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I TNTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) was
established by the Occupational Safety and Health Act of 1270  Among the
numercus responsibilities assigned to the Institute by this Act are the
identification of occupational safety and health hazards, evaluation of these
hazards, and recommendatien of standards to regulatory agencies to cantrol the
hazards Located 1n the Department of Health and Human Services (formerly
Department of Health, Education, and Welfare}, NIOSH conducts rvesearch separate
from the standard setting and enforcement functions conducted by the
Occupational Safety and Health Administration (OSHA) Ln the Department of
Labor  An impeortant area of NIOSH research deals with methods for controlling
occupational exposure to potential chemical and physical hagards  The
Engineering Control Technelogy Branch {ECTB) of the Divisioen of Physical
Scilences and Engineering has been piven the lead within NIOSH to study the
engineering aspects relevant to the control of these hazards in the workplace

NIOSH has been instrumental 1n the development of recommendations for
safeguarding workets' safety and health from exposure to occupational hazards
Since 1976, ECTB has conducted assessments of health hazard control technology
on the basis ¢f industry, common industrial process, or specific control
techniques The objeetive of each of these studies has been to doecument and
evaluate control techniques and to determine their effectiveness i1n reducing
potential health hazards in an industry or at specific processes These data
will create a greater awareness of the need for or avallability of an effective
system of hazard control measures

4 research study of contrel techmology for radiator repair shops by ECTB was
prompted by the dangers of potential lead contamination 1n the workplace and by
the need to provide control technology 1nfermation concerning the prevention of
occupational disease to small businesses that may not have access to current
technology  State occupational health programs have ldentified radiater repair
shops as a high-risk small business, several states have reported a high
incidence of vielations for overexposure to lead in these shaps  Practical and
proven engilneering control seolutions in this Industry de not appear in the
laterature  Thais research study has as 1ts pgoal to pravide centrol technology
information for the prevention of disease from exposure to lead during radiator
repair

This report presents the results of an engineering control evaluation by NIOSH
reseatrchers and a Nevada Occupational Safety and Health compliance inspector of
a2 radiator repair shop which operated at a very high level of productien The
shap has the petential for high exposures to lead because of the high volume of
work, the number of radiator repair stations, and repairs to huge radiators for
mining equipment, which generate a large amount of lead fume Local exhaust
ventilation (LEV) which utilized adjustable-arm "elephant trunk" exhaust hoods
(10-1nch diameter flexible ducts) had been 1nstalled 18 months prior to this
1nvestlpation, as a result of a compliance inspection by Nevada OSHA which
documented worker lead exposures that were twice the Q5HA permissible exposure
limit (PEL)



The objective of this plant study was to evaluate and document the
effecctiveness of the A-1 Radiator LEV system to control exposure to lead during
radiator repalr operations  Thils was accomplished by determining the expesure
of radiator repair mechanics to alrborne concentrations of lead while using the
controel system and comparing these levels to the OSHA PEL for lead A Nevada
Occupational Safety and Health compliance Imspector had conducted personal
sampling for lead prior to the installation of the LEV system at this shop

The availability of these records permitted us to additionally evaluate the
effectiveness of the engineering controls by determiming the reduction in lead
expasure based on "hefaore" and "after" results

Secondary objectives 1n this plant evaluation were to assess the
effectiveness of the LEV system during the busiest season for radiater repair
(June, July, and August), to determine factors which account for two- to
three-fold differences in lead exposures among radiater repair mechanics, and
to assess the relative effectiveness of the elephant trunk LEV system for the
repair of industrial radiators as compared to automobille/small truck radiators

The report from this in-depth survey will be used as a basis for making centrel
recommendations in Institute policy documents and for preparing technical
reports and journal articles on the effectiveness of designs and techniques for
controlling hazards  This infermation is patt of a data hase available to
health professionals, egquipment manufacturers, and others to assist In the
development of effective control measures in the workplace

II PLANT AND PROCESS DESCRIFTION
FACILITY DESCRIPTION

This shep repairs both automotive and industrial iadiators It services
radiators from 80 percent eof the mines in Nevada The present site was

opened in January 1985 The floor plan of this 14,000-square foot building 1is
shown in Flgure 1  The drive-in bays can handle up te¢ 21 automobiles and small
trucks plus several large trucks The shop 1s open 6 days a week for car and
light truck radiator repair and the staff 1s on call 14 hours a day for
industrial radiater repairs At the time of cur study, approximately 30
workers wete employed at this facllity

The shop has eight radiator repair statioms (Figure 2) Each station inecludes
a water tank, two acetylene torches for burning and seldering, and a lift
device for securing the radiator  Industrial radiators are vepaired ar
workstations 7 and 8, when these radiators are too large to be repaired over
the water tank, they are held by a hoist located in the aisle next to the
workstation The wvery larpe industrial radiators are not soldered, but are
rebuirlt using new parts  This 1s done in the room adjacent to the radlator
repair area The shop alse has an enclesed sand blaster for cleaning parts

Puring the suwemer months, A-} Radiator operates at a very high level of
production due in part te radiator fallure of the many vehicles driving cross
country during hot weather During our survey, the shop repaired 30 to

50 automobile and light truck radiators each day, 1n addition to the industrial
radiators
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PROCESS DESCRIPTION

Radiators are pulled from the car or truck or brought to the shop The
radrator is cleaned of surface grime and dirt, 1f needed, and then checked for
leaks, flow restrictions, and overall integrity For minor repalrs, radiators
are patched with solder Fer big jobs, radlators are cleaned 1n a caustic bath
(sodium hydroxide), rinsed with either a water hose or high pressure water, and
the top and bottom sectiomns of a radiator are separated from the core by
melting the lead-based solder with a torch  Leaks are marked and patched with
60-40 lead-tin sclder heated with an acetylene torch  All soldering is done at
the front of the tank or workstation with one of two torches The radiater 1s
placed in the water tank and checked for leaks, 1f 1t passes the [inal leak
test, 1t 1s painted black in a ventilated paint spray booth

