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According to the Bureau of Labor Statistics (BLS), approximately 700 construction workers werekilled on thejobin 1990.
As aarming as this number is, the BLS concedes that it may underestimate the number of deaths. With 25 percent of all
occupational fatalities, construction stands out asthe industry divisionwith the highest number of deaths. Clearly,
congtruction is a dangerous industry and construction workers know it. The immediate redlity of deaths on the job may
overshadow the fact that construction workers also face serious long-term health hazards on the job.

TheNationa Ingtitutefor Occupational Safety and Health (N1OSH) has documented at |east 77 toxic agents on construction
Sites. The agency has also found elevated death rates as aresult of cancer and other diseases anong construction workers.
To date, however, little exposure monitoring has been done and reportsin the literature about exposure levels on these jobs
arerare. Thegoal of theinvestigation of health hazards on the new construction project — the study underlying thisreport
— was to document the range and magnitude of exposures associated with construction work. Such information permits
evaluation of the health risks posed by exposures and provides a basis for recommending suitable control methods.

We chose to start with anew construction project because we thought it would present a"cleaner” problem than looking at
arenovation or demolition site where the exposure picture would be complicated by materials already in place, such as
ashestosand|ead. Weintended toidentify all chemical sschedul ed for useand document exposuresthroughout aconstruction
project in order to determine the full range and magnitude of potential exposures.

Inadditionto chemical exposures, we set out to measure noise exposuresand identify potential ergonomic hazardsfor further
investigation and intervention. Noise isawell-known hazard of construction work but little exposure monitoring has been
done. Ergonomic injuries are also widespread among construction workers but have received little attention, at least in the
United States.

Thefocus of the study wasanew office construction project in the Washington, DC area. The project wasafour-story steel
structure which now serves as headquarters for the International Association of Machinists and Aerospace Workers. The
construction project beganin April of 1991 and was completed in July of 1992. The general contractor was James G. Davis
Corporation. Twenty-five subcontractors were on site at different stages of construction. No more than 150 workers were
working on the Site at any time.

Over the course of the project, we did the following:

o Attended bimonthly Project Planning Committee meetings composed of union safety stewards, contractor
representatives, the Center to Protect Workers Rights (CPWR), the Occupational Health Foundation (OHF),* and
the George Washington University occupationa medicineprogram (GWU). During these meetings upcoming work
wasdiscussed and potential exposureswere identified. Wediscussed their activitiesand presented sampling results.
Minutes of these meetings are recorded and provide documentation of the chronological occurrence of various
activities and associated exposures.

The Occupationa Health Foundation, a companion organization to CPWR within the AFL-CIO, provides technical
services to union affiliates.



° Conducted routinesitewalk-throughs. Many brief, intermittent chemical exposuresoccur during construction work.
Thetransience of such exposures prevents accurate characterization. In order to document the occurrences of such
exposures, we began attempting during walk-throughs to track potential exposuresby generating listsof chemicals
onsite.

° Collected samplesof exposuresto noise, mineral wool, asphalt fumes, welding fumes, silica, paint mists, solvents,
dusts, and epoxy resins.

o Videotaped and analyzed work processes for ergonomic hazards.

o Provided recommendations and information to contractors and workers on topics such asnoise levels and hearing
protection, silica exposure and NIOSH-approved respiratory protection, and welding fumes and appropriate
controls.

Sampling M ethods and Results
Noise

Noise was asignificant exposure hazard throughout the project. Time-weighted-average noise dosimetry measurements of
crafts engaged in various operations ranged from 74 dBA (decibels) to 104 dBA. The arithmetic mean of 29 exposure
measurements was 90.25 dBA with a standard deviation of 1.96. The standard for noise exposure set by OSHA (the
Occupational Safety and Health Administration) is atime-weighted-average of 90 dBA over an 8-hour day; however, the
OSHA standard is generally recognized as not adequate. Most of the study's measurements were not full shift (8-hour)
samples. Because impact noise is also a problem in construction, the exposures were potentialy injurious. In the early
months, earth-moving equipment was asignificant source of noise. Power tools, compressors, and generators continued to
create high sound levels throughout the project. Sound levels associated with 17 types of common construction equipment
were measured (see appendix A for detailed results).

Ergonomic Hazards

We videotaped severa processes and conducting ergonomic task analyses for ironworkers and others. (Ergonomic task
anaysesarein appendix B). Ergonomic hazards are common in construction work. Much of the work must be done at floor
or ceiling level and involvesalot of heavy-materials handling. During the early months of this project, when workers hand
tamped soil, hand-arm vibration exposures appeared to be high. Hand-arm vibration exposure al so appeared to be significant
among laborers using jackhammers and pneumatic chipping hammers. On anew construction project, it is not uncommon
to discover errorsthat require newly poured concrete to be chipped out. During our investigation, an entireflight of concrete
steps had to be broken up with ajackhammer, while edges of concrete slabs had to be chipped out. In addition, whole-body
vibration appeared to besignificant for operators of earth-moving and other heavy equipment. (See CPWR report no. E1-93.)

Chemical Hazards

Mineral wool. Fireproofing composed of aresin-coated slag or rock wool was sprayed on steel beams and columnsin
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thefall of 1991. Multiple crafts were exposed to these fibers during initial application and when working around insul ated
surfaces. Workers complained about eye and skin irritation from the fibers. Samples were collected to determine worker
exposure to respirable and total fibers. Exposuresto respirable fibers (fibers> 3 um?in length and <3.5 pm in diameter)
ranged from 0.006 to 0.039 f/cc with a geometric mean exposure of 0.020 f/cc (n=9). Exposuresto total fibers ranged from
0.016t0 0.062 f/cc with ageometric mean exposure of 0.034 f/cc (n=10). (Summariesof the resultsfrom the mgjor chemical
exposures sampled are in gppendix C and "exposure lists' of potential exposures are in appendix D.)

Asphalt fumes. In the winter of 1991-92, roofers installed a 4-ply roof system on the building. This process involved
layering insulation and felt paper with several coats of hot asphalt. Cylinders of asphalt were heated on site in a kettle
maintained at approximately 500°F. Liquid asphalt was poured from aspigot at the bottom of the kettleinto 5-gallon buckets
and carried to mobile mop buckets. Roofers spread hot asphalt with cotton mops.

Persona breathing zone (PBZ) exposures to total particulates and the benzene soluble fraction of asphalt fumes were

collected during January and February of 1992. Thekettle operator hadthe highest exposures, which ranged from 10.4 mg/m
t0 28.85 mg/mPtotal particul ates. Other roofing crew memberswere sampled while carrying asphalt, whilemopping, rolling
out felt paper, and cutting in insulation. Exposures during these operations were lower than those received by the kettle

operator by 2 to 3 orders of magnitude.

2 . . -
Lmisamicrogram, one-millionth of a gram.
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In addition to collecting time-weighted-average exposures using pumps and filters, instantaneous real-time data were

collected using ahand-held aerosol monitor and datalogger provided to usby NIOSH. Work processesmonitored using real -
time techniques were al o videotaped. Resultswere synchronized with videotapes by the Engineering Controls Technology
Branch of NIOSH. These videos provide us with a visual record of instantaneous asphalt fume exposures during kettle
operation and hot asphalt mopping.

Laborers and operating engineers working on asphalt paving crews were also monitored for exposure to total particulates
and benzene soluble particulates. Exposures to total asphalt fume particulates ranged from <0.20 to 0.59 mg/m® with a
geometric mean of 0.34 mg/m?® (n=3) Exposures to the benzene soluble particul ates ranged from <0.05-0.29 mg/m? with
ageometric mean of 0.08 mg/m® (n=5).

Welding fumes. Two craftswelded on site during the project: ironworkersand steamfitters. Sheet metal workerswelded
duct work in the shop and brought out fabricated modulesto the site. So, welding exposures occurred off site also (but were
not measured for this study).

Ironworkers on the structural steel erection crew were engaged in three general welding activities.
° Arc welding structural steel columns and beams

o Arc welding galvanized decking to structural steel

° Resistance welding metal studs to galvanized decking.

Exposures were sampled outsi de the wel ding hood during each of these processes. Exposures to total welding fumes during
flux corewelding structural steel were3.78and 2.63 mg/m>. Anexposuretototal metal fumesmeasured during low hydrogen
stick welding of structural steel was 6.43 mg/m?®. Exposures to metal fumes measured during stick welding galvanized
decking to structural steel were 1.59 and 0.807 mg/m®. Zinc exposures associated with these sampleswere 0.347 and 0.0722
mg/m®, respectively. Resistance welding metal studsto galvanized decking produced atotal fume exposure of 1.97 mg/m?,
with azinc exposure of 0.542 mg/m?®.

InNovember 1991, steamfittersbegan arc welding carbon steel pipeused to construct the chiller system. Iron and manganese
were the principal components of welding fume samples collected during this type of welding. Simultaneous real-time-
exposure video monitoring was conducted inside and outside the welding hood in December. Tom Cooper and Margie
Edmonds, of the NIOSH Engineering Control Technology Branch, assisted usin these efforts. Steamfittersremained on the
site throughout the duration of the project with the bulk of work being completed in April of 1992. Exposure monitoring
continued throughout this period. Real-time videos were shown to members of the welding crew and contractors at a Site
meeting. The principal metal fume exposures associated with welding carbon steel were iron oxide and manganese fumes.
Exposures to iron oxide fumes ranged from 0.52 to 5.29 mg/m with a geometric mean of 2.33 mg/m® and a geometric
standard deviation of 2.11 (n=9). Exposures to manganese ranged between 0.05 to 0.71 mg/m ° with a geometric mean
exposureof 0.14 mg/m® and ageometric standard deviation of 2.99 (n=9). Exposuresto two measurementsof total fumewere
2.52 and 9.18 mg/m®,

Ironworkers returned in the final months of the job to install steel, circular stairs, and hand rails. The installations involved

welding painted steel. Low-level exposure to lead (<0.019 and 37 ug/m?), in addition to iron (0.108 and 0.535 mg/m°) and
manganese (0.011 and 0.027 mg/m®), was measured during this process.
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Dusts and quartz. In April and May of 1992 atwo-person crew sandblasted |ow exterior concrete walls of the building.
Thiswas done to pit the concrete surfaces to create an appearance similar to the granite sheathing on the exterior panels of
the building. Dennis Groce and Ken Linch of the NIOSH Respiratory Disease Division visited the site during one day of
sampling. OHF and NIOSH conducted air sampling inside and outside the abrasive blasting helmet. We also collected one
personal sample from a plasterer working approximately 20 to 30 feet from the blasting operation. There were anumber of
other dust generating activities that were sampled during the project including drywall sanding, cutting concrete paving
blocks, jackhammering and chipping concrete, and dry sweeping. Personal exposures during these activitieswere collected
and analyzed for total and respirable dust concentrations (table 1). Samples were further analyzed for quartz content.
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Table 1. Dust and Quartz Exposures on IAM Ste

