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FOREWARD

When energy and material resources are extTacted, processed, converted
and used, the impacts on our enviromment and our healz: often require that
2ev and increasingly more efficilent control methods Se used. The Taduset—ial
Ezviroamental Research Laboratory, Cincinnati, (IZRL-C.), of EPA and the
Division of Physical Science and Engineering of NIOSE assist in develoning
and demonstrating new and improved methodology that will meet these needs
beth efiiciently and ecomemically.

This report presents the findings of an iavestigation performed o
obtain data concerning envirommental and workplace emissions from secondary
lead smelzing. The resulcs are being used within otk ZPA and NIOSE as
PasT of a larger effort to define the potencial environmental/workpliace
izpact of emissions from tais induscry segment and the need for improved
conzrols. The fiadisgs will also be useful to ocher agencies and che
inrdustry in dealing with centrol problems. EZicther zhe Mertals and Inorganic
Chemical 3Brazch of EPA or the Division of 2hysical Science aad Iagineering
sf NIQSZE should Se conctacced Zor any additional icfstmation desired conceraing
this program.

Director - Iadusirial Zavironmencal
Research Laboratorv, EPA, Cinciamati

Director - Division of Physical
Scilence and Iagizeering, NIOSH,

Cinciznac:



ABSTRACT

This report presents the results of an interagency control technmology
demonstration and research study counduczed at a domestic secondary lsaad
saelter. Izacluded are data describing conditions at the smelter before and
after the implamentation of a2 major envirommental and workplace clean-up
program. This program included insctallacion of the 3ergsde £lash
agglomeration furmace, an upgraded local exhaust system for smeliing
operations, yard paving and other housekeeping measures.

The agglomeration furaace failed to perfora satisfactorily due to
poor agglomerating properties of the smelzer's flue dust. Iasufficiant
chlorine conteat (below -3 percent) was dectermined t> Se the srizary
cause. The chlorine sources are PVC bacrtery plate sesarators. PVC is
contained i an estizaced 30 percant of Zuropean car batzaries; zhis
compares to only 3 percent in the Unired States.

Imissions capctured by local exhaus: ventilation complete with particle
sizing analysis were determined for several smelting speratiocns. 4
prepondarance of small particles (<2.3u) was Sound. lead emission razes
Zor specific operatious were:
3last furnace chargizng -85,000 z/ks; ~30 tous/day capacicy.
3last furnace slag tapping ~990 g/hr; ~13 tous/day capacicy.
Blast furnace metal tapping ~340 g/hr; ~50 tcms/day capacizy.
Refining xettle ~13 g/hr; ~25 tons/day capacity.

Ingot castiag ~14 g/hr; -3Q cons/day capacicT.

fiue dust agglomeracior ~30,000 g/hr; ~4& toms/day capacity.

Conzrol efficiencies for chree baghouse dus: ¢
as a functiocn of particle size and lead concen
29 percen: were found and can be azcribuced s
Particlies <2.5u. Lead emission ratses aad baghaouse sfiizilencias dased on
2o%al parsiculace are:

olleczors were detarmined
t ficiencies helcw

the high percentage of small

° Slag tap daghouse, 10 g/hr, 97.% 22 37.9 percanc.
° TSC2ss Jaghouse, 1935 zinr, 36.2 12 99.3 perzenc.
. Sanitary Sagnhousa, 34 g/az, 3T.2 5 $9.3 oerzent.

4 ow
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Upwind-downwiad ambient awoaitoring and particle sizing were conducted
over a short period of tize. Upwind, off-site comcentrations ranged from
0.1 o 0.6 ug/m’. Dowaowind npeasurements at a distance of 200 meters
(~700 feet) and 370 meters (~1,200 feet) ranged from 0.7 to 1l1.4 ug/:x3 .
Modeling indicated that only a small part of the ambient downwind concantra-
tion was atcributabla to point sources of emission. This compares o0 a range
of 30 to 60 ug/:n3 at che acczess road 10 meters (~30 feer) downwind of the

flue cust pile and adjacenc to the baghouse/agglomerator building.

Employee expcsures, workplace comtrols, work practices and biological
monitoring data were analyzed. Retrofitted cootrol izprovements, consisting
orimarily of izproved enclosure and local exhaust veatilacion of emission
sources, reduced employee exposures to airborme lead. Zxposure levels were
reduced from well ia excess of 200 ug/m® to gear or Selow 200 ug/a® om an
eight-hour time-weighted average basis. Exposures ©o lead associaced with
batzery breaking using a slow moving shear were reduced to belcw 50 vg/2’.
Eaployee exposures to antimony, arsenic aad sulifuric acid mist and workplace
concencrations of carbon momoxide were found o be well within permissible
occupational exposure limizs. Lead in blood conceatTations for all smeltar
workers and a select group of veteran workers showed gradual reductiomn over
a period of more than three vears. Personmal protective clothing and
equipment utilization, perscual hygiene and housexaeping all izproved fro
the 4aitial to final evaluatioms. Conveying, handlinag and storage of flue
dust and other leady =materials remains a significant source of emplovee
sxposure to lead. _

Cost informatiocn related to improved workplace aad envirommental
conzzols is provided. Local exhaust veatilation was Zabricated aad installed
at a cost of $ll/sci=.
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SECTION 1
INTRODUCTION

The Exvironmental Protection Ageacy (EPA) and the Natiomal Iascituta
for Occupational Safety and Health (NIOSE) have spousored a study cf environ-
Jental and workplace contTols at a domestic secondary lead smelter. The
purpese of the study was to develop information regarding the reducticn in
ecviroumental emissions and employee exposures which could be achieved by
TecTofizting concrols to an existiag secondary lead smelter.

Specifically, the study :involved inizial and follow=up evaluatioms at
the Zast Penn Manufacturing smelter located in Lyous, Pennsylvania. Figure
1-1 shows a topographical map of the test site. The inizial evaluation
documented conditicns at the smelter in Jaouary, 1979, before the
implementation of a major envirommental emission/employee exposure abatement
Program. The feollow-up evaluation, conducted in August, 1380, served to
document the design, operation a2nd effectiveness of coatrol systems
installed by the smelter.

The control program designed and {mplemented by the smelter included:

] Purchase, installation and operatiom of a Sergste Agglomeration
Furnace to treat leady flue dust.

] Desiga and installation of improved local exhaust
veatilation systems for smelting operatious.

] Major clean-up of smelcer buildings arnd yard areas with paving
of yard areas and access roads.

] installation of a cestral vacuum svstem.
L wetting of raw materials and work suriaces.

L Improving employee personal protective equipn'ent and hygiene
programs.

East Penn Manufaczuring is the firsct TS secondary lead smelzer zc apply che
3ergsde agglomeraction Turmace o flue dus: aandling problems. This Ffurmace
is intended o couovert laady flue dust into a slag-like material which czan
e handled with less relazive aazard. The Ilue dus: agzlomeration tachnique
Nlas Seen sucsessiully applied ia Demmark at che Paul 3erzsde azd Sons A/S
secondary lead sxzelier.:
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To describe and document the applicabiliry and effectiveness of
individual control techniques, the following information development
activicies were conducted: :

¢ Description of work processes, operatiomn, ccntrols and
work practices.

hd Measurement of employee exposures to airborne contaminants
" and work area contaminmant concentratious.

° Measurement of process emissions collected by local exhaust
ventilation enclcsures (including particle size analyses).

. Measurement of exhaust ventilation countTol parameters
(e.g., volumetric exhaust rate, face velocity).

L4 Measurement of baghouse collection efficiencies as function
of particle size.

° Source testiag of major point sources of emission including
chemical and particle size analyses.

. Analysis of flue dust agglomerating properties.

L Description of agglomeration {uznace operatiag paramecars
and experience.

L] Measurements of fugitive emissions ZIrom vari access roads
(including parsicle size analyses). -

L4 Upwind-dowmwind ambient monitoriag for total suspended
particuiates and lead.

Ambient monitoring along the access road.
Determinacion of dust cover at seleczed spots arcund the smelter.

Lead concentraction of soil around the smel:ter.

Modeling of smel:er point source and fugitive emission
sontridbutions o fence line, dowuwind ampien: lead ccncentraticus.

° Collection of cost data regarding comtrol fgbrication and
installation.

The information collectad by each of chese aczivitiss is presented and
discussed in the remaining sectioans of this report.

Seczion 2 presents 3 dezailed descsription of the szelter, processes,
equipment, coutrols and work pracrtices as thev were studied during the
izizial and follow-up evaluations. Secriom 3 describes the zeasurements
mace related to process aad joint source amissions, baghouse eificiencies,
acbient zonizoring and zccdeling., Section 4 presents the assagsment of
emplovee 2axposures and woTikplace exposure 2omITals. Sectiosn 3 summarizes



the control cost information provided by the smelzer. Section 6 discusses
the major findings of the study and Section 7 cthe relerences. Seczion 7
is followed by several appendices which contain detailed information
regarding work summarized in Sectious 3 and 4. appendix A descTides the
investigations concerning dust agglomeration properties. Appendix 3B lists

in detail the University of Washingtom Impactor results. Appendix C

summarizes the workplace exposure coutrol information provided to Zast Pean
following the initial evaluation. In Appendix D additional informationm about
point source particulate matier and total lead data is given. Lead content
and size of ambient suspended particulate data are presented in Appendix =

in greacer detail.



SECTION 2
SMELTER DESCRIPTION

Zast Pear Manufacturing Company consists of battery and cable
danufaciuring facilities and a secondary lead smelter. 3oth automotive
and Iindustrial batteries are manufactured. Secoundar? lsad is produced
from scrap batteries and plant scrap by processing these matarials through
a blast furnace and refining xettles.

3etween the initial and follow-up evaluations conducted at the
smellar, a number of changes to the physical facili:zias and mcde of smelter
operziion were made. These changes greatly complicatas description of
cocnditions during the two evaluation visits. This saction Za2scribaes zhe
smelter, how it was operated aad the control systems provided. The
description begins with an overview of the plant oproperzy aand facilities
ilayout and then proceeds through the smelting activity from receipt of
Taw znaterials to fimal products and wasteas.

OVIXVIZW OF PLANT LOCATION AND FACILITIES

Referring to Figure 2-1, the plant is lccated ou the morth side of a
roliiag hill. The lead smelter iIs on the wes: end of che manufacturing
complex very near the feace lize. The smeltar includes three point sources
of lead emission: the process daghouse stack, the sazitary baghouse stack
and thie slag tapping baghouse stack. Mamy other point sources of lead
enission are Iound on the plant property. They are associated with oxicde,
autcmocive and industrial bacsery manufacture. Tugitive emissions emznate
from buildings, road surfaces, storage piles and cther scurces.

The zero point of the coordinate svstem used iz the Sollowiag
description is the smelter process baghouse stack (ses Figure 2-1). To
the zorsh of this point is an open, cultivated field. Also visible frem
this point are the automotive battery buildiing andé the lignt-duty vehicie
Toad comnecting the plant with Reinhart's farm. Kutzzown, Peansylvania,
is aporoximacely 6.4 kilometers (4 miles) aorth of the plant.

Most of the plant buildings ars located along :zompass beariag 4357
As Tigure 2-1 shows, these buildings are the iadustrial datzery duildia
The cabla buildizg, the wastewater sreatment zlant (wnish includes i
zetecroicgical station) and the wire and warshouse duiliizg. To che easct,

ozg :ea-ing 90°, are 2 pond and an acsess voad la2adizg to the dus:

storage area. The pond is abour 30 zezaws (300 Zeez) iomg and iiss iz az
east-west direczion. Tigure 2-I Is 2 ohotagrach sf the smelzar as viawed
irom acr3ss the pond. The access road 2o the zor:h oF zhe pond and the zus:
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storage area were not paved at the time of the initial evaluation. Ting
the interim, large quantities of lead-bearing earth and other material
were removed and the access road and dust storage areas paved with asphalc.
The pond is flanked on the south side by a 9 meter (30 foot) sloping

bank. The bank is heavily wooded with trees 9 to 12 meters (30 to 40 {eet)
tall. Beaind the trees are open fields and the water tower.

A space surrounded by vegetation lies to the south between the smelcer,
the forest and the pond. Although there are some low-walled, three-sided
storage bins at the west side, this space is basically open. It is used
for storage of aonagglomerated baghouse dust, agglcmerated dust, tote boxes
and slag. Battery casings line the circumfereace of the area. The soil
is contaminated with lead dust.

To the southwest, the cultivated field extends to a low-traific farm
road. A dense forest grows further to the southwest. The west and northwest
views are blocked by a forest, which forms an island in the cultivated field.
It also blocks the view to Reinhart's farm at compass Seariag 280° at a
diszance of 360 meters (1,200 feet). This location was used as a ai-vol
station. The terrain slopes to the north and morthwest and rises o the
south and east. A wind rose summarizing prevailing wind direction and wind
forces is sacwn in the upper left cormer of Figure 2-1.

PRCCESS QVERVIEW

At the test smelter, scrap batteries are broken usiag slow-moving
snears. 3actery plates, mud, plant scrap from an adjacent battary
zanufacturing facilitcy, skims and a variecy of octher lead scrap ars
fed to a vertical shaft blast furmace. This blast furnace is charzed using a
ski» hoist and traditicmal slag-tapping and mecal-tapping aquipment Iis
emplioyed.

The smelter employs approximately 12 people per shifc. Much of the
werk is manual. Charging the furnmace aand handlizg cf crude and refined
lead in the smelting building involve simple materials handling esguipment.
A snall Bobcat loader is urilized to handle charge 2aterials withia the
smel:izg building.

An open—air building houses the blast furnace, refizing kettles and
other smelting equipment. Several of the walls are cpen to allow zovemea:
of frashi air in and out of the duildiag. The floor of the building is
paved but Tough. It is contaminated with auds Zsrmed by water and pascte
Srom battery plates, as well as by octher z:acerials :tracked inm froca che
var< surtsundiag the saelting duilding. Housekaeping, at this parsicular
sqelzer, is a diflicult problem due o cthe rough suriace of the Iloer anc
the lack of appropriace draias to flush accumulatad lead~containain
zatarials.
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Local exhaust venzilation is provided for various points of emissicn
associated with the blast furnace and other equipmen: and operatioams.
3ectween the initial and follow-up evaluations, several important modifica-
tions were made. A new baghouse dust collection system was installed
$0 concrol sources of workplace lead-in-air contaminarion. This system
extecded new or improved local exhaust ventilation service to several
operations. A local exhaust ventilation system was installed to serve
the battery breaking facility and a central vacuum cleaning system
provided to serve smelting, refining and dust handling areas. A Bergsde
£lash agglomeration furnace was installed to solidify lead-bearing dusts
collected in baghouses, wmockout chambers, etc.

“he followiang paragraphs describe specific operations and conrrols at
the smelzer. 4 discussion of housekeeping and filue dust handling is also
included together with a review of operating experieace with the agglomera~-
tion Zfurance.

SCRAP 3AITIRY DELIVERY AND STORAGE

dutcmotive and industrial batteries are delivered to the plant oy
lazge 20-con trucks. Depending on the iaventory of sc-ap batteries,
arriviag batteries may be unloaded directly into the battery breaking
building, allcwed to remain in closed truck trailers until needed or
stored at the north and east banks of the poud, and berween the east
parking lot and gzarage (refer to Figure 2-3). The quantities of batteries
processed are approximately 5 to 10 percent industrial and 90 to 95 percent
autcmotive. This ratic remained relatively unchanged from the time of the
inicial evaluation to the follow-up evaluation. Two kinds of casings are
used In the manufacture of automotive batteries: plastic and rubber.
It was estimated Irom checking the storage piles that she ratio of
piastic to rubber casings was approximately l:1. The percentage of
plastic-cased scrap automobile bacteries received by the smelter has
iacTeased over the last several vears.

“he dattery storage areas are opea. Weacther and sun radiaciom cause
the casings to become brittle and crack. Thus, batterv slates and oxide
ire axposed to the ecvironment.

SLI 3ATTERY BREAXING

ScTap SLI (starting, lighting, ignition) batteries are delivered
PTmarily by truck tTailer zo zhe battery breaking sicze. These batserias
are bSroken in a small building adjacent to the main smelzer. SLI cattery
Sreaxing izvolves the following steps:

° Mazually unloading battariss STom sTuck trailars sato
a Tolillar zzovevor.

o Manually zoving :ihe batterias along tie Tollar zouveves
%0 3 position in front of a slow-moviag avdrzulic sheaar.
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L Separating batteries with plastic casings from those with
hard rubber casings.

L Manually positioning the batteries so that their tops
face the shear.

° Activating the shear to cut off the battery tops, which
fall onto an outside storage pile.

® Removing the battery plates from the hard rubber casings.

L4 Manually dumping the plates from the battery cases down
a slide to an outside storage pile.

L Manually discarding rubber cases dowm a slide to a
separate storage pile.

One person normally delivers truck trailers filled with scrap
batteries to the yard and may also unload batteries onto the roller conveyor
feeding the shear. Two persons operate and work near the shear. Figure
2-4 is a photograph of the interior of the battery breaking facility
in use during the follow-up evaluation (August, 1980). Normally, SLI
batteries are broken during the day shift, but occasionally this work is
performed during other shifts.

In addition to work shirts and trousers, the shear operator and helper
wear rubber boots, aprons and gloves, plastic arm coverings and face
shields, cloth head coverings and safety spectacles. During the initial
evaluation no local exhaust ventilation was present to help control
employee exposure to lead and sulfuric acid mist. An exhaust ventilation
system was installed in 1980 to remove and scrub acid mist and lead
particulate released during the breaking operation. Figure 2-5 presents
a schematic view of the battery breaking station and its local exhaust
ventilation system. This system was constructed of fiberglass reinforced
plastic and consists of two slot hoods, an exhaust fan and scrubber. The
measured total exhaust rate was 2.9 m®/s (6,200 scfm).

Since the follow-up evaluation conducted in August, 1980, the shear has
been replaced with a slow-moving saw. The company plans to shred the broken
batteries in the future. A sink float technique will then be used to
separate plastic, rubber, lead oxide and lead; this will help to improve
control of the blast furnace charge make-up.

INDUSTRIAL BATTERY BREAKING

The smelter receives various types and sizes of industrial batteries.
Some are cased in steel; others resemble SLI batteries, but are generally
larger. 1Industrial batteries are broken in an open air work area located
adjacent to the smelter building. Acid released by the industrial battery
breaking operation drains toward a retention pond.

11~
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The following activities are involved in breaking these batteries:
L A forklift delivers batteries to the breaking station.

(] An oxygen-acetylene torch is used to cut open the metal
boxes housing the battery cells.

o Battery cells are manually removed from the metal
housings using metal rods with hooked ends.

L Axes are used to chop battery sections into individual
cells or to break up hard rubber batteries.

L Battery cells, plates, etc., are manually loaded into the
bucket of a Bobcat or mechanically scooped up. (There is
also some shoveling of battery mud).

o The Bobcat delivers the broken battery pieces to the
raw materials storage area in the smelter building.

Industrial battery breaking is normally performed by one individual.
He may be assisted by other smelter workers as the need arises. This
workman wears a respirator, face shield and hard hat in addition to safety-
toed rubber boots and other work clothing. A water hose is used to flush
the industrial battery breaking area. Wash water flows toward the retention
pord.

BLAST FURNACE

The blast furnace itself remained basically unchanged from the initial
to follow-up evaluations. The furnace is 1 meter (40 inches) in diameter.
It is constructed of steel, water jacketed and lined with refractory. Blast
air is introduced through tuyeres near the base of the furnace. Feed
materials, furnace workroom emission controls and furnace operating practices
underwent significant changes between the two evaluations. The upcoming

subsections describe various facets of blast furnace charging, tapping
and operation.

Charge Materials Handling

The following operations aré involved with charge materials handling:

L Broken battery tops, plates and cases are moved into the
smelter building using a large rubber-tired bucket loader.

L] Plant scrap is delivered to the smelter building in tote
boxes transported by forklift trucks.

Tote boxes of plant scrap are dumped and returned for refilling.

~14=



L4 The Bobcat lcader is used to deliver broken induscrial
batteries, recycle slag, flue dustc, limestove, etc.

L Coke 1s manually cransported from its storage area within
the smelcer building using a wheelbarrow. The Bobcat is
also used for cthis purpose.

During both the initial and follow-up evaluation, one smelter worker
operated the large rubber-tired bucket loader for the entire shift. Three
ocher jobs are asscciated with charge materials handling: payloader (Bobcat)
operator, hoist operator and cokeman. During the initial evaluation,
eaployees periorming these three jobs changed iob assigmmencs at midshilc.
During the follow-up evaluation, employees did not rsotate between job assign-
2eats. Imployees wear respirators at all times when working in che charge
aatarials handling area.

Bectween the initial and follow-up evaluations, a practice of frequently
weiting the 2aterials handling area iaside cthe smeltar Suilding was
i_.:ple.'nented. Also, partial enclosures at each side of the skip hoist
feeding the blast furnace were provided to ber:ter segregate and contain
various charge materials. _-.

Furnace Charziag

Tigure 2-6 shows the base of the skip hoisc used 2 charge the blast
f.urnzce. Alchough the hoist remained unchanged between the initial and
follow-up evaluations, the local exhaust ventiiarion at the skip hoist
Sucket loading station was dodified as indicaces in Figure 2-6.

The skip hoist bucker is lcaded usiag the 3obcat and oy zanual
saoveling or wheelbarrow dumping. Occasionally the area directly beneath
the skip hoist bucket must be shoveled out to allow the buckat to descend
To its proper £illing elevation. ~Furzace charging £s alaecst a continuous
cperation. The charge is neither premixed nor weighed. The portioms of
2acn {eed material charged to the furnace are based on oJperating experience.
%ecwee:: 300 o 400 aoist loads, aach weighiag about 250 xz (330 pounds), are
fed to the furnace each day. Four hoist loads constitute ome charge.

Figure 2-7 shows che exhaust ventilation eaclosures provided at the
top of che skip hoist and blast furnace. The slot hood over the Surmace
access doors was added following the inirial evaluation. Ixhaust air
volimes were narkedly increased for these enclosures when tae new sanitazry
Saghcuse became operational.

The feed composition varies. Table 2-1 shows a semparisen of
Surnace feed characteristics bercseen the iai=izl and fa
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TASLE 2-1. COMPARISON OF BLAST TURNACE FEID CE ACTERISTICS
BETWZEN THE INITIAL AND FINAL ZVALUATIONS

Teed Material

canuary, 1979

—Yercent by Weight of Caarge—

Augusc, 1980

3attery and lead scrap

Retura slag
Retura dust
Coke

iron
Lizescone
Silica

Aggilomerated dust

66

19

84 - 88

5=-0

~1
!
o

[
[}
"~
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The target feed composition during the follow-up evaluation effort
berween August 4 and August 16, 1980, is summarized iz Table 2-2. The
2ain changes were as follows:

L Oxygen was increased from 0 to 2 percent onm August 7, 1980.

L Feeding return slag was stopped on August 7, 1980.

L Oxygen was reduced to 1 percent on August 8, 1980,

] Agglomerated flue dust was recycled starting Jdugust 8, 1980.

® The lime and siiica feed was changed starting August 8, 1980.

. PVC material was fed to the system starting Augusc 11, 1980.

L Feed of ircn scrap was inc-eased starting August 11, 1980.
Unlike the relatively shorter cbservation period during .the iaisial
evaluation, the aix of charge materials changed substantially during the
fsllow-up evaluation as smelter Janagement personnel attempted to
ioprove crude lead and slag characteriscics.

Accordiag to the smelter, an optizum slag contains 32 perceat Sio,,
30 percec: Te0, and 15 percent Ca0. This combination forms an euteccic
mixrure at 1,130°C (2,066°F). Potassium and sodium compounds lower

the nelting temperature even fursher and ars considered beneficial.

3last Furnace Production

Table 2-3 compares furnace production during the iaitial and follow-
up evalications. The furnace is one mecer (40 inches) ia diameter.

The crude lead production rates of 41 and 51 metric tons/day
coTTespond respectively to specific saeliing rates of 52 and 64 metc-ic
tous per square meter of furnmace cross sectiznal area. This smelting rate
compares to 29.5 and 17.6 metric tons of meral per day cer square meter
of hearth area for another 1 mecer fuTnace aad cthe Paul 3ergsoe and Sons
A/S S3 smelting furnace.!

343h furnace temperatures are one reason for the high production rate
tils Iurnace comparad %o the other two previously nzeanticaed. The furnace
ceJperature averaged bectween 400 and 430°C (750 aad 950°7) duriag the
223l evaluaticn. Zven higher furmace Sop temperaturas 370 to 300°C
0 25 1,470°F) were found during the follcw-up evaluazion. The other
ne 3Jeter furlnace dentismed averages 250°C (300°T) ac the furmaca £op

~~ 4 0t
Spgb

(7]

compared o between 100 and 125°C (212 and 150°F) for ==e $3 furnace.

21z furmace temperaczures do give greacer smeliing rates. Iowevar, 2ign
CamperaluTe also causes faster rafraczory wear and iacraases the likelikcod
cf watar jackec faiiurs and furmace SusmziTous:.
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TABLE 2-3. COMPARISON OF 3LAST FURNACE PRODUCTION RATES 3ETWEEN
THE INITIAL AND FOLLOW-U? EVALUATIONS

Production Rate (merric toms/dav)

Product Januazrv, 19279 August, 1980
Crude lead (-32% Sb) 41 50
Slag and natte 15 20
Flue dus: not available 8




M

The high furmace top tamperatures also help combust 30st of the orgaaic
paterial and carbon monmoxide ia the blast furnace gases. The afterburner
normally operates om standby. If the gas temperature entering che after-
burmer falls below 260°C (500°F), the afterburnmer switches om to imsure
complete combustion.

The cemperature at the top of the furnace is high enough to vaporize
lead compounds. Significant amounts of lead metal accumulace in the process
gas duct and particulate dropout chamber prior to the afterburner. These
accumulations are removed during normal zaintemance periods.