VENTILATION SYSTEM

Each of the eight radiator repalr stations is equipped with local exhaust
ventilation (LEV} consisting of an adjustable-arm elephant trunk exhaust hood
shown in Figure 3 Because the ducts ares made of flexible material, the
mechanic can position the exhaust hood close to the soldering operation  The
hood cpening 1s 10 inches in diameter  Air exhausts through the hood, into the
flexaible duct to a rigid plenum, and through the roof fan  Each of the four
exhaust fans setve two exhaust hoods There are no air cleaning devices in the
exhaust system An B-inch diameter hole was cut into each of the four plenums,
jJust below the ceiling to exhaust any fumes that accumulate near the ceiling
Before these holes were made, fumes callected near the ceiling of the shop and
migrated into second floor offices, however, these holes reduce the exhaust air
volume at the hoods  The four fans were designed teo pull a total of

16,000 cubic feet per minute {cfm) During April 1988, the flexable duct LEV
system was 1nstalled at Tanks 3 and 4 and at the i1ndustrial radiator Tanks 7
and 8 The installation was completed at Tanks 1 and 2 and Tanks 5 and &
during the summer of 1988  Since then, several of the flexible ducts have
partially collapsed, reducing the air flow in the ducts

4-1 Radiator also installed a makeup alr unit with filters end heater as part
of the ventilation system The cost of the entire ventilatien Syftem was
835,000, $20,000 for the LEV and 515,000 for the makeup air unmit

I1I POTENTIAL HEALTH HAZARDS AND EVALUATION CRITERIA

The important routes of lead adsorpticn by man are i1nhalation and ingestion
Man absorbs small amounts of lead 1in his food and from the air which normally
does not cause poisoning Lead absorbed from occupational sources, such as
soldering operations 1n radiator repair shops, are in addition te this "normal"
body burden of lead

HEALTH EFFECTS OF LEAD

Lead adversely affects a nunber of organs and systems  The four major target
organs and gystems are the central nervous system, the pegipheral nervous
gystem, kidney, and hematopoietic {(blood-forming) system Inhalation or
1ngestion of inorganic lead has caused loss of appetlte, metallic taste in the
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mouth, constipation, nsusea, pallor, blue line on the gum, malaise, weaknesa,
inscmnia, headache, muscle and Joint painz, nervous irritability, fine tromers,
encephalopathy, and colic Lead exposure csan result in a weakness in the
muscles known as "wrist drop," anemia (due to lower red blood cell life and
interference with the hsmﬁ synthesi1s), proximal kidney tubule damage, and
chronie kidney disease “*° A _recent study shows high blood pressure 1s also
related to blood lead levels Lead can cencentrate in the seft tissue and
bones, particularly in the liver and kidney, and elimlnac1og 25 slow Finally,
exposure is associated with fetal damage 1n pregnant women ~’

EVALUATICN CRITERIA

The occupational exposure criterion for inorganic lead is the current OSHA
permissible expgsgre limit {(PEL) of 30 ug/m”, the DSHA action level for

lead 1s 30 pg/n The occupatlonal exposure criteria for other

metals, minerals, solvents, sodium hydroxide, and carbon monoxide are_the OSHA
PFLs, NIOSH RELs, and Threshold Limit Values (TLVs®) (see Table B-1) /9

Iv METRODALOGY
ATR SAMPLING AND ANALYSIS

Personal and area samples for lead and other metals were colleeted on 37 mm
diamcter cellulose ester, 0 8 um pore size filters using SKC pumps at

2 0 liters per minute (Lpm) Samples for lead and other metals were analyzed
by inductively coupled E%asma-atomic enission spectrometry (ICP) 1n accordance
with NIOSH Method 7300 The limit of detection ({LOD) for lead was

2 Q0 pug/filter Both full-shift sampling and short-term sampling for the
duration of a single radiator repair operation (less than 1 to Z hours) were
performed

Area samples for solvent vapors were coallected on charcoal tubes at a flow rate
of 0 05 Lpm using DuPont Model P-200 pumps and were analyzed by gas
chromatography/mass spectrometry {(GC/MS) The LOD for the charcoal tube
samples varied with the identity of the solvent

Area samples for sodium hydroxide were taken on 37 mp diameter, 1 um pore
size PTFE membrane filters using SKC pumps at 218 Lpm and analyzed for sodium
hydroxide 1in accordance with NIOSH Method 7401 The laimit of detectlon was
40 pg/fi1lter Area samples for carbon monoxide were also taken using

Draeger tubes

QOBSERVATIONS

During the sampling survey, work practices and use of personal protective
equlpment were documented Ventilation measurements were taken using Kurz
dagital and analeg hot-wire anemometers  The ¢apacity and dimensions of the
local exhaust ventilation systoem were also obtained

Each radiator repair mechanie was videotaped during the repair of a single
radiator, and a short-term personal sample was collected during the repair



activity The videotape was reviewed by the authors and the relative
effectiveness of the mechanic's work practices were estimated and compared with
the mechanic’s exposure to lead

V  RESULTIS/DISCUSSICHN
PRINCIPLES QF CONTROL

Occupational exposures can be contreolled by the application of a number of
well-knovn principles including engineering measures, work practices, and
persenal protection These principles may be applied proximate to the hazard
scurce, to the general workplace environment, ¢r at the point of oeccupariomal
exposure to 1ndividuals  Controls applied at the source of the hazard,
tneluding engineering measures {material substitution, process and equipment
modification, isolation or automation, local ventilation) and work practices,
are generally the preferred and most effective means of control, beth in terms
of occupational and epvironmental concerns  Controls which may be applied to
hazardous substances that have escaped into the workplace enviromment include
dilution ventilaticn, dust suppression, and housckeeping Contrel measures may
also be applied near individual workers, including the use of remote contrel
rooms, 1solation booths, supplied-air cabs or operator stations, work
Practices, and personal protective equipment

These principles of contrel apply to all situations This paper dlscusses an
application of the primciples of local ventilation and work practices to the
control of lead exposure during radiator repalr operatlions

LEAD AIR SAMPLING RESULTS

The parasmeters and analytical results of 1individual samples are shown 1in the
appendices to this report

