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SUMMARY

The Engineering Control Teechnology Branch of the National Institute for Occupational Safety
and Health 1s currently conducting a study of welding operations and workers’ exposures to
weldig fumes The geal of this study 1s to 1deniify, observe, and evaluate engineering cantroel
measures which may reduce the amount of fume a worker 15 exposed to during welding At the
conclusion of this study, information on effective control technology will be dissemimalted to the
welding community This report summarizes the results of an 1n-depth sampling study
conducied on the welding operations at the Boilermaker’s Natwonal Apprenticeship Travmng
School The geals of the study werc to measure fume exposures durmg stamless steel welding,
using cifferent rod types and rod diameters, and to evaluate the effect of local exhaust venulation
during outdoor welding operations

During this study, shielded metal arc (or stick) welding techniques were evaluated, primanly ma
scmi-enclosed tank located outside the school Four standard types of stainless steel rods used
by the Boilermaker’s were 1dentified and evaluated AWS 308, 309-16, 316, and 347 The 3xx
serics designated by the American Welding Society (AWS) have a high chromium-nickel
makeup Four standard rod diameters used by the Boilermaker’s were also identified and
evaluated 3/32", 1/8", 5/32", and 3/16" The rods were from a numbxr of marutacturers,
ncluding Alloy Rads, Hams Welco Alloys, MeKay, Tech Alloy, and Lincoln Two local
exhaust ventilation umts were cvaluated during this study, a2 mobile fume extractor with a

2 meter arm and a portable fan unit with a simular cxhaust arm  Both unats were provided by
Plymovent

Gravimetric samples were collected and analyzed for total welding fume levels and for welding
fume constitucnt levels Additional samples were collected for hexavalen! chromium  Real-time
data was collected on relative concentrations using aerosol photometers and particle counters
Gas levels were determined for NQ,, CO and O,

Results indicated that welders were overexposed to stainless steel welding fume, hexavalent
chrommm, arsenic, total chromium, 1ron, manganese, and mckel Local exhaust ventilation
helped to reduce these levels but not to a potnt where the cxposures were considered 1o be
completely controlled The effect of wind and the position of the weider may have been
extremely detrimental o the abilily of the local exhaust ventilation at conirolling welding fume
exposures



INTRODUCTION
PROJECT OVERVIEW

Over the past twenty years, the National Institute for Occupational Safety and Health (NIOSH)
has recogmzed the importance of preventing potential health hazards associated with fumes and
gases generated durmg welding operations (sce Appendix A), however, no comprehensive study
of control technology for welding operations has been conducted since the late 70s  As such, the
Engineering Control Technology Branch (ECTB) of NIOSH s currently conducting a study to
evaluate the effectveness of engineeting control measures m reducing welding fume exposurcs
This welding assegsment study was initirated for several reasons First, even with advances m
control technology, welders continue  be expased to hazardous welding fumes and gases !
Second, the continual development and implementation; of new welding processes, techmques,
and materials can result in unidentified and uncontrolled health hazards Third, many welding
operations are small shaps that may not have access to current technology for the control of
welding emissions. tlus project responds to the NIOSH small business imtiative which 1dentifies
welding shops as one of the top ten hazardous small businesses, m terms of cccupational health
nisks * Finally, as 1t 15 likely that welding will be a high prionty for OSHA over the next few
years,” industry will need tunely rescarch on engineering technology for the control of welding
fumes and gases

Many sites use a combipation of ventilation and respuratory protection equiprnent to try and
control the amount of fumes {and gases) the welder 15 exposed to dunng welding operations  If
the ventilation system does not adequately control the fumes, the welder often relies heavily on
the respirator for protection against potential health hazards Ideally, respiratory protection
should be used only as a last resort against welding fumes and only when an appropriate
respiratory protcction program 1s in place It 1s unclear whether strong respiratory protection
programs are commeon 1n welding shops Therefore, the goals of this assessment study are to
wentify effective ventilation systems, or other engineering control measures, that will protect the
welder’s health, and to dissenunate this information to the welding community

SITE SPECIFIC OVERVIEW

In January 1995, the Hazard Evaluation and Technucal Assistance Branch (HETAB) of NIOSH
recerved numerpus requesis from bmlding and consiruction trade unions requesting evaluanons
of stanless steel welding fumes  Aware of ECTB’s ongomg welding project, HETAB requested
engiheering assistance on the control of stainless steel weldmmg fumes dunng boier rehab work
To determine exposurg levels and effective controls, ECTR needed to evaluate various systems
and processes in the field The Boilermakers® Union offered to participate in a sirpulation study
wherc they would provide welders and welding equipment and consumables at their travung
facility m Kansas City, Kansas Two types of portable local exhaust ventilation unts, supplhed
by Plvmeovent (Mississauga, Ontano), were evaluated for thesr ability to exhaust staunless steel
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welding fumcs and gases away from the worket’s breattung zone, at the point of generation  The
ventilalion umuts were tested both inside a building and outside i a sermu-cnclosed tank  Process
vanables, such as the welding rad type and diameter, were also evaluated to determine thetr
effect on welding fume levels

WELDING HAZARDS

The effect of welding fumes and gases on a welder's health can vary depending on such factors as
the length and intensity of the exposure and the specific toxic metals nvolved Welding
processes involving stanless steel, cadmium- or lead-coated steel, or metals such as nickel,
chrome, zinc, and copper are particularly hazardous as the fumes produced are considerably more
toxic than those encountered when welding mald stee]l Mild stecl consists mainly of won,
carbon, and small amounis of manganese, phosphorous, sulfur, and stlicon, while stainless steel
contains mainly 1ron, chromium, nickel, titamum, and manganesc * The NIOSH cnitena
document 1dentifies arsemic, berylium, cadmium, chromium (V1}, and nickel as potential human
carcinogens that may be present in welding fumes Epmdemiological studies and casc reporis of
workers exposed to welding emissions have shown an excessive mcidence of acute and chronic
respiratory diseases  Welder respiratory aillments can include occupational asthma, siderosis,
emphysema, chrome bronchitis, fibrosis of the lung, and lung cancer Emdemiological evidence
indicates that welders generally have a 40 percent increase mn relative nisk of developing lung
cancer as a result of their work * Other cancers associated with welding include leukerua, cancer
of the stomach, brain, nasal sinus, and pancreas Cadrmum poisoning can affect the respiratory
system and darnage the liver and kidneys A common reaction to overexposure Lo metal fumes,
particularly zinc oxide fumes, 15 metal fume fever, with symptoms resembling the flu  Other
health hazards during welding can inchude vision problems and dermatitis ansing from
uliraviolet radiation exposures, burns, and musculoskeletal siress from awkward work posiions
Sce Appendix B [or additronal information on potential health hazurds from welding

EVALUATION CRITERIA

As a puide when evaluating hazards posed by workplace exposures such as those from weldmg,
NIOSH field staff employ cnvironmental evaluation criteria  These eriteria are intended to
suggest levels of exposure to which most workcrs may be exposed up to 10 hours per day,

40 hours per week for a working lfctime without expeneneing adverse health effecis It1s,
however, important ta note that not all workers will be protected from adverse health effects even
if thewr exposures are maintained below these levels A small percentage may expenence adverse
health effects dus to individual susceptibility, a preexisting medical condition, and/or a
hypersensitivity (allergy) In addition, some hazardous substances may act 1n combination with
other workplace exposures, the general environment, or with medicatrons or personal habits of
the worker to produce health effects even 1f the occupational exposures are controlled at the level
set by evaluation cnteria  These combined effects are often not considered in the evaluation
criteria Also, some substances are absorbed by direct contact with the skin and mucous



membranes, and thus potentially increase the averall exposure  Finally, evaluaien criieria may
change over the years as new information on the toxic effects of an agent become available

The primary sources of environmential evaluation critenia in the Umted States that can be used for
the workplace are (1) the U § Department of Labor (OSHA) Permassible Exposure Limuts
(PELs), {2) NIOSH Recommended Exposure Limils (RELs), and {3) the American Conlerence
of Governmental lndustrial Iygenists's (ACGIH) Threshold Limut Values (TLVs) The OSHA
PELs are requured to consider the feasihility of controlling exposures in various industries where
the agents are used, the NIOSII RELSs, by contrast, are based primarily on concerns relating to
the prevention of occupational disease  ACGIH Threshold Limut Values (TLVs) refer to airborne
concentrations of substances and represent conditions under which tt 1s beheved that nearly all
workers may be repeatedly exposed day after day without adverse health effects ACGIH states
that the TLVs are guidelines The ACGIH 1s a private, professional scciety [t should be noted
that industry 1s legally required to meet only those levels specified by OSHA PPELs

In 1989, the OSHA PEL for total welding fume was set at 3 mg/m’ (5000 pug/m®) as an &-hour
time-weighted average {TWA), however, this limit was vacated and currently 15 not enforceable
Since 1989, OSHA has not rcestablished a PEL for total welding fume, however, individual
PELs have been sct for he vartous constituents which can be found 1n welding fumes (see
Appendix C) * OSHA has also set a PEL for total particulate not otherwise regulated (PNOR) at
15 mg/m” as an 8-hour time-weighted average (TWA) A TWA exposure refers (o the average
airhorne concentration of a substance during a normal 8- to 10-hour workday Some substances
have recommended short-term exposure himits (STEL) or ceiling values that are intended to
supplement the TWA where there are recognized toxie effects from high, short-term exposures

