This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any

recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports.

IN-DEPTH SURVEY REPORT
CONTROL TECHNOLOGY FOR METAL RECLAMATION INDUSTRIES

AT

East Penn Manufactunng Company Inc
Lyon Station, Pennsylvania

REPORT WRITTEN BY
Ronald M Hall
{ary S Earnest
FPaul A Jensen

Anthony T Zimmer

REPORT DATE
June 3, 1996

REPORT NO
202-13b

U S DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health
Drvision of Physical Sciences and Engineering
4676 Columbia Parkway, Mail Stop RS
Cincinnaty, Oluo 45226


http://www.cdc.gov/niosh/surveyreports

PLANT SURVEYED

SIC CODE
SURVEY DATE

SURVEY CONDUCTED BY

EMPLOYER REPRESENTATIVES CONTACTED

EMPLOYEE REFPRESENTATIVES CONTACTED
MANUSCRIPT PREPARED BY

ANALYTICAL SERVICES PROVIDED BY

1

East Penn Manufacturing Co Inc
Lyon Station, PA 19356

3341
December 12-16, 1994

Ronald Hall
{ary Earnest
Paul Jensen
Anthony Zimmer
Ronald Kovein
Donald Murdock
Jame (hittleman

Richard A Letby, Jr
Vice President Metals Operations

David W Shea
Plant Manager, Smelter

Troy Greiss
Environmental Health Safety

No Union
Bermice L Clark

Data Chem Laboratornies



DISCLAIMER

Menton of company names or products does not constitute endorsement by the Centers for
Disease Control and Prevention

m



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a federal agency located in
the Centers for Disease Control and Prevention under the Department of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH to conduct research and education programs separate from the standard setting
and enforcement functions conducted by the Occupational Safety and Health Adminmistration
(OSHA) 1n the Department of Labor An impottant area of NIOSH research deals with methods
for controlling occupational exposure to potential chemical and physical hazards

The Engineering Control Technology Branch (ECTB) of the Division of Physical Sciences and
Engineering has been given the lead within NIOSH to study and develop engineening controls
and assess their impact on reducing occupational 1llness and myury  Since 1976, ECTB has
conducted a large number of studies to evaluate engineering control technology based upon
industry, process, or control techmque The objective of each of these studies has been to
document and evaluate control techmques and to determine their effectiveness in reducing
potential health hazards 1n an industry or at specific processes

This study of metal reclamation (and specifically lead reclamation) 1s being undertaken by ECTB
to provide control technology information for preventing occupational disease in this industry
The lead reclamation industry has histoncally had high occupational lead exposures which can
result 1n neurotoxic disorders and disorders of reproduction  These two work-related diseases
have been targeted by NIOSH under the "ten leading work-related diseases and 1njury” mufiative
Thus list was based upon frequency of accurrence, sevenity of effect, and likelthood of
developing effective preventative strategies

The goal of this study 15 to identify, evaluate, and disserunate mformation regarding practical
control methods which reduce exposures to iead The study will be accomplished by 1deniifying
and evaluating extsting control methods used 1n metal reclamation industrnies  Information on
control methods will be disseminated 1n seientific and trade journal articles and handbooks for
use by workers, owners and operators, the OSHA consultation program, and other safety and
health professionals

Walk-through surveys were conducted to collect air and blood lead data from smelters and to
farulianze NIOSH personnel with the process and controls presently used wn the industry
Prelimnary data on production rates, descniptions of the control methods, photographs, records
of air contarmnant results, and biologieal monitoring results were collected The blood and arr
lead data obtained from the different lead smelters during walk-through surveys were analyzed
These results indicated that East Penn had the lowest air lead concentrations in the various areas
of the smelter Therefore, East Penn was selected for in-depth evatuation The purpose of this
survey was to evaluate potentially effective controls and work practices Occupational health
programs (including taimng and 1ncentive programs) were also considered when selecting in-
depth survey sites




PLANT DESCRIPTION

East Penn Manufactunng Co , Inc (Metals Division) is a secondary lead smelter that operates

7 days a week, 343 days a year Smelter operations shut down two weeks 1n July and eight
holidays throughout the year The facility recycles approximately 20,000 battenies a day Spent
batteries are returned to East Penn Manufacturing by East Penn trucks

Batteres recycled by the plant are mainly automaobile baiteries, however, some industrial
batteries are also recycled Lead, sulfuric acid, and plastic from spent batienes are reclaimed
The lead and sulfunic acid are recycled on-site  The plastic (polypropylene) 1s washed and placed
in East Penn trailers to be transported to plastic recycling faciliies which manufacture new
battery cases for the company The reclaimed lead and sulfunc acid are used by the company to
manufacture new batteries

PROCESS DESCRIPTION

The following process information was obtamed from Leiby ' Spent batteries (batteries at the
end of their usable life} are brought to the plant by commercial trucks 1n the battery breaking
area, battenes, stacked on pallets, are removed from trucks by forkhft and placed on a work
platform The batteries are then manually removed from the pallets and placed on a roller track
Ths track feeds a serics of conveyors which turn the battenies on their sides and carries them
through a siow speed saw that cuts off the tops  Electzolyte from the battenies 15 collected and
pumnped to storage at the Acid Reclaun Department Lead beaning matenal 1s extracted from the
battery cases (using a group extractor) and conveyed to the material storage building The tops
and empty battery cases are conveyed to a recovery unit A flotation separator 1s used to separate
the lead bearing matenal from the plastic (pelypropylene) The polypropylene seid to East
Penn's current case and cover suppliers 1s recycled for the manufacture of cases and covers for
new batleries