Personal Samples

Lead concentrations obtained in the breathing zone of the radiatoer repair
mechanics are summarized i1n Table 1 for each of the repair tanks
{workstation/benches) Arithmetic mean personal sample concentrations for lead
ranged from 17 to 71 ug/m A single Z-hour sample for leag taken on a
worker at the i1ndustrial radiator repalr benches was 8 pg/m Geometric

mean pegsonal sample concentrations for lead were similar, ranging from 17 to
67 ug/m Four cobservaticns can be drawn from the lead exposure data

showr 1n Table 1 First, mean lead exposures at the automobile/small truck
radiator repalr benches, except for bench &4, were at or near the 0SHA PEL for
lead of 50 pp/m”, second, lead exposures were, on average, three times

higher while performing automobile/small truck radiator repairs than for
industrial radiator repairs, third, lead exposures for the worker at bench 4
were substantially higher than for the other workers, and fourth, arithmetic
and geometric mean concentratlons for lead give zimilar results



Table 1. FPerscnal Expocures to Inorganic Lead at Tanks
Average Cencentration# (pg/m3)
Number |Sample
of Duration| Arithmetic Gecmetric
Worker Tank # |Samples| (min) Mean Mean Range
A 2 5 196 55 55 40 - &6
B 3 5 200 48 14 12 - 74
C 4 5 204 71 67 3z - 91
D 5 5 205 48 44 29 - B9
B Gk 2 167 42 42 40 - 44
E Irdustrial 3 173 17 17 17 - 18
F Industrial 1 118 8 8 -
OSHA PFL 50 pg/m>
OSHA Action Ievel 30 pg/m

# Excludes short-term perscnal samples
** Worked short time at industrial radiator




Area and Background Samples

Area lead concentratlons for each radiator repalr tank studied are shown in
Table 2 In Figure 4, the average persomal lead concentrations are compared
with the average area concentrations for each of the radiater repalr tanks and
also background lead concentrations taken in the center of the shop, away from
the process The average area lead concentrations taken at the
autemobile/small trueck radiator repalr tanks ranged from 21 te 40 pg/m3
and all were less than the personal concentrations for lead at the
corresponding tanks There was neither a statistically significant nor a
practical correlation between the personal and the area sample lead
concentrations measured ap the same tank  The average lead concentratien at
the sand blaster {28 pg/m”) showed that 1t was an additlonal source for

lead exposure 1in the shop

Area lead comncentrations at the radiator repalr tanks were two to three times
higher than the average ambient lead concentratlgn it the center of the shop
The indoor amblent lead concentration of 12 ug/m” represents

approximately 25 percent of the radiatar mechanics' allowable exposure, thus, a
worker standing in the center of the shop and doing no soldering could be
exposced to one-fourth of the PEL for lead

Llead concentrations in the office area (which also included the re%all sales
counter and customer waiting area) were very low, averaging 3 pg/m

This level 1s well belaw the ambient lead concentratien in the shop and
indicates no cross-contamination between the shap and the office  Outdoor
apbient lead concentrations werse all less than the limit of detection which
averaged 3 ﬁg/mB These data indicate outdoor lead levels contributed
little or methaing to lead levels in the shop and that lead emissions through
the roof vents and other shop openings did not have a material effect on the
1mmediate envircnment

Field Blank Results

The results of field blanks (Table A-4, Appendix A) analyzed for lead were
below the limit of detection (LOD) Therefore, no blank corrections were made
ta the analytical results of the lead samples

COMPARISON TQ OSHA PEL

The OSHA PEL for inerganic lead 1s 30 ug/m3 and the 0S5HA actien level
(requiring. medical surveillance and environmental monitoring to be instituted)
is 30 pg/m Personal sampling results from ocur survey showed that 10 of

the 15 TWA exposures for inorganic lead were at or below the OSHA PEL

{Table 3} Three of the five high lead exposures were measurcg en the mechanie
working at Tank 4 The other two high lead exposures {60 pg/m™) occurred

to the mechanics at Tanks 2 and 5 With the present LEV system at A-1l
Radiator, workers at the automoblle radiator repair stations, except at Tank 4,
should normally be in compliance with the lead standard To ensure that TWA
lead exposures are below the OSHA PEL during very high levels of production (as
was the case during our survey), improved work practices such as optimal
positioning of the LEV hood near the soldering should be emphasized

10



Table 2. Area and Background Inorganic Iead Concentrations

ILead Concentration (pg/m3 )

Nuriber

Sample of Arithmetic Geometric

Location Samplas Mean Maan Range
Tank 2 3 27 19 <5 - 40
Tank 3 3 40 25 <5 — 66
Tank 4 2 22 21 17 - 27
Tank 5 3 36 33 20 - 61
Tank 7 2 21 19 13 - 29
Tank 8 2 27 25 16 - 38
Sand Blaster 3 28 27 18 - 36
Indoor Ambient 3 12 12 9 - 16
Office 3 3 3 2 - <5
outdoor Anbient 3 <3 < <4

11
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Table 3. TimeWWelghted-Average Exposures to Inorgamc Lead

Corcentration (pg/m3)
Worker  Tank # 6/26/89 6/27/89 /28,89 (3)
A 2 49 &0 50
B 3 £l 49 50
C 4 73 62 75
D 5 42 60 43
E Industrial 17 -
35
E & - 44
OSHA PEL 50 ng/m>
CSHA Action Iewvel 30 pg/mB

(a) Half-day samples taken in morning—TWA eXpoSUres assume same

exposure 1n the afternoon
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The TWA lead exposures for the mechanic at Tank 4 were consistently above the
QSHA PEL Some possible origins of these high lead levels are {1) Tank 4 is
located in the corner of the shop with radiator repalr benches on both open
sides (See Figure 2), (2) 1t is farthest from the cpen garage doors and
exeluded from the dilution air currents 1n the shop, (3) the mechanic was
observed to he working very close to the soldering fume 1n an effort to better
observe the work, and (4) inadequate LEV air volwne to capture the fumes The
mechanic's wark practices were generally goed and the LEV air volume was
adequate, thus, i1mproved work practices and/or ventilation may not he
sufficient toa bring exposure at this tank into compliance with the lead
standard Either not using Tank 4 during moderate or heavy preductiecn or
moving it out of the corner to another location may also reduce the lead
exposure of workers at the two adjacent sutomeobile radiator repalr tanks

