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SUMMARY

The Engincerning Control Technology Branch of the Natienal Institute for Qccupational Safety
and lealth 13 currently conducting a study of welding eperations and workers” exposures to
welding fumes The goal of this study 1s to 1dentify, obscrve, and evaluate engineering control
measures which may reduce the amount of fume a worker 15 expaosed to duning welding At the
conclusion of thig study, information on effective control technology will be disseminated to the
welding community  This report summanzes the results of sampling surveys of the welding
opcratiens at an awr-cleaning cquipment manufacturer in Cincinnaii, Ohi1o  The plant employs
about 30 welders, and aperates on a 4-day, 10-hour/day work schedule with optional overtime
Wirrkers 1n the metal fabrication arca mainly weld galvanized and cold-rolled carbon sieel (omld
steel) Several portable local exhaust ventilation units are available 1n the metal fab arca,
however, they are used infrequently  The only time a umt was observed to be m use was dunng
a cutting operabion - Workers (n the cab fabrication area mainly weld stainless and cold-rolled
carbon steel Each welding booth m the cab lab arca 1s equipped with a canopy hood over the
worktable Each hood 1s connected to 2 SMOGHOG® air-cleaning unit, and the filtered air 1s
exhausted back into the workplace

Air sampling measurements, collected on welders, a cutter, and a gninder, showed there ta be no
cxposurcs 1n cxcess of the OSHA PEL for erther total parhiculate {welding {ume} or lor any ol
the sampled fume constituents Qverall, the cutting operation produced air contaminant levels
higher than most of the other sampled tasks, the total pariiculate level on the cuiter was just
under the ACGIH TLV of § mg/m*  Ewvidently, the use of a local exhaust system during cutting
was not able to complately control the worker's exposures to dust and fume The gnnding
aperation also resulted 1n several ligher exposure levels when compared to the welding tasks
The grinding exposures should decrease once the ventilation system currently being installed 1s
operable Weldcrs 1n the metal fab arca averaged total particulate expeosures more than twice
that of the cab fab welders who used the canopy hoads to control the welding fume emissions
Measured exposures for the metal fab welders also averaged belween lwo and eight imes higher
than cab fab welders for various fume constituents, including chramiuum, 1ron, copper,
manganese, and zine  In addition, one metal fab welder exceeded the ACGIH TLYV for
manganese and another exceeded the NIOSIE REL for mickel

Although the canopy hoods appeared o effectively control the welding fume exposures, 1t is
likely that short-term exposure peaks occurred which were not 1dentified by the study’s
integrated sampling tcchmgues  In general, canopy hoods are not a recommended method for
controlhing worker exposures when the matenal 15 oxic or when the task requres the worker to
bend aver the process The main drawback of this type of ventifation system 1s that the position
of the canopy heod to the part being welded on may result 1n the welding fume passing directly
into the welder’s breathing zone before being exhausted If 15 imperative that mansgement
stresses to the welders the importance of kecping their heads out of the welding plume al all
times



INTRODUCTION

Over the past twenty years, the National Instinate for Occupational Safety and Health (NIOSH)
has recogmzed the importance of preventing potential health huzards associated with fumes and
gases generated dunng welding opcratons (sec Appendix A), however, no comprehensive study
of control technology for welding operations has been conducted since the late sevennies  As
such, the Engmeering Control Technology Branch (ECTB) of NIOSII 1s currenily conducting a
study to evaluate the eflectiveness of engineening contrel measurcs in reducing welding {ume
exposures  This welding assessment study was imtiated {for several reasons  First, even with
advanccs m contral technology, welders continue to be exposed to hazardous welding fumes and
gases ' Second, the continual development and implementation ol new welding processes,
techmques, and materials can result (n unidentified and uncontrolled health hazards Third,
muny welding operations are small shops that may not have access to current technology for the
control of weldimg enussions, (s project responds to the NIOSH smali business itiative wiich
1dentifies welding shops as one of the op len hazardous small businesses, 1n terms of
oveupatienal bealth risks * Finally, as it 1s likely that welding will be a high prnionty for OSHA
aver the next few years,” industry will nced tmely rescarch on engineenng technology for the
control of welding fumes and gases

Many shops use a combination of ventilation and respiratory profechion equipment 1o try and
control the amount of fumes (and gases) the welder 18 exposed to dunng welding operations  If
the ventilation system does not adequately control the fumes, the welder often rehies heavily on
the respirator for protection against potcnhal health hazards  Ideally, regpratory protection
should be used only as 4 last resort against welding fumes, and only when an excellent respirator
protection program 15 in place It 1s unclear whether strong respiralory protection pragrams are
commen 1n welding shops  Therefore, the goals of this assessment study are to dentify cffcclive
venlblation systems, or other engimeenng control mcasures, that wall protect the welder’s health,
and to dhsseminate this infarmation to the welding community To determine which controls are
most effective, varous systems and processes must be evaluated in the field In this particular
study, fume extrachion guns were evaluated for Lhewr ability to exhaust welding fumes and gases
away from the worker’s breathing zone, at the potnt of generation