Slag Tapnizng

As dictated by the slag elevation in the furnace viewed througn the
cuyeres, slag is tapped every 30 to 50 minuces. The slag has a temperature
of aporoximately 1,150°C (2,100°7) when leaving the blast furnace. It is
tapped into a block mold of approximacely 590 kg (1,300 pounds) .

A separate baghouse exhaust ventilatioo systiem is provided to comtIol
emissicns from slag tapping. Between the initial aad follow=up
evaluazions, an izprcved local exhaust eaclosure was srovided Zfor the slag
tapping operatiocn. TFigure 2-3 shows the comiiguratiom of the old and
new slag tapping hood.

During the tapping of slag, several smelter employees work :ogether
25 perfora the follcwing tasks:

° The fire clay plug 4a the tap hole is chipped away until a
glowing core shows. This chippiag is aczomplisned using a
steel bar and sleadge hammer.

. A metal rod is used o open the slag tap hole. Initially,
slag is allowed =0 flow while blast air Is at normal prassure.

. An ais lance is used to Surn out the siag port when
accrecions bduild up.

L4 As slag empties, tuvere blasi air is dypassad.
. while blast air is bypassed, tuyere covers are resoved and

the tuyeres are punched using 3etal rods.

L Fize clay is sprinkled on the sliag launder and a fire clavy
slug is placed ia che slag :ap nole by haad and zamped iato
place using a aetal cod.

* Blas: air is restorsd ts the IuTnace.

- -
-
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b The filled slag ladle sometimes r2maics under the slag
tappiag hood until hardened and cool.

o A forklift is used to remove slag to an outdoor storage pile.

Employees are provided with plastic face shields during slag

tapping.
particles during the
utilized. Figure 2-9

slag tapping is in progress.

Although a substantial hazard was present from flying molten
tial evaluation, face shields were not always
a photograph of the new slag tapping hood while

During the inicial evaluatiocn, a substantial amount of slag was

recycled to the blast Iuranace.
disposed of ia a landfill.

Crude Metal Tapoiag

Crude metal is contizuously tapped from the blast furnace.
detal Zlows from the tapping hole through a

1

At the time of zhe Zollow-up evaluation
a2 much smaller quantiry of slag was being recycled.

The balance is

Molcen
d well, down a launder to

water cooled molds. Local exhaust ventilation is provided from the tap

hole to aold pouring.

Figures 2-10, 2-11 and

2-12 illustrate the

changes which werz aade in the local exhaus: veamtilation ccntrol at the

lead well,

solten netal launder and block cas

ting station. Each exhaust

enclesure features movable panels cr doors o facilitate material removal,

cleaning, observation and maintenaace.

Figure 2-13 is a side view photograph of pri=zarily the launder hocd.
Figure 2-14 is a photograpn of the block casting hood presently iz use.

Crude metal tappizg and casting involves the foilowing steps:

* The crude zetal launder is manually posizioned so that molzsen

metal flows to an empty mold.

° A Detal tod is used to clear the Zolrtez metal sctream along

the launder.

® When a 20ld has been Iilled, the launder is moved o 5ill

ancother wmold.

. A stael lifcing handle is iaserted iato each poured block

before the znetal freezas.

L When zhe :ezal i3 zhe a20id has
hoist is used o 1:if= zhe laad

L] cude l1aad Hlocks

ar
uactil chey ave placed ia the rTefiaia

frozen, az overhead zonorszil
Siock frzz zhe =old.

2 stockpiled near the hlast furzace

kazzles.

o
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Employees who operate the furnace azd tead the Tefining kettles
routinely look after crude metal tapping and block removal.

KETILE REFINING

This smelter has two refining kettles which operate om staggered
schedules. Kettle refining involves the following activities:

. Crude lead blocks are placed in the refining kettles using
the overhead monorail hoist.

] Lead blocks are nelted and samples of molzen crude xmetal are
obtained to determine what refining techniques are necessary.

L Ouce the aelt is sufficiently fluid, the mechanical scirring
device is lowered into the molzen metal.

] Refining agents are added Danually and stirred into the mel:.

. Skimmings are manually removed using a flat point shovel while
the nechanical stirrer slowly turns.

] Skimmings are deposited in "pies' on a staeel pallect.
Approxinately eight pallets of pies are made each time
a kettle is skimmed.

L Pallects cootaining pies are moved away usiag a ‘orklifc.

L After skimming, another metal sample is collected and
analyzed. Aalloying agents zmay then Se added to the melt
depeading on the composition desired.

° Once the desired refining has been completed, the molten
mecal is held and allowed to cool unzil pumped 2o the
pigging machine.

Rectle refining is routinely performed by the potaan. TFrom tize o
tine he is assisted Dy other smelter empliovees including the foreman. as
uecessary, the potlan sometimes assists in operaticn of the biast furnace.

The capacity of each kertle is approximacely 25 crude lead blocks
or 20 Jetric toms. 3lock melting, drossing, alloying and refining spaz
over 12 o 16 hours for esach full ket:zle chavge. AL the time of the
inizial evaluacton, Soth hard and some nea:r soft lead weTe producad.
Recencly, cthe smelter has producad only hard lead ia the following composi~
ticn ranges: ancimony 2 to 6 perceat, arseni: 0 to 0.25 percen:,
copper 0 to 0.1 percent, tia 0 to 0.4 perczeaz anmd suliur O to 0.01 oJersearc.
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During cthe initial evaluation only Kettle No. 1 was equipped with
local exhaust ventilation. 7Figure 2-15 shows the configuration and
periormance data for this exhaust ventilation as measured during the
initial evaluation.

In the interim between the initial and follow-up evaluations,
improved exhaust enclosures for both kettles were designed and installed.
Figure 2-16 shows the new hood provided for Kettla No. l; Figure 2-17
is a photograph providing anocher perspective of the hood for Xettle No. 1.
This hood was originally equipped with curtains %o cover the open face
of the hood. These curtains proved impraczical and were subsecuently
Temoved.

The new hood for Kettle No. 2 shown in Figure 2-18 reflects
ioprovements based on plant experieace with the new hood for Rectie No. 1.
This hood features metal access doors to allow passage of the monorail
ncist, molten metal pump, etc. TFigure 2-19 shows another perspective
9f the hood for KRezztle No. 2.

IG0T CASTING (PIGGING)

Ingots or pigs are cast in a aobile dachine which moves back and
forzh om tracks berween two refining kectles. The pizgzizg machine is
operated by the potman. The potnan is assisted by the foreman and other
saelier workers as necessary. Pigging izvolves the following steaps:

L The zolten metal pump and pigging machine reservoir, moids,
etc., are preheated usiang zas torches.

L Molten lead is pumped from the refining kat:tle to the
Teservoir on the piggiang machine.

. Molten lead is poured from the reservoir iato molds
wnich ara =mechanically advazced.

o Ingots are dumped out of the molds and manualiy stacked.
° A forklift is used o move stacks of ingots.

During the initial evaluation, no local exhaust evaluation was
provided for the piggiag machizne. TFigure 2-20 shows the enclosing
caropy 200d wnich was imstailed om the pigziag achine prior to the follow-
up evaluaticn. This hocd is comneczed 2o zhe aew sanizary bYaghouse sxhausc:
Sys:em Ihrough use of 2 Ilexibla duct. Since the pizging machine ctravels
Sack and forth Detween the two refining ketzles, two exhaus: comnec:ions
%12l bSlas:t gatas are provided Isor the aczachment o7 the flexible ducs.
Tigure 2-21 Is 2 photograph of che pizzing macaize and emission comerol
a00d.

g
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PROCISS IMISSION CONTROL STST=M
The emissious captured in the hoods described in previocus sectiorns
are creatad for particulate removal in three baghouse systems. The
location of the slag tapping baghouse, the hygiene exhaust air baghouse
(sanitary baghouse) and process baghouse systems are saown in Figure 2-22.
All three baghouses are operated autcmatically and individually. Cbserved
pressure differentials were up to 8" H;0. Shaking cycles are approximately
cane hour. Orlea and dacron fabric was used as bag material.

Slag Tapping 3aghouse

|
Tais is the soallest of the three systems. It comtrols only che
enissions associited with the slag tapping operatiom, i.e., only the
slag tapping hood is coonected to it (refer to FTigure 2-3).

The slag tapping baghouse has a de31gn capac*cv of 2.4 m¥/s
(5,000 sefm). The cloth area is 700 = (7,500 £z?). The air %o cloth
ratio is 1:0.7.

The dust collected is discharged to a tote box. The amount collectad
averages 1 bia/week or 2635 kg/week. I is tramsporzed to the dust storage
Zrea.

Svgiene Ixhaust Air Baghouse (Sanitarv 3aghouse)

The hygiene exhaust air system undervent dramaciz change afcer the
iaizial evaluaticn. At that time, emission sources otier tham the bHlast
furnace slag tap and the blast furaace Slue gds stTeams were treatead
for particulate remcval by a baghouse of 4.7 m'/s {10,000 scfm). This
baghcuse was located on the roof of the bu‘lai:g ftousiag the emplcvee locker
rcom 3od lunchroem. At the time of the fmit:ial survey this exhaus:
systen <id 2ot serve the pigging machine, No. 2 refining kectle or the
slot Z0o0d above the diast furnmace access doors.

7ollowing the initial evaiuation, installatiocn of a new hygiene
exhaust 2ir baghouse (sani:ary baghouse) was completed. This systam nas
a rated .aoccicy of 20 al/s (42,400 scfz) and a cloth area of 3,000 2°
(32,300 £2°). The air to cloch ratio is i:l.3.

As can be seen from Figure 2-22, the new hygiene system serves the:

L] Upper and lower blast Surnace skip hoistc hoods.
o 3last Zurnace chargiag hocd.
L Slot hcod over the bHlas:t furzace access icers.

A
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Blast furmace metal tapping, launder and block casting hoods.
Zxhaust hoods for refining kettles Nos. I and 2.

Pigging machine canopy hoods.

Flasn agglomeratiomn furmace.

Ductwork leading away from each exhaust hood is routed to a knockout
chamber. The knockout chamber is them connected via a large duct to the
baghouse. This system collects approximately 3 toce boxes of leady dusct
each day or 700 kg/day. The dust is either transported to the agglomeratiocn
furnace by a bucker elevator system or collected in czote boxes and storad
outside near the dust storage pile.

Process Gas Treatment Svstam

The description here follows the gas tTeatment path illustrated in
Figure 2-22., Hot dlast Zurnace off gas with a ver? nigh dust ioading is
dravan down a 122 cm (4 feer) diameter duct Zo a dropout chamber. The
biggest particles settle here., An afterburmer Iollows next. Its
purpose is to combust organic pyrolysis products ITom battery casings and
plate separators. The first cooling step occurs in a spray tower. The
gas stream is split and f{lows chrough parallel banks of U-tube coolers.
Ixi:c gases {rom the U-tube coolers are combined irc aZzer coolers. Lixze
addition takes place in the lime statiom; four bags of hydratad lime are
used per shifc. The feed is intermictent and done macually. The hydratad
~ine acts as a fire retardant and as an 2cid neutralizer, in case of acid
coudensation. The process gas €inally eaters the process baghouse. This
uni: pas a capacity of 11 2°/s (23,300 scfm) and a cicth surface area
of 1,170 m? (12,600 £t2®). The air to cloth ratio is 1:1.8.

The quantity of dust retained in the system azounts to the following:

] First dropout chazber 1 bin/day = 283 xg/day
. Spray tower 1 bin/day = 233 <g/day
. Air coolers 4 Sins/day = 1,060 kg/day
° Process baghouse 7,000 kg/day

The dropout chamber and the spray tower are clezned manually. Dust
from the air coolers is transported to toce boxes by screw coavayors and
discarded to the dust pile. Half of the material Zrom the process baghouse
is Zed {0 the 2ergsoe agglomeration Zurmace, the ccher hall is put iz
bizns and stored at the outside dust pile.
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TLUE DUST AGGLOMERATION

&s par: of an overall plan to improve envirommeatal and workplace lead
enissions at the smelter, a Berzste flash agglomerator was purchased and
installed. The iatended purpose of the Iurmace was o change the paysical
form of flue dust generated and stockpiled at the smelter to a solid
macerial which could be handled with less lead emission. In an agglomerate
fora the flue dust could be safely recharged to the blast furnace or

Tansported to outside consumers. Until recvcled or sold, the agglomeratad
material could be safely stored without comtributing significamtly to
fugicive lead emissious.

AT the time this study was conceived, Zast Peon Manufac:turiaz Company
was cthe first United Staces secondary lead smelter to attempt application
of the 3ergsde agglomerating technology. Manvy ques:tions were unanswered
concerning the variables which would affec:t successiul use of the furnace
in this country. The potential benmefits of the furnzce were obvious, thus,
both 24 and NIOSE were pleasad to suppor: a s:tudy to characterize the
serZcrmance of the furnace.

It shouid be statad at the cutset zhat the agglcmeration furaace zs
iostailed and operated at East Pemn Manufacturiang differs markedly frem
those furnaces in use at the Paul Bergsge and Soms, A/S smelter in Gloszrup,
Denzark. The furnace as designed was very similar; however, the mechanism
used to Zeed the furmace, the composition of the flue dus:t Seed and
the operating temperature are distincs. The bDasis for these differences
will be explained in later paragraphs.

Figure 2-23 shows a simplified sketch of the agglomeration furnace.
The furmace is fed flue dust which falls co a sloping hearthi. The Lear:h
is directly heated by a burner flame which causes the lower melzing point
materials to become molten and rum down the hear:zh and out a tapping port
5 a crucidle mwld. The naterial cools and solidifies ia the crucible.

Cne person is assigned to tand :the agglomeratiot furnace and dSaghcuse
vilding. During che follow-up evaluation, the smelter foraman also
PeIt 2 large pertion of his time in zhe aggiomeraciorn area.

0w v
r D

Just Teed Mechanism

AT the Bergsde smelter flue dust is screw conveyed from the baghouse
directly o che agzlomeratiom furmaces. This rasults ia a reasonariy
constant Ce2ed race and fazcilicates stable Syrmace operation.

AT I0e Zast Pean smelter Slue Zus: is 2ollectad iz kmocksur shambers
22d dcagnouses wilch are physically separatsd Ircm one znocher. Yo simple
S§7sten O screw comveyoTrs could De devised o coilecr sust Svecm all coi-

lecticn peints and feed iz o she furaace. als0, this smelzar Zaared zhz:s

[¢]
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a screv coaveyor conmectiom to the furmace may signifizantly increase
zhe chance of a baghouse Iire.

A feed mechanism was devised which terminatad in 2 gravity feed chute
to the agglomeration furmace. This chute and its accompanying bvpass are
shown in FTigure 2-23. The chuts is fed by 2 svstem of Suckat alavatcrs
and screw couveyors.

As shown in Figurs 2-24, the dust feed to bucker elevators can bde
shuated to tote boxes in the event of a breakdown or other provlem. Figure
2-24 also shows the tote box dumping station where mazerial collected
in tote bDoxes is introduced to the furnace feed amechaznism.

Due :o the inherent pulses caused by dumping of :=ote boxes and
expcving of buckat elevacor buckets, the resulting feeding of che furmace
is not constant. This provlem is aggravated by uneven dust drops duriag :he
shaking of bags in various baghouse compartments and the tendency of the
dust 2o clog the gravicy feed chute. 3lockages in the feed chute reguired
izstaliation of a vibrator and nanual rodding of tae chute.

Caeven feeding of the furnace causaes its operztion to be umsteady.

Rapid Zust feeding occasionally overwhelmed :zie furnace requiring a cessatica
of cthe dust feed ané nigh firing of the furmace to clear its charge.

Furzace Tapping

Material flows from che agglomeraticm furnace iz2s a crucible which

is placed inside an exhaust ventilated enclosure. This enclosuse is chewn
iz FiguTes 2-25 and 2-2%.

A aumber of problems have been encountered in tapping the agglomeracion
furnace. Some are at least partially ::rzou.aole to tneven Zeeding of tx
furnace and others relate =ore to :he P00T agglomerating properties I :the
flue dust at this smelter

The tapping spout Tepeatadly becomes clogged wizh =atevial whish is
2ct :l;-.. An auxilliary burmer was installed to heat the tappiang spous.
Later, the tapping spout was snlarged as shown ia Tigura 2-23. These
zodiiications did not solve Surnace plugging probleas.

The proncunced diifarences fn the agglomerz:zict dehavior of Zas:t Tann
and 3ergsce Ilue Justs prompred anm investigatist to idencify chemicsl
and pnysical diffsrences. Tlue dust Zrom the Ganmeral Z2azzery Cerporazise,
Xeading, Pennsvivania, was inciuded in 2his study. Derzilad resul:is ave
crasenzad i asppendix 4, "3aghouse Dust "ggxsze:atzsn in the 3Secsndarr Lead
Tmpmeimm . 't b X . - Sat e o - -d . on
b i the Izllow-up evaliuazico

daerctaken well Yalfsra
15 Zaszt Penz.
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The main findings are listed Selow.

Chemical Composition

Zlemeats found in high concentration Saesiies ilead, calcium and iron
are chlorine and potassium. The concentratisn ranges of these elements are:

Laad Chicrine Potassium
East Penn 64-~-99% 1-3% 0.32
General 3attery 3% 3.5% 1.32
Bergsde 60-652 24-25% 3=42

The high chlorine and increased potassium values in the General
3atzery and 3ergsoe samples are 2oceworzly. Chlorize orizginatas Zv¢o
chlorine containing polymers introduced with che battery casiags and plate
separactors.

Crrstalline Phases

The crystalline species present in the baghousa dust were
investigated by X-rav diffraction. The 2indings are:

- o

p

¢ Pean: ?b, PSS, PbS0., P50, P50+75S0.,
Unidentified compounds

General Bactery: PbSO., PH0-P530., PbC:

“ls

Unidentified compounds
3erzsde: PbS, KPP, Cl¢, PHCL,

Soteworthy is the presence of elemencal .ead ia the Zast Penn sampls,
the presance of PhC1,; (pajor comstituent) iz zhe General 3atzary sampie
and the presence of XPY;Cl: (maior comszizuen:) and ?5Cl; (modera:a
concentration) in the Bergste samplies.
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The quantity aad types of chloride compounds preseat in che dust have

a pronounced influeace on the agglomeration properties.
f=om zhe low aelting points of the chloride compou

follcowing cable:

This is evident

nds summarized in the

TABLE 2-4. MELTING POINTS OF COMPOUNDS IDENTIFIED

OR POTENTIALLY PRESENT IN BAGEOUSEZ ouUsT
Lead 5 326°C
Pocassium Laad Caleride XC1+2P%C1; 440°C
Lead Chloride PhCl, 496°'C
Laad Oxychloride ?»0-PuCl, 324°C
2Pb03PBCL, 530°C
Potassium Lead Chloride 2¥XC1-75C1,; 340°C
Lead Oxychleride 2PH0-?hC1, 693°C

4PBO-PHCL_ 711°

Potassium Calcium Chloride CaCl;'KCl‘ 753°C
Calcium Caloride CaCl; 774°C
Pocassium Chloride XC1 775°C
Lead Oxide PbO 8s50°C
Lead Oxvsulfate 25%0+7%80. 960°C
Lead Suliide 3 1,134°C
Lead Sulface " PbSO. 1,170°C

The lead chaleride melt readily wetrs higher melting lead compcunds like
This is not true for elemental lead.

%0 and ?%S.
wet lead oxide and suliide.
resoliiification.

Tlamental -lead does not

™ais results iz a two-phase systam upon
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“nerzal Analvsis Results and Agzlomeration Tests

Thermal analysis using Differential Scanning Calorimetry showed
ancotherzs (melting phases) at the following temreratures (°C).

3ergsde: 370, 385, 518, 3563, 708 (Sample I)
362, 385, 568, 500, 535 (Sample II)
General 3attery: 430, 610
East Penn: Very broad endotherz bezween 300 - 3580.
The endotherms of the 3ergsoe samples were highest. The two peaks of
the General 2attery sample were Zar less pronounced, iandicating a lower

coucentration of the melting comstituents. The Zast Pean endotherm was
flac and broad.

Good aggiomeration of the three samples was acnieved at the Zcllowing
agzlomeracion temperatures:

3ergsve: 410°C
General 3actery: 330°C

fast Penn: 900°C
Tais is ia agreement wicth the thermal analysis resul:cs.

Mechanisa of Lead Chloride 3uilz Uo

Lead chloride shows a partial vapor pressure of:

L] 1 om at 547°C

° 10 =m at 648°C

° 100 mm ac 784°C, and
L] 760 mm at 9354°C.

Lead chloride formed ia the blast furnace will, sherafcre, evaporziz a:
2TRale lemperaturas and recoundense upon coeling s the fiue gas. The
resolidiiiad ?5Ci; helps t> lower the agglcmeration temperacure coasideratly
88 indizatad a2t 3ergsoe.

"
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Chlorine Source

Battery plates are separated by ncnconductive materials, among them
polyvinylchioride (PVC). It is estimated that iz the US 50 percent of the
industrial batteries, but only 3 percent of the czar batteries comntaim FVC
separators. This is in contrast to Europe where at lzast 25 to 30 perceat
of the car batteries contain ?VC separators.

This has an important consequence. Much less chlorine is iatroduced
iato US secondary lead smelrers than ian Europe. This causes the differeat
dust compositious and as a consequence, the different agglomeraticn
sroperties ocbserved at East Penn and 2ergsde.

As a resultc of this fact, European tachnology may act transier to
7S operations without some alterations or development work.

P s1-ve oS- .
IONLl ABLIVEAL Yo eawii

The lead chioride coacencration cam continuousliv build up if the agzicm-
2rated dust is recveled to the blast furnace. The rate of build up depends
on the formation rate which is dependezt on the chloride comtent inm the
feed zaterials. Ulcimacely, a slip strasam of che Saghouse dust may czeed o
be treated for Pb(Cl; removal.

One =2ethod is aqueocus la2achingz. Tha sciubiiicy cf 25Ci; is 10 z/2
a:z 20°C and 33 g/l at 100°C.

Tmplicacions for Zasz Pemn

This scudy of {lue dust agglomeracing propertiss indicatas chat Zas: Pemxn

<
-

will have to increase the chlorine conzent of its flue cust if improved
agglomeration properzies are o be achieved. This can de done by racysliiag
Ilue dust to che blast Zfurnace or addizg a source of zalorine to the Zaed.
Tradizionally, Zast Penn has recycled only small amounts of flue dust aad
2as sold the rest. Thus, the average chlorize cozmteat o zhis dusc is

icw, ttampts I increase the chlorine content are dascribed iz Section 5.
EQUSEXEZEPING PROCEDURES AND IOUIPMENT

According o smelter personnel, housekeeping has been a2 severe
croblem at this smelter chraughou: izs operacing history. 3aztery azuds,
crosses and Ilue dust all give rise to workplace contaminacion and fugizive
amissions =0 the agviroaments.

At che time of the inf:ial evaluatiosn Juch of the smelr
=ol aved. Collectad Ilue dust was stockpiled osusside whers win
a

<wind and :Tailiic
spread the dust over the eantire smelzer arsa. Sizmilarlv, bact:ery =ud was
tTacked In and out of :the Suildiags and heavy accuculations ware frasant in
Fari araas. DTy sweeping tachuiques were utilizad I zany work arazs.



3etween the initial and follow-up avaluations, a major clean-up
program was implemented. The yard was paved and large aczumulations of flue
dust and other leady naterials were removed. Wet methods were developed
for cleaning several areas of the smelter. A central vacuum system was
installed. The following paragrarhs describe currezt housekeeping procedures
and equipment. Comstant atteatisn o housekeeping is necessary since
handling of broken batteries, screw conveying of flue dust, etc., vemain
to bYe sources of lead contaminatica.

Central Vacuum Svstam

A central vacuum system was iastalled ¢o aid plant clean-up
operaticas. The system has 14 inlet porss located im scelter buildings anc
vard aresas. Workers assigned to clean-up duIy comnect a vacuum attachment
to one I :the inlec porzs and use the vacuum o remove 2ust aad dirs f-am
floors and other plant surfaces. Vacuuming is a prefarred zmethod for cizan-~
up because it removes settled particles without reintroducing them into the
ir {as would occur with dry sweeping Dethods).

Svstem Descriorion

The central vacuum System sarves :the yard areaz, the smelter buyilding
and the agglomeration building. The vacuum inlet ports are discribuced
as Zollows (see Tigure 2-27 Zor details):

2lant Area Loczticn of n.:z Pores

Yard Area Two ports; cne located under the U-tube hea:
exchangers; cune near the eatrance 20 the
changerocm.

Smelter Building Five pcrts; Zfour located on the =:ain flcor;

one located ¢n zhe second level.

Agglcmeration 3uilding Seven ports; six located on the maiz floor;
one locazed ot the upper lavel on th
furnace plati:zrz

The vacuum system uses 2z Spencer Vacuum Producss Fan raced at
0.13 2°/s (400 szim) and 254 =m (10") Hg. The fan is driven by a US
Zlectrical ;otor rated atc 30 hp and 3,535 tpm. A series of two cyclone
collectors remove large particles from the vacuum airscream and discharges
thea inzs two 50-gallon drums. Workars eapty :these dTums as necessary.
The secornd cyclome is Sollowed by filtars to remove Ziza particulaca Yelora
the vacuum 3irscream is released £o the 2tdoschare,
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Svsten Overarion

The ceatral vacuum system is used for routine daily clean-up of
smelter buildings aad ctwo outside plant areas. Workers staced chat thev
Thought tle system worked well and was easy o use. The central vacuum
svystam reportedly picks up two tota boxes of dust per week or approximacely
530 kg (1,200 pouncs).