Lead exposzures while repairing the i1ndustrial radiators were well below the
0OSHA PEL, Mechanic "E" cuperlenced the lowest TWA lead exposure

(17 pg/m”) of the survey on the day he worked only at the industrial

radiator bench, however, his exposure was 2 & times higher on the next day when
he worked at Tank 6 (an automobile/small truck radiater repalr bench) The 1WA
results indicate much lower lead exposures occur when working at the industrial
radiator benches than at the automotlve radiator repair tanks

COMPARISON TO LEAD EXPOSURES FROM EARLTER SAMPLING SURVEYS

Prior to our survey, personal samples for lead were collected on three separate
pccasions at A-1 Radiator by the State of Nevada  The sampling results for
lead from these surveys are presented Iin Table & In December_ 1987, lead
exposures for three mechanics ranged from 74 pg{m3 ta %10 pg/m” and

were, on average, nearly twice the OSHA PEL of 50 pg/m These high lead
exposures were recorded even thoupgh work activity on that date was light and
only three of the eight radiator repair tanks (benches) were used {Radiator
repair activity 1s generally much slower in the winter than in the summer
months ) At that time, the only mechanical wventilation in the A-1 Radiator
shop was the 5,000 c¢fm roef exhaust fan There was mo mechanical makeup alr
unit, and 1n December, the shop doors were presumably closed which may have
1nereased the lead levels

A second set of samples for lead were collected 1n May 1988  During April
1988, adjustable-arm elephant trunk exhaust hoods had been Ilnstalled at
radiatar repair Tanks 3 and 4 and the industrial radiator tamks (7 and 8) The
lead exposures of the radiator repair mechanics' at Tanks 3 and 4 ware
approximately one-third of those measured before installation of the LEV

system However, the mechanic at the industrial radlater repair tank sampled
in May 1988 sti1ll experienced lead levels above the OSHA PEL

In September 1988, sampling for airborne lead was conducted by the State of
Hevada after elephant trunk exhaust hoads had been installed at radiator repaix
Tanks 1, 2, 5, and 6 and the size of the fan motor serviong the exhaust heods
for the twe industrial radiator repair tanks hag been increased These results
showed the mechanics’ exposure averaged 32 pg/m” and ranged from 20 to

55 pg/m” at the aucomotive repalr tanks Radiator repalr activity was

steady at the automoblle radiator repair benches  The production level was

14



Table 4. Lead Exposure Results from Previocus Sampling Surveys
Sample Worker Tead ] Worlke Local Exhaust
Date ILocation Concentration Ioad Ventilati
(ug/m>) (cfm)
12/17/87 n.a. 74 light roof fan
n.a. 79 " only
n.a. 110 n
5/21/88 Tank 23 19 light 2000
Tank 4 32 steady 1400
Industrial 67 steady 1400
9/22/89 Tank 1 55 steady 15800
Tark 5 22 " 1500
Tank & 20 " 1700
Tank 8 51 heavy 1900
(Industrial)

% Evhaust volume 1s an estimate calculated from

15
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heavy ai the 1ndustrial radiator repalr bench, and the mechanic's exposure was
il ppg/m” of lead

The arithmetic mean and geometric mean personal sample lead concentrations are
compared between our survey (June 1989) and the earliest sampling survey
(Decerber 1987) in Figure 5 The lead exposurez experlenced by the radiator
repalr mechanics were censistently lower after inmstallation of the elephant
trunk LEV system except for the mechaniec at Tank 4 Moreover, because the
workload or production level was considerably higher during the June 1983
survey than during the December 1987 survey, the reductlon 1m lead exposures by
use af the LEV system is greater than indicated by the numbers shown here

VENTITATION
Local Exhaust Ventilation

The exhaust air volumes and capture velocitiesg at a distance of 6 and 12 1nches
from the face of each of the eight adjustable-arm elephant trunk exhaust hoods
are presented in Table 5  The capture velocity results are the average of two
or three individual readings far each exhaust hood The exhaust velumes ranged
from 670 to 1,350 cfm for the hoods used at the automebile/small truek radiator
repair Tanks (1 to &) The &-1inch capture velocities for these hoods ranged
from 240 to 440 feet per minute {fpm) and were generally proportional to the
exhaugt air volume except for the hoad at Tank 3 The ratio of capture
velocity to exhaust volume (fpm/cfm) was O 25 to 0 38, but at Tank 3 the ratio
of capture velocity to exhaust volume was much higher at 0 63  There 15 no
apparent reasan for this proportionately higher capture wvelocity

In theory, a 6-1nch capture velocity of 400 fpm would be required to provide
for reasonable fume capture 10 to 12 inehes from the heod  For cur survey,
when the 6-1inch capture velocity was over 400 fpm, the 12-inch capture velocity
ranged from 100 to 150 fpm  When the &-inch capture velocity was 200 to

260 fpm, the corresponding 12-inch capture velocity ranged from less than 50 to
100 fpm, indicating inadequate capture velocity for lead fumes  The
measurements at 12 inches are only approximate since room cross-currents were
strong relative to the capture velociry readings at 12 inches  Nevertheless,
except at Tank 5 (when the damper was not fully open) and Tank 6, the capture
velocity was 100 fpm or more at a distance of 12 inches from all the hoods

Table 5 also shows the exhaust air volume and capture velocities for the
exhaust hoods at the industrial radiator Tanks 7 and &8 Mest industrial
radiators were toa large to be repaired at one tank and as a result they were
generally positioned between the two exhaust heods During our survey, the
damper to eshaust hood 8 wasz mostly or totally closed, which resulted 1n mere
gexhaust air volume being drawn through hood 7 than 8 The exhaust volume
through Tank 7 hood ranged from 1,120 to 1,320 cfm, depending on whether the
damper to Tank 8 hood was open  The exhaust air volume to hood 8 was 170 cfm
with the damper closed and 990 cfm with the damper open