PLANT AND PROCESS DESCRIPTION

This plant manulactures air-cleamng equipment, both the electrostatic precipator and filter
cartndge type  Two of the products manufactured here include the SMOGHOG?® and the
DUSTHOG® which are soid to industnal and commercial customers  The company has been in
business {or twenly vears There are approximately 30 welders, most of whom work from

6 530am to5 20 pm, with a 30-minute lunch break, 4 days a week Friday and Saturday arc
optional overtime days Four welders work at mght Welding operations are performed 1n two
main areas of the plant, known as the cab fabrication and metal fabrication arcas  All of the
weldmg obscrved during the surveys consisted of the sehd-wire gas metal arc welding (GMAW)
techmque During GMAW, a solid-core wire consumable 15 continuously fed through a welding



gun while a shmelding gas 1s supphied at the gun tip to prevent oxidatien of the base metal
Welders wear half-face North respirators during galvamzed welding

In the metal fab area, welders primarily work on galvanized and mild sieel The company would
like to replace Lthe galvamzed steel with alurmmzed steel 1n the future to help protect the health
ol thewr welders  This transition was 1n process at the time of the studies  Ventilation equipment
for the metal fab welders includes one slationary local exhaust umit and scveral portable local
cxhaust units, each with a movable arm and hood The units are each attached to mmdrvidual
SMOGIOGT umits  There are more welders than venlilated umits in the metal fab arca Plant
management 1ndicated they plan to move the metal fab welders to another area of the plant and
that more fixed veniilated umits may be mnslalled for them at that time

In the cab fab area, welders work primarily an mild and stainless steels insude eight welding
stations which are separated from each other by welding curtains Each station 1s ventilated by a
large cunopy hood situaled over the weldmg table  The welding tables are approxamately 5 fi
wide and 6 ft long The canopy hood s shightly larger than the table, at approxamately 6 ft
wide and 7 f long, with a round, 26-1n diameter exhaust intake 1n the nurddle of the hood Each
canopy hood 15 ducted to a SMOGHOG® ar-cleaning umit located above the workstation on an
overhead platform There 15 one air-cleaning unst for each canopy hood The exhaust lilters on
the amr-cleaning umt are approxumalely 12 i by 16 1n 1o [rames that arc 18 in by 20 The
filters on the SMOGITOG® units are changed every month, and are also subjected to semi-anmal
and annual checks  The canopy hood svstem has been 1n usc for about ten years

HAZARDS AND EVALUATION CRITERIA

The elfeet ol welding fumes and gascs on a welder's health can vary depending on such factors
as the length and intensity of the exposure, and the specific toxic metals invelved Welding
processes involving stainless steel, cadmium- or lead-coated steei, or metals such as nickel,
chirome, zing, and copper are particularly hazardous as the fumes produced are considerably
more toxic than those encountered when welding muld steel  Mald steel consists mainly of ron.,
carben, and small amounts of manganese. phosphorous, sulfur, and silicon, while stanless steel
contains mainly 1ron, chromium, mckel, titanium, and manganese * The NIOSTH criteria
document 1dentlies arsenic, beryllium, cadmium, chromium (VD). and mickel as potential human
carctnogens that may be present in welding fumes Epidenuological studies and case reports of
workers exposed to weldmg enussions have shown an cxeessive mcidence of acute and chrome
respiratory diseases Welder respiratory aalments can mclude occupational asthma, siderosis,
emphysema, chronic bronchitis, fibrosis of the lung. and lung cancer Epidemological evidence
tncheales that welders generally have a 40% inerease n relative nisk of developing lung cancer us
a result of their work * Other cancers associated with welding 1nclude leukemia, cancer of the
stomach, brain, nasal sinus, and pancrcas Cadmium poisomng can affect the respiratory system
and damage the hver and kidneys A common reaction to overexposure to metal lumes,
particularly zinc oxide fumes, 158 metal fume fever, with symptems resembling the flu Qther
health hazards dunng welding can includc vision problems and dermatitis arising from
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ultraviolet radiation exposures, burns, and musculoskeletal stress from awkward work posstions *
See Appendix B for additional mformation on potential health hazards from welding

As a ginde when evaluating hazards posed by workplace exposures such as those from welding,
NIOSH field staff cmploy environmental evaluation eritenia These cntena are mtended to
suggest levels of exposure to which most workers may be exposed up to 10 hours per day.