The ACGIH has set a TLV-TWA for welding fumes-total particulate (NOC) at 5 mg/m*® The
ACGIH recommends that conclusions based on total fume concentration are gencrally adequate
1f no toxic elements are present m the welding rod, metal, or metal coating and 1f conditions are
not conducive to the formation of toxic gases ©

NIOSH indicates that it 15 not possible to establish an exposure linut for total welding emissions
sice the composition of welding fumes and gasces vary greatly, and the welding constituents may
mteract to preduce adverse health effects  Therefore, NIOSH suggests that the exposure bimits
set for each welding fume constituent should be met (see Appendix C) However, 1t was noted 1n
the NIOSH entena document* that even when welding fume constituents were below the PELs,
there was sl excesses in mormdity and mortahiiy among welders  As such, NIOSH
recommends that welding emissions should be controlled with current exposure lumits considered
1o be upper limits *



STUDY PLAN

This study was conducted at the National Apprenticeship Traumng School for the Tnternational
Brotherhood cof Boilermakers At this facility, umon apprentices undergoe 144 hours of
classwork, over a four year pericd, as part of their traimung program  Welding 1s a primary focus
of the traiming, boilermaker apprentices must lcarn shiclded metal arc (SMAW or, stick), gas
metal arc (GMAW or, MIG), and gas tungsten arc (GTAW or, TIG) welding techniques  The
center employs several welding instructors, two of the instructors participated 1n this study
{Welders 1 and 3) An additional welder, from the Local 83 Umon Hall, also participated 1o the
study (Welder 2)

Durning a prelimmary meeting with the instructors at the Balermaker’s Training Center, 1t was
disceussed that tungsten ert gas (TTG) welding (also known as gas tungsten are welding) was
used prmarily for tube work, and metal inert gas (MIG) welding (also known as gas metal arc
weldmg) was used for bwildup work on walls, however, stick welding was the technique
performed most frequently in the field Therefore, the focus of the study was narrowed to the
evaluation of sick welding of staimless steel  Four standard types of stainless steel electrodes
were selected for evaluation AWS 308, AWS 309-16, AWS 316,and AWS 347 Four electrade
diameters were also sclected 3/32", 1/8", 5/32", and 3/16" Ihamcters smalicr or larger than
these four are not commonly used by the Boilermakers The electrodes (rods) were from a
number of manufacturers, including Alloy Rods (Hanover, PA), Harris Welco Alloys (Kings
Mouniain, NC), McKay {Troy, OH), Tech Alloy (Baltimore, MD), and Lincoln {Cleveland, OH)

Twenty-five sample runs of welding were performed overall, with each run lasting 15 nunutes
Twenty-three of the sample runs were conducted outside 1n a semi-enclosed tank  The tank was
located 1n the ngging area next to the welding school, and was 12" tall and 20' 1n diameter (see
Figure 1) More than half of the tank’s roof was mtssing duning the study The tank was
constructed of several 6' lugh plates, with shight gaps between adjoning plates, and a &' hagh,

2" wide opening which served as the entrance Two workhorses were set up in the tank, with a
9" long plate of stainless steel affixed 1o each workhorse During each sample run, the welders
would lay several contimuous beads (welds) along the length of the baseplate  Only flat position
welding was performed Welder 2 was always positioncd on the night side of the tank (when
locking through the tank entrance) Welders 1 and 3 were interchangeably positioned on the left
side of the tank

The first 16 sample runs {1-16) m the tank were conducted to evaluate welding lume emissions
using the different rod types and chameters (4 rod types x 4 diameters) Welders | and 2 were
each s¢t up to weld at a workhorse during these runs, and sample data was collecied on them
simultaneously No ventilation was used other than natural ditution ventilation
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The naxt seven sample runs (17-23) were conducted 1o the tank to ¢valuate the local exhaust
venbiatien (LEV) umts Welder 2 participated in all seven of these rans  Welder 1 welded
simultaneously with Welder 2 dunng one of the seven nus, while Welder 3 welded
simultanecusty with Welder 2 during another three of the runs  The LEV units evaluated during
these sample runs were selected from four units supphied by Plymovent Canada (Mississauga,

Ontario).

Umt 1 MEF - Mohule, wheeled fume extractor unit with a 6 56' (2 m) flexible arm
Unit 2 BSFM-2101 - Portable fan unt, on a support stand, wath a flexible arm
Umt 3 TK-400 - Portable filter with suction hoses and nozzles

Umt 4 MK-800/3 - Mobile mechanical filter umt with a 9 84' (3 m} extraction arm

Ohserving the four uniis on-site led to the conclusion that the MK-800/3 was shghtly too large
for the applications  Also, the TK-400 was deemed impractical as a control device n the field as
1t required a distance of 3" ar less between the welding fume emissien source and the exhaust
hood to be effective Since welding of boilers 15 usually not stauenary work, this type of unt

would need to be moved constantly to maintain the 3" capture distance  As such, the two LEV
units selected for evaluation during this study were the MEF and BSFM-2101 models
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Figure 2 depiets the MEF model (Unit 1) This wint’s exhaust {lexable arm was 160 mm (6 23")
in diameter, and was made of {lame proof, double skin, PVC coated woven polyamide with an
mtemnal steel spural  The hood at the end of the arm was somewhat conucally shaped According
to the manufacturer’s product hiterature, the recommended air flow at the hood of Umt 1 should
be between 800-1200 m*/hour (470-706 cfm) With a 10 meter (327) ouilet duct attached to the
unit, the approximate airflow at the hood 1s expected to be 1000 m¥/hr (588 cfm) The free flow
air volume 1s designed at 1000 m*hr (825 cfim) A 4 harsepower (HP) motor pawers the fan
Unit 1 weighed approximately 35 kg (77 Ibs), however handles and twe front wheels enable it to
be moved with ease

The BSFM-2101 model (Unit 2) ts shown wn Figure 3 Unit 2's exbaust arm was similar to that
of Unit 1, except that the hood was not as comcally shaped Product literature indicated that
Unit 2 has a 1 HP metor and a free flow air volume of 1300 cfin

Neither of the local exhaust ventilation units were equipped with fillers duntng the study Instead
the caplured fumcs were cxhaustcd via flex-duct to a pownt outside the tank

The {inal two sample runs of this study (24-25) were conducted 1nsede the welding school with
Welder 3 The room where the welding occurred was approximaltely 70" lang by 34" wide, with
about a 10" mgh ceihing (sce Figure 4) The garage door to the building was kept open about 6°
during both runs  Welder 3 sat approxumately 6' from the garage door Local exbaust ventifation
was supplied by Unt 1 during sample run 24, while natural ventilation alone was used duning
sample run 25

Details on all 25 sampling runs can be found in Table 1, including the temperature and huemdity
data collected at the start of cach sample run

SAMPLING METHODOLOGY

INTEGRATED SAMPLING

Conventional industrial hygiene air sampling was performed during the study  Samples were
collected 1n the welders® breathing zone and 1n general areas, using closcd-faced, 37-mullimeter
{mm), pelyvinyl chlonde (FVC) filters

Short Term Sampling

Two personal samples were collected simultaneously n the worker’s breathing zone using high
volume pumnps set at a flow rate of 13 liters per minute (lpm} A length of Tygon® tubing
tethered the filters an the welder to the pumps on the floor The tubing Jength allowed the welder
io work with minimal restriction during sampling  The filters were placed on the lapel of the



Fipure 2 Local Exhaust Ventilation Umit 1 (MEF model)
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welders’ work shirts, just outside of their welding helmets, since the purpose of the study was to
evaluate the control effcctiveness of the ventilation, not the personal protective pear, A distance
of about 25" was mamtamned between Welder 1's face and the weld arc, while about 20" existed
between Welder 2's face and the arc  Distances were not measured for Welder 3 The filters
were replaced with new filters at the beginning of each run

O the two personal samples collected on each welder, one filter was analyzed pravimeteically to
determine the total welding fume concentration The analysis was conditeted according ta
Method 0300 (for tolal pariiculate) 1n the NIOSH Manual of Analytical Methods, 4th edition ? In
this meihod, a known volume of air 1s drawn through the pre-weighed PVC filter The weight
gain of the filter 1s then used fo compute the micrograms (i) of particulate per cubic meter (m?)
of arr  After determineng the toial welding fume weaght on the filter, an element specific analysis
was performed on the filier samples, according to NIOSH Method 7300 {modified for mcrowave
digestion) In thus method, the different metal species 1n the welding fume are differentiated and
quantified using an inductively coupled plasma emission spectrometer

The second personal filter sample collected on the welder was analyzed specifically for
hexavalent chronuum by visible spectroscopy, accordmg to NIOSH Method 7600

in addihon, an area sample was collected dunag all the sample runs using a carbon vane pump
set atatate of 13 Ipm The area sample was located 1n the smddle of the tank, about