In the & months preceding our survey, A-l1 Radiator added an E-inch diameter

exhaust opening to each of the four LEV plenums a foot or so below the celling
to remove fumes that were accumulating near the ceiling and migrating into the

16
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Table 5. Ventilation Measurements for June 26-28, 1989
BExhaust Volume Capture Velocity (fpm)
Tank # (et @6 inches EB12 i1nches

1 1350 430 100
2 740 240 100
3 670 420 130
4 1160 440 120
53 1030 - 50
50 1260 440 130
6 1030 260 50
7 1320 420 150
7° 1120 - -
8“ 170 200 <50
gb 990 400 100

a
b
c

- damper to #5 exhaust hood not fully open
damper to hood fully open

- damper to #8 exhaust hood closed

18




mezzanine office areas The exhaust ports appeared to he warking because no
visible fumes werc observed at ceiling level  However, these ports reduced the
exhaust volume {suction) at the radiator repair tanks The exhaust volume was
measurced at each of the hoods of Tanks 1 to 4 with the plenum exhaust openings
blocked off These measurements showed the exhaust volume increased by BOD cim
or 4% for Tanks 1 and ?, but by less than 5% for Tanks 3 and 4 A primary
Yeason for the additional BOO cfin for Tanks 1 and 2 1s likely fan size the
ventilation system at Tanks 1 and 2 is equipped with a 3 horsepower fan, while
the system for Tanks 3 and 4 has a 2 HP fan (see Table 6} Except at Tank &6,
satisfactory caprure velocities remaln with the plenum exhaust opening in

place

The partial collapse of the flexible portion of the ducts was 1dentified at
several of the radiator repair tanks Further collapse of any of the ducts
could greatly reduce the exhaust volume and 1L 1s recommended that the air flew
to each hood be tested every 2 months by the shop to identify severely
restricted ducts Related to this 1s the tendency for the damper in the
exhaust hood to sutomatically close It would be prudent te lock the damper
open Testing the hood exhaust volume bimonthly would alse identify the event
of a closed damper

Dilution Ventilation

The movement and diresction of air flow i1n the shop depends on how many doots
are open, and on the outside wind direction and speed During our survey, the
alr temperature 1nside the shop ranged from 72 to about 80°F and the relative
humidity ranged from 48 to 56% At that time, and presumrably during the warm
weather months {which encompasses the busy season at A-1 Radiator), all shep
doors were open There is a 10- by 12-foot door {120 square feet cpening)
directly acrass from the Lndustrial radiator repair tanks, a 3- by 8-foot door
{24 square feet) between the automotive bay area and the shop, and a door
approximately 8 by 8 feet (64 square feet opening) to the indugtrial radiator
assembly room in the northeast corner of the shop Shop airflow patterns and
alr velocities on the afterncon of June 27 are shown 1n Figure &  Alr currents
in the shop were im a circular pattern with the doors open, with static or dead
spots 1n the two back corners of the shop near station 4 and the paint booth
The airflow pattern shown in Figure & was valid for all three days of our
gurvey as long as the wind was blowing, however, during occasional calm periods
a different airflow confipuration 1s liable

Arrflow measurements showed wind speeds threugh the door te the 1ndustrial
radiator assewbly room were typically 100 te 400 fpm (12,000 to 48,000 cfm} on
June 27 and up te 300 to 400 fpm on June 26  The wind was blewing into the
shop through this door on June 28 although the veloclty was not measured  An
additional 300 fpm (7200 cfm) of air enters through the 3- by B-foot door
Roughly 10,000 cfm of air are exhausted from the shop area by the LEV system,
thus, a major portion of outside alr entering the shop 1s pulled toward the
south and west walls of the shop where the exhaust hoods for the
automobile/small truck radiator repair tanks are located This also means that
lead fumes in the shop air and from the i1ndustrial radiator repair saldering
operations are conducted toward the mechanics at the automobile radiator repalr
workstations Lead fumes can further accumulate as the air crosses Tamks 1, 2,
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Table 6. Exhaust Ventilation Design Data

Fan Exhaust volume Static Pressure
Horsepower (cfm) (inches)
1 &2 3 3,200 3-1/2
3 &4 2 4,000 1-1/2
5&6 3 3,200 3-1/2
7T &8 7] 5,000 a=-1/2
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and 3 and culminates with the highest concentration at Tank 4  Additiomally,
the static air conditions tend to concentrate airberne lead at Tank 4

Dilution ventilatien in the shop appeared to greatly assist in reducing the
lead exposures of the industrial radiator repair workers A large quantity of
outside air flows by these two statiomns, and rapldly dilutes the lead soldering
fumes In our survey, the three personal sample concentrations for lead for
the industrial radiator repair mechanics were all less than 20 pug/m” and
demonstrate the importance of peneral dilution ventilation in centrolling the
lead exposure of these workers

Paint Spray Booth

The total exhaust air volume for the paint spray beoth, which was 4 feet high
and 3 to 10 feet across, was 1,290 cfm and the face veleocity averaged 85 fpm
The booth 1s operated only intermittently for a few minutes at a time

WORK. PRACTICES

The normal procedure for radiator reparr consisted of mounting and securing the
radiator on a 1i1ft device above the tank, and burning off the cld solder to
remove the top and bottom reservolirs of the radiator If required, the old
solder around the ends of the tubes in the radlator core was heated and

removed The reservoirs were cleaned i1n an enclosed sand blaster, new solder
was applied to the core, the core ends around sach tube, and reservoirs as
needed, and the reservolirs were reattached and soldered to the core  The
radlator was leak tested, removed from the lift, dried, and painted

The main source of lead exposure feor the radiater repair mechanics 1s the
removal of the old solder and application of new scolder that holds the top and
bottom parts to the radiater Lead exposures can also result while soldering
to zecal leaks in tubes 1n the core and to attach new tubes to the core ends
Heating the solder to very high temperatures produces a continuous stream of
lead fumes  Excess liquid flux and melted solder are blown from the radiater
with air hases, creaating a potential source of lead particulate emissiens

