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ABSTRACT

This report assesses the use of a coated baghouse to control emissions
from charging and demagging operations at a secondary aluminum smelter.
On-site sampling was conducted for characterization of the emissions gen-
erated by specific tests for total particulates, particle sizing, elemental
analysis of particulates, polynuclear aromatics, sulfur dioxide, sulfur
trioxide, total methane hvdrocarbons, total chlorides, and total fluorides.
Operating data supplied by the smelter is evaluated as to the system's
reliability. '

The coated bahouse system was found to be reliable and very effective
for reducing emissions of particulate matter, sulfur trioxide, chlorides,
and fiuvorides. It had no effect on the total methane hydrocarbon emis-
sions. Particulate emissions from the baghouse are characterized as con-
taining small quantities of copper, aluminum, sodium, potassium, and zinc.

This report was submitted in fulfillment of Contract No. 68-02-~1402 by
Environmental Science and Engineering, Inc., under the sponsorship of the
U.S. Environmental Protection Agency. This report covers a period from
10/17/76 to 10/22/76, and work was completed as of 10/22/76.
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SECTION 1
INTRODUCTION

In 1973, Rochester Smelting and Refining Co. installed a coated bag-
house, designed bv Teller Environmental Systems, Inc., in order to reduce
particulate and gaseous emissions from the charging wells on their three
reverbatory furnaces. Subsequently, a U.S. EPA demonstration contract was
obtained by the smelter to show the effectiveness of this control facility
during their charging and demagging operations. In 1974, Clayton Environ-
mental Consultants, Inc., was contracted by EPA to conduct & series of
emission tests on the facility in order to characterize its wmajor parti-
culate and gaseous emissions during operations of fluoride fluxing and
chlorine demagging. However, the chlorine demagging equipment was not
installed, therefore, that aspect of the testing program could not be
complered.

In August of 1976, Environmental Science and Engineering, Inc. (ESE)
was assigned Task Order #015 of EPA Contract No. 68-02-1402 to perform a
testing and evaluation pregram of the coated baghouse. The sampling was to
be performed during demagging operations using chlorine and to include the
following parameters:
1) Particle eize distribution at the inlet and outlet of the
. baghouse, )
2) Simultaneous measurement of average particulate loading at the
paghouse inist and outlet,
Velocity, temperature, moisture, flue gas composition, sulfur
dioxide &nd sulfur trioxide determinations as required,
Characterizetion of the particulate and gas composition
(chlorides, peolynuclear aromatics, chlorine, etc.), and
5) Analyze and evaluare the testing and operating data (compiled by
Rochester Smelting and Refining Co.) and prepare a final report
of the systems performance and reliability.

(%)
—r

[y

During ESE's preparation of the work plan, the scope of work was ex-
tended to include poscible sampling during charging and fluorine demagging
periods if chlorine demagzing could not be performed continuously. The
field testing work was to be performed during the week of October 10th,
1976, However, ir was postponed until the week of October 17th due to a
ot <

&
function eof an electrical transformer at the plant,

-~y
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SECTION 2
CONCLUSIONS

The results of the festing program have demonstrated that the use of
a ceoated baghouse is very effective for reducing certain emissions from a
charging well of an aluminum reverbatory furnace. As shown in Table 2-1,
the total particulate emissions were reduced 84 percent, sulfur trioxide
emissions were reduced 83 percent, chlorine emissions reduced 84 percent,
hydrogen chloride emissions were reduced 97.4 percent and total fluoride
emissions were reduced 75.4 percent,

The particulate emissions were sized with an in-stack impactor and
found to have an average particle size of .4 microns at both the 'inlet and
outlet locations. The particulate control efficiency of 84 percent 1is
within the expected range for a typical baghouse when the exhaust gases
have particles of this size range. Therefore, the coating on the bags does
not appear to affect the overall collection efficiency.

Surprisingly, the records of Rochester Smelting and Refining do nor
report a c1gn1f1ca it weight gain when collectlng the used coating material.
This is interesting since the average inlet emission rate was 11.75 lbs/hr
and the bags are used from several days to more than a week without
recoating.

The sulfur dioxide emissions at the inlet and outlet were consistently

beliow the test method's stzted detection limits. So, the sulfur dioxide
cotlzcticen efficiency of the coated baghouse was questionable.

The ounlet levels ¢f gsvlfur triovide were found to be below the test
method's derectable ilimit whlle inlet levels were much higher. Therefore,

the caliculated efficiency of 83 percent may be lower than actual. In anav
case, the control svstem appears to be effect1vely reducing sulfur trioxide
emissions.

The efficiencies determined for chlorine and hydrogen chloride were 84
percent and 97.4 percent, respectively. These results show that the coated
bezhiouse 1s very effecrive for emissions during chlorine demagging. It wasg
acted that the charging well hoods and chlorination weli designs were in-
adegualte Lo prevent gevere in-plant ventilation problems during chlorine
: ing. The "bell” would leak some emissions around the sides of the
wiere the heaviev-ihan-air gases would not be captured by the hoods'

flow.

A reduction of 75.4 percent for total fluorides was demonstrated by
ESZ's tests. Vnile this 1is not as high as some efficiencies for other
zinants, it dees show 2 significant reduction by passing through the
ciec baghouse.

Ocher than sutfur dioxide, the only other contaminanf not posifivelw
shown to be effectivelv controlled by the system was total methane hydro-
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carbon. A comparison on strip-chart data shows no difference in peak
magrnitudes or freguency between the inlet and the outlet.

The elemental analysis of the outlet dust reported quantities of Iron
{20%), Copper (7.5%), Aluminum (3.5%), Sodium (2%), Potassium (2%), Zinc
(1%}, and all other metals (iess than 1%). The high guantity of Iron is
believed to be from contamination from the sampler.

Samples of the particulate catch were analyzed for polynuclear .

aromatics, however none were detectable.

Table 2-2 is a summary of the operation log books of the four furnaces
during the testing program. Each furnace was operated on its own schedule
due to specific product requirements. Except for the time during fluoride
and chloride testing, no attempt was made to adjust production with
sampling. In fact, fluoride demagging, charging and idle periods of
cperation were randomlv occurring during all sampling periods.

A review of the monthly operating reports showed no serious main-
tenance problems with the baghouse svstem. Some bags have been replacecd
over the last vear but this is expected with any baghouse system.

A problem of in-leakage was apparent during our testing period since
flows were up to 16,000 DSCM greater ar the outlet. This is only signifi-
cant. in that it reduces the effective capture zone of the exhaust hood at
charging wells.,

In summary, the coarec haghouse syvstem proved to have very effective
ccitecrion efficiencies for narticulate emissions, sulfur rrioxides,
chlorides, and fluorides. It was not shown to have good collection

characteristics for total methane hvdrocarbons. Particualte emissions
contained small quantiries of Copper, Aluminum, Sodium, Potassium, and
Zinc. An overall assessment of the system's reliability is that it is very
coad and ite effectiveness on reducing the emissions of most test contami-

nants is also very good.
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SECTION 3
PROCESS DESCRIPTION

General

The operation of a typical secondary aluminum reverbatoery furmace,
similar to those at Rochester Smelter and Refining, Inc., . consists of
charging scrap merals with a high aluminum content; melting the scrap by
firing fuel oil; fluxing for removal of impurities; alloying, mixing, de-
magging and degassing to achieve specifications, and skimming of floating
impurities. Finallyv, the furnace is tapped to obtain molten aluminum. A
secondary smelter urilizes metal wastes which contain a high percentage of
aluminum and impurities of magnesium, copper, silicon, zinc, iron, and
other metals. These are classified as clean or dirty depending on their
physical state; oil coated, painted, etc. The dirty scraps are not usually
pretreated on-site, except that some of the oily scraps are degreased by
passage through a direct fired rotary kiln.

The charge is intreduced into the furnace through a charging well,
vhere it melts and flows through a bottom connection into the combusticn
zone of the furnace. A flux is applied to float some of the impurities and
also to create a cover to help prevent oxidation with air. The molten
metal 1is analvzed for composition and is adjusted to specifications by
alloying, wixing, demagging and degassing. The demagging process which
reduces the content of magnesium in the melt is of interest for this test-
ing project. Essentially, there are two primary methods of demagging in
use. The more common demagging procedure is te add fluerine, in the form
of zluminum fluorics, te form magnesiuvm fluoride which floats to the top of
the molten metal. This is a relatively simple cperation which requires no
additional process eguipment.

The other demagging operation is performed by lancing gaseous chlorine
into the lower portion of the charging well to form magresium chloride.
Chilorine demagging is susceptible to over-chlorination which creates venti-
lazzion problems witiiin the plant ags well as odors outside the plant. Due
to the teoxic neature ol chlorine gas, a special charging well bell and
scrubber system is required to try to contain the excess chlorine gas aad
chloride emissions, as shown in Figure 3-1.

The semi-solidé impurities formed by .the above mentioned steps are man-
vally skimmed with ladles and put into containers. The final step 1is to
tap the furnace and to pour the molten metal into a "shot' machine (vibra-
tion disc) or a biller log machine or a refractory lined container for
transfer to a nearby foundry. Production records are maintained fo indi-
cate the amcunt and tvpe of materials in the charge as well as the zmount
of flux, skimmings, and the molten metal tapped.

Specific
Rochester Smelting and Refining Company operates four reverbatory
furnaces for smelting of zluminum scraps. Each furmace has two separate
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exhausts as shown in Figure 3-2. The combustion gases from firing fuel oil
are exhausted through the combustion zone stack. Due to the impingement of
the flame through part of the stack, these exhaust gases-'do nol appear to
present & significant particulate emission problem. The charging well is
separated from the combustion zone as are its emissions which are vented
through an adjacent hood. The major emissions from the charging well are
caused during the charging and demagging phases of the operation. Based on
recent EPA contracts studying this process, emissions during charging are
generally related to aerosols of unburned hydrocarbons, while emissions
caused by demagging can be a mixture of many different gases and

aerosols. A summary of the expected emissions is presented in Table 3-1.

In 1973, a cpated baghouse system, designed by Teller Environmental
Systems, Inc., was installed. The bag coating known as TESISORB was
reported by Teller to act zs an acid gas absorber and neutralizer as well
as z preceoat filter. Once the coating is applied, the baghouse is operated
without a shaking cvcle to clean the bags until the pressure drop across
the baghouse approaches 18" W.C. Depending on specific operational
parameters such as tvpe of charge (dirty or clean), number of furnaces
on—line and type and amount of demagging operations, it mav take from
several davs to more than a week before a cleaning cycle; is needed.

The entire system is a very unique arrangement of charging hoeds, flow
combiners, flow splirters, dampers, water sprays, an evaporator chamber,
baghouse modules and exhaust fans. Figues 3-3 and 3-4 show the essential
conponents.

The charging hoods of the four furnaces are ducted to above the rooZ,
shere the original stacks are dampered closed and a horizontal manifold
nects all the stacks., However, the present capacity of the cleaning
s;steﬂ allows for only three furnaces to be vented ar a time. The combined
exhaust gases are passed through a water quench duct (spravs are only used
shen gas temperature is above 260°F) and a large baffled evaporator chamber
for water evaporation and larger particulate matter removal. A 2-foot
diameter damper is mounted in rthe side of the evaporator for emergency

remperature reduction by mixXing ambient air with the exhaust gases. Nex
the Llou is divided for entry into three separate baghouse modules; each
has separate inler znd outlet dampers for flow control and contains 504
Dacron tubular bags. Wnen coated, the bags are reported to have an oper-
sting range up rto 250°F. A hopper collects the spent coating and larger
narticles during normal operation and the remainder of the coating plus
captured particulates and absorbed gases during the bag shaking phase.
This waterial is passed through 2 rotary valve into a flexible discharge
hose for collection into containers for weighing and removal. During coat-
ine operations, the module inlet damper is closed and the coating is pulled
vp & flexible hose and through a special inlet duct into the dirty side of
the baghouse by the fan system. The three modules are usuaily coated with
# toral of 3,000 pounds of material. It has been reported by Rochester
Smelting and Refining Co. that material collected after the cleaning cycle

ls approximately the same weight.
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Table 3-1.

Summary of Expected Emissions from a Secondary Aluminum
Reverbarory Furnace.

Process Srep

Composition

Remarks

Charging

Fluxing,
alloving
and
mixing

(8:)

o
W
=]
jai
s
T3
-
ps
g3

Degassing
(-, Clsp,
or ¥y -Cls
mimture)

Skimming

Pouring

Fumes and smoke from
volatization and/or combus-—
tion of scrap contaminants.

Gases: Wirrogen, hydrogen
fluoride, hvdrogen chloride,
combustion gases, and other
volarile components.

Particulate: Major consti-
tuent when fluxing with
salt-crvolite mixture is
sodium chloride with minor
amounts of aluminum and
magnesium compounds. Addi-.
tional compounds of Na, Al,
Mg, Ca, Fe, Pb, Mn, K, Cr,
Zn, and Ni may also be
presented.

Gases: Chlorine, hydrogen
haiides, volatile metal
chlerides, combustion gases
(if there is not a separate
chlorination chamber).

Particulatre: Aluminum
chloride, aluminum fluoride,
zluminum oxide, magnesium

chloride, magnesium fluoride,

magnesium oxide, calcium
chloride, calcium fluoride,
sodium chloride, plus addi-
tional compounds of Cu, Ni,
Cd, and other metals.

Severe fuming results only
with Cls or Ns-Cls mixtures.

Emissions are similar to
those from demagging.

Minor fugitive emissions.

Minor atmospheric emissions.

Fluxing fume samples collected
by thermal precipitation were
found to contain particles
smaller than 2 microns with
most of the particles O.1
micron. The fumes were
characterized as corrosive par-
ticularly when collected wet.

These emissions are conwverted
to air pollution control
residuals (either wastewarer,
sludge, or solid waste) at
plants where such systems are
implemented. See gas cileaning
processes below.

The parameters which detzrmine
quantities of emissions Tron
demagging are:
- metal temperature
— chlorine flow rate
- magnesium content of allov
- depth of chliorine imjection
- thickness and compositicn
of dross

Air pollution and control
systems are usually used to
process demagging effluenr
gases. See below.

The results of one study showed
that all fume particles fron
degassing witnh chlorine were
under 2 microns and 90-954 were
less than 1 micron. Mean
particle size appeared to be
0.7 microns. Refer to gas
cleaning processes below.

Can be controlled by hood.

Can be controlled by hood.
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original plastic containers while the acetone washes were rinsed into clean
borosilicate glass bottles with Teflon-lined tops. Samples were labeled,
logged and stored for gravimetric analysis in ESE's Gainesville laboratory.

Overnizht Parriculzte Emission

In an effort to obtain a larger catch for the elemenral analysis of
the baghouse's particulate emission, a series of four overnight test runs
were performed. The sampling trains were started in the evening just be-
fore leaving the plant and stopped the next morning. Only one sampling -
point was used, however the initial sampling rate was established for cor- :
rect isokinetic conditions. Samples were recovered in the normal manner. ’
The probe and box heaters were "off" for these runs to prevent electrical
compiications with the inclement weather. Overnight runs 3 and 4 were con-—
ducted simultaneously; the train for run 4 did not contain a filter in
order for the impingers to catch the total solid and condensed particu-
late matter without clogging a filter. The total impinger catch as well as
probe was analvzed with the other samples.

Total Fluorides

The total particulate test runs 1 and 5 were also used for total
fluorides determination per U.S. EPA Method 13B of 40 CFRI 60, Appendix A,
The normal Method 5 testing trains were modified on these runs by using
¥hatman filters instead of fiberglass filters and rhe recovery procedures
altered by saving the impinger catch along with a preliminary water wash
(no brushing) of the prefilter components (probe and filter holder). &
normal brushing and an acetone wash were performed after the water wash;
the filter and acetope wash were stored for analysis with the other U.S.
EPA Methods test runs. After the filter had been analyzed for weight gai=n,
ir was put into the contziner wirh its water wash and impinger catch for
the total fiuoride determination per Merhod 13B. While it is recognized
that some particulate matfer mav have been lost due to the preliminary
water wash, it is not felt to be significant enough to effect the total
particuiate results.

Particle Sizing .

Particle size distribution of the particulate matter in the inlet and
outlet gases was measured with an Andersen Mark I1II Cascade Impacror.
The apparatus used had a pre-cut cyclone, eight impaction stages, and a
back-up filter. Dessicated fiberglass filters were weighed before and
after sampling using a Cahn Model 4400 electrobalance (semsitivity to 0.001
mx). The testing locations were the same as those used for total
particulate emission tests, however, only one sampling point at each
location was used.

The assembled impactor was inserted into the stack and allowed to
reach thermal equilibrium with the gases. The nozzle of the impactor was
then turned into the gas stream and immediately sampling was begun.
lKzar 1sokinetic sampling was achieved by sampling at a rate based on a
rrevicus velocity measuremant at the single point where the sample was
taken. ' However, changes in the sampling rate were not made te accommodate
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changes in rhe gas velocity as this would change the cut points of the
impactor stages. Figure 4-6 shows a schemaric of the sampling train.

After sampling, the impactor was taken back to the weighirg room for sample
recovery. This was performed by disassembling the impactor, removing the
glass-fiber substrates and brushing the remaining particulate matter from
each stage into the sample container with the substrate. Due to the
difference in grain loadings between the inlet and outlet locations, the
impactor was able to sample for much longer periods at the outlet (4 to 5
hours) than at the inlet (20 to 60 minutes). .

Gross Sized Particulates

The sample weight of the particulate matter captured in the Andersen
Mark III Cascade Impactor is so small as to preclude elemental analysis on
the emissions from the coated baghouse. Therefore, gross samples were
obtained through the use of a three-stage cyclone sampler shown in Figure
4-7. This sampler was borrowed from the U.S. EPA Industrial Environmental
Research Lab in Raleigh, North Carolina. The nominal sampling rate of
the cyclones is 1.0 CFM which requires sampling for fairly long periods to
obtain large enough samples for analysis.- At the baghouse inlet, the
sampling period ranged from 20 to 60 minutes, while the outlet sampling
period ranged from 360 to 899 minutes. The outlet test runs #2 and #3 were
conducted overnight in order to have sufficient time to obtain an adequate
sample, Tests were run during the day at the inlet location for possible
comparison, '

After the sampling run, the sampler was taken to the weighing room and
disassembled. Each stage was brushed clean and the captured particulates
placed into containers. A backup fiiter was used to obtain & cummulative
rzlationship of the sample weights. These samples were dessicated and
wveighed on a Cahn Model 4700 electrobalance having a sensitivity of .0001

mg.

In conjunction with the elemental analysis of the emitted particu-
late maftter, a sample of the baghouse hopper dust was obtained for analysis
by spark source spectroscopy. The composition of the TESISORB was obtained
from Teller Environmental Systems, Inc., and compared with thar of the
hopper dust. A final selection of 11 elements was made for quantification
of the metals contained in the baghouse emissions., This was performed by
using .an Atomic Absorbtion Analyzer and using the particulate catches fror
the three-stage cvelone sampler's outlet runs #1 and #3. Due to problems
of high blank values from fiberglass, the resulrs are limited to samples
not collected on a filter.

Sulfur Oxides

Sulfur dioxide and sulfur trioxide were samples in accordance with
!.5. EPA Merthod 6 in CFR 60, Appendix A. The method is based on the
»rinciple that sulfur trioxide is separated from sulfur dioxide by its
lective absorpition in isopropyl alcohel. The sulfur dioxide is
bsequently absorbed in hydrogen peroxide. Although the method was

written specifically for sulfur dioxide determination, it was extended to
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include sulfur trioxide determination by recovery of both absorbing re-
agents and associated washes. A schematic of the sampling apparatus is
presented in Figure 4-4. Sulfur trioxide is scrubbed from the gas stream in
the first impinger which contains 15 ml of 80 percent isopropanol; the
sulfur dioxide is then removed in two impingers each of which contain 15 ml
of three percent hvdrogen peroxide. The sulfur dioxide is oxidized and
subsequently analvzed by titration wirh barium perchlorate using thorin as
an indicator. Similarly, the glass-wool mist trap, probe washings, and the
first impinger's catch and wash are titrated with the barium perchlorate
and thorin indicator. The samples were analyzed on-site after completion
of a 15 minute purging with ambient air. Each test run was performed at
the same sampling location as wevre the particulate determinations but only
at one sampling point.

Chlorides

Concentrations of chlerine and hydrogen chloride were measured at both
rhe inlet and outlet of the baghouse to determine the control efficiency of
these two chemical species. The method used was that proposed by C.E.
Decker and C.B. Hagar in 1968, "Determination of Hydrogen Chloride and
Chlorine in Stack Gas." Gas samples were extracted from the appropriate
location and passed through a midget impinger containingi15 ml of alkaline
arsenite abhsorbing solution. The gas volume sampled was then determined by
passing the clean sample gases through a vacuum pump and dry gas meter as
illustrated in Figure 4-5. After a sufficient volume of gas was sampled,
the impinger contents were recovered and analyzed for C1,/HCl per the
method, Chlorine was determined by analyzing the sample for unconsumed
zrsenite wich reduces the Cl» fo HCl. The total HCl .was then measured
using the Volhard titration. The Cl; determined in the first titration was
then subtractecd from the total chlorine found by the Volhard titration to
give the free chlorine concentration. As with the sulfur oxides, each test
run was conducted at the same locations as were the particulate tests but
at only cne sampling point.

Gaseous Methane Hydrocarbons

4 Beckman lodel 400 hydrocarbon analyzer was employed for Total
Gaseous Hvdrocarbon Determinations as Methane. Separate sampling lines
(teflon) were employed for inlet and outlet sampling and were located at
the same duct and stack locations as for the particulate sampling. The
sample lines were alternately purged and connected to the instrument for
epproximately 45-minute periods., A chart recorder was connected to the
instrument's electrical terminals and the data were reduced on a time
wezighed basis at a later time. The sampling times were essentially
continuous throughout the work hours of the testing program except for
periods of checking the zero and span and purging sample lines.

Folynuclear Aromatic Hydrocarbons

Fiiters from the three-stage cyclone sampler's outlet run #2 and U.S.
EPA Method 5 ocutlet runs #4 and #7 were analyzed for polynuclear aromatic
hvdrocarbons (PNA). The particulate catch was extracted with methylene

chloride, concenfrated to ! ml and analyzed by a gas chromatograph with a
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flame ionization detector. The three chromatographs vere compared with the
chromatograph for a-Naphthyl Amine a P.N.A. hydrocarbon. This was to
determine tf addirional analyses on a gas chromatograph-mass spectroscopy
unit would be beneficial.

