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Data Sour ces, Coding Systems, and Outcome M easur es Used Throughout Report
Data Sources

Current Population Survey (CPS): Data on employment and unemployment are collected
monthly through a survey of about 50,000 households, scientificaly selected to be representative
of the civilian, noningditutionalized population of the United States. Employment data are
collected for al household members aged 15 or older. The data are collected by the Bureau of
the Census for the Bureau of Labor Statigtics (BLS). For thisreport NIOSH andyzed datafiles
purchased from BLS.

National Traumatic Occupational Fatalities (NTOF) Surveillance System: Data on
occupationa injury desths throughout the United States based on degth certificates collected

from dl 50 states and the Didtrict of Columbia. Degth certificates are included in the system if

the decedent was at least 16 years of age, death was caused by an injury, and the deeth certificate
noted that the injury occurred at work. Desath certificates done are estimated to identify
approximately 80% of al work-rdated injury degths. The NTOF system contains information

on deaths dating back to 1980, and is the most comprehensive and accurate data system for
work-related injury degths prior to 1992. The NTOF system was developed and is maintained by
NIOSH.

Census of Fatal Occupational Injuries (CFOI): Data on occupationa injury deeths throughout
the United States based on multiple sources of information, including degth certificates, medical
examiner reports, workers: compensation claims, and newspaper reports. Worker deaths are
verified by a least two sources. The CFOI system contains information on degaths dating back to
1992. Data are collected by the states, New Y ork City and the Digtrict of Columbia, and
provided to BLS in a cooperative federd/state program.  The CFOI system was developed and
ismaintained by BLS. Through Letters of Agreement, BLS has provided NIOSH with CFOI
research files. For the years 1992 through 1997, NIOSH received two different types of files.
Thefirst was a slandard research file provided to researchers who agree to comply with BLS
confidentidity requirements and reporting procedures. This standard research file helps ensure
the confidentiaity of CFOI data by grouping certain variables, such as age and Sate. To better
meet the andytic needs of NIOSH, BL S provided NIOSH with a more detailed research file that
included data by individua year of age. Datafrom New Y ork City are not included in this more
detailed research file because the New Y ork City Department of Health did not agree to NIOSH
having New Y ork City datain this more detailed format. Analyses of both research files are
included in this report. The standard research file was used for analyses of workers of al ages,
and the more detailed file (minus data from New Y ork City) was to used to identify and describe
young worker injury deeths.

Survey of Occupational Injuriesand IlInesses (SOI1): Data on occupationd injuries based on
an annud survey of adratified random sample of employersin private industry. Excluded from
the sample are sdlf-employed individuals, farms with fewer than 11 employees, private

household employees, and government workers. Information is collected on dl injuries and
illnesses that meet OSHA reporting requirements. Rates of injury are caculated based on hours

of work. More information, including demographic information on the victim and neture of the
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injury, is collected for those injuries serious enough to require time away from work. The SOI|
was developed and is maintained by BLS. Current survey methods have been employed since
1992. Estimatesin this report are derived from BL'S publications.

National Electronic Injury Surveillance System (NEISS): Data on occupationd injuries and
illnesses collected from a nationdly representative sample of 67 hospitd emergency
departments. The NEISS was developed and maintained by the Consumer Product Safety
Commission (CPSC) to identify consumer product-related injuries. Through an interagency
agreement between NIOSH and CPSC, the NEISS system was expanded to capture data on
work-related injuries and illnesses regardless of product involvement. NEISS data on work-
related injuries were collected from 1982 to 1986, then for different age groups beginning in
1992. In 1995, collection of work-related injuries and illnesses was expanded to al ages of
workersin asample of NEISS hospitas. It isestimated that about one-third of occupationa
injuries and illnesses are treated in hospital emergency departments. NIOSH maintains work-
related data collected through the NEISS system.

Traumatic Injury Survellance of Farmers (T1SF): Data on occupationd injuriesto farmers
and farm workers collected from anationdly representative sample of 50,000 farm operatorsin
each of three years: 1993, 1994, and 1995. Information was collected through amail survey.
The sample was drawn from alist of farm operators maintained by the National Agricultura
Statigtics Service (NASS), U.S. Department of Agriculture. The survey was conducted by
NASS for NIOSH through an interagency agreement.

Childhood Agricultural Injury Survey (CAIS): Daaon childhood injuries on farms collected
from a nationdly representative sample of 50,000 farm operatorsin 1998. Information was
collected through a telephone survey. Information was collected to differentiate work-related
injuries from non-work injuries, and to differentiate between youth who lived on the farm,
worked on the farm, and vigited the farm. The survey was conducted by NASS for NIOSH
through an interagency agreement.

Fatality Assessment and Control Evaluation (FACE): FACE isaNIOSH research program
focused on field eva uations of worker fatdities, including those of youth under 18 years of age.
Through assessment of the incident Ste, employer and witness interviews, and adminigrative
records, NIOSH investigators develop case reports that provide detailed incident descriptions
and recommendations to employers and others for prevention of amilar incidents. In this report,
FACE cases are used to illudtrate the circumstances and risk factors associated with young
worker fatdities.

Coding Sysems

Occupational Injury and IlIness Coding Structures (Ol CS): BLS data systemsthat collect
data on fatal and nonfatal injuries characterize incidents by primary and secondary source of
injury, event, nature of injury, and body part using the Occupationd Injury and IlIness Coding
Structures (OIICS) [Nationa Safety Council 1995]. The source of injury isthe object,
substance, element, or bodily motion that directly produced or inflicted the injury. The
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secondary source is the object, substance, or person that generated the source, or that contributed
to the event. For example, in an incident in which aworker was struck by a crate thet fdl from a
forklift, the primary source of injury is the crate and the secondary sourceisthe forklift. For
trangportation-related events, the primary source is the vehicle occupied by the injured worker,
and the secondary source is the vehicle that collided with the worker’ s vehicle. In the case of a
pededirian injury or fatality, the primary source is the vehicle that struck the pedestrian.

Standard Indugtrial Classfication (SIC): Occupationd injury and fatdity data systems such
asthe CFOI and SOl categorize the industry in which aworker is employed using the 1987
Standard Indugtrid Classification (SIC) [OMB! 1987].

Bureau of the Census (BOC) Occupation and Industry Coding Systems:. All sources of
injury and fatdity data cited in this report classify occupation usng BOC occupation codes used
for the 1990 census [Bureau of the Census 1992]. The CPS employment data used in caculation
of fatdity rates dso code occupation usng the BOC system. However, CPS uses BOC industry
codes, while most sources of occupationd injury and fatality data code industry using the SIC.

In most cases, the SIC is more detailed. Generally, SIC codes can be collapsed to the less
specific BOC industry codes found in the CPS for calculation of rates.

Outcome Measures

Injuries per 100 fulltime equivalents: Standard measure for reporting rates of nonfatal
occupationd injuries. Caculated based on hours of work, assuming 2000 hours per fulltime
worker per year.

Median days away from work: A measure that provides an assessment of typical injury
severity. Fifty percent of injuries require less days away from work than the median, and 50%
require more days away from work than the median.

Deaths per 100,000 wor ker s: Standard measure for reporting rates of fatal occupational
injuries. Calculated based on average number of workersin ayear.

Deaths per 100,000 fulltime equivalents (FTE): A measure for reporting rates of fata
occupationd injuries that accounts for hours of work. Assumes 2,000 hours per fulltime worker
per year. For most workers and occupations, rates per 100,000 workers are comparable to rates
per 100,000 fulltime equivalents. There are differences between these two measures, however,

for workers who do not work a standard 40-hour work week, such as youth workers. Accounting
for hours of work provides a more accurate assessment of risk for groups that tend to work part-
time, and is important when comparing groups that on average work different numbers of hours

for the same period of time [Ruser 1998].

Deaths per 1,000 fulltime workers per 45-year work lifetime: A measure for reporting rates
of fatd occupationd injury that averages fadity risk over a45-year working life. This measure

'Office of Management and Budget. See OMB in references.
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islabded “lifetime risk” and facilitates comparisons with standard measures of occupationa
illness deaths. OSHA congdersalifetimerisk of 1 death in 1,000 workers per 45-year work
lifetime to be high enough to justify sandard development.



EXECUTIVE SUMMARY

An average of 67 workers under 18 years of age die annualy from occupationd injuries, and an
estimated 77,000 are treated in hospital emergency departments for nonfatd injuries. The Fair
Labor Standards Act (FLSA), largely unchanged in decades, defines work activities prohibited
for young workers through 28 Hazardous Orders (HOs) for nonagricultural and agricultura
occupations. The U.S. Department of Labor, NIOSH and others have identified the need to
asess the adequacy of existing HOs to protect working youth.  Most recently, the following
recommendation was made in the Nationd Research Council/Ingtitute of Medicine Report
Protecting Youth at Work:

“The U.S. Department of Labor should undertake periodic reviews of its hazardous
ordersin order to eliminate outdated orders, strengthen inadequate orders, and develop
additional orders to address new and emerging technologies and working conditions.
Changes to the hazardous orders should be based on periodic reviews by the Nationa
Ingtitute for Occupationd Safety and Hedlth of current workplace hazards and the
adequacy of existing hazardous orders to addressthem.” [NRC/IOM 1998]

The U.S. Department of Labor (DOL) provided funds for NIOSH to devel op such areport based
on areview of data and the scientific literature. Primary data sources used by NIOSH were the
Census of Fatal Occupationa Injuries, the Survey of Occupationa Injuries and IlInesses, the
Nationd Electronic Injury Survelllance System, and the Current Population Survey. Hundreds

of scientific articles and reports were reviewed. The report makes recommendations specific to
HOs that define prohibited occupations. The report does not address Child Labor Regulation No.
3 which sets hours restrictions and defines permissible work activities for 14- and 15-year-olds,
nor satutory issues such as the minimum age for work in HOs and exemptions from the FLSA.

Recommendationsin this report are consistent with the DOL commitment to facilitate
meaningful employment and training opportunities while protecting youth from the most
hazardous work activities. Recommendeations are driven by information on high-risk activities
for dl workers, not just patterns of fatalities and serious injuries among young workers. The
generd rationale for recommending an HO is that the associated fatdity rate be at least 10 per
100,000 workers, or twice the fatality rate for all U.S. workers. The number and severity of
nonfatal injuries are dso conddered, as wdll as research on hedth effects of workplace
exposures. In addition to making recommendations for revisions and additions to HOs, NIOSH
makes recommendations regarding apprentice/student learner exemptions in nonagricultura
occupations. Exemptions are recommended in those cases where supervison and training could
reasonably be expected to protect young workers from hazards on the job.

NIOSH found judtification for al of the exising HOs. Review of available data and scientific
evidence found that work currently prohibited by HOs continues to pose risks for death, serious
injury and disabling hedth conditions. NIOSH proposes severd types of revisonsto HOs:
better definition of prohibited activities, incorporation of associated legidative provisons, and in
some cases, remova of current exemptions. Additionally, NIOSH makes recommendations to
expand severa HOs to include similar work with comparable or greater risk. In acouple of
cases, NIOSH concluded that revisions of existing HOs may be warranted, to adlow use of
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Executive Summary

currently prohibited equipment which gppears to be associated with relaively minor injuries.,
Tables 1 and 2 summarize recommendations for existing HOs in nonagricultura and agricultura

occupations, respectively.
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Executive Summary

Table 1. Summary of NIOSH Recommendations Pertaining to Existing Nonagricultural Occupation HOs

Training

Existing Nonagricultural HO Retain | Revise exemption | Specific recommendations

HO 1: Manufacturing or Storage Occupations Involving

. X n/a Revise the definition to include the current ATF list of explosive materials.
Explosives

1) Incorporate provisions of the Drive for Teen Employment Act; 2) Provide
HO 2: Motor Vehicle Occupations X n/a guidance on “urgent, time-sensitive deliveries’ and “incidental and occasional
driving”; 3) Delete exemption for school bus driving.

HO 3: Coa Mine Occupations X n/a

1) Expand to cover similar work in operation of timber tracts, tree farms and
HO 4: Logging and Sawmilling Occupations X n/a forestry services; 2) Remove the current exemptions for construction work for
living or administrative quarters.

Expand to include similar power-driven machines used to operate on materials

HO 5: Power-Driven Woodworking Machines X Retain
other than wood.

HO 6: Occupations Involving Exposure to Radioactive X

Substances and to lonizing Radiation n/a Revise to reflect current risks to youth for occupational radiation exposures.

1) Expand to cover repairing, servicing, disassembling and assisting in tasks being
performed by the machine; 2) Expand to prohibit youth from riding on any part of
aforklift as a passenger, and from working from forks, platforms, buckets, or

HO 7: Power-driven Hoisting Apparatus Operations X n/a cages attached to amoving or stationary forklift; 3) Expand to prohibit work from
truck-mounted bucket or basket hoists, commonly termed “bucket trucks” or
“cherry pickers’; 4) Expand to include commonly used manlifts that do not meet
the current definition, specifically aerial platforms.

HO 8: Power-driven Metal Forming, Punching, and X Retain Expand to include several types of metalworking machinery currently excluded
Shearing Machine Operations from thisHO, including milling, turning, grinding, and boring machines.
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Executive Summary

Existing Nonagricultural HO Retain | Revise Tra‘”'f‘g - .
exemption | Specific recommendations
HO 9: Occupations in Connection with Mining, Other 1) Expand Fo i .ncI ude all work perfprmed in (?onnectloq with petroleum and natural
X n/a gas extraction; 2) Remove exemptions permitting repair and maintenance of
than Coal
roads, and work on track crews.
HO 10: Occupationsin the Operation of Power-driven . .1) Expand to prohibit work n all meats proglucj[s manufgctun g ".‘O!“S‘”ei
. . . . Add partial | including poultry slaughtering and processing; 2) Consider arevision* to allow
M eat-Processing Machines and Occupations Involving X . . . . S .
Slauahtering. Meat Packing or Processing. or Renderin exemption | use of meat and food slicersin retail, wholesale and service industries; 3) Allow
9 9 9 9 9 apprentice/student learner exemptionsin retail, wholesale or service industries.
HO 11: Power-driven Bakery Machine Occupations X n/a Consider arevision to allow the use of “counter-top models”’ of power-driven
bakery machines.
) e : : 1) Incorporate provisions of the Compactor and Baler Act; 2) Expand to include
HO 12 I?ower driven Paper- Produicts Machine X Retain similar power-driven machines used to operate on materials other than paper
Occupations
products.
HO 13: Occupations Involved in the Manufacture of X n/a
Brick, Tile, and Kindred Products
Retain Revise definition to include other machines, such as chainsaws, which perform
HO 14: Occupationsin the Operation of Power-Driven X artial cutting and sawing functions through direct contact between the cutting surface
Circular Saws, Band Saws, and Guillotine Shears partie and the material (the current definition is based on the presence of a continuous
exemption ! ;
series of notches or jagged teeth).
HO 15: Occupations Involved in Wrecking, Demolition, X n/a
and Shipbreaking Operations
HO 16: Occupationsin Roofing Operations X Remove 1) Expan toinclude al work performed on roofs; 2) Remove the exemption for
apprentices/student learners.
HO 17: Occupationsin Excavation Operations X Remove Remove the exemption for apprentices/student learners.