40 hours per week for a working hifetime without experiencing adverse health cllects 1t is,
howcver, important (¢ note that not all workers will be protected from adverse health effects
even 1If theiwr exposures are maintamed below these levels A small pereentage may experience
adverse health eflects due to individual susceplibility, a preexisting medical condition, and/or a
hypersensitivity (allergy) In addihon, some hazardous substances may act 1n combination with
nther warkplace expasures, the general environment, or with medications or persenal habits ol
the worker to produce health effects even 1f the cccupational expasures are controlled at the level
sct by ¢valuation ¢ritenia  These combined effects are often not considered in the evalvation
criteria Also, some substances are absorbed by direct contact with the skin and mucous
membranes, and thus potentially increase the overall exposure  Finally, evaluation criteria may
change over the years as new information on the toxie effects of an agent become available

The pnimary sources of emvironmental evaluation criteria in the Umted States that can be used
for the workplacc are (1) NIOSH Recommended Exposure Limuts (RELs), {2) the Amencan
Conlerence of Governmental Industrial Hypenists's { ACGIH ]} Threshold Limiat Values (TLVs),
and (3) the U § Department of Labor (OSHA) Permussible Exposure Limits (PELs) The OSHA
PELs are required (o consider the feasimhity of controlling exposures in vancus indusires where
the agents are used, the NIOSH REE s, by contrast, are hased pnimanly on concerns relating to
the prevenuon of occypational disease  ACGTH Threshold Limit Values (TLVs) refer to
arrbome concentrations of substances and represent conditions under which it 18 behieved that
ncarly all waorkers may be repeatedly exposed day after day without adverse health effects
ACGTH states that the TLVs arc guidelines The ACGIH 15 a private, professional society It
should be noted that industry 1s legally required to meet only those levels specified by OSHA
I’ELs

In 1989, the OSHA PEL for total welding fumc was set al S mg/m’ (5000 pg/m?) as an §-hour
time-weighled average (TWA), however, this Limit was vacated and currently 1s not enforceable
Simnce 1989, OSHA has not reestabhshed a PEL for total welding lume, however, individual
PELs have been set for the vanous constiluenis which can be found in welding fumes (see
Appendix C}* OSHA has also set a 'EL for total particulates not otherwise regulated {PNOR)
al 15 mg/m’ as an 8-hour time-weighted average (TWA) A TWA exposure refers to the average
airborne concentration of a substance dunng 4 normal 8- o 10-hour workday Some substances
have recommended short-term exposure limuts (STEL) or ceiling values that are intended to
supplement the TWA where there are recopnized toxic effects from high short-term exposures

The ACGIH has set a TLV-TWA for weldmg fumes-lotal parhiculate {INOC) al 5 mg/m® The
ACGIH recommends that conclusions based on lotal fume concentrahon are generally adequate



1f no toxic elemenis are present in the welding rod, metal, or metal coating and 1f conditions are
not conducive to the formation of toxic gascs

NIOSH indicates that it 15 not possible to establish an ¢xposure lrmit for total welding emissions
since the camposition of welding fumes and gases vary greatly, and the welding constituents
may interact to produce adverse health effects Therefore, NTOSH suggests that the exposure
limis set for each welding furme constituent should be met (see Appendix C} However, 1t was
noled 1 the NIOSH cniteria document that even when welding fume constituents were below the
PELs, there was still excesses 1n morbidity and mertality among welders  As such, NIOSH
rceomunends that welding emussions should be controlled with current exposure Jimits
considered to be upper linits

METHCDOLOGY

Conventional industnal hygmene awr sampling was performed on the welders during the study
Samples were collected on closed-faced, 37-mithmeter (mm), polyvinyl chlonde (PVC}) filters,
which were analyzed gravimeincally to determine the total welding fume concentration  The
analysis was conducted according to Method 0500 in the NIOSH Manual of Analytcal Methods,
4th ediion A known volume of air 15 drawn through the preweighed PVC filter The weight
gain of the filter 15 then used to compute the millsgrams of particulate per cubic meter of air The
limit of detectton (LOD), or lowest measurable amount, for total particulate for this study was

0 02 mg An element specific analysis was also performed on the hilter samples, according to
NIOSH Method 7300, to differentiate and quantify the ditferent metal species in the weltding
fume Thc LOD and limit of quantitation (LOQ), the level al which the laboratory can
conlidently report precise results, for each element analyzed are given in Appendix D

Personal samples were collected 1n the worket’s breathing zone usmg portable pumps set at a
flow ratc of 3 liters per nunute (Ipm)} Filter cassettes were placed on the lapel of the welders’
overalls just outside of their welding helmets, since the purpose of the siudy was to evaluate the
control cffcctiveness of the ventlation, not the personal protective gear  The samples collected
represent only the workers” exposure while being observed, they are not full-shift samples Ttis
likely, however, that the exposure data collected during the half day sampling periods 1s
representative ol [ull-shift data