Process Type of exposure Results
inmg/m®
(n=no. of samples)
Cutting/laying/ Respirable concrete dust 0.86-1.07
chipping concrete (n=2)
Cutting/laying/ Tota concrete dust 1.98-4.89
tamping concrete (n=5)
Dry sweeping Tota dust 9.35- 15.00 (n=1)
Dry sweeping Respirable dust 0.89 (n=1)
Sanding drywall Respirable gypsum 1.77-4.20
dust (n=3)
Sanding drywall Tota gypsum dust 25.30-59.74
(n=2)
Sandblasting Respirable quartz outside helmet <0.22- 4.69
(n=4)
Sandblasting Respirable quartz inside helmet <0.05- 0.06
(n=4)
Plastering near sandblasting Respirable quartz 0.21 (n=1)
Cutting/chipping Respirable quartz 0.07-0.34
concrete (n=2)
Grinding terrazzo Respirable quartz 0.08 (n=1)
Cutting/laying/ Total quartz 0.16- 0.62
tamping concrete (n=3)
Sanding drywall Tota quartz 0.23 (n=1)
Grinding terrazzo Tota quartz 0.07 (n=1)

Epoxy resin. A large quantity (several 55 gallon drums) of epoxy resins was used for terrazzo floors. Smaller amounts
were also used in paint systems. Monitoring the terrazzo processis a complex task because multiple two-part systemswere
used and the work occursin successive stages, with chemical exposures varying with each respective stage. The stepswere
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(1) application of atwo-part epoxy resin primer, (2) spreading of the terrazzo mixture (marble chips/dust/epoxy resins), and
(3) grinding and buffing. A minimum of four hours drying timeis required between steps 1 and 2 and about 24 hoursis
allowed to |apse between steps 2 and 3. Consequently, sampling was called off some days because the terrazzo crew was
between applications. The MSDSs for the epoxy resins did not identify the hazardous ingredient by chemical name. The
manufacturer'sinitial resistance to releasing thisinformation hampered our ability to accurately sample exposures. A small
number of samples were collected and analyzed for solvents, epichlorohydrin, and respirable dust. And a bulk sample of
terrazzo dust captured by the vacuum trap of the buffing machine was analyzed. The bulk analysis indicated that the dust
was— by percent weight — 59.2 percent calciumrich, 1.5 percent quartz (1.0 percent < 10 um aerodynamic diameter (AD)
and 0.27 percent was <5 um AD), 35.1 percent dolomite, 1.1 percent calcium-silicates, 0.5 percent feldspar, 0.7 percent
muscovite, and 1.9 percent miscellaneous. Personal sampling results indicated relatively low inhalation exposure to
epichlorohydrin and organic solvents. But because of the reasons described above, these results do not provide ameaningful
characterization of exposures associated with terrazzo work.

Communication of Results

At the completion of the project, results were presented to a workshop at the AFL-CIO National Safety and Hedlth
Conference in September 1992 in Washington, D.C.; a CPWR-GWU sponsored Conference on Construction Safety and
Hedlth a the Machinist's Building on October 15, 1992; and the American Public Health Association Conferencein
Washington, DCinNovember 1992. Additional presentationsare planned for the American Industrial Hygiene Conference
in New Orleansin May 1993.

Results and worker fact sheets generated on the major hazards were distributed to every local union and subcontractor
involved in the project. Copies were also sent to al the relevant international union safety and health representatives, the
National Building and Construction Trades Department, and the local Building and Construction Trades Council. (Copies
of the fact sheetsarein appendix E.)

A review article on Ergonomics and Construction has been submitted for publication to the American Industrial Hygiene
Association Journal. Additional scientific review articles are planned on noise and chemical hazards.

In addition, copies of the videotape showing real-time asphalt fume exposures were given to the United Union of Roofers,
Waterproofers and Allied Workers Health & Safety Office for use as a training resource. Copies of the real-time video
showing welding fume exposures have been sent to the Sheet Metal Workers National Training Fund, the Welding Institute
of Canada, Plumbers Local #519, and the Washington D.C. United Association Apprenticeship Training Facility.
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Discussion

The principal hazards observed were ergonomic hazards, noise, mineral wool, asphalt fumes, welding fumes, solvents,
epoxy resins, and dusts — including silica, concrete, and gypsum dust. The highest exposures were asphalt fumes
among roofers with extremely high exposure to kettle operators; total and respirable quartz exposure to laborers, terrazzo
workers, and plasterers and cement masons; and total gypsum dust exposures anong drywall finishers.

Ergonomic hazardswere prevaent throughout the project. Several observed work processes involved twisting,
awkward postures, heavy lifting and exposure to vibration. Terrazzo workers, tile setters and carpet layers spent long
periods of time working on their knees and are likely to be at elevated risk for kneeinjury.

High noi se exposure was common to all trades. In the early months of the project, there were efforts made to encourage
workers to use hearing protection. Cross-shift hearing examinations of workers conducted by George Washington
University in conjunction with exposure measurements of tested workers demonstrated a positive correlation between
cross-shift hearing threshold shifts and time-weighted sound-level exposure measurements. (Cross-shift examinations
compare results at the beginning and end of a shift.) Results of monitoring were presented to workers at atool box safety
talk (these talks are held on site before work begins). The general contractor also made hearing protection available to his
employees. Despite these efforts, however, attempts to get workers to wear hearing protection were largely unsuccessful.
Lack of product durability, convenience, and comfort limit the use of hearing protection among construction workers.
There are also concerns that hearing protection will impede communication anong workers. This could make working
more difficult and possibly hinder ability to hear warning sounds.

Observations from this project indicate that source control of noise through equipment engineering would be much more
effective than personal protective equipment in preventing hearing loss among construction workers. Until OSHA and
the unions make construction noise a priority, it is unlikely that contractors will spend the extra money to purchase
quieter equipment or retrofit old equipment. The burden then falls on the use of hearing protection and the hearing
protection program. Unfortunately, OSHA'S Hearing Conservation Amendment (1910.95 c) does not apply to
congtruction. Thereisagreat need for better hearing conservation programs on construction sites to prevent hearing loss
among workers. The extension of OSHA's Hearing Conservation Amendment to construction would help greatly to
increase contractor and worker awareness of the problem and increase prevention efforts.

Exposures to respirable (3.5 um diameter =< fibers>= 10 um length) slag or rock wool wererelatively low. A
relatively high percentage of the collected fibers were within the respirable size range. Fibers may be retained on the
electricaly conductive cowls used to sample. The literature reports deposition of as much as 58 percent of fibers on the
interior of the cowl due to these effects. Although most sampling involved the insulating crew, the single highest
measured exposure was received by an electrician pulling cable above the ceiling level. Thiswork occurred
approximately 3 months after the insulation application had been completed and insulation was dry and brittle. In
addition, this task required that work be carried out in very close proximity to the sprayed surface. Skin exposure to
mineral wool was one of the biggest complaints anong workers. These exposures should be quantified on future jobs
using collection media on the skin or clothing.

The exposures to mineral wool are an example of the significance of bystander exposure among construction
workers. Similarly, the highest exposure to respirable quartz generated from sandblasting was received by a
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plasterer working near a sandblasting operation. While the sandblasting crew was equipped with Type CE Bullard
Blasting helmets, the plasterer worked totally unprotected.

Real-time video monitoring of welding fume exposures taken inside the welding hood versus sampling on the collar
illustrated some interesting distinctions. Average exposures on the collar were approximately twice exposuresin the
hood. However, the carbon steel pipe that was being welded, at times, functioned as a chimney, concentrating fumesin
an upward plume. Exposuresin the hood spiked when the welder leaned into the plume. In addition, the welder spent a
considerable amount of time with the hood up when cleaning welds. On these occasions, collar samples may be more
representative of exposure than those taken in the hood. Time analysis of these videos using collar exposures when the
hood was up and hood exposures when the hood was down would yield a more accurate measurement of actual
exposures. A sample holder is now available that attaches to the head band of the welding hood and permits sampling in
the breathing zone of the worker at al times whether the welding hood is up or down. Exposure to welding gases also
needs to be studied.

Asphalt fume exposures to the kettle operator were extremely high. We are planning to analyze real-time videos to
isolate periods of high exposure and use these observations to recommend process controls. Clearly, redesign of the
kettle must be considered due to the high exposures of the kettle operator and the amount of time the operator must spend
near the kettle. Simple work practice controls, such as minimizing time spent near the kettle and leaving the kettle lid
closed whenever possible, are also likely to reduce exposures.

Dustsare amajor form of chemical exposure in construction. Dry sweeping, dry-wall sanding, mortar mixing,
sandblasting, cutting bricks, blocks and wood, blowing insulation, tamping concrete paving stones and buffing terrazzo
floorswere all dust creating activities observed on thisjob. Because of the quartz content of building materials, many of
these dust generating activities also created exposure to total and respirable quartz dust. There seemed to belittle
worker awareness of the hazards of these materials. For instance, one of the sandblasters was not aware that silicawas a
respiratory hazard and was not initially wearing an abrasive blasting helmet. After exposure results were sent to the
union locals and subcontractors with fact sheets about the hazards, the subcontractor who was doing the sandblasting
inquired about what he could do to reduce exposures; the subcontractor is now seriously considering using aternative
abrasives.

Assessment of exposures associated with terrazzo wor k warrants greater focused attention. Such an assessment

should include representative sampling during each sampling stage. Wipe sampling should aso be conducted to
determine skin exposure because of the sengitization properties of epoxy resins.

CPWR: New Construction Health Hazards 9



Conclusions and Procedural Recommendations

Our investigationindicatesthat there areanumber of chemical exposureson construction sitesfor whichfew, if any, controls
are used. Noise and ergonomic hazards are prevalent and universal to all trades. Exposure to hazardous particul ates such as
asphalt fumes, welding fumes, and quartz bearing dust are also widespread. There appearsto be ageneral lack of awareness
on congtruction sites of these hazards. Thisisespecially true because many chemical hazards are "hidden” in dusts, such as
concrete and sand, which are not perceived by many workers and contractors to be hazardous. Thereis a strong need for
engineering and implementation of controls for identified hazards. Thereis also aneed for greater hazard communication
to workers, contractors, and union representatives about construction health hazards.