* Any revisions of HOs that would allow work that was previously prohibited should be accompanied by a mandatory reporting period in which all serious youth injuries and deaths

resulting from previously prohibited activities are promptly reported to the U.S. Department of Labor. Thiswould allow an assessment as to whether the revision should be
rescinded or further refined to best protect working youth, while not unnecessarily limiting job opportunities.

Xiv




Executive Summary

Table 2. Summary of NIOSH Recommendations Pertaining to Existing Agricultura Occupation HOs

Existing Agricultural HO

Retain

Revise

Specific Recommendations

HO 1: Operating a Tractor Over 20 PTO Horsepower or
Connecting or Disconnecting an Implement or Any of Its
Parts To or From Such a Tractor

1) Revise to remove the 20 PTO (power take-off) horsepower threshold; 2) Revise
exemption for 14- and 15-year olds with tractor certification to require tractorsto be
equipped with arollover protective structure (ROPS) and mandate the use of seatbelts.

HO 2: Operating or Assisting to Operate (including starting,
stopping, adjusting, feeding or any other activity involving
physical contact associated with the operation) any of the
following machines: corn picker, cotton picker, grain
combine, hay mower, forage harvester, hay baler, potato
digger, or mobile peaviner; feed grinder, crop dryer, forage
blower, auger conveyor, or the unloading mechanism of a
nongravity-type self-unloading wagon or trailer, or power
post-hole digger, power post driver, or nonwalking-type
rotary tiller

Combine HO 2 and HO 3, and expand prohibition from lists of specific machinesto

machines that perform general functions (e.g. harvesting and threshing machinery; mowing
machinery; plowing, planting and fertilizing machinery; other agricultural and garden
machinery; excavating machinery; loaders; wood processing machinery, such as wood
chippers and debarkers; sawing machinery, including chain saws; powered conveyors; and,
mobile equipment, including forklifts).

HO 3: Operating or assisting to operate (including starting,
stopping, adjusting, feeding, or any other activity involving
physical contact associated with the operation) any of the
following machines: trencher or earthmoving equipment;
fork lift; potato combine; power-driven circular, band, or
chain saw

See comments above pertaining to agricultural HO 2.

HO 4: WorkingonaFarminaYard, Pen, or Stall Occupied
By a: (i) Bull, boar, or stud horse maintained for breeding
purposes; or (ii) Sow with suckling pigs, or cow with
newborn calf (with umbilical cord present)

HO 5: Felling, Bucking, Skidding, Loading or Unloading
Timber with Butt Diameter of More than 6 Inches.

Remove 6 inch diameter threshold.
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Existing Agricultural HO Retain | Revise Specific Recommendations

HO 6: Working from a Ladder or Scaffold (Painting, 1) Expand to include work on roofs, on farm structuresincluding silos, grain bins,

Repairing, or Building Structures, Pruning Trees, Picking X windmills, and towers; and, on vehicles, machines, and implements; 2) Reduce the

Fruit, etc) at aHeight of Over 20 Feet maximum height at which youth may work in these settings from 20 feet to 6 feet.

HO 7: Driving aBus, Truck, or Automobile When 1) Expand to prohibit driving of all motor vehicles and off-road vehicles (including all-

Transporting Passengers, or Riding on aTractor asa X terrain vehicles), with or without passengers, on or off the highway; 2) Expand to prohibit

Passenger or Hel per work as an outside helper on amotor vehicle; 3) Retain the provision prohibiting riding on a
tractor as a passenger or helper, but move it under Agricultural HO 1.

HO 8: Working Inside: A fruit, forage, or grain storage Expand to prohibit all work inside (i) afruit, forage, or grain storage, such asasilo or hin;

designed to retain an oxygen deficient or toxic atmosphere; (i) amanure pit.

an upright silo within 2 weeks after silage has been added or X

when atop unloading deviceisin operating position; a

manure pit; a horizontal silo while operating atractor for

packing purposes

HO 9: Handling or Applying (including cleaning or Revise to be consistent with EPA Worker Protection Standard for pesticides, encompassing

decontaminating equipment, disposal or return of empty prohibitions against pesticides with chronic health effects aswell as pesticides with

containers, or serving as aflagman for aircraft applying) recognized acute toxicity.

Agricultural Chemicals Classified Under the Federal

Insecticide, Fungicide, and Rodenticide Act (as amended by X

Federal Environmental Pesticide Control Act of 1972, 7

U.S.C. 136 et seq.) as Toxicity Category I, Identified by the

Word “Danger” and/or “Poison” with Skull and Crossbones,

or Toxicity Category Il, Identified by the Word “Warning”

on the Label

HO10: Handling or Using a Blasting, Including but Not

Limited to Dynamite, Black Powder, X

Sensitized Ammonium Nitrate, Blasting Caps, and Primer
Cord
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Existing Agricultural HO

Retain

Revise

Specific Recommendations

HO 11: Transporting, Transferring, or Applying Anhydrous
Ammonia




Executive Summary

NIOSH recommends the development of severa new HOs to protect youth from especialy
hazardous work not adequately addressed in the existing regulations.  The recommended HOs
encompass work associated with deaths and severe injuries of youth, work with especialy high
fatdity rates, and work associated with disabling hedlth conditions. In severa instances, NIOSH
recommends extending prohibitions now in place for agricultural occupations to Smilar tasksin
nonagricultural occupations, e.g. pesticide handling, work in confined spaces, and tractor
operation. New HOs are recommended for the following types of work:

. Commercid Fishing Occupetions

. Congtruction Occupations

. Work in Refuse Occupations

. Water Transportation Industries

. Work in Scrap and Waste Materials Industry

. Farm Product Raw Materids Wholesale Trade Industry
. Railroad Industry

. Work at Heights

. Tractors (in nonagricultural occupations)
. Heavy Machinery
. Wedding

. Confined Spaces (in nonagriculturd occupations)

. Work Involving Powered Conveyors (in manufacturing industries)
. Pegticide Handling (in nonagricultural occupations)

. Exposureto Lead

. Exposureto Silica

. Work Requiring the Use of Respiratory Protection

Recommendationsin this report are limited to changes to HOs which fal within the regulatory
authority of DOL. It isexpected that changes recommended in this report would help to reduce
the incidence of fata and serious youth work-related injuries and illnesses each year. However,
it must be recognized that considerable numbers of youth work-related deaths and serious
injuries would not be impacted by these recommended changes. Many desaths and serious
injuries occur among youth not covered by the FLSA, or in Situations that would be difficult to
regulate under the current framework of the FLSA. Additiondly, revisons or additions of new
HOs done will not savelives. Efforts are needed to raise awareness and compliance with HOs
to ensure youth are not ingppropriately employed in recognized hazardous work settings.

In reviewing available data and scientific information, NIOSH identified severa areas that merit
additiond research prior to future rule-making. Research into risk factors for work-related
homicide- aleading cause of young worker injury desth— is one such research area. Further
research is needed to characterize youth worker exposures to health hazards, such as chemical
substances, biologic agents, and repetitive motion, and to determine if such exposures result in
negative hedth outcomesin later years. Research is needed on the effectiveness of youth
training programs to help ensure exemptions for apprentice and student-learner programs are
effective in fadilitating a safe training environment. Finaly, research on employer best
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Executive Summary

practices, and knowledge and attitudes about HOs among employers, parents, youth, and other
stakeholders could be used to increase the effectiveness of outreach and educationa campaigns.

NIOSH recognizes the need to better protect the hedlth and safety of working youth, and
provides this report to assst DOL in digning child labor regulations with current knowledge
about occupationa safety and hedlth. NIOSH offers its continued support to work closdy with
DOL to ensure that child labor regulations provide adeguate protections for working youth and
to initiate research into those areas of risk where insufficient data currently exist to guide rule-
making.
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I.INTRODUCTION

The Fair Labor Standards Act of 1938, as amended [29 USC? 201 et seq.] authorizesthe U.S.
Department of Labor (DOL) to establish rules which prohibit “oppressive child labor” in
commerce. Regulations implementing the Act permit the Secretary of Labor to prohibit the
employment of youth in occupations declared “particularly hazardous for the employment of
children... or detrimentd to their hedth or well-being” [29 USC 201 Sec. 3(1)]. These prohibited
activities are referred to as Hazardous Orders (HOs). The minimum age, by statute, for HOs in
nonagricultural occupationsis 18; the minimum age in agricultura occupations is 16.

The HOs in nonagricultural occupations were established between 1939 and 1963. The

agriculturd HOs were established in 1970. There have been significant changesin the

workplace and advancement in knowledge about occupationa safety and hedlth hazards that are

not reflected in the existing HOs. The need to update the HOs has been recognized by the
Department of Labor [59 Fed. Reg.? 25164 (1994); 64 Fed. Reg. 67130 (1999)], NIOSH [NIOSH
19943, 19974], and numerous researchers and advocates. Most recently, the following
recommendation was made in the National Research Council/Ingtitute of Medicine (NRC/IOM)
report Protecting Youth at Work:

“The U.S. Department of Labor should undertake periodic reviews of its hazardous
ordersin order to eliminate outdated orders, strengthen inadequate orders, and develop
additiond orders to address new and emerging technologies and working conditions.
Changes to the hazardous orders should be based on periodic reviews by the National
Indtitute for Occupationd Safety and Hedlth of current workplace hazards and the
adequacy of existing hazardous orders to address them.” [NRC/IOM 1998]

The DOL responded to the above charge by requesting that NIOSH prepare this review and
provided funding in support of this effort. This report updates and expands upon previous
NIOSH comments provided to the Department of Labor in response to proposed rule-making
[NIOSH 19943, 2000a]. The report makes recommendations specific to HOs that define
prohibited occupations for youth under age 18 in nonagricultural occupations and youth under 16
in agriculturd occupations. The report does not address Child Labor Regulation No. 3 which
sets hour regtrictions and defines permissible work activities for 14- and 15-year-olds. The report
a0 does not address statutory issues, such as minimum age for work in HOs and exemptions
from the FLSA. Because the report was written specificaly for DOL, existing Hazardous Orders
are referenced, but not described in detail.

In addition to making recommendations specific to HOs, NIOSH identifies areas requiring
further research to guide future DOL prevention efforts— regulatory and nonregulatory.  Findly,
NIOSH notes issues beyond the scope of DOL regulatory authority that will impede progress on
reducing desths, severe injuries and illnesses of young workers.

2United Sates Code.

3Federal Register. See Fed. Reg. in references.
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I ntroduction

The following sections are included in the report:

Y outh Employment, Injuriesand llInesses- Summary of data on youth employmernt,
injuries and illnesses

Development of Recommendations - Precepts used by NIOSH in recommending
changes and additions to HOs, with discussion of limitations of available data.
Recommendations Pertaining to Current Hazardous Orders - Includes asummary of
data and research findings used in recommending retention and/or suggested
amendmentsto HOs

Recommendations for New Hazardous Orders - Includes asummary of data and
research findings used in recommending each new HO

Areas Requiring Further Research - Identifies research that should be undertaken to
guide future DOL prevention efforts— regulatory and nonregulatory.

Barriersto Preventing Youth Deaths, Serious Injuriesand IlInesses through
Regulation - A summary of issues outsde the regulatory authority of DOL which have
subgtantid implications for the potentia for child labor regulations to adequately protect
working youth.

Summary - NIOSH goasin providing these recommendations.

References- A lig of dl referenced materids.



Youth Employment, Injuries, and I lInesses

1. YOUTH EMPLOYMENT, INJURIES, AND ILLNESSES
Employment

The Current Population Survey (CPS), amonthly survey of employment conducted by the
Bureau of Labor Statigtics (BLS), provides data on employment for youth 15 years of age and
older (see page vii for more information about this and other data sources). Although BLS
collects employment data for 15-year-olds, officid published estimates of employment exclude
15-year-olds. Dataon youth lessthan 15 years of age are not routingly collected. Dataon the
prevalence of youth employment, including those less than 15 years of age, have been reported
from periodic surveys, such as the Nationd Longitudina Survey of Y outh [Rothstein and Herz
2000]. Surveys of youth suggest that 80% have worked for pay a sometime prior to leaving
school [Light 1995; Steinberg and Cauffman 1995].

Y oung workers typicaly are employed in part-time, low paying jobs, and they move in and out
of thework force. When employed, they spend substantia numbers of hours at work. Ina
recent nationwide survey, 17.9% of high school students reported working more than 20 hours
per week during school [Resnick et a. 1997].

The Bureau of Labor Statistics (BLS) estimated that 2.78 million 16- and 17-year-olds were
employed during 2000 [BLS 2001]. Andysis of unpublished data from the Current Population
Survey suggests that over 450,000 15-year-olds were employed in 1999 [NIOSH 2001a]. Figure
1 provides data on the distribution of youth employment by industry, based on hours of work, for
the 7-year period, 1992 to 1998. Sixty percent of work by 15- to 17-year-olds was in the retall
sector — the mgority in eating and drinking establishments and grocery stores. Eating and

drinking places, or restaurants, accounted for more work by youth than any other industry (35%).
Eighteen percent of youth work time wasin services indudtries.
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Figure 1. Distribution of Working Y outh Ages 15-17 by Industry, Based on Hours Worked,
1992-1998

Industry

Retail: Eating and drinking places
Retail: Grocery stores

Retail: Department stores

Other retail

Professional/related services
Entertainment/recreation services
Personal services

Business/repair services

Agriculture/forestry/fishing
Manufacturing
Construction

All other industries

0 5 10 15 20 25 30 35
Percentage

Source: Current Population Survey [NIOSH 20013

Thisincludeswork in schools, theeters, and nuraing homes. Agriculture, forestry and fishing
industries accounted for 8% of work by 15- to 17-year-olds. These patterns vary somewhat by
age. A previous andyss of CPS data demonstrated that the percentage of 15-year-olds working
in agriculture was more than twice that of 16- and 17-year-olds [NRC/IOM 1998].