The lead bearing matenial 1in the matenal storage building 1s moved by a front-end loader to a
vibraiory feeder capable of holding up 1o 30 tons of charge matertal Charge material 1s vibrated
mte a weigh bucket and then discharged to a pusher feeder which in tumn feeds 1t to the
reverberatory furnace This matenal sits on a drying shelf mside the fumace where 1t 15 dried by
radiation and convection from the furnace pases and walls before being smelted The principle
abtective of this furnace 15 to reduce the lead compounds to metallic lead and oxidize alloving
agents to produce a slag

Slag 1s tapped from the furnace into 2,400-1b molds After the slag cools, 1t 1s taken to the
materal storage building Slag (from the reverberatory furnace) and industrial battery cells are
the main feed material for the blast furnace The blast furnace 15 fed with an automated feeding
and weighing system The feed stock for the blast furnace 15 ¢charged 1n proportions designed to



yield antimony levels close to refined metal specifications  The slag and matte from the blast
furnace can be reprocessed through the blast furnace to create a residual discard slag

Lead from the reverberatory furnace is tapped into one of two 75-ton kettles The lead 1s then
pumped to one of four refinery kettles where 1t 15 refined according to specifications The lead 1s
then pumped to a casting machine where 1t 1s cast into 70-1b mgots.

Lead from the blast furnace 15 tapped tnio 2,600-1b ingots  The 2,600 1b ingots from the blast
fumace are placed in storage and fed to the alloying kettles as needed This lead 15 alloyed to
specifications and pumped to the casting maclune where 1t 15 cast into 70-1b ingots The lead
mgots are used by East Penn Manufactunng to manufacture new batteries

POTENTIAL HAZARDS

Workers i this secondary lead smelter are potentially exposed o lead and cadimium

Lead

Lead adverscly affects a number of organs and systems in the human body The four major
target organs and systems are the central nervous system, the peripheral nervous system, kidney,
and hematopoietic (blood-forming) system ! Inhalation or ingestion of morgame lead can cause
a range of sympioms and signs mncluding loss of appetite, metallic taste w1 the mowth,
conslipation, nausea, colic, pallor, a blue line on the gums, malaise, weakness, insomnia,
headache, ntability, muscle and joint pans, fine tremors, and encephalopathy Lead exposure
can result in a weakness in the muscles known as "wnst drop,” anermua (due to shorter red bloed
cell life and 1nterference with the heme synthes:s), proximal kidney tubule damage, and chromie
kidney disease ¢ Lead exposure is associated with fetal damage m pregnant women @4
Fmally, elevated blood pressure has been positively related to blood lead levels 9 The
occupational exposure ctiteria for morganic lead 1n air 18 the current OSHA permissible exposure
It (PEL) 50 pg/m’® @ In addition, workers with blood-lead concenirations lugher than

60 micrograms per deciliter {pg/dl} of whole blood, or a blood lead average of 50 »g/dl or
greater averaged over s1x months or the last three samples, whichever 1s longer, musi be
immediately removed from the work envirorument In cases where the blood-lead concentrations
exceed 40 pg/dl, blood-leads and protoporphyrin levels must be monitored every two months
A summary of the lowest observable effect levels of lead are listed in Table [



TABLE L
Summary of Lowest Observed Effeci Levels for

Key Lead-Induced Health Effects m Adulis and Children®

BLL*
(ug/dl) HEALTH EFFECT
>100 Adults Encephatapathic signs and symptoms (disease of the
bram)
>80 Adults Anemia
Encephalopathic signs and symptoms
Children Chronie nephropathy (kidney disease)
>70 Adults Chnically evident peripheral neuropathy (diseases of
the nerves of the extremities
Chuldren Colic and other Gastro-Intestinal {GI} symptoms
>60 Adults Female reproduchve effects
Central Nervous System (CNS) symptoms  sleep
disturbances, mood changes, memory and concentration
problems, headache
>50 Adulis Decrease hemoglobin production
Decreased performance on neurchchavioral tests
Altered testicular function
GI symptoms ahdormmal pam, constpatton, diarrhea,
naused, anorexia
Children Peripheral neuropathy
=40 Adults Decrease penpheral nerve conduction
Elevated blood pressure (whnte males, 40-39 years old)
Chronic nephropathy
Chuldren Reduced hemoglobin synthes:s
>253 Adults Elevated zine protoparphynn levels in males
15-25 Adults Elevated zinc protoporphyrin levels in females
Chaldren Decreased 1Q and Growih
>10™ Felus Pre-term Delivery
Impawred Learmning

Reduced Birth Weight
Impaired Mental Ability

@ Adopted from ATSDR®, and Goldman et a] ¢
" Blood lead level (BLL) m micrograms per deciliter {pg/dly
** *Safe" blood lead level has not been determined for fetuses



Cadmium and Compounds

Early symptoms of cadmium exposure may include mild imtation of the upper respiratory tract,
a sensatron of constriction of the throat, a metallic taste and/or cough 'Y Short-term exposure
affects include cough, chest pamn, sweating, chulls, shortness of breath, and weakness 1f enough
cadnuum dust has been mhaled Short-term exposure effects of ingestion of cadmium may cause
nausea, vomting, diarrhea, and abdomunal cramps *! Long-term exposure effects of cadminm
may include loss of the sense of smell, ulceration of the nose, shortness of breath {emphysema),
kidney damage, and muld anerma " Long-term exposure to cadmmm may resuit 1n an mncreased
risk of cancer of the lung and of the prostate “® The OSHA PEL for cadmium 15 5 pg/m*