Our experience on this site underscores the difficulty in tracking the use of chemicals on aworksite. Although multiple
craftswork side by side, there is ittle coordination among the subcontractors for whom they work regarding chemical
use and exposures. A better system for coordinating and controlling chemical use and exposures on the Site is needed. A
checkpoint system that requires contractors to register the chemicals being used, how others may be affected, and how
exposures may be controlled is desirable. Greater consideration of chemical use and potential exposures during the
planning stages of a project is also needed. Bystander exposures, for instance, could be reduced by having areas where
access is restricted to only those using the chemicals who are properly protected.

In addition, more focus is needed on identification of chemical exposures associated with specific tasks. Because
exposures tend to be episodic and transient in construction, knowledge of exposure ranges are needed to anticipate what
exposures might be and plan minimum protective measures (controls or protective equipment) accordingly. An exposure
assessment and control strategy needs to be the focus of amajor research effort in the next few years.

The widespread hearing loss among construction workers warrants an aggressive effort to attack the problem. A greater
effort to improve hearing conservation programsin construction is needed. The OSHA Hearing Conservation
Amendment (1910.95 c) requires noise surveys, annual hearing tests, and worker training in addition to provision of
hearing protection for exposures above 85 dB, well below the OSHA limit of 90

ydB. Currently though it does not apply to the construction industry. In order to properly protect construction workers
from hearing | oss, amovement and/or petition to extend the hearing conservation requirements to construction is
necessary. Increased training of contractors and workers will cultivate greater avareness of the problem. Contractor
awareness of the seriousness of this hazard will promote greater consideration of noise when purchasing new equipment.
Workerswill also be more willing to participate in a hearing protection program.

Control of ergonomic hazards in construction will require better identification of hazardous tasks; quantification of the
hazardsto aid in prioritization of the problems; and work with workers, contractors, and tool manufacturersto devise
solutions and proper implementation. Many solutions have already been devised— for example, new tool designs from
Sweden. Where solutions have been devised, the task is to devise ways to get them onto worksites and into use.
Introduction of new technology can be difficult and has to be done with the active involvement of the affected trades.
Other ergonomic solutions will come from the workers themselves, who are most familiar with the work and who know
what could or should be changed to make the jobs less injurious. Worker training on the recognition of hazards and
discussions on how to change work procedures are essential to this process.

Hazard communication isamajor problem in construction as evidenced by the large number of contractors cited by
OSHA for violations. (It isthe most common citation in the construction industry currently.) Tool box talks may not be
an effective means of teaching the nature of chemical hazards on the job and how to control them. Many joint labor-
management hazard communication training programs have found that at least four hours of quality training are needed
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for workers to comprehend the general concepts associated with MSDSs. In addition, regular site-specific training is
necessary to supplement general principles.

Job site safety and health committees would greatly facilitate efforts to reduce hazards. To insure greater participation
among all subcontractors on a site, meetings would probably need to be integrated into regular project planning
meetings. Involvement of workers and line management is an essential component of an effective safety and health
committee. On a construction site, this would require participation of the general site superintendent, foreman, and
stewards or worker representatives from each craft.

CPWR: New Construction Health Hazards
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Recommendationsfor Future Research

Toour knowledge, few projectshave been [ooked at from start tofinish. Becausethetypeof constructionwork anditssetting
affect the hazardsto workers, other projects— in addition to the new construction site investigated for this study — should
be followed from start to finish. A second new construction site investigation is planned, beginning in 1993.

Renovation of commercial and industrial facilities needs to be studied. New construction has moved toward use of safer
materials— for instance, asbestos and lead are no longer used. Y et these materials exist in millions of older structuresand
areknown to cause health problemsfor renovation and demolition workers. Industrial facilities have the potential to expose
workers to thousands of industrial chemicals and thus merit a substantial research effort to look at potential exposures.

In addition, many settings for construction work pose site-specific hazards. For example, construction workersinvolvedin
renovation of hospitals and laboratories are at risk of exposure to chemical and biological agents.

Ergonomic hazardsin construction need to befurther identified and quantified to allow for prioritization. Interventions need
tobe assessed for their efficacy. Studiesareal so needed to devel op effective strategiestoimplement successful interventions
in the workplace.

Last, control technology is wholly lacking in construction. Studies are needed to develop, implement, and test the
effectivenessof portable control technol ogy. I nformation on the performance of control technologieswill permit contractors
to select appropriate equipment and figure the expense into the cost of a project. Owners and architects can specify the use
of such equipment. This approach isfar more manageable and effective in the construction environment where completion
of the job many precede characterization of exposures and subsequent recommendations for controls.
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Appendix A. Noise Presentation to |AM Conference
Construction Noise Talk for IAM Conference - 10/15/92

Presented by:
Scott Schneider, CIH
Senior Industrial Hygienist
Occupational Health Foundation

Noiseis an accepted part of construction work. And hearing |oss has become an accepted consequence among
construction workers. It has not gotten the kind of attention it deserves because people don't die from hearing loss. But it
Isaserious problem that we need to fix.

Historical Studies

Thisisnot anew problem. Back in 1882 an American researcher named Holt did the first reported study on
deafness anong Boilermakers. He studied 40 men in Portland, Maine and, using the sound of his watch asameasure,
found that only 10 of them could hear it at a distance of 1/2 to 3 feet, and those who could hear it were the men who had
been working for the least number of years. Dr. Thomas Barr repeated and extended thiswork in 1886 in Glasgow,
Scotland. He looked at 100 Boilermakers and found only 11 could hear hiswatch at about 1/2 to 3 feet away. He
estimated that Boilermakers as a group only had about 9 percent of normal hearing. He also visited shipyards to
investigate the noise exposures to Boilermakers and recorded some of the sounds on his phonograph cylinder comparing
the levels with the human voice, probably one of the first instances of noise monitoring on the job.

Recent surveyson Hearing L oss

Dr. Welch did another survey on Boilermaker's hearing loss |ast year, although she didn't use her watch, and
found similar results. | assisted with a hearing screening at the Carpenter's Union convention in 1986 which found that 83
percent had a hearing loss of over 25 decibelsin at least one ear. | have no doubt that the problem is the same in many of
the trades. So maybe things haven't changed much in the past 110 years.

Standards and Safety

Hearing lossis, of course, directly related to noise exposure. OSHA alows up to 8 hours of exposureto 90
decibels of noise a day. Louder noise exposures are allowed, but for shorter periods of time. But even these levels of
exposure are harmful. Studies have shown that about 20 percent of workers exposed to 90 decibels for 8 hours a day will
lose some or &l of their hearing. Most health professionals, and the American Conference of Governmental Industrial
Hygienists (ACGIH), recommend that exposures should be reduced to 85 decibels. While this may not seem like abig
drop, decibels are measured on alogarithmic scale, like earthquakes, so small increases make a big difference. A three
decibel increase means a doubling of the amount of sound.

Sour ces of Noisein Construction
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We know what causes noise on construction sites, mostly construction equipment and tools. [Slides of
construction equipment which produces noise] Bt little work has been done to measure exposures of construction
workersto noise. Asfar as| know prior to this project, there have only been two studies of noise exposuresto
construction workers. One, a Swedish study in the 1973, and the other a Canadian study in 1980, which was presented as
aMaster's Thesis project. The Swedish study looked at about 30 different pieces of equipment and the range of sound
levels coming from them. Earth moving equipment such as excavators and scrapers produced very high levels over 100
dB. Pneumatic hammers and drills also produce extremely high sound levels. Truck noise was high, above 90 dB, but
quieter trucks introduced in Sweden at the time produced levels around 70 dB in the cab. Portable construction
equipment, like circular saws and bolt guns produced extremely high levels of noise, but for short periods of time. Many
of them aso produce very high frequency noise which can be particularly damaging.

The Canadian study found levels over 100 dB associated with Skillsaws, wood planers, router saws, punch
machines, air hammers, grinders, pneumatic chipping hammers, power wrenches, and impact air guns. They also
measured time weighted average exposure of several trades and found, for example, that 26 percent of Carpenters had
daily exposures over 87 dB and 30 percent had at least one day over 90 dB during the week they were monitored.
Comparable figures were found for pipefitters, with dlightly lower exposures for Laborers. Electricians were found to
have the lowest exposures, but 29 percent were still over 83 dB and 6 percent over 87 dB.

On the Machinist's site we monitored several noise sources. The exposure levels we measured are shown in the
following chart. This table shows continuous noise exposures or average exposures measured over severa hours.
Exposure levels vary along arange for most equipment which borders on or exceeds the OSHA Permissible exposure
level of 90 dB over an 8 hour day or the 85 dB level where OSHA, in general industry, requires a hearing conservation
program. This next table shows sound levels from other pieces of noisy equipment, some of which are high short term
exposures, like stud welding. Some of the highest levels were measured when work is done inside or in confined areas
where there can be reverberation. Y ou can see from these other figures that noise levels vary asafunction of both time
and distance. For example cranes are very noisy while they are operating but relatively quiet when they areidling. So the
crane operators exposure is a direct function of how much of the time they are using the crane for lifting. Likewise,
exposure to noise from the Grade-all, an earth moving truck, is very high close to the machine, yet within acceptable
range far away fromit, e.g. about 75 feet away. Noise exposures of the trades, as shown in this graph, isadirect function
of the amount of time they use or work near noisy equipment and the noise level produced by that equipment. While
individuals may not have exposures over the OSHA limits every day or when averaged over an 8 hour day, they will
often have individual days over the limits or may exceed the shorter term limits, .g. no more than one hour's exposure
per day over 105 dB. Also since the OSHA limits are not considered safe, workers are probably still over exposed to
noise, even though their exposures may be below the OSHA limits.

| should al'so mention that we had another noise concern we looked at on this site: airforce flyovers. This
building is located next to Andrews Air Force Base and in the flight path of some of the takeoffs. While the noise

exposures from flyovers was high, about 102 dB, the duration of exposure was so short, only about half a minute or less,
that it did not appreciable affect overall exposures for the workers.

