for the PM/Metals trains are listed in Table 6-3.

All isokine HUVWJRMﬁ;wwnf:mdﬂmM1lCDperﬁent(MT100]panmmntﬂmc@p%iiﬂffshﬂwm1nmm&

’Fhe;po&b&est«hy'gastnmmercmdﬂmmuion'chﬁcks1&M'bGMESlmmmdlhm‘P%A/hdeuam
sampling are shown in Table 6-4. The results are well within the $ percent acceptance
criterion.

6.2.3  Microbial Survivability in Emissions Quality Assurance

Table 6-14 presents the leak check results for the Microbial Survivability in
emissions test runs. S@w&maﬂHeakldhadkscﬁdlnomxnmmm1mm1Liaklnuﬁ:cﬁmerMML however
the exceedances were so minimal that no leak correcting has been done.

Microbial emission testing isokinetic results are presented in Table 6-3. Five out
of six test runs met the isokinetic criterion of =10 percent of 100 percent.

The nmcruhualqnnn&unn%Euﬂnlh&ank1mﬂnﬂwaanv'durw11m1¢%p1urmhx E.3. The
average count was determined to be 20 spores per 100 ml aliquot

No post-test calibration was performed on meter box 15 which was used for the
microorganism in emissions tests.

6.2.4 Halogen Flue Gas Sampling Quality Assurance

]Hﬁdogem.ﬂum:gascmmmmmnuﬁmkmnlﬁﬁm;dudlmthmm:am.mmmjmﬁmmrganuﬂmng1mmﬂtmmm
A constant flow mEﬂua;ym‘waSQMWavﬁd11wm1ﬂm:wd(k1hunnm1akf1nwliinmtqmun
[mmﬂma.'Thm:&&muﬂexmeﬁanwmﬁlmubemd1Tmmm%ﬂ1ax&aﬁﬁﬁ1mfimuﬂm@mm'mouemmkmnsﬁmmﬁcmm

and sent to the laboratory for analysis of CI', F, and Br'. A slight modification to the

method (EPA Method 26) was incorporated into the test scheme by placing a small
arnount of quartz wool into the upstream side of the HCI filter housing.

Iﬁmd(CMmmmﬁvwwmc‘mmnmﬂMﬁed,beﬁan&&mmﬂzﬁhmr=ﬂml|hm'rpem test run. They were
conmhmmedlby1mmﬂmﬂhﬁﬂm@lappwoxhrmme%y1()hmdmm5(ﬁ“wmmumnummuKhﬁ:UdeﬂEﬂug@imglim:
end of the probe, turning off the flow, and checking for any detectable vacuum loss over
1 30-second period. If a leak was observed in the system, the run was invalidated.
(Tbmme'Wﬁm‘mOlquanmNHIMMn(M?hxﬂ(xm$ej»AALIhahmgen'mmmlmmmﬂm;hmmisamnpk:tnmmm
which met the post-test leak check criterion.

Halogen field blank results are shown in Table 6-15. A value of 3.06 tot tal mg of

Cl" was detected in the field blank. No Br or F" was detected in the field blank
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TABLE 6-15. HALOGEN FIELD BLANK, REAGENT BLANK, AND
METHOD BLANK RESULTS; JORDAN HOSPITAL (1991) a

cl 3.06 [0.110] 0.131 [0.0103] |  [0.0103] |
F [0.040} [0.040] [0.0414] [0.0362] | [0.0362]
Br [0.0127] [0.0127] [0.0131 [0.0115) | [0.0115]

a Values are reported as the respective anions.

[ ] = Minimum Detection Limit
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6.3  QC PROCEDURES FOR ASH AND PIPE SAMPLING
As stated in Section 8.3, the incinerator waste charges were spiked with