Mobile Sweener/Vacuum

A Teanant brand zobile sweeper/vacuum is used for routine daily cleanup
of paved roadways and yard areas. The Tennant Sweeper is a2 mooile sweeper/
7acuum unit that is operated by a single worker who rides onm top of i:.

AS the sweeper aoves along, two brushes in the fronc loosen dirt aczumula-
tlons which are picked up by a vacuum unit located tehind the brushes.
Plant areas aot aczessible to the swveeper are cleaned with the cencral
7acuum svstem.

Workers use cthe sweeper a2 number of times durizng a sipngle shifz.
Most Irequently cleaned are the access road adjacent o the pond and the
yazd area near the outside storage area for flue dus:, slag and agglomeraced
flce dust. The mooile sweeper/vacuum reporzedly collascts two tote Soxes of
dust per week or approxinately 530 kg (1,200 pounds).

wet Washing and Sweeping

The agglomerator building has a concrete floor with a floer draia.
“orkers used water h1oses and push brooms o wash down cthe floor and xaep
it wet during the follow-up evaluaticn. The watar - dus: cembinaction
3ade the floor slizpery. Reportedly, water is not recutinely used zo clezn
the Ilocr or keep it wet. The cencral vacuuld system Is rcutinely used o
clean up dust spiils.

dlast furnace charge

water washlag was also used extensively ia the

Sreparatlon area, slag tapping arez and refizing arez. Hoses were alsc used
5 wash cown areas under :zhe U-tube csolers and other cucdeor surizces.
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SeCTION 3

SMELTER CHARACTERIZATION

This section outlizes the procecuras and resul:zs of the sampling and
anaiysical efforts used for charactarizing emissicms at the Zast Fenn

iead smelter. The source charactarizatiom effort entziled chree dajor
acreas. <Thay wers:

] ~ne detarmiaation of stack emission,
. the deterzination of smeltiag process eaissicn factors for lead, aad
® che determination of colleccion efficiencias acrsss each of

the three baghousas.

Iz adéizZon, five hi-volume sazmplers were statioved around :he plaant
perimeter Zor the detarminaticn of ambien: lead levels. additional samples
were collected in comiumczion with the industrial hyglene and scurce < i
characterization efforts witll empuasis oa characterizationm of ianalable
particles.

SAMPLING AND ANALYTICAL METHODS

The sethodologies used ia characterizizg the smelter emissicos are
desczibed in this section.

TP Machod 1l

The IPA Method 12 sagpling traiz pizszured in Tigure 3-1 was used °
deternize the following for process scurse sampling:

] average stack temperature znd veliccity,

° total lead and lead particle emissions, aad

. total particla emissicas.

The sampling trziz consisted ¢f 3 sctainless st2el probe lized wWiil
a2 heat :traced zlass sample ilize. A sctainless steel zoosenecsk 102zle was
conpeczad o zhe frsnz of the samplizg :robe. Stack particlaes vere oo-
laccad isokinetically sn a glass fibar Iilter Reazed o 121°C (2130°F) iz a
cher=ostazad ovan. Thae izmpingar tTain comsistad of Two aliric zciil
impiagers 2o 3azch vaporous iead fcllowed Sv a2 iy impiager o Xlosk-ous
2oisture and fiaallv 3 siliza gel impinzger 2s 2 Zassizanct.
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Particles deposited on the nozzle and probe intarior were carefully
rexoved by aitric acid washings into a clean storage countainer.

washings were evaporated to dryness and weighed.

The
This weight, combined

with the weight of the particles collected on the filter, was used ¢o

determine the total particle and lead particle loading in the stack.

The lead captured In the ixmpinger train was added to the laad particle
loadizg to yield the total lead in the stack gas.

For sampling at the process baghouse inlet arnd outlet a modif
Method 12 was used. Two sodium hydroxide impingers were added behind the

ied

two nitric acid impiagers in order to catch sulfur and chlorine species.

The izpinger train configuration for the modified IPA

detailed i3 Table 3-1 below.

TABLZ 3-1. MODIFIED ZPA METE0D 12 DMPINGER TRAIN StMM

Method 12 Tuns is

EPA

apicger Ccntents

Catch

250 als, 0.1N ENO;
250 mls, 0.1N =NO,3
Expcy
250 als, 0.1N NaOH
250 wls, 0.1N NaoH
Inpey

[

~N O WM

250 gms silica gel

lead, antimeny
lead, antimony

knockout

suliur, chlorine, lead, aantimeny

sulfur, chlorize, lead, antimony

knockout
B,0

Tor the zodilied ZPA Method 12 ruas the filter and prope

2atier were analyzed for lead, antizmony, sulfur ané chlorine.
2ethods of analysis are described in the section eazitled Analy

?rcgedures.

2rocess Source Particle Sizing

Size classification of parziculaces was performed using =z

Cniversity of Washingzon Cascade I=pacsor illustratzed ia Tigure
Particles present in the zas stream are classified wich raspecs

-

-
——

3-2.
their

<0

aerodynamic size and impacted on twelve collaction suriaces (elevez
izpaction surfaces and ome backup Silcer).

2f the parzicles frem che i:vac:iou scz2ges and o
0 de zeriormed on saelectad size 3rac

strstes wers Zdassizazad Inr a: lazst 24

2zs :he Tniversicty of Washingisn zods

the

wash parsiculiace
The exac:
al

Giass Iiber colleczion substraces wers used s facilizate removal

anadle lazd zzmalvsis
sions. ?rior %0 sampliiag,
hours, weizghed and then

sub-

lzcaied

-
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Impaczor sampling was performed at a singlie point of average velocizy.
The isokiznetic flow rates through the nozzle were precalculated based on
velocity data previously obtained. After the sampling, the impacZor was
unlocaded and cthe filters dessicated before reweighing. Filter weight
gains were then used to calculate the particle size distridution.

3igh-Volume Sampling

High volume air samplers were used o collect suspended parcticulate
natter on large 20.3 ca x 25.4 cm (8 ipches by 10 inches) glass fiber
filters. The samplers were operared over several 24 hour periods at the
locations described in the Ambiear 2arziculare and Lead Levels seczicn.
Wind velcciiy and direczion data were collected during che hi-vol sampling.
Saxples collected on days duriag which the wind speed and direction were
favorable for collacting the desired emissions were analyzed for tocal
particle loading and lead particle loadia

All of the hi-vols were calibrazed for flow rates vefore sampling
using an N3S traceable standard orifice. The filcers were dessicated Icr
at least 24 hours and then weighed before and after sampling. The weigat
difference was recorded as the mass of particles collected. Sampling tize,
saopling flow race and the particulate mass colleczed were used o calculate
the total suspended particles (in micrograms per cubic meter). Suspended
particulate lead {a the air was detarmined on the same filters by :
chemically analyzing the filzers for lead. The analytical zethod is ( N
described in the section entitlad Analytical Procedures.

High-Volume Parziclas Sizing

Six high-voiume samplers equipped with particle sizing devices were
used in the upwind-dowmwind samplizg and in characzerizing fugitive
enissions. Three of the hi-vols were 2o0dified 2o include a3 size-selaczive
inlet to remove particulate matter larger than 15 micrometers from the
sanple strean. The other three hi-vols were esquipped with five-scage
cascacde inpactors to provide particle size data in the ranmge of 10 z2
0.5 zmicromecers.

The size seiective inler and the Zive-stage imzpaczor bdota Zraczionates
particles according to thelr aerodynamic size. This is important siace
the aersdynamic size determizes the penetration of particles in the human
lung, the particle collsction efficiency in polluticn control equiment
and the tramspor: of particles through the air. As with the scandard ai-
vols, wind velocicy and direction data wers used =z salecs the ni-vol
filzars 0 be used Zor lead amalysis.



ANALTTZCAL PROCZDCRES

Thais section describes the procedures used for treating and analyzing
sacples collected at East Pean Manufaczuring. The samples ars asscciated
with EPA Mechod 12 tests, procass source particle siziag, hizh volume
sampling, high volume particle sizing and with grab sampling methods.

The last paragrapns of this section describe the sample preparation and
chemical apalysis techniques used for these samples.

EZPA Method 12

Tae EPA Mezhod 12, as previously described, was used for determining
zhe inporgani:c lead emission from the process sourczes. Iach Methed 12 :zest
providaed zhe Iollowing samples Zor analysis: <fiiter, zitricz acid srobe
wash, cyclome solids (if collected), =wo nizrics 3¢id impinger solutions and
prooe solids (when available as separate from the preobe wash). In using
the 2cdified Meched 12, rwo addicional samples werae collacted: diluzs
sodium hydroxide solucions f£rom two impiagers comneczad in series.

The analytical matrices used for the Mecthod 12 and mcdified Merzhod 12
saaplas are oresented in Figures 3-3 and J-< respectivelrw.

Process Source Particle Sizing

Zach in-stack cascade impactor test provided eleven glass fiber sub-
strates and one back-up filter on which were 25lla2cced severzl size
fracticns of particulate matter. The amalyctical maitix used Iov procass
emission particle sizing is presented in Figure 3-3,

digh-Voiume Samplin

——

Eigh wolume air sarples were used o collec:t sampies for z2h
deteraization of total suspended particles less than i35u, and particle
size distribution between appraximactely 0.5 ané 1CU. The analivtical schene
for the :hree types of high volume samples is depicced iz Tigure 3-5.
Selected hi-vel rums wers chosen for lead analysis in order to determine
total suspended lead and particulate lead size distridution. The Tums
were chosen based cn favorable wiad and weather condizioms.

Grab Sa=nles

Figure 3-7 presents the za
anairsis. These samples were =

air ana’vsis. lust from each of

tTix for baghouse dust and aggzliomeraccr dus
lleczed <o supplzment the stack and zmpien

he zhree dSaghcuses was analvzed fsr ash

-
- -
< I

conctent and l2ad. 2Process daghousae dus: was also analvzed for antimeny,
shisrvize and sulliur. Agglomeraczor dus: ssmplas were anzlvzed Zsr lsad,
antizonv, chlorine and sullur.
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SaMPLE PREIPARATION AND ANALYTICAL METHODS

The samples discussed in this section requirsd several methods of
preparation, digestion and analysis.

Calculation of grain loading and particle size distribution required
the zeasurement of filter weight gain, the weight of the probe or c¢vclene
solids and the weight of the probe wash after evaporation just below the
boiling point.

The Method 12 Digestion is described in IPA Merhod 12, (Federal
Register, Vol. 45, Number 9, Appeadix A). This methcd uses aitric acid
and hydrogen peroxide to extract inorganic lead. The Priority Pollutanc 3

igesclon (Sampling and Analvsis Procecdures for Scs-een ag of Iadustrial
Zifluents for Priorisy Pollutants, U.5. ZPA) is an agqua regia digescion
sultadble for analysis of antimony.

Solid samples for total chlorine and sulfur dete=minations were
combuszed in a bomb calorimecer. The combustion products were absorbed
iz 2 scdium carbonate solution. This solution was thea boiled with hvdrogen
peroxide to oxidize the sulfur species to sulfate.

3aghouse dusts were ashed in a muffle furmace. ASter asn comten:
was deternined, further digestious were periormed as required.

Two proven analytical techniques were used for all chemical analyses.
Atomic Absorption SpectTophotomesry (44AS) using an a2ir-acetylene Ilame
was used to analyze for lead and antizony. Total chlorine and sulfur coantent
“3s detarmined using ionm chromatography Zor chloride amd sulfate. The low
2ezal cocaceatrations ia the impinger solutions reguired A4S analveis Sy
heazel grashite analyzer.

2ualiszv Assurance

Sazpling quality was assured by sampling each point im duplicace.
In addition, amy runs which appeared ancmalous (plugged nozzia, leak ia
sampiing traia, oon-isokineric rum, atc.) wers repearsd while on-si:te.

Sanple Randling quaiiry assurance was straightforward. Standard
elerence naterials available from cthe Natiomal 3ureau of Standards
ere sizultanesusly digested with the samples. Digesction blanks were also
evaraed to check for possible comtamination during :he procedurs. Zach
a=ple was digescad in duplicate.
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Analytical quality assurance concentrated on Tepeatability and
accuracy assessment. Instrument response was calibraced using commercially
available reference solutions. Sample analysis proceeded only upon
verification that : (1) the staadards were internally consistent, and
(2) analyte concentrations measured in standard reference materials were
accurate. The method of standard additions in AAS was used to eliminace
dacTix inceriarences. Each analysis was performed in duplicate.

PRCCISS MISSION MEASUREMENTS

Emission factors for specific lead smelting and refining operatioms were
deternined on sources hooded for emission control by the szaitary baghouse.
Table 3-2 presents for each of the process sources the sampling scheme used,
including sampling locatiom, sampling date and sampliag methodolegy.

The hooded sources were sampled for total lead, total particle loading
and particle size distribution using the techniques described in the
Sampliag and Analytical Methods section., Samples were collected in the
transier lines between the hood and the point at which the stream fed into
the otal feed to the sanitary baghouse. This datz allcwed Zor an assess-
zent of the value of controlliag the emissions of these sources. Process
sources which were hooded and sampled were:

. Blast Furnace Slag Tapping. Although slag was tapped inter-
mittently, the exhaust syszam operazad continuously. Sampling
was conducted continuously and the number of slag ctaps made
during a2 sampliag run wese recorded.

L Blast Furnace Metal Tapping. This incluced a composite of the
mectal tapping hood, launder hood and block casting hoed.

° Blast Turnace Charging. Sanitarvy gases sampled here included
cne of two ground level hocds of the skip hoist, the charging hood
and the slot hood cver the furnace access doors.

L Agglemerazion f{lue. The gases of the dus:t a2gzlomeration Zurmace,
including {lue and external hoods, were sampled before the kacck-
out chamber,

. Refining KRet:tle No. 2. The two ducts carryisg ctae refining
ketcle No. 2 off-geses were sampled for ctotal lead and total
particle emissious over approximately a thiree-hour jeriod.
The sampling periods encompassed the vefizming srocessas of
melting, stirriag, drossing, chemfcal addition and refining.
Particie size fractionazicn was ao: dacsrmined Secause 3f :he
low grain loadiag.
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L] Pigging Machine. The total lead and total particulate
emissions generzted by the pigging operaticn were measured
in che pigging hood transfer line. Sampling was periormed
oculy when the pigging machine was operating. The low grain
loading precluded the measurement of particle size Zractionation.
The process source emission rates for total particzulate mattaer and total
lead are presented in Table 3-3. These data are from che ZPA Method 12
runs. Tor two runs on each of the six process souTces the following data
are presented:

. Sampling date,

* Stream flow rata - the Ilow rate of gas zhrough the particular
veatilation syscem.

* Volume sampled - the volume of gas sampled curing an EPA Method
12 rnm.

. Smission rates - the conceatrations in the s:zack gas (mg/m’)
and the emission rates (g/hr) are reporzed for both teotal
sarticles and total lead. EZaglish uniczs have zmot seen included
for reascns of reporting claricty. :

3last furnace charging had the highestc emission rates for both total
sarticulate matter and total lead. Close Sehind were zhe amission rates of
the agglomeracor furnace. Total particles emicsted dy the slag tapping
prscess (1,300 and 1,800 g/hr) are well below charging and agglomeration
processes. A lead emission rate could not be calculated for the slag
tapping process. The probe wash dust was lost during the digestion step
used 25 decermine lead content. Hcwever, a reasonable estimace of che lead
conteat in the parsiculate matter based on the lead found in the dust
ccileczed on the Mechod 12 filcer would be around 50 percent lead. This
would give a lead emission rate for the slag tap on the fifcth and sixeth
of Auvgust of 740 and 1,100 g/hr respeczively. Slag was tapped four times
duriang each of the two sampliag cuns. Lead emissions Irom che metal tapping
Zall close behind at 340 g/hr. The metal zapping ventilation svstem zad a
Telatively larze air draw and che dust had a high lead conrenc (80 percent).

The pizging nachize and the refiaing kectle had che lowest emission
es of the six processes. Note that the concezzratiom of lead in the
ging ventilazion gas (ave*age of 7 ag/a’) was Higne' than cthe lead
centrazion in the refining off-gas (average 3.5 3g/a’). The higner

in the pigging ventilacticn could be 2 resul: 5% the lower stT2aa
rzte iz the piggizg hood than the refizing hcecd.
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Table 3-4 presents a summary of the in-stack particle size
determinations for the six process sources. A more detailed preseatation
of the particle size data is presented in Appendix B.

The total particulate matter and lead particles are grouped into
three size ranges; less than 2.5 microns for the proposed inhalable size
class, between 2.5 and 15 microns for the respirable range and greater
than 15 microns. The distribution of particles into these three size
ranges was extrapolated from the cascade impactor runs normalizing all
particles to their aerodynamic size. Aerodynamic sizing assumes a
density of 1 g/cm® for all particles. The actual density of most of
the dust samples was closer to 5 g/cm®. This normalization to 1 g/cm’
is necessary since it is the aerodynamic size which determines the pene-
tration of particles in the human lung and particle collection efficiency
in pollution control equipment.

In general, the size distributions of the lead particulate matter
closely followed the total particle size distributions except in the siag
tap stream, where the lead particles were more strongly distributed to
the smaller size fractions. The blast furnace metal tapping and agglomeratcr
furnace emissions had a preponderance of particles less than 2.5 wmicroans in
diameter. The parcicles emitted by the slag tapping were slightly
coarser (average of 66 percent <15 microms) and the charging area emissions
were coarser still (average of 29 percent <15 microms). Particle size
distributions were not determined on the pigging machine and the refining
kettle due to their very low grain loadings.

BAGHOUSE EFTICIENCY

Colliection efficiencies of the slag tap baghouse, process baghouse
and sanitary baghouse were determined. Total particulate matter and
particulate lead measured simultaneously on the inlet and outlet streams
of each baghouse were used to determine collection efficiencies. Collection
efficiencies as a function of particle size were determined from particle
size distribution measurements and lead analyses of cascade impactor runs
Tade on the inlet and outlet streams.

Table 3-5 presents the sampling scheme used for determining baghouse
coliection efficiencies. The procedures used for sampling are delineated
in the Sampling and Analytical Methods section. Situational facrtors
encountered at each sampling point and the results are described below.

Slag Tap 3aghouse :

The inlet and outlet to the small slag tap baghouse were sampled
simultaneousiv on the fifth and sixth of August, 1980. Both locaticns wers
saxzpled on two perpendicular traverses for toctal graia loading. The cascade
impactor samples were taken isokinetically at a single point in the ducts
where the gas velocity was closest to the average overall flue gas velocizy.
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The fan for the slag tap hood was run continuously during sampling.
Slag was tappred about once every thirty minutes. Slag was tapped four times
during each of the two sampling runs.

The results of the baghouse efficiency emission rates are presented
for all three baghouses in Table 3-6. The efficiency of the slag tap
baghouse in removing particulate matter averaged about 98 percent for the
two sampling periods. Lead particle collection efficiency averaged
99 perceat. This resulted in an average lead emission rate from the stack
of 9.8 gram/hour.

Particle size distributions in the inlet and outlet streams of the
three baghouses are presented in Table 3-7. As expected, the slag tap
baghouse was more efficient in collecting larger particles than particles
less than 2.5 microns in diameter. The inlet averaged %42 percent of all
particles less than 2.5 microns and the outlet averaged 62 percent less than

3 microns. The lead particle size distributions at the inlet and outlec
-+ very similar.

Process Gas Baghouse

The process gas was sampled immediately after it left the blast
furnace in a refractory-lined duct. The temperature (450°C[830°F})
and composition of the furnace off-gas prevented the use of cascade
inpactors ia this stream. The vaporized metals in the stream would have
tcnczansed in the impacter resulting in ancmalousivy nigh loading values a:
taie Sront of the impac:or.

cuplicate EPA Method 1. runs were made simulzaneously at cthe inlet ar.
-1-2t locatioms. The outlet from the process baghouse was sampled in a=
:m2lined rec:tangular duct irmediately befors rthe scack. Sampling travers-s
c:re macde in three herizenmtal ports ac thz v lar,

The collection efficiency deternined from the process gas sazpling
represents the combined collection efficiencies 37 the following devices
listed in sequential order:

° knock-out chamber immediately afcer the inlet
sampling location,

afterburner for combustion of organics,
second knock-out chamber,

cooling tubes

dry lime injection immediately before the process baghouse, and

process baghouse.
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Each of the above devices contributed to the removal of particles from
the process gas stream and are included in the final collection efficiency

determination.

The results presented in Table 3-6 show an average collection efficiency
0of 99.8 percent for the two sampling periods. Lead collection efficiency
averaged 99.9 percent. Also shown in Table 3-6 are the emission rates from
the process baghouse stack for total particles, total lead, chlorine and
sulfur.

The particle size distribution in the process baghouse outlet were
skewed to the smaller size range. Total particles were 70 percent less than
2.5 microns and lead particles were 73 perceat less than 2.5 microams.

Sanitary Baghouse

The inlet to the sanitary baghouse was sampled after the sanitary gas
knock-out chamber and after all of the following ventilation systems were
mixed:

. blast furnace charging,

. blast furnace metal tapping,

° refining kettles,
° pigging machine, and
. agglomerator flue.

Iwo perpendicular traverses were sampled on both the inlet and outlet.
The baghouse outlet was sampled immediately defore the stack and the Zan.
Seme turbulence in the flue gas stream may have arisen from the close
proximity of the fan to the sampling location. However, the readings
shoved a fairly constant velocity profile across the duct. The
simultaneous sampling at the inlet and outlet resulted in a collection
elficiency for the sanitary baghouse.

Sanitary baghouse collection efficiencies for total particulate matter

averaged 99.3 percent for the two sampling runs. The collection efficiency
on the eleventh was 99.9 percent and on the ninth 97.2 percent.
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AMBIZNT PARTICULATE AND LEAD LEVELS

High-volume samples (hi-vols) were operated at several locations
during the period 1979 to 1980 and during the main sampling effort in
August. Impactor hi-vols and hi-vols with size-selective precutters
(<15y) were used in August.

Table 3-8 summarizes the collected samples and indicates the
iocations. The cylindrical coordinates of the receiver and the three
point emission sources are shown in Table 3-9,

Detailed descriptions of the individual sampling stations are given
below. They are also marked ia Figure 2-1, showing the surroundiags of
the smelter.

Reinhart Farm Location (Station 1, Figure 3-8)

The coordinates of Reinhart's farm with respect to the baghouse stack
are: bearing 280°, at a distance of 360 meters (1,200 feet). The elevation
is 160 meters (520 feet) above sea level. One regular hi-vol was stationed
here during the 1979 to 1980 period. A <l5u precutter and a cascade impactor
were also operated during the August, 1980, sampling period. The samplers
were positioned on top of a rock wall, which was 1.2 meters (4 feer) high..
Eighteen ceters (60 feet) to the north of the wall was a large barm about
7 meters (2% feet) high and a storage silo of the same height. Eighteen
neters (60 feet) to the south of the sampling location was a two-story
farzhouse, a stucco-lixe structure about 6 to 9 metars (20 to 30 feet) high.
Small outbuildings were located at the eastern end of the house.

The rock wall on which the samplers were locatad was surrounded by a
eld of closely cropped grass. To the west of the sampling location was a
orn crib and a large cornfield. Thirty meters (100 feet) downwind was a
a tree line and a paved road that has a low traffic count. The
traific estimate was a maximum of 100 cars per day, mainly those of plant
workers. 3Beyond the road was the harvested wheat field. A forest island
separated 2ost of the smelting activities from this upwind locztiom.

o
[y

®
o
0
m

Pond - Garage Hi-Vols (Station 2, Figure 3-9)

This site was located at compass bearing 90° at a distance of 210 meters

(700 feet) from the process baghouse stack at an elevation of 190 meters
(624 feet).

The sazplers were located on top of the east bank of the pond. The bank
is about 9 meters (30 feer) high. The elevation of the samplers was esci-
nated to be the same as the level of the agglomerator building, which is
agproxizately 7 meters (24 feet) above the lavel of the access road. The
surrounding ground was composed of coarss gravel ané rock. (The rock was a
«ind of sandstone nixed with crushed granite). There was a sparse covering
of grass and weeds.
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TABLE 3-8.

UMMARY OF HI-VOL, IMPACTOR AND INHALABLE

PARTICULATE SAMPLES COLLECTED

Sampler
Locacion Tvpe Date >f Operacion Operacor
deinhart's Yara Hi-Vol August 6, 7, 8, 9, 11, 12, 1980 Radian

Impactor

<15y

Ri=Vol Interaictencly - 1979 co 1980 Radian
Pood-Cavage Hi-Vol Augusc 6, 7, 8, §, 11, 12, 1980 Radiaa

lapacsor

<15y

i-Vol locermittentiy - 1979 :o 1980 Radian

Hi-vol Augusc, 1980 Dexa
«“acar Tover #1-vVol August 6, 7, 8, 9, 11, 12, 1980 Radian

Impactor

<15u

Hi-Vol lacermictently - 1979 o 1980 Radian

Hi-Vol Augusc, 1980 Deka
Southwest of Dust Storage Araas Bi-Vol laceraicteacly - 1979 =3 1980 Radian
Sesicer Slag Pile {-Vol latarsittently - 1979 s 1980 Radian
Guest House (Near Farm idouss) 81-Vol latermictteacly - 1979 zo 1980 Radian
Seelter Hi-Yol August 11, 12, 13, 14, 1980 Radian

Impactor August 13, 14, 1980 Radisn

<15 Augusc 11, 12, 1980 Radian
Dust ?ile (Baghouse) 1-Vol Auguet 11, 12, 13, l4, 1980 Radiaa

impaczar Augusc 11, 12, 1980 Radian

<lhu Augusc L3, 14, 1980 adian
Seelter-Dust Pile 1-%ol August, 1980 Deka
Automctive Battery Plant #i-Vol Augusc, 1980 Deka
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Each of the above devices contributed to the removal of particles from
the process gas stream and are included in the final collection-efficiency
determination.