Table 1 Sampling Run Information

# Rnd Rod LEV LEY LEV Temp Relafive
Run Diay Welders Type Diam Reod Mip Welder 1 Welder 2 Welder 3 F 1Bymidity

1 4423 2 08 342" Alloy Rods Nome None 35 8%
2 4023 z ing 343z" Welea None Mane

3 423 2 ilg 33zt Mckay None Mone - 592 2%
4 4/23 2 347 Eikvhy Weivo Nong Nong - 0 2%
b 4123 2 308 178 Alloy Rods Mone None - H 2%
6 4423 2 309 i Weldca None None - 126 20%
7 423 2 I Lg" Lancoln Mode None - 7313 21%
B 4i23 1 47 178" MKy Honic Mone 125 1%
9 424 p 308 53 Mckay MNone HNone - 633 33%
10 424 2 309 5734 McKay None None - 618 3%
11 4124 2 e 5320 McRay None None - 637 3%
1Z 4/24 . 347 532" McKay None None - fifs 3%
13 4¢24 2 ans 6" McKay Nooe Wone - 679 36%
4 4524 2 309 EN MeKay Mone Nong - 70 34%
15 4724 2 316 316" McKay None Mone - 812 20%
1& 4524 2 347 e Mchay Mune None - 43 23%
17 4124 2 298 EHLS MeKay Uni 2 None - 847 12%
18 4125 1 g et Alloy Rods - Uit 2 - bR 4 4%
19 4725 1 ang 16" Allay Rods - Unut - 67 9 3%
20 4723 1 33 16" Alloy Rods - None - 8 8 34%
21 4723 2 8 16" Allay Reds - Unat | Unit 2 -9 nun 59 4 25%
n 4723 bl 308 ¥1e"  Alloy Rods - Unt | Uit 2 3 2%
23 423 2 347 et MekKay - Uit i L -
24 4725 1 IR 316" Tech Alloy - - Unic i -
25 4/25 1 KLIE 316" Tech Allov - - Nene - -

*Untt | MEF LEV model (small clephant trunk on wheels)
*Urut 2 BSFM LEV modet 2101 - Plymovenl {fan)



3" off the floor durmng sample runs 1-23  During sample runs 24-23 the area sample was located
60" from the arc at a herght of 60" off the floor In all cases, the area sample was withm 10" of
the welders, thus approxmmating personal exposures more than emission source levels The area
samples were analyzed for total welding furme and eletments according to the NIOSH methods
hsted previously

Full Term Sampling

Four full 1erm area samples were collecied each day of the survey to obiam the background Jevel
of air contarmnants  The filters were cannected by Tygon® tubing to sampling pumps (SKC
Inc , Eighty Four, PA) which ran at a constant flow rate of 3 Ipm A set of two samples was
collected 1nside the tank while another set of samples was collected outside the tank  The instde
sct was located about 3' off the floor, closer to Welder 2 than Welder 1 The outside set was
located several feet away from the entrance to the tank In cach sample set, one filter was
analvzed for total welding fumefelements and the other was analyzed for hexavalent chromium,
1n the same manner as the personal samples

Analysis

For each of the analyses, there 1s a limut of detection (1.OD) and a limit of quantitation (LOQ)
The LO refers to the lowest measurable amount on the filter while the LOQ refers to the level
at which the laboratory can confidently report precise sesults  Appendix D lists the limits of
detection and quantification for all the elements analyzed by the laboratory

INSTRUMENTAL MONITORING

Video exposure monitoring was used to study 1n greater detall how specific tasks alfected the
worker's exposure to atr contaminants 8°

Real-Time Total Welding Fume Concentration Data

To colleet personal sampling data, an acrosal photometer, the Hand-held Aerosol Monitor
(HAM) (PPM Inec , Knoxville, TN), was pasttioned on one welder's chest using a belt and
harness During the first 17 sample runs, the HAM was worn by Welder 1  During runs 18-23,
Welder 2 wore the HAM, and during runs 24 and 25, Welder 3 wore the HAM A personal
pump operating at 3 [pm was used to draw air through the HAM's sensing chamber A filter
cassette was mounied on the HAM to cellect the welding fume hefore 1t reached the pump This
filter cassctte was analyzed for total welding fume and elements m the same manner as the other
filter samples  Only one filter was used per day on the HAM

Another HAM was used 1o collect arca samphing data  This HAM was positioned on the wall of
the tank, close to Welder 2's work area, at a height of 6' The distance between the area HAM
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and the welding arc of Welder 2 was noted 10 be about 58" For runs 24 and 25, inside the
budldeng, the area HAM was located 18" above the floor, 95" from the center of the bascplate
Due to pump shortages, the area HAM was maintamned as a passive samphng device, so no filter
was used

The HAM opcerates such that it ermits a hight from a hght-emittg diode  This light s scattered
by the aerosol and forward-scattered light 1s detected The amount of scaltered light 15
proportional to the analog output of the HAM  However, the calibration of the HAM vancs with
aerosol properties such as refractive mdex and particle size ¥ Therefore, HAM measurements are
often expressed as "relanve exposures” or "the HAM analog output”, with vrts of volts During
the first run, the personal HAM was set at a sensitivity level of 20 mg/m® with a one sccond
averagmg time constant  Using this sensitrvity level, the analog output of one volt was equated
to a total welding fume concentration of 10 mg/m? for a calibration dust  After observing the
amount of fume generated duning the first run, the sensitiviry level was changed to 2080 mg/im?®
which equates to a total welding fume concentration af 106 mg/m?® per valt. This prevented the
personal HAM from “peaking out” during the data collection The area HAM was sct at a
sensiivity level of 2 mg/m?, equating to a toial welding fume concentration of 1 mg/m® per volt

The analog output of the HAMSs was recorded by Metrosonies data loggers (Model 41-3200,
Mctrosonies, [nc , Rochester, NY) When the data collection was completed, the data loggers
were downloaded to a personal computer for storage and analysis  The workers® actrvities were
simultaneously recorded on video for use 1n a detailed task analysis of the welding operations

Real-Time Total Welding Fume Particle Count Data

Optical particle counters (Model 227, Met One, Granis Pass, CR) were also used to obtamn
information on acrosel concentrauons on the welders and 1n the general area When used as a
personal sampler, the mstrument was chipped onto one welder's belt and the inlet was posiioned
in hus breathing zone Welder 1 wore the Met One during the first 17 sample runs  Welder 2
wore the Met Onc duning runs 18-23, and Welder 3 wore the Met One during runs 24-25 A 30-
cm length of 5-mm mside diamcter Tygon® tubing was used to transport the aerosol from the
sensor to the wstrument

‘T'e momtor total welding fume particle counts in the tank, a second Met One was placed on the
tank wall, close to Welder 1's work area, at a height of 6' 6™ A distance ol about 65" was noted
between the area Met One and Welder 1's weldig arc  After the first 17 runs, the area Met One
was moved closer to Welder 2, where 1t was positioned naxt 1o the area HAM, at a distance of
51" from the center of the baseplate  The Met One remained 1a this position for sample runs 18-
20 while Welder 2 was the only person welding  Then, when Welder 3 joined Welder 2, during
sample runs 21-23, the Met One was moved back to 1ts onginal posiyjon  For sample runs 24 and
25, mside the building, the area Met One was located 18" off the Foor, al a point 95" from the
center of the baseplate (next to the area HAM)
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The Met One instruments continuously record the number of particles counted during a series of
consecutive samphng pertods  During this study, a sampling rate of 2 83 Ipm, a sampling period
of one muimite, and a bme between sampling periods of one second were set Two channcls were
used to store the number of particle counts tn a time interval  One channel stored the total
number of particles counted greater than 0 3um The second channel was set to count the
nurmber of particles larger than 3 Opm  The particles were stzed, based upon the amount of
scattered light detected by the photo detector  [n reality, the magmtude of the hight pulse
scattered by the particles vanes with particle size, optical properties, and surface roughness The
stored data was downloaded directly to the computer to ebtain the particle counts for each
sampling period (According to the instrument manufaciurer, the recorded time of the sample
wus the end oime of the sampling segment ) This dala could then be correlated with the
videotape 1o determine relationships between events and exposures

VENTILATION MEASUREMENTS

The ventilation systems were assessed by measurmg capture and face veloesties with a hot wire
anemorneter (18I VeloeiCale) This instrument measures arr velocities m feet-per-minute (fpm)
and aw volumes n cubic feet-per-munute (cfm) Capture velocities were measured to determine
the ability of the system to remove welding fumes at certain distances away from the fume
generation source  The capture velocity ts the velocity necessary to avercome oppasing ar
currents, thus allowing the welding fume to be exhausted Face velociics were measured to
cormapute air volumes Work methods regarding welding techmques and the use of the ventilation
systcms were observed I addition, airflow patterns around the workers during welding were
observed using smoke tubes and aspirators  From this, an understanding of how air contaminants
are fransported into the worker's breathing zone can be developed

GAS MEASUREMENTS

Measurements were collected dunng each sample run for NQ,, CO, and O., using a PhD Ultra
Mult1 Gas Detector (Biosystems, Inc , Rockfall, CT) Temperature and relative humidity
measurements were collected using a thermohygrometer

RESULTS AND DISCUSSION

It should be noted that several study parameters could not be held constant and these factors may
have inlluenced the data results  The parameters welude worker habits, wind/air currents, and
temperature and humidity fluctuations Observations regarding each of thesc parameters are
discussed below

