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VIntroductlon

~ Continuous erissions momtonng of mercury from hazardous waste thermal treatment processes is
* desired for verification of emission compliance, process control, and public safety perceptlon
Continuous real-time monitoring of mercury would perrmt actual measurement of mercury emissions

and permit measurement of real-time (actual) mercury emissions and allow accurate (realistic) human -
risk assessment from hazardous thermal treatment facility operation. The U.S. Environmental Protection -
Agency (EPA) has ‘proposed regulations that require the use of total mercury continuous emissions -
monitors (CEMs) on incinerators; boilers, and industrial furnaces that burn hazardous waste. These
proposed regulations also include draft performance spemﬁcatlons for mercury CEMs: This paper
describes an ongoing joint EPA/DOE program to identify and demonstrate commercially available

* mercury CEMs that can meet the proposed EPA performance spec1ﬁcat1on and includes initial

. instrument test results obtained. The complete demonstration consists of a six month performance test

of several commercially available total mercury CEMs at a commercial cement kiln that co-fires .
hazardous waste. During the performance test, several indicators of CEM performance will be evaluated -
(as required in the proposed performance specification), including; zero and calibration drift, relative




v accuracy through comparlson to-EPA manual Reference Methods, callbratron error. through testrng Wlth
"~ calibration standards, and spec1ﬁc mterference tests: The results of this extensive test program will be
- used to either conﬁrm avarlablhty of mercury CEMs that ‘meet the requirements in the proposed EPA E
' ,performance specrﬁcatlon, prov1de the necessary- data for revision of the proposed mercury CEM =~
‘performance spemﬁcatlon or reveal the need for further 1nstrument development pnor to deployment : e

5 , Technology Requlrements

o The U.S: Environmental Protectron Agency (EPA) regulates the burmng of hazardous waste in both
‘incinerators and borlers and industrial furnaces. The agency has recently proposed revised regulatlons -
~ for incineration of these wastes. (See 61 FR 17358 Aprrl 19, 1996) Included in this proposed regulatron g
are requrrements for the use of total mercury contrnuous emissions monitors (CEMs) and the draft - ‘
' performance requrrements for these’ mstruments The draft spec1ﬁcat10n outhnes erght requrrements for
’a mercury CEM. These requrrements are summanzed below ' : /

L Relatlve Accuracy RA)

‘The RA is the absolute mean d1fference between the pollutant concentratron determrned by the CEM and '
the value determined by the ‘manual Reference Method (RM) plus an error coefﬁcrent d1v1ded by the
“mean of the RM tests or the apphcable emission limit. The RA of the CEM must be no greater than -
20% of the mean value of the Reference Method test data, or 10% of the apphcable standard Whrchever '
1s greater : . : . , B . :

" Do

o Calrbratlon Error (CE)

The CE is assessed using standards for Hg (O) and HgC12 The mean drfference between the CEM and
~ the reference standard should be no greater than 15% of the reference standard concentratlon :

-3, Cahbratlon Drrft (CD)

- - The CEM calibration may not. drift or dev1ate from the reference value of the cahbratron standard by
- more than 10% of the apphcable ermssmn hrmt S , .

4. Zero Drift (ZD) :
The CEM Zero pomt shall not drrft by more than 5% of the apphcable ermssron limit.

S, Samplmg and Response T1me

The CEM shall sample the stack efﬂuent contrnuously The CEM response time should not exceed two
mrnutes to achleve 95% of the. ﬁnal stable Value :

6. CEMs Interference Response -,

Interference is the difference between the CEM response Wrth the listed mterferlng components present
“and absent. The components include carbon monoxide, carbon dioxide, oxygen, sulfur dioxide, nitrogen
~ dioxide, water vapor, hydrogen chloride, and chlorine. The sum of the 1nterferences with all components

must be less than 10% of the apphcable emission hmrt '




\7 Callbratlon Source Error LA

Y o A series of three inj ectrons of the same cahbratron gas shall produce results whlch do not. vary by more o -

than 5% ﬁom the mean Fallure to attam thls preclsron mdrcates a problem in the CEM calrbratlon

' zMercury CEM Technologles : Ee , , S
In support of these proposed momtonng requlrements and mstrument performance reqmrements the
- EPA and DOE formed a Jomt program to 1dent1fy and test commercrally avallable mercury CEMsto
- verify that instruments are available that can'meet the proposed reqmrements "A request for proposals -
' was pubhshed in the Federal Reglster (See 61 FR 7232 February 27 ,1996) for mercury CEM vendors to
‘ part1c1pate in extended 1nstrument durabrllty testmg to the proposed EPA requirements. Asa: result of
this- process, three ‘mercury CEM vendors were 1dent1ﬁed to participate in'the program. . The '
partlcrpatmg vendors and a bnef descrlptron of their system is descnbed below ’