''he plant layout 1s depicted 1n Figure | Area samples were collected using portable sampling
pumnps sct at a rale of 3 Ipm The outside arca sample was placed on a premie table directly
aulside the door to the plant and the office sample was placed on a shelf in the hallway cutside
the nurse’s station The metal fab area sample was localed on a storage shelf about 10 It away
from any of the welders The cab fab area <ample was placed on a break table 1n between two of
the welding booths
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The ventilation systems were assessed by measuring caplure and face velocities with a hot wire
anemometer This instrument measures air velocily 1n feet-per-minute (fpm}  Capture velocities
arc measured to determune the ability of the system to remove welding fumes at certann distances
away [tom the fume generation saurce The caplure velocity 1s the velocity necessary to
overcome opposing air currents and cause the welding fume to be exhausted Face velecities
were measured to determine the systems air volumes Wark methods regarding welding
techniques and the use of the ventilation systems were also observed In addition, airflow
pattems around the workers during welding were observed using smoke tubes and asprralors
From this, an understanding of how air contaminants arce transported into the worker's breathing
zone can be developed

RESULTS AND DISCUSSION

Although the focus of this study was on welding [ume exposures, plant management was also
interested tn determining exposure levels when grinding at the grinding station near the cab fab
area  As such, sampling data for the gnnding operations were also collecied and analyzed The
erinding station was being redesigned to provide ventilation to that arca During the first
sampling survey, the ventilation system had not yet been incorporated into the gninding area
During the sccond sampling survey, the grinding statton was not 1n usc as the ventilation svstem
was being nstalled at that time

Also, the type ol metal bemg welded on s an important parameter since difTerent base metals
can produce different types of fumes and dusts In the melal fab arca, Workers A, B, F, and L
welded on mild steel {otherwise known as low-carbon steel) and Worker [ welded on



alumimzed and stainless steel Worker A also welded on alumumized and galvanized steel In
the cab fab area, Workers H, 1, K, and M welded on muld steel and Workers C and F welded on
stawnless steel Cuttng and grinding samples were collected on Werkers E and G, respectively,
dunng mld steel welding, the spot welding sample on Worker J was collected during both
galvanized and nuld steel welding tasks

GRAVIMETRIC ANALYSIS (TOTAL WELDING FUME)

The results of the personal and sampling data for total welding fume concentrations can be found
in Appendix E - None of the samples exceeded the OSHA PEL or ACGIH TLY for welding
fume, however, two samples did approach the TLV of 5 mg/m® These samples were collected
dunng a cutting operation (Worker E) and a welding operation (Worker L), both performed m
lhe metal fabnication area A local exhaust ventilation unit was used during the cutting
operation, while no controls were used for the welding operation other than a man-cooling fan

The personal welding fume fevels were analyzed to determine how the ventilation systems
affected the average exposure to the workers (Table 1) All the welders in the cab fab arca
worked under canopy hoods, none of the metal fab welders used ventilation The gnnder and the
spot welder also did not use ventilation controls  The data showed that the metal fab welders
averaged morce than twice the exposure levels of the cab fab welders To ensure the differences
10 base metals were not affecting these results, the welding data was then analyzed for only the
muld steel welders  Agaia, the metal fab welding exposures were found to be about twice that of
the cab fab exposures Thtferences in stamiess siee] welding exposure data between the metal
fab and cab fab welders were not analyzed duc (o there only being ene data point for metal fab

(0 96 mg/m") and 2 data points for cab fab (average of (} 025 mg/m’)

Interestingly, the ventilated cutting and nonventilated grinding tasks resulted 1n cven higher total
particulate expesures than the welding operations  The spot welding operation did notl appear 1o
generate much fume or dust dunng the sirveys 1S possible that the spot welder’s proximuty to
the cab fab area may have resulted in lughcr cxposures to this worker

Table 1 Average Personal Total Particulale
Congentrations by Sample Location

Sumple Lacation Vent N Average 5td Dev
On/Off (mg/re’) (mg/m’)
Cab Fab Welding On 6 043 038
Metal Fub Welding Off 9 1407 134
Spot Welding Oif l {36 4]
Grindmg OfT 1 177 0
Cutting On 1 4 84 O




The area welding fume levels were analyzed to determing differences 1n background air
contammant levels (1'able 2} The background level m both plant areas appeared to be roughly
the same, while the office and outside levels were neghigible

Table 2 Average Area Total Particulate
Concentrations by Samiple Location

Sample Locahon N Average Std Dev
{mg/m’) (mg/m’)
Cab Fab Area 2 oo (IR4:)
Metal Fab Area 2 012 001
Ouiside 2 0Dl a0l
OfMce 2 ND nD