The welders work habits were all somewhat differcnt Welder | stood fairly erect wath hus face

positioned darectly over the base plate  Welder 2 also stood, but bent over al the waist when
welding, resting his arms on the workhorse, and keeping his face angled slightly away from the
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weld area  Welder 3 sat on a stool when welding Welders 1 and 2 were right handed, Welder 3
was left handed The welders worked at approxamately the same rate, using about the same
number of electrodes during a single run  Throughout the survey, the tatal number of electrodes
used by cach welder during a sample run fluctuated between 10 and 2[  This was primanly
dependent upon the diameter of the electrode, as the diameter increased, the number of rods used
during the 15 munute run decreased

The effect of the wind was not well documented Durnng Runs 3 and 9 the air current appeared
to be directed towards Welder 2, while during Runs 4 and 7 st appeared to be directed towards
Welder 1 The second day of sampling appeared to be shghtly windier than the first day On the
third day of sampling, a length of fabric was fastened to a nail on the tank wall near Worker 2 to
serve as a makeshift indicator of the wind direction During Runs 18 and 19, the wind was
mostly blowing towards the left side of the tank, directly into Welder 2's face During run 21, the
wind appeared to mostly blow towards the rght side of the tank, and duning nuns 20, 22, and 23
the wand was mtermittently blowing towards either side of the tank  Aur velocities anside the
tank were generally measured between 2040 fpm, but occasional gusts wers felt

As mentioned previously, temperature and relative hwnidity measuremenis are shown mn Table 1
for each sampling run  During the first day of sampling, a peak temperature of 73 3°T and a
peak hunidity level of 38 percent were measured Peaks on the second day of sampling were at
84 7°F and 38 percent RH, while on the third day the peaks were 71 3°F and 46 percent RH
Typically, as the day progressed, the temperature mcreased and the hurmmidity decreased

VENTILATION DATA

The LEV umits were positioned 3” away from the end of the 9" long base plate  Face velocibies
were not measured on Umt 1 However, a face velocity of 1820 fpm was measured at the
mdporot of the hood face of Uit 2 This computes to an airflow of about 390 cfm with the
exhausi hoses attached

Capture velocities were measured for the two ventilated units and are shown 1n Table 2

According to Figure ¥5-90-02 *“Welding Ventilation - Movable Exhaust Hoods” 1n the Tndustrial
Vennlation Manual, at a distance of up to 6" from the hood, the rate of exhaust should be

250 cfim for a cone-shaped hood or 335 cfim for a plain hood At distances of 6-9" from the hood,
the rate of exhaust for a cone hood should he 560 cfm, or 755 cfim for a plam hood ' Noting that
the hood on Uit 1 was slightly more conical than the hood on Unit 2,
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Table 2; Caplure Velocsties for the Local Exhaunst Ventilation Units

Distance from Hood (1n) Unit 1 (fpm) Unit 2 (fpm}
o 120 300
9 60 220
12 30 50

the volurme of awr moved by Umit 1 at a point 6" from the hood was about 325 cfim, and around
800 cfm for Umit 2 The airtlow was approximated using the following equation

Q=V{10X* + A)
where
Q=air flow, cim
V=cenlerline velocity at X distance from the hood, fpm
X=distance outward glong the axis, f
A=area of hood opeming, ft?

The Industnal Ventilation manual alsa stailes that the above equation 15 only accurate for hmated
distances of X, where X 1s within 1 5 umes the diameier of the hood For distances greater than
this, the flow raie increases less rapadly

GAS SAMPLING RESULTS

Nitrogen dioxide (NO,) and carbon monoxide (CO) were not detected by the sampling
equpment Oxygen (O,) levels ranged between 20 6 and 21 8 percent  The OSHA PEL for NO,
18 § ppm (cethag value), the PEL for CO 15 50 ppm, and the O, level should measure about 21
percent

INTEGRATED SAMPLING RESULTS

The {ilter data were not converted to 8-hour ime weighted averages (TWAs} as the purpose of
this study was to cvaluate the welding process and was not compliance driven  The SAS General
Linear Models Frocedure was used to perform several analyses of varrance (ANOVA) on the
lilter data to evaluate the effect of study parameiers such as electrode 1ype, electrode dhameter
and ventilation, on worker expesure The statistical analyses established a confounding
relationship between the filter data results and both temperature and humadity, suggesting the
temperature and humudity data are correlated wath the exposure data
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Total Welding Fume Analysis

The results of the personal and area sampling data for total welding fume concentrations can be
found m Appendix E  Out of a total of 45 personal samples, 29 were found to be in excess of the
5 mg/m® TLV for weldimg fumes Of these 29 samples, fifteen were measured 1n Welder 's
breathing zone, tcn were measured on Welder 2, and four were measured on Welder 3 For the
area sampling data, only 1 out of 30 samples was found to be 11 excess of the 3 mg/m® TLV (a
3/16" 308 rod) Figure 5 shows the difference between the welder data and the arca data
collected during the 25 sample runs

Table 3 depscts the vanous combinations of rod types and diameters used dunng the study For
cach combination, the table shows the number of personal samples greater than the TLV as
compared to the total number of samples collected Qwerall, the 308 and 347 rod types resulted
in the greatest percentages of personal over exposures, approxamately 70 percent of the personal
samples collected with these rods were greater than 5 mg/m® The rod diameter rod resulting in
the greatest percentage of personal over exposures during sampling was the 3/16" rod, 71 percent
of all the samples collected with thus rod were above 5 mg/m®

Seven out of ten personal samples collected while local exhaust ventilation units were
operational (70 percent) resulted m welding fume levels greater than 5 mg/m® These samples
are included in the data shown in Table 3 Thrce {43%) of the over exposurcs were measured
when welding with Unit 1 and four (57%) werc measurcd when welding with Unit 2 This
mmplied the local exhaust ventilation units were not effectively reducing the welding fume levels
in the worker’s breathung zone 1o below the TLV

Ta lurther analyze the impact of ventilation on the total welding fume exposure data, statistical
analyses were performed From the ANOV A table, vent:lation was shown to have a sigmificant
affect an the cxposure data (p<0 02) Thus, although the ventilation ded not

Table 3, Number of Personal Welding Fume Exposures > 5 mg/m®
per Total Number of Samples for each Rod Type and Diameter Combination

Rod Type/Diameter 308 309 316 347 TOTALS
332" 1/2 122 172 22 5/8 (63%)
1/8" 212 012 172 172 4/8 (50%)
5/31" 272 172 172 1/2 578 (63%)
3/16" 8/13 212 212 3/4 15/21 (71%)
TOTALS 13/19 4/8 5/8 710 29/45
{68%5) {30%} (63%) (70%) (64%)
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Figure 5° Total Welding Fume Filter Data

70

=

E

B _ :
E e Welder 1
£ —e— Welder 2
® —a— Area

E ——Welder 3
£

&

o

Run Number

always control the fumes to below the TLV, 1t did help to reduce the welders’ fume exposure
levels ssgmficantly  Upon companng least square means, a sigmiicant daffercnec was found
between Unit 2 and Unat 1 {(p=0 03), and between Umt 2 and no ventilation (p=0 006} In other
words, the welders’ exposures when using Unut 2 were signilicantly iower than when using Unit
1, or when not using ventilation at all The ability of Umt 2 o capturc the visible welding fumes
15 apparent from Photo 1 The welders’ exposure data when using Umt 1 was lower than when
ne ventilation was used, however the difference was not statistigally sigmificant (p=0 64)

A statistical analysis of the data from the first 16 sample runs was performed to 1dentfy
diifcrences between worker exposures A sigmficant difierence was found between the toial
welding fume concentrations measured on Welder 1 and Welder 2 (p<0 0001), with Welder 2
having sigmificantly lower exposure data Data for Welder 3 was not analyzed as he did not
participate 1n the first 16 runs  The humudity was found te sigmficantly affect the mcasured
difference between Welders 1 and 2 (p<0 001)
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Photo 1 Unit 2 Effectively Exhausted the Welding Fumes Away From the Work Area

Simee Welder 1 was found 10 have significantly hagher cxposures than Welder 2. the previous
conclusion, that Uit 1 was not as effcctive a ventilahon control as Unat 2, may be somewhat
premature It could be argued that Unit 2 only appeared more effectrve since 1t was used to
control Welder 1's exposures and thus, the exposure reductions would appear more dramatic than
any reductions found for Umt | which was not used by Welder 1 If Welder 1 had used Unit 1,
this control’s fume reduction capabilities may also have been found to be dramatic {significant)

Sample runs 1-16 were also evaluated to determine the effect of rod type and rod diameter on the
welders’ total fume concentrations  Stauistical analyses found that the rod type and diameter had
no significant effect on the total welding fume exposure data  However, the humadity and
temperature data, which were sigmificantly related to the fume exposure, were confounded by the
rod diameter T 18 theorized that the relation between temperature and humidity, and rod
diameter, arose due to the order of the sample rung  Rather than be randomized, the sample runs
were set up to facilitate the work of the welders, all four rod types of the same diameter were
sampled one after the other, so that the voltage and current on the welding machines did not need
to be continually switched As such, diameters of the same mize were done 1n blacks of time,
beginming with the smaller diameters However, as each day of sampling progressed, the
temperaiure mereased and humudity decreased  The lack of randomization may have resalied 1n
the temperature and hurudity data appeaning correlated with the increasimg diameter size
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Elemental Analysis