N I

Momtor Labs, representmg Verewa ’

The Verewa HM-1400 contrnuous total mercury analyzer was provrded and supported by Momtor Labs
Th1s monitor is des1gned to measure total mercury: ‘elemental, mercury compounds, and- partrculate '
matter (PM) bound mercury, ona contmuous welght/volume basis (ug/dscm) A'gassampleis -
~ extracted non-1sokmetlcally at a constant sample rate of two (2) /min from the stack through a resrstance :
heated, polytetraﬂuoroethylene (PTFE) lined probe. The sample is transported to the analyzer through a -
- PTFE sample line heated to 120°C.: In the analyzer, the sample gas first passes through an oven where 1t e
is heated to 800°C. This vaporizes any mercury present in the particulate and partially dissociates =~

> ~mercury compounds The sarnple is then mixed with hydrochloric acid: (HCl) at-70°C to transform all ‘

mercury compounds to HgCl,:. “This solution then reacts with sodium borohydnde (N aBH4) at 10°C to
 reduce all the: mercury to the: elemental form. A gas-liquid separator at 2°C strips the gas phase mercury e
vapors out of solution, The mercury vapor is then detected in an ultraviolet (UV) photometer at 253.7 -~
nm. The photometer uses a double-beam configuration. Mercury sample flows through one beam, is L
_ then scrubbed of mercury and passes through the second beam. ' This techmque eliminates most potentlal :
mterferences "The dlfferentlal in signals is due to any mterfermg substances detected, by the photometer '\
‘minus the mercury fraction.- However, its effectiveness depends on the select1v1ty of the scrubbing.
Finally, the sample gas is dned and the volume ﬂow rate- measured s0 that the mstrument output can be -
v'reported onadry basis. = < : -

_Periodic zero checks are completed every 2 hours by svmtchlng the sample stream through azero air

* scrubber (1odlzed charcoal) to remove mercury. The analyzer output was automatically adjusted for zero
drift based on the instrument response during this séquence.” An automatic calibration check is not \
normally perforimed by this instrument; however, Monitor Labs will perform a biweekly manual
analyzer cahbratron procedure to calculate cahbratron drlft using a standard reagent to generate
controlled amounts of elemental mercury.

EcoChem, representmg Seefelder Messtechmk.

The Seefelder Messtechnik Hg Mat 2 continuous total mercury analyzer was provxded and supported by
EcoChem Technologies. This monitor is designed to measure total mercury:.elemental, mercury
compounds, and PM bound mercury, Analyzer output is on-a continuous ‘weight/volume basis
(ng/dscm) as mercury. A gas sample is extracted non-isokinetically at a constant sample rate of 1.5
I/min from the stack through a heated stainless steel probe and transported to the analyzer through a




_ PTF E sample lme heated to 200°C ‘In the analyzer the sample gas passes through two reactors where it
is cooled and all speciated mercury is converted to the elemental form. PM bound mercury is also
_ desorbed in the reactors. The elemental mercury is carried in the vapor phase (separated from the liquid *
by a demrster) toaUV photometer operatmg at 253.7 nm. Fmally, the sample gas is dried and the '

' , volume ﬂow rate measured S0 that the mstrument output can be reported ona dry basrs

' ’Darly zero and cahbratron checks are completed automatlcally at- preselected 1ntervals Penodrc auto i
zeroing of the analyzer is doneon an hourly basis. The analyzer output is automatlcally adJusted for
zero drift based on the instrument response during this sequence. A cahbratlon check sequence is -

o completed once daily. Zero gas passes over a temperature controlled ‘mercury permeatlon cell that

generates an air and mercury cahbratron gas (non-certrﬁed Value) that is 1njected into. the reactron e
chamber. - . ~ o

k~Wheelabrator Clean All' Systems (now U S. Fllter), representmg Perkm-Elmer,

The Perkin-Elmer MERCEM contmuous total mercury analyzer was provrded and supported by
“Wheelabrator Clean Air Systems This monitor is designed.to measure total mercury: elemental and
mercury compounds ona Welght/volume basis (pg/dscm). A gas sample is extracted non-lsokmetlcally -
at a constant sample rate of about 17 /min from the stack through & heated platinum probe equipped '
with two heated sintered metal filters. The sample is transported to the analyzer through a PTFE sample .
line heated to 185°C. At the analyzer, a-small portion of the sample flow (about 0.5 I/min) enters a -
reactor in which mercury compounds are reduced to elemental mercury by a tin (II) chloride (SnClz)
solution. The sample gas containing vapor phase elemental mercury is separated from the reaction -
chamber lqu.ld and enters a thermo-electric cooler, where it is cooled and dried to a‘dew point of 5°C
_ The dried sample then enters an amalgamatron unit during a continually cycling batch operation. -