The types of jobs that adolescents hold are varied. Figure 2 provides data on the distribution of
youth employment by occupation, based on hours of work, for the seven-year period, 1992 to
1998. The most common jobs held by 15- to 17-year-olds were cashier and cook. Occupation
groups that accounted for substantial amounts of work by 15- to 17-year-olds were: food
preparation and service jobs, handlers, equipment cleaners, helpers, and laborers; farming,
forestry and fishing occupations, and adminigtrative support occupations. However, job titles
may not reflect the actud nature of tasks performed by youth [Bowling et d. 1998; Dunn et d.
1998; Massachusetts Department of Public Health 19984]. For example, ayouth hired asa
cashier may also clean and perform other tasks not associated with operating a cash register.
This makesit difficult to estimate the kinds of hazardous exposures adolescents may experience
onthejob. In addition, inaccurate job titles can obscure the fact that adolescents are performing
tasks prohibited by child labor laws [NRC/IOM 1998].
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Figure 2. Digtribution of Working Y outh Ages 15-17 by Occupation, Based on Hours Worked,
1992-1998

Occupation

Cashiers
Other sales occupations

Cooks
Food counter/fountain/related
Other food preparation and service
Other service occupations

Stock handlers/baggers
Other laborers

Farming/forestry/fishing

Adminigtrative support

Precision production/craft/repair
Machine operators/assemblers/inspectors
All other occupations

0 2 4 6 8 10 12 14 16
Percentage

Source: Current Population Survey [NIOSH 20014

Although nationdly representative data are not available, there have been a number of surveys
that provide information on tasks, exposures, training, and supervison of working youth. Ina
North Carolina survey, 36% of youth 14-17 years of age reported working on ladders or
scaffolding, 31% reported using forklifts, tractors, or riding mowers, and 31% reported working
around very loud noises [Dunn et d. 1998]. In surveys conducted at a Massachusetts high
school, about half of the students who had worked used cleaning chemicals, over one-third used
ladders, 19% used food dicers, and 13% used box crushers [Massachusetts Department of Public
Hedlth 19983]. Only 50% of the Massachusetts youth reported receiving any safety and hedlth
training. Pooled survey results from high schools in 4 geographic areas (Philadelphia,
Pennsylvania; Brockton, Massachuseits, Oakland and South Central Los Angeles, Cdifornia)
found that 15-20% of youth worked often or always without supervisors present at the worksite
[Bowling et a. 1998].

Adolescents type of employment appearsto vary by family income. Y outh from low income
families, while less likdly to be employed [Johnson and Lino 2000; GAO 19914], are more likely
to be engaged in high risk occupations. An analysis by the U.S. Generd Accounting Office
(GAO) found that 20% of employed 15- to 17-year-olds from low income families worked in
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hazardous industries, such as agriculture, congtruction, and manufacturing [GAO 19914).
Andysis of adolescent employment and contributions to family expenditures has suggested that
most youth do not work out of economic necessity [Johnson and Lino 2000]. Though youth
from low income families gppear to make more contributions to family expenditures than their
peers from wedthier families, these contributions gppear to be modest— gpproximately 9% of
family income.

Unique Characteristics of Youth Workers

Severd youth characterigtics raise specia concern about the hedlth and safety of adolescentsin
the workplace. Youth are a increased risk of injury from lack of experience. Inexperienced
workers are unfamiliar with the requirements of work, are less likely to be trained to recognize
hazards, and are commonly unaware of their legd rights on the job [Cadtillo et d. 1999g;
NRC/IOM 1998].

Developmentd factors — physical, cognitive, and psychologica — may dso place them a
increased risk [NIOSH 1997a; NRC/IOM 1998]. Thereisgreat variability in the size of
adolescents during this period of rapid growth. Smaller youth may be at greater risk because of
mismatches between their Sze and strength and the dimension and design of equipment or
machinery designed for adults. Some organ systems, such as the musculoskeletd, reproductive,
and endocrine systems, undergo periods of rapid growth and development during adolescence
[NRC/IOM 1998, Bearer 1995]. Initiation of reproductive function depends on the devel opment
of acomplex system of hormones and feedback mechanisms. In addition to adverse effects of
occupational exposures of concern for al workers of childbearing age, this period of
development in adolescence may introduce added risk of future fertility problems and
gonadotoxic and mutagenic effects.  Hypothetically, the period of rapid cdl growth that occurs
during adolescence could increase susceptibility to carcinogens, but little data exist to support or
refute this[NRC/IOM 1998]. In alarge case-control study of German workers, authors found
evidence to support the contribution of occupationd risk factors and early age at first exposure to
early age of onset of lung cancer [Kruezer et a. 1999].

Nonfatal Occupational Injuriesand IlInesses

Data on nonfatal occupationa injuries and illnesses of workers are available at the nationd level
from the Nationd Electronic Injury Surveillance System (NEISS) and the BLS Survey of
Occupationd Injuries and 1lInesses (SOII). NEISSis based on a sample of emergency
departmentsin the United States, and is presumed to capture injuries among al workers,
regardless of the Size or type of employer. NEISS tends to capture acute injuries requiring
immediate attention, such as lacerations and fractures. The SOII isbased on asurvey of a
sample of employers. Not al types of employers are represented in the survey. For example,
government agencies and the self-employed are not included.  The SOl provides data specific
to youth for those injuries and illnesses serious enough to require at least one day away from
work. The SOII includes injuries treated in emergency departments as well as other settings,
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such as physician offices and clinics. It isrecognized that illnesses and injuries, especidly those
where the association with work may be unclear, are understated in occupationd survelllance
systems such as the SOl and NEISS [NRC 1987]. NEISS and the SOl are used to describe the
incidence and risk for nonfatal occupationd injuries and illnesses among youth, with an

emphasis on more severe injuries. Casesidentified in each of these systems overlap. State-
specific data from anadyses of worker’s compensation claims are dso cited.

An egtimated 77,000 youth less than 18 years of age were treated in hospital emergency
departments for work injuries and illnessesin 1998 [NIOSH 2001b]. It has been estimated that
about 34% of occupationa injuries are treated in hospital emergency departments; therefore, the
total number of youth work injuries may exceed 200,000 each year. Employment data for the
calculation of rates were derived from the CPS [NIOSH 2001a]. Youth 15-17 years of age were
among the groups at greatest risk for injuries and illnesses trested in emergency departments
(Figure 3) [CDC 20014]. An anayssof workers compensation data in Washington state found
smilar patterns of injury rates by age [Miller and Kaufman 1998]. Andyses of emergency
department data and workers compensation data have suggested that youth work injuries
incurred in agriculture tend to be more severe than injuriesin other sectors [Hard and Layne
1995; Heyer et a. 1992]
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Figure 3. Edtimated Rates Per 100 Full-Time Worker Equivaents of Occupationa Injuries and
[lInesses Treated in Hospitd Emergency Departments, by Sex and Age Group of Worker —
United States, 1998

Rate per 100 full-timeworkers
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Note: Error bars indicate 95% confidence interval.
Source: National Electronic Injury Surveillance System (NEISS) [CDC 2001a)




The SOII estimated 15,000 injuries and
illnesses resulting in days away from work
among youth in 1996 [Windau et . 1999].
These included nonagricultural wage and
sdary workersonly. The distribution of
injuries by industry was about the same as
employment; that is, about 80% occurred in
retail trades and services [Windau et d. 1999;
Barkume et al. 2000]. The SOII data
indicated that the group including sprains,
grains and tears was the most frequent type
of injury resulting in lost work time among
youth, accounting for 33% of al injuries
(Table 1). Common causes of theseinjuries
were overexertion in lifting heavy or bulky
objects, and attempts to break falson
dippery or uneven surfaces.

Youth Employment, Injuries, and I lInesses

Occupationd injuries and illnesses of youth
are costly— on apersona and societd level.
In 1993, the cost of injuries and illnessesto
young workers less than 18 years of age was
estimated to exceed 800 million dollars. This
includes direct costs (medical and emergency
sarvices, legd and adminigrative costs
arisng from workers compensation, sick
leaves, insurance programs, and the cost of
workplace disruption caused by occupational
injury) and indirect cods (loss of earning and
fringe benefits as aresult of wage work loss
asociated with injuries). [Miller and
Waehrer 1998].

Table 1. Work Injuries Resulting in Days Away from Work Among Y outh Lessthan 18 Years

of Age, United States, 1996

Nature of Injury or IlIness Per cent
Sprains and Strains 33
Bruises, contusons 14
Cuts, lacerations 13
Hesat burns 9
Fractures 8
Fractures and other injuries 4
Other 19

Source: Survey of Occupational Injuries and IlInesses (SOII), Bureau of Labor Statistics [Windau et al. 1999]

The median number of days away from work for youth was 4, compared to a median of 5 for dl
workers. It isimportant to note, however, that because youth tend to work part-time, recovery
from injuries and illnesses may frequently include unscheduled work days which would not be
reflected in “days away from work.” There were two types of eventsin 1996 that resulted in
injuries with median days away from work exceeding 10— generdly representing two fulltime
work weeks [Windau et d. 1999]. Y oung workers being struck by vehicles resulted in a median
of 10 days away from work. An estimated 183 youth less than 18 years of age were struck by a
vehicle at work in 1996. Falsto alower leve, of which there were an estimated 630 casesin
1996, had median days away from work of 11. Anaysisof pooled data for a 6-year period,
1992-1997, identified two types of injury events that resulted in at least 400 cases and had
median lost workdays exceeding 10. For the 6-year period, there were 419 cases of falsfrom
ladders that resulted in bruises and contusions requiring a median of 20 lost workdays. There
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were 460 cases of youth sustaining fractures from being caught in or compressed by objects or
equipment, with median lost workdays of 14 [Barkume et d. 2000].

Fatal Injuries

Data from the BLS Census of Fata Occupationa Injuries (CFOI) are used to describe injury
deaths of youth less than 18 years of age, cdculate fatality rates, and make limited comparisons
with data for older workers. Results are primarily from two publications authored by BL S Steff;
the first summarized young worker desths for the years 1992 to 1997 [Windau et d. 1999], the
second data for the years 1992 to 1998 [Barkume et a. 2000]. Rates were calculated based on
hours of work rather than number of workers because of data demonstrating that on average,
workers |ess than 18 years of age work fewer hours than adults. Failure to adjust for fewer hours
worked by youth overestimates their exposure to workplace hazards and underestimates their
risk for injury death [Cadtillo and Mdit 1997; Ruser 1998; Cadtillo et a. 1994]. Ratesfor youth
are compared to rates for al workers [Windau et d. 1999], and in limited cases to rates for
workers 25-44 years of age [Barkume et a. 2000]. Previous research has demonstrated that
fataity ratesincrease dramaticaly beginning at age 45; it has been hypothesized that decreased
tolerance for injuries may account for apart of the rate increase. Limiting the rate comparison to
workers 25-44 years of age alows a comparison with workers who more closely resemble youth
physicdly [Cadtillo and Mdlit 1997].

CFOI identified 468 youth less than 18 years of age killed while working during 1992-1998, an
average of 67 degths per year [Barkume et a. 2000]. About 30% of the deaths werein family
businesses [Windau 1999; Barkume et a. 2000]. The ratesfor 16- and 17-year-olds for the years
1992-1997 were about three-fourths of the rates for al workers combined (Table 2) [Windau et
a. 1999]. Theratesfor the youngest workers for which rates can be calculated, 15-year-olds,
were the same as those for al workers. The lack of employment data precludes the ability to
caculate rates for the 109 youth less than 15 years of age who died during this 6-year period.
Therate for 15- to 17-year-olds, for the period 1992 to 1998, was abouit five-sixths of the rate for
workers 25-44 years of age [Barkume et a. 2000].

Table2. Number and Rate of Work Injury Deaths by Age, United States, 1992-1997

Age Number of Rate per 100,000
Deaths Fulltime

Equivalents

Totd, dl ages 37,875 5.0

Under 15 years 109

15 years 46 51

16 years 91 3.4

17 years 157 3.7

Source: Census of Fatal Occupational Injuries, Bureau of Labor Statistics [Windau et a. 1999]. Dash indicates that
arate could not be calculated because employment data are not available for this age group
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Y oung worker injury desths were concentrated in agriculture, retail trade, and construction
(Table 3) [Windau et d. 1999; Barkume et d. 2000]. These patterns varied somewhat from
those seen for workersin generd. Proportionately grester numbers of youth werekilled in
agriculture and retail than was seen in the generd population of workers of al ages.

Table 3. Work Injury Degths by Industry, Y outh and All Workers, United States, 1992-1997

Workers of

Industry Division Youth <18 All Ages

(no.) (%) (%)
Agriculture, Forestry, and Fishing 162 40 13
Mining 3
Congtruction 53 13 16
Manufacturing 21 5 12
Trangportation and Public Utilities 12 3 15
Wholesde Trade 14 3 4
Retal Trade 87 22 12
Finance, Insurance and Red Estate 2
Sarvices 32 8 12
Government 13 3 11
Other or unspecified industries 7 2 1
Tota 403 100 100

Source: Census of Fatal Occupational Injuries (CFOI), Bureau of Labor Statistics [Windau et al. 1999]. Dashes
indicate that BL S reporting requirements were not met.

The types of events leading to deeth of youth workers, for the most part, mirrored those of older
workers. Theleading types of fatd eventsfor youth were homicide, highway transportation
incidents, non-highway trangportation incidents, being struck by objects or equipment, being
caught in objects or equipment, being struck by vehicles, dectrocutions, and fals (Table 4)
[Windau et a. 1999; Barkume et d. 2000]. Trangportation incidents included incidents
involving motor vehicles aswdl asindudrid vehides, such astractors and forklifts, in which at
least one vehicle was in operation. Highway incidents included events on public roadways,
while non-highway incidents included events on indudtrid premises, farms and parking lots.