Copies of all the testing and/or analytical procedures are in
Appendix B.
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SECTION 5
RESULTS AND DISCUSSION

The testing program was conducted on October 18th, 19th, 20cth, 2lst,
and 22Znd of 1976 with the assistance of personnel from Rochester Smelting
and Refining Company. The scheduled work plan was modified in the field to
obtain that which is shown in Table 5-1. The overall consideration was to
perform the various tests (except for Total Chlorides) on a regular basis
regardless of the furnace operations. A review of the process data pre-
sented in Section 2, shows that only furnaces #1, #3, and #4 were operated
during our testing schedule. However, for production reasons, a definite
pattern of all furnaces performing the same operation could not be
established. For example, on the second and fifth day, chlorine demagging
was performed on furnace #3 while the other two furnaces were charging,
using fluorine for fluxing and demagging, and were idle at various times
during the day. Throughoutr the week of testing, this pattern of random and
different operation on each of the furnaces continued. Therefore, it would
be in error to interpret the following data as anything but as emissions
occuring from three charging wells during various phases of operation.

Particulate Emissions
The total particuaite results from the U.S. EPA Method 5 sampling are
shown on Tables 5-2, 5-3, and 5-4.

The inlef emission rates varied from 5.56 lbs/hr to 17.06 lbs/hr white
the cutler emission rates ranged from 0.19 lbs/hr te 26.85 lbs/hr. Severzal
runs had higher emission rates at the outlet than at the inlet during the
same time period. A review of the individual filter and probe-wash gravi-
metric results show thar for the inlet samples most of the particulate
matter collected came from the filter, while this was not true for the
outlet samples. OQutlet runs #1 and #8 had larger net weight gains in their
washes while runs #2, #5, and #7 had almost all the catch found on the
filters. A green colovation of the filters was noticed after outlet runs
#5 and #7 (conducted in the morning) and the preceding overnight runs #!
and #2. The cause of this coloration was not identified but is suspected
to be related fo overnight plant operations. Outlet rum #2 was immediately
following a cycle of cleaning and recoating of the bags, and demonstrated a
higher outlet rhan inlet emission rate.

Another factor to consider when comparing the emission rates is that
stack gas flow (DSCFM) has a direct relationship to emission rates. 1In all
bui the first run, the outlet flow exceeded the inlet by from 9,000 to
16,000 DSCFM depending on the specific run. The fan system is rated at
39,000 SCFM at a pressure drop of 10 to 22 inches water column. This
corresponds favorablv with the average outlet flow of 43,202 DSCFM but not
with the average inlet flow of 32,064 DSCFM. It is suspected that a
in-leakage existed between the two sampling locations and probably was from
the evaporaring chamber's emergency damper or baghouse pre-coat inle<
ducts.
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The particulare control efficiencies ranged.from 55.8 percent to 98.2
percent: with an average of 83.5 percent. This is somewhat lower than
expected for a baghouse but does agree with previous testing on this unit
bv Clavton Environmental Consultants, Inc.

Table 5-5 presents a summary of the overnight particulate sampling at
the outlet and shows a lower average emission rate, 2.47 lbs/hr, than found
during the daytime. This may relate to reduced furnace operations during .
the night, when usually two furnaces were i1dle and the other furnace was
charged. '

The emission rates from the one point sampling methods used for the
Andersen Mark IIL Cascade Impactor and the three-stage cyclone sampler are
presented in Tables 5-6 and 5-7, respectively. The Andersen impactor's
results show an average of 8.78 lbs/hr at the inlet and 0.26 lbs/hr at the
outlet. Likewise, the three-stage cyclome sampler had results of average
emission rates of 8.19 1bs/hr and 0.09 1lbs/hr for the inlet and outlet,
respectively.

A summarv of all the particulate sampling train results 1is presented
in Table 5-8. The Andersen impactor and three-stage cyclone sampler gave
lower results at both the inlet 'and outlet locations, but the degree of
difference was much greater at the outlet. This may mean that the outlet
emission levels are somewhat lower than reported by the U.S. EPA Method 5
test runs; outlet runs {53 and #7 mentioned before, show the greatesr
differences but this may be explained by the absence of the green
colorarion on the filrers from the Andersen Impactor .and three-stage
cvclone sampler. 1t is important to note the difference in the merhods of
sampling (in-stack filters vs out—-of-stack hot box, one point vs melitiple
points), sample recovery (no wash vs probe wash, dry brushing of stages vs
brushing and acetone rinse) and analyses (on-site weighings vs off-site
weighings)} that exist between the Andersen Impactor and three stage cyclone
sampler, and U.S. EPA Method 5. Therefore, ‘direct numerical comparisons of
the results mav be erroneous. However, "ballpark' estimates and comparisons
can be made to determine the possibility of gross errors or sample bias.

For example, on October 21, 1976, the inlet runs show the same "ballpark"
of emission rates even though two of the values (Impactor #3 and Cyclone
#2) differ from the other three values by a multiple of 3. On the same
day, the outlet runs differ significantly due to_ the green coloration on
U.S. EPA Method 5 filters on runs #5 and overnight #2.

Total Fluorides

The results of the fluoride determination on the samples obtaimed from
the U.S. EPA Method 5 runs #1 and #5 are presented in Table 5-9. The
average emissions were found to be 1.23 1bs/hr at the inlet and 0.23 lbs/hr
gt the outlet with an average collection efficiency of 75.4 percent. Both
of these test runs had higher outlet total particulate emission rates than
found ar the inlet, bur showed a large removal of fluorides by passing
tnirough the coated baghouse system. These emission .results are stightly
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higher than that reported by Clayton Enivornmental Consultanrs, Inc., but
the average efficiency is similar. However, it should be noted that the
previous test and analysis methodologies are unknown and :the results may
not be comparable,

Particle Sizing
The results of the Andersen Impactor test runs are summarized in Table

5-10. The D50 is the calculated particle diameter in microns at which 50
percent of particles will be larger than and 50 percent will be smaller
than this size. The "percent less than" is the cumulative percentage of
the total weight caught during each test run, for a particular stage and
all the stages located downstream of it in the impactor, and includes the
back-up filrer.

The average D50 for each test run and for all test runs at the inlet
and outlet are presented. The average D50 for all the inlet test rums was
determined to be 0.4 microns. Interestingly, the average D50 for all the
outlet tests was also 0.4 microns. These run averages were obtained by
plorting the results on log-probability paper and finding the size fior each
test run at the 50 "percent less than" value as shown in Figures 5-1, 5-2,
and 5-3. Based on a weight relationship, these D50 run averages and D50
inlet and outliet averages represent that particle size at 50 percent: of the
cumulative weight.

Inlet run #3 and outlet run #2 were performed during the same time
period on October 21, 1976, and show much higher average BP50's (3.6 and 2.5
microns respectively) than the other runms.

The major aspect of the particle sizing results is that the average
particle found at the inlet is the same size as the average particle found
afrer the coated baghouse, In view of this and the average particulare
collection efficiency of 83.5 percent (Table 5-4) of the baghouse, the
svstem appears to be operating in the expected range for a normal baghouse
virh the same D50 particle size. The higher efficiencies (99% +) uwsually
associated with baghouses is for collecting particles larger than 5 microns

Three-Stage Cyclone Sampler

Elemental analysis of the particulate samples collected in the three
cyclones was performed on outler runs #1 and #3 (run #2 was retained for
possible crystaline analysis). Table 5-11 presents a summary of 1&
separate analyses performsad with an atomic absorption unit on the three
stages of both test runs. These 11 were chosen for further investigation
following review of a qualitative analysis of a sample of the baghouse
hopper dust by spark source spectroscopy. The metals of interest and their
average percentage in the outlet dust samples is given on the bottom of the
table. The iron results are apparently in error due to rust contamimation
from the sampler. The contamination was apparently less severe on run #3
which concurs with visual observations during sample recovery.
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FIGURE 5-1.

INLET PARTICLE SIZL DISTRIBUTIONS AT ROCHESTER SMELTING

AND REFINING
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FIGURE 5-2.

OUTLET PARTTCLE SIZE DISTRIBUTIONS AT ROCHESTER SMELTING

AND REFINING
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FIGURE 5-3. AVERAGE INLET AND AVERAGE OUTLET SIZE DISTRIBUTIONS AT
ROCEESTER SMELTING AND REFINING
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Sulfur Dioxide and Sulfur Trioxide

The resuits for sulfur dioxide and sulfur trioxide sampling are pre-
sented in Table 5-12. The average sulfur dioxide emission rates were 0.07
lbs/hr and 0.053 1bs/hr for the inlet and outlet, respectively. The average
efficiency of the coated baghouse was found to be 54 percent for sulfur
dioxide removal.

The sulfur trioxide emissions were determined to have an average inlet
rate of 1.81 1bs/hr and an average outlet rate of 0.6 1lbs/hr. The system -
had an average collection efficiency of 86 percent. '

The results show some higher emission rates at the outlet than at the
inlet, This may be due to a chromographic effect of the bag coating where
inlet concentrations may be delaved or retained by the coating before being
released sometime larer. Also, the U.S. EPA Method 6 is reporred to have a
detectable limict of 2.1 x 10 =7 1bs/DSCF for sulfur dioxide, and an equiva-
lent detectable limit of 2.63 x 10~7 1bs/DSCF for sulfur trioxide. Since
Table 5-12 shows that all the sulfur dioxide inlet and outlet results and
most of the sulfur trioxide outlet results, are considerably below these
limits, the results may have a degree of lower limit "bounce'. However,
sample volumes were approximately four times the usual requirements of the
method (~ 3.0 DSCF to 0.71 DSCF) which might have a lowering effect on the
derection limits.

The important points of the results are that sulfur dioxide is emitted
at both the inlet and ocutlet in very low concentrations and that sulfur
trioxide concentrations are reduced effectively by the coated baghouse.

Hvdrogen Chloride and Chlorine

The aspect of the possible reduction of chlorine gas and chlorides was
the primary goal of this testing program. Table 5-13 presents the resulrs
of chlorine and hydrogen chloride testing and reports on the collection
efficiencies. The average chlorine emission rates were 7.66 lbs/hr ac the
inlet and 1.29 lbs/hr at the ourlet; the average chlorine collection effi-
ciency was 84,4 percear. The average hydrogen chloride emission rates were
5.06 lbs/hr and 0.28 1bs/hr acr the inlet and outlet, respectively; the
average colleccion efficiency was 97.4 percent.

These results demonstrate that the coared baghouse was effectively
reducing the chlorine/hydrogen chloride emissions.

In order to decermine any residual effect of the chlorine demagging
process, run #5 was conducted approximately two hours after chlorination
was stopped and cthe "bell" removed from the charging well. While the
emission rates of borh gases decreased during this run, as compared to run
%4, the outletr levels of chlorine increased and hydrogen chloride was not
derecrable. The increase in chlorine emissions may be related to a
chromactographic effect of the bag coating or its saturation level. The
significant aspects of the results are that chlorine and hydrogen emicsions
centinued from borth che charging well and the baghouse for ar least several
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4

hours afrer chlorine demagging was completed and that the coated baghouse

successfully reduced borh of these emissions by 84 percent and 97 percent,
respectively. -

Total Methane Hyvdrocarbons

As summaried in Table 5-14, the emission levels of cotal methane
hydrocarbons did not differ significantly by use of the coated baghouse.
Simulraneous sampling was not conducted while making this determinationm,
however, each location was adequately sampled for greater than 800 minutes
during the course of the four days in order to characterize the emission
rates. The inlet and outlet gases were sampled alternately for individual
periods of up to 45 minutes throughout the testing period. This technique
was designed to adequately describe the total methane hydrocarbon
concentrations at both sampling locations.

The time-weighed average concentrations of total methane hydrocarbons
wvere determined to be 46 ppm at the baghouse inlet and 40 ppm at its
outlet. Due to the lack of a significant difference in concentratiens, a
contreol efficiency is not given. -

Polvnuclear Aromatics i

The filcers from rthe three-stage cyclone outlet run #2 and U.S. EPA
Method 5 ourler runs #4 and #7 were analyzed on a gas chromatograph for
polvnuclear aromatic hydrocarbons (PNA). Based on comparison with a sample
of a-Naphthyl Amine, & known PNA, none were detectable, Therefore, the
scheduled gas chromatograph-mass spectroscopy analysis was cancelled.
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ENVIRONMENTAL PROTECYION AGIENCY REGULATIONS

OM STANDARDS OF PERFORMANCE FOR NEW STATIONARY SQURCES
(40 CI'R 60: 36 FR 245876, Dccember 23, 1971,

Effective Aupsst 170 1971 v

Amended as shown in Code of Fedewnd Rezulations, Voline 90, revised as of lulv 1,

1975: 40 FR 33132, August 6, 1975: 40 TR 42194,
September 23, 19735; 40 FR 45170, Octoher 1.
I'R 48347, October 15, 1975; 40 FR 30718, October 31,

1975, 40 FR 533-2

Seprember 11, 1973, 40 IV 43850
1975, 40 FR 4627

20. Qctober 6. 19735, 40
November

1975 40 FR 38415, December 16, 1975 40 IF'R 39729, Deceomber 30, 1973: 471 TR

1913, January 13, 1976 41 FR 2232,
41 R 42063, Jauuary 29, 1976: 41 FR 7749, February 20, 19740: 41 FR 8346,
, 1976: 41 FR 11820, March 22, 16706; 41 FR 17349, April 27, 1976041 FR

Ma} 4, 1976)

PART GO-STANDARDS OF PER-
FORMANCE FOR NEW STATION-
ARY SOURCES

AUTHOANITT: Seces. 11t and 114 ¢f the Clean
£ot, oS pragnsed’ by sre, 4(e) 'of Fab L.
S4B Stoi. 1678 (42 T.S.C. 1857¢-6,
e-8). Subpari-B elso istued under sec.
a) of ihe Clean e Aet ns gmended by
18{¢3 {8) ol Tuh, L. 01604, Ex Stat.
TEL. 1637E).

(40 FR 53340, November 17, 1578

Subpert A—General Provisions

§ 60.1 Applicabitiny.

Ereept as proyided in Subparts B and
¢, the provisicns of this part opply to
the owner or gperator 0! any stationary
source which centains 2n afiected facil-
i1y, the construction or medification of
h {5 comunenced ofter the cdate of
D.".,l.c 1451 in this part of any standard

1or, 1 exrlicr, the date of publizaijsn of
ary propesed cwndsrdd appelicable to
that focility,

139 FR 2:5790. lune 14, 1574}
140 TR 46250, October 6, 19751

ot Definitious.
As used in this part, oY tcrm.s nat
Loned herein shall bove the meanmg
1 in thie Aot
*omezns the Ciean Alr Act
onoancnded Ly
LOETG).
the Ad-

LA

January‘ 13

(¢} “Standard” menns a standard of
performance proposed or promuigated
under this part.

d) “S"“*on'\ry source'’ means any -

building, structure. facility, or installa-
tion whiclt emits or may emit eny alr
pollutant and which contains any one oF
combkination of the following:

(1) Afccted.foeilities,

(2) Existing facilities,

(2) Facliities of the type for which no
standards heve been promuigsted In this

rt.

[40 FR 58415, Decemnber 16, 1975)

er “Affected facidity”™ means, with
reierence tna sml'.on..f-x sCUree, Ny Ane
naratus to which a stapdord s apphcabie.

(fy "Owrer or operator’” means any
person who owns, [eases, aperales, con-
trots, or sunervises mn aflccied facility
or o stoticnoary source of which an at-
fected faciily is a part.

vgr UContruetlion® neans fabrization,
erpetion, or instajlation of an afiectrd
facility.

() “Modifieation™ ineans any phvsi-
cal change in, or change in mc method
of operatien of, on exisiing facility w sty
increases the prooisiti ol any eirpellutant
(1o which o standard onplies), cxm'.'.':..
into the atmosphere by that fecility er
which refuits in the emiiszien of any wir
poilutant (4o which a stanazrd mpphesi
{nta the nimoznhere not  previeusly
cmittcd.

150 FROISITER, Dueevmmbor 16, E5750

(SR
to the gy - :
Lion Jlitavc2y of the Ay, Lol

G 2578 Copyright ¢ 1978 by The Cureuy of ticrioaul Aligus,

1976. 41 FR 282¢. J:m:nmr}' 6, 19762

Fobruary
154985,

oo Tram C. "2l ".:“.:
o1 that an owner o o
tnle ¢ cantratiund ©
take ang comt

ides ¢f nit
easured
this port.

5y rSuadard condild
C 'G(:'I"
].'h' r-\:} r

(m’ “Progporiionel somplhing
saruling nton orate '1\‘: edates o con
stant ratie ef sarzding ratr to sewel (;"s
Ngye rawe,

i) “Iselinelic sampling™ means
samohinge 1y whieh the linear veloe
e gas eonering e sunipnt .
eqgual W Taat of the undisiurped gas
stronin ot R0 Saunnd point,

tos "Slartar” mepns
oprration ef ann aticoted. tacil
pu

v UBRpdown” seans tne g
Gl Cpcrtiui vl oLn afiortted L
uhyy AL,

Inc, Vo, 6000 [
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FEDERAL FIEGULATIONS

(1) 25etNed & for concentration of par-
tirulat2 matler ond nssociated moisture
contont: o -

€2y Methed I for sample snd velocity
ravarses:

(3} Metheod 2 for velocity end volu-
mretric fow rate: and

(5} Liethod 3 for gas analysis,

D) For Aethied 5, the sampling time
157 each fun shall be at least four hours.
“When s sinple EAF is sampled, the sam-
pling time fer cach run shall elso in-
clude an integral number of . heats,
Shorter sampling times, when necessi-
tated by process voriables or other fac-
tors, may bLe approved by the Admin-
istrator. The minimum sample volume
shall te 45 dsem (160 dscf).

(¢} For the purpose of this subpart,
the owner or operator shall conduct the
cemonstration of complignce with 60.-
S72¢a¥(3Y and furnish the Adminis-
trator a written report of the results of
tire test.

{d) During any performance test re-
quired under § 60.8 of this part, no gases
ous™ diluents may be added to the
eBuent gas stream sfter the fabrie in
any pressurized fabric filier collector,
unless the emount of dilution is sepa-
ratciy determined and considered in the
determinaiion of emissions,

_(e) When morc than cne control de-
vice serves the EAT(sS) being tested, the
conicentration of particulate matter shall
te - determined wsing the 'foliowing

equation: " .
E( ClQl ) =
C,=23
2(Qu)
wlere: n=!

Ci=cenzeniration ¢f particulste maiter
noppsdieny (orjaselyas detenined
. Lrmethed b
Nealeiul cumber of eantral devices
trried.
Quewoiumetrie Now rate of the eMuent
£o8 siroam ju dsem/he (dscllr) as
delermined by ruethad 2.
(C.Qua ot (Q)a=volae of thie annlicable paraxmeter for
cach contre! devize fesied.

(fy Any conirol device subiect to the
provisicns of Uus subpart shall be de-

e

stemed and construzted to allow meas-
urement of emisslons using spplicable
test methods and procedures..

(g) Where crissions from any EAF(s)
are combined with emissions from facili-
tirs not subject to the provisions et this
cubpart but controlled by a commaon cap-
ture svstam and control device, the owner
or oneralor may use any of the follow-
ing precedures during 8 periormance
test:

(1) Base ¢compllance on control of the
cocinbined emissions.

(2) Utilize a method ‘acceptable to
the Administrator which compensates
far the emissions from the facilities not
subject to the provisions of this subpart.

(3} Any combination ef’the criteria
of paragraphs (g} (1) and (g¥{2) of this
section.

th) Where emissions from any EAF(s)
are combined with emissions from facili-
ties not subject to the provisions of
this subpart, the owner or operator may
use any of the following procedures for
agemonstrating ccmpliance with § 60272
(R)(3): :

(1) Base compliance on control of the
combined emissions. -

(2) Bhut down operation of {acilities
not subject to the provisions of this
subpart.

(3) Any combination of the criteria
of paragraphs (h) (1) and (h) (2) of this
sectlon,

L] - L] - »

{Secs. 111 end 114 of the Clean Alr Act, as
emended by sce. 4(a) of Pub. L. 81-6G04, B4
Btat. 1678 {43 U3.C, 1B57¢c—G. IB857c-2))

[4G FR 43850, Scptember 23, 1975]

ATPUNDIX A ~ REVFERENCE METHOLS
[39 FR 20790, Junc 14, 1974}

MEITHOD 1=—SAMPLIE AND VELOCITY TRAVERSLS
FOR STATIQINARY SOURCES

1. Principle and Applicabiity.

1.1 Principle. A sampling site and the
rumber cf traverss points ore Selelted toeld.
ia the extraction of a representative ssmple.

12 Applisability., This meihod. ehowd

be appied only when greclfied by the test
proccdures ter determinimg complisbze with
the New Sowre Performesace Ewsndards, Un-
Jess otherwlse specificd, This method 1= not
intended to apply o pas sircdrms cther than
those emitted dirpetly o the atmosphere
without further proceosiiig.

2. Proccdure.

2.1 Sclectlon of a-pampding elte and minl-
mum wumber of traverse. polntl,

211 Selectasampling site thatisallenst
elght stack or duct dismmeiess downstrenm
snd two diameters upstmeam from aoy Sow
disturbaree such 23 & bemd, expansion, con-
traction, or visible fpne=e. Fer rectanguler
cross sactlen, determine swn equitalent dlami-
eter {roia the fotlowing equstilod:

. . Lleazth) {width}

Equivalent diameter '2( lcngih-{-wid'th

equation I-1

2.12 When. ¢the sbtoma campling site
eriteria can be mei, the: muin!mum number
of traverse polints {s. twelws (13).

2.1.3 Some sampling situations render the
above sampling site: erf@terls lmpractical.
When this 1s the case, choose a convenlent
sampling locstton and.wse Ficure 1-1 to de-
termine the minimum. myxumber of traverse
polnts. Under no cocditimns shouwld ¢ sam-
Pling polnt be selected: wilthin 1 inch of the
stack wall. To obtain, tke mumber of traverse
polois for stacks or curts with & diameter
iess then 2 feei, multifgly the pumber of
polnts obtained from Figmire 1-1 by G.§7.

214 To use Flgure 2 :£r5t measyre the
distance from the chosem sampilng locaticn
to the pearest upsiream . amd downsiream dis-
turbacces. Determing: whe commerpondlzng
number of traverss polois for each distznve
from Figure 1-1. Select ihe higher of the
(wo numhers of traverse: po!nts, oF & greater
wvalue, such that for circular stacks the num-
ber is & muitiple of 4. cdnd for rectanguwar
stacks the number folicwes the cTiteris of
section 2.2.2.