The results presented in Table 3-6 show an average collection efficiency
of 99.8 percent for the two sampling periods. Lead collection efficiency
averaged 99.9 percent. Also shown in Table 3-6 are the emission rates from
the process baghouse stack for total particles, total lead, chlorine and
sulfur. .

The partiéle size distribution in the process baghouse outlet were
gskewed to the smaller size range. Total particles were 70 percent less than
2.5 microns and lead particles were 73 percent less than 2.5 microns.

Sanitary Baghouse

The inlet to the sanitary baghouse was sampled after the sanitary gas
knock-out chamber and after all of the following ventilation systems were
mixed:

' blast furmace charging,

® blast furnace metal tapping,
® refining kettles,

® pigging machine, and

® agglomerator flue.

Two perpendicular traverses were sampled on both the inlet and outlet.
The baghouse outlet was sampled immediately before the stack and the fan.
Some turbulence in the flue gas stream may have arisen from the close
proximity of the fan to the sampling locatiom. However, the readings
showed a fairly constant velocity profile across the duct. The
simultaneous sampling at the inlet and outlet resulted in a collection
efficiency for the sanitary baghouse.

Sanitary baghouse collection efficiencies for total particulate matter

averaged 99.3 percent for the two sampling runs. The collection efficiency
on the eleventh was 99.9 percent and on the ninth 97.2 percent.
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AMBIENT PARTICULATE AND LEAD LEVELS

High-volume samples (hi-vols) were operated at several locations
during the period 1979 to 1980 and during the main sampling effort in
August. Impactor hi-vols and hi-vols with size-selective precutters
(<15y) were used in August.

Table 3-8 summarizes the collected samples and indicates the
jocations. The cylindrical coordinates of the receiver and the three
point emission sources are shown in Table 3-9.

Detailed descriptions of the individual sampling stations are given
below. They are also marked in Figure 2-1, showing the surroundings of
the smelter.

Reinhart Farm Location (Station 1, Figure 3-8)

The coordinates of Reinhart's farm with respect to the baghouse stack
are: bearing 280°, at a distance of 360 meters (1,200 feet). The elevation
ig 160 meters (520 feet) above sea level. Onme regular hi-vol was stationed
here during the 1979 to 1980 period. A <15y precutter and a cascade impactor
were also operated during the August, 1980, sampling period. The samplers
were positioned on top of a rock wall, which was 1.2 meters (4 feet) high.
Eighteen meters (60 feet) to the nmorth of the wall was a large barn about
7 meters (24 feet) high and a storage silo of the same height. Eighteen
meters (60 feet) to the south of the sampling location was a two-story
farmhouse, a stucco-like structure about 6 to 9 meters (20 to 30 feet) high.
Small outbuildings were located at the eastern end of the house.

The rock wall on which the samplers were located was surrounded by a
field of closely cropped grass. To the west of the sampling location was a
corn crib and a large cornfield. Thirty meters (100 feet) downwind was a
fence, a tree line and a paved road that has a low traffic count. The
traffic estimate was a maximum of 100 cars per day, mainly those of plant
workers. Beyond the road was the harvested wheat field. A forest island
separated most of the smelting activities from this upwind location.

Pond - Garage Hi-Vols (Station 2, Figure 3-9)

This site was located at compass bearing 90° at a distance of 210 meters
(700 feet) from the process baghouse stack at an elevation of 190 meters
(624 feet).

The samplers were located on top of the east bank of the pond. The bank
is about 9 meters (30 feet) high. The elevation of the samplers was esti-
mated to be the same as the level of the. agglomerator building, which is
approximately 7 meters (24 feet) above the level of the access road. The
surrounding ground was composed of coarse gravel and rock. (The rock was a
kind of sandstone mixed with crushed granite). There was a sparse covering
of grass and weeds.
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TABLE 3-8. SUMMARY OF HI-VOL, IMPACTOR AND INHALABLE
PARTICULATE SAMPLES COLLECTED -
Sampler
Locatiocn Trpe _Dats of Operstiocn Operator
Rainbart's Farm Hi-Vol August 6, 7, 8, 9, 11, 12, 1960 Radian
Impactor
<15
Bi-Vol Intermittently - 1979 to 1960 Radian
Pond-Carage Bi-Vol August 6, 7, 8, 9, 11, 12, 1980 Ladian
Impactor
<13y
Ri-vol Intermittently - 1979 to 1980 Radian
- #1-Yol August, 1980 Deka
Water Tower ii-Vol August 6, 7, 8, 9, 1, 12, 1980 Radian
Impactor
<A
ui-Vol Iatermittently - 1979 to 1980 Radian
Ri-Vol Augusc, 1980 e Deka
Southwest of Dust Storage Ares ai=-Vol Istermitteatly - 1979 to 1980 Radian
Smslter Slag Pile Ei-Vol intermittently - 1979 to 1980 Sadian
Guest House (Mesr Farm House) ui-Vol Intermittently - 1979 to 1980 Radian
Smslter Ri-Vol August 11, 12, 13, 14, 1980 Radisn
Impactor ‘ August 13, 14, 1980 tadisn
<15y Sugust 11, 12, 1980 Radisn
Dust Pile (Baghouse) Ri-Vol August 11, 12, 13, 14, 1980 Radian
) Impactor August 11, 12, 1980 Badian
- <15 August 13, 14, 1980 Radian
Smelter-Dust Pile Bi-Vol August, 1980 Deka
Automotive Bactery Plaat Ri-Yol August, 1980 Deka
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FIGURE 3-8. HI-VOL STATION - REINHART FARM - UPWIND STATION



FIGURE 3-9. HI-VOL STATION - POND GARAGE



About 3 meters (10 feet) behind the first (most southern) sampler,
which was a normal hi-vol sampler, there was a 2 meter (6 -feet) tall stack
of rubber battery cases. The second sampler was located about 9 meters
(30 feet) north of the first; it was a standard hi-vol with a <15y precutter.
A third sampler, a standard hi-vol fitted with a cascade impactor, was
located another 6 meters (20 feet) farther north, still on the bank of the
pond. A battery storage area started about 1.5 meters (5 feet) behind this
hi-vol. Scrap batteries were stored 1 meter (3 feet) deep in irregular
stacks. Many of the cases were cracked or open, exposing the lead and lead
oxide grids.

This location for the three hi-vols was by no means ideal. BHowever, it-

was the only one possible for the first downwind location. If the prevail-
ing wind direction was from the east, the samplers could have been affected
by air-entrained dust from the storage area. If winds were from the west,
a wake effect might have been created by the bank of the pond. This loca-
tion was also necessitated by the source of electric power available at the
garage.

Water Tower (Station 3, Figure 3-10)

The furthest downwind sampling location was near the Deka water tower.
The coordinates were bearing 99°, distance 370 meters (1,200 feet), at an
elevation of 200 meters (~650 feet).

Four hi-vol samplers were placed on the ground at this location. The
ground elevation was at about the same level as the tip of the process bag-
house stack. The four hi-vols included a total particulate hi-vol, an
impactor hi-vol, a hi-vol with a size selective inlet for collecting
particulates smaller than 15y and a total particulate hi-vol operated by
East Penn Manufacturing. There was no obstruction between the hi-vol
samplers and the battery breaking and smelting building. However, trees on
the east bank of the pond obstructed the view between the agglomerator
furnace building and this locationm.

Between the smelter building and this location lies the pond and the
garage. Both are at a lower ljevel. The distance is approximately 300
meters (1,000 feet) to the battery breaking area.

The samplers were located in a field of wildflowers, grass and weeds.
The area appeared to have about 50 percent vegetation cover. There were
many areas in which a sandy soil was exposed.

Electricity was available from the water tower. Sites farther to the
east were less advantageous.
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Guest House Hi-Vol (Near Farmhouse Hi-Vol)

This standard hi-vol was in use during 1979 and 1980; it was removed
at the beginning of the August, 1980, sampling effort. Its location was
bearing 0°, distance 790 meters (2,600 feet), and elevation 150 meters
(480 feet). It was situated on the edge of the paved parking lot of the
guest house, which was about 30 meters (100 feet) from the access road to
the plant. This area was north of the plant. Between this sampling location
and the plant were a large corm field, some outbuildings and a stand of trees.
All of the area was demnsely vegetated.

The paved road that runs south toward the plant next to this sampling
gite is heavily traveled. Nearly all the plant employees enter the plant
on this side. Deka has 960 employees; that means about 1,920 vehicles
(not counting service vehicles and trucks) pass this point each day. Farther
to the north runs a medium-duty road, which connects Lyons and Fleetwood,
the next village to the west. A small cornfield separates the hi-vol
ljocation and the medium-duty road. All of the area surrounding the
sampling location was covered with vegetation and it appears that the
only active source of particulates was the roadway .

Fence Line - Automotive Battery Plant

Deka operated a hi-vol at the fence line separating the automotive
battery building and Reinhart's wheat field located to the north of the
process baghouse stack. The coordinates of this hi-vol were: bearing 353°,
distance 165 meters (540 feet), and elevation 180 meters (580 feet).

This sampler was located in a grassy area about 6 meters (20 feet) from
the fence at the bottom of a steep bank next to the automotive battery
building. Directly downwind from the sampler was the large automotive
battery building; on top of this building there were two banks of baghouses
and the baghouse exhaust area. There were possible building wake effects.
About 0.6 meters (2 feet) behind the sampler was a small, deep drainage
ditch. The bank of the ditch rose steeply to a fence; behind the fence was
a gravel path about 0.9 meters (3 feet) wide. Slightly to the south of the
sampler was a large area of the field mot covered by grass or wheat. This
area could have generated wind-blown dust.

Smelter Slag Pile

This sampler was located bewteen the smelter and the baghouse building
north of the gas cooling section. Its cylindrical coordinates were
bearing 23°, distance 46 meters (150 feet), and elevation 180 meters
(600 feet).
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It was operated during 1979 to 1980, but was dismantled before the
August sampling campaign for use at other locations. This regular hi-vol
was located too close to the smelter to be of use for modeling purposes.
However, it indicated the lead-in-air level at the fence line of the
smelter and Reinhart's wheat field. Formerly, slags were temporarily
dumped in this area.

Smelter Access Road (Figure 3-11)

The final hi-vol sampling locations were on the access road to the
dust storage area. The road is paved and is approximately ll meters (36 feet)
wide. It was covered with a fine coating of lead dust which was tracked
or disturbed by the wheels of the forklift and other light-duty vehicles and
large trucks that went down the road. Five samplers were located about 9
meters (30 feet) apart along the edge of the road.

The first sampler was a standard unit located near the dust storage.
area. The next one had a size selective inlet. The third hi-vol was a
standard unit operated by East Penn; it was located opposite the agglomeration
furnace. To the south of East Penn's hi-vol was an unpaved storage area for
used industrial batteries, which are broken and have exposed parts. This
storage area was covered with a heavy coating of baghouse dust. The pond was
about 6 meters (20 feet) away.

The fourth hi-vol, which had a cascade impactor, was located directly
across from the central vacuum system. The agglomerator building was
closed at this point. Directly above, on top of the agglomerator building,
were the baghouses. The pond was about 3 meters (10 feet) to the south.
The space between the pond and the paved road was covered with large, heavy
granite gravel and some slag.

The fifth sampler was a standard hi-vol located directly opposite the
end of the agglomerator building. In back of the hi-vol was about 0.5
meters (2 feet) of unpaved area covered with lead dust and large rocks. The
bank to the pond then sloped down fairly steeply; it was covered with empty
battery casings.

The estimated traffic on the paved road was as follows:

L Forklifts carrying slag molds 40 per day
L4 Forklifts carrying flue dust 30 per day
o Trucks removing slag 2 per day
L Trucks removing dust 14 per month
° Sweeper 36 per day
® Other vehicles 5 per day
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AMBIENT PARTICULATE AND LEAD LEVEL RESULTS

Upwind-downwind sampling was conducted intermittently throughout
1979 to 1980 and also during the two week sampling period in August of 1980.
The results of selected hi-vol runs are presented in Table 3-10. These
runs were chosen because of the favorable wind conditions on these days.

In each case the farm location (Statiom 1) is upwind of the smelter.
The hi-vol located at the guest house was normal to the wind vector through
the smelter on the days shown and, therefore, can also be considered as
a background monitor. The pond hi-vol is immediately downwind of the
smelter and the water tower location is further downwind. The location
marked battery plant is north of the smelter, normal to the smelter wind
vector.

The results show high suspended lead particulate levels immediately
downwind of the smelter at the pond. The total suspended particulate levels
vary slightly from the upwind to the downwind positions; but the lead
levels increase ten-fold going through the smelter. Further downwind
at the water tower, the suspended lead particle levels drop off slightly;
however, they are still higher than the upwind levels.

The size distribution of the suspended particles up and downwind of the
plant are presented in Table 3-11. The total suspended particulate matter
and suspended lead particles are grouped into three size ranges: less than
2.5 microns, between 2.5 and 15 microns and greater than 15 microns. The
distribution of particles into these size ranges were extrapolated from the
cascade impactor hi-vol runs and the size selective inlet (less than 15
microns) hi-vol runs. All particles were normalized to their aerodynamic
size.

In general, the majority of suspended particles (approximately 70 per-
cent) were in the inhalable or less than 2.5 micron size range. For
suspended lead an even greater percentage (approximately 80 percent) of
particles had an aerodynamic size less than 2.5 microms.

Area air quality measurements were made during August of 1980 at the
access road and dust storage area on the east side of the smelter and
baghouse buildings. The results of these measurements are presented in
Table 3-12. Hi-vols were placed near the dust storage area immediately
south of the baghouse building. The access road terminates at this
point. Hi-vols were also placed along the east side of the access road.
This location was directly east of the baghouse and smelter buildings.
Data from these hi-vols are reported in Table 3-12 on two days when the
wind was from the west, thus blowing dust and suspended particles across
the road towards the hi-vols. The suspended lead in this area
(approximately 30 ng/ms) is several times greater than the suspended lead
at the pond location, approximately 180 meters (600 feet) downwind.
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TABLE 3-10.

AMBIENT LEAD AND TOTAL PARTICULATE LEVELS
AT UP AND DOWNWIND HI-VOL LOCATIONS AS -
FUNCTION OF SMELTER CONTROL IMPROVEMENT

" Suspanded ) .
Particulats Particulate agPb Vind Wind Speed ‘
Date Location (ug/su)? (ug/H") g Particulate Direction  (km/hr)
10-24/10-25-79  Pond 64 19 290
Watar Tower 42 6.8 160 R
Fars 32 o.11 ‘ e 16
Slag Pile 26 0.36 14
12-29/12-30-79 Pood 57 2.6 &6
Wacer Tower 50 2.0 &0
i Tarm &1 0.15 4 .
Slag Pile o 1.4 34 (u::f") a
Bear Parm
Bouse 41 0.19 S
04=05/04~06~80 Pood 23 0.37 16
Uater Tower 23 0.13 ] .
famm 27 0.10 . i %
Slag Plle 33 5.1 150
Besr Tamm '
Souss 23 0.10 4
L L
08=07/08~-08~80 Poad 83 2.1 25 . A
Water Tower 9 0.62 9 s 6
Pars 96 -0.31 3 (usw)
08~08/08-09-80 Pond 89 1.0 79 .
Vater Tower 72 1.4 19 s 1
Tara 110 0.44 & (swW)
08-09/08~10-80 Pond 71 n 160 .
Water Tover 39 3.5 [ ::’m &
Yara 52 0.61 12 v

isTP = 25°C, 760 = Ng
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The size distribution of suspended particles along the access road and
near the dust storage area are presented in Table 3-13. Once again, the
suspended lead particles are skewed toward the smaller aerodynamic size
in comparison to the total suspended particulate matter. The lead particles
at the access road and dust pile are slightly coarser than the suspended
lead particles downwind at the pond and water tower. " Approximately 75 per-
cent of the suspended lead near the access road is less than 2.5 microns
while the suspended lead downwind averages 80 percent less than 2.5 microns.
Given the actual values comprising these averages, this difference appears
to be significant.

SOIL AND DUST ANALYSIS

Several grab samples of baghouse dust, agglomerator dust, road
surface dust and soils from around the plant were analyzed for lead
content. In addition, the agglomerator dust samples were analyzed for
antimony, sulfur and chlorine.

The results of the analysis of the baghouse and agglomerator dust
samples are presented in Table 3-14. In comparing the lead composition
of the baghouse dust with that of the particulate matter collected iso-
kinetically at the inlets and outlets to the baghouses, the following

conclusions can be made:

L The lead content of the baghouse dust grab samples 1is
the same as the lead content of the particulate matter
collected at the inlets to the baghouses using EPA Method 12.

L The lead content of the particulate matter Eollected
at the baghouse outlets is much lowver (approximately
one half) than the inlet particulate matter lead content.

Also, the slag tap baghouse dust has a lower lead content than the process
or sanitary baghouse dust (57 percent compared to 88 percent).

Table 3-15 presents the road surface dust characterization performed
around the smelter area. The locations where the samples were taken are
{1lustrated in Figure 3-12. The results show that the dust loading on
the road surface and the total amount of lead per road surface area was
highest nearer to the smelter building. The lead content of the dust
around the smelter and baghouse buildings ranged from 32 to 53 percent by
weight.

Lead content in the soils of a wheat field adjacent to the smelter are
presented in Table 3-16. The sampling locations for the soil samples are
displayed in Figure 3-13. As expected, the soils nearest the smelter
(points 1 and 4) have the highest lead content.
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TABLE 3-16. LEAD CONTENT IN EAST PENN FIELD SOIL SAMPLES

Sample Location Number Lead (mg/g)
1 3.2
2 1.5
3 1.5
4 3.5
5 0.57
6 0.79
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SECTION 4
ASSESSMENT OF EMPLOYEE EXPOSURE CONTROL

A basic objective of the initial and follow-up evaluations was to
assess the effectiveness of the smelter's employee lead exposure control
program. Of specific interest was the characterization of reduced employee
exposure associated with improved: engineering controls, use of protective
clothing and equipment, housekeeping and personal hygiene. Four general
types of information were gathered during each visit to aid the assessment.
These types of information included: '

L Air sampling for workroom contaminants.

L] Observation of work practices, use of prbtective clothing
and equipment, housekeeping and personal hygiene.

° Biological monitoring data.

L Engineering measurements and observations relative to
performance and design of engineered exposure controls.

The development of exposure control assessment information is presented in
the remainder of this section.

Following the performance of the initial evaluation, a report was
prepared to convey important information to the smelter, EPA and NIOSH.
This report included an inventory of sources contributing to employee lead
exposure and a number of recommendations related to improving exposure
control. The lead exposure source inventory and exposure control
recommendations are included in Appendix C. It should be. understood
that the smelter was not obligated to implement these recommendations.
Rather, they were offered along with other information for consideration
by smelter management in their development of an improved exposure control
program. As will be apparent from later discussions, many of the
recommendations contained in the initial evaluation report were implemented
by the smelter.

WORKPLACE AIR CONTAMINATION AND EMPLOYEE EXPOSURES

Background Information Related to Workroom Air Contaminant Monitoring

The test smelter has monitored workplace lead-in-air contamination
for a number of years. To assist this study, monitoring data covering a
period from December, 1976, through August, 1980, were submitted for review
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and evaluation. These data are discussed in a later section. Basically,
the monitoring data provided by the smelter indicate that severe lead-
in-air exposures have accompanied operation of this smelting complex.
Employee exposures have varied over a wide range which cannot be simply
correlated with climatological factors.

As part of the initial evaluation of this smelter, a limited amount of
breathing zone and work area air sampling was conducted. The purpose of
this sampling was to corroborate the sampling performed previously by the
smelter and define employee exposures during a known set of smelter
operating and ambient weather conditions.

Study resource limitations confined air sampling to two consecutive
operating days during the initial evaluation. The selection of an optimum
time for sampling was constrained by the fact that the_smelter was actively
engaged in a major modification program. To obtain air contaminant informa-
tion before the agglomeration furnace and other controls were operational
required sampling at the site during mid-winter.

® Breathing zone and work area sampling for lead and antimony were
performed on January 23 and 24, 1979. January 23, 1979, was a relatively
normal operating day at the smelting complex. The weather was sunny and
cold with light winds blowing from several compass directioms. Employees
at the smelter performed normal tasks and rotated jobs at the halfway
point in the work shift. January 24, 1979, was a relatively unusual day
at the smelter complex. Heavy rains and strong winds were present
throughout the period monitored. The strong gusty winds caused vigorous
drafts through the smelting building which disturbed the control
characterisitics of local exhaust ventilation hoods and resulted in the
introduction of dust into the atmosphere from building surfaces. By
the afternoon of January 24, large volumes of runoff water were entering
the smelting complex and leaving on the downhill side. The smelting
building itself was very wet with pools of water in most of the work areas.
Several of the employees did not show up for work on this day due to flooded
roads in the countryside.

During the follow-up evaluation, air contaminant measurements were
made during three consecutive workdays. Employee exposures to lead
were measured on August 5 and 7, 1980. Work area monitoring for lead and
other monitoring was performed during August 5, 6 and 7, 1980.

With respect to weather, the monitored days were similar with warm
summer temperatures and relatively light winds.

Just prior to the follow-up evaluation, the smelter had completed a

major maintenance shutdown and clean-up. Many of the operatiouns had very
recently been restarted or were restarted during the period monitored.

-~106-



~TN

Ideally, it would have been informative to continue workplace monitoring
for a longer period to at least partially evaluate the success of
housekeeping and other exposure controls during extended operation of the
smelter. '

Employee Exposures to Lead and Antimony During the Initial and Follow-Up
Evaluations

Personal exposure monitoring for lead and antimony was conducted during
the initial evaluation. Due to the insignificant exposures to antimony
found during the initial evaluation, only limited breathing zone and work
area measurements for antimony were made during the follow-up evaluation.

Personal exposure monitoring was conducted in accordance with NIOSH and
OSHA procedures. Airborne lead was collected in the breathing zones of
workers using 0.8y pore size cellulose ester membrane filters held in closed
face plastic cassettes. Air sampling rates between 1.5 and 2.0 liters per
minute were provided by personal sampling pumps. Flow rates were monitored
by a precision rotameter calibrated against a bubblemeter at a location
near the smelter before and after each days sampling.

Samples were analyzed by atomic absorption spectrophotometry in
basic accordance with NIOSH Method No. P & CAM 173. Some of the samples
were wet washed with the addition of perchloric acid to the routine nitric

* acid ashing solution. During the follow-up evaluation, the use of per-

chloric acid was shown to have no beneficial effect in this sampling and -
analysis situation.

Table 4-1 presents the results of personal exposure measurements made
during the initial evaluation. The exposure data are organized so that
exposures associated with specific jobs can be compared. During this
evaluation, employees changed job assignments at the midpoint of the
workshift. Thus, in many cases two sets of employee initials are associated
with each job. This approach to exposure evaluation does not reflect the
actual eight-hour time-weighted average exposure of employees, but does
approximate the exposure ("shift concentration") which would have been
received by a single worker performing the indicated job. This approach also
permits comparison of exposures by job to the sampling data collected during
t:effollaw-up evaluation when employees did not rotate jobs during the
shift.

As can be seen from Table 4-1, employee exposures to antimony were in-
significant when compared to the present permissible exposure limit of
0.5 mg/m® (500 pg/m’) prescribed in 29 CFR 1910.1000. This same exposure
1imit is also recommended in the NIOSH criteria document for antimony.
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Nearly all exposures to lead-in-air were high by comparison to the
old permissible exposure limit of 0.2 mg/m® (200 ug/m®) applicable at the
time of the initial evaluation. Airborne lead levels were generally higher
on January 24, 1979, than on January 23, 1979. This result is possibly due
to the strong air currents which entrained contaminants from the capture
zone of the local exhaust ventilation hoods. As stated earlier, the
smelting work area was very wet, however, the production of fume from
lead tapping, molten metal transfer, block molding, refining and pigging
was still present. Several employees (potman and clean-up personnel) did
not show up for work on January 24, 1979, due to local flooding.

Several employees were found to have very high exposures (>500 ug Pb/m®)
during portions of work shifts on each day sampled. Battery breakers on
the first day sampled showed high exposures to lead and the hoist operator
encountered very high lead exposure during the afternoon of the second day
sampled. It is possible that relatively large particles of lead entered
the filter monitoring cassette during the sampling period in each of these
operations. In the case of battery breaking, a splash of lead laden
solution may have caused excessive contamination. In the case of the hoist
operator, the handling of flue dust as it is charged to the hoist could have
caused the deposition of a lead particle onto the filter. However, in each
of these cases, the measured exposure.may not have been adversely influenced
by artifact particulate and may represent the actual lead exposure.

Referring to Table 4-1, the furnace operator, hoist operator, payloader
operator, cokeman, potman and foreman all perform their jobs in the main
smelter building. Industrial battery breaking is performed in a covered
area adjacent to the main smelter building. Automotive (SLI) battery
breaking is performed in a separate building. Clean-up personnel work at
various locations within the smelter building and in yard areas depending
on need.

Table 4-2 presents the results of employee exposure monitoring for lead
during the follow-up evaluation. The numbers in parentheses are values
determined by East Penn Manufacturing in parallel (opposite shoulder)
sampling. The two sets of exposure measurements agree very well and indicate

that the exposures of many workers were below 200 ug/m3 on an eight-hour
time-weighted average basis.

During August 5, 1980, the two battery breaking employees manually
dismantled industrial batteries. Both of these workers decased auto
batteries in the new battery breaking facility on August 7, 1980.

The foreman spent a significant portion of each day monitored assisting
the agglomeration furnace operator in the baghouse and agglomerator building.
The agglomeration furnace operator and clean-up man assigned to the agglomer-
ator area were exposed to visible emissions of flue dust from the furnace
feeding mechanisms. Additional exposures resulted from tote box handling
~and dumping.
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Table 4-3 presents a comparison of lead exposures for specific jobs
between the initial and follow-up evaluations. The exposure values presented
are time-weighted average concentrations for all job time sampled during the
initial and follow-up evaluation. As can be seen from the table, lead-in-
air concentrations were much lower at the time of the follow-up evaluation.
The agglomerator operator was the only job involving exposure above
200 pg/m?® during the follow-up evaluatiom.