Table 4. Work Injury Deaths of Y outh Lessthan 18 Y ears of Age by Event or Exposure, United
States, 1992-1997

Event or exposure Number Per cent

Trangportation 163 40
Highway Incidents 70 17
Nonhighway incidents 47 12
Worker struck by vehicle 25 6
Water Vehide 9 2

11
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Event or exposure Number Per cent
Rallway 8 2
Assaults and Violent Acts 82 20
Homicide 72 18
Other 10 3
Contact with Objects and 82 20
Equipment
Struck By 36 9
Caught in Objects or Equipment 25 6
Collgpang Materids 17 4
Running Machinery 17 4
Fdls 23 6
Exposure to harmful substances 44 11
and environments
Electric current 25
Exposure to caugtic, noxious, 9 2
dlergenic substances
Oxygen deficiency 10 2
Fres and Explosons 8 2
Totd 403 100

Source: Census of Fatal Occupational Injuries, Bureau of Labor Statistics [Windau et al. 1999]

Agriculture— More than hdf of the 162 deaths in agriculture occurred on family farms [Windau
et d. 1999]. Youth killed on farms tended to be younger than youth killed in other industries.
Farm workers accounted for about three-fourths of the 109 deaths of youth less than 15 years of
age for the 6-year period 1992-1997. Y outh 15 to 17 years of age working in agriculture
appeared to have over four timestherisk for fata injury of youth workersin other indudtries,

and about the same risk as workers 25-44 years of age working in agriculture [Barkume et d.
2000]. Anandyssof CFOI datafor the period 1992-1996 demonstrated that fatdity rates were
highest in the crop production sector (22 desths/200,000 fulltime equivadent 15- to 17-year-olds),
followed by the agricultural services sector (13.5), and the livestock production sector (9.4)
[Cadtillo et d. 1999b]. Of the 162 deeths of youth less than 18 years of age in agriculture for the
period 1992-1997, nearly athird (51) were associated with tractors [Windau et al. 1999]. These
desths occurred from tractor rollovers, youth falling from tractors and being struck by attached
equipment, nonoperators being run over by tractors, and youth being caught in power take-offs.
In 38 of the 51 tractor-related deaths, the fatdly injured youth was operating the tractor. 'Y oung
worker desths in agriculture aso resulted from anima attacks, drowning, lightning, falling trees,
and grain engulfments.

Retail trade — Table 5 provides information on types of events among the 87 youth who died in
the retall trades industry from 1992-1997 [Windau et d. 1999]. Homicide was the leading cause
of death [Windau et d. 1999]. (Suicide and animd attacks were aso included in the categories
of assaults and violent acts,) Robberies accounted for at least 41 percent of the homicides, and

12
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possibly up to 79% (motive was unknown for 38% of the cases). Highway crashes dso
acocounted for a substantiad number of deathsin retail trades.

Table 5. Work Injury Desths of Y outh Less than 18 Years of Age in Retail Trades by Event or
Exposure, United States, 1992-1997

Event or exposure Number Per cent
Assaults or Violent Acts 59 68
Homicides 56 64
Trangportation 16 18
Highway crashes 13 15
Other 12 14
Totd 87 100

Source: Census of Fatal Occupational Injuries, Bureau of Labor Statistics [Windau et al. 1999]

Construction — The events or exposures leading to youth deaths in the congtruction industry
were diverse (Table 6) [Windau et d. 1999]. Falls and eectrocutions were most common.

Y outh 15- to 17-years of age working in construction appeared to have over seven timesthe risk
for fatal injury of youth workersin other industries, and over 2 timestherisk of workers 25-44
years of age working in construction [Barkume et . 2000].

Table 6. Work Injury Deaths of Y outh Less than 18 Y ears of Age in the Congtruction Industry
by Event or Exposure, United States, 1992-1997

Event or exposure Number Per cent
Fdls 12 23
Electrocution 11 21
Struck by Object 9 17
Excavation and trenching 5 9
Struck by Vehicle 4 8
Other 6 11
Tota 53 100

Source: Census of Fatal Occupational Injuries, Bureau of Labor Statistics [Windau et al. 1999]
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IIl. DEVELOPMENT OF RECOMMENDATIONS

Our society places specia vaue on young people and has adopted various socia policies,
including protection from hazardous working conditions. Implicit in these policiesis the belief
that youth should not be exposed to the samerisks as adults. “The vulnerable, formative, and
mallegble nature of childhood and adolescence requires a higher stlandard of protection for young
workers than that accorded to adult workers’ [NRC/IOM 1998].

Recommendations made in this report are consistent with the DOL commitment to facilitate
meaningful employment and training opportunities while protecting youth from the most
hazardous work activities. In addition to making recommendations for revisons and additions to
HOs, NIOSH makes recommendations for exemptions for apprentices/student learners.
Information from surveillance, published literature and expertise within NIOSH form the basi's
for the recommendations.

Context for Recommendations

NIOSH recognizes that federa child labor laws are an additiond layer of protection afforded to
young workers, supplementing OSHA protections and other regulatory programs. The
requirements for training and persond protective equipment under specific OSHA standards
should mitigate occupationa hedlth and safety hazards for young workers. Not al young
workers are covered by OSHA standards, however. For example, OSHA standards cannot be
enforced on smdl farms. In addition, compliance with OSHA standardsis not universal.

Unlike OSHA standards which prescribe the necessary protections for work (including persona
protective equipment and clothing, training, medica surveillance, and exposure limits), HOs
prohibit employment in certain jobs and industries deemed as too hazardous. NIOSH recognizes
the importance of proposing HOs that are easily understood and enforced by Wage and Hour
ingpectors (who may have minima training in control technology and safety and hedth

practices), as well as employers, youth, parents and schools who require this information to

make informed decisions about appropriate youth employment.

Recommendations were driven by information on high-risk activities for al workers, not just
patterns of fatalities and serious injuries seen among young workers. It is prudent to revise or
rescind HOs if current data on occupationa injuries and desths provide compelling evidence that
certain work activities no longer pose a danger to young workers. At the sametime, it remains
criticd to limit young workers expaosure to activities which are known to be especidly
hazardous to workers of al ages. The absence of deaths, injuries and illnesses among youth at
the current time does not necessarily mean that those activities do not pose serious risks to youth
now or in the future, for a number of reasons:

* By dedgn, current HOs limit youth employment in a number of especidly hazardous
activities. The absence or smal numbers of injuries and illnesses does not mean the HOs are
no longer needed, and may in fact tetify to their effectiveness.

» There are some especiadly hazardous activities that are conducted by a smal workforce.
Although there may be smal numbers of deaths and injuries, risks of fatdities and
debilitating injuries and illnesses can be quite high. Given rdatively low employment of
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youth in such activities, expected numbers of fataities would be quite low despite high risks.

e Current low leves of youth employment in a hazardous activity would minimize youth
deaths and injuries. The workforce is congtantly changing. Forces that limit youth
employment in such work today may not exist in the future.

» Long latency periods for some occupationd illnesses mean that resultant diseases may not be
detected for years and even decades after exposure as a youth worker, and the association
with work exposures may not be recognized.

Hazar dous Order s Recommendations

Current HOs include amix of industry, occupation, and equipment and task prohibitions, with
some overlgp. That is, certain types of work are encompassed under multiple HOs. In making
recommendations for new HOs or expansion of HOs, NIOSH aso used a mix of defining
characterigtics (e.g. industry, occupation, equipment or exposure). An effort was made to
propose as parsmonious alist of HOs as possible, recognizing and minimizing overlap between
proposed HOs, while at the same time encompassing work and work settings that pose the
greatest risks for young workers. This was done for purposes of economy and to make the HOs
as smple as possible for employers, parents, and youth. In addition, severa recommendations
were made to consolidate existing HOs and to modify definitions to better match current
classfication systems. In examining possible new HOs, NIOSH considered whether the risks for
that industry, occupation, or task were already encompassed under existing or proposed HOs
sufficiently to address the hazardous activity or setting. For example, if the mgority of fatal and
severeinjuriesin ahigh risk industry sector were associated with work prohibited by existing or
proposed HOs, NIOSH would not propose anew HO for that industry sector.

Exigting HOs include detailed definitions or descriptions of work encompassed and excluded in
each HO. For the most part, this report addresses each of the HOs broadly, not addressing each
detalled provison of the HO. Where fatality and injury data and/or the scientific literature
provided sufficient detail, specific provisions of HOs were addressed. Aswell, some changes to
exemptions are suggested, where the current exemption may be in conflict with

recommendations made elsewhere in the report. Because NIOSH recommendations were
dictated by the limits of available data and research, some recommended prohibitions may
include work that poses little risk to young workers, e.g., clerica tasks a a congtruction
contractor’s office. NIOSH encourages DOL to consider research as atool for the identification
of lessrisky activities that could be exempted in industry- and occupation-wide HOs.

Industries, occupations, or specific work activities that have ahigh risk for death or severe injury
should clearly be prohibited for young workers. The ability to caculate arisk for desth or injury
is dependent on the availability of data both on injuries (numerator) as well as employment or
exposure (denominator). Fatdity data are generally more prevaent than data on severe injuries
(athough data are available on nonfata injuries, minor injuries predominate). In consdering
fatdity data, it should be recognized that for every injury degth there are numerous nonfatal
injuries, many resulting in severe disability— the proverbid tip of the iceberg.
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Information on both frequency of fatd injuries and the number of employed workersis generdly
available for Bureau of the Census occupation and industry categories. Fatality rates for specific
occupation or industry sectors provide a more focused assessment of risk than do rates based on
data across al industries or occupations. In many cases the industry and occupation codes are
compatible with existing HOs, but in some cases they are not.

In considering a specific industry of occupation for aHO, NIOSH used the criterion that the risk
of death was more than twice the risk for al workers, measured by a summary rate published by
BLSfor multiple years. The risk for work-related injury desth for al workers for the period of
1992 to 1997 was 5.0 deaths per 100,000 workers [BLS 1999a]. Therefore, industries or
occupations with afatal injury rate more than 10 per 100,000 workers were considered for HOs.
A ligt of dl industry groups mesting this criteria and a summary of current or recommended HO
coverageis presented in the Appendix of this report (page 145). It isimportant to note that this
threshold rate is per 100,000 workers rather than fulltime equivdents (FTE). Althoughiitis
important to account for hours of work when looking at youth rates specifically and contrasting
youth rates with those of adults, fatality rates are typicaly presented by 100,000 workersin the
published literature. An analysis by Ruser demondrated that with the exception of some
population groups, such as youth and older workers, rates per 100,000 workers are generdly
equivaent to those per 100,000 FTE [Ruser 1998]. As noted above, in addition to examining the
fataity rate for industries and occupations, the circumstances of fatalitiesin those sectors were
aso considered. If the hazardous exposures were diverse and not well addressed in existing or
proposed HOs, and industry- or occupation-wide HO was proposed. If the types of hazardous
activities were rdatively limited and encompassed under existing or proposed HOs, anew HO
was not proposed. In generd, the evauation of HOs defined by occupation and industry were
graightforward given the ability to evduate fatdity rates.

Less graightforward were evauations of HOs defined by specific machines or tasks. While
assessment of risk istypicaly feasble for industries and occupations, in generd, data are seldom
available for specific machines or tasks. Data are available on the number of desths and injuries
associated with specific types of machines or events, however, the level of detall varies. In some
cases, information is available for a specific machine (such as aforklift), while in other cases,
gpecific machinery are grouped in ill-defined categories such as “ paper production machinery,
unspecified” or paper production machinery, not esewhere classified.” More problemétic,
however, isthe virtua abosence of data and the numbers of specific machinesin use. Thusthe
data that would be needed to assess level of risk for use of machines or pecific tasks are not
available. Evauding the totd numbers of fatdities and injuries was often the only avallable
means of ng the need for these types of HOs. It is not valid to compare the number of
degths involving a machine found in numerous work settings with the number of degths

involving amachine used in asmall number of specidized manufacturing operaions. For this
reason, no frequency threshold was used as a basis for recommending HOs related to machinery
use. There are substantia numbers of fatdities associated with some machines addressed by
certain HOs, and in those cases NIOSH is confident in recommending that the HOs be
continued. In afew sdlect cases, the data are less compelling and a cautious remova of the HO
may be consdered. For example, asmal number of deaths or injuries associated with a
speciaized machine presumed to be used in asmal number of workplaces would indicate a
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higher rate, which would be considered more compelling that a small number of deaths and
injuries associated with machinery presumed to be prevalent in many workplaces. There are
clearly less data available on machinery and task, and the degree of confidence in this detaiis
lower than that for industries and occupations. NIOSH used professiond judgement and
avallable data to make reasonable judgements as to leve of risk.

In addition to fatdity data, data on severe or potentidly disabling nonfatd injuries and illnesses
were dso congdered. Injuries were generally consdered severeif they resulted in 15 or more
days away from work (three times the average median days away from work for al workers)
[BLS 1999b]. Amputations were considered to be an especialy disabling type of injury. Data
on severe or disabling injuries done were not consdered sufficient to recommend an HO.
Information on severe or potentialy disabling injuries were consdered in addition to other data
on fata injuries and/or serious hedlth risks,

In addition to activities with a high risk for fatal and severe nonfatd injuries, the HOs should
protect youth from exposures thet lead to chronic and debilitating illnesses, serioudy impacting
the qudity and potentia of their adult lives. 'Y outh should be protected from exposures where
thereis evidence that young workers are more susceptible to harm than adults. However, the
grestest gaps in knowledge to guide regulation of youth employment are in the area of
occupationd illness. Little is known about the extent to which work exposures & ayoung age
lead to acute of chronicillness. Additiondly, there are little data on the extent of disability and
impact on quality of life for pecificillnesses. Modes used to estimate risk for adult workers,
which rely on an 8 hour workday and 40 year working lifetime, cannot be used to estimate risks
for youth who frequently work less than 8 hours a day and move in and out of jobs with different
exposures. Data demondtrating strong associ ations between workplace exposures and serious
illnesses are cited asjudtification for HOs to limit or prohibit youth exposures to workplace
hedlth hazards. Data on unique youth susceptibility are cited when available. In some cases,
theoreticd risks suggesting a possible unique susceptibility of adolescents are cited for
especidly serious hazards, such as exposure to radioactivity in aperiod of increased cell growth
and a developing reproductive sysem. Findly, a number of hedth areas requiring further
research are included in the section “ Areas Requiring Further Research” (page 139).

Recommendationsfor Apprentice/Student L earner Exemptions

NIOSH has made recommendations for apprentice/student learner exemptions (29 CFR 570)
within the current and recommended new HOs. These recommendations are specific to the
nonagricultura HOs because of their stringent requirements for training and ongoing close
supervison of aqudified and experienced person. The agriculturd HOs do not mandate such
standards, and thus would not provide adequate assurance of protection. Exemptions are
recommended in those cases where supervison and training could reasonably be expected to
protect young workers from hazards on thejob. However, where there are externa factors that
are not under the control of a supervisor, where lines of authority are unclear, or where there are

“Code of Federal Regulations. See CFR in references.
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multiple hazards not confined to a specific task, an exemption is not recommended. When
available, data on the effectiveness of training in specific industries, occupations, or tasks were
taken into consideration in recommending gpprentice/student learner exemptions.