The elemental analysis showed that out of 28 mcasured elements, 5 metals were of concern
arsemc, chromium, 1ron, manganese, and mckel (see Appendix F)  Forty-lour of the 45 personal
samples (98 pereent) and eight of the 30 area samples (27 percent), were found to have at least
one of these five fume constituents above the applicable elemental exposure guidelines
Manganese and nickel alone accounted for 70 percent of the personal and area over exposures
(sce Frgure 6)

The REL of 15 pg/m’ 15 the most stringent gurde for mickel exposures  The highest mckel
concentration measured was 667 pg/m’ (45 times the REL) A TLV of 200 pg/m? 1s the most
stringent mangancse guide The highest concentration of manganese measured was 3692 pg/m’
(19 umes the TLV) The REL of 2 pg/m’ 15 the most stringent arsemic gmde The highest
concentration of arsenic measured was 16 pug/m’® (8 times the REL) The REL and TLV are the
most stringent gwdes for 1otal chromium and 1ron (as iron oxide), the REL/TLV for 1otal
chramium 15 500 pg/m® and the REL/TLV for wron 15 5000 pug/m® The highest total chromum
exposure measured was 3846 pg/m’ (8 times the limits) and the highest won exposure measurcd
was 5128 pg/m’ (just barely over the mits) Of the five metals, only arsemc (seven samples)
and chromium (ten samples) were found 1n concentrations above the OSHA PEL levels  Also,
upon reviewing the data, the rod types and diameters did not appear to greatly influence the
exXposurs lovels

Figure 6 Frve Elements Account for 100% of the Overexposures
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The over exposures discussed above mcluded ten personal and six area samples collected whtle
the local exhanst ventilahon wis were operauonal  Out of these 16 samplcs, the number of over
exposures {or each of the five metals were as follows 2 arsenic over expasures (13 percent),

3 chromium {19 per¢ent), 0 1iron, 8 manganese (50 percent), and 13 nickel (81 percent) Both
arsentc overexposures exceeded the OSHA PEL, the other metal overexposures did not exceed
PELs, but were greater than the RELs or TLVs Again, the local exhaust ventilation did not
appear to be effectively controlhng the welding fume constrinents to below the recommended
exposure levels

Hexavalent Chromium Analysis

The results of the personal and area sampling data for hexavalent chromium fume concentrations
can be found in Appendix G The mayonity of samples were greatly 10 excess of the 50 pg/m?
ACGIH TLV and the 1 pg/m? NIOSH REL for heaavalent chromium  (NIOSH considers
hexavalent chromrum to be a potential occupational carcinogen ) Tt should be noted that no
OSHA PEL exusts specifically for hexavalent chromium, however OSHA does enforce a ceilling
vajue of 0 1 mg/m’ for chromic acid (CrO;) and chromates ! [n addition, OSHA s currently
responding to a petitton by Public Citizen and the Onl, Chemucal

and Atomic Workers for an emergency standard to reduce worker exposures to hexavalent
chromium '*

High exposures cccwred regardless of whether or not ventilation was bemng used durmg the
welding operations  Mine personal samples had exposures greater than 1000 pe/m?, eight of
these were on Welder 1 and one was on Welder 3 The 3/16" and 5/32" diameters of each rod
type (308, 308, 316, and 347) resulted 10 the exposures for Welder 1 The 3/16" diameter
308 rod resulted 1n the exposure to Welder 3, wath Unit 2 operational

Dafferences in personal concentrations between the welders are shown i Figure 7 The haghest
concentration of hexavalent chromium (2716 ug/m®) was collected on a filter that was attached
to the HAM on Welder 1 Thas filter remained on the HAM durmg sample runs 9-17  The only
area samples collected for hexavalent chromium were full-term samples No area exposures
were found to occur when samphing outside the tank, however the full-term area exposure levels
when sampling inside the tank ranged from 4-19 pg/m’

Statistical analyses of the hexavalent chromium data collected during the first 16 sample runs
found the same results as the total welding fume analysis A statistically significant difference
(p=<0 0001} existed between the concentrations measured on Welders 1 and 2, thus difference was
affected by the humidity data (p<0 0001} The type of welding rod and the diameter of the vod,
again, had no direct efitct on the concentration data
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Figure 7. Hexavalent Chromium Filter Data
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Additional statisticai analyses were performed to further evaluate the ¢ffect of ventilation on the
hexavalent chromium fume exposuie data  The use of ventilation was shawn to have a
significant effect on reducing the exposure data (p<0 04}, even though all the samples collected
with ventilation were still above the TLY  Upon comparing least square means, a sigmficant
difference was found to exist between Unit 2 and no ventilation (p=0 02} In other words, the use
of Umnit 2 significantly reduced the amount of hexavalent chromuum furie i the welders’
breathing zone when compared to welding with no ventilation The exposure to hexavalent
chromemum fume when using Unit 1 was not statistically sipnificantly different from when no
ventilation was used (p=0 %) Overall, the hexavalent chromium fume levels were lower when
the welders used Unit 2 as compared to Umit 1, however this difference was not proven 1o be
statistically significant (p=0 09}

REAL-TIME DATA RESULTS

The personal and area average relative concentration data, as measured by the TLAM, appeared to
be lowest when the ventilation was operational (Iigure 8)  The lhighest average area relative
concentration occurred when the welding operation was located inside the bulding with no
ventlation (sample ron 25) No area data was retrieved for sample ran 19 The aghest average
persenal concentrations occurred during sample runs 9, 11, and 14 These three runs all accurred
while the HAM was located 1n the breathing zone of Welder I A comparison of the HAM
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Figure 8; Total Welding Fume Relative Concentration Data as
Collected by the HAM
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resulis (Figure 8) and the total welding fume filter data results (Figure 5), shows the 1wo daa scts
follow sunilar patterns over the 25 sampling runs However the relative concentrations as
measured by the HAM 1n terms of mg/m* were much higher than what was actually measurcd
using the filters

The average particle count data for the personal and area samples, as collected by the Met Ones,
are sumumarized w Figures 9 and 10 No area data was retrseved for sample run 16 For pacticles
greater than 0 3y, the average count measured during a sample run was ofien lower in the
welder’s breathing zone than the count measured by the area momitor (Figure 9) This may have
becn due to the effect of the air currents on the welding fume  Also, during the first 16 sample
runs, mgher average particie counts were measured when welding wath rods in the smaller two
diameters than in the larger two diameters  This was mosce noficeable for particles > 0 3u than
for particles > 3 Ou
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EFFECT OF VENTILATION ON FUME EXPOSURES WHEN WELDING
INDOORS

The data collected during sample runs 24 and 25 insule the butlding showed that the local
exhaust ventilation helped to reduce fume exposures to the worker This was most evident when
analyzing the filter data, the total welding fume exposures for the personal and area samples were
both 5 tumes lower with the ventilation on than wath it off (see Figure 5} The hexavalent
chromium filter data collected on the worker also showed the ventilation to reduce fume
exposure by a factor of five (igure 6) The persenal HAM data showed the relative
cohcentration dropped by a factor of 4 with ventilation, while the area HAM data was 3 times
lower with the ventilation (Figure 8) The Met One personal and area particle count data were
also lower when using ventilation, these differences are more clearly shown in Figures 11 and
12 The rednction found for larger particles, greater than 3 micrens i diameter, 15 depacted in
Fiygure 11, while the reduction found for all particles greater than 9 3 microns in diameter 15
depicted 1 Figure 12

CONCLUSICNS AND RECOMMENDATIONS

The results of the sampling data showed that the welders were exposed to lgh levels of stamless
steel welding fume almaost two thirds of the tume dureing the study  Several of the personal
samples were extremely high, the highest leve] of welding fume measurcd on a welder was

60 mg/m?, almost 12 umes ACGIH's TLV of § mg/m® In additton to excecding the
recommended levels for total welding fume, many of the personal and area samples exceeded
Jevels set for arsense, total chrommum, hexavalent chromium, iron, manganese, and mickel

Nickel and hexavalent chronnum are both considered potentral occupational carcinogens by
NIOSH Personal exposure levels reached almost 0 7 mg/m?* for nickel (REL=0 015 mg/m?®), and
almost 3 mg/m? for hexavalent chrommum (REL=0 001 mg/m®)

A sipaficant difference was established between the fume concentratson measured on Welder |
and Welder 2 using the filter data Welder 1 was found to have sigmificantly higher levels of
welding fume concentrations than Welder 2 It 15 unclear how much of the difference between
the two welders’ exposures can be attributed to wind direction and to work mcthods {Welder 1
stood erect but had his face 1n a direel ine with the welding plumme, while Welder 2 leaned over
his waork but kept lus face at an angle from the plume) Ajgr currents  the tank, on average,
ranged between 20 and 40 fpm Statistics fonnd a correlation between the tlempcrature and
humtdrty data and the difference between worker exposure levels, but this was probably due to
the mabihity to randomize the sampling runs  Because of the confounding temperature and
humudhity data, no discernable difference could be established between the fume concentrations
generated by different rod types and diameters

Measurements collected on the ventilation units showed that Unit 2 (the fan), used by all three
welders, had bettr capture velocities than Umt 1 (the elephant trunk), which was only used by
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Weiders 2 and 3 At 6" from the hood, Umt 2 was moving air at about 300 fpm, whule Unit 1
was moving atr at about 120 fpm At 12" from the hood (the furthest point the welders worked),
Unut 2 was moving 30 fpm, while Unir 1 moved about 30 fpm