‘ Mercury vapor is collected on'a cool gold/platinum trap. At the end of the batch collection time, the =
. trapis purged w1th instrument air; and the photometer baseline is determined. Then the trap is heated to SR
-750°C to thermally desorb the mercury, which is released into the nitrogen carrier gas flowand o
measured in the photometer Sample ﬂow rate is measured so that the mercury concentratlon can be ‘

reported on a dry basis. - , A o

Zeroand cal1brat10n checks are completed automatrcally at preselected mtervals A Zero check is -
completed with each measurement cycle. ‘The analyzer output is automat1cally adjusted for zero drift .
based on the instrument response during this sequence. Calibration checks are completed once daily
using a mercury permeation device (non-certlﬁed) The calibration gas is mtroduced mto the gold trap.”
' _Thrs isan. mternal check that verrﬁes the proper performance of the analyzer o :

Test Facrhty

- The site selected for this mercury CEMS demonstratlon was Kiln number 2 at the Holly Hill, Inc cement. L
, manufactunng facility located in Holly Hill, South Carolina. This cement kiln co-fires hazardous waste '
with various other fossil and waste fuels. This facility was selected for several reasons. First, a cement
kiln represents a reasonable worst-case test for the Hg CEMs, relative to a hazardous waste incinerator - -
. because they have relatively high mercury emissions. A target mercury emission range from 15 to 30
pg/dsem was chosen as being representative of a typical facility processing mercury waste. This is also
consistent with the proposed HWC MACT emission limit of 50.pg/dscm. Also, cement kilns have
higher particulate matter (PM) emissions, relative to incinerators. In addition, PM emissions may
contain mercury since the PM is derived in large part from the raw meal and the raw meal, in turn, can
~ be a significant source of the mercury fed into the kiln. Thus, the possibility exists for significant




g mercury bound to PM wh1ch represents a worst case test for the Hg CEMs And cement krlns a1r 3
. pollution control systems typlcally control only PM. Other pollutants are uncontrolled and'may be -

"o present in high concertrations. Smce these pollutants such as 802 and NOZ, may cause interference .

: vsnth the measurement of mercury, this once agam isa Worst case s1tuat10n for the’ mercury CEMs

The Holnam Wet process kiln i is 18’ 6” in drameter and 5 80’ long, with a desrgn capacrty of 2 lOO tons

per day The main raw materials in the portland cement manufacturmg process are limestone, provrdmg L
calcium; and clay, providing silica, alumma, and 1 1ron The hot'end of the kiln is equipped with a 600 .
mm Btuwhr multr-fuel burner, with coal bemg the prrmary fuel. The burner is also fired with - f
supplemental liquid hazardous waste ﬁ1e1 The : average feed rate for hazardous waste ﬁlel is

approximately 7.5 tons/hr.  The offgasses from the kiln are passed though electrostatlc prec1p1tators

o then out the facrhty stack. -All three CEMs probes are mstalled in a transfer duct between the ESP and

the stack. At this point in the process, the gas temperature averages 180°C and has a morsture content of
’approxunately 37%. The manual Reference Method samples will be taken both at a pomt in the transfer

- duct (co-located with the CEMs) and at the normal sampling location in the fac111ty stack. The locatlon '
* in the stack meets all Reference Method sampling location requlrements (dlstance from both upstream _

_ and downstream flow drsturbances) unlike the point in the transfer duct. Limitations in the allowable o
CEM sample line lengths prevented CEM 1nstallatlon in the fac111ty stack : : :

Test Method

: _The CEM demonstration w111 be des1gned and conducted to assess each 1nstrument for the follomng
_ performance characterlstlcs : : : S :

' Cahbratxon and Zero Drift

‘Calibration Drift (CD) is defined as. the d1fference in the CEMs s1gnal output whrle measuringan .

-established reference value (of mercury only) after a stated period of operation during which no o

- unscheduled maintenance, repair, or adjustment took place. Zero Drift (ZD) is the cal1brat1on drift
determined at the zero level. Calibration and zero drift will be evaluated once daily over a 7-day period.
* Zero calibrations will be completed automat1ca11y by all three CEMs. Zero drift is determined by
introducing a zero gas into the analyzer portion of the CEM. High level calibrations will be conducted
automatically by a permeation tube technique for the MERCEM and Hg-Mat 2 CEMs and by manual
cal1brat10n w1th mercury solutions for the Verewa CEM