22 Cross-sectional lopmut aad losation cf
traverse pollts.

221 For clrcular st=x'ks locats the tr=-
verso polnts ob et lesst two dlameters Bis
cording to Figure 1-R and Table 1-1. Tho
traverse trst shell ditiio the slack €103
saction into equal parts.
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NUMBER OF DUCT DIAMETERS UPSTREAM®
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NUMBER OF DUCT DIAMETERS DOWNSTREAM-

{DISTANCE B}

Figure 1-{. Minimum number of traverse polnts.

o

Tidle 3-1. Lezation eof traverze pelats in circular g1270%

{rorze~t of stac dia-eter feem frotdem wall 1y traverse zoiend

reint

Traverse

Forier G

er 9f lriveri2 L2ints on @ digreter

Poole: 677 4] 337 255 200180 1.
T B4 250008703250 8.2) 67! s
’ 3 CT50029.5, 19,41 0361 105 9.
! 4 ' s:.:;m.si;z.s:z:.s!u,? Pie.
) . ! 5 ; i85.3767.7 34.2'25.0 32,
f £ . ; “e5.5 |26 6581258 i
Figure 1-2. Cross section of circular stack divided into 12 equal ! L ! : :a;.s Diralens s
areas, showing tecation of traverse points ai centroid of each area. g | i 1 | 952 185.4|75.0 i€,
£ T A I islsiEas {73,
: : s l 10 M | igr.suss.z ;7;.
: i 1 n ; ! | ; 3.3 18¢
e | e 1o P | ow oo §1.5 9
: ! ) 13 | 5.3
-._.._...,__..__.-f-- _._-:_------ I 14 58.2 g7
I i ] H 15 | 7
@ | e I o I o | 1% -
: | : i 17 55.6! 50,3} 858 1235
—--'--'—:"-""'r---—'}“"“"' I 18 53.6193.3 aa.af’sz.s‘
o ! o : e I e [ 19 95.1 93.3~1E;.a
i ; i 20 58,7 S:.D!E?.Si
: ! H 21 $6.5. €21
) 22 3.9(38.5
Figue 1-3. Cress seclion of reclangular stack divided Inle 12 equal 21 558
areas, with traverse points atl ceatrpid of each area, 2¢ EER
- 5-25-76 Copyright £ 1976 by The Bureau of Nationa! Aficirs, Inc. [Appendix Aj 33




FEDERAL REGULATIONS.

121:0424
2.22 For reciangular stacks divide the
285 &

cress section into as many equal rectangular
areas as traverse polnts, such that the ratio
cf the length te the width of the elemental
areas is between one and two. Locate the
iraverse points al the centroid of each equal
area agsording o Figure 1-3,

3. Rcferences.

Determining Dust Concentration In a Gas
Stream, ASME Performance Test Code 227,
New York, N.Y,, 1957,

Devorkin, Heoward, et al., Alr Pollution
Suurce Testing Manual, Air Poliution Centrok
District, Los Angeles, Calif, November 1963.

Methods for Datermination of Velocity,
Velume, Dust and Mist Content of Gases,
Western Precipitation Division of Joy Manu-
fzcluring Co.,, Los Angeles, Callz, Bulletin
WP-50, 1968,

Standard Method for Sampliug Stacks for
Particulate Matter, In: 1971 Book of ASTM
Standards, Pary 23, Philadelphia, Pa, 1971,
ASTM Designatien D-2628-T1.

METHOD O2—DETERMINATION OF STACK GAS
VELOCITY AND VOLUMETRIC FLOW RATE (TVPE
% PITOT TUBE)

1. Principle and epplicability.

1.1 Principle. Stack gas velocity is deter-
mined from the gas density angd from meas-
urement of the velocity head using a Type S
{Stauschetbe or reverse type} pitot tube.

L2  Applicabllity. This method shouid be
appiied only when specified by the test pro-
cedures for determining compliance with the
New Source Performatice Standards.

2, Apporatus,

2.1 Piiwot tube—Type S (Figure 2-1), or
equivalent, with a coeficlent within +5¢%
over the working range,

2.2 Differentia! pressure gauge—Inclined
manometer, or eguivalent, to measure velo-
ity head to within 10¢% of the minimum
value.

2.3 Temperature gauge—Thermocouple of
equivalent atiached to the pltot tube ta
neasure sLALk temperaiure to within 1.55. of
the minimum ehsolute stack temperature.

2.4 Pressure gauge—Mnhlercury-filled U-tube
maenometer, or eguivalent, to measure stack
pressurc to within 0.1 in. Hg.

" 2.5 Barometer—To measure atmospheric
pressure to within 0.1 in. Hg. .

2.6 Gas analyzer—To analyze gas composi-
tion for determining molecular weight.

2.7 Pitot tube—Standard type, to cali-
brate Type S pitot tube.

3. Procedure.

3.1 Set up the apparatus as shown In Fig-
ure %-1, Make sure all connections are tight
and leak free. Measure the velocity head and
temperature at the traverse poelnis specified
by hlethod 1.

3.2 Measure the stetic pressure in the
stack,

3.3 Determine the stack gas molecular
weight by gas analysis and appropriate cal-
culztions as indicated in Method 3.

4. Celibration.

4.1 To celibrate the pitot tube, measure
the velocity head at some point in a flowing
gas stream with both a Type S pitot tube and
a standard type pitot tube with known co-
efficient. Calibration should be done in the
laboratory and the velocity of the Aowing gas
strearn should be varied over the normal
working range. It is recomnmended that the
czlibration be repeated after use at each field
site,

4.2 Calculate the pitot tube coefficient
using equation 2-1,

Curenr=Corgq /2008

Prest PN ADrese equUation 2-1

where:
Ci ey =Pitot tube cceficient ¢f Type 3
pitot tube.
Cp,,y=Pitot tube coefficlent of standard
type pitol tube (If unknown, use
0.49)

Apswe= Velocity head measured by stand-
ard type pitot tube,

Aprest= Veloclty nead mensured by Type 5
pitet tube.

PIPE COUPLING

!

1.3 Compare the coefficients of the Type S
pitot tube determined. first with one leg and
then the other pointed slownsirenm, Use the
pitct tube only if the two coofficients differ- by
Lo more than 0.01,

5. Calculations,

Use equation 2-2 to.cziculate the stack gas
velocity.

(Vo= rc,.cb(v:‘a@.m\/%{-;&

LEquation 2-2
where:
(Vi) ve. = Stuck mas velocizy, feot por second {.p.s):

=550t (_ﬁ"'
T s I, mu R
areused.

14
““when theseuntts

Co=Titot tube enefficiont, dimensionless.
(T.).u.=.&§rjragu absohus stack gas temperature,
(V30) ave. = S vernee volarits Niead of stack
Hat) icer 1 -2)
P.=Ahsahite sfae
A, =Moieenlar weig
Ib.ilb.-mele.
tl—H,ai--18Dws
Me= Dry maleontar sevght of stack gas {frem
Methad 33,
Bue=Droportion by swlume of water vapor in
ihe gas trearm ([rom Moetliod 43,

oar, inches

38 pressure, inehes e,

Tic
2-of staek pos (wet Dasis),

Figure 2-2 shows a semnple recording sheet
for velocity traverse dncm. Use the averages.
in the last two columns of Figure 2-2 10 te-
termine the average stack gas veloelty from
Eguation 2-2.

Use Equation 2-3 ta czlcuiate the stack
gus volumetric flow raie.

Q.=3600 (1—B,.,) V.A((—T%) (PI%;)

Equation 2-3
where: .
Qe=Velumerric Row rate, dor basis, standard condi-
tions, {1.30he,

A =Cross-sectional aren of stmck. f1.2

'T,x.d:.\b's‘o!ulc fompereiune =0 standwrd conditions,
. &30° .

Pua=Absoluts pressure ot s;

mlard condiiions, ™02
inches Heg.

TUBING ADAPTER

MANOMETER

Figure 2-1, Pitot tube-manometer assembly.

Environment Reporter

|
[

F

f
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DATE

RUN NO.

STACK DIAMETER, in.

BAROIETRIC. PRESSURE. in. Hay.
STATIC PRESSURE IN STACK (Pg), in, Mg,

OPERATORS

SCHEMATIC OF §STACK

CROSS SESTHION

I T
f Velocity head, I Stack Temperaire
Traverse point | e ! R
number . Hy0 Ap i (gL °F
] J
!
i
1
AVERAGE:

Figurs 2-2,

Copyright € 1976 by The Bureow of Notional Affairs, Inc,

Velocity traverse data.
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LIETHOD 3--=GAS 27ALYS1S FOR CARBON DIOXIDE,
EXCESS AIR, AND DRY MOLECULAR WEIGHT

1. Principlec and applicability.

1.1 Principie, An integrated or grab gas
sample s exiracied from a sampling point
:1:.‘ analyvzed for lis components using an
omsat annlvrer.

1.2 Appliecabilily. This method should be
sopiied only when spcci‘ied by the test pro-
cedures for determining compliance with the
New Sourcé Perfonmance Standards. The test
pro¢cedure will indicate whether a grab sam-
pie or an integrated sample Is to be used.

y o

2. Apperaius,

2.1 Grabsamyple (Figure 3-1).

2.1.1 Probe—S:ialnless sicel or Fyrex!
ginss, eguipped with & Alter 1o remove partlc-
uiate m:-.t'.e.-.

2.1.2 Pump—One-way sgueeze bulb, or
eguivalent, {o rranspory gas  sample 1o
analyzer

Integreted sample (Figure 3-2).

2 2 1 Probe—Stiainless sieel or Pyrex!
giass, equipped with a fliter to remove per-
ticulate matter,

2.2.2 Alr-cooled condenser or cquhalem—
To removte any excess moisture.,

223 XNeedle valve—To adjust flow rate.

224 Pump—Lezk-free, diaphragm 1iype,
or equlvalent, to pull gas.

225 Rate meier—To measure a flow
range from O to 0.035 cim.

2,26 TFlexible bag—Tedlar! or equivalent,
with a capacity of 2 to 3 cu. ft. Leak test the
bag i3 the iaboratorr belore using.

2.2.7 Pitot tube—Type S, or equlivalent,
attached 1o the probe so that the sampling
fiow rate can bhe regulated proportional o
the stack gas veloclty when velocity is varye
ing with time or _a sample traverse Is
conducted,

23 Anelysis,

2.3.1 Orsat analyzer, or equivaient.

FLEXIBLE TUBING

TO ANALYZER
FILTER (GLASS WCOL
SQUEEZE BULB
Figure 3-1. Grab-szmpling train.
RATE METER\
\.’f-.L,\.’E
f
AlR-COOLED CONDENSER /
DeE =
FRO2E =
N
QUICK DISCONNECT
FILTER (GLARS VOU r“/ BAG
VELYE. !
&
S

RIGID CONTAINER”

Figure 3-2, [nlegraled gas

= sampling raim,

Envirenment Reportar

3. Proccdure.

3.1 Grab sampling.

3.1.1 Se¢t up-the equlpment as shown In
Figure 3-1, making sure 21} conneetions are
leak-free, Place the probe in the slack at a
sampling polnt and purge the sampling line.

3.1.2 Draw sample inte the analyzer,

3.2 Integrated sampling,

3.2.1 Evacuate the flexible bag, Set up the
eguipment as shown in Figure 3-2 with the
bag disconnected, Place the probe in the
stalk and purge the sampling line. Connecs
the bag, making sure that all connections are
tight and that there are no lezks.

3.2.2 Sample at a rate proportional to the
stack veloeity.

3.3 Analysis,

3.3.1 Determine the CO,, O, and €O con-
centrations as soon s possible. LMake 2 many
passes as are Decessary to give conatant
ings. IU more (han ten passes are nece
replace the absorbing selution.

3.3.2 For grab sampling, repeat ithe zan
pling and analrysis uniil three consecuiive
samples vary no more than 0.5 percent by
volume for eich component bheing analyzed.

233 For interrated sampling, repent the
analysis of the samplie until thres consecu-
tive analyses vVary no mcre than 0.2 percent
by volume Ior each component being:
analyzed,

4. Calculations.

4.1 Carbon dioxide, Average the three con-
secutive runs and repori the resuls 10 the
nearest .15 CO.,.

£.2 Excess alr. Use Equation 3-1 ‘o calcu-
late excess aly, and average the runs. Repors
the result to the nearest 0.17; excess pir,

h

‘,«_- LEA=
{(T5 03 —0.5{% CO)

\
T = ® 100
026107 Ny = (¢ O +05(T: €Oy
equation o1
where:
,nEr. Percent excess alr.
L 0.=Percens oxygen hy volume, dry hasis
5&N,z‘?ercem citregen by volume, 4ry
basis.
< CQ=Percent c¢arhon monoxide by voi-

ume, ary basle,

0.26¢=Ratio of osygen to nitrogen in air

by voiume.

4.3 Drr moelecular weight,
3-2 to calculzie &y moleculer
sverage the runs, Report the
nearest tenih.

Lig=0.43({5CO,

Tee Eqguation
weight znd
resuit 1o e

320 0 B
T UDBLN, S CD,
eguation 3-2
where:
LIw=Dty molecuiar weipht. I1b./it-mole,
. CO_=Pergent ¢carhon dioxide by voiume,

drv basis.

O =Percent aygen by velume, ar7
bpasis,

. N.=Percent niirogen by volume, ary
basis.

0.44="xiolecuiar weight of carbon dloxice
tvided by 100,
g.52=N\lolecuiar weight of
by 100.
§.28=Nolecular weight of nitrogen and

CO divided by 100,

oxrgen divided

{Appendix A) 26
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4.2 Gas voiume.

- . P T
Vie=Va [ led Yy
(P.m)( T. )

° v
17:17—53a(1225) .
in. Hg\ Ta equation 4-2
where:
Vme =Dry gas volume through meter at
siendard conditlons, cu. It
Va =Dy gas volume measured by meter,
cu. ft,
Pa =Barometric pressure at the dry gos
meter. inches Hg.
Poia=Pressure ot standard conditions, 29.92
inches Hg.
Tra=Absolute tempersture at siandard
conditiens, 530" R.
Tw =Absolute temperature ot meter (*F+

<69), "R’
4.3 MNoisture comtent,
v v
D,,=——2¢ L Bap = (0.02.
Vg Ve T B =y gy, T 002
ecquation 4-3
where:

Bwo=FProporilon by volume of water vapor
in the pas stream, dimensloniess.

Vee =Volume of water vapor collected
{stendard condltlons), eu. 1t.

Vwe =Dry gas volume through meter
{standard conditicns), cu, ft.

Bwu=Approxirmate velumetric proporiien
of watler vapor in the gas stream
leaving the impingers, 0.035,

5. References.

Alr Polluticn Engineering Manual, Daniel-
eon, §, A, {ed.), U5, DIEW, PHS, National
Center for Alr Pcilution Control, Cincinnatd,
Ohig, PHS Publication No. $89-AP-40, 1967,

Devorkin, Howard, et nl, Alr Polluticn
Source Testing Manuael, Alr Pollution Con-
ol District, Los Angeles, Calif.,, November
1963,

Methods for Determination of Veloclty,
wolume, Dust and ILlist Content of Gases,
VWestern Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Calif, Bulletin
VoP-50, 1963,

LIETHCD 5—DETERNINATION OF PARTICULATE
EMIFSIONS Pron STATIONART BOURCES

1. Prinegipie cnd opplicabilify.
1.1 Principle. Pariiculaie matter {5 with-
rom the source and its

1.2 Applicability. This method is applica-
e for the de
s:01s from stationary sources only when
cnecified by the test procedures {for determin-
ing compliance with New ESource Performi-
awce Standards.

2. Apparatus.

2.1 Sampling train. The design specifica-
1ions of the particulate sampling train used

o7
0581, Comumerc:al medels of this train are

2.1.1 Nozzle—Stainless steel {(316) with
sharp, tapgred leading edge.
212 Probe—Prrex?! glass with a heating

gr3iem capable of maintalning & minimum
gis temperature of 250° F. at the exit end
curing sampling W prevent condensation
from occurring, When length limitations
oreater than shout B fr.y are encountered at
ramperitures less than 600 F., Incoloy 8251,
or equivalent, may be used. Probes for sam-
pLnNg £38 SLreams o1 TEMPETIiures i excess
or 600" F. must pave been zpproved by the
Administrawor.
«1.3 Plor tebe—Tyvpe S, or eguivaient,
ched 10 probe O mOomir stack gas

aczact
velocity,

s Trade name,

2.14 Filter Holder—Pyrex?! glass with
heating system capahble of maintaining mini-
muwm temperature of 225° F,

2.1.5 Impingers/ Condenser-—-Four impin-

gers connected ln series with glass ball joint |

fittings. The firsi, third, and.fourth impin-
gers are of the Greenburg-Smith design,
modified by replacing the tip with a lz-inch
D glass tube exiending to ene-half inch

‘from the bottom of the flask. The second im.

pinger is of the Greenburg-Smith design
with the standard tip. A condenser may be
used in place of the impingers provided that
the moisture content of the stack gas can
still be determined.

2.1.6 Metering system—Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 5* F., dry
ERs meter with 2¢ accuragy, and related
equipment, or equivalent, as required to
maintain an lsekinetic sampling rate and to
determine sample volume.

2.1.7 Barometer~—To measure atmospheric
pressure to £0.1 Inches Hg.

2.2 Sample recovery.

PROBE STACK
WALL

!
REVERSE-TYPE
PITOT TUBE l

221 Prohe brush-—-At least as long as
probe.

2.2.2 Glass wash bottles—Two.

2.2.3 Glass sample storage containers.

224 Graduated cylinder—250 ml,

2.3 Analysis.

2.3.1 Giass weighing dishes.

2.3.2 Degslecator,

2.3.3 Analytical balance—To measure to
=+0.1 mg. :

234 Trlp hniance—300 p. capacity. to
measure 1o +0.05 g,

3. Reagents.

3.1 Sampling.

3.1.1 Filters—Glass fiber, NSA 1106 BH®,
or eguivalent, numbered for ldentificaticn
and preweighed.

3.1.2 Silica  g-l—Indicating type, 016
mesh, dried at 175° C. {(330° ¥.) for 2 hours.

3.1.3 Warer,

3.1.4 Crushed ice.

3.2 Sample recevery.

1 Actisne—Reagent grade.

IMPINGER TRAIN OPTIONAL. MAY BE REPLACED
&'t Ail EQUIVALENT CONCEKSER

HEATED AREA  FILTER HC-LDER/ THERMAOMETER  CHECK

VALVE
/

L VACUUM
LINE

PITOT MANONETER

=7
(i

THERYOMETERS

DRY TEST METER

VACUUN
GAUGE
MAIN VALVE

AIR-TIGHT
PUMP

Figure 5-1, Pariicuiate-sampling train.

2.3.3 Desfceant--Drierite. indicating.

4. Procedure.

4.1 Sampling

4.1.1 After selecting the sampling site and
the minimum number of sampling points,
determine the steck pressure, tepiperature,
moisture, and range of velocity head.

4.1.2 Preparation of collection traln.
Weigh 10 the nearest gram approximately 200
g. of silica gel, Labei a filter of proper diam-
eter, ceciecate? for ai least 24 hours and
weizh to the nezrest 0.5 mg. in a room where
the relative humidity is less than 50%. Place
100 ml. of water in each of the first two
impingers, leave the third impinger empty,
and place approximately 200 g. of preweighed
siliea gel i the fourth impinger. Set up the
traln without the probe as in Flgure 5-1.
Lezk check the sampling train at the sam-
pling site by plugeing up the inlet O the fil-
ter holder and pulling a 15 in. Hg vacuum. A
leaknapge rate not In excess of 0.02 cf.m. 2t a
vacuum of 15 Iin. Hg Is accepiable. Atiach
the probe and adjust the heater to provide a
gas temperature of sbout 250° F. 2t the probe
outlet. Turn on the filier heating system,
Place crushed lce around the impingers. Add

1 Trade name.
*Dry using Drierite! at 70° F.+10° F.

Environmens Reporter

more lee durizg the run to keep tke temper-
ature of the pases leaving the last lmpinger
as low s possible and preferably at 70° F.,
or less. Temperatures above 702 F, may result
in damage to the dry gas meter from elther
moisture cendensation or excessive heat,

4£1.3 Particulate traln operztion, For exch
run, record the data required on the example
sheet shown in Figure 5-2. Take readlhgs &
each sampling peint, atleast every & minuies,
and when significant changes in stack col-
ditions necessitnte additional adjusiments
in dow raie. To begin sampling, position the
nozzle at the first traverse point with the
tip pointing cdirectly Into the gas stream.
Immediately start the purnp 2nd adjust the
flow to isckinetic conditions. Sample for st
teast 5 minuies at each traverse peint; same
pling time must ke the same for ¢ach point
Maintain isokinetic sampling threughout the
sampling pericd. Nomographs are available
which aid In the rapid adjustment of the
sampling ralz without other computailons.
APTD-0576 detalls the procedure for usin
these nomogtaphs. Turn off the pump at the
corclusion ¢f each run and record the final
readings. Remove the probe and nozzle {rom
the stack and handle in accordance with the
sample recovery process described in sectlon
4.2.

[Appendix Al 28
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o — A AT v =y, fHi0 RF.y b
ik (XTI HLE LT S, td - 'l 3
OFRAICR ASARGD MOISTURE, ', - ’ ‘\IH’O Pﬂd 404 ng
oalg HEATLN 301 SETHNG . =004 4_(:_u__fl. \'
RN PACEL LINGTH, ml,
3-‘-"7‘{ Bawo. NC2ZLE DIAMETIR, fa. squation 5-2
LETER ST NS, PROSE HLATEN $L1TING,
\-REE.HI .
ceae. ECMEMATIED O STACK CROLS SLCTIOA
rixﬁxu h
TIFFLAL where:
:::;3 GAS bPLL FISERATLAY e Vv, 4= Volume oI water vapor in the gas
o TumING | 1A s vitoomr)  wtin foussun [ STOMOSRMEE [ a0t feiete o sample {¢ztangard conditlons),
ol I ol v e A T Sl Bt cu. it
Lo ke T L ki Bl LA il = Vi,=Total volumme of liquid collected in
implngers and silica gel {see Fig-
ure 5-2), mi.
pu,0=Density of water. 1 g J/ml
Man, ouMoleculav welght of water, i8 1o/
| ] 1b.-male,
t i R=1Ideal gzs «onstant, Z21.83 1ncthes
] Hg—cu. ft./ib~-mole-"R.
1 [ T, 4= Absolute tammperature at standard
T conditions, 530" R.
i 1 P, 4= Absclute pressure ot standard con-
ditions, 23.92 inches Hg.
1CTAL Avg. Avg.
LWt LRGE t At
6.4 DMoelsture contemt.
Fizure 52, Particutate 1iel 2aua,
‘r"-\td
4.2 Saxiple recovery. Exercise ¢are in move Conteiner No, 3, Welgh the spent silica gel B-o“\—*_—\
ing the collection train Trom the test site to  and report to the nearest gram. LT AL ST
itho sampie recovery aresa to minlmize the 5. Ccolibration. equation 5-3
loss ©f collected sample or the gain of Use methods agnd equipment which have a T
exrtranecus particilote matter. Set gside s been spproved by the Admiplstrator 0 where:

poriion ¢! the zcetone used in the sample
recovers oe 2 blank for anaiysis. Measure the
velume of water from the frst tbree lm-
pingers, tken discard. Place the samples 1o
containers a5 follows:

Cosnteiner No. 1. Remoave the fiter Irom
its holder, place in this container, and seal.

Conteiner No. 2. Plage locse particulate
meatter nnd  aceione washings {rom all
sample-cTposed surfaces prior to the’ dlter
im this <1 tainer and seal. Use o ranor blade,
brush, or rubber policernan to lose adhering
DLr ;c‘n"

M6, 3. Transfer the silica gel
;’:cn:r me ‘ot.rm mipinger to the original con-
tainer and sezl. Use n rubber poiiceman o8
en ald in removing sidica gel from the

Ansirsis. Record the data required on
tne example sheet shown in Flgure 5-3.
Handie each sample container as follows:

. Contginer No. 1. Transfer the fiter and

v locse particwlate matier {rom the sexmple
tainier to a tared glmes welghing dish,
dasziceate, &nd dry to o constant welghi, e«
port resulis o the nearest 0.5 mg.

