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FOREWORD

The National Institute for Occupational Safety and Health (NIOSH)

is responsible for helping ensure that every person in 'the'

na tion has safe and healthful, work conditions. To accompli sh

this end, the Institute engages in reasearch on occupational

safety and health problems including evaluation of workplace

hazards and their control.

One of the hazards considered for evaluation and control is lead

exposure in the secondary lead smelting industry. NIOSH

therefore contracted with Radian Corporation to perform a project

to demonstrate emission and exposure controls at secondary lead

smelters.

This Final Report presents findings of the various demonstration

projects.
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GLOSSARY OF TERMS

Agglomerating Furnace~ A furnace which forms a coherent bonded
mass from metallic compounds without melting them.

Air Quality- The composition of .air with respect to quantit~es

of pollutants; used most frequently in connection with
"standards" of maximum acceptable pollutant concentrations.

,
Ambient Air- The air of the surrounding environment; outdoor
air.

Blast Furnace- A tall, refractory-line shaft furnace using the
counter-current flow principle. Raw materials are charged at the·
top. The air blast introduced at the bottom burns coke to reduce
and melt the charge as it descends. Molten metal and slag are
tapped at the bottom.

Casting- Pouring molten metal into a previously prepared mold
where it solidifies into the ~hape of the mold.

Charginq- The process of placing materials in furnaces and ovens
for heating or melting. .

Cupola- A refractory-lined vertical cylinder open at the top and
equipped with air ports (known as tuyeres) at the bottom. A coke
bed at the bottom is covered with alternating layers of metal,
coke, and flux. Molten metal is drawn off the bottom. The tube
is air charged at the side.

Dilution Ventilation- Also, General Ventilation- Dilution
ventilation occurs when industrial contaminants which are
released into the worker's environment are mixed with air flowing'
through the space. Dilution ventilation refers to both natural

.andmechanically-induced air movement.

Dross- Metal oxides in or on molten metal.

Emission- The discharge or release of pollutants into the air.

Emission Factor- The discharge into the open air of a specific
weight of material per unit weight of total raw material
processed or per unit weight of product.

Emissions Inventory- A list of air pollutant sources and the
amounts of pollutant emitted.

Engineering Control- An engineering method used to reduce or
eliminate emissions of a toxic chemical substance or harmful
physical agent into the workplace. Examples include:

(1) Process enclosure
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(2 ) ,Isolation 'of a proc,ess, or worker
(3) Shielding
(4) Local exhaust ventilation
(5) Process modification

Flue- An enclosed ~assageway for ga~es.

Flue Dust- ,An accumulation of small particles of furnace
materials, such as lead oxide and dust, which escape with
off-gases and collect along the flue. The term may be applied to
any collection of dust 'in flues or separators, e.g. cyclones,
bag houses, etc.,

Fumes- Particulate matter consisting of the solid particles
generated by condensation from th~ ga~eous state, generally after
volatilization from melted substances, and often accompanied by ,a
chemical reaction, such as oxidation.

,
Fugitive Emission- Nonconfined or, non"':'ducted 'emissions of a
material into the open air.

Hydrometalluray- Treatment of metals and metal-containing
materials by wet processes.

Hygiene Facilities~, ~acilities provided to employees for the
purpose of minimizing personal hygiene~related exposures. These
may include lockers, locker rooms, showers, wash basins, hand'and
face cleaners, disposable towels, separate change ropms and
storage for street and~ork clothin~.

Industrial Hygiene- The science associated with the
recognitiion, evaluation and control of chemical and physical
hazards in the workplace.

Ingot- A large rectangular shaped piece, of metal produced by
pouring molten metal into an ingot mold and allowing itto freeze
or ~olidify. ~ngots upon solidification form special kinds of
castings for subsequent rolling, extrusion, or melting.

Ladle- ,A large vessel for receiving and handling molten metal
and slag.

'Local Exhaust Ventilation- Local exhaust ventilation systems
capture or contain industrial contaminants at ~hesource before
they reach the occupational or ambient environment. A local
exhaust ventilation system typically includes a capture hood,
ductwork, a contaminant separator, and an air mover.

Make-up Ventilation- Air introduced to the plant environment to
replace air removed for control purposes. Also, Replacement Air.

Matte- An impGre metallic sulfide mixture resulting f.rom
smelting cop~er, nickel, or lead.
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Particulates- Any solid or liquid particles suspended in or
falling throughout the atmosphere.

Pig- A crude casting of lead.

Pig Casting Machine- A machine containing a series of molds of
convenient size arranged to form an endless chain. Into these
molds the molten lead is poured, solidified, and disca$t as pig
blocks.

Plume- The volume of air space containing any of the substances
emitted from a point source.

Point Source- Confined or ducted emissions of a material into
the open air.

Potentially Exposed- Employees who have the potential of being
exposed ~o a chemical or physical hazard.

Primary Lead- Primary lead refers to lead which is produced from
ores and concentrates.

pyrometallurgical- Pertaining to high-temperature process
metallurgy.

Re-entrainment- The resuspension of materials previously emitted
and settled.

Refining- The operation of purifying crude metals.

Replacement Air- See Make-up Ventilation.

Respirable- Particles with an equivalent aerodynamic diameter of
1-10 microns; particles which have the capability of reaching the
alveolar regions of the lung.

Retrofitted- The process of applying additional equipment or
controls to existing equipment.

Reverberatory furnace- A shallow, generally horizontal and
rectangular furnace with a low, arched, refractory-lined roof.
Fuel combustion occurs directly over the bath; the walls and roof
receive radiant heat from hot combustion products and radiate
this heat to bath surfaces.

Rotary furnace- A revolving tube constructed and operated
essentially .like a reverberatory furnace.

)

Secondary Lead- Lead which is obtained as a result of recycled
lead materials, such as through scrap dealers.
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Sintering- Forming a coherent bonded ,mass by heating metal
powders without melting.

Slag-, The waste material formed during smelting operations.,

Sm~lting-~rocessb~which molten metal is produced by reduction
of concentrates or scrap materials.

Sp~iss- A pyrometallurgical product containing, arsenides,
antimonides an~ copper.

Sweating Furnace- .A r~latively low iemperature, caref~lly
controlled, reverberatory furnace, rotary furnace or sweating
tube. Temper~tures are controiled jtist above the melt{ng point
of .lead.

Tapping- ~he act of drawing off molten metal or slag. from a
furnace. It consists primarily of mechanically diggingoi .
burning the plugged tap hole open and allowing the molten metal
or slag to flow freely into a receiving container.

Tuyere- An opening in the shell and refractory lining of a
furnace ~hrough whi~h air is forced.

Tuyere punching- Cleaning the tuyere, usually a hand operation
using a steel punching rod~

/
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1.0 INTRODUCTION

~I

In 1980, the U. S. Department of the Inter.ior reported

that about half ot all the lead consumed in the United States was

recovered f rom secondary sources. WhIle'playi ng an important

role in the Country's supply of lead, the secondary lead smelting

industry has the pr~blem of exposure of employees to inorganic

lead.

Two recent government :r;egulations, OSHA's Inorganic
, "

Lead Standard and EPA's Ambient L~ad Standard, have generated

considerable interest i~ the technology iequiredto ftirther

reduce emissions and exposures.

At the time OSHA proposed lowering its Permissible

Exposure Limit (PELlforlead to 50 ug/m 3 , few if any secondary

lead smelters were in compliance with the existing 200 ug/m 3

standard. Because of thi.s, OSHA granted the secondary lead

smelting indu~try five years to come into compliance with the new

PEL through use of engineering, work practice and administrative

controls. Second.ary smelting i nvolves three major process

phases: scrap haridli~g/treatm~nt, furnace smelting, arid
refining/casting~ Each of these phases has numerous emissions

, . ,

sources which contribute to employee expo~ure. It was generally

recognized that if compliance with the new PEL was to be

achieved, each emission source would have to ,be evaluated and

control methods ,developed. The National Institute for
"

Occupational Safety and Health (NIOSH 1 determin,ed it would be

appropriate. to assist. with the research necessary to evaluat~

emissions and exposures, and demonstrate new control methods. In

1981, NIOSH awarded acontiact to Radian to conduct ten proiects

'which would demo~strate new control technology or evaluite the

feasibility of emerging control methods.
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Volume I of this report provides a summary of the

findings of the various projects and technical reports for four

demonstration projects. Volume II proviges technical reports for

six completed demonstration projects.

1.1 Objective

The objective of this project was to demonstrate

potentially transferable control technology which would reduce

employee exposure to lead. Demonstration projects were chosen

which met one or more of the standard approaches to e~posure

reduction: emi s si on control, isolation,; enclosure, pa th

interruption, work practices, or administrative controls. About

half of the projects evaluated new controls already in pla~e,

e.g., vacuum cleaners and battery shreddinq. Many of the

projects were designed and built for this study, e.g.

supplied-air islands ahd tuyere pun~hing controls.

As would be expected, demonstratio~ projects report

both positive and negative results. However, all of the reported

information should be useful to smelter operators. Radian has

concentrated its efforts in describing the operation, the control

equipment, and other matters which relate directly to the

question each smelter operator will ask: "Can I adapt this

control to my own operation?"

In most of the projects, substartial reductions in

emissions and exposures have been reported. However, in,most

cases, strict compliance (i.e., eight-hour, time-weighted average
. . .

exposures below 50 uq/m 3 ) has not been achieved. This is due to

t~e following factors: (1) multiple emission sources contribute
, ' .

to ~xposure, and (2) demonstration projects typically

concentrated on the evaluation and control of individual emission

sources, not on the evaluation and control 6f all emission

sources contributing to a single person's exposure.

2



1.2 Overview of the Secondary Smelting Industry

In July, 1983, there were about 50, sec~ondary lead

smelters in the United ,States. Fig6r~ 1 shows theirgeog~aphical

distribution~ Table 1 presents a list of smelter operators.

Figure 2 shows operations found in a typical smelter. While

similar basic pyrometallurgic~~operations areuse~ in the

industry; many differ,~nces exist between plants. For example,

all smelters dismantle batteries, but some break batteries with., '

harnrnermills, some with saws, and some with shredders.

1.3 New 1echnology Prospects

Although the nu~ber of secondary smelters has bee~

red~ced during th~ past five years, new smelters have been built

in Missour,i, Oregon, and California. Most surviving smelters,

have u~dergone major remodeling. Furthermore, several new

smelters are in the design stage and most existing smelters

anticipate further rebuilding. }

From conversations with members of SDSA, Radian has

concluded that radical new process technology is not expected to
. ' .

be developed in the near future. Existing and new smelters will,

continue 'to employbl~st/reverb furnace combinations, although

rotary/ki~n furnaces may also be employed~, The ind~stry can

expect to see new developments in individual support operations

,and ,emission/exposure control equipmerit. 'This project for

'example, deser ibes several major -advances in control technology.

1.4 Overview of the OSHA Lead Standard

Secondary smelters mus~ conform to

found ip 29 CFR,19l0.l025 (Inorganic Lead) •.

not limited to simply reducing emission, but

3

OSHA-requirements.

Exposure control is

must include other_
r

1.6 or;:
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Company

GNB Battery Inc.

ASARCO, Inc.

RSR, Inc.

ESB, Inc.

Interstate Lead

Chloride Metals

No. of
Smelters

2

2

3

1

2

1

City/State

Frisco, Texas
Vernon, California

Salt Lake City, Utah

.Seattle, Washington
Dallas, Texas
City of Industry, California

Memphis, Tennessee

Teeds, Alabama
'Cedartown, Georgia

Tampa, Fiorida

Company-

ALCO Pacific

Hammond Lead

Globe-Union

General Smelting

Inland Metals

Houston Lead,

Standard Industries

Lancaster Battery

No. of
Smelters

1,

1

1

1

1

1

1

1

(:i ty/State

Gardena, California

Hammond, Indiana

Tampa, Florida.

College Grove, Tennessee

rhicago, Illinois

Houston, Texas

San Antonio, Texas

Lancaster, Pennsylvania

U1

Tara Corporation

·Master Metals

National Smelting

Schuylkill Metals

East Penn Manufacturing Co.

Hyman Veiner & Sons

Seitzinger, Inc.

Gulf· Coast Lead Company

Willard Lead Products

Ross Metals

Gopher Lead

Bergsoe Metals

2

1·

2

. 2

1

I­

I

1

1

1

1

1

McCook, Illinois

Cleveland, Ohio

Pedricktown, New Jersey
Atlanta, Georgia

Baton Rouge, Louisiana
Forest City, Missouri

Lyon Station, Pennsylvania

Richmond, Virginia

Atlanta, Georgia

Tampa, Florida

Charlotte, North Carolina

Rossville, Tennessee

Eagan, Minnesota

St. Helenne. Oreqon

ALPHA Metals

DELCO Remy

,Roth Brothers Smelting

Imperial Metals

Be-rgsoe- Bolliden

USS Lead

Sanders L!"ad

Prestolite Battery

General Battery Corp.

Tonolli Corporation

Cal-West Metals

1

3

1

1

1

1

1

1

2

1

1

Jersey·City, New Jer~ey

New Brunswick, New Jersey
Andersen, Indiana
Olathe, Kansas

E. Syracuse, New York

Philadelphia, Pennsylvania

Muncie, In-dian~_

E. Chicago, Indiana

Troy, Alabama

Vincennes, Indiana

Reading, Pennsylvania
Dallas, Texas

Nesquehoning, Pennsylvania

Long Beach, California

~
({j
ii

TABLE 1.

See Appendix for complete mailing list.

SECONDARY SMELTER OPERATORS (JULY, 1983)
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efforts such as. prev~nting employee ingestion ·oflead,

improving housekeeping, providing adequate maintenance,.

and reducing re-entrainment of settled lead dusts.

In June, 1983, OSHA annob.l).ced that most' major

.provisi~ns of the, st,andard would remain essentially unchanged,

but that compliance activities would be negotiated at a local

level reflectin~process needs 'and technological/financial

feasibility considerations. Because of the continuing

uncertainty, designers should check on the issues surrounding the

current .. status of the standarda~ the time controls are designed.

As prese~tly written, the le~d stand~rd establishes th~

following requirements related to exposure control, in the

secondary lead smelter.:

.'
• Permi ss.i ble ,Exposure Limi t (PEL) - The employer

must assure that noemploy.e.e is exposed to

airborne lead levels in excess of 50 ug/m 3 ,

expressed as an 8-hour time~weighteda~eiage.

• Exposure Monitoring - Routine mbnitoring is

required for almost 'all are~s of the lead smelter.

Monitoring is required with ~ny change in

, production, process, or, control.

• Methods of Compliance "':' The employer is required

,to attempt compliance through engineering and work

practice contr~ls and must provide respiratory

p~otection where ~hese contrbls do not reduce

exposureS to below trie PEL.

• Protective Clothing and Equipment - The employer

must provide protective gear for all employees

expo~edabo~ethe PEL and is r~sponsible for

collecting and cleaning all such gear.

7
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1.5

)

• Housekeeping - All surfaces must be maintained

free of lead accumulation. Preferred methods are

vacuum cleaning and water washdown. Dry sweeping

and shoveling are discouraged.

• Hyqiene Fatilities and Practices - No food,

beverage, or tabaGco products may be present or

consumed in the workplace. This implies separate

facilities for such,activites. The employer must

provide dual change rooms and lunchrooms. These

facilities should have clean, positive~pressure

air supplies.

• Medical Removal - The employer must provide for

the temporaiy removal of emplyees from lead

exposure as.a result 6f elevated blood leads or

medical findings. This implies providing clean,

non-contami,nated facilities to which persons may

be relocated.

• Employee Information and Training - The employer

must advise employees of potential exposure to

lead at any ievel.

Feasibility of Compliance at Existing Facilities

Table 2 summarizes data representative of employee

exposures at the time the ,OSHA standard was'promulg~ted. Since

that time, substantial reductions in exposure have occurred, but

a sustained c6ntrol development effort will be required if

compliance with the 50 ug/m 3 standard is to _be achieved.

Radian's experience with regards to the feasibility of reaching

this goal is summarized in the following paragraphs.

8



• Technological and financial feasibili~y issues are

closely related.

• Any exposure limit is theoreticaly fea~ible if

no time and money constraints exist.

• As of 1983, all secondary smelters had some

operations in compliancei similarly, all had

ope~ations out of compliance.

• 'Lead exposure levels can be lowered at most

operations in every plant.

• Exposure levels ~t similar operations vary from

~lant to planticontrols required to reduce

exposures-will likewise vary.

• Current research is expanding the knowledge and

availability of emission/exposure controls.
"

• Regardless of air-exposures, employee~ will be

required to use some type of "respirator fl for

protection against ingestion and unexpected upsets

or emi ssion excursions. (See Reference (m),

"Administrative Controls and Management Practices

Used to Minimize Lead Inhalation and Ingestion in

Japan. ")

9



TABLE 2. EXPOSURE LEVELS* IN SECONDARY
LEAD SMELTERS

Lead-in-Air Measurements (~g/m3)Smelter
Operation

Furnace Room
Kettle Area
Castings
Wire
Magnesium
Brass Department
White Metals
Shops
Yard
Dross Area
Maintenance
Equipment
Lab
Shipping arid Receiving
Scrap

Mean

1760
850

90
100

30
170
120

20
130

1130

. Maximum

6500
2900

140
600

30
760
250

50
150

2840
5300
8000

190
500
8QO

* Represents Data from Five Plants in the Late 1970's.

Source: Submission No. 26 to OSHA Docket #H004.
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2.0 MAJOR CLASSES OF CONTROL

This ~ectiondis~ussesbasic approac~es to

emiss~on/exposure control which may find applicability in all

-lead smelting facilities.

2.1 Source Characterization

'"' ' Exposure occurs when there is a source of l~ad.