: Cahbratlon Error Test

, Cahbratlon Error (CE) is the dlfference between the concentratlon 1nd1cated by the CEM and the known ‘
‘concentration generated by a calibration source when the entire CEM sample system is challenged. The
CE test is conducted by challenging the CEM with concentrations of elemental mercury (Hg" and
mercuric chlorlde (HgClz) generated using a permeatron tube apparatus The CE was carried out
separately for both Hg and HgCl,. The calibration system introduces a quantity of | gas phase Hg or
HgCl, in mtrogen to the samphng system of the Hg CEMS, upstream of all filters, scrubbers, and other
gas conditioning. In each case, the target CE test concentrations is 0%, 40-60%, and 80 - 120% of the
emission limit (50 pg/dscm). The challenge will be conducted three times non-consecutively at each
level, The gas concentrations were venﬁed by a srmultaneous measurement during each challenge using
a Method 101A verlﬁcatlon tram




f,.-'; Interference Test i

. 'fcahbratron source with each of. erght (8) 1nd1v1dual gaseous: components present and absent The

- and HgC12 As with the CE testmg, calibration gases will be generated with a permeatlon tube device,
. and the concentration verified with a modified Method 101A verification train. After the CEMS

-~ the mtrogen dllutlon gas ﬂow used in'the CE test. The response of the Hg CEMS will be recorded and -

Interference Response is deﬁned as the sum of the drfferences between the CEMs response toa

' interference testmg will be conducted following the CE test at the high' concentratron level for both Hg

~ response to each h1gh level calibration gas is recorded, the interference test gases will be substituted for - ; .

‘compared with that from the Hg® and HgCl, md1v1dually to calculate the 1nterference as’ descrlbed in the.
performance specrﬁcatron Each mterference test gas is mtroduced srngly :

‘ 'Relatrve Accuracy Test Audit (RATA) , r ‘
’ -The relatlve accuracy (RA) test will be conducted by comparmg srmultaneous CEM and reference v

- . method measurements ‘The reference methods used in this demonstratlon will be the proposed draft
. "Method IOlB M lOlB) train for specratlng mercury and-a standard Method 29 (M29) sampling train.
* 'The draft M101B is being used to measure the concentratlons of both Hg and-HgCl,. The standard -

‘M29 procedure gives only a total mercury value, not'the concentrations of each species. Initially, - the
. reference method measurements w111 be conducted at two locations: the standard stack sampling

“location, and on the transfer duct co -located with the Hg CEMS. The stack measurements will utilize :
~both M101B and M29 trains with a full traverse of the stack. The transfer-duct measurements will bew ~ .

" 'madeata fixed point with a single M101B sampling train. Nine runs will be made at both locations.

- RA will be calculated according to the draft performance specification for each individual method and' |

" location. Durmg the RA testing, the feedstreams (meal, fuel, and hazardous . waste) will be. sampled by '

| ‘Holnam according to standard EPA protocol and analyzed for mercury and chlorine. Plant operatmg
» _condrtlons will be compared with the mercury measurements established durmg the testmg

Endurance Testmg

U

‘This phase of the demonstratron test wﬂl mvolve a six months CEM endurance test The proposed

o regulations requrre Relative Accuracy Test Audits (RATAs) every 3 years and quarterly checks of

- calibration error, called an Absolute Calibration Audit (ACA). During the endurance test, RATAs and o
~ACAs will be performed monthly. In addition, the reliability and maintenance requrrements ofthe =
.. mercury CEMs will be documented. The elements of the endurance test will therefore consrst oft

. Monthly RATAs (companson to Reference Method measurements)

* Monthly calibration error. checks (ACAs); -
. Contmuous recording of Hg CEMS data for up'to one year’;

. Documentation of daily calibration 'and zero checks; | SRR -
. Documentation of all rnai,ntenanceand adjustments performed on the Hg‘,‘CEMS;&and

. ‘Documentatiori of data ayailability and the reasons why data was nOt‘available.

Dlscussmn of Test Results Ny

The 1n1t1al mercury CEM performance test has been completed Currently, the six month endurance test
~ is ongoing. The initial RATA testing was conducted following a three week condltromng period and a
- calibration error test. During the conditioning period, the CEMS must analyze effluent stack gas. The




B 'condxtromng penod demonstrates the CEM is‘able to operate rehably at stack gas condrtlons before -
L contmumg with further performance specrﬁcatron procedures e R -~ R .} :

A "The RATA testing procedures used two ‘reference methods EPA Method 29 (M29) and proposed draft
’, _Method 101B (M101B), developed to speciate between elemental and oxidized forms of mercury. - “The: ©
~ M101B sample train consists of a standard M29 samplmg tram with the following modlﬁcatron the ﬁrst L
L _acrdlﬁed peroxide impinger is replaced with two )i unpmgers contammg distilled water The water e
- captures oxidized forms of mercury (Hg*) whﬂe elemental mercury passes through the solutlon The = . °
_'remarmng acidified peroxrde impinger captures SO, to prevent interference with the capture of elemental. :
- mercury. (Hg° )in the permanganate impingers. Laboratory testing has shown that >99% of Hg"i ‘
: retamed in the water impingers (testmg w1th HgCl2 only) and >99% of Hg 1s retamed in the acrdrﬁed -
' ’permanganate , :