TWA U9

CONTROL TECHNOLOGY

East Penn Manufacturing (Metals Division) employs automation, local exhaust ventilation,
partial enclosures, and enclosed ventilation systems 1n the reverberatory furnace operations, blast
furnace operations, and casting and refinery area to reduce employee exposure to lead In
addition, HEPA-filtered half-mask respirators are worn 1n production areas of the plant

ENCGINEERING CONTROLS

Examples of automation used in the smelter include the following 1) The battery dismanthing
operation 15 an automated system that cuts the tops off the battenes, the saws are located 1n
enclosed ventitated hoods, 2) A conveyor feeds the cases to a flotation separator which recovers
the plastic that can be recycled, 3) A froni-end loader places lead beaning matenal on an
automated vibratory feeder that vibrates the material into a weighing bucket, 4) The automated
wetgh bucket deposits the lead bearing matenal i front of an automated ram feeder which feeds
the reverberatory furnace, 5) Dust collected 1 bag houses 1s conveyed and discharged 1 front of
the ram feeder that feeds the matenal to the furnace, 6) Furnace charging operations are
controlled by a programmable controller located 1n a centrol room next to the charging
equipment, 7) Some iead 1s drossed m the kettles by using an automated drossmg machine

Examples of ventilation controls m the smelter include the following 1) Lead plates are
separated from the battery cases mn an enclosed ventilated group extractor, 2) As a method of
exposure control for the general smelter population, the lead bearing raw material used to feed
the furnaces 15 stored wn a separated and enclosed material storage building The enclosed
building 15 under negative pressure to numumize fugitive emissions, 3) A front end loader
(equipped with a HEPA filtered awr-conditioned cab) 1s used to move the lead-beanng matenal in
the material storage bullding, 4) Slag 1s tapped from the furnaces mto 2,400-1b molds under
enclosed ventilated hoods, 5) Lead 18 tapped from the reverberatory furnace into enclosed
ventilated kettles, 6) Lead 1s tapped from the blast furnace inte 2,400-1b molds that are located



under a ventilated hood, 7) Kettles in the refinery area are enclosed and ventitated, 8) Lead 1s
pumped to a ventilated casting machine and cast inta 70-1b ingots

RESPIRATOR PROTECTION PROGRAM

A respirator protection program has been established according to the O¢cupational Safety and
Health Admimistration's (OSHA) lead standard ' Thus program was designed to reduce worker
exposure to lead to below the mandated PEL

PERSONAL PROTECTIVE EQUIPMENT

Half-mask respirators (with HEPA filters) and work clothes or coveralls are worn by employees
1n all production areas of the plant In addition, hearing protection, hard hats, safety shoes, safety
glasses, and gloves are wom by employees 1n production areas Face shields and heat protective
clothing are worn during furnace operations and casting and alloy pot operations

WORK PRACTICES AND HYGIENE

East Penn (Metals Division) has strict policies on personal hygiene When employees arnve at
work, they enter the clean area of the locker rocm where they are supplied clean work clothes or
coveralls and a clean respirator for the day Afier the work shufi, employees enter the dirty side
of the locker room where they remove the dirty work ¢lothes, then the respirator Mandatory
showers are taken by each employee before entening the clean side of the locker room Work
clothes are laundered on site everyday so that clean ones are provided for each shift Respirators
are also cleaned after each shafi No eating or smoking 1s permitted 1n the work areas
Employees vacuum clothes and wash their hands and face thoroughly before entering the break
TOOMm

INCENTIVE PROGRAMS

In an effort to reduce blood lead levels and promote good personal hygiene and work practices
among full-time employees, East Penn Metals Division uses incentive honus programs whch are
described below

Blood Lead Level Bonus Program

An employee with a bleod lead level (BLL) below 25 ug/dl recerves a bonus of $25 a week If
the employee has a BLL between 25 to 34 up/dl, a weekly $15 bonus 1s awarded Emplovees
that have BLL greater than or equal to 35 ug/di do not receive a bonus



Air Lead Bonus Program

An arr lead honus program has been 1n place at the plant since July 1991 Air samples for the
bonus prograrn are taken separate from compliance samples  Both bonus program samples and
compliance samples are included when calculating the air lead bonuses Air samples are taken m
each job category during each sift every month. If a sample exceeds 100 pg/m’, no bonus 1s
awarded If the sample result 1s 50 to 100 zg/m®, than a bonus of $50 1s rewarded to workers n
the job category on the shift where the sample was taken If the sample result 15 less than

50 pep/m®, a bonus of $100 1s rewarded to workers m that job category on that shuft

METHODOLOGY

Walk-through surveys were conducted to collect air and blood lead data from smelters and to
famihanze NIOSH personnel with the process and contrels presently used in the industry
Preliminary data on production rates, descriptions of the control methods, photographs, records
of air contanmnant results, and biological monitonng results were collected The blood and air
lead data obtamned from the different lead smelters dunng walk-through surveys were analyzed
These results indicated that East Penn had the lowest air lead concentrations 1n the vanous areas
of the smelier Therefore, East Penn was selected for in-depth evaluaion  Occupational health
programs (including traiming and incentive programs) were also considered when selecting 1n-
depth survey sites