WD = non-detected

ELEMENTAL ANALYSIS

'The results of the clementsl analysis are shown, in Appendix F Two of the welders in the metal
fab area were found to have overexposures Worker L was 1n excess of the ACGIH TLV for
manganesc which 15 set at 200 pg/m® and Worker D was 1 excess of the NIOSH REL (or mickel
which 15 set at 15 pg/m* Neither of these welders uscd ventilation during the sampling,
although, as mentioned previously, Worker [, had a man-cooling fan operating adjacent io his
workstation Waorker [ was noted 1o perform some grinding as well as welding during the
sampling period

In order to compare the effect of ventilation on the welding fume component exposure levels. the
sampling data were analyzed by tusk location  Personal samplimg results are shown in Table 3
and area sampling results arc shown in Table 4 Elements listed 1n the tables are those which
were most Iikely to be present in the fume, or which were considered to be the most hazardous to
the workers

Even with the use of alocal exhaust ventilation unit, the cutting task presented the highest
exposures for most of the sampled elements ‘Ihas 18 i agreement with the findings of the total
particulate samphing data  Grinding operations which were not ventilated were also fairly high
compared to the average welding expesures  When companng the data from the workers n the
cab fab area 1o thosc 1n the metal {ab area, 1€ 15 apparent that the canopy hoods are helping to
keep worker exposures low The average cab fab welder’s exposure levels for the elements
listed in Table 3 are all 2-8 tunes lowcr than the metal fab welders cxposures



Table 3 Workers™ Average Exposures for Selected
Elemcnts by Sample Location (pg/o’)

Sample N Al r Cu Fe Mn M b T Zn
Locatien %(SD) R{SD) ®{SD) R(SD) ®(SD) m(SD) =(SI) x(SD)  x{SD}
Cab Fab a 20 0 4% is 184 163 WD ND 4Q7 3R
welding (11 {037 (30 (33 (138 ) () o7y (11
Metal Fab 9 &3 27 12 429 551 | & 018 014 oz
Welding {9 5) 69 1219 (615) (9% 3) (47) (05) 015) (619
Spot 1 25 082 34 512 47 ND NT} 019 62
Welding
Grmding 1 114 0 66 3 ] 144 104 ™D 026 256
Cutting 1 217 14 12 1 1190 39 34 NI 11 854
% =gaverage {pug/m'} SD — standard deviation {ug/m?}  ND = non-detecled
Table 4 Average Area Concentrations for Select
Elements by Sample Location (pg/m’)
Sample N Al Cr Cu Fe Mn i Pb T Zin
Locatian X {SD) w81 ={ED) =GD) =x(SD) =(SD) =(S5D) = (SIH» %{5D)
Cab Fab 2 073 033 036 217 L& ND NI D 0% 132
Area @78 (038 01N (965 0D ) ) 009y (124
Metal Fab 2 16 ™ 067 287 28 NI ND 036 305
Area (03) (-) 012y {71) (08 (-) (-} {0 19) (0 79)
Outside 2 ND NI ND 15 02 WD NI ML 14
(-} -) () 0y 00 () -} 9 014
Oftice 2 ND XD 004 27 017 ND ND 012 032
{-) (-) (004) (083 (003) (-} (-) (0 12) {0 10}
% =average (pz/m’} 5D = standard deviation (ugin’y NI = non-detected

Sice alumimized steel was welded in the metal fab area, 1t 18 not surpnising that the highest
aluminum exposures were during metal fab welding  The largest individual zine exposure was
found cn the metal fab worker who welded galvamzed steel However, since the remaming
metal fab welders did not weld galvanized steel dunng the sampling peniods, the average zinc

exposure for these welders fell to below that of the cutting operator

‘The average arca concentrations were approximately the same lor the vanous elements

throughout the plant area, except that zinc levels were found to be more than four times ligher 1n
the cab fab area than the metal fab area Apparently, some of the dust/fumes from the plant were

also making therr way mto the office area



VENTILATION MEASUREMENTS

Multiple measurements were taken at each workstation i the cab fab arca to determune the
volume of ar bewng moved by the canopy hood systems  Aur velocity rates were measured at the
face of the 26-1n diameter cxhaust intake, located at the center of each canopy hood  Each intake
was calculated to be about 3 6 fi* The velocity rates and areas were then used 10 calculate the
volume of wir being pulled by each canopy hood system  Table 5 lists the resulis of these
measurements Information on the number of bends 1n the duct work leading 1o the overhead ar-
cleaning umt 15 also 1ncluded

Table 5 Canopy Hood Ventlation Measurements

Work Average Intake Hood Airflow Nao af 90°
Statom Veloaty (fpm) Rate (efim) Turns in Duet