Conteiner No. 2, Transfer the acetone
washings $6 s tored beaker and eveporats to
dryness at amblent temperature snd pres-
sure. Desiceate and dry to 6 constant welght.
RepnTi resulis 10 the nearest 6.5 mg.

colibrate the orifice meter, pitot tube, dry
gas meter, and probe heater. Recallbrate
afier eachh test series,

6. Celculations,

6.1 Average dry gas Immeter temperature
and everage orificc pressure drop. See data
sheet (Flgure B-2),

8.3 Dry gas volume. Correct the sample
volume measured by the dry gas meter io
standard conditions {70* F., 23.92.inches Hg)
by using Equation 5-1.

AH
_v (T,g,) Pootygg _
Diyid T Prea -
Pbll+
. 136
(!7 71 ; T 31 )‘: To

equation 1
where:

Vm, = Volume of gas sample through the
dry gas meter (standard condi-

tlons), cu I
V== Volume of gas sample through the
dry gas meter (meier <ondi-

tiens), cu. L.
T, s ADs0lute tempersiure ot standard

conditions, 530° R

Copyright © 1976 by The Bureau of National Affairs,

By =Troportion by vaaune of water vaper in the s
stream, dimensiomless.

Vv g=Volume of water iin the gas sample (standurd
conditions}, eu. .

Va,=Valume of zas smﬂxalle Lhmu"h thedry gng moler
(standard condithions), eu. [t,

8.5 Total particuiaie welght, Determine
the totel pariiculate zatch from the sum of
the weights on the analysiz data shees
{Figure 5-3).

6.6 Concentration.

6.6,1 Concentraliom ingr./s.c.tf.

o= (0. 0154-—-) ( )

equation 5-4

wiere:
¢’ =Concentration of articulate matter Io stack
gas, gr./s.el, diy bosis.
M,=Tota! amotiet of wmarticulate matter collected
mg-
Vi, =Volume of gas saxnple through dry gas meler
(siandard conditions), cu.

fne. {Appendix A] 2
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PLANT

DATE

RUN NO.

CONTAINER

WEIGHT OF PARTICULATE COLLECTED,

mg

NUREER

FINAL WEIGHT |

TARE WEIGHT WEIGHT GAIN

TOTAL

vOLUME OF LIQUID
WATER COLLECTED

IMPINGER - SILICA GEL
VOLUME, WEIGHT.
mi g

FINAL

INITIAL

LIQUID COLLECTED

TOTAL VOLUME COLLECTED

q* ml

CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER. (1 g.

INCREASE, g

ml):

= , mt
T g/mil- VOLUME WATER, m

Figure5-3. Analytical data.

6.62 Concentration in lb. /e It

1 tb.
153,60 wg )M, M,
p= S 20 205 X 10— i

LT g equation 5-3

where =
.= Ccnce'l‘lgranop %[:paghculnm matter {n stack Ma T%ZI_ amoutt of particulate matter collected

£zs, Ih.fs.c. ¥ bas =
453,600 MG, £ Va, .= Volume of gas sample through dry gas meter

_ 0.002¢7 in, Hg-cu. ft.\ ,
I"'-Tl[ ml_"R )‘l¢+

{standard conditions), cu. It,
6.7 Isckinetic varlation.

Vo min
: P... :
f.,.( w138 6)](1 667.5&(:.)

e\'lPIAﬂ

equation 5-6

Eavironment Repener

where:
f=Purernt of isokinetit sampling.
Vi, =Tota! volume of liquid collectcd in impingers
and silica el (See Fig. 6-3), ml.
rR,0=Density of water, 1 g.fml.

R =Idea) EAS constant, 2153 inches Hg-cu. [t.fil.

mole-*
Mpg0="Molrcular u.clght of water, 18 lb./fb.-mole.
Va=Yolume of gas xample throogh the dry gas meter
(meter conditions), cu. It.
Tw=Absolule average ¢ry gas meter temperature
(sec Figure 5-2),°R.
r n..—B;mmcmc pressure at sampling site, inches
i

£
Al =Average pressure drop scross the orifice (sce
Fig. 6-2), inchies H30.
T,=Absalule average stack gas tempernture (sce
Fig. &72). °R.
#=Total samplinz time, min.
".=Stack gas veloeily calculated by Method 2
Equation 2-2, [1./see.
I'.=Absolute stuck gas pressare, inches Hg.
Aw=Cross-sectional area of nonl.e 8q. it.

6.8 Acceptable results. The {following
range sets the Nmlt on acceptable Isokinetic
sampling results;

It 905 <1< 110%, the results are accepiable,
otherwise, reject the results and repeav
tiio test.

. Reference, '

Addendum to Speclfications fcr Incinerator

Testing at Federal Factlities, PHS, NCAFPC,
Dec. €, 1967,

Martln, Robert M., Construction Detalls of
Isckinetic Source Sampling Equipment, En-
viroomental Protectlon Agency, APTD-0581.

Rom, Jerome J., Maintenance, Callbration,
and Operation of Isokinetlc Source Sam-
pling Equipment, Environmental Protection
Agency, APTD-0576.

Smith, W. 8., R. T. Shigeharz, and W, F.
Todd, A Method of Interpreting Stack Sam-
pling Datz, Paper presented at the 63d An-
nual Meeting of the Alr Pollution Control
Assoclation, 5t. Louls, Mo., June 14-19, 1970.

Smith, W. 3, et al, Siack Gas Sampling
Improved apd Simplified with New Equip-
ment, APCA paper No. 67-119, 18967

Specificatlons for Incinerator Testing at
Federal Facilities, PHS, NCAPC, 1967.

METHOD 6~—DETERBMINATION OF SULFUR DIQXIDE
EMISSIONS FBOM STATIONARY SOURCES

1, Pringiple and applicability.

1.1 Principle. A gas sample Is extracted
from the sampling point in the stack. The
acid mist, lncluding sulfur trioxde, is sepa-
rated from the sulfur dioxide, The sulfur
dioxide fraction is measured by the barium-
thorin titratlon methed.

1.2 Applicability. This method Is appll-
cable for the determination of sulfur dioxide
emissions from stationary sources only when
specified by the test procedures for determin-
ing compliance with New Source Performance
Standards.

2. Apparatus,

2.1 Sampling. See Figure 6-1,

2.1.1 Probe—Pyrex? glass, approximately
5 {0 6 rom. ID, with a heating system to
prevent ccndensation and a Alterlng medlum
1o remove particulate matter includiog sul-
furic acld mist.

2.1.2 M:idget hubbler--Ome, with glass
wool packed in top to prevent sulfuric acid
mist cArryover.

2.1.3 Gla=s wool.

2.1.4 DMidpet impingers—Three.

2.1.5 Drying tube—Packed with 6 to 16
mesh indleating-type silica gel, or equivalent,
to dry the sample.

2.1.6 Valve-—Needie valve, or equivalent,
to adjust low rate.

2.1.7 Pump—Leuk-free, vacuum type.

2.1.8 Rate meier—Rotameter or equiva-
lent, to measure a 0-10 s.ctfh, flow range.

2.1.9 Dry gas meter—Sufliclently accurate
to measure the sample volume within 195.

2.1.10 Pltor tube—Type S, or equivalent,

1 Trade nomes,

[Appendix Al 30
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METHOD 13B '

DETERMINATION OF TOTAL FLUORIDE EMISSIONS
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Figee 134 2 Firddet

AN IRC——DLTLRIIINATION OF TOTAL FLUO-
T YAIISSION G FaOM STATIONARY SQURCRS—
SUFCIFIC 105 ELECIRODE RIET HOD,

inle and Applirabilify,

weiple, (lascous and particulate Ou-
thdrown iselnelically from the
[3-AH ng g sampling wrain, The flueTides
are cv')cclnd 1 the impiger water nnd on
i the samphing train, The weight
neorides in the train 15 determned
clectrode riethod.

Tixiz ansthod i3 ap-
he dclcrvr.ma..lun ol fluoride
Q08 irant talionary rres only when
ifog o odeters
o8 i
sshvous
or

Ine :.Lo*.t;e S“CLLIL v:m ciectrote analyti-
-al methed govers t) e rn..be of 0.02-2,000 ug
fowever, NG «onts ol irgs than
0.1 & L ECUaTe e. Selwitivity has
oy beotn determined,

$. hulerforences.

During the laboratery analysis, aluninum
1 exeess of 3090 mgiiter and sihicon dioxiwde
10 exCesS O UL oo diter will prevent colnpictle
recovery of Nuend

Precivion, .-‘.f_c::rac-,- and Stebility.

e accturacy of fuoride elecirode mensure-
¢or Teporicd Vvarious re-
i the range ¢ 1-5 percent in
s range of 0.0% to BO -l A
mperature of the sampie will
cirote pespSlse; t chinnge of
ure o 1.5 pereent retative error
i, Loek o! stability i the
crouncd to ineasure EWIF can intro-
. AN r:"ror of 1 nitlivoltn the EMEF
uces o relilive errer of 4
of tho shsulule concen-

!c:c consirus-
Dol fur
mianh nnlt

“for 1he sampling

{or attorable modifcations to Figure 153A4-1,
ser tue foliowing subsections,

The operating and maintenanc? proccdures
raln are <Qcescribed in
APTO-0ATE. Sirice carreel usyge s impor-
tant {n obinfnmpe valid results. ail usors
showld read the APTD-GST6 dofument and
atopt the cperating and maliicnance pro-
cedures outliced in it, unless otherwise spc-
iSed heren,

5.1.1 Probe nozrmie—3Siainless steel (316
wiith shoem. tapered deading edee. The angle
ol taper shall be Z30° and the taper shall Le

01 the outside to preserve a consiant iuter-

nal diameter. The prove neozzie shall Le ool
he bution-hicol or elbow desizn, wunies:s
cthorwize specifed by the Admin
The wall thickness of the noz2le shall Le
Jess han or equal 12 that of 20 paupe tub-
gL e, 0,165 om (0.0585 112,) end the i
from the tip of the nozzie to the first Lend
or poinl of disturbanuce shell be at jeast two
times e oulside nozzie dinmeter, The nazn
zie shall be consiruciag froln scarnicss stnin-
25 sieet tubing. Other configurations and
constraction material may be used with Aap-
prowal from the Aanihnsiralor.

A range of =mizes sulrable for isokinetle
sainphing shaid be aviiiable, eg., 032 <n
. oup 1o 1.27 cm o 41y i) (er larger it
ver volumie sampling trains are used)
mside diameier (ID) nozzles in lncrements

D6 oyt i), Eash neaile shall b
caliprated acetording o the procedurcs oui-
nned o the ealinration geclion.

5.1.2 Probe hprer—ERorosiliente plans of
stanless siced (21¢). When the dlter s lo-
Lied anunedintely afier ihe probe, o probe
i 5ysiem n b vred 1o prevent filter
pl.x vesulting TIrgnn meiitlure COLUen-
satipn. The tenperature 1 the probe shall
10t euesed 1M —td © (240200 F].

Taiut taare—T vl fovre
i by Lho AL aziachied wwo
ooy of he
n ol the
»oprelie L ot Le ad-

4 a5 Ve
pelob taiie aud 2

e NG IATLIITI Lt TClt GUICT, FLo o L0
i n:',! oL tne same planc, uu:lu- sampling,
e free spale helween fne nensie aud plrot
une shLall U at leazt 19 om0 905 .

Tee ..p..ca. thall be Sey bared ¢now 1.3 C'n
o s e InrpeEl siee
TN

The piiat 1uhs mucl alns mieet 11
roozifiey] §n Lielhvd 2 oend b oot
enpding to Lhe praccdure in the caliive
seclion of What metiwd,

5.1.4 Diffrrentinl pressure
clined  taancmeter  eantble ol
velocity Dead a within 10 o
inum oaneaseregd valve, e
inl presavre of
pavse, micrnvLpometers wiY
of 0.M3 o (O6GCD5 ) rRanid
ITowevar, milcromanomcelrrs are 1oL €
adaptable to field conditions and arc et
casv 10 uss withi pulsating fow, Thus, oilier
metheds or devices accenplaXle io 1he Ad-
niinistrater may Le used when conditions
wareand.

515 Filter
with o plans irlt 1.1“.' upparh
rubber gasket. Qther mate
tint 1mav b uded with arn
Administrator, eq. il probe 1
less siezl, then fiiter hisider mas
steel. The hoider desizn shallvprovide a pes-
tive saal agnainst ea ] 1 putsxnie
or around e fitler.

5.1.6 Filter heat
tare condensation :
syxipin capnhle of matain
around the Alter hinldar m“l
ne preater than 100 = 14°C ("'3::5 Fy. A
rerature finge canable of measuring o0
peratura to wilhin 3°C (54°F) =hall e -
stallnd =p that when (e filter henter is wsed,
the tamperature avornd the Alter hoider ean
he regulated and mamstored during q'\"'"'-""
Heating svstems other an ! it
jin APTD-DSBT miny Lo veed.

517 Impingers—Four  IMproers cane
nected ag sacwn iy Faeare 10
plass (or egulvatent), valu
The fivzt, {hird, and fourth
ihe Greenburg-S
piacing the Uip w
diameter glass tude excend
i from the batien of the
impinger ts of the Groend
waith the staudned p.

018 :

cange—Ti-

Toan
1L

Lo

‘A

Jhen o
:my hontinz

in
med
( t!r]
curacy at the reg
reinted equipment
1o muntan an o Telin earmpiain TaLe Tl
to determihe sample volume. Vhen 1
meierng sveiem is wied in eanjunstion wit
a pitot 122, Lhe oystem thall enablie chedhs
of isoiiine

5.l Rr B
other harsaeiers capable
mesphierle prezsure to within 2.5 mm l-'- tU t
131 Mgy, Tnomany ¢nees, the baromey!
tng mny be obrained 1rom A LISy W
bureau yrat:icly, in o whidh casz the saronh
value chiall bBe reguisied and [ adpisienny
o7 elovasion diferensai shati e anplod at n
yuie of punus 2.0 nu Hg Gl i 13y s Sa
m (1IN0 {4y elevatiohn m"rh..:e.

52 Sampic recovery.
‘520 Yreobe hiner
btu'lm"—\, s hrisiles
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STATICNARY SCURCES

A

o 180 ml

wer-—1000 ml,
. unetric flask—=50 mi
53,7 Eriemntyer flazk er plasile bottlr—

53.8 Consiant temperature balh—Can-
aole of m Aininz n constant temperatiure
Gf £1.0°C {n the range of room iemperature,

5,30 Trip Lalance—300 g cxpacity 19
measure to 205 4.

5.2.10 Fluorigdoe 'en activity gonuging e.cc-
iroide.

53.11 Doference eiecirade—Sinple junce
tion: sleeve tipe. (A combinstion-1rpe eiec-
trode having the references ciecirode and
tho flucride-fon sensing clestrode built into
one unit mav niso be uscd).

5.3.12 Electrometor—-A pH  meter with
mitHveis ble gf =3.I mv resoiu-
100, OF & §pes naneter made speeifically
for grecifiz 1on ure,

5313 Liagnetlc stirrer and TFE fluoro-
carhon eonted siripping bars,

G. Jearenis,

6.1 Sampling.

6.1.1 Filters—wWhatman Mo, 1 fillers, or
cguivalent, siued 3 It Shier Liolder.

6.1.2  Siliea get—Iudicating type, G106
micsh, If previsusly used, drf at 173°C
(330"} for & Lours. New siica gel may be
used ns received.

6.1.3 Water—Distilled.

6.1.4 Crusbed ice.

6.1.5 Siopcock precase—Acetons insoluble,
neat staqie silicene greame. This is not neces-
gary if screw-on cocnectors with tellen
sieeves, cr similar, are used.

6.2 Zample recovery.

6.2.1 Water—Dustliled from same cone

totner as 6.1.0.
6.3 Anciysis,
G.3.1 Caiciurm  oxide  {TaOY—Cerified

grade contelming 0.C05 percent fucride orf

less.

G.3.2 Pheneiphthalein Intieator—0.1 per-
cent in 1:} ethaool water mixture,

6.3.3 Hedium  hydroxide  (NaGHy—Pel-
lets, ACS reapent grade or equivalent.

63.4 Suifuric  acid 1i1,80,)—Ccncen-
trted, AUS5 reapent grede o cguivaient.

6.3.° Tilters—WWNhetiman No.  bal,  or
equivalens,

6.3.6 Water—Distlled, from same ron-
tainer as 6.1.3.

8.3.7 Total Ionic Strength Adjustment
Bulicr {TISAB;—Dlace approsunately 5C0
mb of distlied woter 1 a 1-liter beaker. Acd

mi oplacial acciic.poid, §3 ¢ sedium chio-
ride, and 4 g CDTA (Creiohexylenc dinitrilo
tetrarcetlie neidy. Sur to dicsoive. Place ihe
peaker in oo waicr Rath Lo coo! L. Sicwiy
gdd 5 M N20H 10 the solutien, measuning
the pll continuourly with a calibrated pH/

rederence electiode patr, untt! the pH is 53,

Cow! 10 reonn temperiiure. Peurinto o 1-1tter

flask 2nad diute 0 volwme with dissiiled

. Cammorvelaliy prepared TISAB bufler

w2 fer the ahove.

setuton—0.1 I8

Ardd 420 prams of

Cunrice (Batb') toa 1-

ond add enouch dis=

RS LT O TN

fUoride rolereise LNl
TIRpEnt grace $oCiu
Her Vo
triiee W

The foen nnd albtiiiane:
thiy proceoure wiii gt Le roguited,
Le oyl poto e sRMNIACIlGH Ol ine Annu

H sies contam only witals

<
)
.
t
-
D
¢
'
-
<]
i
-
—
-

7.1 Sampitng The samplisng ehnll or ooy -
aurnwd by compeient prroannei expomirnced
wiih tiis tost procedure.

.11 rarest prepatadden. Al trein come
ponents shall ke mnintained and ealibratad
acearding to the mrocedure des
APID-03TE, uniess olhrm
herein, R

welirh apure ately 200-000 r ool
In air tight rontiain to the nearest a.5 g,
Recard the tolal weipht, Doth stiicn erl rizd
eontnines, en the container, MoTe sigica gol
mar be used but care shouid be iaken darinn
sampling that it 15 not eptralned and carricd
out from the impinger. As an allernative, the
silica £} may he weighed directly tn the 1m-
pinger or {5 sampling bolder just pror {o
the train pssembly,

1.1.2 Preiiminars delerminationsg, Sotecd
thhe sampling site and the minimem aumber
ol sampling points acrerding o Method 1 or
as specificd be the Admitnistrator, Determine
the stack pressure. temperaiure, and 1ae
range of veioeity hends using Rethed 2 2nd
maoisture  content  using  Approximation
Metkhod 4 er its aliernatives for the purrose
of making isokinctic sampling rate cadculn-
tio1rs. Estimates mav e weed. Howerver, final
results will be bascd on metual measire-
ments made during the test.

Select & nozzle sitze based on the rance of
velocity heads such that it is not necessary
to change the nerzle size in order to mainiain
jsoklnetic campling rates. During the run, do
not change the nozzle size, Ensurc that the

iTerential pressure gauvge s capavle of
measuring tha mintinum velocils head value
tn within j0 pereent, or as specified by the
Adininistrator, )

Zalect & sulitable probe liner and probe
tenngth suely that all traverse points can b
sammpled. Consider sampling from oppesite
sides for large siacks to reduce the length of
probes.

Select o total szampling time greater than
or equal to the minimum total sampling
time specified 1n the test precedures for the
specific Industry such that the sampling time
per point is not less than 2 min. or select
same greater uimie interval as specified by
the Adiministrazor, and such thiat the sampie
volume that will be taken will exceed Lhie ru-
gusted minimmn total g=s sample velume
speclfied in the test procedures [or the spe-
cific indugiry. The Intier s based cn an &p-
proxinate average samphing rate, Noie alse
that the mimmum toial sampie volume is
cerrected to standard condltions.

It is recommcnded that a half.inwesral of
integral nember of minutes be samptled at
each point in order to avold timexeeping
errors.

In come circumstances, £.g. batch cyeles, it
may be necessary 10 sampie for shorter tiraes
at the traverse points and o obiain smaller
gas sample volumes, In these cases, the Ad-
nunlstrator's approval must first be ovtained.

7.13  Froparaue of collection train. Dur-
ing preparaticn and assemsly of the snmplin
traan, keep all eponitins where contamination
can occur eovered until just prior 1o astemily
or until sampiing 15 about 1o begin.

Place 100 ml of water in each of the first
two mpmpers, lene the thrd impinger
empty, and place approsimately 205 -3GO g or
more, H heeessars, of pmwc:ghed silica peiin
the fourtn ampurer, Becord the weight of
the nilioa gel S ool e
Pilace the emply conteiner i o
for 1ater use s the samnie recovery.

a
'

npit pas sired
oach fiter or
picted,

wWhen p

Y.

Soreau of Nohienal Alfgirs, Iz,

e
vetal Lners Rre oo
atewr er
[ EH LI R T

e plint tube 2
terference with

d fourth
1ively, e Ay e
nrobe and firs pinrer, A
tem mayv be used to nrevent meist
dgruraticl, butl the tamaerniure aro

fiter helder shall nel exceed  12¢
{24823 Fy. [(¥ete! Whatmnn No b EXer

¢ecomposes  at 1500°C (300°F}1.] R ord
Hiter tocation an the dita sheet,

Place cnshied 1ce around the implmgers,
714 Lenlk check precedure—Afien th
sampling train has been sszembred, (urm o
aud set il appiicabley o probe and cr
heoting system(sl to Teoach o temrer=inro
sufMeient 1o avoid condensniion in tiie prate,
Allow 1ime for the temperature 1o stalsdiise,

Lenk civecld the train ot the sampling s
plugpging the nazzie and pulisng & 56
He (15 In. oy vacuwm, A leakar
cess of 47 of the pveraoe =ame H
o057 I Anin, (0,02 ¢fm, whicheveris ?
is unaceeptable,

The foliowing leak checit

end APTND-C331 miav be helpizl, £ B,
pump with by-pass walve {elly oper ard
coarse adjust valve go etoly gloerad, Far
tially opon the coarse adinst vaive and 0%
1% cipee the bBy-pass valve vl 357 oo
{15 ln. Bz vasuum is Tenched, Do sonx
verse direction of bir-pars valv

T 360 mum Hyp (15 In. Hz) is cxce
leak clieck ot this ugher voo T
lear check os deceribed nelow

Mo the ieak chesxk a5 CoRIpl
slowly remove the ping irom the |
probe or filer hoider and immedin
off the vacuum pump. This Frev
water in the unapingers from: being fmeed
baekward into the hiter helder (If placdd
before Wig vmplngersy end silten 2l Arcin
veing entramned baexwnrd to ther third
Imninger.