Format for Recommendations

The discussion of each HO begins with a recommendation to retain or revise, followed by a brief
rationde in support of the recommendation. The remainder of the discusson is dependent upon
the nature and amount of data available. In most instances, a table showing data on fatal and
nonfata injuries among workers of al agesis provided. Where available, data on fatal and
nonfatd injuries among workers under age 18 (for nonagricultura occupations) or under age 16
(for agricultura occupations) are displayed. Case reports of fatalities and serious injuries to
young workers, gppearing in text boxes, are used to illustrate circumstances in which these
injuries occur. Recommendations are further supported by references to relevant scientific
literature,

For each HO recommendation, the summaries include al data NIOSH considered in making the
recommendation, and are not limited to data supporting the NIOSH recommendation. Thiswas
done recognizing that judgements about justification for HOs are val ue-laden.

Recommendations in this report are based on judgement and expertise of NIOSH gaff.
Summaries of data are provided to dlow DOL to make their own judgements and interpretations.
Suggestions for further evauation are provided for afew sdect machine-based HOs given
limitations in the available data as described earlier in this section.
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V. RECOMMENDATIONS PERTAINING TO CURRENT HAZARDOUS ORDERS
Non-Agricultural Occupations

HO 1: Manufacturing or Storage Occupations Involving Explosives

Recommendation — Revise the definition of “explosives and articles containing explosves’ to
ddete the reference to the Interstate Commerce Commission, which is now obsolete, and to
include the current “List of Explosve Materids,” published by the Bureau of Alcohol, Tobacco
and Firearms (ATF). NIOSH encourages DOL to retain more genera terminology (eg.,
ammunition, fireworks, primers, and smokeless powders) within the text of HO 1, since these
terms are not contained in the “List of Explosve Materids,” yet have meaning for employers,
parents, and youth. These recommendations are consistent with the 1999 Notice of Proposed
Rule-Making (NPRM) published by DOL and with previous NIOSH comments in support of the
proposed rule [64 Fed. Reg. 67130 (1999); NIOSH 2000a].

Rationade — NIOSH review of occupationd fatal and nonfatal injury data supports the continued
need to restrict minors from working in establishments that manufacture and store explosives

and explosve components. The most current “List of Explosve Materids’ that ATF maintains
on its website appears to be gppropriate for DOL use in specifying which materids are rlevant
to HO 1. Thislist hastwo digtinct advantages: the list is periodically updated, and

establishments that manufacture explosives are licensed by ATF and are likely to know about the
list [Nationa Fire Protection Association 1997].

Hazards of Working in Establishments that Manufacture or Store Explosive Materids

The primary hazard thet is unique to
establishments that manufacture or store
explosve materids s the potentid for
catastrophic fires and explosions resulting
from the mishandling of the explosve
materids. Datafrom CFOI for the years
1992 through 1997 demondtrated thet fires
and explosions killed an average of 194
workers per year [NIOSH 2001c]. Over the

Two youth were killed in 1999 when the
trailer they were in exploded when hit by a
malfunctioning firework. Though it is not
known if the youth were working, fireworks
were being stored and assembled in the trailer
for an ongoing fireworks show approximately
1/4 mile away. An adult working in the trailer
was aso killed. [Associated Press 1999).

same 6-year period, 8 workers under the age

of 18 died as aresult of fires and explosions[Windau et d. 1999]. It isestimated, based on data
from the SOII, that 4,146 workers sustained lost workday injuries and illnesses as aresult of
firesand explosons in 1996, with 19 of the injuries occurring among workers less than 18 years
of age[Windau et a. 1999]. In 1997, explosives and blasting agents (OI1CS code 075) caused
205 occupationa injuries and illnesses resulting in lost workdays, with amedian of 20 logt
workdays per injury [BLS 1999b].

Assesament of the risk of fata injury for workersin establishments which manufacture or store
explosvesis greatly hampered by the classfication of these establishmentsin categories that
include related establishments that do not manufacture or store explosive materids. Risks
specific to industries that manufacture or store explosives may be diluted by the inclusion of
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fataity and employment numbers for lower risk establishments. For this reason, and because of
the risk for catastrophic fires and explosions in establishments which manufacture and store
explosives, available fataity rates were consdered sufficient to justify prohibitions for youth
workers. Fataity data were examined for two industries: 1) Industrid and Miscellaneous
Chemicals (Bureau of the Census Industry Code 192) and 2) Ordnance and Accessories (Bureau
of the Census Indusiry Code 292). These two industries include establishments that manufacture
explosive materids, but they aso include establishments that manufacture a variety of other
chemica products (e.g., adhesives). From 1992 through 1997, Industrial and Miscellaneous
Chemicals had 96 occupationd fatdities, representing awork-related fata injury rate of 3.1 per
100,000 workers [NIOSH 2001c, NIOSH 2001a]. The annual number of deaths wasfairly
dable, averaging 16 deeths per year. During the same time frame, Sx workers died in the
Ordnance and Accessories industry.

Of the 96 deathsin the Indugtrial and Miscdllaneous Chemicasindustry, 30 resulted from fires
or explosons and 12 from inhaation or contact with the skin [NIOSH 2001c]. Forty deaths
occurred in the sub-industry of Miscdlaneous Chemica Products (this group includes the
“explosvesindustry”). Thirty-eight deaths occurred in the sub-industry of Industrid Inorganic
Chemicds and another 18 deaths occurred in the sub-industry of Industriad Organic Chemicas.

NIOSH reviewed narrative injury descriptions of the 96 degths occurring in the Industria and
Miscdllaneous Chemicals Industry [NIOSH 2001c] and determined that these establishments
have the potentid for multiple-desth incidents resulting from fires and explosions, especidly the
Explosives (Standard Industria Classification [SIC] Code 2892) and Chemica and Chemica
Preparations (SIC Code 2899) industries. Of the 30 degaths resulting from fires and explosions,
five involved fireworks.

HO 2: Motor Vehicle Occupations

Recommendation— 1) Revise the HO to incorporate the provisions of the Drive for Teen
Employment Act, enacted in 1998 as a subsection of the Fair Labor Standards Act, into the HO 2
regulation. 2) Provide guidance on what congtitutes “ urgent, time-sengtive ddliveries’ and
“incidental and occasond driving.” 3) Delete from the regulation the now expired exemption for
school bus driving. These recommendations are consistent with the 1999 NPRM published by
DOL and with previous NIOSH comments in support of the proposed rule [64 Fed. Reg. 67130
(1999); NIOSH 20004].

Rationdle— Motor vehicle statistics show that teenagers have extremey high rates of motor
vehicle crashes, deaths, and injuries. Furthermore, occupationd injury fataity data demondrate
that motor vehicdle driving is associated with high numbers of occupationa desths among
workers of dl ages, and adolescents specificaly. The revisonsto HO2 are proposed for the
following reasons

By continuing to prohibit 16-year-olds from driving on the job and limiting the amount and
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nature of driving permitted for 17-year-olds, the Drive for Teen Employment Act appears
cons stent with the gpproach and intent of Graduated Driving Licensure (GDL) systems
which are heavily supported by the traffic safety community. The Act provides broad
protection for 16-year-olds, the group with the highest crash risk. Extending limited driving
privileges increases employment opportunities for 17-year-olds, yet places restrictionsto
dlow gradud development of driving skills among these young workers.

» Formd incluson of clearer definitions for terms such as “incidenta and occasiond driving”
and “urgent, time-sengtive ddliveries’ will help employers comply with the Act asthey
assign driving tasks to young workers. Clarification of such termswill ad Wage and Hour
compliance g&ff asthey enforce the Act.

» Given the low seat belt use among adolescents, it is critical to protection of young workers
that mandatory seat belt use be an employer policy. Since law enforcement policies and
commitment to enforcement vary by state, mandatory seet belt laws aone should not be relied
upon for protection of young workers.

Teenagers Have Extremely High Rates of Motor Vehicle Crashes, Deaths, and Injuries

Traffic crashes have long been the leading cause of desth among persons ages 16 through 20
years. Personsin this age group have the highest fatality and injury rates due to traffic crashes of
any age group. For these adolescents, the 1997 fatdity rate was approximately twice that of the
total population (30.4 per 100,000 population vs. 15.7), and the injury rate nearly 2.5 times
higher (3,116 per 100,000 population vs. 1,270) [NHTSA 19984]. Thetota crash involvement
rate for 16-year-olds was nearly ten times that of drivers ages 35 to 64 (43 crashes per million
milesdriven vs. 4). For 17-year-olds, the rate was 7.5 times higher (30 vs. 4) [ Transportation
Research Board 1996].  Numerous risk factors have been implicated in the eevated traffic
injury and fatdity rates among youth: lower seat belt use, night driving, risk-taking,

inexperience, distractions from teen passengers, immaturity, speeding, driver inattention, driver
error, fallure to adjust to road and wegther conditions, incorrect interpretation of traffic sgns and
signals, and acohol use [Ford and Picha 2000; NHTSA 1998b; Phebo and Dellinger 1998].

Motor Vehicle Driving |s Associated with High Numbers of Occupational Desths among
Workers of All Ages, and Adolescents Specificaly

Highway crashes continue to be the leading cause of fatalities among workers of dl ages,
accounting for 7,822 (20.7%) of al occupationd fatdities between 1992 and 1997. Further,
while the totd number of occupationd fatdities remained fairly conastent over the 6-year
period, occupationa fataities on the highway increased 19.8%, from 1,158 in 1992 to 1,387 in
1997 [NIOSH 2001c]. Given the crash experience of young driversin the genera population
and the additiona pressures associated with on-the-job driving, maintaining restrictions on
motor vehicle operation is essentid to the protection of young workers. Despite the protections
afforded by HO 2, motor vehicle-related incidents are aleading cause of deaeth among young
workers. Between 1990 and 1992, the Nationa Traumatic Occupationa Fatalities (NTOF)
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surveillance system, based on degth certificates from dl gates, identified 32 motor vehicle
desths of workers ages 16 and 17, comprising 28.8% of work-related fataities in this age group.
The motor vehicle fatdity rate of 1.01 per 100,000 full-time equivaent (FTE) workers was
higher than the rates for workers ages 18 through 44 [Cadtillo and Malit 1997]. On average,
desath certificates in NTOF have been found to identify about 80% of occupationa deaths [CDC
2001b]. NTOF differsfrom CFOI in that the minimum age covered is 16. Table 7 displays
occupationd motor vehicle fatdity rates and frequencies by age group.

Table 7. Frequency and Rates (Deaths Per 100,000 FTE) of Occupational Motor Vehicle
Fatality by Age Group, United States, 1990-1992

Age Group (Years) Deaths Rate
16-17 32 1.01
18-19 71 0.85
20-24 309 0.86
25-34 870 0.86
35-44 789 0.82
45-54 710 1.16
55-64 470 1.50
65+ 234 3.33

Source: National Traumatic Occupational Fatality Surveillance System, National Institute for Occupational Safety
and Health [Castillo and Mdlit 1997]

Analysis of agpecia CFOI research file provided to NIOSH which includes detailed data such as
actual age, but does not include data from New Y ork City, identified 18 highway fatdities

among workers age 16, and 29 fatalities among workers age 17 for the years 1992-1997 [NIOSH
2001d]. Ten of the 47 decedents (21.3%) were employed in the agricultura production industry,
and thus would not have been covered by HO 2. The occupation specified for 13 of the
decedents was “truck driver” or some other transportation occupation. Table 8 displays

additional characteristics of occupationd highway fataities among workers ages 16 and 17.
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United States, 1992-1997
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Agel6 Agel7
Primary Sourceof Injury
Truck 5 (27.8%) 12 (41.4%)
Car 7 (38.9%) 12 (41.4%)
All other 6 (33.4%) 5(17.2%)
Total 18 (100.0%) 29 (100.0%)
Event Type
Highway collision 6 (33.3%) 13 (44.8%)
Highway noncollision 7 (38.9%) 9 (31L.0%)
All other 5(27.8%) 7 (24.1%)
Total 18 (100.0%) 29 (100.0%)
Position in Vehicle
Driver 13 (72.2%) 22 (75.9%)
Passenger 5(27.8%) 7 (24.1%)
Total 18 (100.0%) 29 (100.0%)
Industry
Agriculture/forestry/fishing 5(27.8%) 6 (20.7%)
Construction — 6 (20.7%)
Transportation, communications, public utilities — —
Wholesale/retail trade — 10 (34.5%)
Services — —
All other 7 (38.9%) —
Total 18 (100.0%) 29 (100.0%)
Occupation
Transportation and material moving — 9 (31.0%)
Farming/forestry/fishing 5(27.8%) 7 (24.1%)
Laborer — 5 (17.2%)
Service — —
All other 9 (50.0%) —
Total 18 (100.0%) 29 (100.0%)
Timeof Incident (Nearest Hour)
6am.tollam. 7 (38.9%) 7 (24.1%)
12 noonto 5 p.m. 9 (50.0%) 13 (44.8%)
6 p.m.to9 p.m. — 6 (20.7%0)
10pm.to5am. — —
Total 18 (100.0%) 29 (100.0%)

Source: Census of Fatal Occupational Injuries (CFOI), Bureau of Labor Statistics [NIOSH 2001d]. Dashesindicate

that BL S reporting requirements were not met.
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Graduated Driver Licensure (GDL) Systems

In recent years, traffic safety researchers have advocated the adoption of GDL systems for youth
lessthan 18 years of age. Therationade for GDL isthat while basic driving skills are quickly
acquired, young drivers  ahilities to make decisonsin complex traffic Stuations develop only
through accumulation of real-world driving experience [McLaurin 1999]. The most
comprehensve GDL systems begin with alearner’ s permit period which stipulates basic driver
training, adult driver supervison a dl times, limited night driving, and redirictions on carrying
teen passengers. An intermediate period follows during which fewer driving redtrictions are
imposed. Full licensureistypicaly achieved at age 18, provided the young driver remains free
of a-fault crashes, moving violations, and driving under the influence convictions[NHTSA
1998b]. Although not dl GDL systems have been in place long enough for evauations to be
completed, results thus far are encouraging (e.g., crash decreases of 34% and 31% in Kentucky
and Ontario, respectively) [Mayhew 2000; Foss and Evenson 1998].

HO 3: Coal Mine Occupations

Recommendation— Retain current HO.

Rationde— The cod mining indudtry is associated with high injury deeth rates and severe
nonfatd injuries. Further, work in cod minesis associated with serious lung diseases. Exposure
to respirable cod dust at a young age would mean alonger latency period in which to develop,

auffer, and die from lung diseases.