_ The reference method measurements were conducted at the two locatlons described prev1ously, at the
stack sampling location, and on the transfer duct co-located with the CEMs The stack measurements S
- were completed with botha MlOlB samplmg tram and a M29 samplmg train, utlhzmg a full 20 pomt o
- traverse, as required by the method. _ L

The transfer duct measurements were completed from a smgle sample pomt with M101B. The MlOlB ' ,
~data from the duct were used to evaluate the relative accuracy of the three CEMS at the CEMS samplmg .

»' *location. Th1s data was also compared to the M101B data obtained at the stack to assess the relatlonshrp
. between the mercury measured at the duct location and the mercury measured at the stack location.

* Finally, a comparison was made between. the total emissions measured at the stack by M29 and MI01B
as a check on the Vahdrty of the modified manual reference method [A: full Method 301 validation was

- conducted on the draft MlOlB The results of thls effort is presented ina separate paper in these

' ,conferenceproceedmgs] R - c G : . o e

o .Summary of Reference Method Data

All reference method data is summanzed in Table 1. From this data, it can be seen that the mercury _ -
- concentrations measured by both the draft M101B and the standard M29 at the stack location were very . -
" consistent from run to run. M101B (Tt rain A) averaged 25. 3 ug Hg /dscm at the stack location, wh11e ‘

M29 (Tram B) averaged 21.9 ngHg /dscm S :

However ‘the M101B data at the duct locatlon was more varrable Results for Run 1of Tram C show a

~ ‘mercury concentration of 55.7 ug /dscm, or almost three standard devratron units from the mean. )
Companson of this data with the snnultaneous runs at the stack location shows that this concentration is-
more than twice the average of the other trains durmg the same time period. Therefore, Run 1 of Train

" Cis considered an outlier, and has been excluded from further statistical analysrs Run 9 of Train C is
also unusually low, duetoa leak during testing caused by a cracked U-tube in the back half of the E
- sample train. This run has also been excluded from the data set. A summary of M 101B data, adjusted
for outliers, is shown in Table 2. :

The adJusted M101B data for Tram Cis very con51stent wrth a standard dev1at10n of 1.54,and amean
of 21.5 ug /dscm. While this only leaves seven (7) data points for the purposes of relative accuracy

determination, the low standard deviation (7.1% of the mean value). indicate excellent precrslon between
the remaining data. The precision of all three measurement trains mdlcate stable mercury concentrations
over the duration of the samplmg penod




~ TABLE 1. SUMMARY OF REFERENCE METHOD DATA -

~Referencé Method Concentrations .

.'»"’L,Oéa’t_ion:‘ »;Stack:t' e Stack -~ ~ Transfer Duct

I Measurement Type i MetholelB Method 29 ~ Method 101B

. Measurement Units:: | (ugldsem) | (uglsem) | - (ugldsem)

. Date: 1 Run'#: ;jfaiiiA i TramB DT I Train_,e
. wmsme. |1 "':-2_6'5:‘5,7 20268 - | sses3
- o smses | 2 | -‘;'21’754@ R -2',01708:’\“i (S A "22'.610 B
B csamme |3 | mm | e | 0 oo

oS

- 8/29/96 o2esi0 | 2418 | 22307

82919 2644 | asmar 21230

8/29/96 24568 | . 23433 22997

~3 (=)} W

8/29/96 casse2 | w236 | amt

8/30/9 20962 . | 18646 | 18383

83006 | - 9 | as9r6n | 19015 10,847

' :S.t'at}istical'Analysis B

. Average | 25327 s " 24096
 Minimum o '20..9_16‘2_; ol asess ] wesm
Maximum | 27848 | Coasmr | ssess

St. Deviation 1980 | 2414 | 12427

Note: Data flagged with ** indicates results that are considered outliers in the data set.




- TABLE 2. METHOD 101B DATA, ADJUSTED FOR OUTLIERS

Reference Method Concentratlons G

_ | _-Loeaﬁoh‘ o 'Staick i ,‘ Stack - R TransferDuct S

X 'Meas'urement"l",ype:v-":'i h Method 101B Methed29 Method IOIB / | R

.Measuifemenf Uﬂits:; _ ; (ug/dscm) (ug/dscm) 4 (ug/dscm)
Déte:“ ) ) : Run# 1 ’TramA : ,' : TramB . L .v_i','I‘ram Cf"-,‘f'

i sy | e | s

o

8/28/96 Co1s48 | 20708 | 226100

80896 3837 | 21661 | 21073
,_,‘8/29/96' o | 2esi0 . | 24as3 | 2307

820096 26424 < oasmar | 21230

- N TR RN VI S X

82919 2ases | 23433 | 2007

25562 |- 23236 | 21731

=

80996 |
w3006 | 8 | 202 | 186 - | 18383

83006 | 9o | - 25976 | < 19415 10847

: Statiéticel'Aﬂels'sis"., b »
Average 25377 T R 2147

. Minimum 20962 | 18646 | 18383

C Maximim | ""’»27.'548 Sl smr | oz
St Deviation' | 1980 ol oaa | as3s

Note Itahctzed bold data 1nd1cates results that are outhers in the data set that have not been used for '
statlstlcal analys1s ‘