Stantsties showed there was a difference n the effectuveness of the two types of local cxhaust
ventilation umits evaluated Unit 2 was found to be better at removing the weldmg fumes than
Unut 1, and was sigmificantly better than when no ventlation was uscd  And, although using
Unit 1 did help to reduce welding fume levels, 1t was not found to be sigmficantly beiter than
through natural ventitation methods

In summary, stainless steel welding can result 1n high fume exposures to workers When the
workers are welding outside, even n a semi-enclosed tank, air currents play a sigmificant role in
how much fume 15 carmed nte the worker’s breathing zone If the wind 1s directed towards the
welder, hus fume exposure 15 going to increase  Even the use of local exhaust ventilation may not
have a sigmficant effect on reducing the worker's exposure  The worker’s exposure level 15
going to be dependent on how strong the wand 1s and 10 what direction the wind 1s moving,
where the worker 15 standing 1n relation 10 the welding plume, and where the ventilation 18
positioned As such, an adeguate reductton 1n worker exposures by using local exhaust
venttlation when welding outside 1s not guaranteed, even 1 a semi-enclosed area, due ta the
potentially strong effects of even a shight wind current  Ventdation will help to reduce fume
exposures but the ab:hity of the welder to always stand upwind of the fumes may even be more
mmportant when working outside
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APPENDIC A: NIOSH BACKGROUND

The Nalional Institute for Occupational Safety and Health (NIOSH) 15 located w the Centers for
Disease Control and Prevention (CDC), under the Departinent of Health and Human Services
(DHHS) (formerly the Department of Health, Education, and Welfare) NIOSH was established
in 1970 by the Occupational Saiety and Health Act, at the same time that the Occupational
Safely and Health Admimustration (OSHA) was established in the Department of Labor (DOL}
The OSHAct legislation mandated NIOSH to conduct research and cducation programs scparate
froin the standard and enforcement functions conducted by OSHA  An important area of NIOSH
tescarch deals with methods for controlling occupational exposure 10 potential chemcals and
physical hazards

The lingineering Control Technolegy Branch (ECT13) of the Division of Physical Scicnces and
Engineering {DPSE) has been given the iead within NIOSH to study and develop enginecring
controls and assess thewr impact on reducing occupational 1llness  Sice 1976, ECTB has
conducted a large number of studies to evaluate engineering control technology based upon
mdusiry, process, or conirol techmque The objective of each of these studies has been to
evaluate and documcent confrol techiques and to determane the effectiveness of the control
techmiques m reducing potential health hazards i an industry or for a specific process

During the past twenty years, the Nauonal Institute for Occupational Safety and Health (NIOSIT}
has documented and rcported on the need to control worker exposures to the fumes and pases
gencrated duning welding operations  Much of the attention to welding has been m the form of
Iealth Hazard Evaluations conducted at field sites, however, a fcw NIOSH reports have focused
on control technology These reports are briefly discussed below and ¢an be obtained through
NTIS or the NIOSH Publications Office (1-800-35-NIOSH)

In 1974, a research contract report entitled "Engineering Control of Welding Fumes"” was
published, with the abrective of developing destgn criterra for local ventilation systems to
control welding fumes This report 1dentified shielded manual metal arc welding on
carbon and stamnless stecl, and gas-shielded arc welding on carbon steel as processes
constitutmyg greal health risks to welders A crossdraft 1able, frec-standing hood, and tow
volume-high veloaity fume cxtraction gun were evaluated to determine the minimum
syslem operating point needed to reduce fumes below threshold lirmi values {(TLVs) !

In 1978, the NIOSH booklet “Safely and Health m Arc Welding and Gas Welding and
Cutting” included general wnformation on dilution and local exhaust ventilation 2

In 1979, NIOSH’s Diviston of Physical Sciences and Engincering (DPSE) published ¢he
research report “Assessment of Selected Control Technology Techirques for Welding
Fumes * This study considered the effect of dilution airflow dircction on welder
exposures 1 the field and evaluated a fume extraction gun *
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In 1988, the NIOSH “Critenia for a Recommended Standard for Welding, Branng, and
Thermal Cutting” was proaduced  [n this decument, NIOSH recommended that welding
enussions be controlled to concentrations as low as feasibly posstble using state-of-the-art
engineenng technology and work practtces  General guwidelines were provided for
selecting dilution and local exhaust ventilation systems *
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APPENDIX B: POTENTIAL HEALTH HAZARDS

Welding fumes are a product of the base metal being welded, the welding process and parameters
{such as vohtage and amperage), the composition of the consumable welding electrode or wire,
the shielding gas. and any surface coatings or contaminants on the base metal It has been
suggested that as much as 95 percent of the welding fume actually onginates from the melting of
the electrode or wire consumable ' The size of welding fume (s lughly vanable and ranges from
less than 1-um diameter (not visible) to 50-pum diam (seen as smoke) 2 Fume constituents may
mnclude minerals such as sihica and fluonides (used as fluxes) and metals such as  arsenic,
berytlium (1in hugh copper alloys), cadrmum {often used as a rust inhiitor), chromiarm, cobalt,
and mickel (1n staminless steel), copper (in copper-coated ware), iron, lead (in lead-based paint
coatings), magnesium, manganese {1n stainless steel, manganese steel), molybdenum, 1m,
vanadium, and zinc (used to galvamze steel) *** Toxic gases such as ozone, carbon monoxtide,
mtrogen dioxide, and phosgence (formed from chlonnated solvent decomposition) can also be
produced **° Volatile hydrocarbons can be produced duning welding 1f antispatter sprays, oils, or
lanohn (oficn vsed dunng degreasing processes) are present
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APPENDIX C. SUMMARY OF SELECTED OCCUPATIONAL EXPOSURE LIMITS

O5HA NIOSH ACGIH
Substance PEL-TWA REL-TWA TLV-TWA
(ug/m?) (ng/ms') (hghm?)
Aluntipum fume 5,000 (Tatall S000% KL
5000 (Resprable)
Arsene 0 2 (Ceding) 1%
Basium 500 1) 500
Beryllium 2 0 (Cerlng) 2
Culcum Cxide -- 2000 2000
Cadrmum fume 5 LFC {Ca) 18 (Towd) 2 {Respirablc)
{Cobalt (4] 50 20
Chromium, 1Texavalent . 1 G
Chromium, Metal 100U 500 500
Copper fume 100 180 0
Leom Oxude fame 10,001 {as Fe) 50040 000
Lithium - - -
Magnesium Oxide fome 15000 - 10000
Mangangse 000 (Ceiling) 1000 200
Muly bdeaum 2009 (Solubley - 3000 (Soluble)
15,000 {inscluble) 10,000 {Insaluhle}
Mickei 1000 (change 15 (Ca) 100G {change praposed)
proposed)
I.cad ki o 50
Phosphorgs 150 1040 104)
Plalmnum 2 (Soluble) 10 (Mecel) 160t
2 {Soluble)
Selenmum ol 200 200
Silver 14 10 100
Soulium - - -
Telloriym 100 Hn 100
Thailum S L0G (Seluble) 108
Trtanim Mhoxde L5000 LEC (Ca} Hoog
Venadwum Penfoxide fume 100 {Ceting) 50 (Ceihng) 50
Yiirun 1000 1000 100
£me Dxde fome 5000 5000 5000
Zrennum 50046 5000 5000
Weldg fumes: - LEC {Ca) OG0

LFC=lowest fpasile concenlrahion
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APPENDIX D- ANALYTICAL DETECTION AND QUANTITATION LIMITS

Analyig LOD jRsle]
{rgfhiiter) (ug/filter)
Eilver Q08 s
Alurmimum | 135
Arzemc* 31,05 753317
Barium 0ds iz
Berylhum* 203,401 0075, 0035
Calerum 3 135
Cadmuum iR 1)
Cohait 02 043
Chromium a5 17
Hexavalent Chromium 03 0y
Copper AL 025
Lo 134 3
Eathium® 02 003 045,038 {125
Mugnesium a5 I
Mangancse 0l 0025
Matvhdenum* {13,032 B35, 043
Sadmm z G
Mickel* 9062008 1,038,025
Phospaerus p 41
Lead 05 17
Platinum 3 75
Selenium z 43
Tellurigm e7 25
Thalliesm* 3,08 15,213
Tranim 02 nai
Total Pariculats a2 -
Vanadiym 0oy 025
Yiremm i 02 0043
Zme b5 17
Zarconuam 00Ok 0

¥Limts vared depending on analysis date of filtery
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APPENDIX E:- GRAVIMETRIC AIR SAMPLING DATA

I Dafa Filtar How {Ipm} | Time (min} | Lecefion] Rod Diam Vent TConc {mgim3)
47396 | 1843 3 5 | Tank | 3616, (B none 10
4773156 1844 13 ] 757 T Welderl] 34716 T TUE" T | mode | T 136

T472EmE [ 1B4E T | 13 15 | WelderZ | 34716 7~ 178" RoNe — 33

RIS T Te4E 13 B Tank | @76 e | “nene [ T8

BCE I s 5| Welderz | 308 | 178" nohe | 57)