Solutions:
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Engineering Controls

How can thisinformation help us to protect construction workers from hearing loss? There are basicaly two
waysto prevent hearing loss. First is by engineering controls and the second is by the use of hearing protection. The
information that we have can be used to identify particularly noisy equipment that can either be retrofitted to be quieter
or when new equipment is purchased, quieter models can be specified. For most construction equipment, manufacturers
produce quieter models which they often market abroad, because of the stricter noise regulations in Western Europe. For
some equipment EPA over the last 20 years has required quieter models and the difference has been obvious. Thus far
they have regulated noise from portable air compressors and medium and heavy on-the-road trucks. Other regulations of
noisy equipment have been put on hold ever since Reagan shut down the EPA Noise Control Office about 10 years ago. |
believe that, in the long run, quieter equipment will have many benefits. For example, quieter jackhammers, which are
available, are also vibration-dampened so they are less likely to present a vibration risk to workers. Also, when building
in cities, there may also be community noise regulations, which may require the use of quieter equipment, especialy if
there iswork going on in the evenings or at night. Noise has also been associated with many other health effects, such as
difficulty sleeping and stress, which may impact on worker health and productivity. Retrofitting presents relatively
straight forward engineering problems, such as enclosing an engine in sound absorbing materials. Thetrick isto provide
incentives to contractors to retrofit their old noisy equipment.

Hearing Protection

The alternative isto provide a hearing protection program for workers. Ten years ago OSHA passed a new
regulation requiring such a program for industrial workers exposed to levels of noise above 85 dB. Thisisalso the
recommended exposure level from the ACGIH and several European countries. For some reason, OSHA did not think to
apply that program requirement in the construction industry. Basically the rule requires employers to survey their plants
for noise levels above this limit and provide free hearing tests and hearing protection for al workers who are
overexposed. Workers must also be properly trained about the hazards of noise and the program to reduce exposures.

On this construction site, workers had hearing protection available, but it is not often the case. Even when it is
available, it is often not used. There are many reasonswhy it isnot used: First, it is difficult and uncomfortable to use.
The ear plugs commonly provided (the soft foam plugs that you squeeze into shape) can get dirty if they are removed and
replaced several timesaday and may increase therisk of ear infections. A more practical aternative are the ear plugson
aplastic band that can be hung around the neck when not in use and where the tension from the band helps keep them in
place. They may not get as dirty and probably fit better. Another option is earmuff hearing protectors, which are used
widely in other countries. They can be fitted onto a hardhat and used when needed and moved up when they are not. This
Is particularly important in construction where much of the noise is intermittent and relieves the worker of the burden of
having to wear hearing protection al day.

Training
Secondly, workers are not given much training on the need for hearing protection and its proper use. Most
hearing protection is not used properly and provides |ess than optimal protection. Without training on the need for

protection, many workers will not want to bother because they don't fully appreciate the risks. Thisis true of many risks
like hearing loss where the loss occurs gradually over time and may not be recognized until it istoo late. Another factor
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isthat hearing protection is generally laxly enforced on construction sites. Unlike other safety rules, like wearing
hardhats, wearing hearing protection is not as much a priority.

In addition, many workers have raised concerns about hearing protection interfering with their ability to hear
warning sounds on the job that are necessary to protect them, e.g. vehicle back-up alarms. Workers also have to
communicate frequently over high noise levels and large distances to get their work done. A very noisy worksite makes
such communication very difficult. Hearing protection can add to that difficulty. For workers with significant hearing
loss, which includes many construction workers, the problem is compounded. For this reason, the emphasis has to be on
the intermittent use of hearing protection only when it is needed.

Another approach isto use the minimum amount of protection necessary. For example, if aworkersis exposed
to 92 dB from the equipment they use, it is not necessary to have an earplug with a noise reduction rating of 21 dB.
However in selecting the proper protection, be aware that the plugs often provide less protection than their ratings, for
several reasons, but especially because of improper use. In general workerswill resist the use of hearing protection
unlessthey feel the contractor is meeting them half way, by trying to reduce exposures as much as possible using
engineering controls thereby making protective equipment unnecessary.

Recommendationsfor an Action Program

So where does that leave us now? | believe that contractors should have a hearing conservation program for
their workers, despite the lack of an OSHA requirement at the present time. This program would:

1) |dentify common noise sources and measure their exposure levels.
2) Reduce worker exposures by either time or distance from the source.
3) Anyone working in close proximity of or using a piece of noisy equipment should be given annual hearing

exams and hearing protection and trained on its proper use and its use should be enforced just like hardhats but
use should be keyed to noise exposure and only required when using the equipment or in the area.

4) Contractors should have a"Buy Quiet" program to require quieter equipment whenever it is purchased and
consider retrofitting particularly noisy equipment.

5) Unions should push OSHA to apply the hearing conservation requirement in construction to provide alevel
playing field for al contractors and protection for al construction workers.

Unless we begin this process and work hard to attack this problem, construction workerswill continue to lose

their hearing at phenomenal rates and we will be in the same position 110 years from now as we have been for the past
110 years.

16 CPWR: New Construction Health Hazards
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MEASURED SOUND LEVELS OF

CONSTRUCTION NOISE SOURCES/TASKS

CPWR: New Construction Healih Horerds

SOUND LEVEL
(dBA)

MOTOR WHEEL BARROW 85.7
CONCRETE VIBRATOR 9094
HAMMER DRILL/HAMMER 90.4 |
ELEVATOR SHAFT DRILI 95 g
STUD WELDERS 101
JACK HAMMER-IN HOLE 102-104
CHIPPING HAMMER-IN 103-113

JACK HHAMMER-STEPS

108-1

11
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Appendix B. Ergonomic Task Analyses of Construction Work
ERGOHOMIC JOB TASK AHALYSIS

DATE: July 29, 1991

POSITION: *Iron Worker®

COHPANY: James C. Davis Construction Site
ANALYSTS: Dennis L. Hart, PhD

Jenice Link, OTR
Acnessment Centers Technology
163 ¥Weatr Droesd JSireeit

Suite 300
Falles Church, Ya L2046

GEHERAL . DESCRIETIONS - Ouer. the-month of: July and August, 1991 we
had the opportunity to vislt the construction esite for the IAN
Building off of Route 4, east of Route 95 vhere the James C. Davie
Constructiun Company 18 constructing the IANM Building. On July 135
and 1&th, we had the opportunity to observe the iron wvorkero
perfuiming many of the taske necessary for the conotruction of that
building. On occamlon, Mr. Scott Schneider. CIH af Occupational
Heaslth Foundation accompanied um. ¥e had the opportunity to
interviev several of the individuanle on the "rajiaing crev® and the
~aecking crev® and video tape some of the cperations.

In general, Iron Workers are responeible for the erection of the
gteel etructures for the initiasl eonetruction of buildingw. The
Iron Workere for this site wvere divided into four different job
categories vith a vorking crev for each of those caleyuilvs. Those
ereve wvere ag follove: the raising crev, the bolters, the decking

crev and the velders.

In general, the raiming srev vao responsible for erecting the main
gteel supports vhich vere bolted firmly in place by the bolters, on
which the decking frev placed the stesl structure over vhich cesent
will be poured for the floors of the building. The velders vere
responeible far wvelding varicus Juints for more stability of the
gtructure. A= can be expected, #ince these vorkers are working on
@ structure that is not compleiw and i& suspended above the ground,
most taske have o certain amount of safety and ergonomic iesues.
For this analyoie, 4t wes difficult to cobtain wepeciiic forces
through the analyses, secondary to difficulty in asctually vorking
with the Iron Workers doing their various types of jobs because of

safety concerne for the ergonomiste.

The jobes wvere described as full-time work, with the recognized
limitation that the employees wvould be hired to complete a tesk.
Therefecre, at the end of that task, their job would be dissclved.
Furiliwr, Bince this ie & poeition expoeed to the outside elewmente
and to the difficulties in delivery of varioum mtonk, i.e. steel
deliveries, there would be daye vhen the vorkere vould be available
for work, but +they would not be working escondary to the
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difficultices wilhh Lhe weather wi delivery of materlials. on the
other hand, if the stock was avallable and there was a deadline to
mrwl, they may work st an asccelerated pace and overtise to meet the
deadline. The work schedule observed wae one having a 15 minute
break in the morning, 8 15 minute break in the afterncon, with 30

minutes for lunch.
SEPECIFIC TASKES EXAHINED:

1. Raising Crew,

2. Holters.
< Decking Crew.
4. Helders.

TASK HUMBER OHE: Raiming Crew.
ENVIRONHERT: . - Outsdde and. exposed. to. the-veather.

WORK POSTURES: The raising crew wvas a five man crew. There vere
two groundeman, twn connectors, and nne forsman. The tazszke wvere
distinctly different between the three various personnel.

The Groundesman vere responeible for walking around the iron (on the
groundl that hed been delivered,  marking the iren for proper
nssembly, piece by piece, in the erection of the steel structure as
well asg marking the middle of the piece cf iron to balance thw
piece of iron the mingle wire cable connector for the crane. The
Croundomarn walled on uneven ground, over sLtones, luuse yravel,
loose dirt, iron, steel cables, and other constiruction items. They
would bend to ground level to lift learge pivces of vood as vell as
other items and climb over the stacked iron. If a plece of
material needed Lo Le woved, Lhey would either move 1The material
manually, i.e. piece of wvood or wire cable, or have the crane move
the materlial, l.w. pifce ol 1ron.

Thw' Connectors climbed the various pileces of iron as they were
being erected to make the initial connectione.with boltm to loosely
agsemble the piecesm ol iron. These individuels vore a work belt in
which they had several toole including the spud vrench which wvas
used to ineert into the connecting holes between tvo pleces of iron
for o temporary hold wvhile they placed a nut and bolt imn another
pair of holee to pecure the tvwo pilecee of iron. They aleoc had m
connecting bar wvhich i1 a emall crov bar used to move various
pieces of iron to gain proper alignment betwveen the pieces of
steel.

These individuals would walk on uneven ground, over varioue pleces
of congetruction material to the area to be constructed. They would
reach up over head to maneuver the iren that vas supported by the
crane to the location where the iron ise to be bolted. Once the
iron i@ in place, the connectors would place a temporary holt for
initial stability requiring body movemente of reaching to ground
level when standing for the first initiamal wvertioml! piece of diran.
More often, they would be climbing either the vertical piece of



iron or walking acroes a horizental piece of iron that was
supported by the crane and ersct a @ecure piece of iron. When
vorking vith horizontml heams in contact wilh vertical beams, the
connectors would bend belovw foot level while sitting on the beam to
inoert the bolte. Periodically the vunnectors vould need to work
in awkward poEitione to reech under various beams to secure bolte
or foree the variouo beams apart to make the proper connections.
Obstructed viev constructiocn was not uncommon. They would shinny
up the vertissl steel, and ovnce in place at the top of a vertical
ateel, would reach the steel vhich was over head and supported by
the ocrane to push, pull or 1liit the steel to poaition in plece to

receive the bolte.