Sources may include~process emissions, fugitive emissions,-
- , .
secondary emissions from vibrating surfaces, wind re~entrainment,

,,- , • < '

~lothing or skin corit~~ination, and so forth.

Exposure control should begin with source

identification and charact~rization. It -is generally accepted

"that all emission sources of lead must be' identified and

controlled to some extent if com~li~nce with a 50 ug/m 3 ~tandard
is to be achiev~d. A t~pical ~mission characterization worksheet

used to evaluate emission sources is included in the Appendix.

Figtir~ 3 an~ _Tabi~ 3 prese~t information related to

,fugitive emission sources and emission factors. Emis~ion factor

estimates are 3eneral in· nat~re.' They should only be used to
" .

prioritize initial characterizati6n .efforts.

2.2 Control Appr'oaChes

The following general approaches are appropriate for

ne~ plants ~r major renovation of exi~ting facilities:

'. Isolate and enclose ·operations. Segregating

various operations isolates major emission

sOl,lrces,! mak.es emi ssion 'character i za tioh easier,

enables the use of employee-specific controls, and

11
2,1<
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Description of Emission Source
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b. Limestone b. Vehicular traffic b. Slag tapping
c. Lead scrap c. Load-out operations ,c. Lead tapping/casting
d. Iron scrap d. Wind eros ion off

pi le(s) 13. Holdi ng' pot tappi ng
2. Scrap iron e. Hand! ing and transfer

a. Loading onto pile 14. Ket t 1e (softeni ng) refi ni ng/
b. ,Vehi cular traff; c 6. Lead and i ron scrap burning casting furnace
c. 'Load-out operations a. Charg'ing .
d. Wind erosion off 7. Battery breaker b. Pi ggi ng
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3. Lead
CIS t i ng furnace

scrap 9. Rotlry tube sweating furnace a. Chargi ng
I. Loadi ng onto pil e b. Pigging

a. Charg; ng
b. Vehicular traffic b. Tapping
c. Load-out operations 16. Kettle oxidation furnace
d. Wind erosion off 10. Reverberatory sweat ing furnace

a. Chargi ng
pi Ie (s)

e. Handling and transfer
a. Charging 17. Reverberatory oxidation furnlce
b. lappi ng a. Chargi ng

4. Coke 11. Reverberatory smelt i ng furnace
a. Loading onlo piles lB. Casting (pigging) soft and

a. Charging
b. Vehicular traffic b. Slag tapping

alloy
c. Load-out opera,tions
d. Wi nd eros; on off'

C. Lead tapping/casting 19. Roadways
pile(s) a. Paved roads

e. Handling and transfer b. Unpaved roads

FIGURE 3. PARTICULATE EMISSION POINTS IN SECONDARY LEAD SMELTERS

Source: (r)
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TABLE 3. FUGITIVE SECONDARY LEAD SMELTING EMISSION FACTORS

Process
Emrssion Factors Da ta' ,

(Total Particulate) Source· Comments

Reyerberatory Sweating
Furnace

Charging

Total

1.28 kg/Mg scrap
charged b Includes tapping as well as charging
O.8-1:!5,kg/Mg charged" c '"Based on 137,670 metric tons/year.

Reverberatory'Smelting
Furnace'

Charging

Total

Blast (Cupola),
Furnace

Charging

Scrap Burning

Rotary Tube Sweating
Furnace

Charging

Kettle (Softening)
"Refini'n g/Cas ting
Furnace

Charging

Kettle (Alloying)
Refining/Casting
Furnace

Charging

Kettle Oxidation
Furnace "

Charging

4.62kg/Mgcharged b

1.4-7.85 kg/Mg charged c

6.00 kg/Mg charged b

0.80 kg/Mg'scrap
burned b
~.5-1.0 kg/Mg scr~p
burned. c

1.28. kg/Mg of metal b
processed

0.02 kgiMg of metal
charged b

0.02 kg/Mg of metal
charged b

0.02 kg/Mg of metal
charged

Includes tapping slag and lead as well
as charging
Based on 135,000 metrictons/yea~.

" ,

Includes charg{ng~ lead tapping to
holding pot, slag tapping, and
tapping of holding pot.

Based on 151,437 metric tons scrap
burned/year. '

Includes both charging and tapping

Includes pigging as well as charging

Includes pigging as well as charging

Reverberatory Oxidation No Data
Furnace

Casting (Soft & Alloy) 0.44 kg/Mg lead cast b

·Data Source refers to letter citation in Bibliography (See Appendix)
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reduces contamination. Indeed, several plants are

designating "clean" and "contaminated" areas

wi thi,n the smelJer. Clean areas are intended to

be controlled through .emission controls and good

housekeeping to provide low ambient lead levels.

Employees in contaminated areas are protected by

supplied-air cabs, islands, stand-by pulpits and

control rooms, supplemented .by respiratory

protection.

• Automate, and minimize personnel needs. Where

practical, automated process equipment reduces

exposure by removing the employee.

• Provide sufficient space for process and control

equipment. Allow sufficient space for hoods,

ductwork,. control rooms, mai ntenance acti vi ties,

cleaning, and equipment storage.

• Avoid wheeled-vehicle transport. Wheeled vehicles

are significant sources of secondary lead

emissions.

• Minimize transport distances. Transport of loose

lead materials by any means results in fugitive

emissions. Designers should attempt to reduce

transport distances. One approach is to surround

primary operations with support operations,

eliminating transport over long distances. For

example, charge preparation, charging, tapping,

and casting operations c~n be positioned like

spokes on a wheel, with the blast furnace being

the hub.

14
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• Isolate power equipment to reduce pUlvating

vibrations. An often; unrecognized source of
~ '

airborne dust, vibration can create significant

secondar~ emissioris. Isolating power equ~pment

will reduce 'such emissions.

• Avbid fl~t, structGral surfaces. -Flat structural

surfaces collect settled dust which may be

reeritrained as a secondary emission,'sourde through

~ihd erosion or surface vibration. High flat

surfaces ar~ also difficult to reach for cleaning.

• Provide emission control of all emission sources

w~ich contribute to exposur~. All iecognized

emission sources should be controlled to the',

degree possible, consid~ring technical and

financial feasibility.

• Utilize secondary hooding to control fugitive

,emissions. Few primary hoods collect 106% of the

emission. Secondary hoods sh6uld be installed as
,

required. Exambles i,nclude secondary ho6ds over

slag tap oper~tions, charging ports, and metal tap

cooling points.

.-~ .

• Provide replacement air ventilation systems., All

exhaust or ,dilution ventilation systems require

replacement air (known, also as "make-up" air

systems.) If the r~placement air system is well

designed and integrated into natural and comfort

~entilation systems, more effective control of,

exposures can be expected. For example,

replacement air outlets should be placed so that
- , '

afr flows - from the outlet past the employee, to,

the emission source~ and to the exhaust. This

15



places the employee between the incoming air and

the emission source, as shown on Figure 4.

• Pave all ground surfaces. All. plant surfaces

should be paved, covered,. or planted to minimize

wind~entrainment of settled lead dust ~nd to

enhance the opportunity for surfaca cleaning.

• Select. equipment which is compatible with and

encourages good housekeeping. At lower levels of

lead-in-air, i.e., less than 100ug/m3 , secondary

sources of lead from contaminated surfaces may

become major contributors to exposure.

Housekeeping thus becomes more important to

compliance as time passes. Building and process

equipment should be selected tQfacilitate

housekeeping, e.g., avoid flat surfaces: use

smooth, cleanable surfaces .on floors, walls and

equipments: and specify water-resistant electrical

service.

• Isolate employees. Employee isolation is often

less costly than emission controls. Successful

stand-by pulpits and environmentally-controlled

cabs and control rooms have· average lead levels of

10-30 ug/m3~

16



REPLACEMENT AIR UNIT

"~ .
. .

""'.. .

'~..

"'"""'~ --- .

.... .'. ~RFLOW

EMPLOYEE
EXHAUST

. DUCT

KETTLE

FIGURE 4. AIR FLOW FROM REPLACEMENT AIR OUTLET
TO EXHAUST HOOD
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3.0 DEMONSTRATION PROJECT SUMMARIES

Many demonstrations could have' been performed as part

of this project. Table 4 presents a summary of fourteen projects

which-were seriously considered. Ten of the fourteen projects

were pursued, each of which met the following criteria:

• The project had potential application in most

secondary lead smelters.

• A site was available to conduct the demonstration.

• Financial factors were favorabl~.:

• Technical factors pointed to a relatively high

probability of project success.

• Questions of compliance feasibility could be

answered.

• The project could be completed in the allowed

time.

The following paragraphs present a summary for each

demonstration project.

3.1 Summary of Demonstration Project No.1, "Battery
Breaking Emission Controls Using a Saturn~ Shredder and
Palletized Battery Handling"

I

There are many methods of breaking batteries',' but most

employ one or more of the following basic approaches: (1)_

breaking by shear or saw, (2) hammermill breaking, (3) flotation

separation of battery parts, and (4) low~energy shredding. A

demonstration of low-energy shredding was conducted which focused

18
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TABLE 4. SUMMARY OF FOURTEEN DEMONSTRATIONS CONSIDERED

DEMONSTRATION
PROJI:CT NO.

1

2

PROJECT
DESCRIPTION

Saturn Shredder

Retrofit of Filtered
Air Cab to Mobile
Equipment·

Supplied-Air. Island

Slag Granuiation

Screw Drossing

DESCRIPTION
OF OPERATION

Battery Breaking

Front-End Loader in Yard
Operation ',C

Casting Skimmer's Work
Station '

Furnace Slag Tap

Kettle Drossing

PAJITICIPATING
COMPANIES

GBC

GBC/
Tonolli

GBC

GBC

Tonolli

TYPE OF
PROJECT

Control Technology
Appl i ca tion

Control Tech~oiogy
Applic~tion

Control T~chnology
Application

Control Technology
Application

Control Technology
Application

CONCLUSIONS/
RESULTS

Successful
Application

Preliminary
Evaluation ­
Positive and
Encouraging

. Successful
Application

Project Not
Pursued

Successful
Application

Central Vacuum
system

Plant-Wide Housekeeping
Operations

Tonolli, .
GBC

Evaluation of Descriptive
Existing Technology, Summary

,Flue Dust Recycling
i.n Closed System'

Waffle Casting of
Slag

R~verb Curtains

Clothing and Shoe
,Cleaners

Stand~by PUlpits

O~ide Handling by
Vacuum Dewatering

Tuyere Punching
controls

Pavement Cleaning

~lue Dust Handling and
Storage

Furnace Slag Tap

Reverberatory Furnace
Operations

Plant-Wide Cleaning of
Clothing, Shoes, arid PPE

EMployee Enclosure at
Various Locations in Plant

Battery Breaking and
Separa'tion

Blast Furnace

Yard J\reas

GBC

GBC

GBC

GBC,
Tonolli,
East Penn

Tonolli,
GBC

Cal-West
Metals

East Penn

Tonolli,
East Penn

Control ~echnology·

Application

Control Technology
Applica tion'

Control Technology
Application

Evaluation of
Existing
Technology

Eval~ation of
Existing
Technology

Control Technology
Application

Control Technology
Application,

'Evaluation of
Existing
Technology

Moderately
Successful
Applica tion

Project Not
Pursued

Project Not
Pursued

Descriptive
Summary

Descriptive
Summary

Project Not
Pursued

Successful
, Applica tion

Descriptive
summary



on control of airborne lead and acid emissions. The·

demonstration was conducted at ~he General Battery C9rporation

(GBe) smelter in Reading, Pennsyl'vania.

The overall approach to emission control included

palletized battery handling, movement of materials by fbrklift,

enclosed and exhaust-ventilated battery shredding, and good work

practices and administrative controls such as wet-down methods,

training, and preventive maintenance.

The battery shredde~ is located in a bui~ding by itself.

The local exhaust ventilation used to control shredder emissions

creates an .inflow of air into the building, preventing escape of

lead emissions into the smelter yard. Palletized batteries are

transferred from trucks to the shredder by fork-lifts,

eliminating manual handling. Shredded battery material is

. removed by front-end loader.

Previous battery breaking had been accomplished by hand

separation, shearing, and hammermill operations. Production

rates had been averaging 600 batteries per hour, requiring a crew

of five. Lead exposures often exceeded 500 ug/m 3 and averaged

more than 300 ug/m 3 . The new shredding method can break 1,600

batteries per hour ana requires a crew of four. The mean lead

exposure level has been reduced to 160 ug/m 3 .

While not yet in compliance with the 50 ug/m 3 standard,

GBC has achieved a significant reduction in employee exposure.

Recommendations were made for modifications and additional

emission controls which should pro~ide further and significant

reductions in lead exposure. These included are-designed

entrance ramp, larger dock and storage area, conveyor handling of

shredded battery scrap, and modifications to the l~cal exhaust

system to reposition the hood and to more co~p~etely enclose the

shredder.
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3.2 Summary of DemonstrationProject'No. 2, "progress
Report: Retrofi t Applica.tion of a Coritrolled'"7
Environment Operator's Cab to.a Rubber~Tired

Front-End Loader'" .

A Clark/Michigan 45C,

was selected for cab retrofit.

'-.
Use of controlled-environment cabs on mobile equipment

has been suggested as one potential means ~~ reducing operator

exposures to lead. Industry experience in building

controlled-environment cabs helped identify problems which would

h~vetobe solved during this effort: inadequate filter systems,

under-powered fans and motors, improper distribution and return

of' air, inadequate control of temperature and noise, clearance

and space problems, .poor housekeeping, and improper operator

practices, e.g. keeping windows and doors open.

To evaluate thepoiential for building and operating an

effe~tive, controlled-environment cab, .Radian Corporation

arranged for a cab to be designed, bU~lt, installed, and test~d

at General Battery Corporation's Reading, Pennsylvania smelter.

rubber-tired, front-end ,loader

Palm Industries of Litchfield,
, ,

Minnesota, received a contrac.t. from GBC to build the new. cab.,

Donaldson Company of ~irineapolis, Minnesota'agreed to supply air

filters for testing.

, A cab was designed and .built which used dual fans and

hydraulic motors,tbprovide air m~vemerit.preliminarytests

indicate the cab will function ef~ectively when fUliy operational.

However, unforseen problems have dela'yed the project. The Final
..

Technical Report is based on preliminary testing of the completed

cab.
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3.3 Summary of Demonstrati.on Project No.3, "Construction
and EValuation of a Supplied-Air Island at the Casting
Skimmer's Work Station"

Use of supplied-air islarids has been suggested as one

means of lowering employee lead exposure in the secondary lead

industry. To evaluate and document a supplied-air island's,
effectiveness, Radian Cprporation and General Battery Corporation

designed, built, and tested an isla~d at GBC's Reading

Pennsylvania plant.

The pig casting skimmer's job location was selected for

application of the supplied-air island.

Equipment associ~ted ~ith the supplied-air island

included a gas-fired make-up air heater, ductwork, a -distribution

plenum and hood, side baffles, and temperature controls at the

work-site.

Personal and area samplIng were conducted to measure

airborne lead concentrations inside and outside the island and to

estimate time-weighted average lead exposures for employees

accessing the island. A strategy was developed for personal

sampling which allowed estimation of the island's contributions

to overall exposure reduction. Additionally, the ventilation

system of the island was characterized.

From the results of this demonstration study, Radian

concluded that suoplied air islands' can be effective·contrbl

devices in reducing exposure to airborne lead. Average Exoosures

at. the skimmer's work location were redu<::ed from 170 ug/m3

outside the island to below 30 ug/m 3 .

The degree of effectiveness of a supplied-air island

will vary with design, m~intenance, extent of employee use, and
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employee .work practic·es. The' results of this study support

suppli'ed-air island use'as a major contributor to a comprehensive

exposure controlprogram~

Capifal costs will vary with size and.design. The GBC

casting skimmer's island cost $15,000 in initial and capital

costs. Annual operating and maintenance costs were estimated at

$3,900 per year.

. .

3.4. Summary of ,Demonstrafion Project No. 4, "Control of
Slag Tap Emissions by Water Granulation."

Tapping of molten slag is a major potential source of

fug i ti ve' lead emi 5s.ions in every srrlel ter. Water. granulation of

slag 'appears to be one me~hod of control which might be feasible

at larger smelters stich as GBC~s Reading facility., .

Financial constraints prbhibitedthetesting of this

control method. The project was ~ot pursued and no report was

prepared.

.. 3.5 Summary of Demonstration Project No.5, IIDross Emission
Controls Using a Screw Drossing Machine ll

.

Drossing of kettles by hand is typically accompanied by

lead e~issio~~ which a~e difficult to control. Associated

exposures todrist, fume and heat make the job undesir~ble to

'employees. A demonstration was conducted of a ~echanized

drossing system which elminated much of the hand work and greatly

reduced emissions associated with drossing. The study was
. ,

conducted at the Tonolli North America, smelter located in eastern

Pennsylvania.

A description' of the'mechan.ical drossing machine is

summarized below:
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• A hydr~ulic cylinder positions the screw.

• A perforated paddle lifts dross from the surface

of the lead bath and deposits it in, the screw

conveyor housing.

• The screw conveyor moves the dross up to a drop

chute.

• A removable dross container, with lid, is used to

transport collected dross.

• An exhaust ventilation systelTl keeps all components

of the system under negative pressure.

It was concluded that the Tonolli screw drosser was

effective in eliminating emissions during drossing, and that

exposure contributions from drossing were substantially reduced.

The equipment could firid appiication in a n~mber of,

primary and secondary smelters. Limitations exis~ when dealing'

with wet drosses and small kettles.

No special skills are required to operate the drossing

machine. Daily maintenance is required, but Tonolli estimates

that as much as 2 man-days per operating day are saved when using

the machine.