Leak checks shall be conducted i ce-
scribed wWhenever the train is disenpeged, ey
for sillea gel or filter chiages gusing the Tes7,
prior to each 1est run, snd at tiie comnpletion
of each tect run. If Ieake nre found oo o i
excess of the aceentialde rate, the 1030 o e
consideret invalic, To rodvee o tone Sk L0
tezkiage ceourrenwes, it is recommendsd shoe
leak cheecks be cunducted belween fort
chanees.

715 Earticulate train operulian—IXosing
the Sampling Tub, an FoXinchig CoR.RRNY
rate watiun 107 . or ny s neathod bBeotif A

. i Ih [N > P

For each 1 ne datw reeuneeed O

the ¢ o
i

! ¥ OpLs WIRLeT TOnan
Cpas Nueler renaings ot tae b

eno ool Chhy st

FAsmenao A) t

araietl

O TS ETTR

priver




12713148

FEeRERAaL REGULATIONS

Sazrtmrnts in fow rale. De
Lo te tevnl and serg the manometer.

the prrthnles prior 10 the test run
e of sampling deposited
i ing, Temove the
W oenp, venfy g appiicaiiel ‘hat ihe
‘ahie hoater fs working and filier bealer i3
vty remperaturn, and tl
rrohe are prom aned, b
namcle 5t othe GrfL (raverse point
ins Ui nainting directly into the £as Stoedm.
Taenediateis s1art the pump angd adjust the
e 4o izexineiic eonditions, omegranhs are
svaliahic for sampiing traing using vpe S
pitoy tubes with 0852002 teaemcionts (Cad,
At whion ran N air or & stack pas with
rouivalent densiiy  (moiccular weight, 51,
counl o 2oz, which aid in the rapic ad-
ment of the tselinetic sampling rate
101, exeesEive compuiations. APTD0570
the proredure for using these nomo-
15, 11 Ce and 1le mre ouiside the above
cd rannes, Go N0 USe the nomograph wi-
thss appropriate steps are takon to compein-
218 for the deviations,

Venen the stack is under signifeant neg-
ative preseurs (height of tmpinger slemd,
1t pare e close the coarse pdjust valve
Hifare insert ~ probe into tinc siack lo
aenid vator hasking snto the fitter helder. It
NeTLsSATY, Yho pump Imay be turned on with
\hie cpayze adiust valve closed.

When the probe is in position, block o
1h@ ppaninas areund the probe ond portuolo
1A provent unrepreseniative dilution of the
IR siream.

Tenverse the stack oross reclion, ns ree-
redd by Method 1 or as spectied By the Ad-
wirntor, beiny careful noL to bump the
Le norzle into the stack walls when
ipling near ithe walls or wiien removing
o iascrtimyt the probe through the port-
noles ta runtmitze chance of extracuing de-
rited materiel
Duriug the test run, moke periodic ngjust-
st iz to keep the probe and (if ppriicable)
crotemperatires at thelr preper values.
ice and, If ncceceary, £alt to the
inoa temperniure of less
T the fmpiogerssiiica gel
v exobLsive thoisiure 10S5TS.
jodita chesk the tevel and zere

the pitat tube
ition

per

if ihe preisure drop across the filler Le-
comes high enouph 1o make ispkinetic same-
»hing dificult Lo manain, the filter may be
repluced in the nucst of & sample run. It is
mmended thal anstber complete filter as-

rec

Jeemihly be used raiber than ativmpiing to

cnange the fiter itself, Aftor the pew nlter
or fiier oesembly s installed, conduct o
it clhieck. The findl emission Tesults shall

he based on the swinmalics ef all filrer

cLiches,

4 eangie trzin shall he nsed for the entire
swrmmle run, except for fuler angd stlica gel
changes. fiowaever, i upproved by the Admin-
S107, 1W0 UT MOIC LIRS ma¥ be wsed for
a sngle test run whea there ore two or more
cuets or sninphing poris. The ann emission
resulis ghall be based on ke town! cf all
Smpling tralit eairhes,

Al thie end of the sampie run, turlt off the
remisve the probe nnd neziie from
4 recorg ine Binel Jdry gays meler

e 6 lenk check! Calculeie

ie (ete cnlculation sectisng to
er prnuoiber tesy rut elwounid
taring
s.cun-
10 postble

ool rales.

Vsl pesentalnlity of the test run 1o be

[T s pritetion o i T,

To . Sample (ELaveTy. Trorer cleannp Lo
re begina a5 =000 as the probe 13 oroe
moved from the stack ol the cnd of the
samniing period.

When the probe can be rafels han H
wipe o all externnt particuiaie malter near
the Lip ol the proue nortie and pinfe ac
ver 1L 1o ¥eop from 100ty sart of tae f
pe. Do not Cip o the probe Lip tl
w [SLEN A F4 Y rolThan 18 conling dowvn,
as this would crents a vatuum in the filier
holder, thus éiawing water frodn the {n-
pingers into the Hiter.

Before moving the sampe train to the
clcanup Sile, romove e prode from the
sample Lrain, wipe o lhie silicone predsl.
and cap tho opcn ouilel of tae probe. Be
careful mot ta lgre ant rondensaie, if pros-
et Wipe ol the silicong prease from ihe
fitter inlet where thro proue was {asicned
and cap it. Remove the uinkilical envd I7ont
Lie last lmpinrer and cap the pinger Alter
wiping off the sitcons gveasg, cap ol (ae
filier holder outlet and mpinger inlet,
Ground plass stoppers, plastic cans, gr serum
caps may be Unack to eiose thest CPeMmngs.

Transfer the probe and fler-tipinger 5=
sembly to the cleanup area. This area shonil
b4 clean and proteeted frem the wind so that
the chances of centaminating or loging ihe
sampie wiil be minimized.

1uspect the trajn priot to and during dis-
assembly and note 247 alnormal condltions.
Using n graduated eviinder, measure and re-
enrd the voiute of tne water in the frst
tarco impingers, to the nearest 1l Any aon-
depsate in the prebe ghould be jnginded in
1his determinaiion, Treat the samples o7
{ollows:

No. 71778, Pauley, J. E, B8-5-5

-

=51 Container No. 1. Transfer the Lne
plager water from the praduated eyiinder
1o this container. Add the filter to this
container. Wash all sample expostd  sur-
fapns, iucluding the probe tip, prode, Rrol
whree lmpingers, bnpiage! conneciors. filter
hoider, and graduated srlinder thorougbly
wisy distiiied water. wesh pach compotient
iyree soparata times with waser and ¢lean
tho probe und NOLL with bruches, & mMaX«
jrmem wash of £33 axt is uitd, avd the wash-
ings tre ocded to the sample container
wiiich muss be maae ol poiveihyiche.

72,2 Container No. 2. Trancier the silica
gel from the fourtn linpingar 1o 1015 con-
tainer and seal

73  Anslysis. Treat the contents of each
sample conttineT as pacTiRed Lelow,

7.3.1 Container No. L.

7.41.1 Filler tius container's conwehis, ine
clading the wWhaiman No 1 filter, ihrough
veaotman No. 8il fiiter paper, o cauvLient
into & 1500 mi beilier. NoTIL 1 fitrete vol-
wime exoeeds B ml make Llirate basgic with
waOH o phtnolphthaicin ang cvaporaie Lo
less than 900 ml,

7212 Place the Whaiman Mo, 531 filter
containing whe insoluhie matter {inclucisg
the Waaiman Moo L flter) in s micizel eru-
civie, add 5 oW 1l of walter and maccrale
the filter with o glussrad.

Add 100 mig Ca0 to the erucilie and mix
1the conients ineToughliv taform s sturey. Add
a coupie of drops of pRenelphthal ndi-
catar, The indicztor weill Tarcr redg inoa ooz
sdtumm, The shiey shouid reman besie
gunng the evep
fpzrinp on will
turne Lolerless ¢t Tap
amdic condition Lo indieated. I this
a0 Cn0 s the oplor eTns red ap

Hooe the o 5 nomloundir n-
¢rared 1amtnps of ©it B Not plale & low hcat.
Loapreme the s v

Envitonment Rrpor!er

e oo oA kol pinte
inarearn the nemplrel
paper (han, 1L miay inie 50w boietd
campiee srringg A0 the nlier i
Place crucibie 1o cold
ot

frinace

and eredunlly (19 preve d o) gnereaes
fne temntrns e s AT, and monianeg LIS AN
th I A4t an neh e .
th H frrmate ard allaw st i

srovhnateiy 4 £ of oty
a0l to the crusbie and min, JloieT
critcible to ihe muily furnide, asd fus
sampie Tos 10 mlmaies at G0 G.
Lomuve tine sepie from the furpsce Lud
copl tn amvhient femperaiure, U £2V0TAG
rinsings of warim diztilicd water transicr
e cantenis of the crucibie 12 1he hiealer
coniasting the fltrate fron SR i et
1 ¢7.3.1), To =szuTe compiete sample To-
smaval, Tinge finally with twa J0 ml portivna
of 25 percent (vov) suliurle asid and oate-
fully ndd o the beaker. X oeell and trans-
for t3 a one-liter valumelric Nask, Diute
co volume wilh diztiiled  waier and mix
thoroughiv. Aliow oy undissgived sohds o

can cantatner Noo 2.0 Walgh tue pent
ina oo and Tepert 1o the ReATes: o,
.83 Adhwimient of aciiiwater tis An

distilntion Rask—(Giillise a prolentve silc!
when oy 13 ot this pracedurel, Piase 40
ml of distilled waler in the Ning floasx
awd £dd 240 my of conceatrated M S0, [AREEES
tisyn: OLvoove standard precautlons
mixing ihe H SO, bF slowly adiing 1t
1o 148 {lasi with conFiant swizimne. A s
soft glass beads and several smail pic

5 of
Wroken glns: Lnbinn and fasemihe ihg up-

praratos as rhown in Flpure 13A-5. Headl ithe
task anti} it reachies o temperature of 17hC
1o adjust the oeid,/'water ralio Tor subsaruEn
distillations. Diseasd the disliate,

<44 Distilation—Coul the canlod
o distiitation flask to holen EO°C. Fd
an  aliguet i - sumjne cooialninn
than D6 mp T drresily inwo the C ST 558
sk Lnd odd gistiled waler 1o make
volume of 222 @l sdded to ihe d
Irgr on ortimate of whal 2
¢ oexcred 0.6 my F, soledt
of the suiutlon and ireal &3 Qe
section 7.3.6. This will glve an appro
n G the nuoeride cantelt, LUt © o P
proxynation siace faterfering lons Love 5o
Leen removed by the distillatien step.|

Pince p 250 ral volumetric ask nt the ¢on-
Genser cxist, Now begin  distiiiation ad
pradudlly incicase the nentana cotlastell e
Gintilinte up to 17370 Canttan: Heailng o
solution above 175°C wiil eauze sulluri
1o sl over, ”

The acd in the dhsUling Gl can be
waed unbl titere o CRFTYEVEr ©f nitvrictenees
or parr  hun regovery, AR o1
cheek ! fHaonde reeivery witl
sphations i3 eod. Tne  wod
Lo chunped Wwhentyer these i less 3
prreent recovery 6r blank yaliily

o

Lring tho
fiac: o the ma
s lnsronpliy, F
1o thestilee Ldd
ang nn FEH
G Lemuerntu
ity wle
amu

LR

L etwnk s o v ool TISAL
mpie should he 2t fhe
s e ool binalon wtan e
remieiit. e made, I
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Figure 13A-2, Fluoride Distillation Apparatus
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STATIONARY SOURCES ;
1 © Aliryer meuorates encugh heat (o versis elecirede patentlal (in nuliivelts) on i
& atiulien fcmperature, piace a picce  1he linear seaie. pree
suiating material ri¢h as cork Tert
the surrer and the beaker. Dilute vaiuine
& thuiaw 1 L Cueride jon con H €T
e or polv- e salntin
aresnint, 1n.\c hrle or o pailpreryviene con LE
cnce ¢lectrades  (Note: Cerinin specific ion micirrs have t
aostendy mililivoll deniw cally Iaor flooride ¢
Q, recnrd 1L This mige take  use A adhiroct rexdeut ol Oun
-:n‘.ra.tic»n canceninticn, These Mmeinss may Lo u i
licw of cahihralinn curves for Nueride meac-  the ramipie pocerding to ‘-"‘IU“ IR RS
UTEMONLS GVET NATTOW oneentration anses., 1
Calbrate the meter according to manufac- Fei=l—1Vs) (5
wurer’s instriationg) At
8. Celoulation!s, ~
Carry ont calculations, refaining at I(‘.’L"-tr "
ene exira deeiiasl fSrGre hevend that of (h :.-n'.'.n'l or f,_. s
acquired daia. Round o figures afier fAnnl LS L P i
h A micremeter,  caiculntion. i m.mg.m._. ’
e inrde diameter of the razale o0 Nomenriztiure. e 13A
rest 0025 mm (6D ). MMaNe  Aa=Cross sectional aren of nestit, mtority. 08 Aceonialie reaulis, Une Sortten 6.8 ¢f
measurements usig different Ar=Aliquot of folal somiple adced (0 841l atetnod 134 ' e
cach timie and obtain the averagpe ml. 10. Referenses. .
he mansurements. The diffcrence between  De.=Waler vapor in the gas stream. propor- j'-!c-“_'\.c}; Ervin, "Simpiifed Fiueride Dietio
¥ and ioew pumbers shall not exceed tion by velume, lalien Method. Joutral of the Amr=icern
0.1 ovm o c.00d in), C:=Concentration of fluerlde In #lack [AS, Wairr Wo-ke Arrocigiion = 00: 5A0-6 (101}
When nonnler Luceme nlcr.cd dented. cr mg Y, corrected to siandard cendilions MacLead Katl o 1:n~1-p 1..¢C
corroded, they =3 shaped, sharpened, of 20 C. .(,n mm Hg (66* F, 0062 in. Hg) o ,“,_]tn, of s PADNE—
nd recaliniated holsre “-”"- on dry ba Lake and Speeific lon E.'ﬂc".'(‘-dc N
Each nernie shall be permanenily and Fr.."I‘olm c.m'*ht. of Nuoride in sampie, mg.  Flrapride Detesmination ;n-F‘_"\_!"_:
unigurlr tdentified. =Percent of Isokinctic sampling Samples,” Anziptizel Chciitiry 451
£.1.2 Pitor tubke—Trne pitot tube shall be :.r: Coneentration of fluoride Irom calibra- (in:;'q; o - T '
czlibrated arcerding to the proceddare out- tian curve, melaritr. ""r‘.‘iw Boaert M, “Construction Details of L
lizell 1 Method 20 ma=Tolnl amcunt of particulate matier  ge rgfgé Fc‘l‘:,'t‘(:‘ S 1;(--.-"‘—;-,;--_-_;'-'
LBl Dry gas meter and odfice meter collected, mg. Environmental Proteetion Arencr. Afr T
Eotn meters shall be callbrated according to 27, =hlolevular weight of water, 18 g/g-mole  Intien Conlre! Office Pubiication Ne APTD- 3
the procedure outlined in APTD-0376. Wien {18 10/1b-moic). 0581, . ) : ’ .
dizphrezm pumps with by-pass valves are  yp.=Xass of restdue of acetone afler evap- 1873 Annual pook of AST2 Siendesds, Mars bk
tsed, chiok for proper metering syEtem oration, mz 23, Designation: D 117057 e t
cesign bF.CﬂH‘ srating the dry pas meier at an py,. =Harometrle pressure at the sampling Pam, Jerome J., “Mainten: : H ,_:
nddnicnsd flow ralt of 00057 m’/min. (0.2 site, mm Hg (tn. Hg). nnd Operation of Izolim ¥
€im) wiih the Ly-pass vnlve fully opehed  p,a=absolute stack gas pressure, mm Mg (In, Eguipn Cavire !
ond then with it fuily clesed. If there ts Hg). . Arency, Afr Pollution Cont 101 Of“rc Puh H \
mere then =2 pereent dificrence In oW p,,u=Standard sbsolute pressure, 763 mm lion No. APTD-GL76, 3
rate 5 wien cth.;ﬂ’Cd to the {ully clored posts Hg (29.92 1n. He) . . Stondarg Mctheds for the Ex
éfc-'l E;‘:-Jtdevol:c_ﬂm;q‘dm:i‘x th geﬁ."“e:‘ti'dnoi R=Ideal pas constant, 0.06236 mm Hz-m¥/ Water and Weste Water,
sig P e TSt corrected. *K-c-mole (2 -{t3/"R-1b- . N
£14 Probe neater eatibration—The probe ¢ h\bmm? (2183 1n. Pg-t/"R-Th-male). 1 oVrater W 3
Nepme Lrepr eresf perwn A o To=Absolute average dry gas meieT tem-  can VWaler W
heaiing srsiem shall be calibrgled aceording perature (see fig. 13A-31, ‘I {('R). Lution  Conirgl
1o the pracedure coniamed i APTI-0LT T.z: Absolute :rc-ra"e stack ges temperziure  (1373). .
Trooes consiructed according to AVI‘D—O-:B: (see fig. 12A-3y, 'K (*RJ. R .\ '
need noy be c.'-.I rated if the callbration ' (Sceilons 111 and 114 of tho Cle
curves tn APTH-(570 cre uscd. Toa=Standard sbsolute termperature, 203+ 28 omended by section 4(2) f" Lg : :
£.1.0 Tewmperature gauges—Crlibrate dial K (528* R). 02 Hrat. 1635 {42 U.5C 1007 of, o-5) .
and lquid filted bulb thermometers rzainst  Va:=Volume of acetone blank, ml, [40 TR 33152, Ausvit 6. 1875 ‘
mercury-in-plass  thermometlers. Thermo- V.. =Volume of acetone uced In wash, ml, : )
coupins need not be callhrated. For other 4, —vejume of distillnte eollected. ml. 1
SOVICES, COCoi with the Adminisirater. ' METHOD 14—DETIRMINATION OF FLUORIDT r
8.2 Analvileal Apparatus. Vie=To%al volume of liquid collected 1o im- FEMISSIONS FROM PCTROOM RGOF MONITGRS :

Fin cride‘ Eiecirode—Prepare ﬁgorldc: pingers and silica get, ml. Volume of water OF PEIMART albizn
golnnions by senu! ditution of in silica gel eguals silica gel weighs 13-

Tal PLANLTS

wonde siapdard solutien. Pipet co in prams times 1 m. Volume i, Princinie and epplicati
10 m1 of ¢.1 1 N2F into a 100 m! volumetric g;ci_;lou:(r CE;ESC:C;TI:bm];r::‘)::g::LEHEIS final 1.1 Prreiple. Gosepus and  parusutaze
fazi and make up to the mark with distiiled vollne mIinus iniiial volume. flileride o0l MONILOT emissicns wre
water for o 10-* MM standard selutlen. Use 10 . mto a pereianent skinpling manlfoid 1L
=t ol 10 Hition to mnke & 10 M so. 7S VOWUME 0f gas sample as measured DY geveral lerge nosmics.
T i the tame manner, Reapl 107 and 16-° ary gas micter, dem (defy. ported from the samnplinng menlivle 1o groune
1 osolutions. . level through a duct. T gas {n the ¢ucl 1s :
Finet 50 ml of ench stendard into g eon.  Prtew=Voiume of gas zample measured by samaled vslng Method 134 or 17
arate beater. Acd 53 oy of TISAB to each the dry =5 meter corrected to sinndard  MINATION OF TOTAL FLUGHS

—
e

. -
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DETERMINATION OF HYDROGEN CHLORIDE AND CHLORINWE IN STACK GAS

INTRODJCTION

This methed is intended for the determination of hydrogen
chloride and chlorine in stack gases, as would be encountered in
emissions from hydrochloric acid mamifacture. Hydrogen chloride
is collected from the gas stream in midget imoingers or a.grab .
sampling {lask containing sodium hydroxide and determined by the
Volhard Titration.l If chlorine is suspected to be presenﬁ in the
stack effluent, both gases are collected in the same mznner, except
that a known quantity of alkaline arsenite absorbing reagent is

iy,

substituted for the sodium hydroxide, Chlorine is reduced to chloride

.

by arsenite, and is measured by tiiration of the unconsumed ersenite

with standard iodine solution. Total chloride content of the sample

is determined by the Volhard Titration. Hydrogcn chloride concentration

is czlculated by subbraction of the chlorine concentration from totel
chloride concenfration. This m=thod i1s applicable to the determination

of hydrogen chloride and chlorine in the concentration range from 10 ppm

to percentage quarntities.

REAGENTS

A1l chenicals mast be ACS analytical reagent grade.

.
VWater

Deionized-distilled water.




Absorbing Reapent

A,

B.

Sodium hydroxide (1 N) - Dissolve LO g of sodium hydroxide

. in water and dilute to 1 liter. Use this reagent when the

stack gas concentration of HCL is less then 1000 ppm.

Sodium hydroxide (2.5 N) - Dissolve 100 g of sodium hydroxide
in water and dilute to 1 liter. Use this reagent when the

stack gas concentration of HCl is greater than 1000 ppm.

Alkaline arsenite (1 N NaOH - 0.1 N NaAst) - Dissolve:,
LO g cf NaOH and 6.5 g of sodium arsenite (Na_l_-'\soz) in

water and dilute to 1 1it.er in a volumetrie flask. Uses
this reagent when the stack gas concentration of RCl and

C'J.2 is less than 1000 ppm.

Alkaline arsenite (2.5 N NaO¥ - 0.5 N NziAsOa) - Dissolve
100 g of ¥aOR and 32.5 g of NaA302 in water and dilute: to
1 liter in a volumetric flagk. Use this reagent when the

stack gas concentration of HCL and 012 is greater than. 100G

PpT.

Ferric Indicator

Dissolve 28.0 g of ferric ammonium sulfate [Fem{h(SDh)z'l?: HZOJ;

in 70 ml of hot water. Cool, filter, add 10 ml of concentrated

nitric acid (HNOB), and dilute 4o 100 ml in a volumetric flask.

Nitric Acid (8 W)

Prepare NOX free nitric acid by adding 100 ml of HESJB to 100 mE




of water and boiling in a conical flask until the solution is color-

Jess, Store in a glass reagent bottle. . N

Nitrobenzene

Reagent grade.

Sodium Chloride (Primary Standards)

A. NaCl (0.1 N) - Dissolve 5.8L6 g of dried sodium chloride
(KaCl) in water and dilute to 1 liter in a volumetric

flask.

B, NaCl (0.01 N) - Dissolve 0.5846 g of dried NaCl in water
and dilute to 1 liter in a volumetric flask, or dilute

100 =1 of 0.1 N NaCl to 1 liter.

Amonium Thiocyunate

L. I&IbCKS (0.1 N) - Dissolve 8 g of NHhQNS in water and dilute

to 1 liter in a volumsiric flask.

- B. }IHhCI-IS (0.0 N) - DMlute 200 ml of 0.1 N NHhCNS to 1 liter
in 2 volumeiric flask, or dissolvs 0.8 g NHhCNS in 1 liter

of distilled water.