The Foreman wvas responsible for coordinating the work »nf +the
groundsman snd the connectors. Therefore, thies individual would
need to walk on uneven ground, as vell as spend some time on the
steel structures, climbing ladders, walking on beams, reaching
below foot level to inspect various connectiona, ste. Time wvas
spent walking around the congtruction easite with the proper
blueprints for appropriete analyeis and supervimion of the ercction
pProcess.

BUDY MOVEMENTS: The typical body movements were slightly different
between the three different Iron Workers on the raising crew.
Howvever, it should be emphasized that at any one particular time,
each of these individuale would be renquired to perform almust the
exact same type of body movements.

The Groundaman would need the asbility to =quat or bend to ground
level, reach eround the =tesl to mark the atesl, ¥ElK On UnEVEen
ground, climb over varicus pieces of steel and produce forces in
avkwvard poEitione to move steel, pilieces af wood angd other pieces of
conetruction materinl on the ground.

The Connectore vould need to be able to reach to ground level as
well ne belov ground level in s stending position, sitting position
or sgquatting position. They would need to be able to shinny up a
vertical piescs of steoel, clinb uvver cbjecte on the ground or on the
gteel, walk and balance on a horizontal plece of steel, as well as
reach in avkvard postures various objecte in the construction area.
Good menipulation of medium sized objectm with both hande in good
visual eite and in obslructive vieve as well.

The Foreman would need to pertorm similar movements as the other
crev members, but not as eften. Finer manipulation of paper wark
wvan needed.

The body movemenis observed would be considered the ends of the
*normal® ranges of motion for the average adult. The movements
are: cervical epine iorvard bending te 60 degrees, extension to &0
degrees, rotation to 80 degrees bilaterally, shouldsr flexion to
170 degrees, ehoulder internal rotetion 70 degrees, external
rotation 90 degrees, elbov flexion 0O +to 150 degrees, full
pronation/supination of 80 degrees each, wriet extension 60



degreea, flexion 60 degreea, radial deviation 20 degreea. ulnar
deviation 30 degreem, with complete full hend graap. Forvard
bending of trunk would be to 120 degreee from the vartical, with
ability to eside bend 23 degrees bilaterally, with rotation 30
degrees bilateramlly. Hip flexion to 120 degresss, abduction 40
degrees, knee flexion 150 degrees, ankle dorsiflexion 20 degrees
and plantar flexion 40 degrees with 30 degrees of inverodon and
evergion of 20 degreees. Various @ingular movements may be leses,
but the total range of patinn would neood to be poosesssecd through
joint substitution toc accomplish the tas=k.

FORCES: It vam not possible to make measurements of the various
forcer required to perform the job of the mesbers of Lhe reaiming
crev. Hovever; it appeared os if the typical pushing/pulling and
11fting forcee reguired were within the low Calegory (less than SO
lps) for most of the jobs that vere performed. Hovever, it should
be smphamized that the pushing/pulling and lifting Iorces could
exceed” the  forces capable of' & nmormal male adult at any time.
Epeoifically, when moving Lhe slvwl supported by the crane, thers
vag minimal force to move a balenced piece of steel. Once the
beams of steel wwre 1o Pllﬂl, m Sertain amount of limited force vas
required to place the beas in poglition. However, if there vere any
problems in pusitioning thooe beamE, the forces could exceed normal
requiremente for an average male adult. The use of the connecting
bare and spud ¥renches to sansuver the steel and nutes and bolte vae
typically smooth and required limited forces. However, one opud
wrénch became stuck betveen tvo pleces of mteel regquiring the uae
of a eledge hammer (vhile sitting on a horizontal beam of steel?
and multiple avkvard pushes/pulls and lifts. .+ They would
periocdically need to lift emall pieces of steel {estimated to be 30
lbse}) without the aid of a crane to position them. The lifting
forces wvere not able to be measured. It ghould be expected Lhat
the reiser occasionally would need to exert maximal lifting forces
on the job.

REFETITION/TASE CYCLING: It vaE not popsible to bBrealk the ftypieal
Jobe of the raiser into conmistently cycled tasks. The tasks that
vere observed wvere generically similar, but thes taske pericormed
vere dictated by the supplies on hand, the foreman, the groundsman
ond the abllity of the varioue ralssrs. Therefore, there vere fow
gpecific taszks that vere cycled on a conesistent basie for the
possibility of ergonomic analymsim. From this analyoie thaugh, it
should be emphamized that there wase enough time betveen various
tagks for the individual raisere te change body posture, use ollwg
musculature and therefore, the task ghould not be considered
repetitive in the lLlight of ergonomic analysess

FAUTPHEHNT = Stoel, vaist tool bolt, spud wrenches, connesSting Dars,
bolts and nuts, & wire rope.



TASE HUHBER TWO: Bolteras.
ENVIROMNHREMT: The same.

WORK POSTHRES: The hnlter would wvalk on uneven ground, olisb
ladders, walk acroms the erected steel structures, sit on a
horizontal boam, tie himself to the beam with o oafety stirap and
reach under the top of the beam to place the bolts in the resaining
heles for the steel otructure. Theae bolts would be pleced in
firmly vith hie epud vrench, and another bolter or the same bolter
would use a pneumatic or hydraulic wirench Lo Lighten Lhe boltio
firmly. Therefore, this individusl spent the majority of hie vork
day sreaching below veluel level in & Bitting pOELItION poeriorming his

bolting tasks.

BODY POSTURES: This 4individual would need to be able to climb
ledders, walk on level and uneven ground and steel mtructures, sit
and reaclr forward- typtowlly" dowm Therefore, the Iolloving
movements vere required: cervical forward bending of 60 degrees,
rotation 20 degrees bilaterally, shoulder flexion of 120 degrees,
shoulder abduction of 4% degrees, internal rotation of 70 degrees,
slbov flexion of O to 140 degrees, supination/pronation of 80
degrees each way, and good movement of hands and wrists to
manipulate bolts and vrenches in good view and obetructed viev.

FORCES: Typical forces vere not recorded, but vould be related to
the sbility to secure the nut vith his spud or pneumatic/hydraulic

wrench.

REPETITIDON/TASK CYCLING: The bolter would typieslly spend
approximately tvo minutes or leseé vorking with an individusl bolt.
After this time., they would =it upright, reach ancther bBolt in
their vaist belt and reach forvard teo insert another bolt inte the
gteel. The amount of time apent ®itting in one posture eecuring
the joints betlween two steel structures was variable. However, the
pARitian af sitting and bending fervard ims o ototle taali.

EQUEPHENT : Mute, beltea, wvoiet  tool  beli; ' epud” wrenches and
pneumatic/hydraulie wrenches.



TASK HUHBER THREE: Decking crev.
EHYIROHHENKT: The =same.

WORE POSTURES: The decking crevw ie responsible for placing the
corrugated steel over the firely bolted iron structures. The crev
would move one piece of corrugeted steel and lie it on the eteel
structurese, move the next piece of corrugated steel to interlock
with the firet piece until the entire erea was covered. They would
then cut and fit the corrugated steel pieces, eo they would fit
around wvarious structures in the building. Once the corrugated
steel pieces vere fitted on the steel structures, the decking crewv
would burn a hole in the various structures and weld the corrugated
gteel Btructures to the irom beans. Therefore, the decking crewv
wonuld he reguired to pull or drag the steel to ite place wvhile
wvalking acrosee horizontal beams, and place the corrugated
structures in proper laocation.

BODY HOVEHENTS: The decking crew members would need to be able to
=limb the ladders to the location where decking vas required, then
moave the oorrugated stesl into place, eand epend time hending to
floor level performing the burning and welding, so the corrugated
ste=] mtrucsturco wvould fit. Thim would reqguire range af motion of
cervical forward bending of &0 degreese, rotation 20 degrees
Lilatermlly, =shoulder flexion O te 120 degrees, elbow flexion O to
120 degrees, wrist supinatien/pronation 80 degrees, vrist extenslon
&0 degrees, flexlun 30 degrees, radisl deviation 20 degreco, ulnar
devistion 30 degrees, and good hand graep and ability to manipulate
medium sized objects. Trunk ZLlexion of 12C degrees f£rom the
vertical, hip flexion 120 degrees, knee flexion 130 degrees and
plentar flexion 40 flexion, dorsiflexion 20 Jdeyiees, ioversion 20
degrees, eversion 20 degrees were alsoc required.

FORCES: The weight of the cerrugeted steel structures was not
measured, but estimated to approach 100 to 130 1lbe of liftfpull.
The corrugated steel comee in various lengths and ie cut to various
lengths, therefore; the weighte would be wvarlable. COnce 4in
position, there wvould be fporces inm avkvard ‘positions needed to
poeition the steel into place, which ¥vaE not measured. The Bteel
wvould get stuck in one position requiring high forces to move the
cteel as well. More than one worker was available typically te
aggiet in the movement.

REPETITION/TASK CYCLING: The decking crew would spend a certain
amount of time moving the corrugated steel into position, burning
the pieces to make them fit and then welding. The laying down of
the steel reguired repetitive movements of walking to the bundles
nf mteel, dragging or lifting the corrugated steel to the proper
location, and placing them in location and then returning te the
bundle tma 11ft annther piece of the steel. Once in place, the
burning of the various pieces to make them fit would be excesdingly
variable depending upan the types of structures about which the
steel wae being placed. When the decking crew performed the
welding, they weould typically stand in & mtatic posture of straight



kneee and trunk forvard bent to 120 degressa to perform Lhelir
velding at floor level or alightly below floor level. Therefore,
there vas variable task cycling far lying dovn of the sleel, and
burning the wvarious portions of the steel to make the stesl
structures fit, but the welding weas perforsed in slamtic postures.
The quantity of time in any of these postures was dependent upGn
multiple factore and was variasble.

EQUIPHENT: Corrugsted steel, welding equipment and acetylens tarch
equipment.



TASE HUHBER FOUR: Welding.
ENYIRONHENT: The =same.

WORK POSETURES: The welder. responeible for weldinpg the wvarious
large steel structures, would vwalk on uneven ground, climb ladders,
wilk an the stesel heans, move [(sarry, drag, 14ft) +their welding
equipment, i.e. the long hoeee and corde for their welding
aquipmant to the location, and weld. They would pericgdically use
B gmall platform on vhich they would be suspended below the level
of the Jeint needing to be wvelded. If they woed the omoll
platform, the welding would be performed betveen mid thigh and
choulder leveoclo. Howvever;,; the velders were seen standing on beams
without thie platforme; resching with avkvard postures to reach the
cpposite silde of the beam while standing on the platfcorm o
Etanding on the individual beam. Therefore, the work postures vere
Exceedlngly varlable. However, once in the puglLiun for Lhe weld,
they would hold a static posture to perform_ the actuasl weld until
the weld was complete which would be variable in time,

BODY MNOVEAENTS: Therefore, the body movementse were typical ot the
groundeman but required more Ifrequent avkvard postures such ags the
connectore. 1_:J.:er||::1ng over and around the wvarious Fi.:ﬂl o Eteasl

reguired multiple large joint rangee of motion.