Table 4-4 presents the results of employee exposure monitoring for
antimony during the follow-up evaluation. Only three persons were
monitored since previous measurements had indicated very low exposure
levels to antimony. Only the cokeman was found to have a measurable, but
very low level, exposure to antimony.

Historical Employee Lead Exposure Data Provided by East Penn Manufacturing

The employee exposure monitoring data developed by this study during
two visits to East Penn Manufacturing profiled employee exposures by job
at two points in time. In order to validate these data as truly repre-
sentative, it is of interest to see if they are consistent with long-term
employee exposure monitoring conducted at the smelter.

East Penn provided this study with copiles of employee exposure mon-
itoring data that were collected from December, 1976, to August, 1980.
It was hoped that these data could be analyzed so as to establish exposure
trends through time for each job category. However, because job categories
did not remain constant through time, this type of analysis was not possible.
Worker rotation was used extensively in 1977 and 1978 to reduce individual
exposures. The introduction of the agglomerator furnace and baghouse
building created a new job and substantially altered the exposure profile
for the foreman and clean-up personnel. Since job descriptiomns had changed
through time, a job-by-job trend analysis could not be made.

Table 4-5 contains a summary of the employee exposure monitoring data
developed by East Penn Manufacturing. For the most part, monitoring was
conducted monthly and included four or five samples. Although not job-
specific, Table 4-5 provides a general idea of exposure levels and
exposure level variations for workers in the smelter. The data show a
wide range of variability.

The first set of employee monitoring data developed by this study was
collected in January, 1979. Results are consistent with data collected by
East Penn at about the same time (refer to Tables 4-1 and 4-5). The second
set of data was collected in August, 1980. Parallel (opposite shoulder)
sampling was done by East Penn and is reported as sampling data for August
(also shown in Table 4-2). These data appear consistent with independent
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TABLE 4-3. COMPARISON OF TIME-WEIGHTED AVERAGE LEAD-IN-AIR
EXPOSURES FOR THE INITIAL AND FOLLOW-UP EVALUATIONS

Time-Weighted Average
Lead-in-Air Concentration

(ug Pb/m®)*
Initial Follow~Up
Evaluation Evaluation

Job Description 1-23 and 24-79 8-5 and 7-80
Furnace Operator 620 150
Hoisé Operator 2,200 130
Payloader Operator 860 160
Cokeman 400 110
Potman 260 80
Foreman 600 160k*
Industrial Battery Breaker 500 96 ’
Clean-Up (General) 400 72
Battery Breaking 1,500 37
Agglomerator Operator - 410
Clean-Up (Agglomerator) - 150

* Time-weighted average lead-in-air concentrations for all job
time sampled during two days of monitoring.

*% Foreman assisted agglomerator operator.
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TABLE 4-4. RESULTS OF BREATHING ZONE SAMPLING FOR ANTIMONY
DURING THE FOLLOW-UP EVALUATION 1 -
Interval 8 hr. TWA
Job Sampling Conc. Conc.
Description Employee Date Interval Ajggg§b/m3)* (ug Sb/m3)**
Potman WE 8-05-80 0742-1244 ND ND
8-05-80 1244-1544 ND
Foreman CS 3-05-80 0750-1257 ND ND
8-05-80 1257-1551 ND
Cokeman RH 8-05-80 0805-1240 20 11
8-05-80 1240-1544 ND

! samples were analyzed for a
Nos. P & CAM 173 and 261.

* Time-weighted average for the period monitored.

ntimony following a combination of NIOSH Method
The limit of detection was 10 ug Sb/filter.

** Eight-hour time-weighted average antimony-in-air concentration assuming
no exposure during the period not sampled.

ND - None detected.
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EMPLOYEE LEAD-IN-AIR MONITORING DATA

DECEMBER, 1976, TO AUGUST, 1980

Number —Exposure Range—
of Minimum Maximum
Moath Samples Mean* Ajgglm’) (gg/ma)
1976 December 4 670 580 760
1977 January 3 710 500 870
February 6 970 330 2,040
April 4 770 410 1,120
May 3 490 460 520
June 3 570 450 630
July 5 390 180 550
August 6 800 190 1,490
September 3 310 130 370
October 3 870 800 1,000
November 3 690 390 850
December 4 380 300 420
1978 January 4 500 90 1,040
February 3 770 580 890
March 4 820 580 1,020
April 3 2,100 1,850 2,550
May 3 . 850 530 910
June 4 300 170 470
July 4 340 300 410
August 5 320 100 770
September 4 370 280 510
October 4 790 350 1,340
November 3 520 330 850
December 4 690 570 780
1979 February 4 600 490 801
March 5 920 590 1,498
April 4 500 340 574
May 2 430 290 579
July S 350 250 843
October 6 310 99 594
December 16 820 120 2,601
1980 January 6 820 400 1,561
February 28 590 96 3,778
March 32 350 20 2,542
April 17 470 51 2,364
May 10 220 78 496
June 9 210 90 428
July 11 260 73 758
August 45 170 S 919
Source: Data supplied by East Penn Manufacturing

* Rounded to two significant figures.
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sampling data collected during the two preceding months. Thus, it appears
that the data collected by this study are not markedly out of step with
historical data provided by the smelter.

Prior to the spring of 1980, distinct exposure trends are extant. There
does, however, appear to be a downward trend beginning in May, 1980. This
downward trend is coincident with major exposure control improvements made
prior to the follow-up evaluation at East Penn. The results of subsequent
monitoring will determine if this is a continuing trend.

Work Area Concentrations of Lead and Antimony in Air

During both the initial and follow-up evaluations, stationary sampling
at specific work areas was performed to obtain information regarding lead
and antimony concentrations in air. Figure 4-1 shows where stationary
samplers were located in the main smelter building.

Sampling media, sampling rate measurement and sample analysis were
identical to that described for personal monitoring. Personal sampling
pumps were used to collect work area samples during the initial visit,
wvhile sequential samplers were used for the same purpose during the follow-
up evaluation. '

Table 4-6 presents the results of work area monitoring for lead and
antimony conducted during the initial evaluation. No detectable levels of
antimony were found. As was the case with personal monitoring data, lead-
in-air concentrations were generally higher on January 24, 1979, when
gusty winds and rain prevailed.

Work area concentrations tend to be much lower than breathing zone
concentrations and reflect the fact that employees are much closer to the
sources of emission within the smelting building than were the stationary
air samplers positioned at the locations shown in Figure 4-1.

Area sampling results from the initial evaluation do indicate that
the employee breakroom or lunchroom was significantly contaminated with
airborne lead. This condition offered the distinct possibility for
employees to eat food and use smoking and chewing materials which were
contaminated by lead. The contamination of the lunchroom may have resulted
from a variety of sources. As shown in Figure 4-2, the lunchroom is
adjacent to an industrial battery department which may have given rise to
infiltration of lead contaminated air. A more obvious source of contam-
ination was the traffic of employees dressed in work clothing to and from the
lunchroom. Lead particulate lodged on clothing, hardhats, etc., may have
been dislodged while these materials are removed or during normal movement
within the lunchroom.

-115-



TABLE 4-8. RESULTS OF WORK AREA MONITORING FOR ANTIMONY
DURING THE FOLLOW-UP EVALUATION'

Interval
Sampling Conc.
Work Area Date Interval (ug Sb/m3)*
Location No. A - 08-05-80 1020-1620 ND
Refining Area
(Refer to Figure 4-1) 08-05-80 1620-2220 ND
08-05/06-80 2220-0420 ND
08-06-80 0420-1020 19
08-06-80 1135-1735 ND
08-06-80 1735-2335 N1
08-06/07-80 2335-0535 15

Method Nos. P & CAM 173 and 261.
10 ug Sb/filter.

Samples were analyzed for antimony following a combination of NIOSH
The limit of detection was

* Time-weighted average antimeony-in-air concentration for the

period sampled.

ND - None detected.
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TABLE 4-9. RESULTS OF BREATHING ZONE AND WORK AREA MONITORING

FOR ARSENIC DURING THE FOLLOW-UP EVALUATION®

Interval 8-hr.
Sample Conc. TWA Conc.
Date Interval (ug As/mi)* (ug As/m?)*x
Job Description
Lead Pot Tender (WE) 08-07-80 0807-1228 0.32 0.91
08-07-80 1228-1547 1.8
Foreman (CS) 08-07-80 0814-1241 0.24 0.52
08-7-80 1241-1553 1.1
Work Area
Agglomerator Building 08-06-80 0923-1717 0.21
Location No. A - 08-06-80 0924-1725 0.24
Refining Area“ 08-07-80 0535-1135 0.44
08-07-80 1135-1740 0.96
Location No. B - 08-06-80 0925-1730 0.39

Blast Furnace
Charging Areat

‘ Samples were analvzed for Arsenic by hydride generation following the
nethod of Pierce, et al., "applied Spectroscopy,"” Vol. 30, pp. 38=42,
1976. The limit of detection was 25 ng As/filter. ’

* Time-weighted average arsenic-in-air concentration for the period sampled.

#**x ETight-hour time-weighted average arsenic-in-air concentration assuming no
exposure during pericds not sampled.

< Refer to Figure 4-1.

-
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Table 4-10 presents the results of this monitoring. All measured
exposures were low when compared to the OSHA permissible exposure limit
of 1.0 mg/m’® set forth in 29 CFR 1910.1000. This same exposure limit {is
also recommended in the NIOSH criteria document for sulfuric acid. It is
interesting to note that measured exposures were generally lower during the
follow-up visit. This is logically attributable to the presence of local
exhaust ventilation during the follow-up evaluaticn which was not in
existence at the time of the initial evaluation.

Work Area Concentrations of Carbon Monoxide

During the follow-up evaluation, a cursory carbon monoxide monitoring
survey was performed. A Model 2000 Ecolyzer carbon zonoxide detector was
used. The instrument was zeroed and then spanned with 50 ppm CO calibration
gas prior to commencement of monitoring. Following the monitoring survey,
the instrument zero and calibration were rechecked.

Table 4-11 presents the tesults of the carbon monoxide monitoring
survey. Concentrations measured ranged from less than one to approximately
13 ppm. These levels are low by comparison to the OSHA permissible
exposure limit of 50 ppm or the NIOSH criteria document recommendation
of 35 ppm on a time-weighted average basis.

MPLOYIZ B3LOOD LEAD LEVELS

An important test of the effectiveness of exposure control strategies
(engineering controls, personal hygiene, respiratory protection) is
biological monitoring of employee absorption of lead. One of the biological
indicators thought to provide an acceptable assessment of cumulative lead
absorption is the concentration of lead in blood. This lead concentration
is traditionally expressed in units of micrograms of lead per 100 grams
of whole blood (ug/l100g). Current OSHA policy and regulations
(29 CTR 1910.1025) regard 40 ug/l00g as an acceptable maximum blood lead
level concentration for working people. The current standard also provides
for removal of eaployees from lead exposure areas should their blood lead
levels exceed 70 13/100g. This level for medical removal will be lowered
to 50 ug/100g over the next few years.

East Penn Manufacturing has monitored emplovee blood lead levels for
2 number of years. Under this interagency-sponsored study, no bioclogical
monitoring could be periormed. East Penn Manufacturing supported this
study by providing dlood lead data collected from January, 1977, through
September, 1980, for smelter emplovees. It was hoped thar a review of
these data would provide another way of assessing the effectiveness of
inproving exposure control measures at Eas: Penn.
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TABLE 4-11. WORK AREA CONCENTRATIONS OF CARBON MONOXIDE
AUGUST 6, 1980

Carbon Monoxide

Work Area Concentration ppm*
Ambient background near flue dust landf{ill <1
Center of baghouse building <1
Near area sampling location between the refining kettles 2
(Refer to Figure 4~1, Location No. A)

At tight side of blast furmace slag tap 10 - 15
At left side of blast furmace slag tap 4

At work bench behind Refining Kettle No. 1 3-4
At blast furnace lead tapping hood 5

At tuyeres on charging side of blast furnace 3

At tuyeres on refining kettle side of blast furnace 3
Near skip hoist at ground level 1
Near skip hoist at top of blast furnace 2
Smeiter foreman's office <1
Near the burner exhaust of Refining Kettle No. 2 5~ 10
Beneath the U-tube coolers 5-10
Near the blast furnace water jacket cooler 2«15

* ppm = parts per million of carbon monoxide as measured by a Model 2000
Ecolyzer carbon monoxide detector.
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Review of historical blood lead data has revealed an apparent slight
downward trend in employee blood lead levels which as a group show that
substantial lead absorption has occurred. This trend is consistent with
a reduction in employee exposure potential brought about by improved
control of emissions, personal hygiene and respirator usage.

Figure 4-3 shows the mean quarterly average blood lead values for all
employees working at the smelter (including battery breakers). Solid
vertical lines indicate the range of quarterly average values. The mean
values were determined from quarterly averages computed for each employee
listed on the blood monitoring record sheets. Quarterly averages were
determined as the simple mean of all blood lead data available for a
particular employee during the three-month period. The number of blood
lead samples per individual per quarter ranged from one to three.

The workforce did not remain comstant throughout the three-year period.
New employees (including some with very low blood lead values) joined the
smelter workforce; other employees, whose blood lead levels exceeded the
medical removal limits were transferred ocut of the smelter to low-exposure
areas. Also, the cotal number of individuals for whom blood lead data were
available varied from quarter to quarter. Blood lead data were available
for a total of 56 employees during the three-year period. The number of
workers for whom sampling data were available each quarter varied from 20
to 37 individuals.

To control for biases introduced by the inclusion of all workers in
the sample group, it was decided that a more stable sub-group should be
considered. This sub-group consisted of all employees who had worked in
the smelter throughout the three-year period and for whom blood lead data
were available for each quarter. A total of nine workers fell into this
category. It is thought that the collective exposures of these individuals,
as indicated by their blood lead concentratioms, is more representative
of the real effectiveness of the smelter's lead exposure control program.

Figure 4-4 shows the mean quarterly -average blood lead values for
these nine workers. Solid vertical lines indicate the range of quarterly
average values. A slight downward trend is noticeable. Mean quarterly
average values for these nine workers do not vary greatly from the mean
values for all smelter workers, until the last quarter of 1979. This is
thought to result from the elimination of high blood lead values {(workers
removed in response to the medical removal provisions of the OSHA standard)
and the inclusion of low blood lead values (workers new to the smelter).
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Although the mean blood lead level for veteran smelter workers appears
to be gradually falling, the measured blood levels reflect significant
occupational exposure to lead. Other biological tests would be necessary
to determine whether these relatively elevated blood lead levels are being
maintained by current exposure to lead or by release of lead stored in other
body tissues to the blood stream. Given the history of exposures at the
smelter and current conditioms, it is likely that both current exposure and
the body burden of lead are contributing to elevated blood lead levels
in these individuals.

EVALUATION OF WORKPLACZI EXHAUST VENTILATION CONTROL SYSTEMS

Background and Methodology

Exhaust ventilation systems are a very important means of controlling
employee exposures in secondary lead smelcers. Careful documentation of
ventilation system design and performance was developed during both the
initial and follow-up evaluationms.

A variety of information was sought with respect to individual
elements of exhaust ventilation control systems. Among the desired data
were:

° A physical description of the system elament.

* Visual observations of the apparent effectiveness
of the system element:

. capture of visible emissions (e.g. fumes or dust).
. compatibilicy with work required of employees.
. situations when the control system element fails to provide

contaminant exposure control.

L Physical measurements of control element performance
(e.g. volumetric exhaust rate, face/control velocities).

® Feasible changes to processes/operations or the control
system element which could improve overall control eifectiveness.

To obtain this informacion, each control system element was observed during
various process and operating conditions. Physical measurements of air
flow were made at various times reflecting performance during speciiic
operations.



Air flows in ductwork were measured using standard pitot tubes and an
inclined manometer. Ten-point velocity traverses were made on two perpen-
dicular duct diamecers at each measurement location. Whenever possible,
measurements were made in straight runs of duct, several duct diameters
from upstream and downstream flow disturbances. Air stream temperature
was also measured.

Face and control velocities were measured using a Model 6000 P Alnor
Velometer and an Alnor Velometer Jr. These measurements indicate the
effective strength of the exhaust draft created by the hood. Smoke tubes
were used in conjunction with these instruments to observe air flow patterns
near exhaust ventilation hoods and other structures.

Coefficients of entry were calculated for most exhaust hoods. This
coefficient is an indication of how efficiently air flows into the hood.

Design anc Performance Characteristics of Smelter Local Exhaust
Ventilation Svsten

Each of the local exhaust ventilation hoods and their respective air
moving/contaminant collecting systems was studied during both the inmicial
and follow-up evaluations. As described earlier, individual exhaust air
handling systems underwent dramatic modification between the initial and
follow-up evaluations. The figures presented in Section 2 illustrate the
physical modifications made to specific exhaust system elements. These
figures also present some basic information regarding volumetric flows
of exhaust air control/face velocities and hood entry coefficients.

N

Table 4-12 presents a summary of volumetric air flow measurements
made during the initial evaluation, during an interim visit to the smelter
and during the follow-up evaluation. This table does not present all air
flow volumes measured, but does include those directly associated with
exnaust hoods or total system capacities.

Data collected during the initial evaluation are shown in column cne
of the table. As indicated, no exhaust ventilation was provided for che
blast furnace access doors, refining kettle No. 2 and the pigging machine.
The agglomeration furnace was not constructed or installed. Due to iack of
pnysical access, separate measurements could not be made for the furnace
charging hood and skip hoist furnace charging hood. The total capacity
of the hygiene exhaust air system (excluding the slag tapping baghouse) was
4.4 @l/s (9,500 scfm). The slag tapping exhaust system was operating at
1.8 2¥/s (3,900 scfm).
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The second column of Table 4-12 presents measurements made during an
interim visit to the smelter in June, 1579. At the time of this visit,
the new hygiene air exhaust system had been temporarily connected to the
old or existing exhaust hoods. No careful attempt to balance the system had
been made. The new air moving system greatly increased air flows through
all exhaust hoods connected to it.

Column three of Table 4-12 shows the volumetric flow rates measured
during the follow-up evaluation. During this visit, the new exhaust system
for the battery breaking facility was operational. The new hygiene air ex-
haust system had been roughly balanced to distribute exhaust service to
various exhaust hoods including the agglomeration furnmace. Within the
accuracy of the air flow measurement techniques employed, all air entering
and leaving the system was accounted for.

Table 4-13 presents a summary comparison of exhaust hood performance
characterisitics. Data are included from only the initial and follow-up
evaluations. In some cases, additional information is included in figures
i{2isstrzzing individual a00ds presented in Section 2.

BATTERY BREARKING

Ihe two exhaust hoods serving the battery breaking facility are shown
in Figure 2-5. Nearly equal exhaust fiow volumes are associated with each
nood. Slots are used to distribute the control zone of each hood along
the roller conveyor work surface. Slot velocities of 13 a/s (2,600 fpm)
anéd 7.1 =/s (1,200 fpm) result in control velocities near the roller
conveyor of 0.61 m/s (120 fpm) and 0.66 m/s (130 fpm) respectivelv, for
the shear and plate dumping hoods.’ These exhaust air flows do not control
projection of relatively large, lead-laden acid droplets toward the battery
oreaking employees caused by battery shearing and plate dumping. However,
the exhaust ventilation has had an apparent dramactic effect on emplovee
exposures o lead as summarized by data contained in Table 4-3. Reduc:tions
in exposure levels to sulfuric acid mist were also achieved as indicated by
data presented in Table 4-10.

Additional protection against splashes of battery acid could be
afforded by the installation of transparent barriers mounted at the front
edge of the roller conveyor beginning several inches above the conveyor (to
permic hand and arm access) and extending to worker head level or above.
Improved contaminant capture may be achieved by keeping the rubber flaps
to the case chute in their down position.

BLAST FURNACE
The blast furnace is the hub of the lead smelting activity and includes

many significant sources of contaminant emission. EZach major emission
source is provided with some form of exhaust hood and/or enclosure.
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Skip Hoist Hood (Ground Level) (

The skip hoist loading station is exhausted as shown in Figure 2-6 to
control dust emissions created by £illing the skip hoist bucket. The
design of this hood evolved from two flanged entries to opposing banks of
slot entries. Air is also drawn directly up the hoist shaft to the skip
hoist furnace charging hood shown in Figure 2-7.

The performance of this hood, as evidenced by the face velocity at
the open entrace to the hood, improved from negligible to 0.25 to 0.50 m/s
(<S50 to 100 fpm) between the initial and follow-up evaluations (refer to
Table 4-13). Since the volume of air exhausted through the two ground
level gicknps did not change significantly 0.66 a/s (1,400 scfm) to
0.80 o°’/s (1,700 scfm), the increase in hood face velocity is due in part
to greater exhaust volume for the skip hoist furnace charging hood.

The slot pickups do spread the control zone over the sides of the hood.
Since no dry {lue dust or similar material was charged to the skip hoist
bucket during the follow-up evaluation, the practical effectiveness of this
hood could not be observed. Practically all materials charged to the
bucket were wet or damp. It should be stated, however, that the grcund
level skip hoist hood is located in an open air work area which is subject
to strong drafts. Drafts like those witnessed during windy weather at
the time of the initial evaluation interfere with the control pattarn of the
hood making it less effective. (h.“

No lead-in-air concentration data are available which specifically
reflect the effect of improved ventilation at the skip hoist charging
station. The hoist operator's exposure was dramatically reduced from the
initial to the follow-up evaluatiomns. But the exposure reduction is
more likely due to other changes (such as wetting of charge materials,
discontinued charging of dry flue dust and improved control of blast
furnace emission sources) than to modest control improvements at the
skip hoist charging station.

Skip Hoist Furnace Charging Hood

The skip hoist charging hood is shown in Figure 2-7. The configuration
of this enclosure did not change berween the initial and follow-up evalua-
tions. However, the amount of air exhausted from this point did increase
bv several times. This hood helps to control emissions which overioad
the main furnace charging hood also shown in Figure 2-7. Observation
of cthe control effectiveness of the skip hoist hood showed it to be much
izproved Zrom the initial evaluation. However, when the furnace top
temperature rose and burnthrough of the charge approached, visible emissions
of fume and dust were observed to escape from this hood. ‘' These emissions
vose to the roof of the smelter building, cooled and eventually setzled
into lower levels where employees work.



i

Furnace Charging Hood

The blast furnace charging hood is shown in Figure 2-7. Tie enclosure
configuration of this hood did not change appreciablv from the :nitial to
the follow-up evaluation. The exhausted flow volume did increase sub-
stantially to approximately 3.2 m®/s (6,800 scfm). As shown in Table 4-12,
an even larger exhaust air flow of 5.7 m’/s (12,000 scfm) was measured
during an interim visit to the smelter. This exhaust rate was e:cessive
since it reportedly caused competition between the hygiene exhau..t air
system and the process gas (flue gas) exhaust system. This resu. ted in
heavy accumulations of material in the refractory lined process sas flue
leading away from the furnace top and entrainment of hot gases ar.d particu-
late into the hygiene air exhaust system.

tven though the production rate of crude lead and furnace to>
temperatures were higher during the follow-up visit, the furnace harging
hood appeared to be collecting a much higher percentage of all em ssions
from the charging area. (Total emissions captured by the hood ar- shown
in Table 3-3.) During near burnthroughs (high furnace top tempe: atures),
visible fume and dust emissions do escape capture. It is likely tnat
incomplete emission coatrol will continue as long as the smelter ¢.ects
to operate the furnace with high throughput rates and high furnace top
temperatures.

Slot Hood Over Furnace Access Doors

Following the initial evaluation, a new exhaust hood was constructed
to capture fumes and smoke escaping from blas: furnace access doors.
This hood is shown in Figure 2-7 together with the access doors whi:h leak
during zmoments of elevated positive pressure inside the furnace. Escaping
fume and smoke rise from the furnace doors and follow the shell of “he
furnace. The hood incorporates a long slot to distribute the comtr 1
zone across the width of the furnace.

At the time of the interim visit to the smelter 0.90 @m’/s (1,9() scfm)
of air was being exhausted through this hood. This exhaust rate decreased
prior to the follow~-up evaluation when only 0.34 m¥/s (7,300 scfm) ware
exhausted.

This hood captures some of the emissions from the access doors. Better
control could be achieved if the hood were nearer the emission sourc=s and
if it extended out from the furnace to collect emissions which do no rise
close to the furnace shell. The entire problem of emission from the e
doors could be reduced by improving the design and maintenance of th. doors

to limit emissions.
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Slag Tapping Eood

The slag tapping hood is served by a separate small baghouse.
Figure 2-8 shows how the configuration of the hood changed between the
initial and follow-up evaluations. The new design affords much better
enclosure with small doors allowing access or observation.

Some increase in the exhaust rate from this hood was measured and
the coefficient of entry for the hood improved. Control velocities appear
sufficient to contain fume and smoke but particles of molten slag are
projected out of the enclosure during active slag flow.

During the initial evaluation slag was allowed to cool and form a
thick crust before the crucible was removed from under the hood. Less
cocling time was allowed during the follow-up evaluation. Crucibles were
removed while very hot. The impact of this practice on lead exposures is
not exactly known, however, the data in Table 3-3 suggest that molten
slag may be a significant source of lead fume emission.

Metal Tapoing Hood

The metal tapping hood encloses and ventilates the furnace tap hole
and lead well. The configuration of the hood did not change between the
initial and follow-up evaluations. The hood is shown in Figure 2-10.

The exhaust rate and face velocity for this hood increased dramatically (\ap
with the installation of the new hygiene exhaust air system. Opening the
blast gate above the hood improved the coefficient of entry.