The major work procedures that minimize the radiator repalr mechanics’ exposure
to lead are The exhaust ventilation hood must be locarted within 12 to

18 inches from the radiator surface being heated When this was done,
virtually all the smoke generated was captured by the hood If the hood was
more than 18 1inches from the area being heated, smoke was cbserved to ascape
Second, the hood should be positicned above and behind the lead emission source
so that fumes are drawn away from the breathing zone Generally, the radiator
was positioned over the tank, the exhaust hood behind the radiater, and the
operator worked in front of the radiator One mechanic, however, placed the
radiator forward of the tank, set the exhaust hood over the tamk, and worked
between the hocd and the radiater, as a result, lead fumes and smoke were drawn
inte hls breathing zone Third, for repair work that requires inspectlon to
within a few inches of the souree, the mechanie should allow the exhsusi hood
to dissipate the smocke before making the ifnspection {In one radiater shep, a
mechanlec was fitted with corrective lenses so he could see his work better and
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thus reduced his exposure to lead ) The mechanic should aim air hoses toward
the back of the workstation and not toward himself or other employees

At the two industrial radiator repair staticns (1n the center of the shop), the
radiators are often set 1n the aisle a few feet from the repair tanks so that
the mechanic can solder the radiator from either aide Again, to minimize the
mechanies’ lead exposure, the exhgust hood must be within 18 Inches of work
area to capture the smoke and lead fumes  PBecause the industrial radiatar
repalr stations were lacated in the path of strong air currents, failure to
capture smoke and lead fumes resulted 1n increased lead exposure to the other
employees 1n the shop, especially those downwind of this station At the
industrial radiator repalr stations, the mechanic should work with the toreh on
the upwind side of the radiater to reduce his exposure Finally, the
industrial radiators are very large, smeoke can travel through tubes in the core
and escape from radiator hose connections and other holes more than 2 feet from
the exhaust hood and not be captured by the hood  Apain, working upwind of the
torch sheuld further reduce expesure to lead

Workers at this shop made good use of the radiator lifts to move and position
the radiator during repairs The mechanic could manually carry the small and
medium si1ze radiators without strain Hoi1sts and fork lifts were used to move
the larger industrial radiators

The sand blasting booth used to clean the reservoir of the radiators was
totally enclesed Mechanics were observed to wait for all the dust to be
exhausted before opening the sand blasting booth and removing the part cleaned

Small and medium si1ze radiators were painted 1n a ventllated spray hooth  The
ventilation was turned cn before painting was started

tnalysis of Individual Work Practices

Most of the mechanics kept the hood within 18 inches of the radiator repair
surface and their breathing zone out of the path of the visible fumss between
the radiator and the exhaust hood However, orne mechanic worked with his head
close to the fume source which may have increased his lead exposure  Another
worker placed his breathing zone between the fume source and the capture hood
when performing repairs that required intricate work with the torch to solder
in tight places, such as sealing i1ndividual tubes in the core Work practices
observed while ropairing the industrial radiaters ranged from good to poor

The exhaust heod(s) at the Industrial radiator repair tanks were peositloned
anywhere from within 18 inches to over 4 feet from the source of the soldering
fumes In addition, some mechanles stood downwind of the smoke and fumes

Because of the size ¢f these radiators, a lot of extra maneuvering was requited
to position the exhaust hcods to capture the smeke and fumes  Even though the
exhaust hoods were not always utilized, the strong air currents in the shop
tended to carry away almest all the lead emissions, thus protecting the
industrial radiator repair mechanics Unfortunately, these fumes were carried
to other areas of the shop and were a potential source of lead exposure for the
ather employees  When heat was applied te the bottom of a large industrial
radiator, fumes and smoke escaped through the radiator tubes as much as 4 feet
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from the exhaust hood A second exhaust hood located near the botrom of the
radiatory would improve capture of the lead fumes

The mechanlics’ work practices were sometimes dramatically different during
videotaping than at other times  While being videotaped, one worker pulled the
hood within 18 inches of the fume source, and positicened 1t so that the smoke
and fumes were drawn away from his breathing zone His lead exposure during
videotaping was very low When not being videotaped, we observed this worker
to use comparatively poor work practices, such as leaving the exhaust hood over
3 feet from the radiator and placing his head between the radiator (fume
source) and the exhaust hood During the rest of our survey (when not belng
videotaped), this worker’s lead exposure averaged about triple that during
videotaping It is likely that the three-fold reduction in lead exposure
during the videotaping was the result of much better work practlces

Although In most situations work practices affect workers’ exposure, our data
indicate little correlation between poor work practices and high lead
exposures Other factars such as workstation location and the effect of
genetral aLr currents predominate at A-1 Radiateor In one case, however, the
lead exposure of a mechanic was reduced three-fold by improved work practices
such as appropriate use of the exhaust hood

OTHER ATR SAMPLING RESULTS
Salvents

Area samples for solvents were collected on charcoal tubes near the paint spray
booth on all three days of the survey, and in the industrial radiator assembly
room while industrial radiators were being painted These samples were
analyzed for benzene, toluene, xylemes, and trimethyl benzene, the results are
presented in Tabkle A-2 of the Appengdixz  Area concentratlons?wgre well below
their respective 05HA PELs and TLVs for all four materials *° Based

onn the the results for these four chemicals, there appears to be little
potential for excessive golvent exposure at this shop

Hydroxides

Table A-3 of the Appendix shows the results for area samples taken each day at
the caustic tank and analyzed for alkaline dust  All three sample
concentrations were helow the LOD (0 05 to O 11 mg/m”) The ceirling TLV 1=

2 mg/m” for sodium hydroxide

Carbon Monoxide

Four samples for carbon monoxide cellected with Draeger tubes 1n the radiator
shap area were all below the LOD of 20 parts per million (Egm) The 0SHA PEL
for carbon monoxide is 50 ppm and the NIGSH REL 1s 35 ppm