The estimated cost of constiuction~ installatiori, and

testing was $20,000 (1981). Annual operating and maintenance

costs areestim~ted to be $4-5,000 per year.

Recommendations were made by Radian for further

improvement in the approach. These included a different dross

container housing, improved dross container handling procedures,

improved housekeeping in the vicinity of the machine, and

reduced openings between the machine and the existing kettle hood.

24
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3.6 Surrunary of Demonstration project No.6, "Evaluation of
Central Vacuum Systems for Exposure Control in

.Secondary Lead Smelters"

The OSHA lead standard specifies vacuuming methods for

removal of lead dust. A field evaluation project was conducted

whi6h provides useful technical information for smelters

interested in complying with this provision. On-site evaluations

of central vacuum systems were made at Tonolli North ~erica's.

plant in N~squehoning, Pennsylvania, and at General Battery

Cbrporation's plants in Reading and Ham6urg, Pennsylvania. These

field evaluat~onscenteredupon the effectiveness of the central

vacuum system as a housekeeping tool.

A central vacuum system is'a permanent installation

designed to provide ready access to vacuum eXha~st in .all plant

areas ~erved by the system. Central vacuum system installations

studied included the following compone~ts:

• Drive motor

• Vacuum producer

• Air cleaning devices

• Vacuum inlet valves

• Flexible connecting hose

• Cleaning tools

The central vacuum systems studied were designed so

that vacuum lines extend throughout the plant with inlet valves

at convenient locations. The worker~ connect the flexible hoses

and cleaning tools to inlet valves when perform{ng clean-up work

in an area served by the central system. Air-cleaning dev{ces

are located immediately upstream from the vacuum producer.

It was concluded that the central systems studied were

convenient, and reliable, and that they enjoyed a high level of
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acceptance by employees. The vacuum was effective in removing

dust and dirt from the workplace in a number of observed cleanup

operations. Typically, only one pass of the cleaning tool was

required, but clumpy leady materials did not lend the~selves to

vacuum cleaning.

Capital costs of a system installed in a l~rge

secondary smelter were given as $100,000. Annual operating and

maintenance costs at another plant were estimated to run $74,000

per year.

3.7 Summary of Demonstration Proiect No.7, "Control of
Emissions by Screw Conveying-Flue Dust Directly to a
Reverberatory Furnace"

Every smelter has the problem of handling collected

flue dust from such sources as baghouses and cyclones. Most

smelters return flue dusts to the charge preparation area for

recycle. The handling and transport of flue dust creates high

exposures for those poing the work. Additionally, flue dust

transport creates housekeeping problems.

A demonstration project was conducted to evaluate and

characterize an existing screw conveying system which returns

baghouse flue dust directly to a reverberatory furnace. The

study was conduct~d at General Battery Corporation's Reading,

Pennsylvania, secondary lead smelter during October and December,

1981. Additional information was obtained from manufacturers and

suppliers of screw conveying equipment.

GBC's basic approach to recycling flue dust is

summarized below:

• Flue dust is maintained in an enclosed system

which eliminates manual handling and associated

. emissions and employee exposures.
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• ,Each of two process trains has it~ own air

'handllng system and bagho,use.

• Flu~ dust collected ,from each baghouse (and from

'a~xillary equiI?ment, e.g., cooling tubes) is

conveyed by troug6,screw conveyors to a bucket
.,'

'elevator.

• A bucket elevator lif~s the flue dust to an
J

overhead screw conveying distribution/f~ed system.
, .,. - .

• qverhead conveyors feed the flue ,dust to ,charging

chutes over, each reverberatory furnace.

• Flue dust is charged to the furnace by a
, ' ,

ram-charge mechanism.

It was concluded that the approach, i.e., screw

conveying of flue dust directly to the furnace, has significant

mer i ts because, of reduced emissions, low, operating costs, and

potentially lowered employee exposures. The approach required

significant amounts of maintenance and upkeep, how~ver;

Maintenance, both: scheduled and unscheduled, averaged 20~hours

per week. Major problems involved clogging 6f the conveyors,

packing i~ elevators; and failure of"hanger ,bearings and

couplings.

3.8 Summary of Demonstration Project No.8, "Waffle Casting
'of Slag"

Most smelters recycle alJ or part of the slag produced

in the smelting furnace. The remainder is qisposed of in varipus

ways,e.g-. shipped to a landfill. Storage, handling, and furnace

preparation of cool~d slag has proven to be a major source of,

fugitive emissioris in many plant~. ,tine p6ientialcontrol is to

cast slag into a ~a£fl~ c~sting w~ichcan be ea~ily 'broken,
, " , "

handled, transported, and ch~rged to the furnace.

Initial evaluations indicated that various financial

and equipment li~itations rendered this project infeasible to

pursue. No report was prepar~d.
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3.9 Sununary of Demonstration project No.9, "Reverb
Curtains to.Control Fugitive Emissions"

Many reverberatory furnaces are constructed of

non-grouted, loosely fitt~d, heat~resistantbrick~. Transient

positive pressures 'in the furnace create "puffs": fugitive

emi ssions from the top or. sides of the" furnace.

It was suggested that sheet metal curtains hung around

the fbrnace would help coritain and direct emi~si6ns to a

collection system. Initiai evaluations led to the conclusions

that the project was tr i vial in an engineering sense, and that it

was not necessary to demonstrate the control.

3.10 Sununary of Demonstration Project No. 10, "Evaluation of
Airshowers and Shoecleaners,as Exposure Controls in
Secondary Lead Smelters"

This pr6ject evaluated airsho~ers a~d automatic
, .

shoecleaners as employee exposure control options in ~econdary

lead smelters.

Site visits were made to three smelter establishments

to observe application and use of airshqwer eq~ipment. Some

smelter operators have installed airshowersand shoecleaners

o~tside lunchrooms specifically to comply withhygi~ne facilities

and practices requirerrients of the OSHA lead st~ndard. Others use

airshowers outside cleanroom facilities to keep the rooms as

lead-free as possible and maximize their. usefulness as exposure

control m~asures.

Tests' of'airshower effectiveness were conducted on-site

and in a laboratory simulation. The data show that airshowers

are generally eff~ctive in lead dust remova 1. From 5-72% of lead·
I

(in the form of lead oxide) .applied to fabric patches worn in an

airshower field test was removed by use of the airshower. From
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23 to 69% of. leadoxidS dust a~plied to fabric p~tches was
. . . '.

removed during laboratory simulations of airshower operation.

The amount of.d~st removal varied according to fabric weave and

weight·. All fabrics tested showed some degree of dust

breakthrough during testing~ The amount of breakthrough was
, -

small, but may present a significant source of skin

contamination.

-Employee use of automatic shoecleaners was observed

during site visits to six smelter establishments. Both

vacuum/brush. and wa~er/brush shoecleaners were 6bs~rved. Both

were effective in removing dust and dirt accumulations from

worker's shoes. Employee diligence in using -the shoecleaning

equipment varied widely.

Dust containment practices (use of smocks and

s~peco~ers) were observed at two smelter establishment~. As a

control for dust contamin~tion from protective clothing, dust

containment app~ars to be-a reasonable alternative to dust

removal.

3'.11" Summary of Demonstration Project No. 11, "Use of·
Supplied-Air Control Rooms and Stand-by PUlpits to
Control Airborne Lead Exposure"

Use of supplied, air control room~ or stand-by pUlpits
• -, . I

has been suggested as an effective means of lowering employee

lead exposure. To evaluate and document such enclosures'

effectiveness, Radian performed on-site evaluations at General

Battery Corpoiation's plants in Reading and Hacibura,. . . -

Pennsylvania, and Tonolli North America's plant at Nesquehoning,

Pennsylvania.

Control rooms at both GBC plants are concrete and gla~s

enclosures built to GBC spe~ifications in 1~81. Tonolli

purchased stand~by pUlpits from Lintern Corporation in 19B1 and
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installed them in three Ne~quehoning plant locations. Both GBC

control rooms and one Tonolli pu~pit'contain process equipment

controls which enable operators to perfdrrn most of their duties

from within ,the control room.

Personal and area sampling were conducted to measure

airborne lead concentrations inside and outside each enclosure

and to determine time-weighted average lead exposures for

employees accessing the enclosures. A strategy was developed for

personal sampling which allowed ,~stimation of the enclosures'

contributions to ,overall exposure reduction. Additionally, the

ventilation system in each enclosure ,was thoroughly

character i zed.,

From the results of this demonstration study, Radian

concluded that supplied air control rooms and stand-by pulpits

can be effectiVe control devices in reducing exposure to airborne

lead. Exposure reductions ranged from 23 to 77 percent. The
,.

degree of effectiveness varies with control room design;

maintenance, extent of employee use, and "employee work practicea.

The results of this study support control room or pulpit use as a

major contributor to a comprehensive exposure control program.

Capital costs for enclosures vary with size and de~ign.

Costs ranged from $20,000~ $120,000. Maintenance costs were

reportedly minimal at GBC, while Tonolli carried a maintenance

agreement with the Lintern Corporation at a cost of $800 per

month.

3.12 Summa'ry of Demonstration project No. 12, "Oxide
Handling by Vacuum Dewatering"

When batteries are broken, the lead oxide and lead

sulfide paste (known in the industry as "oxide") is dried and

mi xed wi th other charge materials., Storage and handli ng creates
I

emissions and exposures to the finely divided powder.
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, ,

Cal-West Metals, a Caiifornia7based recycler of
, .

batteries dev~loped an experimental method of vacuum-dewatering

and packaging of oxid~ such that emisions were ~educed.

The

operational on

performed. No

equipment,,' while effective, in tests, was not made'

a production basis in time for a study to be

report was ~ritten.
. .: '

, 'y'

3.13 . SummarY of Demonstration project No. 13, '''Construction
arid Evaluation of Emission eontrols on Blast Furnace
Tuyeres '.' ,

Lead emissions genera;ed from clearing blast furnace

tuyere nozzles have been suspected as major contributors to

furnaceman lead exposures. The pr imary ob jectiyes of this' study

w'ere to 'character i ze furnaceman exposure during tUY;ere "punch ing"

and to construct and e~aluate engineering and work practice

,controls applied to tuyere punching.

On-site control evaluations were ~ade at East Penn

Manufacturing Company's secondary lead smelter in Lyon Station,

Pennsy I vani a.

Personal sampling data collected durjn~ the study

indicated that,tuyere punching ,may account for as much as half of

a, furnaceman's l~adexposure. 'Three major emission sources

contributed to tuyere punching, exposure: fume from ~he met~l

punch rod~~louds of du~i ftom gloves entrai~ed in escaping blast

air~ ~nd frime ~nd particulate material from the blast furnace.

, . ,

East Penn developed and tested numerous engineering and

work practi cecontrol~ fo·r u,se on blast furnace tuyeres.' The
,

most effective of, these was a hydr~ulically.:-powered tuyere
, , ' ,.

punching device whicih ~eals the tuye;e o~tlet during punc~ing.

This device eliminated 'employee exposures from furnace or punch
I,'
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rod emissions and dust entrained in blast air escaping the

tuyere.

East Penn considers its hydraulic tuyere punch a
, ,

state-of-the-art control for blast furnace tuyeres. The Company

planned to install hydraulic devices ori its eight blast furnace

tuyeres by Augustl983. Estimated c6st is $12,000, which

includes materials, fabrication and 'installation. An appropriate

hydraulic system adds about $20aO to overall control costs.

ofher ~ontrols tested by 'East ~enn included work

practice controls suc~ as a glove cleaning station with local

exhaust ventilation and a'variety of engineered controls applied

directly to the tuyere. None of these controls was as effective

as the hydraulic punch. Additionally, many proved to be either
. ' .'

technicall~ or economicalli inf~asible, ~nd several demonstrated

serious maintenance problems.

3.14 Summary of bemonstrationp'rojec.t No. 14, "Evaluation of.
Pavement Cleaning Methods and Equipment for Exposure
Control in Secondary Lead Smelters~' "

Lead dust that accumulates in smelter yard and building

areas can ,be a significant source of fugitive dust emissions and

employee exposure to lead. One approach to controlling this

source of exposure is to pave traffic areas and implement a

program for pavement cleaning. Theprim?ry objectives of this

study were,to characterize pavement cleaning methods and

equipment, to investigate pavement cleaning practices in the

secondary lead industry, and to evalu~te theeffect{veness of

various pavement cleaning methods and equipment through
, ' -

site-visit demonstrations.

Pavement surfaces may be cleaned by sweeping, washing,

or vacuuming. Since dry sweeping can itselfgefierate high dust

conceritrations, sweeping methods are generally combined with
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vacuuming or washing to provide acceptable control of dust

emissions. Mobile vacuum sweeper machines are widely used at

secondary lead ~smelters for pavement cleani~g. Alternativ~

methods tisedby som~ companies include use ~f central vacuums and

water wa~h techniques. Smelter operators re~ort varying de~rees

of success and sati sfactio'nwi th the equipment and methods they

use for pavement ~leanirig.

Site visits were made to three secondary lead smelters

to observe various pavement cleaning methods and equipment. Use

of medium-size v~cuum sweepers (with and without an enclosed

operator cab), a truck-mounted vacuum sweeper, 'and a water":'wash.

technique were evaluated. Operato~ exposure during the
, .

water-wash technique was lowest; exposure during operation of the

truck-moun ted sweeper was h'ighest. Use of a standard,

fUlly~enclos~d cab provided little dust exposure protectidri for

the operato!: .an a~erag~ lead-in-a{r concentrati6n of 425 ug/m 3

was measured durin~ sweeper op~ration~

All pavement-cleaning meth'o,ds studied were effecti,ve in

. reducihg dust emissions from pavement surfaces. Measurements

made with a direct readirig dust ~briitor before and after pavement

cl~aning~howed a substantiai reduction in dust emissions from

vehicular traffic.
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4.0 RECOMMENDATIONS

The secondary lead smelter industryhas'accomplished

much in the way of controlling emissions, exposures, and blood

lead levels in the past four years. The indust~y is to be
I '

commended'for its willingness to share control technology among

its members; NIOSH for its willingness to assist in the

development of control technology.

Radian recommends that funds be made available to

conduct additional control technology demonstration projects.

Examples of emission/exposure source controls yet

needing development and evaluation include:

• Wet dross emission controls

• Kettle controls

• Pavement emission controls

• Oxide handling controls

• Small kettle controls
, '

• Waffle-casting of slag

• Mobile vehicle emission controls

• Acid misting controls in battery storage piles

• Breaking of industrial batteries

• Plastic and rubber handling

• Evaluation of MA Engineering~ battery breaker

• Tunnel enclosures of tapping and cool~ng

• Slag granulation in water

• Conveyor ~ransport, preparation, and charging. of

broken batteries

• Whole battery charging

34
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5.0 REPORTING

The pr imary purpose of performing thi s project was .to

pr~vide information which sm~lter operators could Use to r~duce

employee exposures, in secondary lead smelters. Accordingly,

Radian prepared all reports. and presentations in formats which

would be of most use to smelter operators, designers, and

industrial hygienists. Radian sent copies of Demon~tration

Project Technical Reports to all secondary smelters for review

and comment. Additional copies were made avaifable to the·

Secondary Lead Smelter Association (SLSA) and to.the Lead

Industries Association (LIA).

Oral presentations summarizing the project were

presented at meetings of the Secondary Lead Smelter Association

in 1982 (Tampa, Florida) and 1983 (New Orleans, LA). Progress

reports were ~lso presented at the nation~l American Industrial

Hygiene Conferences o( 1982 and 1983.

Findings of individual Demonstrations were presented

orally at regional and national AIHA meetings in 1982 and 1983.

D~onstration Project Technical Report No.'s 1, 2, 3,

and 5 are included in Volume I of the Final. Report.

Demonstration Project, Technical Report No.'s 6,7,10,11,.13,

and 14 are found in Volume II ..
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REPORTS, VOLUME I

• Demonstration Project No.1, "Battery Breaking Emission
Controls Using a Saturn~ Shredder and Palletized Battery
Handling".

• Demonstration Project No.2,. "Progress Report:· Retrofit
Appl icati on of a Controlled-Envi ronrnent Op'era tor's Cab to a
Rubber-Tired Front-End Loader"~

• Demonstration Project No.3, "Construction and Evaluation of a
Supplied-Ai~ Island at the Casting Skimmer's Work Station".

• Demonstration Project No.5, "Dross Emission Controls Using a
Screw Drossing Machih~".
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1.0 PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of this study is to'inv~stigate, evaluate and

characterize a new 'approach to.batterybreaking which minimizes

emissions.

The objectives: of the study are (1) to determine the level of
. , '

control provided by this operation, as compared to the former,

operation, . and (2) to prqvide useful technical, cost, and

operational information to other smelter operators, government

agencies, consultants, and labor un:i,.ons. for the, purnose of .

determining th~ transferrabilityof the demonstrated technology

to other smel t{ng loca tions .

" .

. ".

, '.
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2.0 INTRODUCTION

In this report, we describe the resul ts 6·f a study fmlded by the
National. Institute for Occupa.tional Safety and' Health, and

conducted by Radian's Occupational Safety and Health Division.

The study was performed at the General Battery Corporation (CBG)

secondary lead smeiter located near Reading, Pennsylvania. This

report presents the findings of a study of a reduced~emissions

battery-breaking operation recently installed at GBC's Reading

smelter.

GBC'~ basic approach to batt~ry breaking includes:

o Palletized battery handling by fork lift trucks

o Enclosed and exhaust-ventilated batterY breaking

operations
o A low-energy shredder supplied by MCA Corporation

("Saturn")
, .

o Administrative controls, e.g. preventive maintenance,

housekeeping, and employee training

'0 Movement of shredded batteries by front-end loader

Radian conducted on-site studies during October and December,

1981, and again in January, 1982. Much of the technical data
were supplied by GBC and Saturn. Measurements of air flows and

exposure levels were obtained by Radian'. Samples were analyzed
by Radian's AIHA-certified lab in Austin, Texas.