The blast furnace tap hole and lead well are significant potrenciai
sources of lead emission. Improved emission control at these sources has
undoubtedly helped to reduce employee exposures. This exhaust hood could
be further improved by tightening the enclosure around the lead well and
extending it to the shell of the furanace. Additional exposure reduction
could be gained if the hood were redesigned to permit easier access for
punching the tuyere near this hood. These wmodifications may permit re-
distribution of exhausted air volume to the launder hood without compromising
control at the lead well.

Launder Hood

Molten lead is transferred from the lead well to block molds via a
launder. A movable exhaust hood is provided for the launder. This hood
underwvent some modification as shown in Figure 2-11. The quantity of air
exhausted from this hood more than doubled and face velocities increased
sharply. These changes improved emission control.
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Figure 2-13 shows a side view photograph of the launder hood. The
metal tapping hood is to the left and the block casting hood is to the right.
Improved control could be accomplished by shortening and more completely
enclosing the launder, replacing the launder with a closed transfer system
such as a pump and pipe or providing one large exhaust enclosure for the
lead well and block molds. These possible modifications would close gaps
in the existing arrangement and help to minimize the effects of crossdrafts
which can entrain contaminated air from the hood enclosures.

Block Casting Hood

The old and new block casting hoods are shown in Figure 2-12. The new
hood provides more complete enclosure of the block molds. The exhaust rate
from this hood is roughly seven times that for the old hood. These
modifications resulcted in better control of lead fumes emanating from
block casting.

The new hood has an open back which could be provided wicth sliding
or flexible flaps. This would improve overall enclosure of the operation.
The flexible duct section could be shortened to reduce air flow resistance.
This hood could also be integrated into a larger enclosure serving the
metal tapping and casting operation.

REFINING KETTLES

Exhaust Hood for Refining Kettle No. 1

Figures 2-15 and 2-16 indicate the changes made in exhaust ventilation
structures for refining kettle No. 1. The new hood originally had curtains
hangiag in the open area of the hood shown in Fizure 2-17. These curtains
were drawn into the hood by the flow of exhausted air. This design
deficiency was corrected in the new hood for refining kettle No. 2.

The exhausted air volume for refining kettle No. 1 was approximately
40 percent of cthe total air flow devoted to the two refining kettles.
Correction of this imbalance in air flow and modification of this hood to
be more like the hood for kettle No. 2, would improve emission control.

Exhaust Hood for Refining Rettle No. 2

Kettle No. 2 was not enclosed or exhaust ventilated at the time of the
initial evaluation. Figure 2-18 shows the hood which was designed and
installed. This hood provides nearly complete enclosure during block
melting. Skimming is still manually performed in front of the hood. The
hood doors are opened to allow pumping of molten lead to the pigging machine.
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PIGGING MACHINE

Prior to the follow-up evaluation, the pigging machine was equipped
with a series of enclosing canopy hoods. As shown in Figures 2-20 and 2-21,
canvas curtains are employed to complete the enclosure. Neither chis hood
nor the kettle hoods control emissions from the heating of lead transfer
piping, which is accomplished using gas torches.

The data in Table 3-3 indicate that uncontrolled emissions from the
pigging machine would be roughly equal to those from refining kettles.
Most of the emission from the pigging machine is thought to be caused by
the flame heating of the molten metal reservoir and nearby surfaces.

The side curtains for this hood may become contaminated with lead
dust. When disturbed, they could become a further source of exposure.
Some of these curtains could be replaced with solid side panels. The
length of other curtains could be shortened by lowering the canopies or
providing partial solid side panels. Measurements along the ingot cooling
chain could be performed to see whether hooding is necessary at the cool
end. If no emissions are detected at the cool end, the hood could be
shortened. This, in combination with previously mentioned changes, could
increase the hood face velocity. Increased face velocity will help
minimize the effects of workroom air currents.

AGGLOMERATION fURNACE

The aggiomeration furnace and associated dust feeding and exhaust (in
ventilation systems are shown in Figures 2-23, 24, 25 and 26. Table 4-13
presents exhaust air flow information regarding the furnace flue gas
stream, tote box dumping hood and metal tapping hood.

The agglomeration furnace does not meet expectations as being part
of the solution to dust control problems at the smelter. This has been
true since its installation. Problems with the dust feed mechanism and
the agglomerating properties of the dust cause a range of operating
problems which result in serious potential exposures to lead-in-air for
several smelter emplovees.

Dust Teed Mechanisums

The dust Zfeed mechanism consists of screw convevors, bucket elevators
and a gravity feed chute. Additionally, tote boxes of leady dust are fed to
the s¥stenm througn the nopper shown in Figure 2-2i. This feeding mechanism
leaks dust from many transfer peints. It is also srone to clogging or
jamming which requires =smplovees to open the system and clear the material.

Repeated opening and clcsing of the svstem aggravates the problem of
sinimizing leaks.
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The gravity dust feed chute is an almost comstant source of dust
jams. Employees use a vibrator, hammers and metal rods to dislodge clogged
material in this chute.

Dust feed leaks and jams create exposures which are not controlled by
the exhaust ventilation system. Vacuum and wet washing techniques are used
to clean up spills.

The dumping of tote boxes is performed in a simple hopper. This hopper
is provided with some exhaust ventilation. The amount of dust which
escapes the tote box dumping operation is highly dependent on worker
technique. Uncontrolled emissions from dumping tote boxes could be reduced
by improved design of the dump station or by using a different transfer
sechanisa.

Turnace Operation

The agglomeration furnace is operated at high temperature to counterzc:
the poor agglomerating properties of the flue dust and the fluctuating dusc
feed rate. High temperature operation introduces heavy lead loadings into
the furnace flue gases. Table 3-3 presents emission rate data for the
agglomeration furnace. Any interruption in flue gas control results in heavy
contamination of the agglomerator/baghouse building.

Another consequence of high temperature operation is overheating of the
gravity dust feed chute. This results in smoke and fume formatioa in the
chute which cannot be controlled by exhaust ventilation. Under these
conditions fumes and smoke emanate from a number of points in the dust feed
Dechanism above the furnace and eventually contaminate the building.

Furnace Tapping

Molten material leaves the furnace through a spout and falls into a
crucible. The crucible is housed in an exhausted enclosure shown in
Figure 2-25. Air flows into the enclosure through the small box opening
at a velocicy of 1.3 to 1.5 m/s (250 to 300 fpm) which appeared to control
fumes and smoke from the crucible.

The box opening is used to observe the furnace spcut. When the spout
becomes clogged, a metal hoe or rod is inserted through the box opening
in the hood to clear the spout.

JOUSEXEZPING
Housekeeping practices at East Penn improved berveen the inizial visi:

and the Zfollow-up survey. The plant yard and roadways were paved with
asphalt and a mobile sweeper/vacuum is used to keep :these areas clean.
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A central vacuum svstem was installed for the smelter building, the
vard between the smelter and the agglomerator (baghouse) building and the
agglomerator (baghouse) building itself. Water hosebibs, a concrete floor
and a central floor drain were also installed in the agglomerator building.
A metal partition was built to separate the charge preparation and
soelting areas of the main smelter building. The number of workers
routinely assigned to clean-up duties each shift was increased. The
lunchroom was scheduled for daily janitorial attention. These changes re-
sulted in a better level of control for settled dust and fume particles.

A problem is noted, however, with the use of water for clean up.
“ater alome is not an effective wetting agent for the leadv dusts. The
dust-water mixture is slippery and can create a hazard on walking surfaces.
The spraying of water on piles of leady flue dust actually stirs up the
dust and redisperses it into the air. Also, it is not practical to use
water for washing down floors and roadways in the winter due to the form-
ation of ice. It is possible that a wetting agent could be added to the
washdown water to alter the hydrophobic surface of the leady dusts. This
action, however, would not solve the problem of ice formatiom in the winter.

Ioproved lead contamination control provided by janitorial attention
to the lunchroom is partially offset because emplovees do not clean or
rezove their work coveralls before entering the lunchroom. This practice
introduces lead contaminants into an area that should be kept uncontaminated.

The mobile sweeper/vacuum is effective in removing dirt and dust
accumulations from the plant roadway and yard. There is a question,
however, of how much dust is redispersed as a result of the operation of
this sweeper/vacuum. To investigate this issue, a real-time dust concentra-
tion monitor (the RAM-1), manufactured by GCA Technology, was used. Dust
concentration measurements were taken as the sweeper approached and as the
sweeper passed by. There was a noticeable increase in airborne dust
conceantration as the sweeper passed. It took several minutes for dust
concentrations to return to general background levels. A similar evaluation
was pade for clean up acitivites using the central vacuum system. The
passing of the hand-operated vacuum nozzle did nct increase airbornme dust
concentrations for the vacuum operator.

PERSONAL PROTICTIVE EQUIPMENT AND IMPLCOVEZ HYGIENT PRACTICES
Employee-related exposure controls are a complement to engineering
control measures. The use of personal protective equipment and the maint-

enance ¢f good hygiene practices are twn emplovee-related controls that can
reduce exposures.
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East Penn Manufacturing supplies respirators and protective clothing
to workers to help protect them from lead exposure. The respirators are
half-mask, air purifying respirators with high efficiency filters. These
respirators are cleaned daily in a central respirator maintenance facility
and are stored in lockers in the employee lunchrocm. This respirator
cleaning facility is an improvement initiated by East Pemnn following the
initial visit for this study. Another improvement was the comstruction of
a central laundry. This laundry facility has made it possible for East
Penn to provide a daily change of protective clothing for smelter employees.
This daily change of clothing eliminates lead exposure associated with locker
storage of contaminated workclothes or the wearing home of contaminated
workclothes. Workers do not always clean off contaminated workclothes or
remove coveralls before entering the lunchroom for lunch ot breaks. As
a consequence, lead-bearing dusts are carried into the lunchroom on the
workers' clothing. This source of contamination could de reduced oy
requiring the removal of coveralls and/or providing equipment (vacuum or
a downdraft booth) for the workers to use to dust off their clothing.

Company policy prohibits smoking and eating in the smelter building,
the agglomerator building and the immediate yard area. Smoking and eating
are permitted in the employee lunchroom. Enforcement of this policy has
become more strict since the plant was first visited. During the follow=-up
visit all employees were observed to comply with the policy. Handwashing
facilities are provided for workers to use before eating lunch or smoking.

It appears that employees are conscientious in the use of respirators.
During the follow-up visit, it was observed that workers wore respirators

in required areas. It was also observed that the respirators were worn
Properiy.

The half-mask respirators worn by most workers mav not provide
adequate prctection in all plant areas. Workers in jobs wherz axposure
measurements routinely exceed 500 ug/m® should use more eiZective {orms ci
respiratory protection prescribed in 29 CFR 1910.1025.
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SECTION 5
COSTS OF NEW CONTROL SYSTEMS AND PRACTICES

During the follow-up evaluation, cost data was obtained from East
Penn Manufacturing regarding control modifications made at the smelter.
Individual cost items have been organized in major categories and are
presented in the following sections. Costs for matarials/equipment and
fabrication were primarily taken from vendor/fabricator invoices.
installation costs were estimated by plant personnel using hourly wage
rates for specific labor categories.

IMPROVED EXHAUST VENTILATION SYSTEM TO REDUCE ‘MPLOYEE EXPOSURES TO
LEAD IN THE SMELTER AND BAGHOUSE BUILDINGS

Sanitary Baghouse

Baghouse $ 95,876
Baghouse foundation 3,200
Baghouse arection - outside 5,132
Fan 6,000
Fan base 2,361
Fan preparation 800
Fan erection 1,500
Service walkway 1,600
Vibrators 2,162
Electrical 33,400
Shipping 11,019

$163,050

Enclosure for Baghouses and Agglomeration Furanace

Building $ 37,205

. Bolts and design 3,117
Siding and roof 16,076
Doors 7,400
foundations 5,500
Floors and control room 9,080
Erection 12,7058
Labor 6,148
$ 97,231
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Ductwork, Dropout Chambers, Catwalks, Etc.

48 inch ductwork $ 9,020
Baghouse ductwork 34,800
Inlet and outlet ductwork 14,995
Damper 1,150
Dropout unit and rotary valve 4,800
Agglomeration furnace ductwork 12,624
Ducts from smelter building 23,204
Cleanouts for ductwork 3,451
Catwalk material 6,468
Labor 2,880

$113,392

Design, Fabrication and Installation of Exhaust Venrilation Enclosures

Modifications to blast furnace $ 17,803
charging hoods

Modifications to skip hoist 1,537
loading hood

New slag tapping hood 2,361
New hoods for metal tapping, 1,962
launder and block molding

Hood for refining kettle No. 1 8,395
Hood for refining kettle No. 2 19,180
Hood for pigging machine 5,188
Hood for dumping tote boxes 5,600
into agglomerator feed system

Hood for tapping spout of 2,470

agglomeration furnace
$ 64,516

Total Cost of Exhaust Ventilation for Szelter and Baghouse Buildings

$438,189
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FLUE DUST AGGLOMERATION FURMACE AND FEEDING SYSTEM (

Agglomeration Furnace

License fee $ 25,000
Cover 1,325
Tubing 1,105
Steel 4,154
Spout 250
Refractory 7,218
Hoist 234
Thermocouple 181 ;
Burner 468
Main burner _ 7,853
Rebrick agglomerator 4,361
Replace burner 874
Installation labor 10,000
$ 63,023

Agglomerator Feeding Equipment

Elevators and screw conveyor $ 7,442
Inclined conveyor 1,908
Dump hopper 3,600
Chutes 797
Transition section 808 (
Feed pipe 906 o
Vibrator 557
High temperature belts 1,391
Chain belt and chute 838
Electrical 9,000
Installation labor 16,000
§ 43,247

Cost of Agglomeration Furnace and Feeding Equipment (Exhaust Ventilation
Control not Ircluded)

$106,270

CENTRAL VACUUM SYSTEM FOR SMELTER BUILDING AND BAGHOUSE BUILDING
Concreta pad S 750
System purchase price 15,000
Svstem installation 4,500
$ 20,250

o
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EXHAUST VENTILATION SYSTEM FOR THE BATTERY BREAKING OPERATION

Fan and some ductwork (1971) - $ 4,820
New motor and fan rebuild 2,207
New ducts and hoods 5,624
Wire mesh 318
Additional fiberglass material 134
Installation labor 800

$ 13,903

OTHER SMELTER MODIFICATIONS
Yard paving materials $ 6,300

Partition separating blast furnace $ 2,520
charging and refining areas

Gravity stacks for kettle buyramer $ 1,251
exhaust

Launadrvy Facility

Four clothes washers $§ 1,526
Two individual clothes drvers 3,032
Used sewing machine 90
Two water heaters 1,490
Piping 300
Valves 80
Sink and faucets 70
Sorting tables 200
Installation labor 900

S 7,688

ADDITIONAL LABOR FOR IMPROVED HOUSEKEEPING AND MAINTEZNANCE OF NEW CONTROLS
$ 3,080
COSTS ASSOCIATED WITH DMPROVING THE RESPIRATORY PROTIZICTION PROGRAM
Ultrasonic cleaner (installed) $ 7,500
Labor and materials for $ 1,027

respiracory cleaning and
maiatenance (monthly cost)



SECTION 6

DISCUSSIOF OF RESULTIS

This section presents a discussion and correlation of results developed
in the various characterization activities. Measurements obtained on con-
trolled process sources are reviewed first. Then, the 2ffectiveness of the
baghouses will be discussed. The properties of the flue dust, like particle
size, settling velocity and agglomeration properties are summarized next.

A discussion of employee exposures to workroom contaminants and workplace
exposure controls follows. Finally, a brief summary of control costs and
control status is presented.

CONTROL PROCESS SOURCES

In-duct measurements were made to determine the quantities of contam-
ination collected by exhaust ventilation enclosures serving specific process
emission sources. The sources evaluated include: blast furnace charging,
slag capping and lead tapping, kettle refining, ingot casting and flue dust
agzlomeration. The amount of lead captured from each of these socurces is as (

follows: o
] Blast furnace charging ~85,000 g/hr
. Agglomeration furnace ~50,000 g/hr
L Blast furnace slag tapping ~900 g/hr
o Blast furnace metal tapping ~340 g/hr
L Ingot castiag (pigging machine) ~14 g/hr
L Refining kettles ~13 g/hr

Dust generation from blast furnace charging is primarily caused by
mechanical entrainment. This is evidenced by the particle size distribution.
Seventy percent of the particulate matter is larger than 15u. The contribu-
tion of the agglomeration furnace with 50,000 g/hr is surprisingly high.

Two Techanisms seem respousible for this high figure. First, the high

Zas flow rates in the agglomerator furnace of 8,500 m’/hr leads to mechanical
entrainment of dust. Second, the high furnace temperature leads to
evapcration of volatile lead compounds.



e

The emissions of the other process sources seem to ccrrelate with the
temperature. The hottest stream is the slag. Slag temperatures are in the
1,150°C to 1,200°C range. The vapor pressure of lead is .5 mm Hg at
1,200°C. This means air in equilibrium with pure lead at this temperature
contains 2.3 g Pb/m?. Equilibrium values at other temperztures are
0.8 g Pb/w’ at 1,100°C and 0.2 g Pb/m® at 1,000°C. The temperature of
the lead well is lower than that of the slag. Kettle ref:aing is done in
the neighborhood of 450°C and pigging at 350°C. The Pb partial pressure
can be estimated using the following correlation:

log pp, = -9.368 x 10° (%) +7.523 (6-1)

? = partial pressure of lead in mm Hg
T = absolute temperature in °K

we find
Ppp at 350°C = 3 x 13 ° mm Hg
and

Ppy 3T 450°C = 3.7 x 10 % m Hg

his corresponds to equilibrium concentrations of 3.6 ug/z’ at 350°C and
-30 ug/=a® at 450°C. :

Trom these figures it is obvious that process sources with high
temperatures and large flow volumes need to be controlled closest. ZIven
a szall amount of emission escape from large high temperature sources can
Tesult in heavy contamination of the workplace.

Although ingot casting (pigging) is performed at a rela:ively low
temperature, a torch is used to heat the lead reservoir on t-e pigging
machine. This results in evaporation of lead. Without encl:sure and
control, the pigging machine could be a significant source o workplace
contamination.

Some compounds of lead are even more volatile than elemental lead.
Examples are PbO and PbS. This is shown in Figure 6-1. Data for Sb, XC1,
?5Cl; and as are also represented.

The nizn vaper pressures of these lLead compounds lead to evapcration
in the hot areas of the smelting process and to condensation .a the colder
ones. This has a pronounced influence on the particle size d:.stribution
Zound ia the smelter gas streams.
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The amounts of lead carried by a gas stream with a flow rate of
4,000 m’/hr at equilibrium conditions are 10,500 kg/day at 1,155°C,
1,200 kg/day at 977°C and 140 kg/day at 838°C. Dust production by
evaporation-condensation increases with increasing blast furnace temperatures.

PARTICLE SIZE DISTRIBUTION

The particle size distribution measured at the process sources support
the above findings. The lead content was found to increase with decreasing
particle size for the hottest streams.

Source >15u 2.5 - 15u <2.5u

3last furnace slag tapping 11Z Pb 11Z Pb 78% P&
3last furnace lead tapping 1272 P 54 Pb 83%2 Pb
sgglomerator flue 7% Pb 22% Pb 71Z Pb

Temperatures at these points are in the 1,000°C to 1,200°C area.
In comparison, temperatures around the charging operation are much lower.
Mechanical entrainment seems to be 2 major mechanism of dust production.
This is reflected in a particle size distribution skewed to larger
particulates.

Scurce >15u 2.5 = 151 <2.5u

2'ast furnace charging 60% % 8% Pb 322 PY

Tils can be explained by an evaporation-condeasation zechanism for the
first three streams and a more pronounced mechanical eatraimment around
the charging area. An evaporation condensation mechanism leads to an
increasing lead concentration with decreasing particle size, since small
particles exhibit a much larger specific surface area (m?/g) than larger
particles. The element concentration after condemsation on nucleil is
directly proportional to the specific surface area.

The particle size distribution measured with impactors is supported
v the Iindings of surface electron microscopy. Figure 3-2 shows dust
ccllected in the ducting of the lead tapping. The magnification was 4.75 KX.
The dust seems to be composed of small spheras, with a diameter smaller
zhan lu. Several spheres stick together to form larger aggregates. This
3gain sugperts an evaporation-recondensation =2echanisz. The phase :hanges
irom:

—lid=



FIGURE 6-2. ELECTRON MICROGRAPH OF LI&D WELL DUST
NIFICATION - 4,73 KX
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create liquid droplets (spheres) which bake together upon solidification.
Temperature regimes similar to the lead well are prevaleat in the agglom-
erator furnace, which was heated to a vellowish-white and also at the slag
tap. What is of great relevance here is the fact that particulate matter
escaping the hooding exhibits very low secttling velocities. It will,
therefore, contribute significantly to the lead level in the workroom
area and to the ambient lead level.

CONTROL EFFICIENCY OF BAGHOUSES

Dust collected in the hooding systems of the point sources is carried
to three bagnhouses. The collection efficiency of these control devices
fluctuated during the sampling period; namely, from 99.2 to 99.9 percent for
the process baghouse, 99.9 to 97.2 perceat for the sanitary baghouse and
97.6 to 97.9 percent for the slag tap baghouse. Control efficiencies in
the 97 percent range are low. Expected values are in the 99+ percent
range. A reason may be the high concentration of particulate matter in the
<2.5u size range. The total lead released to the environment is:

. Slag tap baghouse 10 g/hr
° Process baghouse 195 g/hr
Sanitary baghouse 84 g/hr

or a total of about 7,000 grams per day. Again, it is noteworthy to stress
that about 70 percent of this escaping material consists of inhalable
particles with diameters <2.5u. The baghouse fabric comsists of orlon and
dralon. The air to cloth ratios of 1:0.7 (slag tapping baghouse),

1:1.3 (sanitary baghouse) and 1:1.8 (process baghouse) are not atypical

for these applicatioms.

The figure of 7 kg/day of dust released through the stacks controlled
by Saghouses compares to 8,000 kg/day of dust produced in the ctotal
smelting operation.

DUST AGGLOMERATION

Proper handling of flue dust is critical to the prevention of workplace
and environmental contamination. The dust handling procedures implemented
a: Zast Penn are, however, not sufficient. Dust collected in the air cosclers
is transported by screw conveyors to one centrai collection point. Here
the dust is filled into tote boxes. Leaks 2t the points of transfer and at
the joint where the flexible hoses connec: with the toze boxes are constant
scurces of dust leaks. The most difficul: situatiom, however, exists in
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the agglomerator building. Lead in the workroom reached 2,200 ug/m’® during

a process upset. Time-weighted average exposure of the agglomerator furnace
operator was 410 ug/m’ over two workdays sampled. These high levels of air
contamination were caused by poorly controlled dust handling operations

and emissions from the charging equipment for the agglomerarion furnace.

A study of flue dust agglomeration properties was undertaken after
significant differences in the agglomeration behavior of East Penn,
General Battery and Bergsde dusts were observed. A summary of the findings
was presented in Section 2. A detailed description is included in
Appendix A.

In summary, it was found that the dusts are composed of Pb, PbS, PbD
and lead oxysulfates. These compounds are expected at blast furnace
operating conditions according to the phase dfagram reproduced in Figure
6-3.

The amount and type of these phases found, depends on the profile
of temperature and oxidation potential (pCOz/pCO)’ and on the residence
tine.

The second observation is of fundamental importance. The Bergsode
flue dust contained up to 24 percent chlorine in the chemical pnasas of
PbCl, and KPb,Cly. The presence of these low melting compounds allowed
dust agglomeration at temperatures as low as 410°C. This compares to
~900°C necessary at East Penn, where the chlorine content is only
2 percent.

In secondary lead smelting, the chlorine source is polyvinylchloride
used in battery manufacture. Polyvinylchloride (PVC) is used in Europe
to a auch higher degree than in the USA. It is estimated that 30 percent
of battery plate separators are made of PVC in Europe. In the US only
3 percent of car batteries contain PVC. These organic materials decompose
under blast furnace conditions and the chlorine combines with lead to form
low melting lead compounds. An attempt to raise the chlorine content was
3ade during the August sampling effort. Feeding of PVC scrap and flue dust
recycling led to a build-up to 4 percent Cl on August 14. However, this
practice was discontinued before sufficient chlorine had accumulated to
significantly change agglomeration properties of the flue dust.

The high melting flue dust compounds necessitate the high energy
input of two million Btu/hr to the agglomeration furnace at East Pean.
Mechanical dust entrainment, evaporation of lead compounds, clogging of
the gravity feed system and low furnace throughput are the consesquence.
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Due to the poor agglomerating properties of the flue dust at East Penn,
the Bergsde agglomeration furnace seems unsuitable to solve the dust
handling problems at East Penn. Before flue dust agglomeration is attempted
using the Bergsde technology or other approaches at US secondary lead

smelters, careful study of dust agglomeration properties should be performed.

SETTLING VELOCITY AND PARTICLE IMPACTION

Both phenomena; the settling velocity of particles and the collection
mechanism of impactors, are correlated with the particle behavior in a
gravitational force field.

The terminal settling velocity in the atmosphere is reached when
the gravitational force equals the force of friction. Stokes derived:

Kasmega=ans 6éfr v (6-2)

or:
(o -p +d? . g g
- P air) - . . a2

v = settling velocity
pp = particle demsity (g/cm’]

9,4, = demsicy of air (g/cm?]

d = particle diameter [u]

g = gravity comnstant 9.81 (m/sec?)

n = viscosity of air 1.8 x 10~ ° [Dyn °+ sec/m?]

m = mass of particle [g]



With this correlation the settling velocities for lead particles
(2 = 11.3 g/cm®) of different diameter at ambient temperature are estimated
to be the following:

Settling Velocicy Particle Diameter

v _[cm/sec) d (u]
0.0003 0.1
0.008 0.5
0.015 0.7
0.06 1.5
0.6 4.5

3 10

8 15

30 30

Lead particles with diameters less than 4.5U have sufficiently long
airborne residence times to be inhaled. Their deposition in the
respiracory system is dependent on parzicle size alsc. Smaller particles
nave higher potential to reach the deep lung. Larger particles may be
derosited in the upper airways and can eventually be swallowed.