 Silver Nitrate -

Ly Ao, (0.1 N) - Dissolve 17.0 g of silver nitrate (Ag}\‘oj)
in vater and dilute to 1 liter in a volumetric flask,
Transfe:‘ to an amber reagent bottle. Standardize this
solution against standard 0.1 N NaCl golution, according

0 the Volhard Titration.l
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 TBeANO, (0,01 N) - Dissolve 1.7 g -of AghO, 1in water and dilute
to 1 liter in a volumetric flask. Transfer to an amber
‘reagent bottle, Standardize this soluﬁion against standard

0,01 N KaCl solution, according to the Volhard Titration.

Starch selution {iodine indicator), 1.0%

Make a thin paste of 1 g of soluble starch in cold water and
pour into 100 ml ol boiling water while stirring. Boil for a few

mimites., Store in a glass stoppered bottle.

Standard iodine solution (0.1 N)

Dissolve 12.69 g of resublimgd iodine (12) in 25 ml of a solution
containing 15 g of iodate-free potassium iodide (KI); dilute to I Yiter
in a volumetric flask, Standardize this solutiog against a standard
thiosulfate solution'using stareh as an indicato:. This solution should

be stored in an amber reagent bottle and refrigerated when not in use.

APPARATUS
tbsorbers

Ao Midzet immingers - An all glass midget irmpinger capable of

removing HCl and Cl, from an air sample by using 15 ml of

2
absorbing reagent, This device chould be used when sampling

stack gas comtaining less than 0.1 percent HCL or 012.

B. Grab sarpling flagk - 4 2-liter glass bottle equipped with

Teflon stepcocks on either end, This device should be used

when sarpling percemtage cuantities of HCL or 012. Absorbing

-k -




reagent is added to the grad sample flask after the sample

has been collected. 4

Dispenser {zabsorbins reagent) - One-mndred milliliter round-botton
flask, modified with a Teflon stopcock and ball joint extension (see
Figure 2). Use to add absorbing reagent to pgrab sampling botile after

the sample has been collected.

Puret (50 ml)

Erlennmever flasks (250 ml)

ARNALYTICAL PROCEDURE

Collection of sampdles

A, Midget impingers: The apparatus for sampling of HCl and
Cl, consists of a probe (1), impingers (5, 6, 7, 8), pum

(12), rotameter (1L}, and dry gas test meter (16). (Figure 2.)

The probe (1) is 18" long and made from medium wall pyrex

glass, The first 6 inches is 5/8" 0D tube and the last 12
inches is 1/L" OD tube. MNubs are impressed into the larger
tube just before the comtraction to act as a stop for glass
wool which is placed iq the end of the prébe to cet as &
filter. Tne 1/4" end has a male 12/5 ball joint on the end.
Tre whole glass tube is wrapped with 7 feet of 26 gauge
nichrome heating wire (2). A variable transformer (3) con-
nectved 1o the wire conirols the voltage and hence the terdera-
ture of probe, The wire is covered with fiberglass insulation

tape and placed in a stainless steel probe sheath.
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A-three-way valve (L) with ball joint connections to the probe

and first impinger allows the ice bith (9) (a plastic bucket)}

.and impinger system to be sealed off and removed afier a run

is completed., This wvalve is also used tdipurge the probe prior
to sampling. Due to the sensitivity of the analytical method,
only a small sample is required; therefore, four midget irpin-
gers (5, 6, 7) contain 15 ml of the absorbing reagent. The
fourth irpinger (8) is left dry to collect any entrained licuid.

This impinger is attached to the umbilical cord.

The umbilical cord (10) leading from the collection dewice to
the pump and metering system consists of a 1/4" 0D - 1/8" ID
polyethylene sample line, and an electriqal circuit for the
probe, The sample line is first connected to a drying tube
(11) containing siiica gel, which removes moisture from the
sarmple gas., Irrom the dryding tube, the gas passes through a
¢iaphragm pamp (12) to a gross flow control rotameter (1k),
where the sampling rate is maintained at 0,1 CFM with a needle
vaive (13). The sampled gas then passes through a 0,1 CFM per
revelution dry gas test meter (16), where the sample volume is
read with an aceuracy of ¥ 1 percent. A thermometer (15)
viaced on the injet side of the meler measures the terperziure
of the gas in the meter. This temperature reading is later |

used Lo correct the saﬁple volume to standard conditions,

The ecuipment described above is leak tested prior to sarpling

by piugeging the end of the probe and then letting the pusp




create a vacuum.-on._the system.. If the dry test meter con-

timies to revolve, the system has a leak; if the meter does

.not revolve, then the system is tight at operating vacuunm

pressures.

™

Wihen the leal test has been completed, the probe should be
heated to the desired operating temperature (200 to 250°F)
belore sarmpling begins. To sample, simply turn on the pum
and adjust the rotameter via the needle valve to the (desired
setting. This setting should be checked at 10 to 15 minute
intervals during the test. Generally, a sampling interial
of 30 to 60 minutes is used; however, this may vary with the

concenvration of ACL present in the source effluent, At th

[¢]

end of the test turn off pump and disconnect the sample col-

lecticn unit.

(]

leamip procedure for the midget impinger train consists of

roiying the four impingers inlto a sample pottle and then

[v2)

rinsing each one twice with distilled water into the sarple

bottle.

Grab sarpling: The apparatus used for purged fiask gzs
carpling consisis of an accurately calibrated 2-liter glase

=)

fs

]

ttle with Teflon stopcocks on either end. The flask,
with both stopcocks in the open position, is placed in the
sarmlinc line and stack gas {under positive pressure) is

s

ailcwed to flow through the flask. (A purge volume 19 times




~-~the-volume-of the—flask should-be used.) After the-flask
has been purged, both valves are shue off. The flask is
regmoved from the sampliﬁg line and one valve opened to the

atmosphere to allow the flask to coms to atmospheric pressure,

Pipet 29 ml of absorbing reagent into the modified buret and
comnect it to the ball joint on one side of the flask, Absorb-
ing reagent is allowed to flow into the flask by cpening the

stopcocks. The reaction of HC1l and/or C1l, with the appropriate

2
absorbing reapgent creates a negative pressure in the flask and
pulls more reagent into the flask. After completion of the
reaction, wash all the absorbing reagent into the flask with
a small quantity of water; This step is important only when
alkaline arsenite reagent is used. Remnove the buret and shake

the flask for several mimites to insure zorplete absorption of

the gases.

Quantitatively transfer the contents of the grab esarpling bolile
to a sample container, such as a polyethylene bottle, with

ceionized-digtilled water,

Szmle Prepzration

¥easure Lhe actual voiume of the liquid sample or adjust to a

kmewn volune uging a graduated éylinder or volumetric flask.

PROCZDURE A. Analysis of Hydrogen Chloride
Pipet an aligquot of the sample into a 250 ml Arlenmeyer {lasx.

Add 25 ml of water, 5 ml of nitric acid and swirl to mix. Add Q.1 X
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cr 0,01 N silver nitrate, depending_on.chloride content, from a buret
until it is in excess. iear the equivalence point, the silver chleride
precipitate will coagulate., When coamulation océurs, add an additvionzl
€ ml of silver nitrate. 4dd 3 ml of nitrobenzene;HE ml of ferric indi-
cator, and baclk-titrate with C.1 N or 0.01 ﬁ amnonium thiocyanate until
the first appearance of the reddish-brovn Fe(CNS)E)3 oomplex. A blank
determination for chloride in the absorbing reagent should be run siml-
tanecusly and subiracted from the sample results. From the titer of
NHhCHS solution, as determined previcusly by titration against standard
AgIFO3 solution using ferric alum as an indicator, calculate the net

volume of AgNOB required for precipitation of the chloride.

CALCULATIONS . |

Cormpute the number of milligrams of HCl present in the sample by

the following ecuation:
HCl, mg = net ml AgNO3
T = hydrogen chloride equivalent of standard AgSO3

*xT.x F

n

(T = 3,65 mg EC1/ml for 0.1 N AgNOB)
(T = 0.365 mg HC1l/ml for 0.OL N AgNOB) R

sarmle volume, ml
slicuot volume, mi

*1)
n

Convert the volume of air sampled to the volume at standard condi-
tions of TO°F and 2%.92 in. Hz.

P 530°R
75.92 * Tt + L6O°R)

VS:‘VX

¥V = volume of gas sarmled, cu. ft.

-9
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? = -barometric pressure, in. Hg

t = temperature of gas sampled, °R

Determine the concentration of HCL in the air sample by the
following formla:

(662) (c)
Vg (28.32)

652 = ul/mg of HCL at 70°F and 29,92 in. g

ppm HC1 =

C = concentration of HCl, mg
Vq = volume of gas sampled in cu. ft. at 70°F and 29,92 in. Hg

28.32 = liters per cu, ft.

PROCEIURE B. Analysis of Hydrogen Chloride in the Presence of Chlorine
Pipet an aliquot of the sample into a 250-ml Erlenmeyer flask and
proceed with the Volhard Titration for total chlorides as described
under Procedure A, 4 blank determination for chleride in the absorbing
reagent {alkaline arsenite reagent) ehould be run simulianecusly and

subiracted from the sample results.

Pipet another aliquot of the sample into a 250-ml Erlemngyer
flack. Add a2 few cdrops of phenolphthalein indicator, neutralize
carefully with ccncentrated hycrochleric acid, and cool, AdQ suffi-
cient solid sodiuﬁ. biearbonate (Na.HCOB) to neutralize any excess
hydrochloriec acid, then add 2-3 g in excess. Add 2 ml of sgtarch
indicator and titrate with 0.1 N iodine solution_to the blue endpoint,

For the reagent blank, determine the number of ml of 0.1 NI required

2
to titrate 25 ml of azlkaline-arsenite absorbing reagent, as dsscribed

above.

- 10 -
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CALCULATIONS )

Determine the mumber of milliliters of 0.1 N‘12 required to
titrate tﬁc envire sample by the following formula: .

Sample (ml Q.1 ¥ I,) = (ml of 0.1 N I, for aliquot) x F

» . yolume of sample, ml
© volume of aliguot, ml

Cl,, mg = Blank (ml 0.1 K I,) - Sample {(ml 0.1 U I,) x 3.5L6

2.,5h6 = chlorine equivaleﬁt of 0.1 ¥ 14, mg

Convert the volume of gas sampled at standard conditions of
TOOF, 29,92 in, Hg, using the formula in Procedure A. Calculate
the concentration of Cl2 in the sample using the following formula:

by volume = M

ppm‘CI
Vs

2

3k0 = n)/mz of €1, at T0°F and 29.92 in. Eg

T = goncentration cf € or M3

V. = volume of zas sampled at standard conditions, liters

—

Leternine the mumber of milligrams of HCl present in the sample

by subtracting the nunber of milligrams of 012 present, as determined

bty the iodine titration, from the total mumber of milligrams of
chloride present as devermined by the Volhard Titration. Calculate
the concentration of HCL in parts per million using the formula in

Frocedure A,

P

e L R e PR P R P



DISCUSSION OF PROCEINRE
The estimated error for the combined sampling and analytical
procedure. is f10 percent. The ﬁrecisidn of the analytical methods

is * 2 percent on standard samples containing FaCl and NaAsOE.

The usual volumelric errors are encountered with the Volhard
Titration. TPremature endpoints may occur, if the NHhCNS i; net
added dropwise ncar the equivalence point and the solution shaken
before the next addition, Nitrobenzene is used to effectively
remove AzCl by forming an oily coating on the precipitate aﬁd pre-
venting reaction with the thiocyanate.2 Substances which form
insoluble silver salts and bivalent mercury, which forms a stable

H

commlex ion with the thiocyanate, interfere in the analysis and'
rmst be absent from the sample. Titrations should be made at tem-
peratures below 2500, as is customary in other titrations with
t‘nioc:—,“e-.nate.3

The chiel source of error in the lodine titration of arsenite
is failure to use sufficient bicarbongte to neutralize all the
excess acid. If insufficient bicarbonate is added, serious errors
are incurred cue to a fading endpoint. Reducing agemts, such as
sulfur dioxide, and oxdidizing agents, cuch as iodine, nitrogen.

Gioxdde, and ozone, if present in the stack gas sample, would intes=-

fere with the iodine titration and yield high results.
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ROCHESTER SMELTING | .o
AND REFINING CU-,ENC-V T BINCE 1885

25 SHEMER STHEET * ROCHESTER. N.Y. 14611 TELEPHONE T7168/32B-4740

)
MAILING ADDRESS: P. 0. BOX S47 - ADCHESTER, N.Y. 146802

February 3, 1977

1"R. ROBRERT A. BAKER, P. E.

ENVIRONMENTAL ENGINEER

ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.
P, 0. Box 13454

Gainesville, Florida 32604

Dear Mr. Baker:

Enclosed herewith is the information that you requested.
If you have any more guestions or need any further
information, please do not hesitate to call.

Cordially yours,

/

/

STEVEN R. SHENCUFP

SRS:rd
Enc.
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26 SHERER STREET

MAILING ADDAREES P.O.BOX 547 -

October 25, 1976

Mr. Robert A. Baker

ROCHESTER SMELTING
ARND REFINING CO., INC.

ROCHESTER, N. Y. 14814

ROCHESTERA. N Y. 14602

ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.

P. 0., Box 13hsh

Gainesville, Florida 32604

Dear lir. Bazker:
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Yours very truly,
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SINCZE 1825

TELERPHONE 71573 28-487 <0

infermation that you reguested.

guestions regarding this, nlease

czll me,

STEVEN R, SHENCUF

SRS:rd

hml
aTiC .

s,, tnEiiwinty walil @ 20T rRl

2T GLFLTNENIL 250 220D RRT DONTIAGLRY UPDN 78BS ACOIDENTS DILA~Z OF Cabiighsd

STEETENIL BEY REI_TN NMAL AL

AnD DIwf R DELEYS UNAVOIDABLE OF

o oUR

INQGHANEIIAL ANT TiEbCal

LY




#91dtee finletd

#ne0ton #060%6

Fan6* 6€ izt

Fudl'EL #son's

%:mm“mm #o0€* 01

4994S OYy [T wnutwniy

N003S uB) wauTwny

(f3xtQ) sered uyl 309ys E:cﬂE:*<

o AT e

xnTd #0009 (£A3ITU) £489US wnuUNTY 35007
uodl #9451 sSurdd 1o wnupunyy
: goutuutds wnutwnty
. STTOoH wnupunty

- . sdtypy wnuiuniy
SO wnuiwnyy adaer

XnTJd #0009 (A3I7Q) wnuiunyy,339Yys 9S00
> AJIM unuunty

(ueatd) STTIOY WNUTUMTY H#QTL8 ¥ SNITId wnuTwNTy aldaeT

L

(A3aTQ@) wautwun(y 3a89ys jyo sared

(£3370) §399YyS wWNUTWUNTY 9S00T]

xnTd #0009 8d110
uoII #06 sdTTD pejeuTweluo)

SO TIg wnutwnly odae]
saTed Ul sSUTUUTdS wWnNTy ueard

#1es

#6453L
mwwmmﬁ
#0S9€T
#9134
#e5e
#oE2TT
#1694
#0284
#2G6EGT

#lZht
#2098
#Lhe9
#4L0TT
#024
#1955

#4819
#GESE

(£227Q sem 3.93Yg)

wnuiunTy 399Yys % sSAOTIq UELTD
(A331Q) sSared uf wniy 389Yys

#1194
#BTITET

(asodand Sutgsel I07)
apTIoOnTd wnyy sdegd O

xnTd #0009
uoJxil #4692

(esodand Fuylss) J0F)
aprxonTy wnty sdeg Q1

xnTd #0009

(A3XTQ) F09YS wWNUTWNTY #B5TC
(A3XTQ seM 388YS)

sdIT0 % 399Ug uwniy 9s007 #ggns

seqqenboTIg wnutwnry Jrd #20hS

(£2ITQ) WUTUNTY 389YSs #94me

uea(p) STLOY WNUTWATY #EOHS
(£331q sSem 198Yg)
UNTY MO ¥ 392US 28007 #BTENnT
gajgenborag wniy Jtd #6654
sdrTo (43310 sEM 303YS)
» B199Y4S WaUTWnTY 9S00T #9919
(A3atQ) waaiunty 389Yys #lent

94/22/01

92/12/0T

92,/02/01

94/61,/0T

9L/8T/01

LOoNGodd 440 QEWHINS
qAHCINTA

(J3day Os1v

LOANYL dVEOS WININATY

HOVHHNAd T "ON




o 4t

E

#046°6T #h6ee wn{saugey #5e
_ apTaontd watry sdeg 471
Jaddos #0071
WOITTITS #044
(ueatp) sdutddrrp wnuiwnyy *pxy #onTf
XNTJd #000h ) S33Nng wouTunTy #ohyt
Jodur unyy 48€# #0lgE (A3a7Q) wnutunTy 38€) #0T0S 94/22,01
#oge 41! #6656 (ueeTp)sFuTdd Ty wnutwaTy *pxy #956T
aprIonTgd wnry sdeqg o1 wearp) sdiyp wnutwnty #90719
UOOTTTS #008 (£3a1Q) wnutwnty 3sed #9159
XnTd #0004 S33Ng wnUTWATY #2192 QL/TZ/0T
#0446 T H#HELS unysaudey Hoty (ULdTH)Suld ‘pey Jaddop /unty #00¢€
apTJIOoNTd wnyy sFeg § (ved1p) sPdupddiTy wngy *pxy %NomJ
UODTTTIS #02HT (£3I7Q) Jutpis unyy poajuted #068¢
xnTd #000h (£237TQ) wnuTUNTY 3SBD #9904 9L/02/01
*3JTUS AYITUPTW SYJ WoIJ SOBUINT 9Yg UT
Apeaare sem esTe JuiyzfIeay ‘unyseule) sy} BEM PIppeB om Sulyjl ATUo aYy3 2JTUS LBP Jno ug t L ON
#omn' €T #o€ee Jeddop  #00T
UodTTTS #0041 surd -pey aaddop/wniy #0094
MTd #0004 (UedTD)STurddt) wnutwnly *pXy #L40€
unysaudey #o4 (43.01Q)
JUIPTS wautunyy pajuted #2.446
apTIonTd sIeqg of ﬁhup@mvmsszMMM< meo #0119 9L/6T/01
#0991 #OELT xntd #0001 ﬁ:mmmmv@mmﬁco s:mms:m« mmmmm
optIonygd unty sdeg g (uedr)) siutddyio S€ #2Tit
UCOTTIS #008 (A33T@) wnuiwnly 45e) #9109 9L/31/ 01
100 04d dd0 GHWNINS aaaay os1v ] CNINT dYdOS WNNIWNTY ALY
(IHEIN T

AJVNANT € "ON




éﬁ%s?f%%%%gx%%

i).,_

ol
‘\J 'I .
e

s

s o)
................................. H.VNQMQQQHQQQ
— : angding

wUNIEpr?

................................. o]

O»Rv ............. k\.ll\ o E.ﬂﬁ.::h.\w\

o& ...N,.N..\........En.:wam_us
.........:..NV\‘N....V..-.....mbu:u%:ux\
T w0y
! o&wb\ 19YHUN

oy _uosf

ol R £77,2 771277 %4

ckh\\\ pray .

Qf o f s M
0 oe 11

ol e ik

R R R

|
'L
bl

[t

CL

e

o digs

b

9Ligz e/ A

a \@\Q..%V W.\Vm\\.\mﬂ. Jo adurg
J 5 SISOy TN 47

E \m YN H3P()
{ roug rop Bunafey 3 bugpows wopryony
A ﬁ sisljuy’ o ARIYIEIIY)

i

a4

AR
PR

W

7 S W‘J ST ST R

a1dangpirajy :

CN‘AH...‘\\ Nﬁn\nw_tkekﬂ\v
angdng
WP
wntap) [

wnuruny

winisoudvyy

s

: ; =

g ssuSunyy
BTRLYYT wonps ’
gy sury
%75 PPN
by woig

S S -

ok

t

pra]
% mg g sddon
ettt s & o e s - or A\.R\.m.

Tixa
gy \m\\\\\ [0 apdums

N 2 oo N H LN
X o

N oyl

om0 Svrerfey 8 busgpoms wepraryooy
: SIS 0 QRN

P
K AR .....“”‘T._

GRS
N
-

-~

sl

T R T

kT
@

o



A{m.
./""'\

.
[

A

i s .
a...-d.\w_—.\_...s S, .....r!a\\ .’...IJJ\_# L

ot M e e P

uidinporapy

ms\ws \ .m:_v...:..

HHDIT)

of e i

(s
257
W/

QB\N.Q\

% m u \

g e - fuowuy

PP
E.\L-...

EE_.:&._EQU
EH.._.EH\&WH
wnunungy
“wnisaud v
asauvdurpy
uonpg

w7

PPN

uoiy

...uunuH \1“ \ .._.|
v \w%‘

ol 4

P -.\n\\..u\.\.\ﬁ\EwQ

Ao gy g

UN kp.__\u.—o
oy 1og) burnfay 3 by s vaproooy
sisfjrnyg’ o ajrRappag
PR A A AT T VA T g

Copsh

e

ms..mm.c{uT 3 prace)y .u.& 2] f /4
s sl il %gﬁ%ﬁiﬁ%@:%f{

(‘. ..........:............4:.1......: Y ._.‘\%—u. "y .‘
_\nu P gy )
.

.__:MS::.ES\

angdng

HRILPET)

tnIuviLy,

o&\mh\:

\\ \m wnuan}y
o ‘k\.ﬁ\ “uInISAUI T

s

i}

" A5AUPTUPR]

uoIs
Mz
PPN

o4

- fuowiuy

PE]

ur

s0ddon
e ,Q.h c_m:‘\.w

P\\\;\a&
e o s
“oN 1P ~ “ON 471

L SR 196

EhY) :\:ﬁg

oug 0 Burnfey 3 burppems vopvorooy
sisijnuyg’ jo apayynag)

ai.::aq%.ﬂlv.b\ fﬂ%%ﬁuﬂ%& :5:5 3:3.5:?5:_3__ d:ﬁav_.,_\_ﬂ ;__n:.__

R A T

rhrn

i

it

z ’”*'rnrpnfrﬁ" s




.4

\q%;%gg%uf%_ sl s A S

:QS}GEF\ ) sidinyoiapy

*‘E

G

ﬁ&u. \.u.\ EQWEQLQU : .r.llb 0& \.w._‘ E\.....Sena\.u
Q& haaakQQQHQQAw \\m D\Q _.wugﬁbm\%uca.\ﬁ~
Q\G..:.....:T e — h&\QQNaMJ %l” 0&.:::::: [ETTETPPRSRRN kuMQQ\\NM‘

n‘xu.......:.:..:..::...r:.::.. E\\.ﬁkﬁ\\hvu Q\Q..................:.........:.:.. E.S..E\NWU

0&._ .............. \\_W\ ....... wmuri g

O&I\\n\ m»:.%uﬂn.hhﬁ\n\v\

iy

| ,,.. .».........IE.:.. M&.&:h\w‘h&a\m\

&&\\Qxﬁahmawﬁz

0\; .........:.N.N.M..!.:.Nhh?ﬁ%ﬁ“ﬂ\

A
{ . m.& N ¥ E&EMNEE
m n&u m&. \\ uoINg
|

OM.. \W.“... qary

DRV.& \ \\ h«QhN
AM O ~ fuowmiuy

O s g

oku- _D_:u__h:ﬁw\

&&.\\ wosp§

b vl L a1 J el o
SEISY

E_Q\
v 4
Q
X

prag . 4 |W.L DN.. %u i pray
c&.\\ax- . urg .M R o&:\.ﬁ».ﬂ uy
&..:\44. :‘:m...:.:. LNQQQu W .. A Q\-\w .\\\.\W.\h—. kNN\N\QU

JAE LD ON IPH QN 4 N

2

N
T
3
P

el

e

RS T

u\\\ “o7 e rd

TV \uwu\“ 7o andurs
A \\\3\\ oN YN 97

UN 4P

YN 43PA()
g oy Surmfey g bugrems vproyooy Y M om0 Bunnfay 3 burpems weproryooy
A

L e

rnqnﬂ“’*”hn]nﬂ“‘f

mmmm?:@u ju ﬁzu%ﬁm@ sisijruy’ o M_Eu%tm@

Ire

?hwnl




}
i

@ertificate of  Analysis
Rochesler Smelling & Re{azau; ng Co., Inc.