2.1 BATTERY BREAKING CURRENTLY INpSE 'IN THE SMELTER
INDUSTRY

There areas many ways to break batteries as there.are secondary

smelters in the U.S.A. (about 50). However,all breaking operations
can be categorized and assigned to one of the follmving basic

approaches:
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(a) Whole battery charging. This technique, developed by the
Bergsoe smelter in Denmark~ purposely emphasizes as little

battery breaking as possible (only about 20% of the battery m~s,s

needs to be broken). The acid is drained from the battery

before charging. "Whole" batteries are mixed with other charge

materials on concrete beds.using a'rubber-tired front end·

loader. After the charge is prepared, it is loaded into the

furnace by front-end loader. Although it may seem to_be a low­
level ,eini tting process, emiss ions _and exposures, are -s till a·

, . l . -

significant problem. -- Few smelters in the USA use this approach: _

because of the large furnace size required and the resultant

poor economics.

(b) Battery breaking ~ shear or saw. l1any smelters dismantle

batt~ries in a hand operat;ion in which employees (1) s.eparate '
plastic and rubber batteries, (2) :cut ,the top of the battery
off,' (3) empty_the contents of the battery onto a pile.

Typically, frbnt-end- loaders then move. the battery parts to
" -

storage and disposal. This operation is labor intensive, creates
sign{ficant emis~ions during 'cutting and handling, and has

traditionally -been a physically tiring, irritating (acid mist),
and: high lead e~osure 'j ~b.

'-
-(c), Hammer-mill Battery-Breaking. In order to speed-up the
_processi_ remove employees from exposure, and utilize plastic

ba ttery cases for fuel or res_ale, many plants use hammer mills
. -

_to break batteries. Unfortunately, this approach continues to
require hand separation of plastic and "rubber cased batteries

" " .
and manual handling of rubber-cased batteries. Furthermore,. '" "

the hammer mill is a,high-energy machine which creates high
'l- I • • • .-

levels of lead arid acid mist emissions ..

(d) Flotation-~ separa tors ~., A nuniber of flota tion- type
ba ttery-breakers' are currently employed in - today' s smel ters.

The technique uses shears, saws, and/or hammer mills to reduce
battery scrap to small pieces'. The separator produces output

3
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The
the

streams of hard lead (grids and posts), oxide and sulfate sludge,
plastic, and rubber. Theadvahtages of this system are

(1) positive control of furnace feed enables use of more
sophisticated furnaces, e.e. rotary, and (2) separate recycling

of plastic case material which, as of December 1981, was selling

for 15-17 cents per pound. Unfortunately, as with other

approaches, emissions ar~ significant and exposures are high.

(e) Low-energy shredders. At least five secondary smelters have
(or, have had)' low energy shredders installed for breaking

ba tteries. This sys tem uses a low-rpm,' low energy shredding
device to slowly shred batteries into chargeable or separable

pieces.

This report describes an integrated approach to emission control

which was built by GBG around a low-energy shredder for battery

breaking.

2.2 DESCRIPTION ,OF THE GBC SMELTER

In order for other smelter operators to determine the

compatibility of the GBCapproachto thel.r own operations, a

brief description of,GBC's operations are presented below.
information presented is a compilation of data gathered from

plant and derived from other studies.

General Ba'ttery Corporation' 5 (GBC) smelter is located in the

Reading, PA metropolitan area. The plant produces hard and soft
lead ingots and an timonial alloys in two similar bras t fumace-

, *reverberatory furnace installations. Scrap industrial and SL1

* SL1' - Starting, Lighting, Ignition
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batteries are 'the major raw materials.' \Vhen the plant was
cbnstructedin 1971, it had two blast furnaces, a reverberatory

furnace and ten kettles; In 1976-1978 a second reverb-'~nd
. additional process gas handling and sanitary ventilation/gas

treatment systems were added.

This plant is among the largest U.S, secondary smelters. In

addition to smelting operations, GBC manufactures SLI, industrial,

and motorcycle batteries at this facility.

Figure 1 is a plot plan of the 30-acreplant site which is in a
basin remotely surrounded by high hills on all sides. At the

west property line is St. Michael's monastery. Residential and

commercial (small business) areas surroUnd the plant property .

•The smelter is situated on the western boundary of the plant.
North of the smelter is a paved area approximately 300 x 600 feet

in dimension where scrap batteries are stored.

Processing Description

The smelter currently charges all plastic-cased batteries and
. *the tops of rubber-cased batteries to two blast and two,

reverberatory furnaces, each of which has a rated capacity of

65-80 tons/day. Each of the two blast-reverb .combinations shares
a process gas and ventilation gas treatment system. Flue. dust is
charged to the reverb furnaces and reverb slag is charged to the
blast. furnaces.

As shown in Figure 2, material flow through the smelter occurs
generally from the north to the south ·end. The operations occur

in the following order from north to south: raw material receiving
I

and storage, battery breaking, charge storage and pr~paration,

* GBC intends to charge all portion~ of the rubber batteries
when the percentage of rubber batteries has consistently
dropped to below 25% of the. total.

5



smelting/refining/casting operations, and slag storage.

furnace slag is transported from the south storage area
the storage area for blast furnace feed.

6
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·3. a BATTERY BREAKING AT GBC, PREVIOUS OPERATIONS

Untii recently at GBC. batteries had been· prepared for furnace
, .

charg;ingby (1). separating rubber and plastic batteries. (a hand
~ - .'

operation). (2) shearing the .top of the rubber· ba tteries and

emptying the battery contents onto a .pile (hand operations).
and (3) breaking the plastic batteries ·in a high-energy hammer­

mill. Battery scrap was moved from the battery area to the

storage area by a rubber- tired, front-end loader.. Lead
exposure levels* to battery breakers often; exceeded 500 wg/m3

and averaged more than 300 w·g/m3. Acid' exposure.was also heavy ­

necessi ta ting. the wearing of face shields ..rubber aprOns, rubber
boots and· gloves, etc.· (The location of the old operation is

shown in Figure 2.)

The old system was capable of breaking 600 batteries per hour

using a crew of five men which consisted of one driver, one
shear-man, two.battery unloaders, and· one helper.

* GBC sampling data

)
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4.0 DESCRIPTION OF SHREDDING OPERATION

4.1 INTRODUCTION

During 1981,GBC designed and installed a new battery breaking

facility which was developed. for the purpose of "reducing
emissions. The basic principles of control include:

(1) Controlled Battery Handling. Batteries are handled
on pallets, which reduces the exposure of handling

and dropping o~ individual batteries. All batteries

delivered to the plal1 t must be strapped on wooden
pallets ..

(2) Low-energy breaking .. Batteries are, broken by a

low-energy mach{ne. In this case GBC elected to
purchase and install a Saturn(R)-brand shredder. The

operating principal of the Saturn shredder is t~ehigh

torque and low speed revolution of two counter

rotating shafts. Each stainless steel shaft is equipped

with stainless steel teeth. No hammering, pounding,

ripping, or other high-:-energy breaking force is
employed. Consequently, the generation of acid mist

and ,lead particulate is general~y low.

(3) Local exhaust ventilation.

the breaking operation is
exhaust hood installed on

Capture of emissions during

accomplished with a local

the shredder.

(4)" Isolation and enclosure of fugitive emissions. The
breaking operation is housed in a building which is

under negative pressure. Any fugitive emissions are

theor-eticall~retainedin the builqing .

., -
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(5) Training of employees, housekeeping, preventive

maintenance. GBC;: has developed an administrative.
control program which emphasizes, employee training

and correct work practices, housekee~ing and
contamination control, and preventive maintenance. of

equipment; This program helps maintain stable

environmental conditions and minimizes upsets and

emission excursions,

4.2' SHREDDER DESCRIPTION

Figure 3 presents a plan view of the new battery breaking operation.

Componen ts of the opera~ion .are 'lis ted below. . (Numbers refer to
Ioca tions marked on Figures 3 and 4.) " Figure 5 presents fi,ve

photogiaphs of the shredder operation.

1. . Ba ttery unloading area and, dO,ck. Batteries are del i vered

to the plant in semi-trucktra.ilers. All SLI batteries

are strapped to wooden pallets .. Pallets are removed
from trailers by fork-lift trucks.

2. Concrete platfornr. The .platform is used for temporary

.pallet storage., 'Jhe surface is easily washed down ..

3. Ramp. Forklifts carry pallets of batteries. into

the shredder building via the ramp.

5. Hood. The shredder is equipped with a canopy
exhaus t. hood.

6. Scrubber. Exhaust air is drawn through a venturi

scrubber to a fan, and then exi ts. through an exhaust
stack. Exhaust air is transported through a 24" FRP
duct to a Chemico-brand venturi scrubber.

11
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7. Building enclosure. Air, exhausted from the hood creates
a slight negative, pressure in the building and maintains a
flow ~f air into the buil~ing. '

4.3 OPERATIONS

The new battery operation is less labor 'intensive than the old.

In fact, twice as many batteries/labor hour can be broken as

compared to the old system.

A crew of four," consisting of one driver , two ,forklift operators

and one helper; can shred 1,600 batteries p~r hour.

Drums of wet and dry dross and other leady mate·rials are fed

directly to the shredder, eliminating unloading, handling, spills,

etc.

At the' present time, ·any steel-clad industrial batteries are

dismantled by hand and stacked on pallets, prior to introduction

to the shredder.

4.4 MAINTENANCE

The shredding operation had been operating for six months at the

time of Radian's visit in December, 1981. The first major

overhaul of the shredder took place at that time. The major
overhaul involves a 1-2 day shutdown and consists of replacing

all cutters with sharpened blades. GBC maintains two sets of
cutters which, can be interchanged. Other maintenance required

during the first six months included the replacement of three
• ..0.;

bearings which failed due to acid leakage." Daily maintenance

consists of inspection, cleaning,' greasing, etc.

* New bearing seals should correct this problem.

(
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Haint:enance requires about 1 man- day per week, (as compared to

lOman-days per week in ~he ~ld' ~~stem.)

4.5 EQUIPMENT DESCRIPTION

'Shredder. The shredder is a Model 52-32 ,Saturn (R) shredder.'

The shredder is powered by 2-150 HP hydraulic motors which drive,
the two cutting s~afts at, 30-4~ RPM.

, ,

Hopper and Hood." The hopper and hood are constructed of mild

steel which ha~ not shown good service. These were replaced
with stainless steel during the major overhaul.

SKILL LEVELS/EMPLOYEE ACCEPTANCE

Labor 'skill-level requirements are greatei than that required

during' the p~eviousoperation (which 'primarily 'required
'st::ength and endurance). With'the shredding operation, employees

must 'be trained to operate, a forklift ,truck. A j cb description

for each job ~s included inth~ Appendix.

Radian interviewed'GBC personnel to obtain their impressions of

the work associated with the new battery breaking operation.
I

Mos temp loyees fe1 t that the new approach to bia ttery breaking

was easier, reduced physical labor considerably, and reduced
exposures.

4.7 HOUSEKEEPING

,'Housekeeping and cleaning are much easier in the new. system.

All equipment, is built with water protection. Water wash down

with a ,two inch hose and nozzie is performed at least once per
shift and includes the cleaning of all ,surfaces.

Water, acid,and particuiate are dra~ned to and collected ina
sump. on' the north side of the building.' Water and acid are sent

13



to the plant water treatment facility.. Periodically, the settled
particulate will be removed from the sump for recycling.

4,.8 . BROKEN BATTERY SCRAP HANDLING

GBe continues to'use a rubber-tired front-end loader to transport

broken batteries to the storage are~, This method of ., transport
creates high levels of uncontrollable lead emission. Future

plans call for modifying materials handling practices in the

plant, e.g. using conveyors.
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FIGURE 5A SHREDDER BUILDING

FIGURE 5B UN.LOADING PALLETS
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FIGURE 5C '. RECEIVING HOPPER AND HOOD

FIGURE 5D
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5.0 WORKPLACE ENVIRONMENTAL ASPECTS

This section describes Radian's observations and measurements

of conditions effecting emissions, employee exposure, and

safety in the new shredding operation. No observations or
measurements were made on the old system, which is in the

process of being dismantled. However, GBC did provide exposure

data for the old system, which is presented in a later paragraph.

5.1 ,D1ISSION SOURCES AND EMISSION CONTROL

Emissions during battery shredding occur at the following
locations, or during the following operations:

o Delivery of batteries to t~e shredding area.
o Removal of. palle ts from semi- truck tra'ilers',

o Movement of rubber-tired forklift trucks in

the area.
o i Dumping of pallets into shredder.

o Shredding or breaking of batteries.

o Bat~ery parts falling from the shredder to the
.pile·below.

o Front-erid loader operations (movirig shredded
battery parts to the storage area).

o Vibration of equipment which causes secondary

emissions of settled lead particulate.
o. Acid misting of' broken batteries.·

GBC has provided control of these emissions by:

o Keeping the area clean through water-wetting

and water cleaning.

o Installing local exhaust ventilation on the
shredder hopper.

o Providing building ~nclosure and exhaust

ventilating the building.

20



5.2 VENTILATION

Figures. 6 and 7 show the shape and size ,of the hopper and
collection hood. Figure 8 shows the exhaust ductwork. Figure

I

9 shows th~ po~itioning ofexhausi ventilati6n in the shredder

opera tion. Figure 10 shows a .schema tic diagram of the Chemico
scrubber layout. Figure 11 shows the velocities meas~red at the

hood face and in the exhaust duct during optimum operating
conditions.

The Chemico Venturi scrubber is designed to handle 11,600 ACFM.
The pressure drop across the venturi throat is designed to be

40 inch w.e. The scrubber utilizes 45-55 gallons of, water per

minute. The s~rubber is equipped with ~ R6binson 913H fan,

size 60 inch x 2 inch, designed to move 11,OOOACFM at 55 inch

w.e., and is driven by alSO HP motor.
/

The scrubber system is estimated to be capable of 99% collectio'ri

efficiency of acid mist and particulates.

5.3 . EXPOSURES

eBC supplied breathing-zone personnel m~nitbringdatafor exposure

to lea'd for both the old and the new battery breaking operations.,

Lead samples collected at the old shear operation from 1973 through
1981 ranged from '34 \.Jg/m3 to 1,533 \.Jg/m3 .*The mean exposure was

300 \.Jg/m 3 (Standard De~iation =325 \.Jg/m3 , N =34) ~nd the ,median
exposure was 215' \.Jg/m3 . If the single high and low exposure. . 3
measurements are eliminated, the mean exposure drops to 270 \.Jg/m.
(Standard Deviation 246,N = 32).

* Not all samp les are time weighted average ~easurements,'
particularly those taken in the earlier years. However, non­
TWA samples are thought to be close to actual TWA exposures.
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Eight TWA personal samples had been taken during the first four

months of operation of the shredder operation. Exposure
measurements ranged from 17 j.lg/m3 to 733. j.lg/m3 . The mean

exposure'was 180 j.lg/m3 (Standard Deviation = 230 j.lg/m3 , N = 8).
The-median exposure measurement was 125 ~g/m3. If the high and

low exposure ,measurements are eliminated, the mean exposure is

115\Jg/m3 (Standard Deviation = 43, N = 6).

Exposure measurements of the front-end loader operator before
, "-

and after installation of the shredder are ~lmost identic~l;

243 j.lg/m3 vs 215 j.lg/m3 . This is not unexpected since the method

of 'transporting broken· battery scrap is essentially the same, as
before.

5.3.1 Discussion ,of Measurements

Although no statistical comparisons have been performed on the.

data, it appears that exposures are lower in the new shredding

operation by about 50%. While not yet in compliance with the

OSHA standard of 50 j.lg/m3 , a significant improvem~nt in working

conditions has been accomplished byGBC. Further reductions in
lead exposure- canbee~pected when suggested improvements or

modifications are implemented (see Section 7).

5.4 SULFURIC ACID AND NOISE

Skin contact with sulfuric acid has all but, been eliminated.

5.5 SAFETY

In the old operation, major safety problems. involved acid burns

and the ·pinch point of the shear. In the new system, the

shredder and the forklifts are major potential safety hazards.
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, ,

The shredder safety problem has ~een dealt with by installing

a four-foot high inlet hopper wall. All forklifts ,are

equipped with, Toll-over protection" (ROPS). I~ the first six
, ,

months of operation, GBe'experienced no.lost~time accidents at

the shredder,operation.

"

J
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6.0 COSTS

The entire project including design, construction, and testing

cost $450,000 (1981)~ of which procurement and in~tallment of

the shredde~ and support equipmeni cdst $200,000.*

A single set of spare, stainless steel cutters costs. $30,000.

Mairitenance co~ts for replacirig three~earings totalled $5,000.

Overall, the, plant manager estimated that actu,alOperafing

costs wete ab6ut50% les~ than for previous operations ..

(This does not include amortization of capital e~penditures for

the new system~ however.) Cost savings are found in lower
labor-hours~per-battery, and less maintenance labor. Energy

consumption is, about,equal to 'the former operation.

The time for constructiOn (from, dec ision to on-line) is estimated

at one year.

~'< Costs do not include cost of Chemicoscrubber which was
purchased in 1974 at a cost of $8,4,000. Annual 0 & H costs.
associated with the scrubber are estimated by GBC at $8,000/
year (1980).
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7.0 SUMHARY DISCUSSIONS·.

Based upon our observations and measurements,we would conclQde
that the principles of emission control demonstrated in GBC's

new batteryshreddi~g opera~ion ha~e proven to be a significan~

factor in reducirig employee exposures. In the following

paragraphs we ex~ldre potential applications, limitations,
problems an~ possible improvements.