FORCES: Forces were not able to be measured, and were eeen ae
varisble from limited Iorces such as helding the weight of the
wvelding equipment to needing to pull various steel structures, as
well as assisting the crane in the placement of their velding
seupplies which may be on B pallet onto the eteel structures. Wi
did not observe any forceful movements being performed by any of
the welders, but did observe the velder standing on & atesl beam
moving &8 wire cable that required balance and some force.

REFPETITIONS/TASK CYCLING: It wae typical to Eee the wvelder hold &
etatic posture to perform their welde for eignificant periode of
time, 1.e., greater than tvo minutes and up to ten. The common
poetures vere stending forverd bending up ta 30 degrees from the
vertical, or eitting leaning forvard up to 230 degrees. The static
fAarcer weBre typically in norms]l etanding png+uvnn twkhtlie =7 1TkRe
emall platform} but could also be in avkward positions (oo the
platfarm ar natd, These variable postures were repeated for the
"entire shift, and interspersed with movement wvhen the need to move
B @trucsture en whish the velder vac wvorking wao roguired, matcrial
needed to be replenished;, etoc. The amount of time required to move
their otooh ocould be ocubotantiaoal, i.o0 30 minutes or mare, ar be
relatively quick, i.e, less than tvo minutes.

EQUIFHENT: W¥Welding egquipment, various platforms, and pallets.



DATE:
BEFOSTTTOAX =
COHPANY =

AHALYETE

BODY FOSTURES:

CRITICAL JOB DEMAHDS
July 29, 1991
*Tromn Worker®
Jamez C. Davie Construvetion Sitoe

Dennda L. Hart, PRD

Janice Link, OTR

Assessment Centers Technology
103 West Broed Street

Sulbe 300D

Falle Church, VA 22046

Standing, walking tlevel and uneven groundd,
climbing, reaching, bDending, stooping, Sitting,
cETTYING; T liftieoy postrtng; pulling, and

tingeringsieeling

RECOMNHEHDED EODY HOVEHENTS (CRITERIAD:

Cervical Spine: D-&0 degrees of flexion,

Shoulder:

Elbow:

Wrigts:

Hend:

Trumnbe =

Hips

Enes s

Ankle:

O-&0 degrees o0f extenaion,

0-80 degrees of rotetion bileterally,
0-170 degrees of flexion,

0-70 degreee of internal rotation,
0-30 degreee of external rotmtion
0-150 degrees of flexion

0-80 degreee of pronation and suplnation
0-60 degreee of flexion

0-60 degreee of exteneion,

0-20 degrees of radial deviation,
O=-AN degrees of wvlnar deviation

Full grasp

0-120 degreses of forwerd bending from
the verticel,

0=-25 degrese 'of pide bernddng:

0-30 degreese of rotation

0-120 degrees.

0-40 degrees of abduction

0 150 degrees

0-20 degrees dorsiflexion,

C-40 degrees plentesr flexion,

0-30 degrees inversion

O=20 everslon

Substitutlones may be used as well, B0 the tasks need to be
functionally teeted to determine 1f the substitutione ere sefe if
B EpEElIlE range ol motion criterion 16 not met.



ESESENTIAL FUHCTIOHS:

1.

RAISIHE CREW:

Walhing, ctanding, ®itting and =limbing with exeellent balance

Standing for entire shift {(and poseibly overtime)

¥Welking on level end wuncven ground, hordizontal girders ond
over loose objecte

Climbling ladders and vertical girders

Reaching overhead and below foot level

Sitting wvn horlzonlal girders

Lifting and carrying small to large construction items

Pushingspulling eteel structures and tools

Manipulation of medium eized objects and hand toocle with
ohEtructed vieve

BOLTERS:

Waelking, standing, sitting and climbing with excellent balance

Sitting on steel girdere for majority of shift (and
possibly overtime)

Walking on level end uneven ground, horizontal girders and
over loose objecta

Climbing ladders

Reaching overhead and below foot level

Lifting end carrving small to large construction items

Pughing/pulling mteel structures and tools

Hanipulation of medium sized objecte and hand tools on &
repetitive baeis vith obstructed viewe ’

Uge of pneumatic tools

DECKTHG CREW:

Walking, standing, mitting and slimhing with exeellent balancee
Standing for entire eBhift {and possibly overtime) typically
in forvard bent postures reaching to QTHHHH Ieval
Walking on level and uneven ground, horizontal girdere and

aver looss objocoito
Climbing laddere
Reaching overhead and belev foot level
Lifting and carrying small to large construction items
Pushlngspulllinyg stesl structures and tools
Use of welding equipment and acetylene torchees

WELDERS:

Walking, Btanding, sitting and climbing with excellent balance

Stapding for entire shift (and poeEsibly overtime! itypically
in forvard bent or avkvward static postures for extended
timee

Walking on level and uneven ground, horizontal girdere and
over loose objecte

Climbing ladders and over girders

Reaching overhead and below foot level



Lifting and carrying emall to large conetruction itess
Pushing/pulling steel Btructures and tools
Use of welding eguipmént and acetylene torchee

FORCES: VYariamble from limited to maximum for typical adult male in
lLifting, oarrying, pushing/pulling.

EQUIPHENT:: Laddera, hand swrenches, hammers (emall and miesdged,
velding tools, large nute/bolte, tool belts, wire cable, pallets,
pneumatic/hydiaulic wrencheas, and variable construction iteme

FEOBLENS AND COMCERMHS:
SAFETY COMCERMNS:

Falling/5lipg L FRllE: The obvious wmeafety concern is the
balance reguired by the workere vhen walking, climbing. and working
on the steel brams, either by the-Groumdsmen low bo Lhe growsd or
the Connectors, Bolters, Decking Crev or Welders. Fregquently, the
vorkere vould not only be valking on the béame, but they would be
pushing/pulling cobjecte with varying degrees of "stiffness™ or
"elagticity® imn various directions while on the beams. With any
loose gravel/dirt on thelir boote or the steel, vind gusts, spring
in the cable they may be manlpulating, etc. Elips would be EXpected
to be not uncommon. We observed only one Bolter loee hie balance
but not fmll. When walking on the corrugated eteel which may or
may not be secured (velded)}, the riek of falling vae present. One
velder was observed attempting to manipulate esteel cable wvhile
atanding an & beam three stories high vith no safety net under him.
The steel cable has & some “glasticity” and could twist and spring
in a direstisan that could make the welder lase their bhalance and
fall cff the beam, Recommendation: Use safety nets below the work
nreas and use pafety heltm wvhere ever posEible. Explere the
possibility of uveing nonslip clothing for Connectors climbing beams
ithigh friotion pads on pantm arnund the medial sides of 1heir
pantsl.

Being Struck By Stock: Steel is delivered by a crane to
Lthe proper locetlion for creotion. Some times more than one plece
of steel ie suspended by & single wire cable Ifrom the crane, =o
time can be used effectively during the buillding. When the pleaceas
of steel are suspended by cable, either one or more at a tiee, the
potential for Lthe slesl to aving arcund and insdvertently sirike a
vorker existe. The probability of inadvertent strikee increases
when there are more Lhan oo plece of atesl on the asable.
Recosmendation: Continuously use standard comsunication technigques
betwveen the LConnectore and the crane operabtor. Use electironioc
communication vhen ever possible. Instruct the vorkere about the
gafety issue of vorking undeér moving stewl overhead. It should be
pointed out that there appeared to be excellent communication
between the Connectore and crane operators on the site,

Crugh Injuries: There is a potential Ior hand, Ifout,
etc. crushes when the Connectors move the steel beam=s intc positlion



for ascuring. If there ie &8 alip of the material or clothing being

caught, %the probablility of & crush injury 1ncreasea. Crueh
injuries exist for Bolterse using wrenches, Welders moving stock,
Groundsmen moving etock, Ceckers moving steel, etc,

Recommendation: Use protective clothing ineluding proper boots and
gloves and #liminate loose clothing that might get caught on pleces
of steel. Educate workers sbout the danger of improper clothing.

¥alking on Uneven Ground: The potential for ankle and
foot Ainjuries ie increased when walking on uneven aground.
particularly when the surface is covered with loome gravel,
rometruntion equipment and supplies, ete. ¥elking on the
corrugated steel i an uneven surface over which the workers
pullspush or carry sgquipment, =ateel, eto. eommonly in avkward
postures. Recommendation: Wear proper boots. Educate workere in
the dongers of walking en uneven ground.

Uee of Acetylens Tgrﬂhcn;..T?pinul cafety Ldooues for
working around flammable geses need standard safety procedures.
Recommendaticon: Follow OCIA standarde.

Use woi Dpe Wire Cable to Support Stesl Deams with the
Crane: One wire cable was used to balance the steel beams vwhen
moving the Lbeams. Rrcommendation: Use a splil, Lwo cable sry=len
to ettech the beam to the crane.

ERGONOHIC COMCERHS:

Avkward Poetures: All workers observed used avkward
posturee from time to time, depending on the Jjob periormed. These
awvkward postures increase the probability of injury. Primary
COnCEerne were for the . lumbar epine and upper extremliy.
Recommendation: Workere should be instructed in the hazarde of
using avkward postureg and the need to be flexible (Jjoint range of
motion}! and phyeically etrong [(muscular strength), so the use of
these poetures, many of which are Ainevitable and cannot be
ergonomically designed ocut of the job, 1 easier for the workere to
perform. Froblems may arise following an injury when the worker
under rehabilitation will need *to be able to produce +these
postures, 1.e. joint range of motione, and perform work in those
postures. Rehabilitation professionals should use these critical
job demands to plan their rehabilitetion efforte and return to work
decigione. Educational propgrams should be used to inform workers
af the more favorable postures in wvhich to work.
Hanagement frupervisnre should he esncouraged +ta have emplovees
compliance with the postures, i.e. sqguatting instead of flexing the.
trunk while the knees are straight.