Boih full-shuft samphing and short-term sampling for the duraiion of a spemfic task were
performed Personal and area samples were collected for lead, arsenic, cadmium, antimony, and
additional metals These samples were analyzed quantitatively using Inductively Coupled Argon
Plasma, Atomic Emission Spectroscopy (ICP/AES) according to NIQSH Methed 7300 Y2 These
samples were collected on 37-mm diameter mixed cellulose ester (MCE), 0 §-pum pore-size
filters using SK.C pumps at 2 0 liters per nunute (Lpm)

Indoor samples were collected to determune 1f there are exposure sources other than from
production activities and to measure any cross-contamination between the production areas and
offices Outdoor background samples were taken to identify possible outside sources of arr
contaminaits

Video Exposure Manitoring

Real-time sampling coupled with video recording was performed to evaluate worker exposures
Real-time mortoring was conducted during the following operations 1) front end loader (FEL),
2) hammer nuil, 3) industrial battery breaking, 4)reverberatory furnace, 5) blast furnace,

) casting, and 7) refimng Video exposure monitonng was conducted to study the relationship
between the workers' individual tasks and exposure to air contaminants



Dunng smelter operations, the Handheld Aerosol Monitor (HAM) was used to measure relative
ar contaminant concentrations  In using this mstrument, the workplace aerosol 15 drawn through
a sensing chamber The aerosol scatters the light emitted from a hght eputting diode The
scattered light 15 detected by a photomult:plier tube The analog output of this instrument 15
proporticnal 1o the quantity of the scattered light detected by 2 photomultipher tube  The
quantity of scattered light 1s a functuion of aerosol concentration, particle size, and refractive
immdex Because the calibration of the HAM varies with acrosol properties, the analog output of
the HAM 15 viewed as a measure of relative concentration The analog output of the HAM 1s
recorded by a data logger The data collected on the data logger 1s downloaded to a computer
and placed n a spreadsheet for analysis The HAM was on the 0-2 mg/m® scale during real-time
momtoring activities in the plant except front end loader operations The HAM was on the

(0-20 mg/tn’ scale duning these operations

RESULTS
AIR SAMPLING

Inchvidual air lead sampling results are bsted 1n Appendix A Personal breathing zone samples
for lead, ¢ollected 1n the different areas within the smelter, were compared for sigmificant
differences  Stanstical analyses were performed on log transformed data ¥ Analysis of
vanance {ANOVA) showed that personal sampling location had a sigmficant effect upon
exposures (probability = 0 0018) ' A multiple comparison test, Least Significant Difference
(L8D}, was used to examune the exposure differences between the smelter areas Exposure
differences are shown in Table II An overall sigmficance leve! of 0 (5 15 the basis for the
following discussion

Exposures to lead 1n the reverberatory furnace arca were sigmficantly lngher than exposures in
the hammer mmall, casting, blast fumace, and industnal battery brealung arcas  Exposures to lead
i the refinery area were significantly hagher than exposures mn the casting, blast furnace, and
industrial battery breaking arcas The lead exposures i the hammer mull, casting, blast furnace,
and industrral battery breaking areas were not sigmficantly different It should be noted that
daily vanation among the different areas in the plant may have an effect on statistical differences

Indoor ambient lead samples were taken 1n the smelter offices near the shipping area  Full-shuft
{8-hour) mdoos ambent air lead concentrations had a geometnic mean of 9 pg/m? Quidoor

ambient air lead samples were collected outside the shipping area of the smelter near the smelter
office parking Full-shuft cutdoor ambient lead concentrations had a geometric mean of 6 pg/m?

All personal samples taken dunng the survey were below the current PEL for cadmmum %
However, the FEL operator 1n the raw matenal storage building, had an exposure of 4 6 pg/m®
during a 59 minute sample Area samples taken outs:de the FEL, in the raw material storage
bmlding, had cadmium concentrations as hagh as 11 pg/m’




Table Il
Personal Exposures (including breathing zone samples attached to the HAM)

to Lead by Smelter Area
Number Geometric * Multiple
of Mean Range Companson
Location Samples (Lg/m*) (pg/m’) Test Code
Reverberatory Furnace 4 190 130-270 A
Refiming 8 100 48-140 AB
Hammer Mill 4 54 15-140 BC
Casting 6 49 48-71 C
Blast Furnace 6 54 32-90 C
Industrial Battery Breaking 2 43 32-57 C

* Least Sigmificant Differences (LSD) method geometric means with different letters daffer
sigmficantly

Industrial Battery Breaking Area

Layout of the mdustnal battery breaking area 1s shown in Figure 1  One personal and two area
air samples were collected i the industnal battery breaking area The lead concentrations
measured near this operation were relatively low compared with some of the ather operations
The worker was exposed to approxmmately 57 pg/m?, and the area concentrations were 8 pg/m*
and 40 pg/m’  The 8 pg/m’® was measured 1n the vicity of the hydraukic blade which chopped
batteries mto pieces prior ta being transported to the raw matenals storage area (sample #2 in
Figure 1) The other sample was collected in the area where battenes were manually opened
using an axe and sledge hammer (sample #1 1n Figure 1)

Hammermill Area

The layout of the hammermull area 13 shown in Figure 2 Aur samples taken in the hammerull
ares indicated relatively low levels of airbome lead compared to the furnace areas (see Table IIT)
The worker was sampled for approximately four hours and was exposed to a geometric mean of
76pg/m® Area samples measured 1n the bammermull area were found to be 49 pg/m® (sample
location #1 1n Figure 2) and 58 pg/m? (sample location #2 in Figure 2)
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Table III
Air Sample Concentrations of Lead Near the Hammermitl}