B. stearother nmmﬂhﬂhv»1mlnmﬂ1\me.aunﬂ(My forms. Solutions of B, stearothermophillus

0wemsmmmwm0'WfTe:mmmmmﬂt0‘ﬂmainchmmmu£m'M)cxﬁnchmﬁmwhht&Mnulﬂummmusmnnmmﬂomm

testing and daily ash sampling. AMEmmsnmmmm;oflﬂ.Sbﬁmwmkmmumophdﬂussmmwdvabﬂﬁgwcmmdd
then be made. Axpmﬁwahqmeﬁclsumﬂtsmﬂuﬁcmlcm\w«‘fqmmud.nfzqnmmmdﬁmauﬂWMSOO1mﬂ'wmﬁ
deposited onto paper waste material and place ed in a new, clean plastic garbage bags for
each spike. "Fhk;pmm*m@m:vum;Mmen:mddediunthﬁ:HGWMMMIMamme]kmuk;axlmmmﬂﬁesmﬂkimg
times. PTP(ZP(LH@LIQUdWHHHPS(ﬂ_lLéﬁﬁgLﬂﬂﬂﬂquMﬂlﬂhﬂg(dly‘qMMFTJ‘WfTe]DHMMMﬂﬂH
mﬂ&hujﬁﬂpmm1ﬂ$msl?@nufsS«IZ)KOrdeanﬂdne1&m1wiabﬂhmvof”lhﬂrmmﬂhys&mmkmf‘mmkmm&dal
matter. Two pipes (one large and‘omc‘mmwdkbvmnf:pmammdxlnu‘Hu'm%cugwnylbnnfhrev
times daily.

]Ror%mmﬁ1vwmtaumldwvsﬁmmm:spﬂkﬁugpmmmmmhnfm”cmﬂy]pna%%*ame(huhwuﬂem ed
mmnw'ﬂuvwmelwmdfutkundhugﬂmmﬂww1nm,dmdtmnmpum The wet spore aliquots
were divided and sealed at the manufacturer. This prevented any losses of material
(hﬁﬁn@;snummmWHLorlﬂmwn:mpphtthMl‘1ﬂﬁh¢<mm¢ﬂy:mﬂhmhmmqmmmmﬂmmw‘wam:mmm>pMmmmdin
the spiked waste charge.) "Fhe:ﬂﬁ&mNiCbMWg@‘mﬁm‘MedldkmmmlammiCMmMMﬁMmdlnpﬁg¢WJMH@
the incinerator. Pmmsommmﬂ]handhkw;rhesmﬂkimglmmmerndwummﬂ(ﬂmpmmmhde]iwmmm:ghmwmsto
prevent any cross-contamination.

The inner containers for the pipe samples were acid washed and alcohol

disinfected. These were then placed i clean baggies awaiting the dry spore charge. The
dry spore was loaded into the pipe container on the same day as it was spiked. The dry
spore nmnﬁrld‘wasJmmmﬂvedlﬁxxmxﬂmsImarmﬂhﬁmunmrkm~mmnygdamsvtmmu This allowed for
easy and complete transfer of all the spore material to the inner container.
In<mmmhummion‘wdﬂ1th@wwmm:ummmrhmdcnﬂbkﬂ:mumdvahﬂﬁﬁwrﬂmmhimchmanmwn'aSHVwaﬁ
collected before each test day (from 1 the previous test run). The ash was also analyzed
hmrxnewahgIWLHLU(JLMm,cuﬂmom”10&5(unigmhmmnyrmmhﬂmwe‘mmummuu:mavwﬂH:m;hmdhmem
$p0res.AAJIGW1&M:amhywwmwmwnuMMmebwr@nmoved1&tmnwﬁM3inchummﬂmm’bedmewenyxnmwmhmm
passed through a Jlﬂfhllmahfmdlmh"ﬁ‘Mﬁhﬂauﬁwn¢ﬂmjlﬂﬂfmdldld large 55-gallon drum,

Ihﬂmg;a:munmﬂe'%hh&ﬁyfbmuwprPOMHUALehz 500 gram samples were taken and placed in
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pre-cleaned, amber glass bottles. All material used for sampling, sample compositing,
and sample aliquoting was cleaned to prevent any sample contamination.

During the ash removal process, the pipe samples were also recovered. The outer
containers were allowed to cool and then opened. The inner container was removed and
placed in a clean, dry Ziplock baggie, labeled and kept in a clean environment prior to
shipment to the laboratory. Further Microbial QA information is presented in
Section 6.4.4.

6.4  ANALYTICAL QUALITY ASSURANCE

The following section reports QA parameters for the CDD/CDF, Metals,

Halogen, and Microbial Survivability analytical results.