Measu'rement of Particulate Bound Mercury -
The limitations associated with limited sample line lengths and CEM. 1nsta11at10n requirements required
the placement of the CEMs sample probes in the transfer duct location, yet this location does not meet -
EPA requirements for distance from upstream and downstream flow disturbances for particulate
sampling. However, available data and experience indicate that the concentration of particulate bound
mercury should not be 51gn1ﬁcant To validate this assumption, the analysis of each reference method
- sample was conducted such that the partlculate-bound ‘mercury was measured separate from the gas-
‘phase mercury. The particulate-bound mercury concentrations were measured by combining the front
half rinse and filter catch. The average concentration of particulate-bound mercury for all three sample
trains (27 total runs) was .025 pg/dscm, or less than .2% of the average concentration of total mercury
. species detected during these sample run. The value of part1culate_‘-bound\mercu1fy measured by M101B

9




at both the stack and duct locatrons was 022 and 034 p.g/dscm respectrvely These data support two L
_ kassumptlons made in the desrgn of the testmg approach First, the particulate bound mercury isnota
significant fraction of the-total ‘mercury, in this stack gas effluent. And second, the transfer duct Iocatlon
: measurements are representatrve of the partlculate bound mercury measured at the stack :

Relatrve Accuracy Test Results

The RATA results- represent the 1mt1a1 performance of the CEMS as compared to MIOIB (tram C duct
" location). At this time, only the RATA data has been analyzed. Data for the other measures of CEM '
performance (CE, CD, ZD, etc. ) are still undergomg analysis: The RATA results for each CEM have ‘

. . been summarized in Tables 3,4, and 5-and Flgure 1. Each Table includes the average of the’ CEM

reading during the time the reference method sample was taken. . The CEM merciiry concentration result -
is compared to both the reference method value obtained in the stack and in the transfer duct.. Seven (7)

of the nine reference method runs were used for the calculatlon of relat1ve accuracy in comparing the '
transfer duct reference method data since Runs 1 and 9 were ehnmated as outhers from the reference o
" method data set. S

- FIGURE 1: CEM RATA Resuls
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Relative accuracy of the Verewa;HM-1400 is shown in Table 3. Run 3 was not considered in the
~calculations. The reSponSe from this run was over twice the average response for the other 8 runs The
~ analyzer exhrbrted a large drift in zero response immediately preceding this time period, and was
adjusted for this drift problem before run 4 the next day. The relative accuracy was calculated for six
~runs (2, 4,5, 6, 7, and 8). Although one less run was used for the RA calculation than for the other to
CEM, the increase in the standard deviation in the data if run 3 had been used would have a greater
negative impact on the results than the use of a lesser t-factor. The relative accuracy of the Verewa
“compared to M101B, train C, was 66.8%, with a standard deviation of the difference from the reference -
method data of 4.958. The magnitude of the RA was 1nﬂuenced by large differences from the reference
 method during runs 4, 5 and 8. The vanabrhty of the CEMs response is reflected in the standard
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' '_.devratron of the CEMS data The posrtlve bias of the Verewa response appears to be related to
' consistent zero drift’ d1fﬁcu1t1es with the analyzer due'to “foggmg of the optlcal bench wmdows;
Verewa has 1mp1emented modrﬁcatrons to thrs CEM to ehmrnate thlS dnft charactenstlc o

' TABLE_S.". 'VEREW‘A»HM%MQO RELATIVE ACCURACY T

CEMS RELATIVE ACCURACY - :