Particle size distribution measuremencs indicated that most ¢f the
eni:ted particles (60 to 70 percent) are in the <2.35u size range. The
seccling velocity for this material is very low. This means fumes and fine
particles escaping from process enclosures may remain airborme iz the
workroom for long periods. Similarly, small particles emizted from baghouse
stacks may be carried far downwind before deposiction cc:ours.

In aerosol physics, it is customary to treat particles as spheres with
the density of ome g/cm® and to work with aerodynamic diameters. The
correlaticn:

d - daerodxnamic (
real 1 /2
oreal

can be used o correlate the aerodynamic diamerer (- = 1) and the real
diaxeter (o = Qreal)‘ Parcicles wich aersdvnamic diameter of 2.5 to 135.
stay in the upper respiratory tract. Parcziclas with an aerodynamic diameter
of <Z.5u reach the lungs and partly diffuse into the bloodstream.

o
]
-~



In the case of lead (p = 11.3), particles with a nominal diameter
d = 15: v11.3 = 4.5u are inhalable and particles with a nominal diameter of
d = 2.5: v11.3 = 0.7y can reach the deep lung. The corresponding
settling velocities of lead spheres are 0.6 and 0.06 cm/sec, respectivelr.

The collection efficiency of impactors depend on the same aerodynami:
principles. A particle is collected if it settles in the centrifugal
force field of the air jet reflection. It is customary to report the
aerodynamic diameter of particles collected with 50 percent efficieacy.

5y o+ d?
Ye - o "
vso = C 18n

o<

(6-3)

= constant
= velocity of gas in jet
= diameter of jet (hole in impactor stage)

€ U g .0

= 50 percent collection efficiency for particles of diameter d.

aith this correlation we derive, for instance, that a Smith Greenberg
izpinger collects 30 percent of particles of lu aerodvnamic diameter.

The above equations gain importance in the light that the instrumer::
-2signed to collect particles as function of size are always calibrated
) measure aercdynanic diameter. The particle size information given i
.= rvepors fsllows this custom.

AMBIEZNT LEAD LEVELS

Three sources contribute to ambient lead levels, namely, the baghouse
stacks, fugitive emissions from the smeliter and agglomerator building and
surface entraimment from yard areas. The three stack emissions were amenzble
20 Deasurement. Fugitive sources are more difficult to measure. To
estimate entrainment from area sources imposes the greatest problem.
Principle area sources are the dust pile (Figure 5~4), the smelter service

road, the battery storage piles along the pond and other contaminated
surface areas.

The integral effect of these sources was measured by placing hi-vol
samplers upwind and downwind of the smelter. The locatioms selected,
nemely Reinhart's farz, the pond garage and the water tower, were diz-aced bv:
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area topography (
distribution of buildings and vegetation

wind rose, and

the availability of electricity

Lead analysis of the filters was performed for days with favorable wind
direction predominantly from the west. The upwind locationm, Reinhart's
farm, showed in all cases very low lead concentratious (0.1 to 0.6 ug/m®).
Values at the water tower were 0.7, 1.4 and 3.5 ug/m® during the August
samplin§ effort. The pond location showed values of 2.1, 7.0 and

11 pg/m’. This can be caused by the closer proximity to the smelter and
the battery storage piles at this locactionm.

An effort was made to correlate ambient lead concentrations resulting
from the two hi-vol monitors with those resulting from the modeling of
xaown emission points. This was done using the Industrial Source Complex
Short-Term dispersion model (ISCST). The data inputs, assumptions
and results of that modeling effort are described in the following
paragrapns.

The process baghouse stack, the slag tapping baghouse stack and the
sanitary baghouse stack were the three point sources modeled. Locations
and stack parameters are shown in Table 3-9. The lead emission rates for
the three point sources were 0.056, 0.003 and 0.028 grams per second,
respectively (see Table 3-6). Particle size distributions are given in (;uw
Table 3-7.

Due to the nature of the orientation of the slag and sanitary baghouse
stacks, they were modeled as volume sources. This means that for the
purpose of the model they were modeled as virtual stacks located some

istance upwind of their actual locations. The purpose of this is to
account for the extra dispersion caused by the atypical stack configurations.

The dust storage area was zodelaed as an area source. It was assumed
to be a square with each side 45 meters. An emission rate of 1 x 10 8 grams
per square meter per second was calculated based on a literature estimace
of 1 gram per thousand square meters per day for storage piles.2 Particle
size distribution was taken from Table 3-13. An effective emission height
of 2 meters was assumed.

Meteorological data came from two sources. wind direction and wind
speed were measured 2very three hours at the plant site. Other metaorolog-
ical data, such as cloud cover, ambient temperature and hourly wind direction
and wind speed data, came from FAA Surface Weather Observations taken at
Reading, Pennsylvania. The meteorological data irom the two sources were
integrated to provide the best possible pizture of conditions 2t the
plant site.

-133-
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The receptor grid configuration chosen for the ISCST model runs
is shown in Figure 6é-5. The process baghouse stack location was used as
the origin. Receptors were located at 50 xneter intervals. Additiomal
receptors were placed at locations coinciding with two of the hi-vol
sites (sites 2 and 3).

The nineteen hours between 1500 hours August 7, 1980, and 0900 hours
August 8, 1980, were selected to be modeled since monitoring data were also
available for this time period. Prevailing winds during that time were
generally from the southwest, which aligns the emission sources reasonably
well with the two hi-vol sites.

_The res £ el ive. Shown in Figurs

6-6 are the receptor grid conceantrations resulting from the modeling of

the three point sources. (Modeling of the dust storage area showed virtually
1o impact at any of the receptors) The modeled values of 0.13 ug/m? at
hi-vol site 2 (pond) and 0.0 ug/m® at site 3 (water tower) disagree with the
aonitored values of 2.1 and 0.68 ug/m’, respectively (see Table 3-10).
However, a number of possible sources of error could have caused these
differences. TFirst, buildings, terrain and trees (see Figure 3-9) could
have caused the wind to be channelled to the southeast. This effect would
ot have been accounted for by the meteorological datz used in the modeling

tudy. Small shifts in actual wind conditions may well have contributed

to the higher monitored values. Therefore, the larger predicted values
of 6.6 ug/m® at locations Just to the north of the receptors (Figure 6-6,
particularly at x = 200z, y = 150m) could indeed indicate that the poiat
sources were impacting upon the two hi-vols.

Second, the emission rates used could be inaccurate. Note that the
rates given in Table 3-6 vary substantially from day to day. In addition,
for the slag tap and sanitary baghouses, the emission rates were sampled
on days other than the one modeled.

Lastly, it is possible that additional sources of _ead contributed
to the measured hi-vol results. Given the large amount of lead in the soil
around the plant site, entrainment from surroundlﬁg areas could have
caused a significant portion of the monitored lead. Leai dust disturbed by
neardy vehicular traffic may alsc have been responsible or some of the lead
picked up by the monitors. Furthermore, fugitive emissions from the
agglomerator and smelter buildings could have impacted upon the hi-vols if
the wind were being channelled in that direction. r7roz :he measured workrcom
concentrations, estimated lead emissions from the builiing openings could
be as much as 360 g/hr for the smelter and 20 g/ar for tr.e agglomerator
builiding.
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ASSESSMENT OF EMPLOYEE EXPOSURE CONTROL

As described in Section 4, the assessment of employee exposure controls
considered the following types of information:

L Air sampling for workroom countaminants.

° Observation of work practices, use of protective clothing and
equipment, housekeeping and personal hygiene.

L4 Biological monitoring data.

Engineering measurements and observations relative to
performance and design of engineered exposure controls.

Alchough occupatiocnal permissible exposure limits were used for reference
in this evaluation, the major focus was not to determine the compliance
status of the smelter.

Conditions at this smelter allowed study of rectrofitting available
control technology to common smelting equipment. In some instances,
comparison between the totally uncontrolled and comtrolled state could
be made. Other situations offered comparisons between existing and
improved control of specific operations. Finally, the adaptability of
the Bergste agglomeration furnace to a US smelter could be assessed.

werkpiace Air Contamination and Emplovee Exposures

The initial evaluation found the workplace to be heavily contaminatecd
by airborne lead. Breathing zone and work area measurements were made on
two consecutive workdays in January of 1979. All smelter jobs involved
exposures to breathing zone concentrations of lead ranging from near
200 ug/m3 to many times that value. Work area monitoring indicated
relatively lower airborne lead concentrations than found in worker
breathing z2omes. This result indicated that emplovee exposures were
influenced by the close proximity of their work to sources of lead emissicn.
Rotaticn between jobs at midshift had been practiced for several quarters
‘td lessen the impact of extremely high exposures associated with some jobs.

The follow-up evaluation, which was conducted in August, 1980,
indicated chat control of employee exposures to airbornme lead had been
dramatically improved. This evaluation was conducted immediately following
a major shutdown for maintenance and clean-up. Job rotation at midshift
nad been discontinued.

tight-hour time-weighted average exposures in the battery breaking
facility were below 50 ug/m’. Exposures associated with work in the
main smelter building and yard areas were below 200 pg/m'. The exposure
of the agglomerator furnace operator was found to de the highest, averaging
310 “g/m’ for all time monizored during the two davs.
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Work area measurements indicated relatively lower airborne lead
concentrations during the day shift when employee exposures were measured.
These results paralleled those of the initial evaluation and suggested that
work conducted near specific sources of emission caused increases in
breathing zone lead concentrations. Work area monitoring conducted during
the evening and night shifts indicated relatively less effective workplace
control of airborme lead for these periods. This finding and observations
of smelter operation suggest that employee exposures would tend to be
somewhat higher during sustained smelter operation that those measured
during the follow-up evaluation.

Exposure monitoring Jdata proviced s che smelter were reviswes. R
Totation and redefinition of some jobs prevented detailed analyses. Howe =:
several relevant conclusions are drawn. First, exposures measured during
the initial evaluation were similar in magnitude to those reported by the
smeiter for sampling conducted in the same general time period. Second,
sinultaneous, opposite shoulder sampling conducted by the smelter at the
time of the follow-up evaluation was in good agreement with the exposures
Teasured in this study. Third, exposures at the smelter have varied over
: wide range which do not correlate with changes of season or weather. In
:Ze months directly preceding the follow-up evaluationm, exposures appear
- nave been on the declinre 2z lov:'s aporoaching those found in Augus:.

Monitoring of emplovee exposures to antimony and sulfuric acid mis:
was conducted during both the initial and follow-up evaluatioms. All
Suantifiable exposures were well below the applicable permissible exposure
limits.

Limited monitoring for arsenic-in-air and carbon monoxide was conductead
Curing the follow-up evaluation. Exposures to arsenic associated with the
sroduction of arsenic lead were measurable, but well below the permissibls
snposure limit (29 CFR 1910.1018). A cursory survey of all smelter work
ér2as using a direct reading carbon monoxide detector, failed to discover

areas wnere significant exposure was likelv.

-=piovee 3lood Lead levels

East Penn Manufacturing provided blood lead data for smelter workers
sovering the period January, 1977, through September, 1980. The average
clood lead level for all smelter workers has decreasad through this
seriod from between 63 and 70 Wg Pb/100g whole blood to approximately
20 ug ?»/100g whole blood. This reduction was in part due to removal
*“ persons with high Slood lead lavels rom smelter work and the introduccicn

:I aew szelter workers with low blood Lead laevels.



An analysis of average blood lead levels for nine workers who have
worked in the smelter since January, 1977, was made. Their mean blood
lead levels also appeared to be slowly falling. In 1977, it was approxi-
mately 65 ug Pb/100g, and in 1980 the mean is closer to 60 ug Pb/100g
whole blood. With improved exposure control, a greater decrease {in blood
lead levels would have been expected. It could not be determined
whether the continuation of elevated blood lead levels was due to new
exposure to lead or from gradual release of lead to the blood from other body
tissues.

Evaluacion of Workplace Exhaust Ventilation Control Svystems

At the time of the initial evaluation, some exhaust service was
provided to major emission sources from the blast furnace. Refining kettle
No. 1 also had some exhaust service. The entire system consisted of exhaust
hoods which partially enclosed or skirted sources of emission. Only the
slag tapping hood was found to have a relatively vigorous volumetric exhaust
rate and significant face velocity. The other hoods served by a 4.4 mi/s
(9,500 scfxm) baghouse were weakly,. exhausted. Face velocities were low and
emissions were observed to escape the hoods. Several sources of workplace
lead emission were not served by exhaust ventilation. They included:
the battery breaker, refining kettle No. 2 and the pigging machine.

As part of the initial evaluation, an inventory of sources contributing
to employee lead exposure was compiled. This inventory and recommendacious
for improved control were provided to the smelter in an interim report.
These items are included in Appendix C of this report. The smelter was
not obligated to implement these recommendations.

Prior to the follow-up evaluation, the smelter upgraded exhaust
ventilation control of workplace emission sources. The design engineering
for changes to the exhaust system was provided by the plant engineering
staff. Fabrication and installatjon was performed by a combination of
cutside contractors and plant labor. Az the heart of the upgraded control
system is a new exhaust fan and baghouse to replace the old 4.4 m¥/s
(9,500 scim) system. The measured operating exhaus: rate for the new
svstem is 18.0 m¥/s (39,000 scfm).

In general, the new systems and increased exhaust air flow improved
control of many emission sources. In several cases even better control
could be achieved by further refinement of exhaust enclosure designs and
balancing of exhaust air service to the various hoods. In other situactions
improved control will be dependent on closer control of blast furnace
operation to preclude near burnthrough conditions.

A new exhaust svstem was also provided for the battery breaking facility.
This system dramatically improved contrsl of emplovee exposures. For the
Two non-consecutive days monitored, exposures were below 30 ug/2® an an
eizht-hour time-weighted average basis.

<:-i‘
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Exhaust service and enclosures associated with the agglomeration furnace
were observed to have varying degrees of effectiveness. Exhaust control
for flue dust feeding to the furnace was ineffective. This was due to poor
design of the tote box dumping station and basic materials handling/furnace
operation difficulties affecting the gravity dust feed chute. The furnace
tapping hood appeared to perform satisfactorily.

Housekeeoing

The initial evaluation conducted at this smelter identified a number
of sources of employee exposure to lead which were directly attributable to
housekeeping considerations. These sources which related mainly to
Teentrainment of settled dust by materials handling, wind, traffic movement.
equipment vibration, etc., were inventoried and presented in an interim
Tezort to the smelter.

East Penn Manufacturing recognized the housekeeping probliems associz:ze:
wizd leady flue dust long before this study was initiated. The smelter
heped to greatly improve flue dust handling by converting it to a solid
material using an agglomeration furnace. As discussed elsewhere, poor
agglomerating properties of the flue dust at this smelter and other
difficulties have precluded the success of this control approach.

Although the agglomeration furnace did not fulfill all expectations,
dany other housekeeping improvements initiated by the smelter have helped
tc control workplace lead levels. They include:

. Cessation of recycling flue dust to the blast furnace.
L Installation of a ceatral vacuum system.
L Paving of yard areas.

L] Wetting of floors and materials in the main smelter building.
o Prohibition of dry sweeping and shovelling.

Frequent mechzaical vaczuua: swea2ping of wvard areas.

Even though great strides have been made, improvement in housekeeping and
2aterials handling remain the two areas where substantial improvement is
aecessary if emplovee exposures are to be reduced tc 100 or 30 ug/m?.
conveving and nandiing = fl:: Just continues oo 52 a maisr
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Personal Protective Equipment and Hvgiene Practices

General improvements in respiratory protection, provision of clean
work clothing and cleanliness of lockerroom and lunchroom facilities were
observed between the initial and follow-up evaluations. Provisiomns for
cleaning work clothing before entering the lunchroom still need to be
provided.

COSTS OF NEW CONTROL SYSTEMS AND PRACTICES

East Penn Manufacturing has made large capital expenditures to improve
control of enviroumental and workplace contaminmation by lead. Nearly
$600,000 in capital expenditures has been committed. Of this amount,
somewhat in excess of $100,000 has been spent for purchasing, installing
and modifying the agglomeration furnace and associated equipment. The
remaining funds were used for more traditional exhaust ventilation controls,
a central vacuum system, yard paving and a laundry facility. The controls
purchased with these expenditures have reduced emplovee exposures in most
smelter work areas to below or near the 200 ug/m3 level.

The new local exhaust ventilation system serving most of the smelter
work areas was purchased and installed for approximately $1l/scfm. This
figure does not include system design costs. Purchases and installation
were made in 1978, 1979 and 1980.
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APPENDIX A

BAGHOUSE DUST AGGLOMERATION
IN THE

SECONDARY LEAD INDUSTRY

Prepared by:

Klaus Schwitzgebel



INTRODUCTION

A key element to achieve a workroom lead concentration! of 50 ug/m?
and 1.5 ug/m® at the fence line? in the secondary lead industry is the
handling of the flue dust. One approach developed by Bergsde, Copenhagen,
is agglomeration of baghouse dust in a patented agglomeration furnace.

A Bergs¢e agglomeration furnace was installed at the East Pemn
secondary lead smelter. However, difficulties were encountered at this
test site.

This technical note describes the characterization of Bergsoe,
East Penn and General Battery's flue dust. Slag analyses are also
given. Methods of investigation were energy dispersive X-ray fluorescence,
X-ray diffraction and chemical analyses using atomic absorption, ICAP,
differential thermal analysis and Differential Scanning Calorimetry.

The findings of this effort can be summarized as follows:

® Chlorine appears to be quite beneficial in the agglomeration
of lead dusts due largely to the low melting point of PbCl,
and due to eutectics formed at fairly low temperatures.

L The more prevaleat use of PVC in battery manufacture in Europe
than in the U.S. facilitates coatrol of lead emissions from
secondary smelters through easier flue dust agglomeration.

. As a result of this fact, European technology mav not
transfer to U.S. operation without some alterations or
development work.

L] Too large a buildup of PbCl; in systems where the baghouse
dust is recycled can be easily remedied by leaching.

Survev Analyses of Flue Dust Samples

Znergy dispersive X-ray fluorescence analysis was used to
jualiczatively characterize the Zlue dust samples. This technique has a
deteczion limit in the order of a few percent. It covers the elements with
an atomic number 9 (fluorine) and greater.



The Bergsoe samples showed lead and chlorine being present in major
concentrations. Potassium and iron were found to be minor constituents.
The non agglomerated flue dust samples collected at East Penn were markedly
different. Lead was still found to be the major component, however,
chlorine was present only in traces, whereas potassium was absent.

Calcium was found to be present as a trace coustituent. The sample
received from General Battery contains lead, chlorine, potassium and
calcium.

These qualitative results are summarized in Table aA-l.

Determination of the Crystalline Phases

A Siemens goniometer using CuK, - radiation was used to determine the
major crystalline phases. Again, tne Bergsde and East Penn samples proved
to be drastically different.

The Bergs¢e flue dust proved to be composed of potassium lead
chloride KPb,Cls as the major phase.

Lead chloride, PbCl;, and lead sulfide, PbS, were indicated to be
oresent in moderate concentration. On the coatrary, lead and lead suiiide
ware the major phases in £~z Zast Paan samoles. The findings 9f the X-ray
diffraction investigation are summarized in Table A-2.

wvuantitative Anailvses 237 F_ue J_3L damp.ies

The analysis rasults of the Bergsée, East Penn, and General 3atcery
sanples using gueancitative chemical aralvsis procedures are given in
Table A-3. The Bergsdve sample #1823 collected on September 26, 1978, was
composed of 6353% Pb, 26% Cl and 3.2% K. This translates to a molar ratic
XK :Pb :Cl=17:3.8: 8.9 or a ratio of KPbyCl: : PbCl; = 1 : 1.8.

The sazple collected on September 27, 1978, showed the following
composition. Pb = 60%, CIl = 24% and X = 4%. This corresponds to a SCiar
“ratio of K : Pb : Cl =1 : 2.8 : 6.6 or KPbaCls : 2bCl; =1 : 0.8.

The East Penn samples have a much higher lead comncentration. Potassium
was not detected while the chlorine concentration was between 1 and 3 percent.

gelomeration Properties of Flue Dusts

i

The f-rav diffraction results indicated that the East Penn sampies
z:asisted of lead, lead oxide and lead sulfide as the maifor phazes. The
cnase diagram of the system lead - lead cxide is shown in Figure A-1.° It
is readily seen that lead melts at 325°C and ?>C at 850°C. What is most

{mperzant is the fact that the two compounds Zorm twe individual phases in
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this temperﬁture regime, namely liquid lead and solid lead oxide. Liquid
lead does not wet lead oxide. An agglomeration of a mixture of the two
components is, therefore, not possible below 250°C.

The phasa diagram of the KC1-PbCl;-Call; system is reproduced in
Figure A-2.°

The lowest melting temperatures are indicated for the PbCl,-KCl
system. Two intermediates are formed namely 2PbCl;-KCl and PbCl;+2KCl.
These compounds can be synthesized by melting KC1 and PbCl; in the indicated
stoichiometric amount. The lowest melting temperature is 411°C for a
aixture of 50% PbCl, - 50% KCl.

_ T-e binarr phase diagram of the swvs:zem ?bCl--KCl, shown in Figure
A-3° indicates a third potassium-lead-chloride compound, namely 4XCl:PbCl:.
This double salt melts at 480°C. The lowest melting eutectics exist at 20
and 30 =mole percent XCl. The melting tcemperaturaes are 410 and 405°C
respectively.

The X-ray diffraction results showed the presence of lead chloride-
lead oxides. The binarv phase diagram PbCl,-Pb0 is reproduced in
Figure A-4.° Compounds considered are: PbCl;*Pb0, PbCl,<2Pb0, and
P5Cl;-4?P50. The melting temperatures are gziven as 324°C, 693°C and 711°
The lowest eutectic is at 430°C consisting of a mixture of 20% PbO and
80% PbCl;.

The Z-ray diffraction literature points to the existence of a
series of other compounds of the general composition xPbO<yPbCl,, like:

L4 aPb0 - PbCl; (melting point 710°C), and,
[ 2Pb0 - 3PbCl; (melting point 530°C).

A synthetic sample of KC1-2PbCl, was produced bv melting XCl and
?Cl,; in a 1:2 molar ratio at 500°C. The liquid KC1-2PbCl; behaved like
a liquid of low surface tensjon. It readily wetted Pb0. The mixture
fcrmed a glassy compound upon solidification. These facts explain the
different results obtained in agglomeration attempts of Bergsde and East
Penn flue dusts.

Vapor Pressures

A compound can enter the flue gas by two mechanisms, either by phvsical
entTrainment or by evaporation in the blast furnace andé condensation in the
flue gas cooler. The blast furnace temperatures are hetween 800°C - 1100°C.
The vapor pressures of Pb and PbCl; are high enough ia this temperature range
that the evaporation-condensation mechanism plays ar important role in the
nass transier.
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KCO=CaQ-?0Cl1;

pac, a9 2p00, kGt W° 490° 95C1L2XC: KCi
e rree
Mol %
—Systezm KC1-Call—=7oCl.

Ya A Ui, Dodlady {kad Nouk 55.3.R.. 70 [4] 533 (1930).

FIGURE A-2. PHASE DIAGRAM OF THE KCl - CaCl: - PbCl; SYSTEM
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The Handbook of Chemistrvy and Phvsics lists vapor pressures shown
in Table A-4. These data were used to construct the vapor pressure curves
in Figure A-5.7 The evaporation rate of Pb, KC1l and PbCl; as a function of
5.ast furnace temperature was caiculated from these data. The results
are shown in Table A-5. The gas flow rate in the blast furnace was assumed
=0 be 4,000 Nm®/hr.

It is readily seen that all the PbCl; is evaporated in the blast
furnace. Recycling of baghouse dust will build up the PbCl; in the
system. This is desirable since PbCl; is a good agglomeration agent.
This practice is used by Bergsde. Potassium chloride also extends an
appreciable vapor pressure and can be expected to be evaporated.

The vapor pressure of lead is lowest. However, in the range of
1000°C - 1100°C, an appreciable carryover can be expected. This seems to
be the case at East Penn,

Slag Compositicn

The 3ergs>e and East Penn slags were qualitatively analvzed using
energy cispersive X-ray fluorescence and guantitatively using ICAP. The
results are shown in Table A-6.

i-= T2rzs.= slag contains z higher ccncentration of alkaline metals.
The preseace of these compounds tend to lower the slag melting temperacure.
This is substantiated by the fiandings of the differential thermal analysis
(DTA). The Bergsce sample showed a compound melting at 820°C, whereas the
first endothermic peak of the East Penn sample showed at 853°C.

Thermal Analysis

3ergsde samples #1825 and #1826, the General Battery sample and a
non agglomerated East Pean sample were subjected to Differential Scanning
Calcrimetry. The Bergsde samples showed large endotherms in the range
Srom 360°C to 700°C. This finding is in agreement with the chemical
analysis results and the X-ray diffraction findings and the phase diagrams
of the KC1 - PbCl; and PbCl; - PbO svstems.

The sample obtained from General Battery showed two endotherms at
430°C and 610°C. The endotherms were much smaller than those obtained
from Bergsde #1826.

£ast Penn unagglomerated baghouse dust collected on January 9, 1980,
showed a broad, however small endotherm between 300 - 330°C.
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TABLE A-3.