6.4.1 CDD/CDF Analytical Quality Assurance

6.4.1.1 Flue Gas (MMS) Analytical Procedure. There were two samples

generated for each flue gas (MMS5) test run. One sample consisted of the pooled MMS
sample which received both the full screen and confirmation analyses. The second
sample was the post-recovery, toluene rinse, which also received a full screen and
confirmation analysis. The full screen analyses were conducted using a DB-5 GC column
which allows for the separation of each class of chlorination (i.e., tetras, petra, etc.) and
fully resolves 2378 TCDD from the other TCDD isomers. The confirmation analysis,
performed on a DB-225 GC column, is needed to fully resolve the 2378 TCDF from the
other TCDF isomers. The 2378 TCDD and total TCDD isomers are also reported on
the confirmation analysis. The final results for 2378 TCDF and other TCDF emission
parameters were taken from the confirmation analysis. All other CDD/CDF results
were taken from the full screen analysis unless directed otherwise by the analytical "case
narratives” which are shown in Appendix E-1.

A component of the CDD/CDF analytical laboratory’s QA/QC program is adding
isotopically labeled standards to each sample during various stages of analysis to
determine recovery efficiencies and to aid in the quantitation of "native" CDD/CDF
species. Four different type standards are added. Surrogate standards are usually spiked
on the XA absorbent trap prior to the sampling session. (Toluene surrogates are
added to the sample prior to extraction.) Recovery of these compounds allows for the

evaluation of overall sample collection efficiency and analytical matrix effects. Internal
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standards are spiked after the sampling session but prior to extraction. Alternate
standards are also spiked at this stage. Recovery percentage of internal standards are
used in quantifying the flue gas native CDD/CDF isomers. Recovery of alternate
standards allows for extraction/fractionation efficiencies to be determined. Finally,

recovery standards are added after fractionation, just prior to the HRGC/HRMS

analysis. Internal standards recovery are determined relative to recovery standards
recovery. Recovery standards recovery efficiencies are not typically reported with the
analytical results.

Poor recovery percentage of the various standards can reveal poor data quality

In some cases, if an analysis with a poor recovery is also accompanied by a suitable
QA/QC "flag", the sample result can be validated. A full discussion of the analytical
QA/QC program can not be presented in this summary report, but can be found in
Triangle’s CDD/CDF Data User Manual.

6.4.1.2 CDD/CDF MMS3 Analytical Protocol Changes. Based on previous

Hospital MWI test programs, high levels of organics were expected to be found in the
inlet CDD/CDF MMS samples. The inlet XAD-2 modules were spiked 10-20 times the
normal surrogate standard levels (100 ng). Outlet XAD-2 modules were spiked with
4 ng. Even though much lower levels of CDD/CDF isomers were detected at the inlet,
the high spike did not appear to create any analytical difficulties. Modified analytical
protocols were also developed for samples with saturated responses. One percent of the
MMS3 extracts were used for resolving these saturated samples instead of the typical 50

percent. All ash and outlet MMS5 samples showed saturation and were analyzed a

second time using these dilution techniques. This resulted in a diluted fraction which did
not saturate the MS detector.

6.4.1.3 CDRD/CDE MMS Blank Results. Both method blanks and field blanks

were analyzed for CDD/CDF isomers. A MMS3 method blank was analyzed for each
batch of samples. All water samples showed no CDD/CDF isomers detected. Small
quantities of several isomers were detected in the method blanks for the inlet MMS,
outlet MMS3, toluene rinses, and the ash samples. Levels were all less than one third the
"theoretical method quantitation limit" and were, therefore, within analytical QA

guidelines.
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6.4.1.4 CDD/CDF Standard Recoveries. Tables 6-16 and 6-17, and Tables 6-18

ammlﬁle]pnﬂmnﬂ:Hhe‘,1nuLu(lmﬁ'mwﬁv'MWJummlcm'ﬂmaIMHMEifhmtgmm.and toluene flue gas
samples, respectively. Both full screen (FS) ) and confirmation (C) values are presented.
(jomeTmaﬂxmlawmdy&m&vwmmrcmﬂy1mmmqﬂﬁ1ed‘whmm1pmmdﬁv¢<deummion5(MfZﬁJﬁIIWZEMD'or
2378 TCDF were found in the | full screen (DB-5) analysis. The analytical acceptance
criterion for internal standard recoveries is 4 40 percent to 130 percent for tetra- through

kmmm@M@ﬂmM@dcompmmmh,whﬂelm-huw‘x;))p4mmmmmﬁwwﬁmmwmlﬁnlmwnhamd

octa-chlorinated compounds. Recoveries outside of these limits may still be acceptable if
other identification criteria are met,