7.1 APPLICABILITY TO OTHER OPERATIONS

The principles of low-energy shredding, isolation and enclosure,

local exhaust ventilation, and employee training would find
application 'in. almost·every ~meltingprocess which 'requires

)

battery. breaking. The shredder is capable of pr~ducing almost
any size of battery scrap particle. Financial feasibility might,
be a problem at small smelters. Low production rates might be

a problem at very large smelters.

7.2 LIMITATIONS AND PROBLENS

In order to be effective, the GBC approach requires .batteries to

be delivered on pallets, or for batteries to be automatically

unloaded from trucks and introduced to the shredder without
intensive labor support. These requirements may be difficult

for some smelters to accomplish.

If the batteries are old and bone-dry (no acid residual), the
shredder tends to become a Luger source of dust.

32



7.3 POSSIBLE IMPROVEMENTS

Radian and GBC suggest several modifications .which would
enhance existing operations: . (See Figure 9.)

0) The sloped entrance ramp should b'e at a more shallow angle.

As it is now, drivers have a difficult .time navigating the ramp.

(2) The dock and storage area should be built with a larger

surface area to minimize traffic congestion, and to provide a

larger area for temporary storage.

(3) GBC suggests tha t a dual-entrance. "rac~- track" sys tern of

traffic would be safer and faster.

(4) Movement of broken battery scrap should be made by con~eyor,

rather than front-end loader. GBC has this on their planning
agenda.

(5) To avoid falling and splashing emissi~ns, GBC could .install
a ramp, or slide, underthe'shredder ,discharge. See Figure 12.

(6) Better capture characteristics might be attained by

repositi6ning thec~pture point of the hood, or. by enclosing the. . ,

hopper more completely. An example is shown on F~gure 13.
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FIGURE 13 ALTERNATE HOODING

EXISTING
CONFIGURATION
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. CLOSES FOR·

EMISSION CONTROL
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JOB DESCRIPTION.AT SHREDDER OPERATION

JOB TITLE: Battery Breaker

PRIMARY DLLY: Remove scrap from junk batteries"

WORKING PROCEDURE: Unload batteries from truck or yard and ,place
. ,

onto conveyor. Turn b.atteries on side, under shear, actuate battery

breaking machine I shearing the cover. Compl'etely dump metal

be'aring material from sheared cases and place empty cases on
conveyor to be .crushed. Batteries unable to be sheared ~ill. be

moved to acid draining. area, dumped and where possible remove.
metal bearing material. At the end of the shift wash the entire
conveyor, and machine. Clean the \-lork area. At times unload. scrap. ..
groups from trailer ,and pile or pick, up junk batteries. Clean acid
sumps as necessary. ' At times dismantle indus trial batteries.

"

Perform other miscellaneous duties as necessary to the operation.

JOB TITLE·: Battery Breaker Leader

PRIMARY DUTY: Coordinate the work, direct and assist crews in all

phases of the Battery, Breaker.

\-JORKING PROCEDURE:. Check the operation and, give instructions

concerning work to be performed. Assign crew members to~arious
. ,

mis,cellaneous du ties as required to facili ta te ob taining maximum

production.. Pos ition trucks lo'aded wi th b.a tteries to be broken ,

remove empty t~ucks to proper location., Insure that battery plates,
tops, crushe~ cases and·industrial scrap are removed .td proper

loca tion. See.. tha t acid sumps are kep t operating and acid flow

lines are clear. Direct and assist in cleaning the equipment and
work area. Perform maintenance work where poss~ble and assist
smelter maintenance department when necessary. Perform any, job on

the operationandariy other, miscellaneous duties as necess,c3;ry to
. the operation..

"'-::'0---..." .......



JOB TITLE: Material Handler - Battery Breaking

PRIMARY DUTY: Position full semi-trailers at breaker unloading. ,

conveyor and remove when emptied.

WORKING PROCEDURE: Hook up full trailer and pull to scale at gate.

Weigh full trailer and pull to stand-by area.
Unhook trailer and drive to empty trailer.

Remove empty trailer from conveyors and pull to scale.

Weigh empty trailer and pull to storage area to.be washed and
cleaned out.

Hood up and position full trailer at br~aker unloading conveyors.
Use front~end loader to clean-up and disppse 6f wet groups from cases.

Maintain acid sump and flow lines.
Cut strapping in truck.

Move empty skids.

Assist in handling poly or truck and bus batteries.

Set up. or adjust extra lengths of conveyor.

JOB TITLE: Yard Laborer - Driver

PRIMARY DUTY: Operate trucks and lift trucks and perform a variety
of unloading, loading, transferring and cleaning duties.

WORKING PROCEDURE: Varies, depends on work being performed. Operate

tractor trailer, panel truck, etc. as required and assist in

performing the following duties: Unload, transfer, and dispose of
soda ash bags. Use hand truck to transfer drums of caustic soda.

Use electric hoist to raise caustic drums to second floor level.

Return empty drums to storage area. Unload coke and iron ore.
Unload junk batteries, and pile in yard. Unload scrap groups from

drums or bulk load. Unload lead ';vherever needed in sme Iter or plant.
Use derrick to dismantle .industrial batteries." Reload junk batteries,

to tranferto battery breaker. Load, unload and transfer any

materials that are required for smelter. Take counts or check weights



of all materials trucked to smelter and repottsame to smelter

office. Use electric jack truck to transfer lead from storage to

all usage areas throughout' the plant. Remove scrap lead from

production ~~easJ weigh, r~cord weight and transfer to smelter.

Unload new cases. Segrega t,e rej ec ted cases for inspection by the
,

supp Her.' Gather and segregate pallets. Unload,' transfer. gather

and load returnable drums as required. Glean ~ya:rd areas. Perform

other miscellaneous duties ,as required.

JOB TITLE: Saturn, Crusher - Yard Jockey,

PRIMARY DUTY: Position loaded semi-trailers at Saturn Crusher dock

and remoye when required.

HaRKING PROCEDURE: Hook up loaded trailer and transpor't to weigh

station. Weigh trailer and return to trailer staging area. Drop

loaded trailer and hood up to empty"trailer at S'aturn Crusher

dock. Transport empty trailer to weigh station, weigh tt~iler

and return it to wash rack at saturn area. Hook up full trailer

and spot at Saturn Crusher dock. Additional duties include

performing routine driver maintenance to assigned vehicle, assisting

in handling poly, truck and bus batteries, uiing f~ont ~nd lo~d~r

t~ tIla'intain area and disposing of wet groups from cases,'monitor

'acid sump and flow lines an-d to removing empty skids. Perform

miscellane.ous duties as necessary to the operation. _ All work

performed mus t be done wi thin the guidelines of es tab lished safety

rules and regulations.
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JOB TITLE: Yard Laborer

PRI!vf.ARY DUTY: Perform a varie ty of unloading, loading, trans ferring

and cleaning duties throughout the plant.

WORKING PROCEDURE: Varies dependi!1g on the work being performed .

. A group of .employees perform the following duties: Get 50 pound

bags of lime and empty into lime mach.ine. Dispose of empty bags.

Use hand truck to transfer drums of oxide from mill to platform at

mixing operation. Use electric hoist to raise drums to 2nd floor
level. Return empty drums to the Mill. Use electric jack truck to

transfer lead from storage to all us~ge areas thioughout the

plant. Remove scrap lead from production areas, weigh record
weight and transfer to the smelter. Unload coal, coke and.iron
ore. Unload junk batteries and pile in yard, unload scrap groups
either from drums or from bulk loads requiring the use of a

wheelbarrow to move to end of truck and dump. unload new cases

by moving skid l~ads to end of truck for pick up by lift truck.

Unload and pile in storage or. place on skids. Unloadmaster
pack acid, cartons, caustic soda, etc. Unload bus and industrial

batteries. Unload steel for spark plugs. Use derrick to dismantle
industrial batteries. Reload junk batteries for transfer to the

breaker.· Gather, and segregate palle ts., Segregate rej ec ted cases
for inspection by supplier .. Clean yard areas and incinerator.

Ga ther and load returnable drums. Load arid unlo1.d and tran,sfer any
item as required. Perform other miscellaneous duties as required.
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1.0 INTRODUCTION

This report describes the progress of a dem6nstr~tion

project to designt build, and evaluate a retrofitted~

controlled~environment operator'~ ~ab on a,cfront-end loader.
(hereafter referred to as a ~CE cab"). A CE cab p~civides

tempered clean air to the operator's br'eathing zone. Basic

compon~n~~of a CE cab include temp~ratur~control,equipment, air

cleaning devices, and air-moving equipment.

Backaround to the Pro4~ct

The OSHA standard mandates the control of employee e~posures

to below 50 ug lead/m 3 ai~.

Employers are encouraged to comply through engineering and

adminstrativecoritrols, e.g. local exhaust ventilation,

housekeeping, employee' rotat,ion, and proc'ess modi fica tions. One

effecti,ve engineering contiol approach is to provide small

"islands" of clean, fresh air. (See Demonstration ,project ,No., 3,

Supplied-air Islands, and Demonstration Project No. 11, Stand-by

Pulpits.) The same approach is possible for the protection of

mobile equipment operators. T~picai mobile equipment in use at

secondary smelters includes front-end loaders, forklifts, 'trucks,

'and sweepers, all of which are equipped with operator's cabs or

overhead guards.

Radian's contact with the secondary smelter industry

suggests that a few smelters have attempted to builq

exp6sure~protective cabs, but have had little lasting success.

Major problems have included:

• Undei-designed filter systems.

• Under-po'wered air ~oving equipment.

1



• Inadequate placement of air distribution and return

systems.

• Inadequate operator. control of temperature and ajr

velocity.

• Excessiv~ noise~

• Under-design~d heating and cool~ng systems~

• Inadequate clearance and. space within the mobile

equipment for installation of environmental systems.

• Poor operator practices, e.g. keeping windows and doors

open.

• Poor housekeeping.

These problems and 'their .potential solutions as studied in this
~ .

project are discussed in Section 3.

Oblectives of the Prolect

The project was designed to investigate, design, build,

evaluate, and characterize the operation of a

controlled-environment operator's cab retrofitted -to a front-end

loader.

The objectives of the project were (1) to determine the

level of le~d exposure control provided by the CE cab, and (2) to

provide useful technical, cost, and operational information to

smelter operators to help them evaluate the transferability of

the. demonstrated technology to other smelting locations.

Approach to the Project

Table 1 provides a summary of eleven tasks Radian planned to

perform during the project.

As described in detail -in Section 3, General Battery

Corporation (GBC) agreed to furid the construct ibn and

2



Task No.

1

2

3

4

5

6

7

8'

9

10

11

.Table 1., SUMMARY OF PROJECT TASKS

Task

Planning (si te:"vi sits, . ,task plan de·velooment,
equipment selection)

.Literature Search

Industry Contact (Who has already built such
equipment?)

Mobile Equipment Manufacture 'Contact (Who' has
built such equipment?)

Initial On-site Study (exposure level~,

equi~ment evaluation)
I

Sel~ction of Bubcontractors (design,
construction,- and insta11a'tion of equipment)

Conceptu~l Designs

Cpnstr~ction and'Pre~insta11a~ionTesting

In~tallation and shik~down

·Post-installation On-site Study and
Evaluation

Reporting·

3
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installation of a CE cab. Subsequently, Clark Equipment

C6rporation, Palm Industries, and Don~ldson Company all

participated in the construction of the CE cab.

Unfortunately, due to tinforseen problems and delays, Tasks 9

and 10 were not fully comcletedas of the close of Radian's
, -

contract with NIOSH. However, pre-installation tests of the CE

cab suggest that all of the major obstacles have been overcome

and that the cab should p~rform effectively after installation

and shakedown.

This report presents the progress to date and a summary of

project activities and findings.

, '

Results of Industry Contacts and Literature Search

Twenty-three secondary lead smelters were contacted

regarding the use of environmental cabs on forklifts and other

mobile equipment for reduction of lead exposure. Nineteen

responses were received. Of the 19 smelters responding, four use

or have used environmental cabs. Of these four, one indicated

tha t the cab seemed ,to "work well" when first opera tinq, but all

four said they had experienced operating and maintenance problems.

One source complained that workers considered the cab

uncomfortable and would not usually use it. Currently, no

secondary smelter has an operating, effective CE cab.

Of eleven contacts with cab and mobile equip~ent

manufacturers ~nd suopliers, none could point to a successful,

currently operating retrofitted cab. (New equipment has been

successfully designed and built with ~nvironmentally-controlled

cabs, however.)

A literature search was conducted but yielded little

relevant information. Two reports of studies performed on

4



cohtrolled-environment cabs used on mining equipment were

received from the Bureau of Mines, however, neither report

cont~ined information directly useful to this project.*

* Kaisko, w. J. Develop and Test Canopy Air Curtain Devices,

Bureau of Min~s; Publication No; PB~246-041, June 1975.

(Available from NTIS, Wash. D.C.)

Billmayer, H"..J. and Hacker, J. Enqineering Evaluation of

Environmental Cabs. f6r Con£roloi Dust arid Other Health' and

Safety Factors, Bureau of Mines, Nov~ 1981. (This document is

in a draft st~ge and is not generally available'for duplication

or reprodriction, and has not been quot~6 or used in this

report. ) ..
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2.0 EQUIPMENT SELECTION

GBC supported the project by supplying ~ piece of mobile

equipment at its Reading, Pennsylvania plant, and assumed the

cost of the retrofit.

To assist smelter operators ~n determining the

transferability of the technology to their plants, a short

description of GBC's Reading plant is provided below.

Plan~ Description

General Battery Corporation's Reading plant is-located in

eastern Pennsyl~ania. The pla~t produces hard and:soft lead

ingots and antimonial alloys in two identical blast

furnace-reverberatory furnace installations. Scrap industrial

and 5LI batteries are the major raw materials.

This plant is among the largest U.~.'secondary smelters. In

addition to smelting operations, GBC manufactures 5LI,

industrial, and motorcycle batteries at this facility. Lead

emissions from battery manufacture as well as vehicular traffic

contribute to high ambient lead levels around the ~lant.

Figure I is a plot plan of the 30-acre plant site. The

plant is in a north-south valley. The smelter is situated on the

western boundary of the plant. North of the smelter is a paved

area approximately 300 x 600 feet where batteries are stored.

Vehicular traffic is fairly heavy in and around the plant,

especially around the southern and eastern boundariss. A major

. plant access road runs north and south immediately to the east of

the smelter. The road is paved except for points where it

crosses the battery storage and former landfill areas.

6
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As shown in Figure 2, material flow through the smelter

generally occurs from the north·to the south end. The operations

occur in the following order from north to south: raw material

receivinq and storage, battery breaking, charge storage ~nd

preparation, smelting/refining/casting operations, and slag

storage. Reverb furnac~ slag is transported fro~ the south

storage area back to the charge storage area for blast furnace

feed.

Selection of a Front-end Loader

The smelter uses a ~a~iety of mobile equipment. Table 2

presents a summary of the numbers and types of mobile equipment

rised for materials transport in th~ storage yard. Figure 3 ·shows

pictures of the equipment.

In order to select a suitable piece of equipment for

retrofit, Radian conducted an on-site investigation of the mcbile

vehicles in use. The Walden ~achines and the Datsuns were

determined to be poor candidates because of their small size,

small engines, and restricted access to po~er trains.

Furthermore, employee work practices did not lend themselves to

protection ~hrough engineering contr6ls, i.e.,. only a small

percentage of a worker's time was spent using the mobile

equipment. Both Clark machines appeared to be acceptable

candidat~s for a retrofit application of ventilation. The

Michigan 45C is used one shift per day (allowing 16 hours per day

for modifications) and it's operator is the most consistent

operator, i.e., he stays in the .maehine most of the shift.

Therefore, Radian recommended a project to retrofit a

Clark/Michigan 45C with an EP cib.

8
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Table 2. MOBILE EQUIPMENT* .

Brand No. of Center ,ROPS/ No. of Type of
Name Wheels Articulated Cab** Vehicles Vehicle

Walden 4 Yes No/No 2 Fork-lift

Walden 4 Yes Yes/No 1 Scoop/Bucket
6000

Michigan 4 Yes Yes/Yes 1 Front-end
45B Loader

(Clark)

Michiaan . 4 Yes Yes/Yes 1 Front-end
45C Loader

(Clark)

Datsun 4 No Yes/No 4 Fork-li f t
6000

(Nissan)

* All vehicles are rubber-tired. None have vent~lated ciabs.

** Roll-over protective structures attached.

/"
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3.0 DESIGN AND CONSTRUCTIQN

This section describes de~ign and coristruction approaches

used to build a CE cab for, the Clark/Michiaan.45C front-end

loader. Section LO'briefly introduced problems' which must be

overcome in order to'assure protection of the equipment operator.

Thi s section expands on those problems 'and. descr ibes the steps

taken to solve them.

Environmental Considerations

Prior to design, it' is necessary to understand the

required effectiveness of the control equipment.

Table 3 presents the iesults of air-sampling performed by

GBC and Radian.

Based on data presented in Table 3, the following

conclusions can bexeached:

(1) Average breathing zone concentrations must be reduced

'by 97% to ~chiev~ c~mpliahce (i.e., 1,775 ug/m 3 reduced

to 50 ug/m 3 ).

- '. I '

(2) Peak breathing zone concentrations must be reduced by

99% to achieve' compliance at all times (Le., 6,75,5

ug/m 3 reduced to 50 ug/m 3 ).-

(3) Average outside lead-in-air concentrations must be

reduced by 90% to re~ch theP.E.L (i.~., 525 ~g/m3

reduced to ,50 ug/m 3 ) .

. (4) Inside-the-cab lead-in-'ai r concentrations must be.

reduced by 80% to reach the P.E.L. (i.e.,2~5 ug/m3

reduced to 50 ua/m 3 ).