Total Geo
Number Sample Lead Mean
of fime Cong Cone

Type Samples Location (mn) (pg/m*) {(pg/m*)
Area I 1 240 49
Area 1 2 230 58
Personal 2 worker 290 76
Personal 2 HAM 170 39

Blast Furnace Area

Aar sampling was conducted at seven different locations near the blast furnace (see Figure 3 and
Table [V) Worker personal samples tanged between 32 pg/m? and 91 pg/m* Samples taken
near the blast furnace showed that the lughest average area concentrations of lead were found at
locations 6 and 7 The geometric mean concentranon of lead in these two areas were 110 pp/m?®
and 95 pg/m’, respectively Measurements above the lead and slap tap hoods indicated that
concentrations were nearly twice as high near the lead tap hood Area samples collected 1n the
blast furnace control room had a geometric mean of 19 pg/m®.

Ventilation measurements were taken at the slag tap hood The door opeming was approximately
11 fi* and the air velocity at the face was approximately 540 fpm  Results of the ventilation
measurements showed that approximately 6,000 ¢fm of air was bemng drawn through the open
doors of the hood enclosure for the slag tap of the blast furnace

Reverberatory (Reverb)Furnace Area

Arca air samples were taken at four locations near the reverberatory furnace (see Figure 4 and
Table V) The worker near the reverberatory furmace was exposed to relatively high
concentrations of arborne lead during the workday The worker's exposure was 190 pg/m* The
worker spent sigmficantly more time near the slag tap than the lead tap  Air samples near the
slag side of the reverberatory furnace indrcated that the lowest air lead concentrations were found
on the left side of the slag tap (location 1}  The highest concentrations of 420 pg/m® were
measured near the cooling slag molds (location 3) Area samples collected 1n the reverberatory
furnace control room had a geometric mean concentration of 65 pg/m?*

12
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Table [V
Air Sample Concentrations of Lead Near the Blast Furmnace

Total Geo
Number Sample Lead Mean Geo
Type/ of Location Time Conc Conc Std  Range
Area Samples (seeFig 3) (mm) (ug/m’) (ug/m®) Dev (ug/m’)
bench 2 1 380 84 1.5 54-130
slag hood 2 2 460 40 11 44-55
left side 2 3 430 44 10 43- 45
comtrol for 2 4 380 49 15 33-73
rolary transport
lead hood 2 5 410 79 12 66- 95
rear-center 2 6 370 110 11 100-120
rear kettles 2 7 420 95 14 66 -140
persanal 5 Worker 660 52 15 2-7
personal 1 HAM 89 67
Table V
Auar Sample Cencentrations of Lead Near the Reverb Furnace
Total
Sample Concentration
Type Location Time () (ug/m?)
Area 1 1400 33
Area 2 250 12
Area 3 240 420
Area 4 1400 76
Personal Worker 570 150
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Ventilation measurements taken near the reverberatory furnace found that air flow at the face of
the reverberatory slag tap hood was approximately 8,500 ¢fm Measurements were also taken at
the face of the hoods over the lead tap of the reverberatory fumace The hoods covering the left
and right roughs which carry lead to the kettles had a face openung of approximately 6 fi?

Based on air velocity measurements, the awr flow was determined to be approximately 3,300 ¢fm
on the left-side and 2,300 ¢fin on the night-side  Measurements taken for the hood i the center
were approximately 2,000 ¢fin

Refinery Area

Personal and area air samples were collected in the refinery area Five personal samples were
collected on workers during real-time momtonng evaluanons These samples ranged between
77 and 140 pg/m® and had a geometric mean of 120 pg/m® Six area samples were collected over
the doors on the refinery pots during the evaluation These samples ranged between 22 and

160 ug/m® and had a geometne mean of 64 pg/m®  See Figure 5 for sample locations during
survey

Front End Loader {FEL) (Outside Operations)

Personal and area air samples were collected both inside and outside of the (FEL) enclosure
during outside activites The FEL was loading a truck with waste slag matenal that was
collected from a building located outside of the smelier Personal and area samples were
collected on the 1inside of the FEL enclosure, and area samples were collected directly outside of
the enclosure Personal samples collected on the inside of the FEL enclosure had a geometric
mean lead concentraton of 130 pg/m?, and area samples collected on the mside had a geometnic
mean lead concentration of 97 pg/m*®  Area samples collected directly outside of the FEL
enclosure had a geometric mean lead concentration of 360 pg/m>. These results indicate that the
FEL enclosure was effective 1n reducing lead levels by approximalely 73 percent as compared to
lead levels directiy outside the enclosure

Front End Loader (Raw Material Storage Area Operations)

Personal and area air samples were collected both inside and outside of the FEL enclosure during
operations in the raw matenal storage arca The FEL was moving lead bearing material arownd
in the raw material storage area and loading the ram that feeds the furnace Personal and area
samples were collected on the snside of the FEL enclosure and area samples were collected
directly outside of the enclosure The personal sample collected on the FEL operator had a lead
concentration of 530 pg/m? and the area samples collected mnstde the enclosure had a geometric
mean lead concentration of 200 pg/m® Area samples collected directly outside the enclosure had
a geometric mean lead concentration of 3900 pg/m’ The area sample results indicate that the
FEL enclosure was effective in reducing lead levels by approxumately 95 percent as compared to
lead concentrations directly outside the enclosure