&

\‘<_1>’1‘T"’ﬁﬁm

Lead ....._.,.f._‘.'{.? .............. Y%
Aniiﬂ}bn 2 — o
Iron A'/f/%

Nickel ... ,af ............. %
Zing a4 %

Silicon .. /é;a ............ '%
Man garze:e....._.f,,g..? .............. Do

Ma gne:ium..._..{...fz.... R

B

WM:

dl

il

Aluminum /

/-:C'éu‘vu&/-:m\

i

THRARIUT e %
Cadmium e, %
Sulpbur o0
Phos phoross....... o %
Chromium ol Ol %o

Merclurgist

g U




Lt L « ...HA\-....J...
e i

b e M

!

Al

Hidanppidp

....................:....:.::u...::.ﬁm\h\._aeﬁ__\&

ﬂa..q..:ﬁehQU

53& 115

P

wnpery | lul
v :._Q_ :
i

wnupIr g

.&\V\ wnun)y
@W...........M}Y..N..\.m........Ezﬁm:MnE
..a.........%;N.....-.....E.m:u%:n?x
N T
pray
wy
saddor

uonps
uux.hN

PPIN

uoiJ

g

e

w\w\%ﬁ o 2durs
......... U&hc N 471

N La«\tQ

osy 107 bunerfay 3 bruryow s vaprasyooy

sisljruyy J0 RPN

o
3

—

L3

¢

)
o=

N
—

RS

—r

4

4, Vo o
g Brdannisyy

HNILEO4)

anqdmg
)
ULy,
L Uy
. ............2___.‘\.:%&%25\
S g oy Suppy
wospg

ey
129NN

uof

= Luowtiuyy

pro7

ol dus

AT

e \\\\&k\me [0 apduis
by o 497 N PH WV&Q N 977

g e G S N

om0 Sunnfey 3 Sunpeus wprayooy
sigfipanyg’ Jo aRIppaT)

g b

RN T

}

o

B

e

o




|
{
1

(Tertificate of C.Analgais E
Rockeslen Smelling & Refining Ce., Inc.

T "y
Labk No..... ;éé’ .....  Heat Ne. //5}’/1'
Sample Of __)Zy_‘_z’{j'{/’,/pﬁﬂajf i

i
Date L4708 75 5%5_
I

Ship o SO

COPPE! J‘_DJI_%J

Tin . 12 o {E

Leﬂ'd '.;...f....‘i.f ................ 70 big.
£

AREmony e Do

Irom .. / _?6 .............. %o ?

Nickel ... 28T

Zing ot O %
Silicon ... //_’G_JJ ......... %
Man gane.re....'.'_..(.’..:2.21‘.’....“_._..%
Ma gr:e:ium..,mz...e.. 7 T
Aluminum /Z':“_/{ .......... %o
THARIUI  ooeeesteerafleeeeeeneesoe %
Cadminm ................................... %
Sulphttr e %

PhoSphOTOUS. .o o

Chromium ... EEL o %

Metallurgist 1E
oy ==

[ntﬁﬂqﬁ"’an.nwﬂnﬂmzmlﬂﬂpr“’hn]m[;ﬁﬁﬁr‘nmmqrﬁhnmwﬂW :

2%
4




APPENDIX C

ADDITIONAL TNFORMATION




U.5. EPA METHOD 5

COMPUTER PRINT OUT

AND

LABORATORY ANALYSIS




PLANT havE o~ Fur ' LCCATION = PrCHESTES

STLCx TN e CCMRINED INLFT SAMPLING TRATN = PARTICLLATFS
5L RUNM - (Y syl

ATE 10/18/76 1071977+ 1n/20C/7¢
SETAETINO OTIVE 1488 110= 163
Frnian TINE TEUD 1411 f120e
"Ib,;L'TE.'E F‘P. 1?—2. 532’- -
kel F PLUTMTS ga, bd, vy,
P (15 0 2e,c1 2Y.TE ST L6 ;
Ec (In MGy £S L E6E £9.60 FC.EL
o 6, R 0L RY rL R
48 (aF 3 19,63 $9, 42 16,61
LB { RF 16,63 19,63 16,62
e (1 ¢, 55 flerE8 i, #8E
A (SF) 6,000355  0,0063I55  A,0RF3EC
Te {rEg R 14,5 hER, T hea,l
Te (nREr 23 Cip,7 S92,k €7g,¢ SeS, 07
v {ACFED YL EY2 RZ,R2E A FES
wEETR {SCFDY £X,734 Eg,kTA re _G2x
FropesgaTe (v 17,5 PR.% £t,5
ceLr « wpr 1, 2F 1.3 t, 11 1,CF
S OKPC £ RATLEEYICK : 4,20 G003 1 He R, GU
wore? 0,0 0.n rL o r, 00
< ra 21,0 Z1.0 P Fl.on
o Gah D0 2L.r f-,.h
i (LE/LF=¥CLF) PE,Eu PELEN PELRL REL e
t (LE/LE=¥CLE) 28,740 28,60 FELTE 28,70
FELYL = AT (11 =200 1,816 1802 1L.76!
SeyET rFL1F B VG {1+ rzr) G.e7R G562 C.tr e
v e (F/8) 38,87 34,18 Th, 75 Ir.27
=3 CoLecer) Ls7se, 3eNzC, 12TV 7, Qp7ie,
=t (afFeny usznor, IRLTO, PR3S, 2173,
P e [SeEemy L3872, 32247, 1RTTE ieyge
voyer B2, 0L GE,u8 S A ¢L,G2
2 SRR RN AR e A RO nheoes

0, AN N,

r, h. oy

0 (., ™.

5, r, .
TOTL FTEINE M To- (Y R ne 1#d .00 17n,e”
il | LA A £n s 1,80 fc.In 12,24
TETLL AT 0 £1,50 1B, TN {1RE .G
TR SR R (rssagpes nantay f.021e r,LeRE LaliZL?
CEee 0B ID AT (CF FE0F Gef1US p.02ya nLARE L0272
EaTRETMr Ik (1.0 /=5 §,85258 10,8%23%¢ 10,6087 . EST2

/




-~ T
20 o R S |

- .

-

LY ey Ty

CUATTLN - HOOEESTEER

\

- CrrEITEr TR e SAVELING TREIN = BASTI(LLLIES

-

AU N

RN RIS =N
U [y 4
12N/ 1072977k 10/34 /T8
L 1258 16027 14T
Ty tege 1254 1526
132, 127, R,
[ = I BT S un, pa, e
(10 ke 26,61 o R se, 1k
(3n =) £e,8¢L POt LIS
nLEL oLPi pLEL
(8sy 16,41 $0, 4% $C, 7T
fesn 10,43 12, A% 1C, A3
) f,PER ¢, r8s o, 25¢
(57 p,0TRREBR £,0nArTCE ALANCRRER
(enm Bn SZp,n R4, Cto, A
(™ern B EG2.7 SeR LA wn 4 o
(rCF) 76,277 E1,0RF 67,615
reres) 78,8727 Le, nny N7 T
Tr £y 2e, & 1E, A 7,5
=t 1,519 Tt .72
ReTeRERIr 16,07 7.0 .43
o, 0 Tl LIS
£1.0 2i.0 ;r,8
fL.n TN £ f
A cR L RL FELEG PELRT
R N N D chR,AF PR L BT
PR (1 w2 V.38 L,IRR FolZF
TaoE i t,S80€ n,2cs8 fL,u1t
32LEC F3. Fherh
TER2C, FTLS FERLT, K
: TEfLe, Picen PEIELE,
(== 13440, AUk, 2EROT,
¢r,2¢ JrnL TR 1S, E
o= AT B neTEC prLn
:ﬂ'r r". o,
-’l. -\l “.
P"u e .
o, r, e,
PYFR OLATE e VI SR RD 1IN, 00 cr, T
PER LT he Y e B e tn 16,70
210 ey 2EA, D00 186, ED IR s
HT T (Fhytre 0L OURY NETh f,0237 ;
ATTH nejgoEy Gy 08R2 nURs rL,PIsE -
R TE SN R LRCE th,PERe BLPSRE 1

A
iy

I~

e IR Bba Y
RV

ja J

™
LS 1]

Y sl

n
el

PRV

-J
>

P



)

(]
]

N
-
i

o
e

s

.
[
3
'
-
| S i [
[ACS S i [
LS T T S P
LS & P Y LRV B
0! P T Y . - 5 LR S ¥
- [H S Y
.
L HER LA A SRR N

L T AR £ . -
1\ [ S w . Gt
[T & T e IS
. R T

s
.
T PR
. B [
PR P
. . N v ‘ . 4 .
. “ oot L H
[ L S
P
o
’ L
N : . B W § . .
- P L v ¥ .

L Y
LI S
vooe .
. H .
A * [
- e 4 .
“ oL
- (I8
HESN
[9BSR
« e 4 & oa
N [
e Lus
y
-
e
' -
Lo e 1
. oo i
3
L] + - - .

D Y
il )
y -
AN

P g
. . N
v . -
b
HEE S
TR N
vooa -

H W P

wla v . .
[ " N
[ .

.
i~ 7
. L~
~  a
[
PO
.
.
[
[T
N .
~ .
-

.
f .
LR
[
[




[}
[T
—

o

S

P

-
LS
(53
-
.
—r
- .
[ .

-4
5.

-
re
A
“ - » -
LR N -
=~ L
. 1Y
AT N
L9 - - L - - - i
P R AN S S R S A R
LY S U W & WY ST G S
LAV * I U AFRE RIS S N P
G a5 Q)
« D P
[EENEVIE S S ¥ & - )
[P I AV A [ O
.
e -
S
LI g
[SPEN —
v
3
i
NS 1.
.t I
1A .
[
LI
Lo
. 0
f - -
- L S

1t

[P B A

v e e

PR .

[ TR R

LI A ¥
-

[

o

[ I

i - e o

. PR -

[N A 1

L i
-

D

- il

Lo 8T

(AW - [N

o .

LY |
.
L.
R 3
. ' ' ke
e
-k

. B
T
f :
L Lo R
, '
.
T
S - 1’
ie % e e M e e
PR - . 4 -y
‘ [ i
~ . '
.
. [
o I
K = s 4 A e 4 -
o I IR N
. IR TR,
‘ -
«
e e
-
i
'
- e -t
] I«
B [
f .
. :

e




L

-

2

LR

i~

u
fu,

. i
[T
- .
[
L
th L
- &
LW v
LRI el
Fuost
- o
- -
AV
«
.«
o .
o H

[

.- .

L AN

L

« Lt
-

o

-

oo

T

LSRN

L
]

L

-

[P

-— om

LU ¥ 2

LA

<o
.

«

T
. [}

.

B
P

L [
4 [ 4
v e . =
P .
'
PLows .
A v s
- Lt L]
i
PO
LVI PR
e u e
- [
!
P

TN
1
+
.
s
' -
[N
I 0
ET I -
Y

)

i

- I
1

v -

Ty 4

P

B

~ il
[ SN

%
‘.

-
<L -
oh ot
f

‘
=L
.
'
~ e
]
L.

oy

.012

Ak

O
o
—
O




oA * i~ LI § L - - N e w ] P
.r.. " ~ i N ] L | P
e . LI ™ K- - bk -
- - " . AL ra o s . . ‘1
H i (RS Vo oy e P T
u ! . -
)
I
- -
- -
Li i [ ¥
i -
43
[ [}
Y
L9, - . L. |5 Y e L ot [ 4% ool (I LI T D S Y
¢ +- - 1~ [ [ S A N N e L (LR I A U | -l R T P T R S T A N
11 - e T L T T S Tt S L T T ~ - i e ., LT :
i} 4 -0 [ LR~ T & W B N S S TRt LRI & - I St SO e . - . . 1 PR e . . . . 5 S
[] - - Wik [ L S N S AN | T O S S I . . H I ¢ 4 u
L1 R N L.ode ot . . _
. i < - B
[ < - [t
L] Loas)
- 4 .
=] (& .
L9 e 4 LR T SR R [V I Y - = [ BT | L s 5
[ -3 I~ [V S DY S 5 W I & [N & VR R 5 e T P LY BN i Y N
. LN b S T A 9 - - - . « % . s e - L - - - - - - « T - -y - . - . -~ . - T
- o MYy w- XY 4G L L s - LU - s f LS S U LA . % T L LIS - 3 Y
T A VR S B A S LW S S T -- Y Y T ) e 4w
P ~ - [TV T LIS SR fvoel o
) < . . e
- —
- L
[T
PRIV - 3 . N o bl e
Ao it . . [T LU B b H . € 3
R — . O T R
e Ea I S S VU U ~ ‘. S . R SN
- B O T U P I 4 : M . o . 7
e IO S A 2 LA N _ - . - N . ~
e fer e e e me wl e e e e N . . P
28 ( .
- L V. . '
i ot [ r !
lage — - - - H
— s ' i - s
i [ - .- ' . . i
LR L3 i F e . » ~
La ] [l . .- : PR a ' ‘.
M V- K 3 L E . [ -
e L i= - ~ H . L L
- e - B . L. . L . . B
L S PR - . . PR
r- 2 [ EENY [T . O
- LW Lot ] : [ SO Y . 3 - - . .. . .
“ -l ] - . . 2 - [ S T N N . . - - . r . '
- ¥ -l r P R [N PR [ P .. N . o~ IR H . . : . .
. . [ [ - N S e e - - - ' . .




56007 6L0%° [A{i §L0%° 880%" 680%° S01%° - 001%* Soly’
Ly’ 0%98" 0v98° 8698° Lygg” welg” 0168’ 96L48° 9648° HIA
[AA A 06%6G° 06%s” | XA 1€95° 876G " 019¢° - L0967 8046”°
£700° 60ee” ozee” olce” 6l1ee” L0EE” A% 91ge” 9ige” avee”
11T 15%9° 16%9° 59%9° 8969° [AvER 6969 " 9249° %69’ £969°
1030°-  gOEY’ [AS%N ciey” giew” 70EY” gley” 7o AR 9lgy’
otrte” 6687 16667 6465 0%19-° 9009° At cz09-° 18009 " y09”
8%00° 696t" 166¢° GL6t” 086t 996¢" wi6g" - clet” [T
99%0° 96LY” 66L%° l6l%’ 894%° 16L%° - £9L%° -———- 09.ly’ coLy”
A4 L6465 0£66° £966° ViASS 26667 | ¥4 896¢° 2966 ” CRGGT
zL00” £19%"  €19%° 819%° VA zi9%” 694" - 169%° SeoY”
£8¢0° L816° L8167 80¢s” 3YA% L816° Lees” -—== 6tes” Vi
GLLl” 6v09° £Lo9” 0809° AN 9409 " 0019~ 6Lig” 9019° BG19°
90%¢” 80LG” z0L8” 8146° ) WA EELS” evLs” - BGBG T 7eBG”
L0607 SHIGT 881¢° [AVrAS £6C6’ 6Tes” 06es” e TAS 0626” 0ges”
wOLLT 09¢9° 6GLY " 09g9” L4797 66€9° 6¢59° - YA R YA
6492° BL69° £969° 669" BOOL" 000L” [At N 90L° 0oL £LoL”
90L1” agey’ 086%-° 686%° £106”° 786%° LT0G" 966%° g6bY’ LZ0G”
[ 716S8° 116¢° 7LeS” 8965 ° L1657 8966 " 1666° 6EBG” 0L66°
i [A%9 8% 491 €918° IALIAS, cove” 8696 17467 owes” £0C9”
(w3) (ud) (wd) (wd) (wd) (wd) (W) (wd)
(md) (wd) 11g Ui/ a9 yig yay pig  puz  gs]
19N 1euTd SONIHNHOI UM

SHLVINOTIUVI ~

STSATVNY AU0LVUOY VL

Aead youlq
unnad
DEYE pIPoLInD

—-)ou1q uosoa4d

Aeagd aydr
uanad Lead yp
aytym jjo

usoad

Aead »oeq

130 ul Kead g
130 ul Lead g
2T YM

ERR FT

vaaad/m yoeig
sseid/m yorlq
NIB [
Nouq
yor1q

Wor Y Haup

Avadfm yoeqq yp

Aead_unond

1009

vE6L " 144 £ 18€6
goty” oty [A 976
gige” 9%y 1 A1)
rsuny Jyd1uaaag
997¢ " Y7y '8 61€6
968C " 81y { 89%6
0Ly " AN g 19%6
698%7" OLE 4 8476
126¢° L1, 7 6176
06th’ geh £ 956
GlLy” Gth z 976
196%” 6LE t1 7LEG
Z06%" 8L€ vl ZEW6
1991300
A rAN z0% 8 £L%76
[0 9% gy L 1L%6
A 1Ty 9 £oY%6
9694 " 68€ S GEh6
66217° £y Vi gvh6
6LTC° Sy £ e
LTRAN £EYy Z 06
£89%° /€ 1 LEWE
gajur
AEMV
1481 oM "ON "ON
EREIN) 133114 uny a1dueg
EEEYEVI A




-——— 8000° g000°  6460°¢8 0860°¢8  £L50°C8 1£G0 729 ues ol yav iy
80¢0° VIV A% 5 (R Y A A 1) 1€22°08 9¢e¢ 08 L681°08 061 Gl 4] yiYG
aci{0” 1200~ L0007 [GSETER gece ey 9LsLTey DBLL €Y ogl 91 L (AR
| -
mccmo. 2200° 98¢0° 9106708 6106708 [106°08 1106708 0£98°08 0l L
mhmﬂo. 8000° quey” L1wG°1% IS 18 9Ivs 18 2128718 04 9 9 ¥9y6
mmooo. 8100° £g00°  %09%°18 097718 €£09%°18 126%°1¢8 Cil 6
. 6600° 1200° eeie” we70'18 CeC018 €6LO°18 710718 oel 8 S 9C%6
J1E10° £Z00’ 10" 9L1€7°¢8 LL1E°C8 SL1E°E8 FAAVI A Sl 1
momﬁo. 8100° 070" 658%°18 8GBH 18 Z98%°18 0GE% " 18 CG9n 18 ot1 [4 Vi 16%6
"mmoo. ! 1200° 0Z10" &GZow- 18 8Z0R°18 wL0w° 18 906€ " 18 0gl <
1 2610° 8100° 0L10° ¢80L°¢y £g0L’es  Lu0ETEn €16¢C7¢8 Gil % t 6
Lqm_o. £eo0n” (%107 6081718 LOBLTIR %0BL'18 65918 91 1
mmoao. 6100° ZZ10° 8%ig 6!l 6%i8°6L LwiB'6L 9798 6L gl 11 [ 46
momoo. Zz00° 310" 6948708 1448708 1948708 £998 08 Gl 71
wmmoo. %100° 6600° ¥%59°18 w918 £%69°18 Svv9°tlg g8 €l 1 14476
m 133Uy
' AEwV ﬁva ﬁawv ﬁsmv. ﬁva Ava Ava (wd)
uien 1apy Rue]g 1o3 uled u;mwmz Uit pag pug a5 AEMJ {1w)
pajsnipy ucwE.,_m:mE‘ 12N reutg CSO9NTIHODI Y M QAE |, Swn|op aaypeay uny ajdueg
: BA0HLIY (¢




0400 = gO00"  TEOO'- H66E°18 886C 18 Z0OY 18 £66€°18
1%710° 1200° £910°  £5%0°18 SCHOT18  1SK0°18  %9%0°18
0600" 2700 Z110'  10€Z°%8 00€Z° %8 ZOCZ %8
2000 - 6000° L000* 9860°Z8 9860°Z8 18$0°Z8 0650°T8
' 6000 " . TT00° 1€00° 084864 LLLB 6L TBLYB 6L
| 700"~ $000° 0700°  %95%°18 S9sy 18 09SY°18 L9Sv°18
| 7000°~ €200° 6100°  9€¥5°18 9E¥6 18 9€%S 18
L6000~ 8100° 6000°  68L7°C8 68LT°E8 88LT°E8 608T°€8 0EBZ'E8
: 8200° %100° 700" Z.L98°08 7.98°08 7.98°08
;0100°- 2700° Z100° 818L°18 918L£°18 078,18
2100 £200° SL00"  0Z1£°78 0z1€°28 0zZ1¢'Z8
mwwoo. Z700° 9%00°  0ZZ¢°28 122€°78 617£°Z8
L 6500 - %200" §Z00'~ ZTESETER ZESE €8 TESE'€8
i

11900~ %000 " LS00 718708 01/8°08 €1.8°08
1Z100°- £200° 1100°  0%Z7°08 0hZT 08 0%Z7 08
|

ggco” Z700° 0190°  L05Z°08 L0ST°08 £0ST08
m¢@¢o. £200° Z6%0°  LOYETT8 LOWE'I8 LOYE'T8 QEWE T8 Iywe'ils
|

msmv ﬁva Aewv ﬁva Aewv Ava AEmS AEMJ
uivg jaN quelg 03 utlesn  aydiap Uiy pag pug 181
quawysnlpy 32N qeuld SONINOSTI LM

paasnlpy

9z0yv°18 0§ 9
76T0°18  0vl 8 g8 08€6
6812°v8 0yl Y L 69%6
6150778 S 01
6vL8°6L Ol 1 9 T9%6
%09%°18  O€ 6
L1918 6l 9 S 65v6
08Lz°¢8 011 91
0£98°08 06 L VAN 1413
908L7°18 0%l Al
4: T A I 2 € L7
9L1€°28 0l 1
LSSEER 061 91 AN A A3
69(8°08 ST a
6222708 Syl ST 41 9L€6
L681°08 0%l Sl
sl6z-zg Syl € VI uEv6
13191anQ0
(wd) (1w)
alE], swnjop Jdayeay  umy  odueg
s1aquag ('




600" - 0000° 6%00° £E8L %01 %ERL Y01 €EBL W01 SE8L %01
100~ oooo° T100°- 16%L°601 16047601 06%L 601 SeL 7601
19207 ! -—— 19¢20° 9/9%°/(8 9L9%°L8 L[9%°L8 SL9%°L8
6600° TE00” 1600° Z0gER L0 HTER L0 ROEYVTLO1 00Ew°LO1
1620° 0000 " 1620° £1667°901 L1667901 £L169°901 81667901
St10” 9£00° 1120 68%7L 96 88%/°96 6B%LU6 Go6Y LU0
AEmv (»8) AEwV (wB) AEwu AEmv (ud) (ui)
ules Jap yuejyg 103 ulen Iydiap Uyih Pig puz a8
paisnfpy  yuswysnlpy 42N Trutly SONTID I M

P8LL R0l
LawL q0l

Sive Ly

1icy L01

99267901

BLCL Y6

()
sae],

XDILVT ON

Gt
05t

0s¢

00z

011

(rw)

NI TERRCFY

1%
g e 0446
25 121BM £8€C6
yayus
0g =22V ¢ -¢8L6
youd
o¢ [4 -L9%6
w6 1 £LGsYo
udtuaoag
Laneay  uny  opduweg
sI;pol 07




i CY

6%00°0 6%00°0 - 0Lve 193113 ON . t

78€6

$1%0°0 0Z€0'0 €8€6 $600°0 1Y 18€6 €

£€T9%°0 1620°0 L9%6 zLew o geY S9096 z

LYET 0 SL10°0 £5Y6 TL1T70 944 7546 { Iydtuasag

781070 171070 08E6 €700 0 27 6LEG 8

LT 060070 6946 6GeT 0 gLy 8946 L

60000 60000 79%6 1000 "0~ yEy 1946 9

0111°0 day 6546 01110 0LE 8576 S

9.00°0 8200°0 05%6 87000 L1y 6%46 Y

8L%0°0 710070 LYY6 99%0°0 9¢y - 9446 €

92170 TZ00°0 £yv6 AZANY STy TY46 /4

ZL00"0 Jan 9.€6 - TL00'0 6LE , 7LE6 gt

THe1 0 £501°0 wEY6 €g70°0 8.¢ AR oVl 19114n0

€80Z°0 80£0°0 yL96 SLLT"O zoy £LY6 g

Z91¢°0 964070 zLY6 90%2°0 g7y 14%6 L

894%1°0 1950°0 7946 L0600 12y €946 9

89810 791070 9676 70L1°0 68¢ SSY6 g

96620 L1£0°0 1676 6£9T7°0 Ely gHh6 Y

£$61°0 1620°0 G746 904170 ShY Y646 €

£981°0 LT20°0 w6 0%91°0 €€y 0446 4

§190°0 $910°0 1946 05%0°0 SLE LEYE i 19(u]

(wd) (W) (wid) '

S1e10] ysem -oN 21dueg a3l ‘ON 2914 ‘on o1dueg OIH] o duey

L3904 0°¢

STIVIOL




PARTICLE STIZING
COMPUTER PRINT OUT
AND

LABORATORY ANALYSIS




-

FATLIEE

-
-

TERE

L

b
-
-

Al

o, wl 5 u " [

£ [ S Goel e~ PO B I T [ t, FOVRE SR W | GI ¢ M WU PR T o

- £ty P TR S [ ST T I LA ¥ ~ .4 . A R I ¥ PR VI W T

3 Wil AU B LT N A AV L N Y] [V Al LU I VN L S L
[

E
=4

G.