~ 423796 | 1851 13 5 | Tank | 309 |7 18" [ Thone 7T T 16

TN T A852 [T 13T | 15 WelderT | 308 [ 178" | rone 48

4RI T 1853 T3 5 Welderi I 316 kcPicieg none TTATE

“YTIR6 T 1a5d 13 5"~ TwWelder |~ 308" 7|7 /8" | “rone i L
aRame Tt 185 | T 3 15 Welderz T 308 | /8" ToRe 77

ATZ396 | 1856 T L L T o T4

4723786 ] 1858 | 13 T T T Wéﬁ§21"ﬁ551§£ 178" nane 39

42306 | 1859 T 15 WelderT [ F1BLT6" 1/8" | hone | T 14 8

AZves | Tee0 [T 3T T 15 TaNK | 76| 3T | roné S

~47ZI6 | 1882 ™ 15 WelderZ | 30516 | 332" | hone |~~~ 15

472396 [ 1863 T[T 1T T | 5 T Welder! | 30816 3732" none 61

|7arZ3/m6 | 1864 | 13 L 15 Welder? | 347-16 T 3/32" | none |~ ~ T T 7 56

CA2396 | 7865 ] 3 | 563 | Dilsids | NA WA Rong U0
ATHOE] 18es T T3 15 WelderZ | 308 | 3T [ none | T T 16

“diay96| 86T 1T 18T T 45— | TTank | 308 a2 | none | 08
IHT | TBEE | 3 T 533 | Jneide | NIA T NIAT T Tiome | T3

AITHR ] 1889 7 T 13 T 15 Weldeiz | 316 | 33X | _none 4T

(23 T B0 1 13 T8 Welderi [~ 308 | 32" 1 rone T, T T 24
472370671 BT | T3 [ 15 [ Tank | 316 | “/32" 1 “hone 7

423/9s T 1872 | 13 15 WelderT | 34716 | 132" | none | 73

AAE T BRE | 130 | 15 | Tark | 847 | W [T wome |10

(4724756 |~ 707 L — T Weélderi 347 5327 [ none T T 7T 7398
2498 | 1743 | 13 6 | Tark | 36 T BT [ none | T3

A2 1784 T YT T 1B T [ 'WelderT | 316 JT6" | nona | FLE

HIGE ] TTAE 13 16— | Yak | 30U FET | none | 2B
AAME T TAE | 43 5T T Wader!] T 3090 T 38 7 none 670
A998 T 74T 1T Ao erZ | 309 1 3@ | none | BE
ZOTE | T7AB 3 16~ Welder2| 316 | 16" "\ “rone |~ &Y

4/ 73 [ 13T | 15 " Tank 38| FTE"  none |~ 0D
4j24798 | 1750 13 15 | Welder2 | ’368"t 318" " mone” | 20|

ARSI T T T T 15T~ weldsri| 37 T wie— rone | 598
a2 | 752 7T T T WeRerr| 347 [ 316" rone | T3

a9 | 1153 13 15—~ Tark | 347 | W6 nome | ~1g
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APPENDIX E: GRAVIMETRIC AIR SAMPLING DATA (continued)

Date Filter# | Flow {lbm} | Time {miny Locatmn] Fod Diam Veni— [Conc {mg/mJd;
. ﬂTGB_I_ﬁT 13 5 {Walder? | 308 |~ 3A6" Tfanom | 3
4R4mET 1827 [ 13 T 15 Welderl |~ 316 a3z none | 58 %
m T3 L 15 Welder] 308 J® | rone | T T BTY
453156 TO830 T 13T T T 18T [ WelderZ | 316 | 513Z" T nomne 35
" araTue | 183t 15 Welder? | 347 532 | none | I3
TZAIgs | 1832 | 13T ’f TTAF T T TankK T 318 | 5BZ° | none 14
- 3f247NE 1833 | 13 f 15 Tank 0B 7 T3MEY | hone T[T T T T AA]
TApARde | @ | T 13 15 WelderZ | 308 | 36" | none ]
BETPE Lo Y ) | 3 ! 487 Outside NiA— | WA | none |- T T
(417498 T 1838 T, 13 B it |- _L eldacT|— 309 | &37° | none | 356
4723758 | 1839 3 ] 5~ [ Welder2 [~ 30§ [ 532" | “none 32
47247967 1840 T T 13 15 Tank 308 5327 nong | T3
24796 | 1842 13 5 Tank 309 Lt b none T~ ~ 15
| AATE | 1847 TY ™ 7~ M4 T Walderz | 308 | 5B none ] 57
TATZAIOB T T 1849 f_ 3 15 Walderl | 308 none | ‘|3
ATZAISE | 1850 | 3 470 Tnside N/A WA T none | T 03t
AT75156 724 T 13 15 —‘W'E'élaérﬂ— 308 T ﬁﬁs""iﬁoﬁefslam—rr
i e i F O Tark 308 | 1@ | fanunit |~ ~ 07,
| 4725796 1755 13 15T TaﬁkFIF 308 T 36 1fan/eleph l 2 1]
TAZEGRTT ITSB T T 13 15 Welder? | 308 | 316" | élephant 137
[ ATZBIE T 1762 13 | 18 Welder? j__ 308 1 36" | Fanunit T T — 7]
CATBRs 1T ATRd T T 13 T T T 35T T T Tank T T30 T AET elephant 07
[ ATZ5I95 B T764 KL | Welde JE— | 18" | elephant' 4l
472586 11785 | 13 T 7 18T T WelderZ | 347 | 36" T Ele‘pha_ﬁt‘f -1
AEGE T I7EE |3 | 459 ' Oueide | NA | WA | none | 00
F @505 77 T T T T 15 1 Tank T 308 376 | hona T4
37508 T I768 T3 15 l‘“TEﬁE“‘SUE‘j”S?TB“_‘fﬁeEpF I I
F4I2BI06TT TATRY | T 3 T T T 4597 7 Mé&ide | WA N nChE 03
A725796 T 1770 13 TR | Welderd | 308 315" | fanunit -7
AFZEraG T AT 13 1577 | Welderd | T 308" T ¥fB" farin BRYg 1€
4ZE9B | 1772 | 13 15 Room 308 [ 376" Tnonefbldg|” — B
[ 47257867 1774 [ T 3T 7 T 15 T Welder3 | 347 IJAE” THanuwnit |~ 56
77598 | 1775 3 16 welderz | 308 | 3/16" lelephant| ~ ~ — ~ B
4/25/95 " 1776 13 s _I\T"\féldt?ra" T 308 | /e | Fanonit 870
22595 T 17T T 13 15 [Welderz | 308 i 3B T none” |7 T T 1z 4
42586 _l- 1782 13 A8 T T Tank 7|7 MY T T¥E" [Tanfeleph T8
4725/06 171788 7 — 13~ [~ 15 | Room _EUB’—f—'E'FIE"—TfEmHEEE___'__ B B
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APPENDIX F: ELEMENTAL AIR SAMPLING DATA

T Elemental Concentrations [ug/m3) |
Date [Filter # Flow {Ipm][Time {(mmn}| Location [Vantdation] As Cr | Fe Mn Ni
4/23/96| 1843 13 15 I Tank | none [§] 51 az an ]
4/23/96] 1844 13 15 _‘ Welder1 J none D 615 769 513 56
4723/95] 1845 13 15 ] WelderZ | none 0 [ 138 179 | 118 | 15 |
4/23/96] 1846 13 15 T TYank none 0 77 97 | B2 | B
4/23/96] 1848 | 13 15 Welderz nane 4 205 238 | 323 17
4f23/06 _18_5_1 13 15 Tank none f a 62 72 i 56 7
4f23f96| 1852 13 _____15 Welder1 nane T 3 241 251 J 231 an
4123/96| 1853 12 15 Weldert nane 4] 564 667 815 56
4{23/86| 1854 13 1& Walder none 2 1282 | 1231 11795 T2
4/23/86) 1855 13 15 Wekier2 nore ] 154 154 149 19
4/23/96| T1B5A i3 15 Tank none 0 | B2 67 | 92 5
4/23/96| 1858 13 15 WelderZ none 0O | 179 | 257 ] 108 | 24
423155, 1BHS 13 5 Welderd none 3 [ 769 11077 ) 426 B7
4231960 1860 3 15 Tank none 2 1 &0 a7 52 11
4/23/96] 1862 13 15 WeldarZ none 3 57 82 | 41 71
{4/23/96]| 1863 13 I 15 Welder1 none 0 272 | 354 178 47
[4/23/96] 1864 13 | 15 Wekler2 none 0 303 | B4 [ 400 [ 77
{#4/23/86, 1865 3 | 563 Duiside none D V] 2 a 0
4/23/96] 1866 13 15 Walder? nane 3 BZ 1490 103 14
4/23/96| 1B&Y 13 15 Tank none 0 47 77 52 B
4/23/56] 1868 3 533 Inside none [¥] 11 20 12 2
4/23/96) 1B&E 13 15 Welder? none 0 195 251 236 24
4722/98% 1870 13 15 Welderd none i) 1234 1 1g48 | 1641 185
4723/06( 1871 13 15 Tank none 0 62 77 T2 7
47/23/986 H_‘H_I_?_Z__"__ 13 B Welderd none a a21 1650 | 1128 180
4/24/96] BHHH 13 15 Tank none O 46 67 41 7
S3498] 707 ] T3 1z Weider] none § | 2154 | 2564 | 1846 | 241
4/24/86] 1743 I 13 | 1§ Tank fone 0 103 | 168 | 123 | 20
4/24/968 1744 E 13 18 Welder1 noene 14 2613 | 3385 | 2821 374
4/24/96[ 1745 ] 13 15 Tank none 0 133 179 145 30
4124196 1746 ] 13 15 Waldari none 156 646 | 4452 | 3692 6a7
41241968 1747 13 15 Waider2 none | G N3 4556 a03 87 |
412496 1748 13 15 Welder2 nane 0 368 513 405 87
A4/24198| 17459 12 15 Tank none 3] a5 67 32 7
472496 1780 13 15 VW alder? none 0 kT 57 30 8
4124196 1751 13 15 Yeldari none 14 2175 T 5729 | 2615 5113
424196 1752 13 15 W eider2 nane G 2256 421 185 62
4724098 1753 13 15 | Tank naneg ¥} 103 185 a7 18