Internal standard recoveries for MMS Runs FS and C at both the inlet and outlet
all met the acceptable criteria. One internal sta tandard recovery for HpCDD 678,
PA%ASMOUrkwﬁRmuufianml@umskk:thﬁ'mnmmxﬂ]Hnﬁn:mt163‘pewmamL This high value was not
flagged for any other QA exceedances. All toluene internal standards recoveries were
within the acceptance criteria except for the field blank-outlet, HxCDD 678 isomer with
a recovery of 39.1 percent. This is not expected to impact the quality of the outlet
CDD/CDF data.

All CDD/CDF d

ata was inspected and released as valid by the Triangle
Laboratory QA officer.

Table 6-20 present the recovery standards for the ash samples. All recoveries
were within acceptable limits, except for the pre-test ash 2378 TCDF internal standard
recovery at 175 percent. This is not expected to impact the quality of the data. Further
hﬂkmrmaﬁmm1cm1SmmmdandsKemmmehﬂ;canxb@}&mumdihlﬁqmmandhmliju

6.4.2 Metals Analvtical Quality Assurance

'Thm:anabﬂhuﬂ,nmm&MMMsum@dlﬁmrthe:ﬂmcggaSSanuMmmwthﬁ ash samples, and the
metals samples are fully discussed in Sectipn 5. The following paragraph will briefly
report to metals analytical QA. parameters.

WHMUk:ﬁb21]pﬁﬂMﬂﬂchﬁ1mmmhmmlh&mmk1wmﬂahsre&mh£1&M'bmwhwﬂmazmblamﬁIEMM:gmﬁ
samples. No metals were detected in the ash blank. Barium, Cr, and Hg were detected
in the flue gas method blank at low levels.

Table 6-22 presents the method spike results for the met tals analyses. All spiked

nmmwwanﬁS'Wﬁwe'wTHMDlﬂmalﬂm&eﬂhmwwmmm:of:rﬁi)pmmcent(M?lOOmpemmmmtemmmpm1&M'Sh
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TABLE 6-21., METALS ASH AND FLUE GAS METHOD
BLANK RESULTS; JORDAN HOSPITAL (1991)

Antimony
Arsenis
Barium
Beryllium
Cadmium
Chromium
Lead
Mercury
Nickel
Silver

Thallium

[1.50]
[4.00]
[0.100]
[0.100]
[0.200]
[0.600)
[0.30]
[9.80]
[0.300]
[0.600]

[1.50]

“13.00]

[0.800}
(0.580)
[0.200]
{0.400]
(1.58)
[0.600]
(2.00)
[0.600]
[1.20]

[1.00]

[0.130]
[0.108]
[0.108]
[0.215)
[0.646)
[0.323]
2.77
[0.323]
[0.646]

[1.08]

[1.61]

[0.647)

a Impingers 4, 5 and 6 sample fractions analyzed for Mercury

content only.

[1=
0=

"

= Minimum Detection Limit,
- Fstimated Maximum Possible Detection Limit.
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TABLE 6-22.

METALS METHOD SPIKE RESULT
JORDAN HOSPITAL (1991)

i~

N,
' ]

Arsenic
Barium
Beryllium
Cadmium
Chromium
Lead
Mercury
Nickel

Silver

ﬁ%m“ﬂmm

98.2

101

101

104

100

105

104

102

108

93.0

97.0

103

106

104

102

102

106

3.08

104

106

95.3

94.6

99.3

102

08.2

106

101

86.8

104

57.8

90.0

101

108

109

107

105

10:2

109

4.30

100

102
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and Ag. EﬁwwarEmmmmﬂaHthadjknv1wmxnmﬂiasam;3£m§amml4;3}memmn:ﬁmrthelbaek]ham
analyses. Eﬁhwu'uum;dﬁmecMmjﬁn'waqwbomranmoumrsthromgtmmm:ﬂma‘f&tgﬂ(ﬁﬂﬁmn" No
matrix corrections were applied.