EVAPORATION RATES IN T:I BLAST FURNACE

Turnace Temperator 4] "aCl, XCl
oC kg/day k ‘day . ke/day
1,155 10,500
977 1,200 4,700
338 140 392
727 16 63.7C0 72
536 2 11,90
360 2,0
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Agglomeration was possible in the following temperature ranges:

° Bergsde #1826 410°C
. General Battery 650°C
L] East Penn 900°C

These findings potentially have a profound impact with regard to
the optimum agglomeration furnace design. The findings of the thermal

analysis studies are summarized in Table A-7.

Chlorine Source

The batterv plates are separated by nonconductive materials to avoid
shorts. Compounds used for this purpose are microporous rubber, extruded
polyethylene sheet, heat fused PVC sheet, fiberglass coated wood pulp, and
impregnated cellulose.

Industrial and other long life batteries use microporous rubber,

iberglass coated wood pulp, or PVC. It is estimated that about 502
of the industrial batteries contain PVC separators.‘ In coatrast, normal
car batteries contain mainly resin impregnated cellulose. Only about 3%
of the U.S. car batteries are manufactured with PVC separators. The
newest maintenance free batteries contain polyethylene enveloped battery
plates. This is in contrast to European batteries in which PVC is used
to an estimated extent of 25 -~ 30 percen:.9

This has an important consequence. Much less chlorine is introduced
into U.S. secondary lead smelters than in Europe. This causes the different
dust compositions and the different agglomeration properties described
previously.

Chlorine Cvcle

The chlorine-containing battery plate separators break down in the
blast furnace. The liberated chlorine ccmbines with lead to form PbCl:.

Recycling of the PbCl: leads to its builduip in the system. A slip
stream eventually needs to be treated for PbCl; removal. This can be
done by leaching. The solubility of PbCl; in water is 10 g/l at 20°C and
33 g/1 at 100°cC.'?

A-19
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PARTICLE SIZING DATA
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PARTICLE SIZING DATA

A summary of the results of the University of Washington Cascade
Impactor runs is presented in Tables 2-1 through B-3. Table B-1 describes
the stack and sampling conditions for each impactor run. 1In Table B=-2
the size cuts that were snalyzed for total lead are identified. The total
grain loading for each of the size cuts is presented. The three or four
size cuts were selected based on their similarity to the proposed cut-offs
for inhalable (2.5 microms) and respirable (15 microns) particles. In
Table 3-3 the lead emission rates for each size cut are listed.

Following Table 3-3 are the computer printouts of the in-stack cascade
impactor results. For each sampling period the following information is
presented:

L4 The interval eandpoints in microns for each stage of the impactor.

. The mass fraction collected on each stage.

. The interval geometric midpoint.

L4 The grain loading for each size interval.

Two graphs are presented for each sample run; one showing dass

fraction less than a given aerodynamic particle diameter and the other
presenting the differentlal mass concentratioan plot.
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IMPACTOR RESULTS SUMMARY
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AGGLOMERATOR FLUE

AUGUST 14, 1980



o | I | W )

v

LH/SWID  ¢06° [

4380/749 w6y’ INYRL SS3) SSYNW v

. TN INVHL $837 NUIBLDvH3 SSVW -

A WN 00°s1 C ot Twl ) 3uvalaSad ‘ﬁ

]

NOILONNd 3ININAS 214ND NI ALIDINOLONOW=NON 01 3ING NUILVIOGHILNT UVINIY AW Q3lndw0) i

1 I

20-3f90°, 20-3i2n° ns0e° 2200° 2100° T I vl ﬂv
10-396€° 10-356("° gL Le” n§00° hnoo* P A Lt (L
vo Jelt® 00 3Iv9y° 249¢° 9L00° oLno*® 2r° 91 .
00 3In2L* obd 3I9ig” oLey’ fanso° Leto’ cn’ S .w
v0 3620° 00 390p° hoh9* Snbi® Isty” ! 9s° 0 !
10 3501° 00 36Sn° 099v"° 9662° 2uEl” GL" i 4
v0 3£8L° 00 32ny° eusSi*1 fo9y* 0Lbo" 00"} <! w‘
V0 358L° 00 3thg° 6615°1 8980 ° 2L60° 17 il "

U0 3¢SL° 00 3Fe2%° S2S0°¢ ones”* 2560° L, vl
00 398%° 00 3962° nygL*e 2LLY® 9clo® . Ly°¢ 6 T

v0 3bEn° 00 326§° L1S9°% | QenL® TITH ; 91y v A
00 3%8¢° 00 3In2s° Lo9v"n Znoy* £550° , <t L X
v0 JLEV® 10-30668° gLio6n°Y ¥ hotv* oLlo* . 29°s Y !
00 3L2)° 10-3965° 9059y * h9Sy” aslo” 0s°¢L ) i
00 3211° y0-311g° aLns i ¥ 22L9° snlo” 00yl " )
00 3¥0L°*  fo0-3iLp° LY I ¥ [9@9° telo® hy "yl 3 Tm
10-3£80° 10-362n° T 2685°02 * 1000° eetle” eL LY ¢ X,
v0 35Le° 00 36ly” 91 En° 0t v 2¢lo’ 8L80° 1e°e2 ' W,
W]

w/EHI 4780/49 INI0QOIN NYHL §837 ‘ @“
UTLIUNOD °QNvIS AMQ I1443Iw039 NOLLDVYd NOTEDvY 4 AN104gON3 " s |
d0 90770/wa IVAUILNI SSVN SEVK IWANIINT IVAYILNI w:

. .. 5

(HHHH) £13e1 IHSINLY INIL (HHHH) V13€1l 31yvLS 3Iwly (AAQUHKW) Ouw/ulzf :31vVU .w

L4 SSVIY SALVHISHNG MULIvaWl [

23

NOLYNLHSYM 40 ALISHAAIND dHUlJYoHl 30 3gAl
JOLYYIW0TIIOY SDLIVIUTY OnTVduYS
NNdd ISY3 S9wVYN INVIg

-t

; 2=Jdvdnl S INFUT Fldwys
<h<ca<pzwz~zwaxuuch—u.uzpaam|>z<:z:mn»4:muzchu<a:_

J NOIAY HOJS 0D
o © A C

POy e

S T R




- -
- -

s W W 4l e

P 5

i
-

:
.
I
e
+

-

D 2
bR R

]

eI T -

oy

LR

T g
o v

.

AW

aameten

(W) Y4L3WYIU 371211Yvd

0y vl

1

J0IIN1I0D INIOd u31V10dH3INI 3NITIdS UNV INIOg vivd TvNIDIHU =A

IN1Od JALYINDHALINT INT WIS =S
INL1Od vivQ wNL19LHU =1

P

l’-'#l"#.‘-".’"'ll'l'*Q'O. ’|+-l-*"f"*"-'*'--""""#'.’-0'*-"-'-#'.‘"‘l"""l*l

BT TR TR RERERERTRERRTER DT R R

\

0 . 4 & S St

[¢] »

e T+ T4 B R e | T+ T+ U+ V.+.e V. VT . > T T.e N

107d ALIVGVE0Ad . 907 BATLYINKND

o . . e

Al

2=JVdHl TINJAL 4VdHVS

MOIALY RO’

— . SAWCIARSRL S

vl

v/

‘vt
“ub

*vsS

‘09
.CN

g,

‘ub

Y
‘ub

‘ob

R

N

-

- Txne -l NV

QWX W

3-68



.’.

N’ JUIINIODD IN1Od cu»<.c IN1 uz_4m¢ UNY IN1O0g viva vN19i4U =M

INIOY U031V 10a8IINT Il NWds =S

. INIOd Yilva TyN19LHU =0

(WN) H3IL13IWvIA 37211HvYd

0S ol ! A P
etmmpractrecnteencnnenttottictentontuctonactoncennactatitat- R XTI LR R L L L Ll
» . s K
» . 0 ¥
" Y .y 4
" § 0§ & S 1 "
” . ¥
» ]
», o
» S S \ "
» 1] »
" S o
» »
N S v
[ a ; +
L] ) L]
” ) ! s ! "
n ~
» * [
N q [
Y s 4 ¢
» s s “
» Jd 4
» (] H
] . Y »
n n
" ' . ¢
” S ]
N [
n (1] n
] N
[ 4 ]
» 4

4
) ¢=J)VYdH1 SINJAL 37anvS
1079 NOILVHINIINOD SSVH WvIiN3¥3I44Ty i

(NI -t.

e . a . ﬂ&@!ﬂ.&l«.@&:bu

i

vo

v

v

0

Lo

- .- B ~ ¢ eeagpmes |, . J——

Juo*
Ise”
€
W &
/
. S
08° . H
9
d
Q
ALt 9
0
I
Q
/
i W
Juil* q
e’

T Wl T e
TS T

T — g
= . ..

4

- -

&"
N

ol e

-

il
0 S e oot

B ot b

e Src i

=~

3 W= = e

—
—

e
N € W e e o=

<. s

-
.

- oy



Ot e, ereemem ERewaey

T —

APPENDIX C

WORKPLACE EXPOSURE CONTROL INFORMATION
PROVIDED TO EAST PENN MANUFACTURING

FOLLOWING THE INITIAL EVALUATION

L Inventory of Emission Sources
Contributing to Workplace
Lead Contamination

L Recommended Control Considerations

Prepared by:

Robert Vandervort
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INVENTORY OF EMISSION SOURCES CONTRIBUTING
TO WORKPLACE LEAD CONTAMINATION

re ars a numper of emission souTces which conz<

ibuce to workrceoz lead-
ontamination at this samelcer. These e2missicns are

from:

sulvation of lead particulate by materials nandling equipment
(front end loaders, large and small),

manual shoveling of lesad bearing materials, especially seccled
particulate, flue dust and plant scrap,

charging of lead bearing =material co the skip noist by mazual

shoveling, dumping of wheel barrows, and dumping of Bobcat duckat

loads,

charging at the tep of the vertical shaft bilast furnace,

the slag tapping port during slag tapping,

tuvere covers during tuyere sunching,

the lead well, launder, and zol:ten leac =clding operatiorn, (“
cooling crude lead 20lds,

floor sursaces discturbed dy zraific of serscnnel and zachinery,

P

"

the meiting of lead in refinin xettles,

drossing operaticns in refining kersles,

skizing operations associatad wicth refining <ectles,

the pigging machine as iagots are formes,

vibraciang surfaces iz the rocf structure of the building,

wind blown parziculate from outside yasé areas and mazerials
handling,

parziculate which sac:iles on vork clothizg and is introcducesd
into the workers' braatzhing zcne,

splashes Irom lead tearing sclutians whizh atzach to work
surfaces, drv and cthen are dislocdged by movement of air or
rubbing oif by equizzent oOT sersczael {datzary srazking ang

zarerials nandling),



. toce bins used to collect settled particularte from xncckout
boxes or at the basa of dust collectors, and

ey

. cleanup operations such as sweeping and shoveling o
macerials.

Zach of the above emissicn sources will contridute ia varying degrees to
ezployee exposure at this smelting facilicy. To effectively control exposures
attention must be given to each of che possible emission sources listed.



RECOMMENDED CONTROL CONSIDERATIONS

Following the field work associated with the inictial evaluation, a list
of recommendations was developed to assist the smelter in controlling
their lead exposure problem. These recommendations were made within the
frame work of retrofitting controls to existing process equipment. This
constraint ruled out some more radical changes that could be incorporated
in new plant construction. Examples of changes which were not suggested to
the smelter are:

. complete removal of existing smelter building floors
and replacemen: with elaborate washdown and water col-
lection sumps and drains, and

. coaplere separation of all raw mazerials handling froam
the furnace operacing and refining areas of the smelter.

The recommendations which were forwarded to the smelter are described
below. They are organized by smelting operation and other industrial
hvgiene control considerations. Several reccumendations are included which
sertain to respiratory protection, hygiene facilities and practices, enployee
sraiaing, etc. It was stressed that in the interim, while engineering con-
trols are being designed and installed, that employees must be afforded
maxizum protection from exposure through use of protective devices and
rigorcus personal hygiene.

3zzte>v 3reaking.

* A suitable eye fountain and emergency shower station should
be provided in close proximity to battery snhearing work
station.

. lead mué daposits should be cleaned from all suriaces in

the battery breaking area (walls, roller conveyor, shezT,
floor, ecc.).

* Piexiglas or other transparant enclosures should e installed
at the shear to pravent splashing of batzery acid and muc
onto empliovees.

y A means of periodically washing mud and acid frco the trans-
parsnt enclosure should be provided.

ning down the 3actery bdreaking

. A zeans of periodically washi
ulacions of cakad-on oud, etc.

wOrCK area tO remcve accu=
should be provided.

C-4



faployees should be instructed to clean accumulations of
vattery mud from their protective aprons at periodic in-
tervals. Water and a sponge_should remove most of this
material and prevent it from becoming <ry and entering
the air in cthe breathing zone of the worker.

Desending on the reduction in emplovee exposuras afforced
by the above recocmendations, an exhaust ventilation s¥s-
tez snhould be desizned and installed to serve the bdattery
shears.

Hoist Charzing and Materials Eandling.

Improved materials handling should be instictuted in
association with skip hoist charging.

a) Raw materials stored (piled) in the charging area
should be kept damp. Sprinklers or hcses with
spray nozzles could be utilized.

b) Deliveries of plant scrap which can comsist of
reject battery plates, ectc. should be brougnt
to the smelcze: in covered tote boxes or other
covered containers. 3efore duzping inco a
storage pile, dry =zaterials should be thoroughly
wetted.

c) The floor area near the skip hoist should be kept
as clean as pessible and weczted to help limit
dust generation.

d) Cross drafcs through the furnace charging arvez
should be ainizized by closing siiding doors.

e) Sweeping and shoveling of dry lead bearing
materials should be prohil ized. Shoveling of
wetted materials or vacuuzing of dry materials
is preferred.

Inproved local exhaust ventilaczion shculé be provided at
the skip hoistc loading station.

&) Initially the new exhaust svstem shculd be attached
t0 the existing exhaus:z ducts serving the loading
stasion.

3) Ixtensions frcm the side of the lozding staticn
shogld te considared o crezate bdet:er cdust zonITol
in front of the loacding statien.



c) Tapered entires to exhaust ductwork should be
considered for the exhaust pickups on each side
of the loading station enclosure.

. The materials storage area should be kept as claan as
possible. Splashes of mud should be cleaned from sur-
faces to prevent drying and entrainment into the air.

. Mechanized materials handling equipment (3obcat) should
not travel into ocher smelrer areas tracking mud, etc.

Tuvere Punchineg.

. A hood above all tuveres to control emissions when
tuvere covers are removed should be considered.

3last Furnace Charzing.

. Ioproved local exhaust ventilation of zhe blast fucnace
charging port should be provided.

a) Initially the new ventilation system should be
attached to the charging hoods provided at the
top of the furnace.

d) Caprure characteristics at the charging hood should
be evaluatad to determine whether improved enclosure
or otherwise alterad hood designs are necessary.

Siag Taoping.

. The slag tapping hood should be repaired to correct
deformations in ductwork.

. 3eczer enclosure of the taphole and rezeiving vessel
siould be provided.
aj The nood fron:t and side pieces shculd be made tec
£it togecher becter reducing gaps wnere spacks,
etc. Dayv escape.

b) The hood sides and front should fit sore tightly
around the slag receiving vessel to bettar contain
sparks, splashes, ete. wnich drsp te zhe Sloor at
the dase of the raceiving vessal.



c) A means of clearing the slag taphole wich the froac
portion of the sliag tapping hood in its lowered
pesition should be investigated. Possibly a small
opening in the hood front would aliow sufficient
access.

. Sweeping and shoveling of dry parziculate macterials
resulting from slag tapping should be disconcinued.
Fugitive settled particulate should be wected before
being cleaned up. Alternatively, it could be picked
up using vacuum methods. ’

. The slag tapping work area should be protected from

strong winc currents. Doors leading to the vard area
should be closed during windy condizions.

Crude Metal Tapping from Blast Furnace.

Initially the new exhaust ventilacion svsteam should be
nooxed up to the existing local exhaust hoods provided

J for the lead well, launder and colding line.
. . Iaproved local exhaust ventilation enclosures should be

designed and installed for the crude meral tapping/pour~-
iag operation.

a) A stationary nood could be construcred which would
enclose the lead well, launder and z=clding line.
This hood could be provided with inspection or
access panels to service the launder, etc. The
launder could remais statlormary with the ingo:
zolds passed in front of the pouring station by
ceaas of a rolling =olding car at the pouring
station. The hood over the pouriag staction should
2ccommedate the 20ld being zcured and the one cool-

L ing after pouring.

5) A 2ovable hood similar in soze respects to the existing
three hood systez cculd be constructed. THis movabie
hood should be of cne 57 two piece construction. The
mcod system should He sels sugporting (supported on
Pivots, etc.). <The 100dé(s) shoulé enclose the iead
well, launder, the 2012 Seing poureé and the =mold in
the cooling position.

{ c-7



c) A combination of fixed and movable hoods could be
applied. Any movable hood should be self support-
ing. The hood system should enclose the mold being
poured and the one in the cooling position. Transi-
tions between hoods snould overlap with no gaps in
local exhaust coverage.

. Sweeping and snhoveling of dry particulate materials resulting
from metal tapping and pouring should be discontinued. Fugi-
tive settled particulate should be wetted before being cleaned
up or picked up using vacuum methods.

Kaztle Refining.

. Local exhaust veanrilation hoods should be designed and
installed for the refining kettles.

nclosure should be provided to capture
rom kecrle firing and {umes from the
he molren lead in the kettle.

a) Sufficienc e
heated air £
surface of ¢

b) The local exhaus: hood should be designed to permit
charging of the kettle with large crude lead ingocts.

c) The local exhaus:t hood should be designed to permit
insertion of a mechanical stirring apparatus used
during drossing. Sufficient enclosure during dross-
ing and stirring should be provided to control fuces
and particulate stanating from the molten lead.

d) The local exraust hocd should accoumodate the pigging
operation. Swing away doors mav provide reasonable
access for the =olcen lead pu=ping device.

. Deoending on the final design of refining kettle hoods,
varving configurztions of additional iccal exhaust venti-
lation for the skiz=ming operation will be necessary.

a) Tumes from kecttle skimmings ("pies”) should be cca-
trolled near their source.

b) The presen: practice of building pies on a pallet
should be raviewed to determine whether a more coc-
pacz meched of haxndling skizzings czn be devised.

c) Prefarably, the auxiliary local exhaust ventilation
for skimming should tzke advantzge of the enclosure
(swing awayv doers, ezc.) of the xe:tle refining hoods.
Tt zay de zcssidle 1o control suim=ing azissions by



attaching local exhaust ductwork to the swing away
portion of the hood thus eliminating the need for
extra equipment.

d) Any additional local exhaus: ventilation for skim~
aing operations should be easily operated by em-
ployees. Complicated duccwork, hoiszing, and
moving systems should be avoided.

Rezoving skimmings from the kettle couléd be accomplished
by a long handled implement supported at a pivot point at
the center of the handle. The increased handle length
would give more mechanical advantage to the ski=mming
operator thaa using a flatc poinc shovel. Also the skim-
@ing operator would no longer have to reach out over the
aolten lead thereby decreasing his potential exposure to
fumes.

Sveeping and shoveling of drv particulate =macteriails resulcing
from kettle refining and skimming operatiocns should be discon-
tinued. Fugitive sertled particulate should be wectred before
being cleaned up. Alternatively, it could be oicked up using
vacuuz methods. Splashes of molten lead and skimmings will
require manual removal from surfaces and placement inte scrap
containers.

Juring windy weather, doors should be closed co nelp ninizize
cross drafcs within the smelting building. These cross érafcs
can entrain contaminants which would other—vise ve captured by
«ettle and skizming hood enclosures.

Ixhaust enclosure for the pigging =achine should be designed
nstallecd on the machine.

a) 0 prizary importance {s the portion of the pigzing
machine where the reservoir of molzen lead and pour-
ing of lead into the ingo: molds occurs.

b)  An enclosure of the "hot" end of the pigging machine
could be zade with hinged side access doors. The
hood could be supporzed >v mezal extensions Srom the
lachine framework.

c) The hood could be =ade a perzanen: gar:t of the
traveling pigging machine. DOrops 0f flaxible
cuctwork Ircxm the overhead loczl exhaust ductwork

Cc-9



could be atctached to the hood when the machine
was positioned beside either refining kettle.

. During windy weather, dross drafts which can blow by the
pigging machine should be minimized by closing the large
sliding doors. This will help to minimize entrainment of
contaminants out from under the pigging machine exhaust
hood .

Respiratorv Protection Program.

. Plant management should review the respiratory protection
requirements of 29 CFR 1910.134 and 29 CFR 1910.1025.
Appropriate updating and improvement of the exiszing pro-
gran should te instituted.

Specifically atcention to the followinz items should be applied

a) A respiratory protection training session should be
presented to emplovees. The intent of the session
should be to refresnh their knowledze with regard to
the fitting, use, care, and limitations of the
respiracors they are reguired to wear.

b) A deterzination should be made that all smelter emplovees
can obtain a proper face fit from the respirators in use.
It mav be necessary to xake available respirators of
another bdrand to accommodate all variatioms in facial
structure and size. All respirators utilized should
carry appropriace NIOSE approvals.

e) A determination should be made that all exployess who
are required to wear respirators can perform their norzal
duties with the raspirator properiy fitted and adjusced.
Taplovees who cannot effactively breathe throcugh the
respirator during normal work ac:tivity should be identi-
fied. A different forz of respiratory protection (i.e.,
powered air-purifving respirator) zay be supplied or
the emplovee transferred to an arsa where respirators
are aot reguired. The plant phvsician carn be of assis-
tance in determining whether emplcrees are physically
capable of wearing respiracors.

[N Y]

d) Spez:ial amphasis should be ziven ©o impressing the
e=p.ovees that resdirators oust be worn at all tises
while working iz zhe s=elzing building and yard area.

e



e) Zaployees should be instructed to prevent contamination
of the respirator when it is removed at breaks or dur-
ing luach. Paper towels or sofit clean cloths should be

\ provided to wipe off the respirator facepiece before
it is reworn after a break.

Yyziene FTacilities and Pracrices.

.. Smoking and coasuming of food and beverage in the smelter
building and yard area should be strictly prohibited.
Smoking and chewing materials should not be carried by
emplovees into the smelcer tuilding and yard area.

. Use of the existing smelter lunchroom facility should
ve discontinued. Smelier employees should be regquired
to usa the main planc lunchrocm or outside food estabdb-

lishments.

. Snelter emplovees should not enter lunchroom facilities
wizh protective work clothing or equipment unless suriace
lead dust has been ramoved bv vacuuming, downdrai: booth
or other cleaning mechod. Alternatively, smelter employ-
e2es could be provided with overalls which can be worz
over their work clothing and removed before entering lunch-
rooms, breakrooms, or food establishments. Clean snmocks
could be provided zo put on over work shirts and trousers.

. A shoe/boot cleaning statiZon should be provided a: the
antrance to the leocker room and t> areas where food and
teverages are consuned.

melter amplovees should be reguired co thoroughly wash
heir hands, forearmzs, facs and neck befores consuming

oé or drink. As a minimum, hands and face should be
shed before smoking or chewing =aterials are utilized.

tHh ot W

"
v O

. Szelter azplovees should be provided wich clean work
clothing each dav.

. The smelizer emplovee locker room should receive [reguent
ianitorial service (mopping, etc.) on all shifts of the
working day.

plovees should shower and change into stTset
: at the conclusion of the werkshaiiz. Work
hWing should not be taxen ncme. It should be de-
ited in closed containers.
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T=nlovee Training and Information.

. Zaplovees should be inforzed in organized training
sessions of the following:

a) Content of 29 CFR 1910.1025.

b) The hazards associated with exposure to lead and
how they can be controlled.

c) The purpose, proper selection, fitting, use, and
limitations of respiracors.

d) The purpcse and description of the nedical sur-
veiliance program.

2) The engineering controls and work practices
associated with controlling emplovee 2xposure
to lead associaced with a particular job.

£) The conteats of existing compliance plans.
g) The dangers of chalating agents.

. Privately each employee should be told what his mezsured (
lead-in-air exposure is (withour regard tS use oi Tas-
piratory protection) and what the results of nis biecod
lead conitoring are. These resul:ts should be explained
in terms of compliance with O0SHa standards and relatec
to potential adverse health effec:s.

ZSousexeening.

. A smelter-wide cleanup should be undertaken. Lead dust
and mud shculd be removed from vard surfaces, building
surfaces, equipmenc, ezz. Sectled particulate which
was accunulacted on building s:tructural memders shoulc
be remcved.

. Dry sweeping and shoveling should de discontinued.
Shoveling of wet materials cr vacuum methods are
preferred.

Madi~al Monitoring.

. The exiscing blood lead sonizoring program should bde
continued.
. The dedizal zonizoring razuiresents of 1€ CFR 1819.1025

should de implezentad.

Cc-12



Reccrdkeening.

. The recordkesping requirements of 29 CIR 1910.1025
should be implemented.
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APPENDIX D

POINT SOURCE TOTAL PARTICULATE MATTER

AND TOTAL LEAD DATA

Prepared by:

Larry J. Holcombe




POINT SOURCE TOTAL PARTICULATE MATTER AND TOTAL LEAD DATA

A summary of the results of the EPA Method 12 sampling is presented
in Table D-1. These tests were conducted on point sources to determine
total particulate and total lead emission rates. The table lists the
physical parameters of each gas stream as well as the emission rates.
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APPENDIX £

AMBIENT SUSPENDED PARTICULATE DATA

Prepared by:

Larry J. Holcombe
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AMBIENT SUSPENDED PARTICULATE DATA

Table E-1 contains the data gathered from the high volume samplers
run during the August, 1980, sampling period. The table contains the -
total suspended particulate and suspended lead data from the standard
hi-vols, the 15 micron selective inlet hi-vols and the hi-vols equipped
with five stage cascade impactors. For the impactor hi-vols the five stages
have been combined into three size cuts; less than 3.0, between 3.0 and 7.2
and greater than 7.2 microns.
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