3
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APPENDIX F. ELEMENTAL AIR SAMPLING DATA (continued)

Elemental Concantrationa fug/m3}
Date |[Fiter #|Flow {lpm}|Tima {mmj)| Locatwn [Ventilation As Ccr Fe F@ Ni
4724796 1757 13 15 Welder1 fan 0 158 [ 257 iag [ 28 |
4724185] 1B27 13 15 W elder1 nane 15 | 2821 | a580 | 32B2 | 426 |
147241961 1629 13 15 Weldec1 none 0 3026 | 4000 | 2258 | 385 |
4724/96] 1830 i3~ 1T 15 WelderZ | none i 174 | 287 [ 205 | 44
4724756 1831 137 ] 15 WelderZ none ] 174 | 231 | 184 26
1822 13 15 Tank none 7} 56 9z | 12 11
42415961 1833 13 15 | Tank none o [ 1137 56 12
4/741961 1834 13 15 Welder2 none 1] 154 {7277 | 128 24
424196 1835 3 467 Qutside none 1] 4] 3 0 0
4724796] 1838 13 15 Welder? |~ none | 9 2103 [ 1795 [ 71846 | 200
|4724796] 1838 13 15 WelderZ | none | O 144 7| 138 | 123 | 1%
4724708 1840 13 15 Tank none 0 57 82 49 g
4724706 184% | 413 | 15 Tank none ] &7 72z 58 7
4124796 1647 13 14 Welder2 none 0 a7 357 | 220 41
4/24/08| 1848 13 15 Welder] none | § | 1846 | 2718 | 1692 272
4/24/06| 1850 3 470 Inside none | O | 18 | 48 19 4
4i25/96| 724 13 15 Welder? | nona/bldg | 22 513 | 1179 | 564 | 185
4125196 1754 13 15 Tank fan 0 aB 67 50 ]
4/25/96| 1755 13 15 Tank [an/elephan| O 1331 179 | 754 16
4/25/96] 1756 | 13 15 Welder? | elephant 0 768 | 872 | 974 72
4/25/98] 1762 | 13 15 Welder2 fan 18 718 | &253 | 823 72
4J25196] 1763 | 13 15 Tank elephant 15 42 72 I 585 4
4125796 1764 | 13 15 WelderZ | elephant V) Zo6 | 285 | 6% | 38
r4/25/96| 1768 13 18 Welder2 | elephant 0 379 | 667 | 338 7
{4/25/96| 1766 3 459 ‘Duitsde none 7] [H 2 i] e}
[4/25/88] 1767 13 5 Tank none 4] 77 g7 a7 B
‘4:‘25}9& 1760 13 15 “Tank |an/eiephan| O a7 149 113 12 7]
4125/86) 1765 a 459 Inside none i) 12 26 15 2 ']
4125661 770 13 18 Welder3 fan 0 497 | 815 | 564 51 |
4f25/96| 1771 13 15 Welkisr3 | Fan/bldg 1] o2 o2 | 154 4z |
4/25/96| 1772 12 | 15 Room | nene/bldg [ 0 380 [ 667 | 374 | 77
f4/25/96| 1774 1@ | 1% Welderd fan 0 | 410 [ 769 | 287 [ 10
Lar25ia6| 177 13 15 Welder? | eepnant 7] 287 | 350 | 308 | 41
4725196 17768 | 13 | 15 Welderd fan 0 615 | 718 | 667 56
4728198 1777 13 15 Weider2 none i} 718 | 760 | B7z 56
4/25/26] 1782 13 15 Tank [anlfelephan| O g7 205 57 27
4/25/967 1748 13 15 Room fan/bldg i] 103 | 262 | 133 33
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APPENDIX G: HEXAVALENT CHROMIUM AIR SAMPLING DATA

Date | BotfleZ | Flow (lpm} | Time (min] | Location] Fod | Diam | vent |Gonc (ug/md] [Core (mam3) ]
42318 1 13 15 | WelderZ 308 332 none 47 o5
4/23/96 T2 13 15 Weakder1 [ 308 33T nong 213 051
2 3 3 T20 HAM NA WA NA 372 oar

%2398 ] 3 513 inside A, 27 nane | 000
472396 5 3 863 Outside N/A NFA none 1] gao
433/95 6 13 15 ~Tank 3048-16 3737 none 10 O o1
4723195 7 13 16 Wakder! | 30916 33 ngna 28 o od
QPR 3 EE) 15 WelerZ | 30876 | 337" none 7 01
472396 ) 13 15 Wekler2 | 347-16 3azt nohe 123 [iRF]
4723/95 ETi] 13 15 Welder1 | 3a7-16 | 43" none ek ¢ 3z
4123/95 13 13 15 “WaolderZ 308 1" none 123 012

15 T3 15 Wekerd 208 178" nene 718 072
4f23/85 i6 13 15 Waldar1 a6 332 nong 247 024
472356 17 KN 5 Weklerz | 316 AT nane 123 GEF
VT 18 13 1 elderl | ~ 309 118" none 248 435
/23796 19 13 15 Weker2 | 309 178" none 45 005
/2356 20 13 15 Weker! | 216L-16 1 /8" none B15 062
EEENE 21 13 15 glder? | 3616 | 178" none 77 gos

[4m3es T 22 13 15 Weteri | 547,16 1 1/8" none 513 a8l
42356 23 12 1% Wolerz | 347-16 178" none 128 013
724755 24 13 14 Welder2 | 308 5/35" nene 187 L]
A733758 25 3 70 Tnsida N/A 1173 none 19 00z
424156 25 3 457 | Qutside | NA NFA nong 0 [VTY]

" A7TAE6 29 3 135~ T HMaa HIA NFA TE ~77i6 77z
4/24/96 an 13 15 Welerz 309 5iag” none 128 013
4724796 k5] 13 15 Weldert | 309 z pane [ p0h | 224 |
4724/96 32 13 15 Fweiert 36 | et rone 2308 23
4/24798 N 13 15 Wekler2 | 316 [ 537 none | 108 R

I 4/24786 34 13 15 Weker2 | 347 5/32° none 123 012
424508 35 13 15 Welderl 308 53z nane 1744 174
2J23756 R 13 15 Wekerd | 304 36 nohe 123 012
474796 37 i3 15 Wekerl S EE none 1897 T ion
4724756 3 13 15 Welderi | 347 ETEvL nene 1540 135
424796 | 3% | 13 15 {Welder1 | 300 3MG" | none 2815 282
424136 Fl] 13 15 WelderZ | 309 38" | nane 150 — 018 |

(#24@8 | 41 | 18 | 16 |Weiderz| 316 316" | none Z18 022 |
4724756 4z 13 ! 16 WekerT 316 T none 1354 139
4/24/96 43 13 1& Walkder 347 1" none 2103 230
Er-T 44 13 i5 WeHerz | 347 3Ag" | hone 158 018 N

[~ 4z 4156 [ 13 15 Welderi 304 316" | fapunit 56 006
4/24/96 45 13 15 Welder? | 308 3" none 5] 008
4775/58 | 51 3 455 Dutside | WA | NA | ogne | a oo |
3725798 b2 3 259 |“|‘.-‘E|ae NA N7A, none 7 0 01
4725/56 53 13 i5 Weklerz | 308 316" | fanumt 355 038

~4/25795 54 12 15 Weker2 | 308 H16" | elephani 287 029

IEEES 55 13 15 Welder? | 308 316" | fam unit a7 045
AI2556 ] 13 6 | Werer3 | 308 367 | fanunit 077 __'_TOT—"
435196 57 13 15 VWekerZ [ 308 T | elaphant 729 022 |
A725i06 5[ 13 5 Wederz | 208 RAE | none |_ S22 T2
425758 5F 13 g WeklerZ | 308 376" | elephant B3 051
25755 F3i] 13 5 Welerz | 347 FH16" | elephart 367 027
FTELIS B 3 18 Wekerd || 347 | #15" | fanumt 241 024

—4/25/58 66 | 13 15 Welars | 304 3M6"  [fanfin bidg 35 T}
4725/06 B7 | 13 15 Welerd | 304 36" |nonefobg 236 024
425798 7] T_J:QD“W“*“_W‘W A | 3E =
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