6.4.3 Halogen Analvtical Quality Assessment

The analysis for CI', F, and Br incorporate stringent QA/QC guidelines.
THM@tﬁmiwmwﬂnswmwnuk»dbhummewﬂwimrﬂwlldmmhmm.Phwmmﬁthsxn@%
halogen ions were detected in any of the method blanks, or the rea agent blank. The field
blank revealed very low amounts of HCI but only 1 represented a small amount of the run
amounts.

The matrix spike recoveries are also shown in Table 6-23. Results for all 3 ions
were within the 20 percent criteria.

6.4.4  Microbial Survivability Quality Assurance

The stock wet spore solution, that were used for spiking the incinerator was
analyzed. These results are listed in Table 6-24. One pre-aliquoted wet spore bag and a
10umﬂ'mmd1ﬁﬂﬁdlmdﬂhthm:$pomasﬁurnwwwmmasmbmnhmed:&M‘GO@WHTHHMkmnammﬂysm“ The
‘umIMIUdn(nxrumnnw«nf7"\.EU@euud]L4:x]mwosmmem/hnlvmm%:hdgherlimmmthe
manufacturer’s respective count of 6.0 x 10° and 8.5 x 10° spores/ml for the two samples,

respec ﬁwﬁiy,]Becaus«‘Hmmiuuﬂlamabwm”.mnre.dh0w1muuﬂthdlv'1hﬁ<nume laboratory
conducting confirmation analyses, the confirmation results were used to calculate Overall
Microbial Survivability.

A dry spore sample was also sent in for QA analysis. These results are shown in
Table 6-25. The sample was sent to the laboratory as it was received from the
manufacturer (in a glass vial). The confirmation count of 6.0 x 107 exceeded the
manufacturer’s count of 1.0 x 107,

}k]mmm:vﬂmktlv'w;hmmded*w?ﬂnspmmcﬁammdlmutcbmmg@dlhjtbm:hmmmmmﬁmortkmmbmﬂnt
pipe) was also submitted for analysis (see Appendix [ E.3). The results were

6.0 x 107 spores.
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6.5 CEM QUALITY ASSURANCES

Flue gas was analyzed for carbon monoxide (CO), oxygen (O,), carbon dioxide
(CO,), sulfur dioxide (8O,), nitrogen oxides (NO,), and total hydrocarbons (THC), using
EPA Methods 10, 3A, 6C, 7E, and 25A, respectively. An additional CEM analyzer was
also employed for real time HCl gas concentrations.

6.5.1 CEM Data Overview

CEM sampling systemn and instruments were operated performing daily QA/QC

procedures. These included QC gas challenges, sample systems blow back, probe
maintenance, filter replacement, conditioner inspection and maintenance, calibration
drift checks and others. The aim was to ensure a quality data product. Details of the
CEM QC procedures are fully outlined in this test program’s test plan,

~
" ‘1\

lable 6-26 presents the CEM internal QA/QC checks along with their respective

acceptance criteria which were conducted at the Jordan MWTI tests,

All CEM analyzers were calibrated daily with a zero gas (generally nitrogen), and
a high-range span gas. Calibrations were performed prior to and at the completion of
cach test run. By comparing the post-test calibration to the pre-test calibration, the
calibration drift was determined (zero drift and span drift). Post-test calibrations could
not be completed for the HCl CEM test runs. This was because HCI calibrations had to
be completed at stack gas temperatures and the incinerator would go into a "burndown"
mode (lower temperature) before the post-test calibration could be performed.

Daily drift requirements between calibrations for both zero and span was

+3 percent of full scale as required by EPA Methods 6C and 3A. Although Method 10
for CO allows * 10 percent of full scale drift, the CO drift requirements were +3 percent

for this test program, to ensure the quality of data produced.

The zero and span calibration drift results for each CEM analyzer on each test
day are listed in Appendix D. Day 1 (March S, 1991) showed excessive calibration drifts
on the inlet CO, and the inlet THC. With span drifts of 8.79 and -50.7 percent for the
above two analyzers, drift corrections were employed. The Day 1 inlet SO, CEM

analyzer showed high drift as well at 8.8 percent, however, no corrections were made
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TABLE

6-26.