CEMS . VerewaH]\d1400

M_eaSurementType:" B B _._M 101B » v . MlOlB

V ' vLocati‘o_jnj:‘ Rt Stack : - Duct
MéasurerrrentlUnifs:-'_ - | ) . N(u’g/ds'cm)v - L - (ug/dscm)
Date: | Run# | TrainA - CEMS L TrainC - CEMS di
Camses |1 | 2 5569 238537 - o703 | 356828 23.8557 318291
wnses |2 | 2. 5478 284311 08833 | 226104 284311 53208
snsio6 |3 | 238368 7867 500306 | 200733 7867 -52.7942
spows | 4 | 265103 383198 118095 | 223072 394227 - -17.1155
829196 s | 264237 . 311700 47463 | 212303 313766 - 10,1463
soom6 | 6 | 24567 26287 m9r | 22999 262874 32905
8/29/9 7 | 255621 2‘18.2698:‘:‘ 27077 | 217312 285307 67995
Cspoms | s | 209621 30275 93104 | 183829 30275 -118896
8/30/96 9 259759 302053 42293 | 10.8473 302053  -19.3579
Statlstrcal Ana1y51s ’ | . - C » | . o
’ ArlthmetrcMean . 255133 296012 -4.7(’)8‘8. 21.543 - j30.7_20_ f'}-9.177h
mo . 8000 8000 8,000 6000 6000 6000
s 2031 4:250 e 1671 4605 ,4!9"58_
t 2365 2365 . 2365 | 2.57‘1"' Casn L asm
RELATIVE ACCURACY = 3126% O 66.75%

| Note: Italicized bold data 1ndrcates results that are outhers in the data set that have not been used for
, ,statlstrcal analysis.

The rclatrve accuracy of the Perkin Elmer MERCEM is shown in Table 4. The relative accuracy was

calculated for seven tuns Q@ through 8). The relative accuracy of the MERCEM compared to M101B,
_ train C, was 37.3%. The standard deviation of the difference from the reference method data for the -
MERCEM (2.887) was the lowest of the three CEMS. The average response was also the lowest.




”Perkm Elmer redesrgned the reactron chamber de51gn of thrs CEM aﬁer these tests in order to ehmmate e
. the negative bias of the measurements Results of the modlﬁcatlon should be reﬂected inthe - o
S performance of the momtor durmg the endurance tests.. '

TABLE 4 PERKIN ELMER MERCEM RELATIVE ACCURACY
Lo CEMS RELATIVEACCURACY
. e ’CEMS' ‘v S vPerkinElnre'r,M‘ERCEM,
' MeasurementType 1B ._ 8 ‘M 101B R : Y CFVMIOIB "
. . Locatron 8 . Stack | b E Duct ” o
| "’V.MeasurementUmts ' b. (u;g/dscm) -‘ o ‘ P (ug/dscm)
| : Date::\f'.v,  Run# | TranA  CEMS kD g TrainC CEMS - di -
I smsos | 1 | 2esses  wzgess o wsssst | sseszs 129688 427140
5 i;-8/2_8/9,6"1': 2 275478'-‘-'71‘3.4338 a4l | 226104 134338 01766 |
) E ,3/28/9_6 o 3| 23.8368 14.4518 o3850 21‘.673}3 144518 ;v ' 6;6‘2‘15:, :
82996 | 4 | 265103 175921 89176 | 23072 183438 39634
8129196 . 5 | 264237 171027 03200 | 212303 17,0916 .4.138,:7 |
8996 |6 24S6TT 167570 - ,i..7\\.8'107 | 2999 167570 "6.‘27398'.'/- "
spoms | 7| assel st 7g0s0 | a1miz o 11ses 4doar
snome |8 | '_2().9”621« 3 10.1757 10.7864 183829 1,0.'17.57’ 82072
| l‘8/30/96 e | asers9 0 13.0819 12.8940~_ | 108473 13.‘0319 22346
StatlstrcalAnalysrs o \ | ) L : | ’, . | S | .
© ArithmeticMean 253270 148246 10502 | 21476 - 15399 /6077
a0 9000 9000 | 7000 7000 7000
‘sdf o Ties0 2645 2.465 Crs3s 2887 2001
| T o 2306 | - ;,‘2;447
RELATIVE ACCURACY  4895% | o 3T30% |
- Note: Italicized bold data mdlcates results that are outhers in the data set that have not been used for
statrstrcal analysrs ' '
Relative accuracy’ of the Seefelder'Hg-Mat 21is. shown in Table 5. The relative accuracy ‘was calculated
for seven runs (2 through 8). The relative accuracy of the Hg-Mat 2 compared to M101B, train C, was
.- 54.4%, with a standard deviation of the difference from the reference method data of 4.815. ‘As with the .
Verewa CEMS, the variability of the Hg-mat 2 CEMS response is reflected in the standard deviation of
‘the CEMS data. EcoChem suspects that the positive bias of the: Hg Mat 2 response is due in part to the
known positive interference response to SO,. In response to this problem, Seefelder has installed an SO, | :
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. = scrubber before the reactlon chamber in order to reduce the SO, bias. . Results of the modlﬁcatlon . \
should be reﬂected in the performance of the momtor durlng the endurance tests o -