1 1932 6935 1

2 1205 4534 2

3 027 ajly 1

3 1124 40446 2

5 1532 3515 2

& 1647 5929 2

7 1494 5378 2

3 1535 5526 2

In addition to the air valumes, capture veloetties were measured at the canopy hood plane in
Booths 4 und 6 The highest velacities were [ound Lo be directly i the middle of the table below
the exhaust opening For Booth 4, thus velocity was measured 1o be 270 ipm, for Booth 6, this
velocity was 330 [pm The average face velocity abave the lable was calculated to be about
130 fpm for Booth 4 and 180 fpm for Booth 6 The ACGIH Industrial Ventilation manuat
mdicates that a veloeity of 100-200 fpm should be vsed to caplure welding fumes, with the
higher valucs used for poor conditions such as disturbing room air currents, high toxicily
contaminants, and high production‘heavy use * The manual indicates the cupture velocities
above 200 fpm may disturb the shieldmg gas The manual also suggests that the numumuim duct
design velocities for welding fumes should be between 2000-2500 fpm to prevent setiling and
pluggimg of the duet  Duet veloerties were not measured during this study

Smoke tubes activated at varicus points arcund the welding tables showed the majoniy of the
smoke was being captured by the canopy hood system However, 11 was observed that the smoke
was also influenced by nearby canopy hood systems if the curtains were open  The welders



indicated that keeping the welding curtamns closed helped 1o increase the capture eficiency of
therr workstalion’s ventation system

CONCLUSIONS AND RECOMMENDATIONS

The filter sampling data showed very few instances of overexposures o total welding fume or
the vanous fume consutuents  In Lact, none of the samples exceeded the varous OSHA PEL
hmits for the wentified elements or for total particulate levels However, two samples, enc ona
metal fab welder, the other on the cutting opcrator, did approach the ACGIH TLV for total
particulate In addition, on¢ sample exceeded the ACGIH TLV for manganese, and one sample
slightly exceeded the NTOSH REL for nickel Bath of these samples were collecied on welders
in the nonventilated metal fab arca  The cuthng and grinding operations produced air
contaminant levels that were ¢ften greater than the average welding exposures In the future, the
erinding operation will be performed using venuilation, the ventilated system was being instailed
at the ime of the second sampling survey  The cutting operation was already using ventlation
to help reduce 1ts fume and dust cmissions  Evidently. the local exhaust umt being used dunng
the cuflimg task was not completely cficctive at controlling (hese emissions

From the data, 1t appeared as 1f the cab [ab weklers were adequately protected from welding
fume enuissions by the canopy hood systems However, while canopy honds may be keeping the
welder’s overall exposures lawer than 1f welding without ventilation, 1t may not be accurate to
state that the welder’s exposure levels are completely controlled by this ventilation system
Canopy hoods often help to control air contamimanis i the general vicinity of welders, however,
in many instances, the fumes may enter the worker’s breathing zone as the fumes nge [rom the
workpiece to the hood This can result mn occasional peak exposures to the welder, however,
there were no actual abservanions that would support this hypathesis  This theory 1s based on
previous experience with rcal-time data sampling i other indusines, which consistently shows
that work methods and worker behavior olien leads to short-termn exposure peaks The only way
to venfy this theory would be to conduct real-tume data sampling on the welding operalions, a
techruque which was not performed dunng thns study 1o general, the skall of the welder at
keeping his or her head out of the weld plume can often make a great difference 1n the resulting
welding exposures, especially when canopy hoods are used to conirol the fumes

In the case of the melal [abneauon welders. 1t 1s unclear why the focal exhaust ventilation uruts
that are available are not bemng used Discussions with the welders suggested that the portable
units are difficult 10 move and pesinon, especially when welding on large parts Welders felt
ventilation umis with suspended arms might be of the most use {o them, however, installing
these units would be difficult due to the overhead crane system 1n the metal fab area In general,
the welders should be trammed on the proper usc of the ventilaled control measures and
managemment should enloree their use to help further reduce fume exposures  In addition, man-
coolmg fans should not be substituted for ventilation controls Depending upon where the fan 1s
located 1n relation 1o the welder, generated ar currents may cause fumes to be transported nto
the worker’s breathing zone
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In summary, although the results of the sampling did not show there (0 be many instances of
overexposure to air contaminants during the surveys, there 1s stul the potential for problems

The metal fab welders should be trained on and required to use local exhaust ventilation systems
Use of ventilation can help to further reduce these workers® exposures 10 welding fume and dust
Welders throughout the plant should be trained to keep their heads out of the welding plume,
especially when working under the canopy hoods  Welding curtains should be closed when
weldmg 1o improve the capture efficiency of the canopy hoods, as well as Lo protect surounding
workers from eyc hazards
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APPENDIX A NIOSH BACKGRCOUND