CEM INTERNAL QA/QC

b e PN
§ ‘ l‘\n v

Check

Frequency

Criteria

Initial Leak Check
Daily Leak Checks

Calibration Drift

Multipoint Linearity
Check (Calibration”
Error)

Sample System Bias

Response Time

NO, Convertor

Stratification Test

Once/Site
Before Each Test
Run

Daily

Ewnmy 3% Day

»]uwum for G,, CO,, NO,,

SO, HCI
4]mmnhn(L$[HC

Every . 30 Day
Zero lnd.»pam

Once/Site

Once/Site

Once/Site

< 4% of Total flow
while under vacuum

< 0.5% O, with
( ' ‘) ‘1¢"‘ \( )} !l’ EL‘,

...... t 3% Span
WPH)«HHJ[MFM ale
gas (can use
+ 10 ppm limit for
HCI if less
restrictive)

r = UI ‘)‘LJ 8

< 5% Span

85% of time for
ﬂhﬂ)h.uﬂ)
measurements

> 90% conversion
efficiency

Within 109% of
average
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because response to the final QC gases was slightly low (within 5 percent of the certified
concentrations).

Day 2 CEM responses showed no excessive calibration drift. All Day 3
instruments were within the 3 percent calibration drift criterion except the inlet CO, and
-9.19 percent and the inlet NO, at 10.59 percent. The inlet CO, values were not drift
corrected because responses from both the initial and final QC gases were almost
identical indicating very little drift. The inlet NO, values were drift corrected.

6.5.3 Daily OC Gas Challenges

After initial calibration, mid-range QC gases for all instruments were analyzed
with no adjustment, as a quality control check of daily calibrations and to provide
day-to-day precision estimates for each instrument. The calibration was considered
acceptable if the difference between the measured response and the certified
concentration was within =2 percent of full scale of the analyzer full range.

The results of the daily QC gas challenges all shown in Appendix D. Several QC
gas responses exceeded the QC criterion. However, other QC challenges were made for
these instruments with acceptable results.

6.5.4 Multipoint Linearity Check

During the test program, the multipoint linearity was determined for each CEM
analyzer. This is important because flue gas concentrations are determined from a two
point linear regression analysis (zero calibration and span calibration gas). Multipoint
calibrations are performed with either three or four certified gases depending on the
instrument: a zero gas, a low scale gas concentration, a mid-range concentration, and a
high scale concentration (span gas). The QC criterion for acceptable linearity will be a
correlation coefficient (r) of greater than or equal to .998, where the independent
variable is the cylinder gas concentration and the dependent variable is the instrument

response.

The results of the CEM linearity checks are listed in Appendix d. All linearity

checks met the acceptance criteria.
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6.5.5 Sample Bias

AMU(HﬂﬂbﬁMdOﬂﬁ:wmd}Hnearhyldhﬁdkswwanﬂﬂmn%0rnmmdttmmnwﬁnlhw'ﬁnnup:mmmwﬂhmg
system. Therefore, any system bias which may have existed was compensated for in the
calibrations.

6.6  PSD QUALITY ASSURANCE

The most important QC pwmrdum:pmfwnmed(nlaK“Jlt&ﬂlalﬂquWMMplm
quality of particulate loadings on every impactor stage. Assessments can then be made
on the validity of the test run. All PSD test runs were inspected during the Jordan
Hospital MWI test program and observations were noted on the field data sheets (see

Appendix A.6). Mmeyttmmm:munsxwﬂkldhmmfme'tmuthmMale]mﬂe§ﬂsﬂmmwhmglmntmddemx:cf

overloading, were accepted. Thvhﬁliﬂmn]'wmnmuhHmmkwLandvvwxm«awwpmﬂim
valid test run. Runs 2 and 3 were validated by the recovery technician and the results
are reported in Section 2.9,

All PSD sample trains were carefully configured and a pre-test leak check was
completed on the system. In order to prevent sample particulate matter from being
disturbed, post-test leak checks could not be completed on a PSD sample train. All
pre-test PSD leak checks met the acceptable criterion of less than 0.02 cfm at 0 inches
Hg vacuum.