. TABLES. SEEFELDER HG-MAT2 RELATiVE ACCURACY

 CEMS RELATIVE ACCURACY
CEMS Seefeldeng—MatZ DR
_»'rMeasu‘re‘me‘nt ’fype‘: o M 101B k ’ M 10\1»-]_3 ‘
l i ‘chation: ’ ‘ Staek'\ o Duct ii'__. - :
Measnrement Units; v (ug/dscm) : (ug/dscm) .' o -
Date; | Run# | TmA  CEMS i Tramc"'.' CeMs &
| e snso6 | 1 '26.5"559 243901 ‘2.1‘6%53‘\{ 55 6828" 24:3901° "-V3j.~2-g*2€7'5}
o L oseees | 2 | orsers ooaser  assos | 226106 23562 oo
L R 8/28/96 3| 23sses  219ms  1sex | 210733 219746 09014 |-
820196 4 | 265108 3’1.1,40‘_6_’ 46303 | 2302 3147 91075
8299 s | 26as7 328878 "4-6.46‘41' 212303 330019 117716 |
spoms | 6 245677 310406 6. 4n9 229969 310406 | 80437
A emome | 7 25,5621 :».:'31;:2005:-' s34 | 2imi2 3_.1}2‘238;,;} 94926
| enom6 8 | 20961 206380 “,-,8.6'.‘7_59' 183829 296380 112551
8530096 o | 259750 334430 . 74679 | 108473  33.4439  -22.5965 |
A‘Statistica,l Analysis. - R o 5 | | R | |
 AritmetioMean 25, 3270 ) osem2 3371 | 2147 2864 7218
R TS 9000 9000 9000 | 7000 7000 7.000
o 1980 4472 - 4983 .| 1535 4499 4815 |
t B | 2.306 o | 2447
RELATIVEACCURACY  28.43%. 54.35% |
Note: Italicized bold data indicates results that are outhers in the data set that have not been used for

stahsﬂcal analysis.

In addition to not meetlng the 20% RA crlterla, all three CEMs experlenced operatlonal problems during
and after the initial RATA test (pluggmg, corrosion, etc.). In response to these problems, all three
CEMS have been modified or upgraded to minimize the effects of the sample gas matrix. In general,
these problems Wwere associated with the content of the stack gas matrix associated with a cement kiln,
‘and it’s effect on sample transport, zero drift, and interference response. The CEMs evaluated for this
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:program were designed to be used in applications where the stack gas has been scrubbed of acrd gases

o and that has low non—condensable partrculate concentratlons nelther condltlon of whrchexrsts at this
S test facrhty ‘These modlﬁcatlons were made to enhance the performance of the CEMS and mcrease
Iong term ava11ab111ty ofthe CEMS e o

S Conclusnons RN e R 0 S L
_ Contmuous ermssrons momtormg of mercury from hazardous waste thermal treatment processes is i
"~ desired for verification of emission complrance process control, and. pubhc safety perceptlon The U S
Enwronmental Protection Agency (EPA) has proposed regulatrons that require. the use of total - mercury
‘continuous emissions ‘monitors (CEMs) on incinerators, boilers, and industrial fumaces that bum 5 :
- hazardous waste. - These proposed regulatrons also. mclude draft performance specrﬁcatlons for mercury
-~ CEMs. This ongoing joint EPA/DOE. program 1dent1ﬁed three drfferent mercury. CEMs ready to be -
' tested for comphance with the proposed performance specifications. ‘The. instrumiients have beenin =~ - . ¢
o operation at a commerc1al cement kiln that co-fires hazardous waste.” The first phase of CEM testmg
- revealed that all three. mstruments were not able to meet ‘the EPA proposed performance standards.
After a review of the test results, all three instrument vendors 1mplemented system modifications to
- improve mstrument performance The effectlveness of these modlﬁcatlons wrll be assessed durmg the
- nlong-term endurance test. S 3 ﬂ . :
In addltron to the initial CEM RA test results the data revealed several addrtronal unportant _
- observations. First, the CEMs were installed in a locatlon that prevented meeting all Reference Method
, ‘samplmg location requirements (drstance from both upstream and downstream flow d1sturbances) This .
- could have a detrimental impact on performance if there:'was a srgmﬁcant quantity-of partlculate-bound v
- inercury in the stack gas.. The test data confirmed the assumptlon that particulate bound mercury isnota
e __’srgmﬁcant fraction of the total mercury in the stack gas effluent. Second, the data confirmed that CEM
' installation location in the facility transfer duct allows extraction of representatlve offgas samples as
compared to the facility stack: Third, the proposed M101B: proved to be.very consistent with the -
standard EPA mercury reference method (M29) in measuring total mercury in the facrhty offgas.. And ke
~ fourth, the test facility selected for this instrument. demonstration has a relatively stable mercury:
concentratlon in the stack gas wh10h conﬁrms the selectron of thls facrllty for thls type of testmg
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