The Naticnal Institute for Occupational Safcty and Health (NIOSH) 1s located 1n the Centers for
Disease Control and Prevention (CDC), under the Department of Health and Human Services
(DHHS) (formerly the Department of Health, Education, and Welfare) NIOSH was established
n 1970 by the Occupanonal Safety and Health Act, at the same tme that the Occupational
Safety and Health Admimstration (OSHA) was established 1n the Department of Labor (DOL)
‘The O8HAct legislation mandated NIOSH to conduct research and education programs separate
from the standard and enlorcement functions conducted by OSHA  An important area of NIOSH
research deals with methods for controlling vccupational exposure to potential chemicals and
physicul hazards

The Tngimeenng Contrel Technology Branch (ECTB) of the Division of Physical Sciences and
Engincenng {DPSE) has been given the lead within NIOSII to study and develop engineering
controls and assess their impact on reducing occupational illness  Since 1976, EC'TB has
conducted a large number of studies to evaluate engineering control technology based upon
industry, process, or control technique  The objective of each of these studies has been 10
cvaluate and document control lechmques and to determune the effectivencss of the contret
lechnigues 1n reducing potential health hazards in an imdustry or for a specific process

Dunng (he past twenty vears, the National Institute for Gecupational Safety and Health (NIOSH}
has documented and reported on the need to control worker exposures to the fumes and pases
generated duning welding eperations  Much of the attention to welding has been mn the form of
Health 1lazard Evaluations conducted at field sites, however, a few NIOSH reports have focused
on control technology These reports are briefly discussed below and can be obtained through
NTIS or the NIOSH Publications Office (1-800-35-NIOSH}

In 1974, a research contract report enlitled “Cngmneenng Control of Welding Fumes™ was
publishcd, with the objective of developing design enteria for loeal ventilation systems to
control welding fimes  Thas report 1dentified shielded manual metal arc welding on
curbon and stainless steel and gas-shiclded arc welding on carbon sieel as processes
constiuting greatl health risks to welders A crossdreaft table, free-standing hood, and low
volume-hiph velocity fume extraction gun were evaluated to detecrmine the mimmum
system operating pomnt needed o reduce fumes below threshold Tt values (TLVSs) |

In 1978, the NIQSH bookiet “Safety and lealth in Arc Welding and Gas Weldmg and
Cutuing” inchuded general information on dilution and local exhaust venfilation

In 1979, NIOSH’s Devision of Physical Sciences and Engmeening (DPSE) published the
research report “Assessment of Selected Control Technology Techmques for Welding
Fumes ™ This study consudered the eliect of dilution arrflow direction on welder
cxposures 1n the field and evaluated a fume extraction gun *
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In 1988, the NIOSH “Cniena for a Recommended Standard for Welding, Brazing, and
Thermal Cutting” was produced In this document, NIOSII recommended that welding
erussions be controlled to concentrations as low as feasibly possible using state-of-the-
art engineennyg technology and waork practices  General guidelines were prowided for
selecting dilution and tocal exhaust ventilation systems *
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APPENDIX B: POTENTIAL HEALTH HAZARDS

Welding lumes are a product ol the base melal bemng welded, the welding process and
parameters {such as voltage and amperage), the compesition of the consuwnable welding
electrode or wire, the shielding gas, and any surface coatings or contaminants on the base metal
It has been suggested thal as much as 95% ol the welding fume actually eniginates from the
meltmg of the ¢lectrode ur wire consumable ! The size of welding fume s highly vartable and
ranges from less than 1-um diameter {not visible) to 50-,um diam (seen as smoke) * Fume
constituents may nclude mincrals such as silica and fluonides (used as fluxes) and metals such
as arsenuc, beryllam {in high copper alioys}), cadmium (often used as a rust inhrbitor),
chromium, cobalt and miekel (in stainless steel), copper (in copper-coated wire), 1ron, lead {in
lead-based pamt coatings), magnesium, manganese (in stainless steel, manganese steel),
molybdenum, tin, vanadium, and zinc (used to galvamze steel) **° Toxic gases such as ozone,
carbon monoxide, nitragen dioxade, and phosgene (formed from chlormated solvent
decomposition) can also be produced *** Volatile hydrocarbons can be produced durnng weldig
1f antispatter sprays, ouls. or lanolm {eflen uscd during degreasing processes) are present -
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APPENDIX C SUMMARY OF SELECTED OCCUFPATIONAL EXPOSURE LIMITS