The Coa Mining is Associated With High Injury Desth Rates and Severe Non-Fatal [njuries and
[lInesses

The cod mining industry had the 4™ highest lifetime risk of fatal occupationd injuries based on
NTOF datafor the years 1990 and 1991, with 19 deaths per 1,000 fulltime workers— assuming a
45-year work life [Fosbroke et d. 1997]. Lifetime fad injury risk is an average lifetime risk for
workersin aparticular indusiry or occupation, assuming a45 year working life. 1t was

cdculated in amanner comparable to lifetime risk for fatd occupationd illness[Fosoroke et d.
1997]. OSHA considersalifetimerisk of 1 desth in 1,000 workers to be high enough to justify
the development of a standard for an industry [Stayner 1992; Adkins 1993]. There were 255
deaths in the cod mining industry between 1992 and 1997; the fatdity rate was 41.9 per 100,000
workers [NIOSH 2001c, NIOSH 20014]. In 1997, injuries and illnesses where coal was stated as
the source resulted in amedian of 30 days away from work [BLS 1999b]. Injuries and illnesses
in the cod mining industry resulted in amedian of 25 days away from work [BLS 1999b].

Work in Cod Mines Is Associated with Serious Lung Disease

Coa Workers Pneumaoconioss (CWP), more commonly known as “Black Lung Disease,” isa
chronic, irreversbleillness arisng from inhdation and depostion of cod dugt in the lungs, and
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lung tissue reection to the dust. Clinica and radiographic signs of the disease usudly appear
after at least ten years of respirable dust exposure. Workers exposed to coal mine dust more
commonly develop chronic bronchitis, emphysema, and airway obstruction (types of chronic
obstructive pulmonary disease [COPD]) than others with Similar tobacco use [Wagner 1994]. A
prospective study of 8,878 working mae coa miners, medically examined from 1969 to 1971,
and followed through 1979, demonstrated increased exposure-related mortdity from
pneumoconioss and from chronic bronchitis or emphysema, contralling for age and smoking
[Kuempel et d. 1995]. Analysisof death certificates for the years 1987 to 1996 demonstrated
that decedents whaose typical employment was the cod mineindustry died more frequently than
would have been expected from CWP (proportionate mortality ratio [PMR] = 111) and chronic
obstructive pulmonary disease (PMR = 2.4). PMRs greater than 1 indicate more degths from a
specific cause of death than expected based on patterns in the general population [NIOSH
19993]. Severa epidemiologic studies have demondtrated an elevated risk of certain types of
cancer in coa miners [Swaen et a. 1985, 1995; Mejerset a. 1988, 1991; Golkaet a. 1998],
however, the International Agency for Research on Cancer (IARC) concluded in a
comprehensve review [IARC 1997] that there was inadequate evidence in humansand in
experimental animasto classfy cod dust as carcinogenic. Despite improvements in respiratory
protection for coal mine workers, exposures to respirable coa dust continue to occur, aswell as
illnessin workers exposed to less than the permissible level. For the period 1995-1996, 6% of
samples collected by the Mine Safety and Hedth Administration exceeded permissible levels
[NIOSH 19994].

HO 4. Logging and Sawmilling Occupations

Recommendation— 1) Expand the HO to cover work in operation of timber tracts and tree farms
(SIC 081) and in forestry services (SIC 085). 2) Remove the current exemptions for
congruction work for living or adminigtrative quarters.

Rationde— 1) Fatdity data show that work in logging and in sawmills and planing mills
continues to be associated with substantial numbers of fatdities and nonfatd injuries, and high
fadity rates. Thelogging industry has among the highest average annud fatdity rates, and the
highest lifetime risk of fatd injury. Theforestry industry aso has ahigh fatdity rate, and
workers face injury risks smilar to those of logging workers. Forestry includes forest
firefighting, which poses substantid risk to workers of al ages. However, work in Forest
Nurseries and Gathering of Forest Products (SIC 083) is associated with very small numbers of
fatdities, and should not be prohibited for youth.

2) Condtruction work has high risksfor fatd and nonfata injuries, and should not be exempted
in the congtruction of living or adminigrative quarters at logging Stes or mills (see
recommendation for construction HO on page 101).

The Manufacture of Lumber and Wood Products |s Associated with High Numbers and Rates of
Fad Injury
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The logging industry (Bureau of Census Industry Code 230) had the highest lifetime risk of fata
injury of any industry, at 47 deaths per 1,000 workers, based on an anaysis of NTOF datafor
1990 and 1991. Sawmills, planing mills, and millwork (Bureau of the Census Industry Code
231, which is equivaent to SIC codes 242 and 243) had the 14™ highest lifetime risk of 5.8
deaths per 1,000 workers [Fosbroke et a. 1997].

CFOI data demondtrated that there were 1,218 fatalities between 1992-1997 in lumber and wood
products manufacturing industries (SIC 24, Table 9) [NIOSH 2001c]. These establishments
included logging companies (SIC 241); sawmills and planing mills (SIC 242); and companies
that manufacture millwork, veneer, plywood, and structural wood members (SIC 243); wood
containers (SIC 244); wood buildings and mobile homes (SIC 245); and miscellaneous wood
products (SIC 249). Ninety-three percent of the fatalities occurred in SICs 241, 242, and 243.
The fadity rate for the 6-year period for al industries within SIC 24 was 27.7 degaths per
100,000 workers [NIOSH 2001c; NIOSH 2001a]. The fatdity rate for the logging industry
alone was 103.6 deaths per 100,000 workers, more than 20 times the rate for workersin al
indudtries. 1t was not possible to calculate fatdity rates separately for sawmills and planing mills
(SIC 242) and millwork, veneer, plywood, and structural members (SIC 243) because
employment data were not available for each of these industry sectorsindividualy. The rate for
these two industry sectors combined was 11.5 degths per 100,000 workers,

Employment in logging was aso associated with 3,883 nonfatd injuries and illnessesin 1997
requiring days away from work, with amedian of 12 lost work days [BLS 1999b)]. Large
numbers of injuries and illnesses were dso seen in the other five SICs, but these required
consderably fewer median days away from work than did logging-related injuries.
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Table9. Deaths and Nonfatd Injuries and 1lInesses Requiring Days Away from Work in
Lumber and Wood Products Manufacturing Industries, United States

Industry [SIC code] Deaths, Deathsper | Nonfatal Median
1992-1997 | 100,000 Injuriesand | Days Away

Workers, [1Inesses, from Work,
1992-1997 1997 1997

Logging [SIC 241] 874 103.6 3,883 12

Sawmills and planing mills 187 11.5* 8,482 5

[SIC 242]

Millwork, veneer, plywood, 69 11.5* 9,015 4

and gtructural members [SIC

243]

Wood containers [SIC 244] 19 7.0%* 3,368 4

Wood buildings and mobile 21 4.8 4,013 4

homes [SIC 245]

Miscellaneous wood products 43 7.0%* 2,293 4

[SIC 249]

Total [SIC 24] 1,218 21.7 31,054

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IlInesses (Nonfatal injuries) [BLS 1999b], Bureau of Labor Statistics. Dashes indicate that data were not available.
*Rate for SICs 242 and 243 combined.

**Ratefor SICs 244 and 249 combined.
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NIOSH andysis of aspecid CFOI research
filefor the years 1992 through 1997 (which
includes more detail than on the standard
research file, but excludes New Y ork City)
identified 5 desths of workers younger than
age18in SIC 24. All of the fatdlities

occurred inlogging (SIC 241) and in
savmills and planing mills (SIC 242). The
fatdity ratefor dl of SIC 24, teking into
account hours worked, was 17.6 deaths per
100,000 FTE workers ages 15-17, nearly two-
thirds the rate of 27.7 per 100,000 workers of
al ages [NIOSH 2001d]. Youth fatditiesin
these settings involved being struck by faling
trees and vehicles[Windau et d. 1999).

In 2000, a 16-year-old mae youth was
eectrocuted while working at asawmill. The
youth was employed to do odd jobs and
clean-up work. Working aone while other
workers were taking a break, the youth was
using acompressed air hose and nozzle to
blow sawdust off and away from a 440-volt
electric re-saw machine. The youth
gpparently knelt down under the machine on
wet ground and contacted the machine's
meta framework which was energized. The
re-saw machine had been powered down, but
not de-energized. The re-saw machine was
located outside and was not protected from
wegther dements. Additiondly, the machine

. had exposed wiring and was not
The Foredtry Industry Also HasaHigh appropriately grounded. [Missouri

Fatdity Rate Department of Health 2001].

CFOI identified 82 fatdlities of workers

employed in the forestry industry (SIC 08) between 1992 and 1997, with afatality rate of 16.6
deaths per 100,000 workers (Table 10) [NIOSH 2001c]. Fataities were largely confined to two
sectors within the forestry industry: Timber Tracts (SIC 081), which congsts of establishments
that operate timber tracts or tree farms for the purpose of sdling standing timber (35 degths); and
Forestry Services (SIC 085), which contains establishments that perform services related to
timber production, wood technology, timber cruisng and estimation, and forest firefighting and
fire prevention (39 deaths). Although government agencies engaged in forest firefighting and

fire prevention are placed by SIC rulesin SIC 085, examination of CFOI data showed that 16
additiond fatdities that were clearly attributable to forest firefighting were misclassified in the
public adminigration industry divison. Therefore, the fatdity rate of 16.6 for the forestry
industry underestimates the true risk to workersin the industry.

Trangportation incidents were the most common fata event among forestry workers, accounting
for 43 deaths (52.4%). However, forestry workers also experienced fatd injuries such asthose
typically associated with the logging industry: in 26 of the 82 fatdities (31.7%), the worker was
struck by afdling object (atreein al but one instance).

The SOII identified 438 nonfata injuries and illnesses to forestry workersin 1997 [BLS 19990].
This smadl number may be attributed to the lack of coverage of government employees by the
SOll. High median days away from work, 25, were associated with nonfatal injuries and
illnesses to workers in Forestry Services.
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Table 10. Deaths and Nonfatd Injuries and Ilinesses Requiring Days Away from Work in

Forestry Industries, United States

Industry [SIC code] Deaths, Deathsper | Nonfatal Median
1992-1997 | 100,000 Injuriesand | Days Away

Workers, [1Inesses, from Work,
1992-1997 | 1997 1997

Timber tracts [SIC 081] 35 148 5

Forestry services[SIC 085] 39 246 25

Other forestry (includes 8

Forest Nurseries and

Gathering of Forest Products

[SIC 083] and Forestry,

unspecified [SIC 080])

Tota [SIC 0] 82 16.6* 438 7

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IlInesses (Nonfatal injuries) [BLS 1999b], Bureau of Labor Statistics. Dashes indicate that data were not available.
* Employment datafor calculation of fatality rates below the 2-digit SIC were not available.

HO 5: Power-Driven Woodwor king M achine Oper ations

Recommendation— 1) Expand the HO to include similar power-driven machines used to

operate on materias other than wood.  Alternatively, NIOSH encourages DOL to consider
rewriting HOs 5, 8, and 12, which respectively address machines that work with wood, metal,
and paper, by merging into a single or multiple HOs which address the function of machines
rather than the material processed. 2) Retain the existing exemption for apprentices/student

learners.

Rationde— 1) Metal, woodworking, and specia materid machinery are associated with
substantial numbers of worker deaths and injuries. Although it is possible to identify some

desths and injuries attributed to woodworking machines, and tools specificaly, in other cases it

is not possible to identify if the machine was designed for or used on wood or some other
materid. Furthermore, many of the hazards inherent in woodworking machines are found in
machines that process other materids. An advantage to rewriting the HOs to address function
rather than material processed would be the increased ability to monitor the incidence and
patterns of deaths and injuries associated with specific types of machinery using routinely
collected fatality and injury data. Thiswould allow an assessment as to which machines
continue to be a safety concern for youth, and which machines are no longer a concern because
of advances in safety features or because of diminished use in workplaces.
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2) An gpprentice/student learner exemption is appropriate since the hazards of specific
mechinery are typically known, controllable, and limited to the machinery.

Substantial Numbers of Deaths and Nonfata Injuries and 1llnesses Associated with Power-

Driven Woodworking Machines and Similar Machinery

The ability to identify deaths and injuries
associated with equipment specifically
prohibited by HO 5 is hampered because of
an incompatibility with the dassfication
scheme used in occupationd injury statistics,
the Occupationd Injury and lliness

In April 1999, a 17-year-old youth severed
hisright arm at the dbow while working on a
power-driven pallet-notching machine.
[Associated Press 2000].

Classfication Structures (OI1CS) [Nationa Safety Council 1995]. The OIICS classify machines
by function rather than the materid processed by the machine. Although it is possible to identify
specific types of machines that principaly work on wood, such as saws, in other instances, the
meachines may work on wood as well as other materias, for example, boring, drilling, planing

and milling machinery.

Table 10 provides data on fata and nonfatal injuries associated with avariety of power-driven
machines that operate on wood, metal, and other materias. For the 6-year period 1992-97, there
were atotd of 287 deeths among workers of al agesin which this type of machinery was found
to be aprimary or secondary contributor to the death [NIOSH 2001c]. It isassumed that
dationary saws are primarily used on wood. Stationary sawing machinery contributed to 46
deaths. In 1997, there were 26,051 injuries and illnesses serious enough to require time away
from work associated with meta, woodworking and specia materiad machinery [BLS 1999b).
Stationary saws accounted for 7,415 injuriesand ilinesses.  The median days away from work
for injuries and illnesses associated with metal, woodworking and specid materid machinery

was dightly higher than the median for dl injuries, 6 compared to 5. Injuries and illnesses

associated with gtationary saws had amedian
of 8 days away from work.

Another type of machine that processes wood
and is not reflected in Table 10 because it is
classfied under logging machinery, isawood
chipper (OIICS code 3231). Wood chippers
typicaly conss of afeed mechanism, knives
mounted on arotating chipper disc or drum,
and a power plant [NIOSH 1999b]. In order
to be able to feed large limbsinto the
mechine, thereis minima or no mechine
guarding. A NIOSH andysis of CFOI data
for the period 1992 to 1997 identified 32

In 2000, a 14-year old mae youth was pulled
into an operating wood chipper and fataly
injured. The youth, who had accompanied
his father to work, had been assigned the task
of dragging limbs and branches to the wood
chipper, and was specificdly instructed not to
feed the chipper. He picked up a4- to 5-inch
diameter limb and began feeding it into the
chipper when abranch struck him in the back
and pulled him into the rotating chipper
knives [NIOSH 2001€].

deaths among workers of al ages associated with this machinery [NIOSH 2001c]. Of these
deaths, 56% were in industries or occupations not currently covered by HOs, such as landscaping
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sarvices, tree removal, and dectrical services. Degths involved being caught by the feed
mechanism and being pulled through the chipper knives (41%), and being struck by parts that
separated from the machine (34%).