6.7 DATA VARIABILITY
6.7.1  Qverview

Coefficients of Variation (C V) were calculated for all the final stack gas pollutant
concentrations, The CV or relative standard deviation (RSD) is calculated by dividing
the standard deviation by the mean and expressed as a percentage. CVs from several

‘ﬁSﬁWNm1$WNMps(M?dama(xunkm:cmmmbmmwdlmm0ua'T%mMMKl(TVW.'TTM:FWNﬂedlCﬁWim

calculated as follows:

S
CV = — x 100
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where:

CV = Coefficient of variation

S = Standard deviation (calculated using LOTUS 123™ which uses n and
not n-1 where n = number of data points.)

M = mean

CV, = |l
P \ In
CV, = pooled coefficient of Variation

CV, = Coefficient of variation for a simple sample set i.
n; = Number of data points in that sample set.
1Hm3(3W’vahmesem¢m%m5ed1ﬂ1the1&thwtmg1ﬂmﬂeszmw:nmm1wnﬁmmhmﬂt0wnmmnmmnﬂ
sampling/analytical precision. They are more a reflection of the variability of the data
as a whole, including process caused emission variability.

6.7.2 CDD/CDF Data Variation

Table 6-27 presents the CVs for the CDD/CDF flue gas concentrations. Values
are listed for each congener for each triplicate run as well as a pooled CV for the entire
six runs. Pooled CVs are also compiled for all of the congeners at each location and for
mhm:enrMﬁsUmnjpnmgnmw1(ovemau).'Thm:mveraﬂ]poommd(:\ﬁ;ﬁmrthﬁ:Cﬂ)[lﬂCI)F‘ﬂnw:gaﬁ
concentrations was 106 and 103 percent for the burn and burndown conditions at the

1Hmem"Thﬁ:pommed1CWﬂ5f0rlim:cmmhﬂiﬂmrthe‘NNOnmmmdhionﬁwweMﬁEK&Brand‘KlJ.permanm

Tﬁmﬂe«6&M3Emmﬂfbﬁﬂhpmmmmmm;Cﬂfsfbw1&m:rmemﬂlﬂum:gﬁ&«mmmm&mhmmhmm&,'Thﬁ
overall pooled CV for the metals flue gas concentrations was 49.5 percent for the outlet
and 55.6 percent for the inlet sample location.

The halogen gas test CVs are listed in Table 6-30. Values MMEWR1&HLMJM&M3ﬂ‘fQI
zach run as each run consisted of multiple "sub-runs" (Run 1 Burn = Halogen Runs 1
through 4). Only HCI CV values were calculated. The overall pooled CVs for the HCI

gas concentrations was 57.5 percent at the inlet and 46.5 at the outlet.
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TABLE 6-27. COEFFICIENTS OF VARIATIONS FOR THE CDD/CDF FLUE
GAS CONCENTRATIONS
JORDAN HOSPITAL (1991)

INLET

QUTLET

RUNS RUNS | POOLED | RUNS | RUNS POOLED

CONGENER. 1,3,5 2,4,6 CV (%) ¢ 1,35 2,4,6 CV (%)
DIOXING |

2378 TCDD 47.1 112.9 86.5 25.7 26.7 26.2
Other TCDD 124.5 70.5 101.2 7.8 22.6 16.9
12378 PCDD 47.3 76.4 63.5 39.9 40.0 40.0
Other PCDD 111.2 ] 4.2 94.5 21.2 23.7 22.5
123478 HxCDD 47.1 68.5 58.8 . 46.0 41.8
123678 HxCDD 34.6 84.4 84.5 30.2 45.0 38.3
123789 HxCDD 47.1 61.8 55.0 32.4 46.5 40.1
Other HxCDD 131.2 80.9 109.0 29.7 45.2 38.2
1234678-HpCDD | 127.2 102.2 115.4 43.0 48.3 45.8
Other HpCDD 47.1 47.1 43.2 47.1 45.2
Octa-CDD 1335.1 118.2 126.9 3.6 42.3 37.3
FURANS