16
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Casting Area

Persanal samples were collected during casting operations where the worker skammed dross off
the top of inpots  During this operation, the personal samples had a geometnc mean lead
concentration of 53 pg/m® Samples were also collected at the exhaust of the HAM samphing
probe dunng skimmung operations These samples had a geometric mean lead concentration of
42 pg/m’

VIDEO EXPOSURE MONITORING RESULTS

Real-time analysis was performed 10 two teams consisting of two industrial hygiemsts/engineers
Real-time analysis was performed on three days 1n various areas of the plant  Video exposure
monttoting {VEM) was used 1n these areas to measure relative air contaminant concentrations
and improve our understanding of how the worker’s individual tasks affects personal exposure to
air contaminants ‘*  Samples for lead were collected at the exit of the HAM probe (near the
workers breathing zone) and on the workers collar durning smelter operatons The samples at the
exit of the HAM probe were collected for cahbration purposes The samples were used to
convert HAM output (volts) to concentration of lead In doing the conversion, one assumes that
the aeroscl’s lead content 15 constant  During the following discussion of results, the HAM
output will be given mn terms of “estimated lead concentration” or “estimated lead exposure

Hammermill and Industnal Battery Breaking

VEM was performed 1n the hammermill and indusinal battery breakang areas Both of these
areas had sigmficantly lower air lead concentrations than in other areas within the smelter (see
Table II) This was confirmed with real-ime monttoring where there did not appear to be a
significant quantity of airthome lead An aur sample collected at the exhaust of the HAM
sampling probe, durthg VEM 1n the industnal battery breaking area, had an air lead concentration
of 32 pg/m*  Air samples collected at the exhaust of the HAM sampling probe 1n the
hammermill area had a geometric mean of 39 pg/m®  Probably the biggest reason that these two
areas had relatively low air leads was that much of the process was wet

Blast Furnace

A sample collected at the exhaust of the HAM sampling probe during VEM i the blast fumace
area had a lead concentration of 67 pg/m’. Personal samples collected during VEM in the blast
area had a geometric mean lead concentration of 52 pg/m’

Analysis of data collected near the blast furnace showed that sigmficant exposures to lead

occurred when the worker was in the vicimty of the rotary transport for the lead 1ngots (see
Figure 6) This was consistent with the air sampling results  Analysis showed that both the
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Figure &6 Worker estimated lead exposure near blast furnace

estimated average and imntegrated exposure to lead was greatest while the worker was 1n the
viciuty of the rotary transport  The estimated lead exposure during this activity was 595 pg/m?’
This activity accounted for 40 percent of the workers exposure dunng VEM.

The second greatest source of exposure to lead occurred when the slag tap was being opened
with a rotary dnll (see Figure 6) The average exposure during this activity was 547 pg/m’ This
activity took a total of 38 seconds (2 percent of the time during the evaluation) and accounted
for 10 percent of the workers exposure

Reverb Furnace

An air sample collected at the exhaust of the HAM sampling probe during VEM 1in the reverb
furnace area had a lead concentration of 180 pg/m? A perscnal sample collected during VEM n
the reverb area had a lead concentration of 193 pg/m’

VEM at the reverb fumace revealed that the greatest worker exposures occurred when wotking
near the hift for slag molds (see Figure 4 and 7) By looking at Figure 7, 1t 15 clear that although
the peaks were not particularly hugh, they had a sigmficant area bencath them  The average
estunated exposure to lead durng this activity was 994 pg/m? Thus activity accounted for

20 percent of the workers exposure during VEM operations
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Figure 7 Worker estimated lead exposure while working near reverb furnace

Refinery Area

Aur sampling resulis indicate that the mrflow through the HAM probe in the refinery area durning
VEM had a geometric mean lead concentration of 74 pg/m® Samples collected on the workers’
collar during VEM bad a geometric mean lead concentration of 121 pg/m?

VEM was performed durtng drossing operations in the refinery area Dunng drossing operations
the kettle 1s mechanically agitated and the dross 1s manually skimmed from the surface using a
shovel, and placed 1nto a ventilated dross bin  The hood over the dross bin was designed to work
with the ventilation on the refinery kettle The hood was designed to extend over the cpening on
the refinery kettle and enclose the dross ban  Afier dross was dumped 1n the dross bin, a visible
cloud of dust would be pulled under the hood back into the refinery keitle During this process,
1t was possible that some of the dust generated by dumping the dross into the dross ban could
escape the capture of the hood and be released into the air  The greatest worker exposures
oceurred when the worker (standing beside the hood over the dross bin) was sturing dross 1n the
refinery kettle immediately after dumping dross into the dross bin  Duning this task, the
estimated exposure to fead was 152 pg/m? This activity accounted for 41 percent of the workers
exposure durtng VEM operatians. The worker also received exposures while workmg outside of
the refinery area Dunng the tume spent outside of the refinery area the eshmated exposure to
lead was 137 pg/m® Thas activity accounted for 16 percent of the workers exposure See

Figure & for VEM results taken during drossmg operations in the refinery area
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Figure 8 Worker ¢stimated lead exposure dunng drossing operations

Front End Loader {Quiside Operations)