Begults for Other Metals and Minerals

Limited amounts of copper and zinc were found on the sample fllters, one filter

contained chromium  These metals were below their respective PELs  Assuming
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that all zine Emlsslogs ware zine chleoride, personal sample concentrations
ranged up to 350 pg/m” or about one-third the 0SHA PEL for zinc

chloride  The highest coppet concentrat18n {of 59 samples collected) was 24%
af the O0SHA PEL for copper fume (100 gg/m™), these iz no NIOSH REL for

COpPET The sinple chromium exposure was 3 gg/m The results for the
following metals and minerals were all below the LOD aluminum, arsenic,
barium, beryllium, caleium, cadmium, cobalt, lithium, magnesium, manganese,
molybdenum, nickel, phosphorus, platinum, selenium, silver, sodium, tin,
tellurium, thallium, titanium, tungsten, vanadium, yttrium, and zirconium

PERSONAL PROTECTIVE EQUIPMENT, HYGIENE, AND MONITOQRING

411 mechanics wore safety glasses, rubber gloves, and steel-toed rubber boots
vhen working on radiators  Coveralls were provided through a cleaning service,
the employees and the company each pay half the cost  The shep has a locker
room for changilng clothes and cleaning up No smoking or eating was allowed 1n
the shop and all radiator repair mechanics were enjoined from purchasing feed
from the lunch wagon witheout first washing their hands

Vi CONCLUSIONS AND RECOMMENDATIONS

1 Ten of the 15 mechaniecs' time-welghted-average personal expesures for lead
were at or below the OSHA PEL while the shop operated at a high level of
production The three highest TWA lead exposures were found on the same
worker located at a radiator repair tank in the corner of che shop  The
ather two TWA exposures were both 60 pg/m~, slightly above the OSHA
PEL Personal exposures for lead while using the adjustable-arm elephant
trunk LEV system were, on average, half the personal exposures reported as
a result of a compliance inspection 18 months earlier prieor te 1nstallation
of the LEV system During outr survey, production at the shop operated near
1ts peak rate, this was also a high volume for radiator repair shops in
general The radiater repair @echanlcs' exposures {(half-day samples} for
lead rangeg from 17 te 31 pg/m TWA lead exposures ranged [rom 17

to 79 pg/m

2  {ur results indicate that the adjustable-arm elephant trunk ventilatien
system (Figure 3) would normally control lead fumes at this shop to the
QSHA PEL during very high production levels with the following caveats
(1) the existaing elephant-trunk ventilation system is not capable of
controlling lead fumes at Tank 4 even 1f higher exhaust volumes were used,
and {2) the shop doors are kept openr The likelihcod of overexposure to
lead when doors are closed 1s small, since radiator repalr activity is
generally slower in the winter months The LEV system may work well with
doors closed and the 15,000 c¢fm makeup-air system functloning, however,
because it was not in operaticen at the time of this survey, no definitive
conclusions can be drawn  Confirmation that the LEV system can adequately
control lead exposures with doors closed should be documented by additional
sampling for lead in the winter months

3 Work practices appeared to be & source for excess lead expesures at thas

shop One worker, using good work practices while being videotaped,
achieved a lead exposure equal to about a third of that measured when he
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was not being videotaped It was noted that this worker stood between the
exhaust hood and the soldering torch when not being videotaped, but that he
wag careful te correctly position the exhaust hood during videotaping
Training and reinforcement in good work practices would undoubtedly result
1n the reduction and maintenance of lead exposures below the OSHA PEL for
these workers

The lead exposure of mechanics at A-]1 Radiator is due to emissions from
their own soldering and also from other soldering activity upwind of their
station For some, lead exposure 1s dependant more upon the production
tevel and work practices at the adjacent radiater repalr tanks than on
their own activity From our survey results, the most vulnerable position
was at Tank 4 This 1s an automobile radiator repalr station squeezed into
a corner between Tanks 7, 3, and 3 Because of the prevarling air currents
in the shop, the mechanic at Tank 4 is exposed to lead emissions generated
at Tanks 2 and 3 and possibly at Tanks 1 and 5, in addition to lead fumes
from his own soldering The air also stagnates 1in that ecorner of the shep
(see Figure &) Even though the mechanic at Tank 4 correctly positioned
the LEV hood ta cbtain satisfactory capture velocity and followed good work
practices, he had the hipghest lead exposure and was consistently above the
OSHA PEL Because of thls, 1t 15 strongly recommended that this radiater
repair station mot be used during moderate or heavy production activity
Tank 1, which was pgenerally not used during our survey, is better located
to take advantage of the general dilutiom ventilation pattern Tanks 7 and
8 may be used in the future because the management at A-1 Radiator opened a
new shop that will probably handle mest of the industrial radiater repalir

Sampling results for 29 metals and minerals, carbon monoxide, solvents, and
sodium hydroxide were well within their respective OSHA PELs  If lead
exposures are adequately comntrolled, exposure to vther potentially
hazardous substances should not be a concern

The exhaust openings in the plenums at the ceiling prevented the
accumulation of visible fumes near the ceiling but reduced the exhaust
volume at the hoods  Even wath this loss of exhaust volume, the capture
velocitles were generally acceptable at the exhaust hoods

The partial collapse of the flexible portion of the ducts was 1dentified at
several of the radiator repair tanks Further collapse of any of the ducts
could greatly reduce the exhaust volume and 1t 15 recommended that the
alrflow to each hood be tested every 2 months by the shop to identify
severely restricted ducts Related to this 15 the tendency for the damper
in the exhaust hood to automatlcally close It would be prudent to lock
the damper open  Testing the hood exhaust volume bimonthly would also
identify the event of a closed damper

The handle attached to the hood 1s difficult for the mechanics to reach and
discourages them from always positioning the hood correctly To facilitate
the mechanics ablility to always move the hood to the fume source, a 3-inch
flange should be added to the hood This wlll also increase the efficiency
of the hood by ilmproving the capture velacity

The enforcement of good personal hygiene by the management 1s commended
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TABLE A=1 INDIVIDUAL INORGANIC LEAD SAMPLE RESULTS FOR A-1 RADIATOR