Forces 4in Avkward Poztures: While 41in +*he avkwvard
poetures, the workere must on occasion produce large forcees. A
good cuxample woao leooning forvard while sitting en a beam and then
lifting an end of a beam requiring high lifting forces. Theme
forces and posture combinaticons have been related to inereased
injuries. Recommendation: Workeres need to be instructed in the



difficulties of producing high forces in avkvwerd postures as well
as the need to remain in svesllent phyrical condition, Tf there im
a poesibility of reducing the awvkwardnees of these postures, the
worker should attempt ts reduce the forces and avkwvardness of the
postures. Hanagement should be aware of the eavinga of taking
extra +1ime te perform work 4in oofe pootures and enoourago

compliance.

Static FPostures: Static postures are particularly
troublesome for the musculoskeletal system and have been telated to
increased injuries. The Bolter esitting and leaning over the beam
repetitively dally increasegs the risk of low back injuries. The
Welder uming etending or avkward poetures have increassed risk of
injuriesm to the upper extremities and trunk. DeckKing crew memberes
mpot welding or burning holes in the corrugated msteel have
inereased rigk of lower back tirauma. Recommendation: Workere
should be instructed in the use of alternative postures in vhich to
perform their work. They should be inetructed in the need for
changing posture on a regular basis. Crev leaders should echedule
work eround the need to change postures. Supervieore ehould be
encouraged to have thelr workere comply with the instructions.
Design & long handled tool for the spot welding that would reduce
{in some caseg eliminete!) the need to bend at the walst to perform
the welding of the deck. Exemine the possibility of redesigning
the welder's pletform to reduce the typicel forvard bent posture
theight adjustment) and to increase the size of the platform to
ellow better body mechanice while vwelding. Examine the possibility
of designing & platfors for the bolter thet would reduce the trunk
Fforvard hending while bolting. o

Repetitive Hovemante in Boaltingt: The Rolter usmed their
handa repetitively to perform limited teske with their upper
cxtremities. Theee astivities regquired nonpowver wrenches and power
pneumatic tools. Recommendation: Use good work/rest cycling while
bolting. Explere the poooilbility of uocing morec ergonomically sound
tools to perform the bolting. Encourage supervisore to improve
conpliance with work/rest cycling. ' '

Uge ol Foewunatic Hand Tools: The Dolter using pneumatic
pover tools has increased risk of upper extremity cumulative trauma
te the wristm; elbovey and shoulders. Recuommendasllons: Use
acceleration absorbing gloves when ever possible, Instruct the
YOTKerE in the proper uge o0 toole, WOrk/sresgt cycling. Examine the
handle grip eize and engle of the toole to improve the wrist
poEition 1E NECESEATY. ENCOUursge EUpPrvisors 1O improve compliance
with the instructions.

Lifting: The anly regular lifting we observed was the
need of the Bolter to lift and carry a bucket of bolts. We did not
weigh the bucket. However, if a Bolter had a back problem with a
restriction in lifting, the Recommendation could be made to use
gmaller buckete of bolte for the Bolter to ume when welking from
the steel and the bolt bucket.



EDUCATIONAL COWCERHNS:
Educational Seminara!
Low Back School Programe
Upper Extremity Cumulative Trauma Programs

Safety Issues:
Elipm L Falls

Use of Torches
Phyainal Conditioning

Eafety Supervieors Enforcing Safety
Regulations



OBSERVATIONS ON ERGONOMIC HAZARDS AT THE IAM WORKSITE 7/15/91
by Scott Schneider, CIH Occupational Health Foundation

On Monday July 15,1991, I accompanied Dennis Hart and Janice
Link, ergonomists from Assessment Centers Technology, to the IAM
jobsite to look at ergonomic hazards on the site. Theilr primary
faorus i85 the Tronworkers, hut T alsn ohserved the Concrete workers

and Masons.
Ironworkers

The ironworkers were divided into four crews for steel
agrection : Raisers, Bolters, Decking and Welding. Raisers had an
ergonomically difficult task. They had to balance themselves on
the steel or gshimmy up to the end of a boam to belt it to the naxt
piece.: To do-50- Chey had: to reach owt toc grap- the beam, without
getting off balanca. Then they muet position the other beam if it
is not properly aligned. The beam is secured, often initially with
the end of their wrench, and the a bolt iz inserted. This regquires
reaching below foot level and applying torgque to the wrench in that
avwkward angle. They must reach up and unhoek the becam freoem the
Crane. They sometimes must carry short pieces of iron, which
according to them, weigh about 150 pounda. Deolters have a aimilar
ergonomic problem. Their job requires them to bolt under foot
level, but since they are inserting and tightening several bolts,
they sit in one place to do it and are closer to the work level.
They initially fnsert the bolls and later tighten them with a power
wrench. So their job should be somewhat easier than the raisers.

Decklng regquires the bundles of decking to be holsted into
place and the wire arocund them to be cut. The bundles are unhooked
from the crane and individual pieces are placed Over the beams one
at a time, overlapping each other. Pieces are carried by two
people, because of their length and weight (approximately 150
lbs. 7). Decking crews must do a lot of bending, lifting and
carrying. Welding 15 done of joints 1n the beams and to weld the
decking to the beams. Welding. of the_ beams. is done.on.a platform .
hanging from the beam, 50 it is dope about shoulder height. Welding
af the decking, however is done at floor level, which 1s harder to
do ergonomically.

Concrete Work

A concrete floor was poured on the ground floor this day. It
involved about B separate tasks: 1) Filling the area with gravel,
2) Putting wire mesh on the gravel, 3} Pouring the concrete, 4)
Spreading out the concrete with a "come along", 5) Smoothing the
surface and £illing in the area with a "straight edge", 6&)
smoothing the surface with a long handled rake, 7] Trowelling the
edges and hard to reach areas by hand, B8) Use of a trowelling
machine to-finish the surface after it has partially dried.

Filling in the area with gravel reguires a lot of manual
affart tn spread the gravel evenly using shovels and rakes. Some
effort is also reqguired to release the gravel from the concrete
buckets used to transport it to the work area. [Sometimes full



body weight is used to release the lever). The wire mesh is
transported by hand from a pile near the work, usually 2 at a time
(weight unknown). The workers often carry them overhead. They are
placed in the gravel and tied together by hand using wire ties.
This requires considerable bending and sguatting and is likely very
stressful to the back.

Concrete is pumped intc the area via a crane. One worker
positions and moves the hose while others spread the concrete
around. The worker positicning the hose is subject to a lot of
splashes of concrete. Workers also must pull up the wire mesh with
a4 hocked bar to get the concrete under the mesh. This requires a
lot of back effort as well. The concrete is spread with a "come
along”", a flat head rake. This is wery lahar intensive and
requires a lot of back effort. A "straight edge", a 2X4 with
handles was nsed ta fill in areas and smanth the surface. Warkers
pulled it in &a-zig. zag faskhieon 2t ankle--height. It seemed to
require a lot nf forece, due to the wiscosity of the concrete.

The workers trowelling the edges did so in a bent-at-the-waist
posture, requiring them to band full over to ground level, a wvery
difficult positicn ergonomically to work in. Trowelling was also
done in hard to reach areas, like arcund pipes, by hand on hande
and knees, another difficult posture to work in for long periocds of
tima. Smoothing the surface with a long-handled rake regquired a
lot of reaching and some force. The powered trowelling machine was
like a buffer and regquired force to guide it by leaning on one side
or the other. The handles seemed to be at a good height, about
waist height feor warking. The workers though had te drag the
machine from one area to where it was to be used, reguiring a lot
of force for pulling it there.

Mazons

On the day of cur site visit, the masons were filling & cinder
block wall with grout to stabilize it and add strength to it. It
was being [illed Dy hand by Lhiee workers cacrrying groul Lrom a
mixing box te the side of the site in buckets over to a § four
scaffold platforzm by the wall., one worker was mlxing grout In the
mixing bucket and filling buckets with shovelfuls of grout.
Another was carrying buckets over to the scaffold. The third was
pouring the buckets intoc the wall. The buckets weighted between
45-75 pounds, depending on how full they were. The distance
carried varied from 15-30 ft, as the work progressed. The worker
mixing grout in the box was mixing at a good height (knee height).
The buckets had handles, but they were not comfortable. Buckets
wiere lifted up to the scaffeold using a two-handed 1ift. The height
of lift included 49%" for the scaffocld plus 20" for the handle
height, totalling 69" which came to the top of this worker's head,
a fairly stressful height, considering the weight being lifted.
Pouring the grout into the wall was stressful in that it was poured
at below knee height, but buckets were tipped so the weight factor
was lower. Water also had to be carried to the mixing bex by hand
for diluting the grout from a trailer.



Snluntions and suggestions

Starl erection is a wvery difficult operatien teo modify
ergonomically. Much of the heavy work is already done by cranes.
The difficult part is having te do work in unusual postures or
while maintaining balance. Ironworkers welding the steel joints
havae, in part, solved this problem by using hanging platforms to
work at the proper height. This is not possible for raisers,
unless they could work out of a bucket and rcrane. The decking crew
could be helped if decking could be moved more by crane as well
{perhape in a christmas tree arrangement like the steel is far

ghort sections).

Concrete finishers have been studied in Sweden and several
sclutions have been developed to reduce the srgonomic stresses they
face. Workers.tying wire rods togethes there-have-a device called
a "tieing automat" which allows them- to tie rods together while
standing. They recommend keeping each size of rebar separately
stacked to aveid lifeting and pulling them teo separate them.
Rollers are being developed to move the rebar from place te place.
Usliny ready cut and bent rebar reducea the amount of manual work.
Using welded fabric nets rather than rebar saves manual work.
Flacing them by ciane could alsc save work. Workers tending the
hose pumping the concrete should be rotated to relieve them.
vibracting lathes are used in Sweden for leveling the concrete.
super plasticizers added to the concrete also make the work easier.
All concrete used In Sweden nuow reguires the addition of iron
sulfate to eliminate the problem of concrete dermatitis.