Table 10. Desths and Nonfatal Injuries and IlInesses Requiring Days Away From Work
Associated with Meta, Woodworking, and Specid Materid Machinery, United States.

Type of Machinery [OlI1CScode] | 1" or 2 Nonfatal Median Days
Sourceof | Injuriesand Away from
Death, IlInesses Work, 1997
1992-97 (2° source),
1997
Metd, woodworking, and specia 12 1,565 8
meaterid machinery, unspecified
[350]
Bending, ralling, shaping 31 1,733 7
machinery [351]
Boring, drilling, planing, milling 23 2,340 5
machinery [352]
Extruding, injecting, forming, 77 2,172 6
molding machinery [353]
Grinding, polishing mechinery 12 2,322 4
[354]
Lathes[355] 25 1,109 6
Presses, except printing [356] 32 4,183 7
Sawing machinery, stationary [357] 46 7,415 8
Other meta, woodworking, and 29 3,211 3[OIICS 359]
specid materid machinery [359],
and threading and tapping 7 [OlICS 358
machines [358]
Tota 287 26,051 6

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IInesses (Nonfatal injuries), Bureau of Labor Statistics[BLS 1999b].

Table 11 provides data on fatal and nonfata injuries associated with powered handtools. As

with the machinery identified above, it is difficult to identify in injury Satigtics powered tools
specific to woodworking. For the 6-year period, 1992-1997, there were 304 desths associated
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with powered tools, 136 of which were associated with cutting tools, such as chain saws [NIOSH
2001c]. In 1997 done, there were 22,648 non-fata injuries and illnesses associated with power
tools [BLS 1999b]. The median days away from work in 1997 was lower for powered tools than
for dl injuries, 4 versus 5 days, respectively. It isimportant to note that there were 8 deaths
during the period 1992-97 and 5,812 injuries and illnesses in 1997 for which it was not
determined if the handtool was powered. These desths and injuries are not included in Table 10,
but may havein fact involved powered handtools.

Table 11. Deaths and Nonfatd Injuries and IlInesses Requiring Days Away from Work
Associated with Powered Handtools, United States

Type of Powered Handtool 1N or 2 Nonfatal Median

[OIICS code] Sour ce of Injuriesand | Days Away
Death, [lInesses, (1" | from Work,
1992-1997 | source) 1997 | 1997

Unspecified [720] 353 7

Boring (incl. augers, drills) [721] 22 3,093 4

Cuitting (incl. chainsaws) [722] 136 5,539 10

Striking and nailing (ind. 9 2,739 5

riveters) [723]

Surfacing (incl. sanders) [724] 13 2,604 3

Turning (incl. screwdrivers) [725] 7 1,038 6

Welding and hegting [726] 97 5,513 2

Other (indl. nall guns, stgpling 20 1,770 5

tools) [729]

Tota 304 22,648 4

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IlInesses (Nonfatal injuries), Bureau of Labor Statistics[BLS 1999b]. The dash indicates that BLS reporting
reguirements were not met.

HO 6: Occupations I nvolving Exposur e to Radioactive Substances and to lonizing
Radiation
Recommendation— Revise HO to reflect current risks to youth for occupationd radiation

exposures. The following wording is suggested: Working with any machine that generates
ionizing radiation, including assisting in diagnostic or therapeutic radiology procedures
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involving ionizing radiation.

Rationale— Y outh are increasingly working in settings such as medica or veterinary offices
where they may be exposad to ionizing radiation while assigting in diagnostic radiologic
procedures. Evidence for increased susceptibility of youth to ionizing radiation has prompted
OSHA and the U.S. Nuclear Regulatory Commission (NRC) to set the maximum permissible
exposure for youth a 10% of the permissible leve for adults. The increased risk for youth and
research showing that radiographic equipment and procedures frequently do not meet nationa
standards make an apprentice/student learner exemption inappropriate.

Occupationd Risk to Y outh for Exposure to Radiation

According to the Current Population Survey, 46,159 youth under the age of 18 worked in
veterinary services, or offices and clinics of physcians, dentists, chiropractors, or other hedlth
practitioners during 1999. This number has been increasing since 1988 when 18,068 youth
worked in these settings [NIOSH 2001a]. A 1987 survey of 29 randomly selected veterinary
practices with radiographic equipment in Ohio indicated that the mgority did not meet sSandards
for x-ray equipment and procedures. Protective equipment such as lead shields and radiation
exposure monitors were used in fewer than hdf of the practices [Fritschi 2000].

Concerns about Y outh Occupational Exposure to Radioactive Substances and lonizing Rediation

Risks of occupationd exposures to ionizing radigion in youth stem from concerns about
increased susceptibility for cell damage associated with adolescent growth and development, as
well as concern about increased likelihood for disease development with exposures at an earlier
age. Thereis some evidence of age-gpecific effects of ionizing radiation from studies of atomic
bomb survivors and Marshal Idanders exposad to fallout from nuclear wegpons testing [Merke
and Miller 1992]. A number of entities have recommended or mandated no exposure or reduced
limits for youth occupationa exposures to radiation [Emery and Cooper 1998]. The Nationd
Council on Radiation Protection and Measurements recommended in 1964 and 1966 that youth
not be occupationdly exposed to radiation, but that there be a provision for educationd activities
with exposures not exceeding 0.1 rem (1 mSv) per year. The Nuclear Regulatory Commission
[10 CFR 20.1207] and OSHA [29 CFR 1910.2] both limit youth exposures to 10% of the
permissible exposure for adults, or 5 mSv (0.5 rem) per year and 3 mSv (0.3 rem) per quarter
year. Itisnoteworthy that thisisthe only OSHA standard that specifies a standard for youth
different than for adults.

HO 7: Power-Driven Hoisting Appar atus Oper ations

Recommendation — 1) Expand the HO to cover repairing, servicing, disassembling, and
assiging in tasks being performed by the machine. This recommendation gppliesto al
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machinery covered under thisHO. 2) Expand the HO to prohibit youth from riding on any part
of aforklift as a passenger (including the forks), and from working from forks, platforms,

buckets, or cages attached to amoving or stationary forklift. 3) Expand the HO to prohibit work
from truck-mounted bucket or basket hoists commonly termed “ bucket trucks’ or “cherry
pickers” 4) Expand the HO to cover commonly used manlifts that do not meet the current
definition, specificaly agrid platforms. 5) Remove the exception that currently permits youth to
operate an dectric or air-operated hoist of less than one ton capacity.

Rationde — 1) Substantial numbers of desths and injuries are associated with operating and
assigting in tasks performed by power-driven hoisting apparatus, including desths of youth.
Although HO 7 prohibits youth from assisting in operation of cranes and derricks, Smilar
prohibitions do not exist for other machines covered under thisHO. Additiondly, a consderable
number of desths were associated with activities not directly related to operation of the hoisting
gpparatus, notably servicing, repairing, and disassembling. 2) Subgtantia numbers of fatdities
occur among workers who are passengers on forklifts, riding on the forks, or working from
raised forklifts and attachments. None of these activitiesis currently prohibited for youth. 3)
Worker fatdities are associated with work from truck-mounted basket and bucket hoists. The
associated risk of fals and e ectrocution support expanson of HO 7 to prohibit work from truck-
mounted hoigts. 4) The current definition of manliftsin HO 7 specifies that youth are prohibited
from riding on manlifts driven through pulleys, sheaves, and sprockets. Many other types of
manlifts now in use, particularly aerid platforms now excluded from HO 7, gppear to pose more
ggnificant injury risk. 5) Surveillance sysemsfor fatd and nonfatal injuries do not provide
sufficient detail to judtify the current exception that alows youth to operate hoists of less than
oneton capacity. A hoisted load weighing less than one ton has the potentiad to cause injury or
degth as aresult of faling, or being improperly rigged or handled. Hoigt-related fatdities of
young workers have been reported, including a recent case in which ayouth was killed while
operating a haf-ton capacity hoist.

Power-Driven Hoigting Apparatus Are Associated with High Numbers of Deaths and Serious
Injuries and IlInesses Among Workers of All Ages, and Y outh Specificaly

Workers of al ages are killed and serioudy injured in incidents associated with the machinery
covered by thisHO: cranes, forklifts, hoists, manlifts and derricks. Table 12 includes data on

fatd and nonfata injuries associated with sdected types of hoisting machines that are clearly
identifiable from occupationd injury satistics. With the exception of truck-mounted bucket and
basket hoigts, dl are at least partidly addressed by HO 7. These selected types of machines
contributed to over 1,300 deaths of workers during the 6-year period, 1992-97 [NIOSH 2001c],
and over 22,000 seriousinjuries and illnessesin 1997 [BLS 19990]. Injuries and illnesses
associated with this type of apparatus, with the exception of derricks, had more median days
away from work than injuriesin generd.
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Table 12. Deaths and Nonfata Injuries and IlInesses Requiring Days Away from Work
Associated with Hoisting Apparatus, United States.

Type of Hoisting Apparatus | 1" or 2! Nonfatal Median
[OIICS Code] Sourceof | Injuriesand | DaysAway
Death, IlInesses from Work,
1992-1997 | (1" Source), | 1997
1997
Cranes [343] 479 1,355 10
Overhead hoists [344] 64 961 7
Derricks [345] 31 140 2
Bucket or basket hoist — truck 99 189 5
mounted [3461]
Manlifts [3466] 69 1,227 10
Forklifts[851] 613 18,754 8
Totd 1,355 22,437

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IlInesses (Nonfatal injuries), Bureau of Labor Statistics[BLS 1999b]. The dashesindicate that BLS reporting
reguirements were not met.

CFOI datafor 1992-1997 showed that 290 of the 613 forklift-related fatalities (47.3%) were
associated with work activities other than operating the forklift. Many of the non-operator
fataities were related to working around the machine: being run over, struck by, or pinned by a
forklift (97 fatdities); or being struck by aload that fel from aforklift (74 fatdities). In other
instances, workers died when they fell from awork surface evated by aforklift (65 fatdities),
while repairing or servicing aforklift (26 fatdities), or whileriding as a passenger on the forklift
or forks (21 fatalities) [NIOSH 2001c].

NIOSH analysis of CFOI datafor 1992-1997 demonstrated that most crane-related fatalities
were among workers other than operators [NIOSH 2001c]. Only 99 of the 479 fatdities (21%)
were operating the crane. Thirty-9x percent were engaged in congtruction, repair, and cleaning
work; 12% were operating other vehicles or equipment, and 13% were performing material
handling tasks. In 58 of the crane-related fatdities, the case narrative stated that the worker was
repairing or disassembling the crane.
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HO 7 now prohibits youth from
operating various types of hoids,
including overhead hoigts, which
were associated with 64 deaths
between 1992 and 1997. Over this
6-year period, CFOI also identified
99 fatdities involving truck-
mounted bucket or basket hoists
commonly referred to as “cherry
pickers’ or “bucket trucks,”
meachinery not currently prohibited
for youth under HO 7 [NIOSH
2001c]. Desaths associated with
work from truck-mounted hoists
were due primaxily to fals (49
fataities) and dectrocution (31
fatdities).
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In 2001, a 14-year-old youth working &t arental
equipment company was fatdly injured by a
electric chain hoist. The youth was employed to
asss customers with loading and unloading rental
equipment from customer vehicles and preparing
the rental equipment for use by the next customer.
After usng a haf-ton eectric hoist to remove a
vibratory plate tamper from a customer’ struck,
the youth attached himsdlf to the hoist and was
seen raising and lowering himsdf using the hoist.
When he had not returned to the office severd
minutes later, his coworkers found him suspended
by the chain around his neck [NIOSH 2001g].

HO 7'sdefinition of “manlift,” limited to machines suspended by belts, cables, or chainsand
driven through pulleys, sheaves, and sprockets, dso does not reflect dl types of these machines
currently in use. CFOI narratives indicate that the mgjority of the 69 manlift-related desths
between 1992 and 1997 fdl outsde the definition of “manlift” provided in HO 7 in that the
machine was hot used as ameans of conveyance but as an agrid platform. Aerid platforms may
be described as manually-operated, powered, or boom-supported [Equipment Manufacturers

Ingtitute 1995)].

Andysis of aspecid CFOI research file that
includes detailed data such as age, but

excludes data from New Y ork City,

identified 11 fatalities of youth lessthan 18

In 1999, a 16-year-old youth and 2 adultsfell
1200 feet to their death when the winch
operator lost control of the hoist line they

years of age associated with hoisting
equipment for the years 1992 to 1997.
Forklifts accounted for 6 fatalities [NIOSH
2001d]. The forklift fatdities involved youth
operating the forklift, aswell asworking in
the vicinity of the forklift. Cranefadities

dl involved youth assgting in the operations
of the crane, such as adjusting outriggers, or
hooking or stabilizing aload.

were “riding.” The three workers, who were
ganding in loopstied into the hoidt line, were
being hoisted up to paint a section of a 1500-
foot telecommunications tower. The hoist
mechanism consisted of a portable capstan
hoit at the base of the tower and apulley at
thetop. At about the 1200-foot levd, the
hoigt line began to dip off the cgpstan, and
the operator was unable to regain control
[NIOSH 2000b].
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HO 8: Power-Driven Metal Forming, Punching, and Shearing Machine Operations

Recommendation— Expand the HO to include severa types of metaworking machinery

specificdly exduded from this HO, induding milling function machines, turning function

meachines, grinding function machines, and boring function machines. Retain the

gpprentice/student learner exemption. Please also note the recommendation under HO 5, for the
Department of Labor to consider rewriting HOs 5,8, and 12 into a single or multiple HOs that
address machine function rather than material operated on by a machine.

Rationde— Data on deeths and injuries associated with metalworking machines include tools
currently excluded under thisHO. The hazards of these excluded tools are smilar to the hazards
of woodworking tools which are prohibited by HO 5. There is some evidence to suggest that
youth may be a greater risk for amputations from presses than adult workers. Available data
suggedts that training can be effective in reducing injuries and unsafe behaviors with power
presses and handtools, providing support for an gpprentice/student learner exemption.

Metalworking Machines Associated with High Numbers of Deaths and Serious Injuries and
[lInesses

Please refer to HO 5 (page 31) for adiscussion of issuesrelated to the identification of deaths
and injuries associated with machines that operate on a specific type of materid, such as metd;
and, Table 10 (page 33) for data on metal, woodworking and speciad materia machinery. CFOI
data demondtrate that fatalities are associated with machines both prohibited and permitted by
HO 8 (assuming that some types of machines, such as bending, rolling, and shaping machines
work primarily on meta). While CFOI identified 31 fatalities between 1992 and 1997
associated with bending, rolling, or shaping machines, there were dso 32 degthsinvolving
presses, 14 involving metaworking lathes, and 12 involving machinery used for grinding and
polishing [NIOSH 2001¢].