12



Table 3. Air Sampling on Front-end Load~r

Date of
Sampling

Dec. 1981

June-Oct.
1981

Source

Radian

.GBC

Type of
Sample*

Area

BZ, TWA

Location of
Sample

O\:ltside Cab
Inside Cab
Outside·Cab

(Worn by
Operator,
working in
and out of
cab. )

BZ AVERAGE

Lead-in -ai r
. uq/m3

644
255 .
409

132
6,755
3,168

91
303
196

1,775

* Area ~ Area Samples.
BZ, TWA - Breathing Zone, Personal Sarnples~

Tim~-weighted Average exposure.

13 i1"1..-- '~. _ ,l....... .......



These data point to a final conclusion that effective and

efficient air cleaning is required if compliance is to be

approached.

Selection of Filter

In order to be effective over time, it was determined that

the air cleaning system must meet the following conditions:

(II The filter system must be capable of· 95-99% collection

efficiency.

(21 It should be easily accessible and easily replaced.

(31 It should be reliable and have a relatively long life,

e.g. remain in service for several weeks before

replacement.

(41 It should be reasonably inexpensive.

(51 It must be able to withstand a light load of sulfuric

acid.

Radian and GEC arranged for filter developmen~ by the

Donaldson Company of Minneapolis, which, in conjunction with the

cab design people, developed three filters for testing - one

off-the-shelf filter, one order-required filter, and one

special-construction HEPA filter.

Filters are of the canister ty~e and are easily handled and

replaced. (See Fiqure 10.)

14



Air Distribution and Return in the Cab

1

An "islahd" of iresh/filtered and tempered air is the

exposure Erotection mechanism. Air flow must be designed to

maintain the integrity of the island during all .normal operating

conditions.

Figure 4 shows the .approach taken. Featurespf the design

include:

(1 )

(2 )

( 3)

A distribution plenum and perforated plate is used to

provide even air flow across the cab. The perJorated

plate fits over most of the roof area of the cab.

The pressure drop across the 20% open, perforated plate

distributes the inlet static pressbre across the entire

face of the plate, providing an even distribution of­

supply air across .the face area of the cab at the

operators head.

Design air flow volume is 100 fpm per s~uare foot of

face area (Q = 100.fpm/10 sq. ft. = 1000 cfm).,

The supply sys~em is equipped with an ad~ustable fresh
J i

air supply valve capable of sJpplyingO-lOO% fresh air.

Thi~ approach serves three purposes~ it allows for

conservation of energy at low or high ambient

temperatures, it allows a positive pressure to be

created in the cab thus avoiding infiltratio~ of

contaminated, outside air, and it mini~izes filter

buildup.

(4) The return-air plenum inlet is located near the bottom

of the cab. This assists in maintaining a constant

down:flow of ~i.r at the operators br~athin~·zone.

15
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, "

'(5) Other potential sources of air movement are eliminated.

One of'the big problems of past cab ventilating efforts
. '

has been mixing turbulence in the cab and the. resultant
" ,

, ,
contaminat~on bf the breathing zone, i.e~, contaminated

air ~rom the floor area is able to mix v~rtically with

incoming air, causing lead levels to increase at the

breathing lev~l. Figure 5 shows situations in which

this can occur'~

All holes in the ~ab were closed or covered. Windows

and doors w~re made air-tight. Small coolin~fans were

remov~d. Auxili~ry heaters ~ere disconhe~ted and

removed.

Fans and 'Motors

Selectiori and specifi~ation.of motors and fans proved

difficult but the eventual selection ie~resents a majpr

innovation of the GBe system.

In specifying a fan and motor several conditions were to be

met:

"
(1) Static pres~ure requirements were high. Because of the

distribution plenum, high-velocity return plenum, and

the high-~fficiency filter, it was estimated that up to

6" of static pressure would be required at the f,an.

(See appendix for calculate~ estimate.)

(2) Height requirements mandated that the ventilation

equi~men~ housing extend no more than one foot above

the existing roof-line.

17



Poor inlet distribution;
no return ducts.

Poorly placed return
air inlet.

Cooling fan mixes conta­
minated air with inlet
air.

Negative pressure in cab
creates mixing, turbulence.

FIGURE 5. ADVERSE AIR MOVEMENT CREATES INCREASED
MIXING, TURBULENCE, AND EXPOSURE



(3) The drive motor' would be· required to su~ply up to 4 hp,

estimated as follows.

Power

Requirement

= FTP x Q

6356 x Nt.
x Km

wheie FTP = Fan t6tal pressure = 6"

Q = 1000 cfm

Nf = Fan efficiency = 0.50

Km = Drive l~ss factor = 1.8 (Hydraulic)
j

therefore'

Power ~equi~e~ent 3.• 4 hp.

Palm Industries, constructors of the CE cab, detetmined that

generators and electric motors of sufficient ,h~rsepower ~n~

suitably small s~ze were unavailable. Furthermore, space

limi ta tions would not allow. for the installation of a sing Ie fan

capable ot the flow an~ static pre~sure required. Based on these

limi tattons ; Palm elected to install two forward-curved, radial

fans, each driven by a hydraulic motor. Figure 6 shows a

schem~tic of th~ final design. Figures 8 thru 24 show' pic~ures

of the finished c~b ona test stand at· the Palm Industries plant .

., .
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~ DISTRIBUTION PLENU~M----I----/----- --

t

CAB
(Front View)

/ RETURN AIR
/ DUCTS

AIR
FILTER
HOUSING

(TOp View)

HYDRAULIC

,HEATING/

COOLING ----..,~~~~~~:h:~~~~~1 Dl_-_-_~
CORES m- ~

BYPASS)

FRESH AIR· RETURN AIR
·1

INLET ----I PLENUM
(Adjustable) ~--~------~~~~------------~

FIGURE 6. CAB SCHEMATIC
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Figure 8. NEW CAB .ON
. TEST STAND

./~ J

,Figure 7.

1

ORIGINAL CAB
ON MICHIGAN 45C



Figure 9. PLACEMENT OF
VENTILATION
EQUIPMENT ON
TOP OF·CAB

Figure 10.' AIR FILTER
HOUSING WITH
QUICK RELEASE/
REPLACEMENT
CAPABILITY
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Figure 11. TOP VIEW SHOWING FILTER OUTLET, HEATING AND
COOLING.~OILS,AND COIL BYPASS

Figure 12.' HEATING AND COOLING COILS AND DUAL
FAN INLETS·

1ZJ~
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Figure 13. FAN OUTLETS
INSIDE CAB AT
PLENUM LOCATION
(PERFORATED
DISTRIBUTION

. PLATE REMOVED)

Figure 14. PERFORATED
DISTRIBUTION
PLATE IN CAB
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Figure 15. FRONT VIEW OF PERFORATED PLATE

Figure 16. REAR VIEW OF PERFORArED PLATE WITH
WIRE MESH

25
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Figure 17. RETURN AIR
INLET AND
DUCT (ONE ON
EACH SIDE OF

. CAB)

Figure 18. RETURN AIR
DUCT GOING
THROUGH CAB
ROOF



Figure 19. RETURN AIR
PLENUM AND
INLET TO AIR

. CLEANER

· ,

27

Figure 20. OUTSIDE VIEW
OF RETURN AIR
DUCT·AND EXPANDED
CAB WALL TO
ACCOMMODATE
DUCTWORK



" .

Figure 21. HYDRAULIC MOTORS AND FANS

Figure 22. HYDRAULIC VALVE W1!ICH REGULATES FLOW'
TO HYDRAULIC MOTO~S

28



Figure 23. HYDRAULIC PUMP AND LINES ON TEST STAND

Figure 24. HYDRAULIC LINES FROM TEST STAND PUMP
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4.0 DISCUSSION OF PROGRESS TO DATE

As of the date of this report, the cab had been shipped to

Reading and installed on the front-end loader. Tests performed

by the local Clark shop indicat~d a probie~ with driving the

ventilation system with the ~xisting hydraulic system. Therefore

GBC decided to install a separat;e,. constant flow hydraulic pump

dedicated solely to the ventilation system.

Prior to shipment, tests perf ormed on the test stand at Palm

Industries indicated all systems were working~ However, because

the test stand was capable 6f providing oniy about 1/3 of the

necessary flow (~ gals/min~ vs. a required l~ cials/min. at 1500

psi), tests at design RPM were not performed.

Evaluations Yet to be Performed

Vo,nen the equipment is operational, the following evaluation

and test~ should be performed: .

. (1) A full characterization of the air handling system

should be performed to include:

• Static pressure measurements at inlets. and outlets

to fans and air cleaner.

• Face and duct velocities.

• Air flow characteristics through the operator's

breathing zone.

• Volume flow rates at various motor rpm.

30
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(2) An analysis of the efficiency and effectiveness of the

thr~e' filters supplied by Donaldson. This can be

accomplished by measuring inlet/outlet lead

concentrations ana static oressu'r'es. Fi 1ters' will load

up' and, become more ,efficient as time passes. The time

interval between required replacemen't should be

d~termined', e.g.~ at a total static pressure drop

across the filter of 3 inches W.G., change the filter.

(3) Measurement of .t~e operators exposure level should be

performed to determine the effectiveness of controls.
" ,

Work practices and housekeeping shbuld be monitored and

sp~cific guidelines eitablished ..

Costs

~otalconstruction funds expended to date by GBC have

exceeded $13,000. It is anticipated t~at tota-l costs of design,

constiuctio~, and evaluation will,exceed $30,000. However,

additional similar cabs could b~built ~nd installed for less

than $10,000.

Safety Considerations.

Structurally, the new cab w~s not modified, thus maintainihg

the integrity of the ROPS system. All ,other conditions within

the cab remain the same~
, '

Potehtial Imp~ovements

Based upon the limited and subjective evaluation of the

completed cab, Radian can make the followirig suggestions:

31

131..-;:



(1) A separate, dedicated hydraulic· pump should normally be

provided t6 drive.the fan hydr~ulic motors.

(2) Use of a separate gasoline engine-powered system as an

alternative to a hydraulic motor should be considered.

This would provide the power required but adds problems

of gasoline tanks, gasoline handling, noise, and

mounting space.

(3) Fans of a straight blade radial type might be

preferable because of their ru~ged construction and

self-cleaning operation. The fans installed on the GBC

system will operate near their maximum.allowable rpm

and will have shortened lives, will generate noise, and

be less efficient.

32



APPENDIX

o Static Pressure Design Estimates

.0 Preliminary Test Results (June 23, 1983)
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1. 0 ' OBJECTIVES OF THE PROJECT

The objective of this project was to design, construct,

investigate, evaluate, and characterize the operation of a

supplied-air islarid at the castings skimme~'swor~ location.

The goals of the project were (1) to determine the

level of control provided by supplied-air islarids, and (2) to

provide useful technical, cost, and operational informat~on to

other smelter operators, governmen~ agencies, consultants, and

labor unions, for the. purpose of determining the transferabil~ty

" )

of the demonstrated technology to other smelting locations.

I



2.0 INTRODUCTION

This report describes a NIOSH-funded profect to design

and construct a. supplied-air island ~t a casting skim~er's work

station at General Battery Corporation's secondary lead smelter

in Reading, Pennsylvania •

.Radian conducted on-site studies during December~

1981, and again in May and June, 1983. The island,was d~signed

by Radiah~and built by GBC. Me~surement of air flows and

exposure levels were obtained by Radian. Samples ~ere analyzed

by an AIHA-certified lab.

'2.1 Plant Description

In order f~r other smelter operators to determine the

.compatibility of a supplied-air island in their operations, a

brief description of GBC's operations is presented below. The

information presented is a compilation of data gathered from the

plant and other sources.

General Battery Corporation's (GBC) smelter is located

in the Reading, PA metropolitan area. The plant produces hard

and soft lead ingots and antimonial alloys in two similar blast

furnace-reverberatory furnace installations. Scrap industrial

2



and SLI* batteries are the major raw materials. When the plant

was constructed in 1971, it hadtwp blast furnaces, a

reverberatory ,furnace and ten kettles. In 1976-1978 a second

reverb and additional process gas handling and sanitary

'ventilation/gas treatment systems were added.

This plant is among the largest U.S. secondary smelters.

In addition to smelting operations, GEe manufactures SLI,

iridustrial, and motorcycle batteries at this facility.

Plant Environment

Figure li~ a plot'plan of the 30-acre plant site which

is in a basin remotely surrounded by high hills on all sides.

Processinq,Description

This plant charge~ ~ntire (crushed) plastic-cased

;batteries and tops (grids and posts) of rubber-cased batteries to

two blast and two reverberat6ry furnaces, each of which has a

rated capacity of 65-80 tons/day. Each of the two blast~reverb

combinations shares a process gas and ventilation gas treatment

system.

As shown in Figure 2, material flow through the smelter

occurs generally from the north to the south end. The operations

J 1-15<
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occur in the following order from north to south: raw material

receivi~g and storage, battery breaking, charge storage and

preparation, smelting/refinin9/casting operations, and slag

storage. Figure 2 shows the location of the Casting Skimmer's

work location in the plant.

2.• 2 Casting Skimmer's Job Description

Figures 3, 4, and 5 present views of the casting line

and. the skimmer.

Lead is pumped from a refining kettle to a star-wheel

caster~which fills an ingot. The ingot line moves automatically

past the skimmer's work station. The skimmer removes the oxide

dross from the still-molten pig with a small hand scrapper. Note

on Figure 4 that th~ skimmer has five ingots in front of him,
,

any of which he can skim. Skimmings are placed in a small

container for recycling.

Exposure levels in 1981 were quite high, ranging from

. 90-6,600 ugPb/m 3 with an average exposure: of 42~ ug/m 3 (24

samples) .

6
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. Fig u r e . 3. Cas tin g Line Ski mme r

Figure 4. Skimming. Operation·
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3.0 SUPPLIED~A~R ,ISLANDS, GENERAL CONCEPTS'

This .ection describes general concepts associated wi~h

the design and operation of supplied-air islands.

Design Considerations

Although: suppli,ed-air islands ,are not new, little has

been reported in the literature regarding optimum flow rat~s,

fat~ velocities, temperature,control, employee acceptance, and so

forth.

As it's nam~s suggests, the supplied-air island is

intend~d to prOvide an "island" of fresh, tempered, and ~lean air
. .

within which an employee may work" protected against

air-borne-contaminants found in the ambient, work-place

environment.

Table 1 lists conditions we have found condu~ive to the

application of a 'supplied-air island for employee protection.

Types of Islands

Figure 6 shows ·two basic, types 'of supplied~air islands:

(1) the adjustable nozzle, and (2) the fixed island. The

m6veable nozzle allows the employee some flexibility in position.

The fixed is~and allows a larger area to be protected.



TABLE 1.' CONDITIONS SUITED TO THE APPLICATION OF A
SUPPLIED-AIR ISLAND TO EXPOSURE CONTROL

Condition

Employee remains in
stationary position

A supply of fresh,
clean air is
available

The air can be
tempered

Many emission sources
contribute to employee
exposure

Need

Important because the more time an
employ~e remains in the island, the
lower the TWA exposure

outside.air may not require cleaning and
costs will be .lo~er. If no outside
source of clean 'air «20 ugPb/M3 air) is
available, intake air should be cleaned.

Employees will not remain in an
environment which is either too hot or
too cold. The incoming' aii ~ust

be tempered; or alternatively, employees
m6st. be rotat~d in and 6ut .of the
island.

It may be more effective and economical
to provide direct. emission control where
only a few emis~ion sources contribute
to exposure.

10
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Figure 7show~ the typical expansion and contamination

of the air stream from a supplied~air island. ,As can be seen,

the larger the hood face diameter, the larger the zone of

protection, and the more "safe" space is created.

Table 2 provides suggested air velociti'es in the zone

of protection. Velocities are those found to be acceptable to

most employees. Air moving over the face of an employee can be

uncomfortable and even irritating if the air is too hot, or

cold, or lacks humidity~ The best equipment arrangement provides

temperature controls at the supplied-air island so the employee

can adjust the temperature.

12
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TABLE 2. ACCEPTABLE AIR MOTION AT THE WORKER

continuous Exposure

Air conditioned space
Fixed work station, general ventilation or

spot cooling: Sitting
Standing

Air Velocity, fpm

50-75

75-125
100-200

Intermittent Exposure, Spot Coolinq or Relief Stations

Light heat loads and activity
Moderate heat loads and activity
High heat loads and activity

SOURCE: ACGIH VENTILATION MANUAL

14

1000-2000
2000-3000
3000-4000
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Heat Control

In addition to providing expo~ure ~rbtection, a

~upp1ied-air island cian also beuBefu1 in providing cooling in

hot, dry atmospheres. Figure 8 shows.two ,graphs used to estimate
,

the effective temperature of air flowing over men doing light

physical wo~k. Moving ~ir provides cooling by enhancing sweat

evaporation and convective cooling. The effective temperature

does not. take into account infrared heat sources (the "globe".

temperature), but does account for temperature and humidity

("wet- and dry-bulb". temperatures.)

15
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4. °

4.1

DESCRIPTION OF THE GBe CASTING SKI~MER I S. SUPPLIED-AIR

ISLAND

Des ig n andf Ins ta11a ti on

Figur.e 9 shows side and front schematic v.iews of the

system as it was originally designed. Figure 10 shows. d~t~il~ of

the hood as original1~ specified. Figure 11 shows the placement

of the island at the skimmer's work stat'ion, as it was oriqinally

designed. Oriqinal specifications are provid~d in Table 3. The

system was intended to provide about 600 fpm face velocity iri the

island, at a volume flow rate (Q) of 5,000 acfm and a fan .outlet

static pressure (SP) of 1.7 inches w~g.

The system was installed very much as originaily

designed. However, support considerations required the island to

be located about 9" right of. the optimum location, placing the

skimmer in the left half of the island most of-the time.