Masons on this particular job could have had an improved work
task if the grout could have been moved to the wall by dolly or
cart rather than by hand, or if the scaffold height was about 1
foot lower. That would allow the person transporting the bucket to
raise it to about shoulder height, rather than head height.
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Appendix D. Exposur es Observed During Walk-Throughs of IAM Project (page 1 of 7)

Date Craft Process Exposure
3/11/92 Carpenters Gluing down pedestals for raised floor grating | Solvents
3/11/92 [ronworkers Removing and sweeping dry mineral wool Minera wool
insulation from around steel columns
3/11/92 Marble Workers Grinding and shaving granite Respirable quartz
3/11/92 Abrasive Blasters Finishing pre-cast with Black Beauty Respirable dust
3/11/92 Laborer Chipping concrete with pneumatic chipping Vibration and concrete
hammer dust
3/11/92 Steamfitters Welding carbon steel Welding fumes
(iron and manganese)
4/3/92 Steamfitters Tack welding in machine room Welding fumes
4/3/92 Sheet Metal Workers Installing draft dampers Mineral wool dust
4/3/92 Caulkers (Stone Mason) Cleaning tools Xylol
4/3/92 Drywallers Cutting rigid insulation Fiberglass
4/3/92 Steamfitters Soldering copper pipein ceiling Soldering fumes,
NOKORODE (Zinc
Chloride)
4/3/92 Laborer Dry sweeping Concrete dust, Mineral
wool, dust
4/3/92 Multiple crafts— Working near ceiling and disturbing Minera wool
steamfitters, fireproofing (Slag or rock wool)
electricians, etc.
5/6/93 Laborer Breaking up Concrete in dumpster with Vibration
jackhammer
5/6/93 Terrazzo Workers Spreading primer and epoxy-based marble Epoxy-resins, knee strain
chipsor dust
5/6/93 Carpenters Using "worm-driver" skill saw Noise

CPWR: New Construction Health Hazards
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Appendix D. Exposures Observed During Walk-Throughs of IAM Project (page 2 of 7)

Date Craft Process Exposure
5/6/92 Laborer Sandblasting wall Silica, noise
5/6/92 Laborer Tamping subgrade for paving Vibration
5/6/92 Painters Spraying water-based paint Paint mists
5/6/92 Steamfitters Welding pipe in unventilated machine room Welding fumes
5/6/92 Tilesetters Setting tile with gravel and mortar mix 3701 Kneestrain, Styrene,
(Laticrete) Butadiane
5/6/92 Laborer Dry-sweeping Particulates
5/6/92 Ironworkers Welding red-iron handrail Welding fumes
5/6/92 Drywall finisher Sanding drywall Gypsum dust
5/6/92 Carpenters Cutting block to fit metal door jams Noise, cement dust
5/6/92 Painters Cleaning tools and spray pot with Oriole lacquer | (Toluene, petroleum
thinner distillate alcohols, ketones,
asters)
5/6/92 Painters Spraying Polomyx Mineral spirits, paint mists
5/6/92 Sheet metd Shooting hangersin place in ceiling sprayed Mineral wool
workers with mineral wool
5/14/92 Painters Rolling, brushing, and spraying paint Pigments, solvents
5/14/92 Roofers Spreading bituthane primer on roof Xylene
5/14/92 Ironworkers Cleaning metal surfaces Stoddard solvent
5/14/92 Cement finishers, | Using asphalt thinned with stoddard solventto | Asphalt, stoddard solvent
laborers Set stepping stones
5/14/92 Laborers Dry-sweeping construction debris Dust
46 CPWR: New Construction Health Hazards




Appendix D. Exposures Observed During Walk-Throughs of IAM Project (page 3 of 7)
Date Craft Process Exposure
5/14/92 Drywall hangers Cutting and installing drywall using utility knife Ergonomic stress
and screw gun
5/14/92 Drywall finishers | Sanding drywall joint compound Gypsum dust, ergonomic stress
5/14/92 Telephone workers | Shooting cable hangers with ramset Mineral wool fibers
5/14/92 Tile setters Troweling, grouting, and setting tiles Acids, cement (wet and dry),
knee and wrist strain
5/14/92 Sprinkler filters Using pipe threading machine Oil migt
6/9/92 Painters Applying Shur-stik 111 wall adhesive for
upholstered wall
6/9/92 Insulators Installing fiberglass batts Fiberglass
6/9/92 Laborer Dry-sweeping Dust
6/9/92 Laborer Chipping concrete with pneumatic chipping Vibration, Noise, Dust
hammer
6/9/92 Carpet layers Installing carpet with adhesives. Cleaning glue off | VM&P naptha, Methanal,
carpet Ethylane Glycal, 1,1,1-
Trichloroethane,
and other solvents
6/9/92 [ronworkers Welding steel stairsin enclosure designed to protect | Welding Fumes
finished surfaces from sprarks
6/9/92 Terrazzo workers | Instaling terrazzo floor system Acid, Solvents, Epoxy Resins,
Dust, Knee and Wrigt strain
6/9/92 Cement finishers Cutting and laying stepping stones Asphalt Fumes, Dust, gasoline
vapors, noise

CPWR: New Construction Health Hazards
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Appendix D. Exposur es Observed During Walk-Throughs of IAM Project (page 4 of 7)

Date Craft Process Exposure
2/12/91 Drywallers Shooting metal place with Hilti gun, cutting studswith | Noise
chop saw
2/12/91 Roofers Installing built-up roof Asphalt fFumes
2/12/91 Glaziers Cutting and drilling 1/8" aluminum sheets Noise
2/12/91 Laborers Dry sweeping Mixed dust
2/12/91 Carpenters Chipping concrete slab with electric chipping hammer | Vibration, nise (103-
113 dBA)
2/12/91 Steamfitters Welding 1%2" carbon steel pipe Welding fumes— iron,
manganese, gases
2/12/91 Laborers Using pneumatic chipping hammer to break up Noise (108-111 dBA)
concrete stair steps
2/12/91 Steamfitters Using 5 percent silver solder to braze copper pipeand | Welding and soldering
cut galvanized decking out of way of pipe riser fumes
2/12/91 Drywallers Using adhesives and caulking Solvent vapors
2/12/91 Sprinkler Fitters Disturbing insulation to install sprinklers Mineral wool
2/12/91 Electrician Disturbing insulation to pull cables Mineral wool
2/12/91 Steamfitters Cleaning and soldering copper joints Solvent vapors,
Soldering fumes
10/24/91 Pipefitters Greasing threads of boltsfor pipe clamps Victaulic (Jubricant)
10/24/91 Marble Workers Caulking kerf anchor of exterior marble sheets Silglazen
10/24/91 Ironworkers Using as adhesive for joining exterior metal panelsto | JS-773
gtructural steel
48 CPWR: New Construction Health Hazards




Appendix D. Exposures Observed During Walk-Throughs of IAM Project (page 5 of 7)

Date Craft Process Exposure
10/24/91 Ironworkers Using silicone to caulk joints between exterior metal
panels
10/24/91 Marble Workers Using skil saw to shave underside of granite sheet Granite dDust
10/24/91 Electricians Using to glue PVC pipejoints Whitlam PVC cement
10/24/91 Laborer Using chipping hammer (electric motor with chisel) on | Concrete dust
concrete wall to receive marble
10/24/91 Mason Cutting block with radial arm saw Cement dust
10/24/91 Various crafts Paint spray used by various crafts for layout Paint mists, organic
Vapors
10/24/91 Plumbers and Cleaning PV C pipe with purple primer before gluing. | Organic vapors
electricians Work is often donein ditches
10/24/91 Mechanics *A/W Hydraulic Oil 32 used by elevator mechanics Petroleum oils
10/24/91 Plumbers Using taramet to sauter copper pipe Soldering fumes
(copper and zinc)
10/24/91 Plumbers Using Nokorode to make solder stick to copper pipe Zinc chloride
surface
10/24/91 Plumbers Using SLIC-TITE glue on pipe threads Organic vapors
10/30/91 Granite workers Using polyurethane construction sealant to waterproof
bolt hole
10/30/91 Marble workers Caulking kerf anchor of exterior marble sheetswith
Silglazen
10/30/91 Ironworkers Using JS-773 adhesive for joining exterior metal
panelsto structural steel

*These products were not in use during our walk-through, but were pointed out to us by crafts working at the site.
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Appendix D. Exposures Observed During Walk-Throughs of IAM Project (page 6 of 7)

Date Craft Process Exposure
10/30/91 Ironworkers Using Sil Pruf to caulk joints between exterior metal
panels
10/30/91 Marble workers Using skil saw to shave underside of granite sheet Granite dust
10/30/91 Masons Cutting block with radial arm saw Cement dust
10/30/91 Various crafts Aerosolized paint spray used by various craftsfor lay- | Paint miss
out
10/30/91 Roofers Using Bituthene P-3000 (a synthetic rubber Solnin Xylane vapors, asphalt
organic solvent) to waterproof subgrade walls skin contact
10/30/91 Laborers Dry sweeping insulation waste Mineral wool dust
10/30/91 Pipefitters (welders) | Welding carbon-steel Welding fumes
11/13/91 Pipefitters (welders) Installing carbon steel pipesfor chiller system Welding fumes
11/13/91 Laborer Waterproofing elevator pit with two-part system. Organic vapors
Mixtureis painted on. Cement-based dry component.
Acrylic resin liquid component
11/13/91 Carpenters Drilling into concrete Concrete dust
11/13/91 Drywallers Cutting drywall Gypsum dust
11/13/91 [ronworkers Using Sil Pruf caulk joints of aluminum window frame
11/13/91 Various crafts Disturbing fireproof insulation to work on surfaces Mineral wool
11/13/91 Masons Block laying, mortar mixing Cement (skin-wet
mortar inhalation-dry
cement)
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Appendix D. Exposures Observed During Walk-Throughs of IAM Project (page 7 of 7)

Date Craft Process Exposure

11/13/91 Laborers Patching over snap-ties with wet mortar, mixing dry Wet cement skin
components contact

11/13/91 Laborers Dry sweeping and scraping concrete and debris Dust
(insulation, trash, etc.)

11/13/91 Insulators Applying thermal insulation batts to exterior of duct Synthetic fibers
work

11/22/91 Insulators Coating insulation tape with Foster 30-35 Tite Fit Organic vapors
coating

11/22/91 Insulators Wrapping duct with batt insulation using Foster 85-20 | Organic vapors
Adhesive

11/22/91 Elevator mechanics Filling hydraulic shafts with AW Hydraulic oil 32

11/22/91 Plumbers Soldering copper pipe with Nokorode Flux-Taramet Zinc chloride, Copper
solder fumes

11/22/91 Carpenters Laying out footers Lime dust

11/22/91 Carpenters Cutting plywood Wood and resin dust

11/22/91 Laborers Dry sweeping Mineral wool and

nuisance dust

11/22/91 Laborers Using chipping hammer Concrete dust

11/22/91 Ironworkers Mounting window frames and caulking with JS 773
Butyl Sealant Sil Pruf waterproofing

11/22/91 Ironworkers Ironworkers Welding fumes

11/22/91 Sheet metal workers Hanging duct from celling (involving disturbance of Minera wool dust
fireproofing)

11/22/91 Drywallers Cutting metal studs with electric saw Metal dust
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