Air samples collected at the exhaust of the HAM sampling probe mside the FEL enclosure had a
geometric mean lead concentration of 122 ug/m®  Aur samples collected at the exhaust of the
HAM sampling probe located directly outside the FEL enclosure had a geometric mean lead
concentration of 706 ug/m® These results are simular to the area sampling results and indicate
that the FEL enclosure was effective 1n reducing lead jevels by approximately 80 percent

Duning VEM, the highest esimated concentrations of lead were recorded when the FEL operator
was moving waste slag material mside the waste slag storage building (see Figure 9}

During operations inside the bmlding the estimated concentration of lead {outside the enclosure)
was 941 pg/m* This activity accounted for 85 percent of lead concentrations during FEL outside
activities The second haghest estimated concentrations of Jead were recorded during the
transportation of slag materal to the truck The estimated lead concentration (outside the
enclosure) dunng this activity was 137 pg/m’ This activity accounted for 14 percent of the lead
concen{rations

The HAM located inside the FEL enclosure had an elevated baseline of approximately 64 pg/m’
(see Figure 10)
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This mdicates that the inside of the enclosure was dirty and was being contaminated This result
15 confirmed by the results of the air samples collected inside the cab The peak HAM responses
inside the cab were a result of the FEL working inside of the waste slag building

Front End Loader (Raw Matenal Storage Area Cperations)

Air samples cellected at the exhaust of the HAM sampling probe mnside the FEL enclosure had a
geometnc mean Iead concentraton of 150 pg/m?  Air samples collected at the exhaust of the
HAM sampling probe located directly outside the FEL enclosure had a geometnc mean lead
concentration of 2500 pug/m? These results venfy the area sampling results whach indicate that
the FEL enclosure was effective 1n reducing lead levels by approximately 95 percent

CONCLUSIONS AND RECOMMENDATIONS

East Penn Manufactunng (Metals Division) employs local exhaust ventilation, enclosed
ventiated booths, partial enclosures, and automated operations through-out production areas of
the plant Some examples of automation used 1n the smelter include the following 1) An
automated vibratory feeder that vibrates the matenal into a weighing bucket, 2) Automated
weigh bucket deposits the lead beaning matenal 1n front of an automated ram feeder which feeds
the furnace, and 3) Dust collected n bag houses 1s conveyed and discharged in front of the tam
feeder that feeds the matenal to the furnace As a method of exposure control for the general
smelter population, the lead beaning raw matenal used to feed the fumaces 15 stored In a
separated and enclosed material storage buillding The enclosed butlding 15 under negative
pressure to munumze fugitive emussions This 1solation helps to prevent lead contamination from
the raw matenal storage area to other areas in the plant In addition to the use of automation,
ventilation, and 1solation, East Penn also employs the use of central vacuums and roadway
cleanung equipment to help reduce lead emissions in the plant  Safety and health programs are
used at the plant wcluding occupational and safety traitung, a respurator protection program,
various hygiene programs, and blood lead monitoring programs  All these programs should be
continued

Hammermill and Industrial Battery Breaking

Both of these areas had significantly lower air lead concentrations than other areas within the
smelier (see Table 1) This was also confirmed wnth real-tume monttoring where there did not
appear to be a sigmificant quantity of airborne lead Examples of antomation and ventilation
controls used 1n the hammermill area include the followaing 1) The battery dismantling
operation 15 an avtomated system that cuts the tops off the batteries, 2) An enclosed screw
conveyor feeds the cases to a flotation separator which recovers the plastic that can be recycled,
3) Lead plates are separated from the battery cases i an enclosed ventilated group extractor, and
4) The saws are located 1n enclosed ventilated hoods A ventlated hood was utilized 1n the
mdustnal battery breaking process to control emussions dunng hydraulic blade activities which
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chopped battenies 1nto pieces prior to being transported te the raw matenals storage area
Relatively low air leads in these areas are attributed to the use of automation, ventilation
conirols, and that the majorty of the process 1s wet

Blast Furnace Area

Furnace charging operations are controlled by a programmable controller located in a control
room next to the charging equipment Slag and lead from the blast furnace 15 tapped mto
2,400-1b molds which are located under enclosed ventilated hoods  Automated tuyere punchers
are also utilized on the blast furnace to help mummize lead emissions  These controls are utiized
to limit lead emissions from blast furnace operations

Air sampling and VEM 1n the blast furnace area was conducted to help 1dentify emission sources
and work task that can result 1n worker lead exposure  Samples taken near the blast furnace
showed that the highest average area concentrations of lead were found at locations 6 and 7 (sce
Figure 3) These locations were along the rear wall and downwind from the blast furnace Lead
vaporization from the rotary ingot transport could be elevating the concentrations at these
locations

Analysis of VEM data collected near the blast furnace showed that significant exposures
occurred when the worker was mn the vicinity of the rotary transport for the lead ingots (see
Figure 6) There are two reasconable explanations for these exposures 1) Air flows through the
open garage door and transports any airborne lead, emitted from the furnace, toward the rotary
transport Additionally, lead which had recently been poured into the mgots was only under the
exhaust hood for several rmnutes Certainty, this hood was able to sigmficantly reduce the air
iead levels, however, as the ingots moved out from under the hood, airborne lead could be
emuitted into the workplace, 2) Lead emissions also occurred when the slag tap was being opened
with a rotary dnll (see Figure 6) Although the slag tap area was almost completely surrounded
by an exhaust hood, there was a small opening where the rotary dnil was inserted and apparently
some lead was able to escape from the hood dunng this process Additronally, some of the
exposure may have occurred ffom cooling slag molds which were located just outside of the
garage doer Again, air currents passed over the cooling slag molds and directly 1nto the work
area