(Additional discussion of the effects of hood placement is found

in Section 7) The isl~nd also encroached on a casting enclosure

installed independently of the supplied-air island. Figure 12

~hows the hood as installed.

Figure 13 shows the clear plastic sheets on two sides

which are intended to extend and protect the zone of protection.

17.
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Duc,ts

Hood/Island

Static Pressure
Hequirements~

in.ch LU 0go .

Air-Supply Unit

T.ABLE 30 GENERAL 'SPECIFICATIONS

Length, 55!
Elbows, 2atR=2.
Steel, Galvanized, 16-18 gauge

:Diameter, 20 ,,'
@Q=5000 cfm, y=2300.fpm

Galvanized ~teel, 14 gauge~

Plastic Sheets, 3/~", ~ide-baffles

1.7 inch wog o
(S~~~Appendix for calculations)

• Fan-5000~cfm @lo7" wog o
• Motor-5HP.0 Heater-Gas-fired, direct,

~atur~lgas only, 500,000 BTU/HR~

•. Modulating Burner Control;
• Variable Volume Damper,

Motor Driven
..• Temperature Control and Thermostat

at work station~ Heavy Du~y -
• If Direct-fired, Malfun~tion

Feedback. Dev ice 0

)
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Original En c los ur e

Island Hood

and Enclosure

Figure 12 . ISLAND Placement and Casting Enclosure
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Figure 13. Installed Hood
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Figure 14 shows the islanq and its plac~ment near the casting

line enclosure. Figure- 15 shows the ma~e-up air heating unit on

the outside of the building. Figure- 16 shows 'the temperature

controls of th~ unit~Figure 17 ~hows-iesults of face velocity

measurements taken at three planes in the supplied-air island.

(The horizont~l velocity component of air entering the enclosure

increased to 100-~00 feet per,minute.) The average velocity of

the island at level A-A (at the edge of the sheet metal hood) was

measureq. at ?,65 fpm, 'resulting in ap estimated flow rate of 5,270

6fm, very close to origin~l design specifications.

Figure 18 provides face velocity measurements at the

iritake of the make-up air unit. Measured flow rate was 5,170 cfm

(as compared to an outlet measurement of· 5,270 .cfm, well within

expected measurement erro~. )

4.2 OperatingC,ondi tions During Testing

On the days 6fevaluation, JUhe14-16~ 1983, both

blast/reverb systems were operating. The refinery was at full

operation and casting was performed during both days.

Skimming is performed most'na'i:.uraliy with the left

hand. However some skimmers used right and left hands

alternately. Although five castings are in front of the skimmer,

skimming tended to be performed,on,the casting closest to the

24
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Figure 14. Supplied-air Island
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Figure 15. Make-up Air Heating Unit
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star wheel. This resulted in the skimmer leaning into and towards

the left-front edge of the supplied-air. island, as shown in

Figure 19.

According to castipg line workers, work conditions were

normal. The casting crew rotated between four jobs: the Skimmer,

Stacker #1, Stacker #2, and Fork-lift o~erator.. Each of the crew

spent approximately 25% of the time at each job.

30
172~



Fig u r e ' 1 9 ~ Ski mmer at L e,f t Fro n t Ar ea 0 f 18,1 and

31



5.0 ENVIRONMENTAL CONSIDERATIONS

The environmental evaluation considered exposures to

noise, heat and lead, each of which is discussed below.

5.1 Noise'

. Sound pressure levels measured on June 14, 1983 at 2:00

p. m..are summarized on Table 4. Noi se 1eve 1sin the suppl i ed-ai r

is1a~d were not signifi~antly different from noise levels

measured in the vicinity of the casting line.

5.2 Heat· Stress

Temperature measurements obta·ined on June 15, 1983 at
. . '. '

11:30 a.m. are summarized on Table 5. The temperature inside the

island was considerably below, temperatures in the vicinity of the

casting line. The e1fective temperature (see Figure 8) was

estimated to be 70-75~, about 2.0 0 below' the dry bulb temperature
\

outside the island. No 9 lobe-thermomet'er measurements were

obtained. As such, the influence of IR from hot castings

(400-600~F) was not evaluated,

32



TABLE 4. NOISE MEASUREMENTS

Equipment Descriptiob Quest Sound Level Meter
Model 2llA/FS
ANSI Sl. 4 Type 52

Calibrator CA-12

Calibration

Date and Ti~e

Temperature

Sound Levels
in various locatinns
near casting

Sound Levels in
supplied air island
at ear level

11 0 dBA (okay)
Battery (okay)

June·14, .,1983
- 2:0Q - 2:30 P.M.

89-91 dBA (slow)

89-90 dBA (slow)

33
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EQUIPMENT
DESCRIPTION

DATE AND TIME

TABLE 5. TEMPERATURE MEASUREJ.f1ENTS

BACHARACH SLING PSYCHOI-IETER

June 15, 1983
11:30 a.m.

TEMPERATURE
TEMPERATURE, F

A B C

Dry Bulb 93 87 86

Wet Bulb 76 73 73

Effective Temp. 82-83 70-75

• A se SUPPLIED-AIR
ISLAND

c e~ (OUTSIDE BUILDING AT AIR
.. INTAKE TO SUPPLIED-AIR ISLAND)

34
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5.3 Lead Exposure

The major purpose for installing the supplied-air

island was to reduce lead exposures to the casting line s~immer

.operator.

Contributors to the skimrrl~"'s exposure are complex and

constantly varying. Emission sourceS include all of the

operation's associated with the smelter building (See Fioure 2)

Providing emission control tQr all, emissions is presently

infeasible at the GEC smelter.

Exposure levels measured since 1978 are summarized in

Table 6. Samples obtained during June 1983 are summarized on

Figure 20.

Figure 21 shows the sampler at' the inlet to the make-up

air heater unit 6utside ~he building.

Figure 22 shows orie of two samplers placed inside the

, hood: one wa s ,an area sampl er, the oth er (s!!own) a

breathi~g-zone, personal sampler.

35
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TABLE 6. LEAD LEVELS AT THE CASTING AREA, SUMMARY

Dates Type Number Source Results
of of of of Low-Hioh-Averaqe

Sampling Samplino Sampling Samplino uq/m3 .

1978 BZ/TWA 6 GBC 201 - 899 - 511

1979-80 BZ 13 GBC 90 - 1598 - 621

1981 BZ/TWA 24 GBC 54 - 1~10 - 422

Dec, 1981 BZ/TWA 2 RADIAN 342 - 649 - 495

Dec, 1981 AREA 6 RADIAN 343 - 1130 - 515

1982-83 BZ/TW.,\ 17 GBC 76 - 332 - 175

June, 1983 AREA 9 RADIAN 62 - 738 - 213

*BZ - Breathing Zone, Personal Samples
TWA - Time 'weighted Average
AREA - Area Samples (does not include any samples taken in

the suppiied-air island)

36

l'7S-c



SLAG
STORAGE

lJ'l
... r­
Om
:0»;;0
m

, DOCK

OLD BATIEAY
BREAKING 'AREA

TYPE NUMBER
SA.~PLE DESCRIPTION OF A-AREA OF RA!\GE AVERAGE
LOCATION LOCATION' ·P-PERSONAL SAI'1PLES ug/m3 ug!m 3,

1 Near holding " A 3 135-738 380
kettle

2 Adjacent to A :3 .140-210 170 .
supp lied-ai r '
is land

3 In supplied- .A. 3 5-10 6
air island

4 Middle of casting A 3 65-118 89
line

5 'Outside ,Building A 3 '.7-15 10
at air intake

6 Brea thing zone P 3 14-36 24
samples on 'skimmer

Figure 2 0 . Sum mar yo f Sa mp Iin 9 t J u net 1 9 8 3
/

/
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Figure 21. Sampler at Air Intake, Location No.5
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Figure 22. Breathing-Zone Sampler
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Discussion

Average TWA exposure levels have been substantialy

reduced since 1979-1980 .. This may reflect-other emission control

efforts made by GBe in the smelter buiiding.

. '.

During the evaluation of June, 1983, airborne lead
..

levels within the island's zone of protection were reduced to

less than 10% of lead levels ~easureddirectly outside the hood,

(i. e., 170 ug/m 3 reduced. to 10 uq/m 3 ). '. Breathing zone exposures

were reduced to less than l~% of a~erage exposure levels measured
/

during1982-1983, (i.e·., 175 ug/m3 reduced tb24 ug/m 3 .)

Breathing-zone exposures are higher than ~ight be expected

because skirnmersterided to lean out of the,primary zone of

protection.

Since the casting crew rotated between jobs, each
. ,

casting line worker spent about 25%\ of the work shift in the

supplied-air island. Average expected exposures can be estimated

by the following calculaiio~:

Expected Exposure = 175 (.75)+ 24 (.25)

= 137 ug/m 3

40



6.0 COSTS

.: ;

Table 7 provides actual initial costs incurred in the

design and construction of the supplied-air island.

Op~rating·costs, are estimated at $2,400/yr.,primarily

to heat make-up ai~ to the supplied-air is~and. Mai,ntenance

c6sts are estimated ~t 10% of capital cost~, biing~ng annual O&M

costs t~ $3,900/year;

......\ '
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Item

Design

Make-up Air Unit,
delivered

Ducts, sheetmetal
work; installation

TABLE 7. COSTS

COst, $*

840

6,449

7,600

Total $14,889

*Costs do not include design and evaluation co~ts associated with
Radian's particibation;

. ,.
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7.0 SUMMARY AND RECOMM~NDATIONS

The supplied air island built byGBC at thecastinq

skimmers work station ~as effective in reducing-breathinq-zone. .

exposures to below 3Oug!m 3 . Persons' working. full-!time at this .'

work position wo~ld likely beiricompliance 'with the OSHA PEL,

50 ug/m 3 .

Improvements in the system could include:

• Placement of the supplied-air island directly over

th,e. skimmer. (See Figure 19)

'. Removal of the circular air .deflector in the face

of the supplied-air island: th~ deflector ~as

. placed a ta loca t·ion di rectly over the. skimmer's

head in an effort to reduce the air velocity over

the skimmer's face. However, 600+ fpm face

velocities were ~ound tb be acceptable to the

skimmer,when temperature controls were provid~d.

The defl~ctor created unwanted turbulence at the

boundary of the supplied~air island, reducing the

. effective zone of ,protection.
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Appendix

Calculation of Static Pressure Requirements.

Original, Conceptual Design Specifications.

\ .
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Est imat e d Stat icPr e s sureRe QU ire men t s •

ROW ITEM SOURCE UNlTS

1 DUCT IDENTIFICATION PLANS FROM-TO IN(,£"!/f>V7U!!1
~

2 ~ OESICN 0 PLANS CFM ~ooo
'"tl. SLOTTED HOOD" (YIO_-ROW 3: Ho-ROW 10) ,

3 SLOT VELOCITY PLANS FPM /
"

1 \ SLOT AREA ROWS 2 3 SO.FT. I
~

~'
SLOT Vf' " FIC. 6-16 IN.W.C. /'"

6 a. ENTRY LOSS FACTOR <1.7B) NONE I'"7 ~ ACCELERATION FACTOR <1.0) HONE IC>... IB VI PL.ENUM LOSS FACTOR ROWS 6+7 , NONE

9 PLENUM SP ROWS 5XB IN.W.C. /
10 DUCT DIAMETER FIC. 6-15 INCH '2.-0 ~

11 DUCT AREA FIC. 6-1B So.FT • 2,/82.
12 f... DUCT VELOCITY ROOIS 2 11 FPM Z290V

13 ~ DUCT vf' FIC. '6-16 IN.W.C. 0.33Cl
'11 DUCT LENGTH PL.ANS FEET 55
1~ FRICTION FACTOR FIC. 6-17 \,IP/l00' ~,98
16 ACTUAL FRICTION ROWS 11>:1~/l00 NONE tJ. ~Cf
17 HOOD ENTRY LOSS 1,15 or FIC 6-10 NONE 1).2.5
18 ACCELERATION ( 1 .0) NONE /.0...,

iJ.5¥19 i\'. ELBO'IS FIe. 6'-12 NONE

20 ~ BRANCH ENTFo:Y FIe. 6-13 NONE -\.1 '
21 i1 OTHER ~N /Aii.E7/cV7t-e7 HONE 0.5'
22 c.. OTHER tJl/!./;J;C€ PI~f'6'f. NOHE /.7H
23 > OTHER ( ) NONE

21 TOTAL LOSS FACTOR SUM 16-23 NONE ~.b/
2~ DUCT SP L.OSS ROWS 13X21 IN.W.G. /.52-
26 "l OTHER EOUIP. LOSS (HLra> IN.W.C. OZUI

'~

/.7~" 27 V. OTHER EOUIP. LOSS ( ) IN.W.C.c:
-.J

2B pRECEDING ~UNCTION (et. FROM) IN.w.e. .-
Ct

29 II) JUNCTION VP CHANCE (at. FROM) IN.W.e.

3D TOTAL SP LOSSES SUM 2S-29 IN.w.e. 112 h

31 IS THIS COV. SP" PLANS (YES/NO)
)-

32 0 eov. Sf' (at. TO .ll..lnct:aon) IN.W;e •
..!i

33 CORRECTED VOLUME FLOW RATEz CFM

3,1 r: SF'h ROWS 9+113X<17+1B) ) IN.W. e.
V;

• ,/ff€_ 5 PIS"! '
ADOPTED FROM THE ACCIH QCHi (;(0.;", S-,-

PCo~~
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1.0 INTRODUCTION

In this report, we describe the results of a study funded by
the National Institute for Occupational Safety and Health

(NIOSH). The study was conducted by the Occupational Safety
and Health Division of Radian.Corporation'at a secondary
lead smelter owned and operated by Tono11i North America in
,eastern Pennsylvania. This report presents an evaluation and

characterization of a Tono11i-bui1t screw drossing machine,
, .' ~

which is used to reduce emissions and exposures during the '
remov,a1 of· drosses from 'refining kettles.

Radian conducted on-site studies at Tono1li,'s Nesquehoning,
Pa~p1ant during October,and December; 1981.- Most of the

,technical data ~yere supplied by Tonolli. Measurements of
airflows and exposure levels were obtained by Radian. Lead
samples were analyzed in Radian's AIHA-certified laboratory in
,Aus tin, Te~as.

1.1 PURPOSE AND OBJECTIVES

The purpose of this project is to investigate, evaluate, and
~haracterize the operation of-the Tonolli screw drossing

machine"

The objectives of the report are to describe the ftndingsof
the studY,and to 'provide useful information to smelter operators,
government agencies" engineers,etc. It is hoped that
utilization of this information will result,in reduced exposures
to smelter ~vorkers, .and more cost-effective expe~dituresof

funds for exposure control.

1



2.0 DESCRIPTION OF TONOLLI OPERATIONS

In order for other plants to determine the applicability of a

screw drosser to their operations, we include here a brief
description of the' Tonolli plant.

The Nesquehoning smelter processes lead acid batteries and
other lead scrap materials. End products include'hard and
soft lead pigs and other shapes. The plant is capable of
produ'cing various forms of special l~ad alloys and lead-based
solder. At full capacity, the smelter can produce 125 torts
lead/day. The plant operates 24 hours/day, 7 days/week,
48 weeks /year, .under normal conditions.

The smelter relies primarily on four rotary furnaces for

smelting and six 100-ton kettles for refining. Auxiliary
equipment includes a battery breaking and separating process,
material handling equipment, casting machines, a flue dust

agglomera tion furnace, baghouses and 'scrubbers, and other
support equipment. Figure 1 presents,the basic plant layout.

"

2.1 RAW MATERIALS HANDLING

Raw rna terial inputs areapproxima tely, 85% used batteries and
15% scrap and kettle drosses. Scrap batteries are brought in
by truck, weighed, and driven to an.outdoor, paved dumping area
surrounded on three sides by a 10-foot concrete wall. ' In this
large paved area battery acid is removed from scrap batteries
and drains into a sump for neutralization.

Broken batteries are transferred to the hopper of a'hammermill
crusher. From the crusher the pieces are moved by a conveyor
bel t in to a battery separation process'. The battery separator
process es 45-50 tons per hour of crushed ba tter'ies .

2



BATTERY'
DUMPING

AREA

SOLID
WA$TE

LAGOON

CHARGE
PREP~RATION

, BUILDING

MAINTENANCE
SHOP

I------'GJ
SERVICE
BUILDING

SWITCH
GEAR

o

dO
WATER

TREATMENT
PLANT

I
I
I
I
I

REFINERY 000

~

WAREHOUSE

, A GUARDr::::--:::! SHACK

..~,

7OA2793 '

FIGURE 1 PLANT LAYOUT (NOT TO SCALE)

3



2.2 FURNACE CHARGE PREPARATION

There are generally two "recipes" charged to the rotary

furnaces. The first, based on a dry lead oxide/lead sulfate
paste mixture is charged about 70% of the time. For the
remaining 30%. the plant charges metallic lead (grids and posts).
which is about 97% lead alloys. The metallic lead could be
charged directly to the refining kettles, but it is more
convenient to charge it to the furnace.

Other constituents of the charge may include agglomerated flue

dust. anthracite coal and cast iron b~rings (reducing agents),
and,soda ash to facilitate sulfur removal in the slag.

2.3 FURNACE OPERATION,

The plant has four identical, refractory-lined, rotary furnaces,
of which thre~ are normally operated at anyone time. Charge
materials are introduced at the rear, and' lead and slag are
tapped from spouts in the center, side wail and front sections
of the furnace.