SAMPLE PERSON TANK SAMPLE LEAD LEAD LEAD
OATE  MWUMBER TYPE CODE NUMBERS  TIME YOLUME DETECTION Mass  CONG
LOCATION  {min} {itarsg) LinT {ua} {ugtmd
a/2n/83 2 PERS KB 2 143 286 12 66
g/2areg BE PERE KB 2 263 526 21 Aty
Gl26/8S 3 PERS JA 3 140 280 13 a5
62689 =1 PERS JA 3 27a 558 30 53
Ar264g 73 PERS ] 4 137 274 24 28
ar28/85 57 FERS DG 4 277 541 36 &8
GI26/85 5B PERS 17 5 138 278 & b=
6f26/88 kL PERS T L 278 552 27 4
B8/28/38 B4 PERS JE INOUS 24 168 2 18
a/26/88 =} PERS JE INDLISSE 2gy 573 23 40
g/2a8/eg £¢ FERSST D& 4 ok | 178 12 a7
&/26/2 E4 PERSET TT & 26 5z ND <2 =25
areases 86 PERS ST JE INDUE 32 84 ND =z <31
Gleafeg g2 AREA 2 421 382 30 35
GiaG/ag T AREA 3 186 332 25 GE
Qr2Eas 83 AREA 5 440 880 18 20
6/3A/89 58 AREA g 26 52 NG 2 3B
6/26/89 7B AREA & 4413 gan 14 185
Bi26/88 i AREA SANDBL 451 e ] 26 e
&/26/89 a2 AREA SUTEIDE 419 a3e ND <3 <z
6/26/a9 52 AREA OFFICE 471 g42 N 2 2
8I26/80 72 AREA BoKSHOP an Taz2 B 1
8f2TIED a3 PERS KE 2 193 338 25 B85
GfATIED a PERS KB 2 171 342 19 58
6f27/39 84 PERS JA 3 188 336 [ 1&
B27i58 3 FERS JA 3 203 406 20 T4
B127i80 £3 PERS oG 4 201 402 13 a2
fi27/a5 11 FER3 [nle 4 203 40E 37 a1
8i27I89 g9 PERS T 5 185 ft=li| 12 3
B8f37I89 27 PERS T 5 202 408 38 80
6f37/89 24 FERS JE INDUS 2ary 474 B 17
6f27/80 35 FERS JE INDUS 164 sl 7 18
G27/88 81 PERSET JA 3 B3 168 k| 18
BI2TIET 32 PERSSET JE MDUS 281 562 1 29
B27180 58 AREA 2 447 884 bt | a0
BIETIZR 1G0 AREA 3 461 az2 45 a9
BI27159 a7 AREA 4 451 o02 24 27
E'27iE9 51 AREA 5 420 849 a1 &1
Bl27i349 g9 AREA 7 436 Br2 i1 13
Bl27i89 a4 AREA SANDBL 362 74 13 18
Br27439 98 AREA QUTSICE 421 B48 ND <2 <2
BIZ7i39 [a] AREA OFFICE 402 204 N z 2
Bf27i20 go AREA BOKEHDP 432 BG4 14 18
ifyeg-Ricte] BD PERE KB 4 208 416 21 50
B28/89 57 PERS JA 3 208 416 21 &0
BI2BIRY €3 PERS oG 4 203 414 53 79
608/ k] PERS T 5 211 422 18 43
6128489 Fr s PERS JE B 160 2] 14 LE
BI26/89 21 PERS ST T g 118 236 MO =2 <E
gl2a/2q a7 PEASST T 5 a7 174 g 52
B/28/29 20 AREA 2 209 41B HD <2 <8
Ef28/29 13 AREA 3 208 410 ND =2 <5
62889 55 AREA 4 ous 416 7 17
BIZEEA a3 AREA s 2113 426 12 28
EfZEf29 36 AREA T 221 448 13 29
Bf?B/29 75 AREA SANDBL 208 418 15 38
B2E/RD b4 AFREA QUTSICE 222 444 MND 2 =5
EfZBI29 59 AREA DFFICE 220 443 MO 2 =5
BI28139 22 AREA BCKSHOP =an 449 4 g
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TABLE A-4 BIANK RESULTS FOR LEAD A-1 RADIATOR

LEAD LEAD

SAMPLE VOLUME  BETESTION MASS
DATE KUMBER TYPE [Ikers) LIMIT [V ]]
Gi26/89 a5 BLANK 1] ND 2
B{28/38 28 BLANK 4] ND <2
Bi27iag 7 BLANK 1] ND 2
B/2729 29 BLANK 1] ND <2
E/27/589 20 BLANK 1] N <2
GRS 113 BLAMN 1} MO <2
6/23/ED 25 BLAMK a ND <2
&/2BE0 830 BLAMK 0 ND <2
828769 21 BLANK Q ND w?
6/28/8G B3 BLAMK 0 WD <P
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TABLE B-1

0OSHA MNIOSH

CHEMICAE NAME FEL REL TWA

(mg/m3) (mg/m3) (ma/m3)
Alurminum -—- -— 2
Arsanic 00 0 0g2 02
Baniurn o5 - 05
Benzane a2 32 32
Berylium 006z 0 00os 0002
Cadmium o1 Qo4 om
Carbon Monoxide 55 40 57
Ghramium 05 0025 )
Cobalt a1 - 0ns
Capper 01 - nz
Lilhum, hydnde 0025 - 0025
Magnesium oxide fume {tatal) 15 -— 10
Manganess 5(C) -—- 1
Malybdenum 5 — 5
MNickel 1 0015 1
Platinum -— - 1
Salanium 02 — 02
Silver 001 _— oo
Sodium Hydroxide 2 2(0) 2({C)
Tellunum o1 -—- o1
Thallium D1 — a1
Toluensa 750 375 375
Tnmethyl Benzena -— -— 125
Tungsten (solubla) -— 1 1
Vanadium o1 1 a5
Xyleng 435 435 435
Yitniem 1 —-- 1
Zinc Chlonde 1 e 1
Zircamum 5 - 5
(C] Celling
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