(1Y b W L Sha s I g [ e L LN L [T [&Y] LS AR oE e el
Ui [l SR WO S [ S S LRI W [£ I VPN [ PR
PO a8 (PR AP AP PR N A (Y PR Sech B o O

1 (S SRR N S e S SPRR S ) ] L N T ] [T NP AR AT SR T S T 3
L) - - - - - - . - - - - - - - - > - | » - L) L) - L] - -

[Sh I (UR R L VL S VI 4 e fo v o0 8 v w la [ T O Y TP S S O

ir (4N 19 (&N o 10

Y'Y ol —

X S I . “ M
s b — W [F R _— oY il A -
[ (W) i L. M [
(- AR S S B ¢ A SN ¥ A e < [ LR N R R S . e [l RIS )
- Lol S A SR A SN SN R 6 R . L A oMy ey L oo - Lol I~ .
L - . » - - » - - ] -~ ai [ » - » L] - - - - - o1 [ . - -
= oun JELRNE W 5 I O R & I oo B ¥ PO AoV i) 148 ="a. P B B E I e R ol (RO . FETIES Y SN S |
WA SV [THIN S AT S TR A S ¥ R 7 (SR ¥ SRRV U AR € BN R [T | 1S [T I N e
LW | ] £ - [ IR [
L« (4™ [ . [
[ Ll [ L 13 IR | [ L
. [N . {1 L] 4 - x - i
~f [4Y L I el 15 [ - Ui il
o L o LY i
- -
o

Cootr fa [ P VR R AR WA

LUST SO W N S S

[ U, & & a = a =a [ [ VSRRV LU, & = a4 = = a & @«
[N wl T ULV U Wt uf [ L B Y T I T P S o Soaft e i d w4
o a0 TY K1 W we ~ Dot N e e P e ot M T N O A S B S
oW EA N A I T PR, N LR S L TORR ¥ Y I & N NN ¥ S ) I~ LB N A LA A A
[UARR | R R R DN R R 34 PRV U R S U R B T I e e (S e e O A TS A UL S Ui AW
(% . = P - [ — -
“ [ H ... L. L.’ “ i
[ ] [URENS [N §
LR L. " il - e
[ Rt a [ . [
- LA =1 L r= ) i
(S S ., - (S W o . r 1 < J
. - = L] - N - . -

R LS hA S W S N (A CMEY1 2 a7 s 0 v, e [TS W n L - L I S w“ooiL < .l [
oo i - - » - - a - . L. 4, [} -t ~ - - - - - - -, o 13 - - - - - - - -
. [ VLA T ST P S 4 L S AT L [ il ¢ LR [FURE U T $4 $ r O i DR ' ~
- H L [ T B [N T | . [ N -t [T . I T |
L I e [V [P VR . R PN | Mo - b b Wi N

DS S Lo e oL, U LA T . - e LD -
T e - T I - oo . ‘-
. (R - A ¥ b . b (L
(SR LA Low A [ uotL .
o e e . . - o - .=
| W N [ e SO VR W a L [ W ts
. T - (R S [N 1 [ SR i
I T (S o — o= £ v - _i - ol - -
LR T « U, [T T S S LIRARE T .-
€3 m vl RS SR A S A G 1w ae R T L O T SO P S VIR B e e s B A T LA NSV o
Iooinos O T SN R ST S R I VP U S ¥ J S L B O T VRN S ¥ DU SN H TN oY S S T S AR |
I'4 Oy [ T — L] - - . . . . . [ S A h — . . (] - - . Y — 1, ] O | L] - - . - - .
[ U S ¥ B | R R L SR S § N L8 b o= i- 41 LI L ¢ L . [P Y [+ SN SRS B O S
4 [ [T S A L e I o -
. LI S PRI L. - . LS S
AL B e 2o, Y
RS EE O Yee bt Ml
MR [N TR ¥ O U A { . [ B
O S P LT A AT ¥ R G D E S A S S A b B Y A S S L T R R L O S L - AT
i1 [ S S ¢V I ¥ - [ [ P A A PV “ ‘. [ N Y B Y R |
[ I Ll w. [ - [V L
PO ] - - 1 ol N B ¥




iz

AT
M

" —- b
L & g My Wi W ks . - . i U 30 1 e Ty e

- W [ b - - 1. [ N R VAN R TS
4} o ol sl e e (F e U

[3® - 1. . [T PR A —
AT g L T S [
[ A PR L S AR I e SR

1 L LA Ch o) I [] TR PR U S S
- - - . - - - - - - - . -

& L L S b [ [ T

11 . H it 14

S Y i

ik PIEEY] - o s . La Lioa -

o a2

[ i LE I BEE L L. PERE LR CRT N X VY b L.
- FIER A VIV S b . - I R LA R - v NS
[ - [9 - . . . . - . o i1 v . - » - - - - - prs ] r- - - -
- 1 L U U o e B~ e e P . | N ST Y 3 o < RN AN +E
- I} (ST RN TR T SN < SV SR A CRE S - . RV S L A G [¥ T [ oI
W 24 . kN Lo - —
S [ . “ e
-— b - i ] [ i ' < Ll
- " » i iy - 1 a 1§
b ~ € 5 RS [ oo HY
PR w [r [ 48
PR
-
trorx [T A S W M W < e oo LS A VY R o ST SOSHEE SO S
L Y. CAE . . N e e & [, U, s & 2 = e % 4 0w
R Y E O i . g [ [N [ L S S T R

34
u

/

PR VIR LI AN L Rt

i

<. \ [E RN L A L R SR
P e T B T VA - S :

n

L
oLy ~k
~
[

-
;
f1Ll
.
:
A
=
4
Q@
-

LA

TNy v N AT L TRV o

v [ N EVR SN AN SN AN S T o S o P A o
L. L. S L L e
[ oW [ - f E] ~ P
P v . LIFLA . P—
. (SR Lt e - (AR
- B . o - -4 . . -
P o — - & C (Y8 Ll | o
3 . . . -1 . - . i . .
L P . o 0o . 4 ¢ [V Ao L [ 4 oo PO P ol Yoo e, A I
- [ 4 Y L - - * - » LI - — i - »* - - - - . . H HES o 1 - - 3 - - - - .
1. L] [T T N U B ¥ ) LR} u L [ AR VI | ' - r- [ T T
[ VSR | [ LV O X ool g i A O Lo s % S i
B A VI . LA L O [V iz PR - o, d 0w Mo
- Lo « i (R ' - - A [ ot e =
i Lo i ’ - = [ i. L
LTI . L N - L 1 EEER o .
P A PO S - - e S i
R - - e - LI — T
PR PR S SPO S L N T L
- [ — L - 1
.- [ el el [y L va TR o [ R
. o L . r . P L LR LIS
o b all T SR AU S S A T f | S A R L PO & S T | [ R S I A
e . IS LW S L e B LI U R T B N S P § [ 7 P S e AT S %
ok o [ . a “« " - - L] . I - - - . v . - LIS '] N ) [ - - - a' s " - - -
i o= [ A PR P SV L L T VS v t N O R S [P S FIY [ e T ST N |
e U a— LRl | Lo L.
o - - LY - . [T LY
OV TSI “a RO S
RS R i - e
L e [ " DR o
[ PR LT — o oG R L S e S e T T A N R | '
i1 e - [E 0 P o LU S () 1 FEDUEE VIO R (LN ¥ S B - I [V I T I ' i
N t. . H b v
-4 H H - il oL t . - - N .




-\

-

TLR

4

™

b

AT

oy

nr

(AN

L~ s

193
[

(L

it
i
{3

173

NGt
I ol

» -
ST
[IXW

oR M
K ]
e,

[t
4
B

o0

(49

B

o

fik

B
oo
EARTE S T

4 e
LI S

PR

[

o
i~

[T RN AL B 4 A B
. &

U
ot~
[ O
LS

et T prg It
LTS SO 4 KRS 4 &
[T S R
SR e T T

L ST R T
I T R
0 ¢ $Hu g
[ PR )
FA I LA L AT

.t A LN . v

O T S Y
NN 1, (A L
L P SO DI
[P N A AL 4 VI

uf

LU STV IS &

3 TR g
T S S RVE AN




.

06565070 V1oL
056£10°0 06009270 05009¢°0 gotawe o 1eutlg g8t
GZHY11070 062641°0 06764170 GZTEL9ET0 B A
06121070 GT8L81°0 GZ8L81°0 GL9sL1°0 L n
SLE600°0 ooveL1°0 Q0%6L17°0 CTO0LT0 9 X
SL6E00°0 GLEZB170 GLETRLTO -~ ouyg8LLE70 g i
LGL6100°0 SZ81L17°0 CZ81L17°0 06869170 Y ol
$ 62910070 SLE1I8TT0 CLE181Lto 06264170 € S
00110070 SeR1LL0 CIRILTL™0 GCE0L170 FA A
GZ600Q070 0og%LL"0 008%7L170 GLBELLT0 I L
0s0L00 "0 05219270 06L1977°0 00LRSTO H2aes-a1] Yy o 12111
1062070 TVIOL
§£1600°0 00L6%2°0 0696%2°0 05L6%2°0 YA TN Teuty 71
0CRE00°0 06L2L170 SL9CL1TO GIRELLTO 006891°0 8 )
£16£00°0 886181 °0 GZ6181°0 06078170 SLOBLTTO0 L I
LERZ00°0 LEQOLTTO 67904170 06904170 002891 °0 9 I
GZ1¢00°0 CL8%L1'0 GIBRLLO STeRL170 08LCL1°0 S d
GTZ0007°0 0sv0LT1°0 GZHOLL"O SLR0LTTO GTTOLL™O 7 v
06£000°0 061€L17°0 081€41°0 00¢eL1°0 DOBZTLLTO 5 9
€12000°0 £90L917°0 06899170 GLZL9T70 068991°0 4 q
£90000°0 8E86L1°0 GLLGLTO 00664170 GLLG6LTO 1 H
08920070 0c0092°0 0aop9e"o 06009270 0GELSTTO Yoaeo-ai1d 9ly T4 331Ul
(w3) (udy (w3 ()
utes Juydiapm pugz as1 (w3 *ON
39N 1euly T SONINDTAM aipy o8eag 123114 a1 vyl

GUALTIA

WASUTANY

STSRAIVHNY

XHOIVIOH VT




[

1ey1%0°0

._ <.ﬂ_ﬁ w.._.

GLZ000°0
SLTT10°0
£90900'0
0SEo060 0
£94500°0
0SEZ00°0
000100°0
GZRO000
05500070
0L1000°0
Q065000

CLTHRYT O
CeL9C6T 0
BEROLTTO
asyiy1 "o
£96691°0
061281 "0
06GELL1 ™0
SLLTBT O
066£91°0
611941°0
QOL508 70

aoeyveo
05996770
06e9/1°0
0ngLg81°0
GZG691 70
05618170
00€eL1"0
06LE817°0
0S6£9170
Q5094170
059501 "0

04w "0
0089620
CTL9L1'0
noeLgl o
0ooaL1To
OSEE81°0
DOLYCLIT0
ooRigl o0
0S6E9170
8819L1°0
06460870

¢Z1920°0 TYLOL

0¢1900°0 00¢Z19¢°0 Q0Zzi19¢°0

GZs100'0 GLECO91°0 GLEGO9170

CZL100°0 006G6L17°0 00ssL1°0

2610070 §292L1°0 §C9¢L1°0

Q0C100°0 0SeLL17°0 QSELL170

00800070 00769170 00¢691°0

054000°0 €e¢Z081°0 CZTO8T1°0

00500070 CLTTLT0 CLZTL1ITO

00%000°0 Ge8YL1°0 SZRYL10

06511070 001ehe "0 golewT "0
(wd) (mS) (Wd) (i)
vien 2udrop pug 18]

12n (R SONIUODLYM

AN RN 91

ey o Leuty il

GLEDLLTO ? 374

gocigl o L 9t

nockal ™0 9 YL

0086L1°0 S 13

06ECLLT0 t 1Y

06H181°0 £ te

ansea1to Z 94

066GL10 1 e

0866270 Yoaes-aad <9 T AR

06066270 l1euTd Wiy

068e91°0 8 289

CLLELTTO L 8¢

00114170 9 <9

06194170 S Le

Q0789170 i 99

CLR6LLT0 . £ 9z

SLLLLTTO Z L9

STYyL1Lto I YA

0640¢€¢70 Yogeo-ald LOYy g4 391U1
(W) “ON
aiey advig 13717114 a1 uny

YANUT I D
(1 ! )

SYANATA

FASHAaNY

A0 STSAIVEV AUV ACHY'L




I

901070

8SZ00 "0
861000
$€000°0
90000 "0
£0000 "0~
2500070
€0100°0
960000
£5100°0
£2100°0
8810070

6910070

0600070
80000°0-
ROO00 0
£1000°0
0zooa"0
£0000°0
0000070
000000
S1000°0
0Z000 "0

()
uten
39N

TVIOL

7194270
594270
S$L7891°0
RERGL1T0
060¢91°0
€OLEL1"0
GELL9T0
C1eGs1o
00954170
CHLGLTTO
CeLEee o

TVIOL

009%sT°0
06169170
SLEIL170
0S%¢91°0
06164170
ceoeL10
asoeLtrto
0S%691°0
§L6eL170
0CG0E2°0

(i)
anifrap
1euty

00796270
D095 70
SLEH91 70
a066L1E"0
Neogat o
gaenReLtto
SLEESTT0
0s95L170
CZLCLT0
006424170
00LEEe"0

T:»J

06094270
066945270
GLIB9T 0
CLIGLTTO
Q60E91 0
CLOLL10
SLIE91°0
SLEGLLTO
SLNLLLT0
0695L1°0
0GLECTTO

009%$Z°0
05169170
SLETLTO
0S%Z91°0
05164170
$TOTL1"0
0S0€L1°0
0546910
CLEZLTO
0550€2°0

A:;wv

18]

SONTHOLHE

(PanUIIuODy QWAL NISAAANY A0 STSATIVNY ANGIVIOHVT

064E52°0 [euty VAN

0neRse0 RN £l

CEe6L91°0 B %9

SLLGLLTO L A

L0910 9 £9

CLCELL"0 q 12

GLIC9TL 0 7 %9

0ashil o £ £t

CL1ZL1°0 A 19

05697170 ( We

0681€72°0 U IR I3[ 20y Z# A21anQ

DoLESZ 0 1EUT LY

SZEH91°0 B L

00E1L1°0 L oy

GEeLETOL0 9 08

06684170 S 6t

000Z2L1°0 Y 6L

0S0ELL1°0 £ LE

05%691°0 A 8L

GIBTLLTO 1 8t

0sg0Ee "0 RERLEELEY 60% I 421210
(i) TON
ater, s8eug SERR R ai uny




¢gy00°0 TVIOL
$9100°0 0s0see 0 00Z6€T°0 006%ET 0 (HILA% WA [euld 90%
£4%000°0 SZROLTCO 0s80L1°0 00804170 00%0L170 8 4]
8900070 SL89L1°0 00694170 05894170 00¢9LL"0 L W
8%7000°0 06469170 00869170 00469170 GLZ69170 9 d
6000070 £18181°0 06818170 GLLIBLTO STLIgl 0 S T
Qo000 SLDOLLO GZT0L170 GZOOL170 GTOOLL'0 Vj 0
¢L000'0 00508170 STHOBT"0 GLG0B10 0510810 € A
1€000°0 LI¢zLtT0 0642L1°0 SLYRTLTO 00ZZL1°0 A N
11000°0 71%081°0 GTS081L0 00908170 00L081°0 I r
0100070 00448270 00gLB8C"0 00948270 009.82°0 2ue2-231dg %19 g 191300
(wd) () (we) (mdy
uieo a431am puz s (w3) “ON
19N 1eutg B NG TR SEL:AR aduag SERRRE| ap umy

(Panunony g

BT A

MHSHHUNY 40 STHATVNY

AM0LVI0Y VY




THREE-STAGE CYCLONE SAMPLER

LABORATORY PARTICULATE ANALYSIS




LABORATORY ANALYSIS ON CYCLONE CATCH

Run Stage Tare Final Net Percentage
Weight Weight Gain of Toral
(ng) (mg) (mg) (%)
Inlet 1 let 0.000 12.380 12.380 27.9
2nd 0.080 4.130 4,050 9.1
3rd 0.080 6.280 6.200 14.0
Filter 625 137.42 157.600 20,175 49.0
Filter 631 134.200 135.750 1.550
TOTAL 44,355
Iniet 2 Ist 0.080 22.510 22.430 55.6
ind 0.210 0.610 0.400 1.0
3rd 0.180 2.160 1,980 4,0
Filrer 664 134,075 147.900 13.825 38.5
Tilter 656 140,045 142,150 1.700
TOTAL 4Q.335
Inletr 3 lst 0.160 58.290 58.130 46.¢
2nd 0.250 2.160 1.910 1.5
3rd 0.230 5.590 - 5.360 4.3
Filter 693 138.600 139,425 0.825 47.2
Filter 694 1386.275 195.900 57.625
TOTAL 123.850
Inlez & lst 0.150 14.800 14,650 22.1
2nd 0.140 1.970 1.830 2.8
3rd 0.160 7.890 7.730 11.7
Filter G116 143.700 143.450 ~-0.250 63.4
Tilter 612 144.325 186.275 41.950




LABORATORY ANALYSIS ON CYCLONE CATCH (continued)

Run Stage Tare Final Net Percentage
Weight Weight Gain of Total
(mg) (mg) (mg) (%)
Qutlet 1 lst G. 000 1.024 1.024 14.0
2nd 0.027 2.706 2,679 36.7
3rd 0.058 1.346 1.288 17.7
Filter 612 141.975 144.125 2,150 - 31.5
Filter 613 138.300 138.450 0.150
TOTAL 7.291
Qutlet 2 1st 0.058 2.403 2,345, 18.6
2nd 0.107 0.710 0.603 4.8
3rd 0.082 0.441 0.359 2.8
Filter 692 141.950 149.925 7.975 73.8
Filter 619 138,500 139,825 1.325
TOTAL 12,607
Qutlet 3 1st 0.102 6.167 6.065 52.1
2nd 0.147 0.455 0.308 2.6
3rd 0.120 0.592 - 0.472 4,1
Filzer 615 140.450 140.475 0.025 41.2
Filrter 609 143,325 148.100 4.775
TOTAL 11,645




POLYNUCLEAR AROMATIC HYDROCARBONS

" LARORATORY ANALYSIS




POLYNUCLEAR AROMATIC HYDROCARBON ANALYSIS

The outlet filters (f#417, Method 5, Run
4; #692, Cyclone Run 2; #418, Method 3,
Run 7) were extracted with methylene
chloride and concentrated to one ml. A
gas chromatograph with a flame 1{onization
detector with a Tenex—GC column was wused
for the analysis. The . sample contained
iess than 1 ug (1077 g) PNA as a-naphthyl
amine, and as such PNA was not detectable
on the gas chromatograph nor would it have

been cn the GC/MS.




CHLORINE /HYDROGEN CHLORIDE

LABORATORY ANALYSIS
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SULFUR DIOXIDE/SULFUR TRIOXIDE

LABORATORY ANALYSIS
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ELEMENTAL ANALYSIS OF

RAGHOUSE HGPPER DUST
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COMPOSITION OF TESISORB i




/ TESISCRE as supplied by Teller Environmental sttems, Inc.

Silicon as 810, - 61%
Aluminum as Al;03 - 23.3% -
Calcium as Ca0 -~ 0.7% :
Sodium as Na,0 - 9.8%
Potassium as K,0 - 4&4.6%
Magnesium as MgQ ~ Trace

Iron as Fe,0, . - Trace
Ticanium as TiO2 - Trace .