Charging

The charge is introduced through the rear door by one of two
track-mounted charging machines. Tote boxes are lifted
hydraulically or by crane and dumped into the charge machine
hopper. The charge machine, has a long scoop or chute with a
hemispherical cross section. The furnace doo~ is opened and the
scoop is pushed into the furnace and ~nverted to deposit the

charge,

Tapping

Lead and slag are tapped in to five foot diameter ,by four foot

4
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tall, cone-shaped crucibles, which are coated with lime to
facili ta te product .removal. Tapping of lead is 'accomplished by
ro~ating the furnace un til the tap hole is a t the level of an
upper 'platform where the tap hole is unplugged. Then thg furnace
is rotated a quarter turn to position th'e hole at the bottom of

the furnace, and lead runs out in to the crucible. A crust of
lead sulfate matt'e is skimmed from the surface of the mol ten

lead and ,returned to the furnace:. After tapping" the lead is
cooled', the crucible is pulled along a track ,removed from the
hooding/ tunnel, and, trans ferred by crane to ,the refining ke ttle

, ' ,

area. '

2.4 REFINING, DROSSING, AND CASTING

The refining kettles are in the same building on a ten-foot
platform next to the furnaces. There are six lOa-ton kettles,
with three used for refining; two for pouring and one for,
standby. About ,six l5,OOO-lb. crucibles are required to ~ill

one IOO-ton kettle. Sulfur for copper removal and sawdust for
oxide removal ar~ added during the refining operation. All the
kettles are provided with hoods. Figures 2 and 3 show the

kettle layout and ventilation system.

5
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3.0 DROSSING OPERATIONS

Refining of lead bullion produced in smelter furnaces (e.g.
blast, reverberatory, rotary) is usually conducted in
hemispherically-shaped kettles. Kettle sizes range from 3 to

12 feet in diameter.

Refining generally means removing impurities, or altering the

composition of the bullion, so as to obtain a desired lead
product. Drossing is usually the first step in the refining
process, although the term,"drossing" is often applied to all
skimming of impurit~es from refining kettles. (The word

"dross" refers to'::i~rly of .the solid scum floating on the lead
~: ,~,:.~.

· ba th, and typica~fy consis ts of me tal oxides of antimony, . tin,
zinc, copper, arsenic, bismuth, and met~llic sulfides.) Dross

· is produced by .a number of operations, e. g. heating, cooling,

stirring, blowing of air or oxygen, adding sawdust, sulfur,
zinc, calcium, magnesium~ carbon, e~c.

Dross has traditionally been skimmed by hand using a steel
paddle or scoop. The skimmer dips the scoop into the
lead bath and extracts a load of dross which he then dumps
into a container. Non-antimonial dross is usually very dry
and dusty, cr:eating high emissi'ons (and high exposures) during
handling. Spilled dross becomes a major secondary source of, . .

lead emission and contributes to background levels of lead in
the area.

In the pas t, Tonolli, like all other smelters, has performed
skimming of dross by hand. No specific emission data are

available but it i~ commonly assumed that hand drossing
contributes a significant portion of a refinery worker's total
lead exposure during the shift. Dross materials are typically
hot, dry, and dusty. Eoissions occur in every operation

· associated with skimming and dross handling.

8
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Additionally, the process of hand skimming is miserably hot

and time co~suming--typically the worst job in the r:efinery
worker's daily routine.

Several solutions to the problem have been suggested: vacuum

drossing, clam shell drossing, and screw~rossing.

"

VacuUm drossing uses high-velocity air flow to entrain and

transport dross to a closed container. Its major advantages

are that it controls emissions, contains dross in air tight

containers, and frees the operator from working over a hot

kettle. Vacuum drossing has been attempted but Written reports

of its use are unavailable. It is reported by smelter operators

that the major problem with past attempts was pluggirig, and'

fouling of vacuum lines.

The clam shell has been tried with limited success. Its advantage

is that it uses as~oop for positive pickup control. Its
drawback is that it is nothing more than mechanized hand

skimming. Emissions continue to be a major pr9blem. Dross

spillage and dross container handlin~ continue to be major

sources of ,lead emissions.

Screw drossing has also been tried a,t various plants. but wi'th

mixed' success to dat~. No written 'reports are available. Verbal

reports indicate that plugging of the conveyor and equipment

reliability have been major problems.

This repor~ presents the results of a study of a new approach
to ~crew drossing developed by Tonolli. It is unique in that

it incorporates" the best features of all other drossingmethods,

i. e. ,screw conveying, scoop pickup, air flow control' of emissions,

and enclosed storage and handling of dross.

9 203~



3.1 TONOLLI SCREW DROSSING MACHINE

Figure 4 presents two schematic diagrams of the equipment.

Basic operating components of the system include:

. A. A screw conveyor. which moves dross up to a drop

chute.

B. A drive mechanism to turn the screw and the paddle.

C. A paddle which lifts the dross from the surface of
the bath and deposits it in the screw conveyor.

D. A hood which encloses the open area of the kettle
hood.

E. An enclosed housing which contains the dross
container.

F. A removable dross container, ~ith lid.

G. A negative pressure exhaust system which keeps all
parts of the screw 'conveying system under negative
pressure. Air' is drawn in at the hood, up -the screw
conveyor, and out at point G. All openings in the
system are under negative pressure, thus eliminating

fugitive emissions.

H. A hydraulic lift to position screw.

Figure 5 shows the unit being moved into place. Figure 6 shows a
closeup of the flexible coupling and the hydraulic lift device
which is used to position the screw over the bath. As the dro$s
is removed, the screw may be repositioned to provide optimum
capture of dross. Note also "burn marks" on conveyo.r body. Gas

10
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·FIGURE 5 POSITIONING DROSSER

FIGURE 6 CLOSE-UP OF DOWN SPOUT AND HYDRAULIC
LEVELER
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burners are used to keep lead metal from adhering to the inside
of'the s~rew housing.

F:lgures 7 and a show' side "vie~s of the dross machine in place.

Figure 9 shows a clos'e-up of the pad~le ,used to lift and deposit
dross into the screw conveyor. Figure,10 demonstrates the
usefulness~i access' holes, in the hood," ,The ,holes are used for
viewing and p':lshi~g' dros's. The- exhaus t s'ys terns- -of ,the: hood and
the screw drosser maintain a hefty inflow of air at all- times.

Figures 11 through.14 show the enclosed'drosscontainer housing,
removal of the dross container, and housekeeping. Note on .
Figure Ii the hydraulically-operatedblast gate. After drossing
is finished, the' gate is closed and the dross container is
removed for recycle.

3.2 PHYSICAL AND OPERATING PARAlmTERS

, This section' describes 'the. physical. layout and operation of
the equipment, as obser,ved by Radian in December. 1981.

~Physical Description

I' •

Tonolli operates six lOO..-ton, 'a,-it.
processes about 200,00.0 lbs. per day.
are skimmed and recycled.

diameter kettles. The refinery
About 20% of inputmaterials

Figure l5'sh~wsthe basic components of ,the Tonolli screw drossing
machine, e ,g', a screw conveyor, a dri:ve mechanism" an hydraulic
leveler,. a fl~xible coupling to the down spout, a dr9ss container;
a container housing, a hood at the kettle; and an exhaust duct to

, , - . .

maintain' a negative pressure in the system (See also Section· 3.1) .

'The screw is constructed of mild steel. The'screw is' 12" in

2G7<
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FIGURE 7 LEFT VIEW

FIGURE 8 RIGHT VIEW
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FIGURE 9 PADDLE

FIGURE 10 ACCESS HOLES
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FIGURE 13 . REMOVING CONTAINER

FIGURE 14 CLEANING HOUSING
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diameter and fits tightly against the housing. In order to

preclude freeze-up in the screw mechanism, a gas-fired heating
mechanism has been installed along the side of the screw
housing .. In the event that liquid metal gets into the housing,

the heater alloy,s the lead to remain fluid and flow back into

the kettle.

3.2.2 Operation

The refinery is operated 24 hours per day. Two men work each of

three 8-hour shifts. Drossing (or skimming of dross) consumes
2-4 hours per shift. ,Typically, DvO kettles are skimmed per

shift.

No special skills are required to operate the Tonolli drossing
machine. One person mus t occa'~ ionally push the dros s . around in

J '

the 'kettle to assist pick-up. During our observations, an employee

stood at thekettle for about.3D minutes perdrossing cycle .

. The speed of the screw is important to the efficientc;>peration

of the equipment. If the screw turns at a too-high rate, lead

is drawn into the screw housing. If the screw turns at a too­
low rate, the screw tends to clog with dross. We observed the

screw turning at 15 RPM, with no problems of clogging.

3.2.3 Maintenance/Housekeeping

It is anticipated that daily, but minor, maintenance of the
scoop, the motor, the gear box, and the screw will be required.
Tonolli anticipates replacing the scoop quarterly and the motor
and screw annually.

Housekeeping requirements are. considerably less than during hand
drossing. However, vacuuming of spills is still required.

Cleaning of the dross container housing is also required.

19 213<



Housekeeping required about 20 minutes/kettle during our
observations.

3.2.4 Labor

Tonolli estimates that as much as 2 man-days per
could be saved using the screw drossing machine.
is company policy to maintain a two-man crew for

20

operating day
However,it

safety reasons.



4.0 ENVIRONMENTAL ASPECTS

"This section'describes Radian's observations and measurements

of. conditions affecting emissions, employee exposure, and

safety.

4.1 EMISSION SOURCES AND EMISSION CONTROL

Emissions duringdrossing occur at the following locations or
during the following operations:

o The kettle surface
o Removal of dross from kettle
o Dumping of dross into a container
o Handling of container' .

o Paddle or skimming device
o Spills

All of the emission sources are effectively controlled by the
, , .

Tonolli screw 'drosser. (Occasional spills still occur and must

be cleaned up with the central vacuum system.)

Emissions 'from the kettle are controlled by the kettle hood and

the dross ing hood. Emi'ss ions duririg the removal, dumping, and
handling of dross ~re controlled bi the negative pressure

maintained in the entire system. Figure 16 shows the location
of ventilation measurements made on December '3 during a dross
removal operation. Hood static pressure and a sixteen-point

velocity pressure traverse were taken at point A. Results ,are

shown on Figure 16. Measu~ements were obtained using a ~ryer

No. 1227 Dual Range ManorneterandDwyer Pitot Tube, No. 60-18.
The system was rnovinl3 4800 SCF'M at 5,000 FPH in the exhaust
duct. The hood static pressure was measured to be -1.85 inch

H20" .

215"
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POINT
. DIST. VERT. HORIZ. VERT. HORIZ.

FROM EDGE TRAV. TRAV. VEL. VEL.

1 7/16' 1.0' 1.6 4005 5066

2 13/8 1.8 1.7 5374 5222

3 29/16 1.7 1.7 5222 5222

4 47/8 1.6 1.8 5066 5374

5 81/8 1.5 1.8 4905 5374

6 107/16 1.5 .1.7 4905 5222

7 '15/8 1.4 1.7 4739' 5222

8 129116 1.2 1.6 4386. 5066

AT V"'VE = 5,000 FPM a =4,800 SCFM (CORRECTED)

POINT A SPn = - 1.85 INCH H2O he = 0.87

.. FIGURE 16 AIR FLOW MEASUREMENTS
70",2798
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Measurements of capture velocities in and around the ,kettle
and dros sing mac hin'e were made wi th an MSA smoke genera tor and
an Alnor 6000P velpmeter.' Smoke tests were alLpositive, with

strong capture velocities observ~d at all openings to the
kettle and the drossing machine. Figure 17 presents velocity

measurements at three major open areas at the hood/kettle

interface. Ba~ed upon the measurements of emission control

ventilation, Radian would conclude· that little if any fugitive
or process emission was reaching the atmosphere of refinery

employees.

4.2

4.2.1

WORKPLACE LEAD-IN-AIR~LEVELS

Procedures

In order to test the hypothesis that the Tonolli screw drossing

,machine is able to control lead emissions durin~ the skimming

operation, Radian conducted area sampling for lead.

Area samples were taken at locations near the kettle being

skimmed. Separate samples were taken during drossing .and

during the periods when. the drossing machine ,was not ,operating.
Sample ioca tions and res,ul ts are shown on Figure 18. Figures

19 and 20 show the~ typical placement of ,samplers.

Samples were taken with Bendix Pumps and 0.8)J pore size, 37 mm

diameter cellulose ester, membrane filters, in closed face
cassettes.' . Cali1;>ration of flow was conducted itmllediately before
sampling using an inverted 1000 ml buret' and soap bubble solution.
Flow ra,tes were checked du:ring sampling using a precision rotameter.

Samples were analyzed in Radian's AIHA-certified laboratory using
the NIOSH me thod S.- 341 for analys is, i. e. diges tion in HN03
followed by atomic absorption spectrophotometry analysis.

23
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FIGURE 19 AREA SAMPLlNG~LOCATIONS "
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4.2.2 Discuss'ion~of Sampling Results

Sample 'results indicate that lead-in-air levels adjacent to the

kettles were considerably leSs d~r~ng drossing operations, i.e.,
·3· .. 3 .

a reduction from 220 0g/mto 160 ~g/m. Based on measure~ents

of emission controls. it was ·hypothesized that iead~in-air levels·

would not be greater during drossing a~ compared to non-drossing

times. However we did not anticipate seeing a 25% reduction in
lead. levels. 'The reducti~n might be explained by one or more of

the following reasons:

(1) The random and sys tema tic errors associated wi thO sampling

and analysis might be large enough to explain the dif~erence.

i.e., there is actU:ally no di'fference between resul'ts,
s ta tis ticallY ..

(2) The increased air flow (4,800 CFM) into the kettle and

drosserdue to the ventilation attached to the ,drossing machine

might have diluted backgroUnd levels of lead. This is possible
I .

because air movi~g into the ventilation system would have been

replaced l~rgely by air co~ing from the shipping a~d receiving
area, an area of relatively .lowlead levels.

Personal sampling was notconducte'ti for two reasons:

(1) Hand-drossing exposure data were notiivailable; i. e ..
no before/after comparison was possible,and

(2) Other emission sources in the smelter building
presently contribute substantially to the refinery

workers exposure.

221oc:
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5.0 COSTS

Tonolli estimates the total costs of 'design, p~ocur~ment,

construction, installation, testing, and modification to be
about $20,000 (1981 dollars) for the firs t dross ing machine.'

Two machines obtained at the same time would run about $15,000

each.

Annual opera ting and maintenance cos ts are es tima ted at, $4,000­

5,000 per year, which include power, replace~ent parts, and
. .' .

maintenance. Overall r~fining costs may be less because of
potentially reduced labor costs.

Time_of implementation is estimated ,at six months. This time

estimate runs from decision-to-purchase to fully-operational.
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6.0 DISCUSSION

Based upon our observati6ns, we conclude that the Tonolli

Screw DrossingMachine represents a significant advance in
control technology fordrossing operati~ns. In 'the following

paragraphs we explore limitations and problems', possible'

applications, and potential improvements.

6.1 LIMITATIONS AND PROBLEMS,

Gas-Fired Heater. The heating of the surface of the screw

conveyor will vaporize any lead contaminat'ion of the surface.

This problem can be minimized by inspecting and ,cleaning the

sur.face of th~screw conveyor prior tooperatiori.

Openings between hoods. Unless thedrossing hood is well­

positioned, large ~penings'betweenthedross hood and the

kettle hood are created, increasing the, chances for f~gitive

emissions. This problem can be minimized by good design of
the hood and ~perator trainin'g. ,,I'

Size. The equipment works better on larger kettles. Tonolli
considers a 100-tqn kettle as the smallest',size kettle for

w~ich the drossing ciachine would be econo~ical to operate.
(Technically, the equipment could be adopted for any, size
kettle.)

Dross composition. The Tonolli drossing .machine is best sui.ted

for dry, dusty drosses. ,Antimonial drosses which ~re typically
,wet and stid::.y may not be compatible.. Large chunks of dross,

such as lead sulfate mattes, will be difficult to handle
without design modifications. Of course, any steel'hooks or

cables must be rempved from the bath before drossing begins.
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Physical Layout. In order for the drossing machine to operate,

space must be available. The machine is about 3 feet wide,

7 feet high, and 10 feet long. Ideally, the dross container

housing should be below the level of the kettle. Refineries

built at ground level will require modifications to -the collection
. "

and storage system, e.g. screw conveying to a ground-level

container.

6.2 APPLICABILITY TO OTHER OPERATIONS

The Tonolli Screw Drossing Machine can be applied to any dry

drossing operation, in any size kettle (but see economic

limitation comments in Section 6.1). The equipment i~ also

compatible with any kettle temperature, e.g. crystal dross at
400 0 C or tin dross at 540 0 C.

6.3 POTENTIAL IMPROVEMENTS

We noted several conditions which might be improved .

. Spillage. We noticed that refinery workers "pushing" dross

around on the bath tended to remove the scoop from the kettle

hood, spilling dross on the refinery floor., This source of lead

contamination could be reduced by stricter work-practice
procedures and by installing a hood inside the kettle hood so

that the scoop need noi be removed from the kettle environment .

.,

Non-Crane Operation. Ideally, the drossing machine should be

positioned" permanently near the, kettle. e. g., on a swing-away

mount. This would eliminate the need for a crane and the time

consumed in transporting~he drossing machine from"one place to

another.
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Dross loss. The configuration of the existing dross container

housing is poor in that a considerable amount of dross is

entrained in exhaust air and is removed to, the baghouse. This
problem could be alleviated by the use of a larger housing,a

more e~closed container, or a re-positioning of the take-off'

duct. Contamination in the housing is evidence of a significant

amount of mixing turbulence within the housing. This might be

corrected by a tapered takeoff on the' exhaust duct, a larger

housing, and baffling at the inlet of the dross down-comer.

Container handling. The use and handling of dross containers
presents the opportunity for upsets and fugitive emissions.

The problem could be eliminated by the use of a vacuum system

to convey dross directly to a silo or baghouse from the dross
,container. (Vacuum transport from the container would eliminate

the clogging problems encountered in vacuum drossing at the '
kettle surface.)
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