Reverberatory Furnace Area

The following controls are utilized during reverberatory furnace operations to limit lead
emnssions 1) Furnace charging operations are controlled by a programmable controller located
m a ¢ontrol room next to the charging equipment, 2) Slag 1s tapped from the furnaces mto
2,400-1b molds under enclosed ventilated hoods, and 3) Lead 1s tapped from the reverberatory
furnace (under a ventilated hood) into enclosed ventilated kettles  Air sampling and VEM m the

24



reverberatory furnace area was conducted te help identify emussion sources and work task that
can result in worker lead exposure

Strong air currents entered through the open garage door and moved awr through the area toward
the slag tap hood eatrance Aur samples near the slag side of the reverberatory fumace indicated
that the lowest air lead concentrations wer¢ found on the left side of the slag tap (see Figure 4)
Highest concentrations of 415 pg/m’ were measured near the cooling slag molds (see Figure 4)
Aur currents played a very important role and influenced worker exposures  The worker near the
reverberatory furnace was exposed to relatively large concentrations of air lead duning the
workday The worker spent significantly more time near the stag tap than the lead tap Duning
VEM, the estimated worker exposure to lead was much greater near the slag mold entrance than
the slag mold exat (500 pg/m’® versus 190 pg/m?*) However, because the worker was near the
slag mold exit approximately four ames longer than the entrance, integrated exposure was hugher
at the exit

VEM data collected 1 the reverberatory furmace area revealed that the greatest worker exposures
to aerosols oceurred when workmg near the lift for slag molds (see Figure 7) The reason for this
resuli 1s unknown Addinonal data and information 15 needed dunng this operation 1n order ta
control worker exposures 1n this area

Area samples collected m the reverberatory furnace control reom had a geometnc mean
concentration of 65 pg/m’ Based on the area sample results 1n the reverberatory control room,
workers 1n this area have the potential for overexposure

Refinery Area

Controls utilized in the refinery area to luimit lead ermussions consist of the following 1) Some
lead 1s drossed 1n the kettles by an automated drossing machine, 2) Kettles are enclosed and
ventilated, 3} Ventilated hoods are located over dross bins, and 4) Lead 15 pumped to a
ventilated casting machine

VEM results during drossing operations tndicate that the greatest worker exposures occurred
when the worker (standing beside the hood over the drum) was stirming dross 11 the refinery pot
directly after dumping dross in the dross bin {see Figure 8) Dust generated when dumpmg the
dross 1n the dross bin was pulled back mto the refinery pot by the ventilation system on the pot
The hood over the dross bin was designed to fit against the refinery pot m order to take
advantage of the ventilation sysiem on the refinery pot Dunng the drossing process, dust could
potentially escape the capture of the ventilation system and expose the worker A hood placed
over a dross bin should be modified and tested in an effort to capture the dust being emitted from
dumping the dross (1 ¢ , making the gxisting hood/control more effective) [t 15 recommended
that the open areas of the hood be enclosed The enclosure should be hinged at the top to allow
for adjustment according to the height of the worker The bottom of the hood should be extended
up to form a slot  The shovel handle should be moved under the hood through the open slot
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when dumping dross mto the dross bin It is also recommended that the hood over the drum be
modtfied so that air can enier the back of the hood through properly designed slots and travel
over the dross bin into the refinery pot  The ar being pulled from the back of the hood by the
ventilation system on the refinery pot can entrain the dust being generated afier dross has been
dumped 1nto the dross bin  See Figure 11 for a diagram of the modifications recommended for
the dross bin enclosure

Front End Loader Operations

Front end loaders (equipped with HEPA filtered air-conditioned cabs) are used to move lead-
beanng materal 1n the raw matenal storage bmlding and the waste slag bulding (located outside
the smelter} VEM results and air sampling results obtained duning FEL operations indicated
that the enclosures were effective in reducing lead concentrations There was approximately an
20 percent reduction n lead concentrations mside the enclosure as compared to lead
concentrations outside of the enclosure dunng outside FEL operations  During raw material
storage area operahons the FEL enclosure had approximately a 935 percent reduction 1n lead
concentrations However, visible dust was nobced inside the enclosures during our survey and
data collected during VEM indicated that the inside of the enclosures were contaminated with
lead These resulis were confirmed by the air samphing data collected nside the enclosures

In an effort to reduce lead concentrat:ons inside the enclosures, we recommend that the
enclosures be throughly cleaned after each shuft The cleamng can be accomphshed by wet
methods, 1f appropriate and do not create any safety hazards or with a HEPA filtered vacuum
cleaner The outside of the FEL’s should also be throughly cleaned afier each shuft  FEL
operators’ should avoid opening the door of the enclosure when operating in dirty areas such as
mside the waste slag building (located outside the smelter) or mside the raw material storage
bulding In the raw matenal storage butlding, the FEL should be 1solated 11 the room between
the raw matenal storage and the outside before the enclosure 15 opened  Sufficient rme should
be altowed befors operung the enclosure doors in an effort te let air lead concentrations 1n the
room to decrease  Though not looked nto, the filters used 1n the FEL should be properly
maintaimed {changed as needed and make sure that they are properly seated) and the fan should
be checked periodically to make sure that 1t 15 operating within design eritena

FEL enclosures equipped with a self-contamed breathung awr supply may provide additional
protection from lead concentrations inside the enclosure
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