2378 TCDF 9.1 102.2 98.3 26.5 25.9 26.2
Other TCDF 124.6 §3.3 106.0 18.6 19.8 19.2
12378 PCDF 116.9 127.0 122.0 37.9 35.5 36.7
23478 PCDF 116.6 108.0 112.4 48.5 49.0 48.8
Other PCDF 128.8 116.4 122.7 38.1 9.1 38.6
123478 HxCDF 118.9 117.1 118.0 31.6 44.7 34.8
123678 HxCDF 117.9 124.8 121.4 321 43.6 38.3
234678 HxCDF 119.1 106.2 112.9 35.5 47.4 | 41.9
123789 HxCDF 46.8 75.4 62.8 46. 6 48.9 47.8
Other HxCDF 126.5 124.0 125.2 32.2 43.1 38.0
1234678-HpCIDF 120.1 120.9 120.5 29.3 §2.2 42.4
1234789-HpCDF 84.9 117.0 102.2 30.5 49.3 41.0
Other HpCDF 128.7 123.1 125.9 28.8 49.7 40.6
Octa-CDF 128.3 121.8 125.1 23.7 44.5 35.6
Pooled OV 106.0 102.9 33.3 42.1
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TABLE 6-28. COEFFIECIENTS OF VARIATION OF THE
FLUE GAS METALS CONCENTRATIONS AT THE INLET
JORDAN HOSPITAL (1991)

(CONDITION BURMN {BURNDOWN
RN ,_ﬂ““lﬂhﬁ' 4.6 POOLED
CW cv Cv
(%) (%) (%)
Antimony 10.3 41.8 30.4
Arsenic NC 79.1 79.1
Barium 65.6 64.5 65.0
Berylivm NC NC NC
Cadmiwm 41.7 16.7 3.8
Chromium 11.5 13.5 12.5
Lead 14.7 16.4 15.6
Mercury 91.3 105 98.4
Nickel 91.1 33.9 68.8
Silver 1.2 58.4 41.3
Thalliwna NC NC NC
Pooled CV._ 549 56.1
{Overall Pooled CV 856 T

NC = Not Calculated
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TABLE 6-29. COEFFIECIENTS OF VARIATION OF THE
FLUE GAS METALS CONCENTRATIONS AT THE OUTLET
JORDAN HOSPITAL (1991)

JOONDITION BURN BURNDOWN i
RUN 13,5 24,6 - POOLED
GV oV - CV.
(%) (%) (%)
Antimony 16.0 30.7 23.0
Arsenic NC NC NC
Barium 12.0 38.4 28.4
Berylliun NC NC NC
|Cadmium 43.1 3.7 40.5
Chromine 27.6 36.5 32.3
Lead 26.6 39.6 33.7
Mercury 78.1 42.5 80.3
Niclkel 65.0 70.6 67.9
Silver 66.2 NC 66.2
Thallivm NC NC NC
Pooled CV .. A0 823 ]
[Overall Pooled CV 49,5 o

NC = Not Calculated
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TABLE 6-30. COEFFICIENTS QF VARIATION FOR
HALOGEN (HCI) FLLUE GAS CONCENTRATIONS
JORDAN HOSPITAL (1990)

TEST INLET OUTLET

RUN IR WA Cv

NUMBER v (5%) (%)
Average 1-4 46.74 28.44
Average 4-6 85.82 71.51
Average T-10 63.26 606.44
Average 11-13 7.87 11.24
Average 14-17 79.88 47.64
Average 18-20 17.36 30.03
Total Poolad Halogen : L FT A9 46.52
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Table 6{%1KMfm@mmsttm:(TV”waMnﬂ;ﬂmrmhﬁsﬁﬂfhdEM)Sﬁﬁmwmiawemmgmﬁ, It should be
noted in comparing these numbers to the manual test CVs, that the CEM data reflect
real time, almost instantaneous changes in concentrations. The manual tests are all
integrated tests which by sampling over an extended period of time, result in a

%mnommhedP:wwmmqyacmmmmnﬂxatkmnf0r1imnwﬁmmeImmﬁmmL The overall pooled CVs for the

Eﬁimﬂ(kﬂﬂluwm;LBSgpewmamtamWﬂMiinkﬂ:&&muﬂﬁmglmmmmhmu:mmdfb%%mmmmxmm:atwhﬁsomtkn"
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