O5HA NIOSH ACCGIN
Substance PEL-TWA REL-TWA TLY-TWA
(ugfm’) (igfor’) (ug/n)
Alonynum {ums 15,0tK)  Cotal} KD 000
5000 (Resprahle)
Arsenic 1] 2iCeiling) 10
Banum 300 500 500
Boryllum 2 0 % (Cerling} P
Caluim Oxide 2000 2000
Cadmmm fune 5 LEC {Ca) 13 (Tolal) 2 (Resprable)
Cohalt 100 30 20
Chrantum, Metal 1000 300 Ll
Copper tume Lo 10 200
Tron Oxade fume 10 Q08 {as Fe) SH00 SN
Lrthium - - —
Magnesium: Caade [umy 30 - 10000
Manganese S000) (Celing) Lii) 200
Mol blenum 5000 (Soluble) - S04 {Soluble)
15 0 {Insoluble) H 300 (Insaluble)
Michel 1000 [ change proposed; 15 (Ca} 1) {chenge prommed)
Lead 50 108 50
Phusplorus 10w 100 100
Flatinum 2 (Soiuble) 1000 (Metak) 1004
2 (Saluble)
Selciam 2 200 200
Siver It n 100
Sodm - - -
Tellurom 140 [y 106G
“Thalliwm 100 100 (Soluhle) 104
Tianmum Do ide 15000 LEC (Ca) 16000
Yanadmm Pentoxtde fume 186 [Celhing) 53 {Celling) 0
Yittrium o0 1000 1006
Fne Oxade fome S 5000 SN0
Zirconam Sutio 3000 3000
Welding fumes - LFC {Cn) RILLY

LEC=lawest teasible coneantration
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APPENDIX D. ANALYTICAL DETECTION AND QUANTITATION LIMITS

Anzhytc LOD LA
{ugrfiligr) (pg/filer)
Silver a4 13
Alurninin 05 i6
Argenic i 3l
Banum naz 041
Berylhum a2 1064
Calcum 2 41
Cadmmm no7 B2
Cohalt 02 62
Chrominm 04 12
Copper 00% 034
Iron 14 1y
Lathiurn 05 13 ¥
agnesuam a7 21
Mangane.e o403 0091
Malvhdenum n2 043
Sohumn 5 17
Michel 14 13
Phosphorus 4 i1
Tend ns 18
Platinam 2 41
Selanum ng iq
Tellirmm n7 23
Thallm ) 40
"Titammm 006 19
Yanadinmn 02 03y
Yo o0 (LY
Zme 007 02
Zreonmn 0z 036
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APPENDIX E GRAVIMETRIC AIR SAMPLING DATA

Date Saplc Weldcr Lacatwon Dase Mass Flowy Tune Volume Coawe Venr?
# of Area Metal {mgy  {lpm)  (nun} 13} {mgim™)
10718 3l7a A Metal Fab MS Galv N i 3 243 T35 083 Na
118 3175 B Metal Fab M5 Il 26 3 198 584 04 Mo
10/1% 3172 Q Cab Fah 85 v u3 3 200 600 0as Yes
M¥18 4183 L7 Meial Falr 58 083 3 238 Rid LR Moy
1{H18 E b E Cutting M5 357 3 246 738 4 84 Yes
118 Bl Area Lah [ab - NN 3 234 2 01o NIA
1413 3usl Arca OlTice - WO 3 pritd ] 34 o NA
1318 ET i £ {ab Fab 85 N 3 42 T2 f Yes
1018 3071 ATes COutside - nnz 3 231 £93 003 NiA
10713 im Aren Metal Fab - o0n? 3 208 614 {111 MM
118 89 G Gnnchng MS 124 3 234 702 137 Ka
NS g2 H CehFab MS 035 k! 237 TH 049 Yes
118 IS Area Cutside - ND 3 pal 322 0 NiA
(RF] 3100 1 Cah Tab MS G a7 3 237 Til 084 Yes
11/8 392 K Spm Weld Gah MS 023 3 215 643 035 Na
11K 3093 Area Metal Fab - 0 68 i 236 708 013 NSA
K118 INGS k ub Tab M3 044 3 214 654 067 Yes
11/% 3091 L MWetal Fab IS 1 4% 3 141 473 4 38 Mo
1148 I3 Aren Oifice - NI 3 2 510 H NA
118 EliEr 7 f.-ah Fab ME Bat 3 230 G50 074 Yes
118 iz Ared {Cah Tab - noz i 216 648 403 Nia
118 30545 F Metal Fah M 0359 3 200 5K 098 Ny
11/8 EYEuI B Metal Fab MS Gat 3 233 T0s HEEL] Mo
Fi/E 3108 A MemiFab M5 Alum 0o 5 236 708 014 Mo
10:B 3144 12 Metal Fab Afum 0353 3 152 456 116 Mo
1118 E1NR! I. Metal Fab M5 ND 3 7t 213 0 Ne
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