As demondrated in Table 10 (page 33), injuries requiring at least 1 day away from work have

a 30 been associated with these types of machines: 1,733 injuries with 7 median days away from
work for bending, rolling, and shaping machines, 2,322 injuries with 4 median days away from
work for grinding and polishing machines, and 4,183 injuries with 7 median days avay from
work for presses. One study suggested that workers less than 19 years of age were more likely
than older workers to sustain amputation injuries when operating presses [ Jensen and Sinkule
1988].

Evidence for Vdue of Safety Training

Apprentice/student learner exemptions which are currently permitted under this HO are
supported by limited data demongtrating the effectiveness of training. Studies of college
Sudentsin smulated Stuations have found training to be effective in decreasing unsafe work
practices and injuries associated with operation of power presses and handtools [Rubinsky and
Smith 1971; Smith and Rubinsky 1972; Ledie J and Adams 1973; Cohen and Colligan 1998].

39



Hazardous Ordersin Non-Agricultural Occupations

These studies emphasized the vaue of hands on experience and Smulations.

HO 9: Occupationsin Connection with Mining, Other Than Coal

Recommendeation — 1) Expand to include dl work performed in connection with petroleum and
natural gas extraction. 2) Remove the portion of exemption 3 now permitting repair and
maintenance of roads, and exemption 4 now permitting work on track crews.

Rationde — 1) Workers throughout the mining industry continue to suffer high numbers and
rates of occupationd fatdities and injuries, including the oil and gas extraction industry which is
currently excluded from HO 9. 2) Remova of these exemptionsis congstent with
recommendations for new Hazardous Orders addressing construction work and railroad work
appearing later in this report (see pages 101 and 113).

High Occupationa Fatdity Rates and Nonfatal Injuries and IlInesses Throughout the Mining
Industry, Incdluding Oil and Gas Extraction

The metal mining (BOC code 040), oil and gas extraction (BOC code 042), and nonmetal
mines/quarries industries (BOC code 050) had the 7th, 8th, and 10th highest lifetime risk for

fatd injury, 11.2, 10.8, and 7.2 deaths per 1,000 full-time workers, respectively, based on 1990
91 NTOF desth certificate data. Coa mining ranked 4th with alifetime fata injury risk of 19.1
degths per 1,000 full-time workers. Lifetime risk for fatd injury, as discussed previoudy for HO
3 (page 26), is an estimate of average lifetimerisk of death for workers in a particular occupation
or industry, based on a 45-year working life [Fosbroke et a. 1997].

Workers throughout the mining industry continue to suffer high rates of occupationd injury

death and large numbers of serious injuries, including in the oil and gas extraction industry

which is currently excluded from HO 9. The mining industry hed the highest fatdity rate of any
industry divison in 1992-1997, 25.8 deaths per 100,000 workers [NIOSH 2001c; NIOSH
2001a]. The 1992-1997 fatdity rate for oil and gas extraction, 25.8 per 100,000 workers, was
only dightly lower than the overdl indudtry rate, and was nearly five timesthe fatdity rate

among workersin dl indudtries.  Table 13 shows that the oil and gas extraction sector accounted
for more than haf of dl mining industry deaths between 1992 and 1997, dthough substantia
numbers of fatdities aso occurred in the other three sectors [NIOSH 2001c]. Table 13 dso
demondrates the subgtantial number of injuries and associated disability in the various mining
sectors, with the median days away from work far in excess of the median 5 lost workdays
reported for all workers[BLS 1999b].

Table 13. Deaths and Nonfata Injuries and IlInesses Requiring Days Away from Work by
Mining Industry Sector, United States.
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Industry Sector Deaths, Nonfatal Median Days
1992-1997 Injuriesand | Away from

[lInesses, Work, 1997
1997

Metd mining 83 800 33

Cod mining 255 4,987 25

Oil and gas extraction 521 9,550 13

Nonmetalic minerds, except 143 2,732 13

fuds

Totd 1,002 18,069 18

Source: Census of Fatal Occupational Injuries (Fatalities) [NIOSH 2001c] and Survey of Occupational Injuries and
[1Inesses (Injuries), Bureau of Labor Statistics[BL'S 1999b].

Between 1980 and 1989, NTOF identified 10 fatalities of workers under age 18 in the oil and gas
extraction sector [NIOSH 19944]; however, no additional fatalities of young workers have been
identified since 1989 by either NTOF or CFOI. These 10 fataitiesinvolved injury scenarios
typica of those experienced by workers of dl agesin thisindustry: dectrocution, fdl from an ail
rig or derrick, being struck by afalling machine part, and explosion of a storage tank.

HO 10: Occupationsin the Operation of Power-Driven M eat-Processing M achines and
Occupations Involving Saaughtering, M eat-Packing or Processing, or Rendering

Recommendation— 1) Expand to prohibit work in all meat products manufacturing industries
(SIC 201). Meat products industries include meat packing plants (SIC 2011), sausages and other
prepared meat products (SIC 2013), and poultry daughtering and processing (SIC 2015). 2)
Consder afurther revision to alow work involving the operation or feeding of meat and food
dicersin theretall, wholesde, and service industries. Operation of meset grinders, juice, ail, and
fat extractors, and other machines such as bone-cutting saws and mest patty-forming machines
should remain prohibited in retail, wholesale, and services indudtries. 3) Allow student
learner/apprenticeship exemptions for the use of meat grinders; juice, ail, and fat extractors, and
other machines listed under this HO in retail, wholesale, and service indudtries, but not for work
in meat products manufacturing industries. As defined in the current HO, the operation of these
machines would include setting up, adjusting, repairing, ailing, or cleaning [DOL 2001].

Although the suggested revisions would expand the HO to include additional industry sectors
which are not encompassed under the existing HO, such as poultry slaughtering and processing,
the suggested revisions would also result in some currently prohibited tasks being permitted for
youth. Specifically, the proposed revisions would allow youth to operate power-driven meat and
food dicersin wholesale, retail, and servicesindustries. If such arevision wereto be
implemented, it should be accompanied by a mandatory reporting period in which all serious
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youth injuries and deaths resulting from previously prohibited activities are promptly reported
to the U.S Department of Labor. Thiswould allow an assessment as to whether the revision
should be rescinded or further refined to best protect working youth, while not unnecessarily
limiting job opportunities.

Rationale— Thisis one of the more complex orders. It covers both mesat products
manufacturing and the operation of meat processng machinesin retail, wholesale, and service
indugtries. It gpplies to butcher shops, grocery stores, restaurants/fast-food establishments,
hotels, ddlicatessens, and meat-locker (freezer-locker) companies, and establishments where any
food product is prepared or processed for retail purchase. Sectors and recommendations are
described further below.

1) Although injury fatdity ratesin meat products manufacturing indudtries are relatively low,
rates of disorders due to repeated trauma are extremely high. Thisistrue for poultry processing
which is not encompassed in existing HOs, as well as the manufacture of other mest products
which for the most part are covered. Repetitive motion disorders, which comprise a portion of
repested trauma disorders, result in substantial days away from work across dl indudtries. In
addition to the risk for repeated trauma disorders, there are a number of diverse and serious
health hazards associated with the daughter and manufacture of mest products, including
exposure to infectious agents and respiratory hazards. Revising this HO to apply to specific
industries instead of occupations or tasks would greetly smplify compliance and enforcement of
the HO, and may be a more effective way of protecting youth. The current HO prohibits seven
spexific types of work associated with meat daughtering and processing, and may not be al-
inclusve of tasks and activities with serious injury and hedth risksin these indudtries.

2) Although thetitle of HO 10 impliesthat it islimited to mest processng machines, thisHO
actudly includes al occupations involved in the operation, feeding, set-up, adjusting, repairing,
oiling, or cleaning of numerous power-driven food processing machines, regardless of the

product being processed (including, for example, the dicing in aretall ddicatessen of medt,
poultry, seafood, bread, vegetables, or cheese). Machines covered include meat and bone cutting
saws, meet dicers, and grinders. Available data demongtrate that some types of food processing
meachines, specifically grindersand juice, oil and fat extractors, are associated with serious
injuries, including amputations. Although data show high numbers of injuries associated with
power-driven dicers, the injuries gppear to be relatively minor. Thisfinding supportsthe

revison of the HO to alow operation of dicersin the retail, wholesale and services industries.

3) A student learner/gpprenticeship exemption is not recommended for work in meat products
manufacturing industries because of the complexity of measures to prevent repeated trauma
disorders, and because these workplaces include diverse hazardous exposures frequently outside
the control of individua supervisors or workers. A student learner/gpprenticeship exemption is
recommended for the use of meat processing machines in non-manufacturing settings.

Compared with megt processing machines used in manufacturing, those used in settings such as
retail establishments are smaller, less complex machines. Hazards associated with these
machines are generdly limited to the machines themselves, and may be reduced through worker
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training and proper guarding and maintenance. Further, operation of meat processing machines
outside manufacturing settingsis more likely to be an incidenta work task; thus, exposureis
likely to be far lower than in a manufacturing facility, where machine operation may be the
primary work task.

Occupationd [njury and Illness Statigtics for the Meat Products Manufacturing Industries

Between 1992 and 1997, CFOI identified 129 occupational fatalities among workers of al ages

in the manufacture of mesat products (which includes meat packing plants, sausages and other
prepared meats, and poultry daughtering and processing); none of the fatdities were to youth

under the age of 18 [NIOSH 2001c]. The fatality rate was 4.8 deaths per 100,000 workers, about
the average for al industries [NIOSH 2001c; NIOSH 20014]. Vehicles were the primary source
of fatdity (38%), followed by other sources (which include fire, environmentd extremes, and
bullets)(16%), machinery (13%), and parts and materiads (12%).

In 1997, there were an estimated 13,646 occupationa injuries and illnesses resulting in days
away from work among employees in the meat products manufacturing industry [BLS 19990].
The greatest number of these injuries and illnesses occurred in meat packing plants (5,526),
followed by establishments that produce sausages and other prepared meats (4,147), and poultry
daughtering and processing plants (3,973). For the entire meat products manufacturing industry,
the rate of injuries and illnesses resulting in days away from work was 2.8 per 100 FTE,
compared with 2.1 for dl private industry workers. Within specific meat products
manufacturing sectors, workers in sausage and prepared meats plants had the highest rate per
100 FTE, 4.4, compared with 3.6 for meat packing plants and 1.6 for poultry processing plants.
The median of 5 days away from work dueto injuries or illnessesfor dl workersin mest
products manufacturing was identica to that for workersin al of private indudtry.

Work in Meat Products Manufacturing Indudtries is Associated with Significant Risk for
Disorders Associated with Repeated Trauma

Repested trauma, as defined by BLS, includes disorders resulting from repetitive motion (e.g.,
carpd tunnd syndrome), exposure to noise, and rubbing and abrading as aresult of friction or
pressure [BLS 1999b]. Workersin mesat products manufacturing (SIC 201) have avery high
incidence rate of disorders associated with repeated trauma, with arate of 686 cases per 10,000
full-time workersin 1997 [BLS 1999b]. Therate for meat packing plants specifically was 1,192,
while the rate for poultry daughtering and processing (not currently covered by the HO) was
523. Therate for the manufacture of sausages and other prepared meats was 275, lower than the
other types of meet processing industries, but till relatively high. The incidence rates for meet
packing plants and poultry processing were well above the threshold of 320 used by NIOSH to
define industries where workers face high risk of workplace musculoskeleta disorders [NIOSH
1997Db, pages 1-5].

In 1997, an edtimated 1,869 workers in the meat products manufacturing industry suffered
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repetitive motion disorders requiring days away from work. These disorders accounted for
13.7% of al days-away-from-work occupationd injuries and illnesses in the industry, compared
with4.1% in al industries [BLS 2000]. Acrossdl industries, disorders associated with
repetitive motion were associated with a median 17 days away from work in 1997 [BLS 1999b].
Information on median days away from work due to repetitive motion disorders was not
avallable for the mest products manufacturing industry specifically.

Although little is known about adverse effects of repested trauma on adolescent workers
specificdly, research addressing young athletes suggests that adolescents may be susceptible to
growth-related muscle, bone, or tendon injuries [Micheli and Fehlandt 1992]. Premature closure
of bone growth plates has been observed in young pianists and gymnasts [ Attkiss and Buncke
1998; De Smet et d. 1993]. The relationship between child and adolescent occupational
exposure to biomechanicd factors and the devel opment of musculoskeletd disorders has been
identified in the National Occupational Research Agenda for Musculoskeletd Disorders as a
research priority [NIOSH 2001g].

Work in Meat Products Manufacturing Industries is Associated with Other Adverse Hedlth
Effects

Work in the manufacture of meat products exposes workers to health hazards such as infectious
agents, airborne organic dugt, bacteria endotoxins, and hazardous chemicas. Meat handlers,
more than most other occupationa groups, are at risk for traumatic hand lesions and wound
infections [Finkdl 1985]. This puts workers at risk for contracting zoonotic infections (infections
which occur in both animals and humans) as aresult of handling infected animads or their
infected secretions or tissues [Cohen 1990; NIOSH 19934]. Some of these infectious agents
such as bovine leukemia virus and bovine papilloma viruses, are carcinogenic in cows, and avian
leukosis sarcoma viruses, reticuloendotheliosis viruses, and Marek’ s virus, are carcinogenic in
poultry. It isnot known if exposure to these virusesis also associated with carcinogenesisin
humans, but increased rates of cancer have been described in mest processing/daughtering
industries [Boffetta et d. 2000; Campbell 1999; Johnson and Griswold 1996; Johnson et al.
1995]. Bacterid endotoxins, which are found in organic dugts, are compounds present on the
cdl wal of certain bacteria. Ongoing exposure to endotoxins is associated with respiratory
diseases and syndromes, including hypersengtivity pneumonitis, organic dust toxic syndrome,
chronic bronchitis, mucous membrane inflammation syndrome, and asthmarlike syndrome
[Kirkhorn and Garry 2000; NIOSH 1992a]. Hazardous chemicals are also present in meat
processing settings [NIOSH 1994b]. Use of chlorine and sanitation chemicas in improperly
ventilated areas may cause irritation to mucous membranes of the eye, nose, and respiratory
tract. Chronic exposure to chlorine may cause chronic obstructive or restrictive lung disease and
anosmia (loss of the sense of smell) [Becker 1990].

Deaths and I njuries Associated with Meat Processing and Packing Machinery

It isdifficult to identify the numbers of desths and injuries specificaly associated with mest
processing and packing machines because of the way occupationd injury and illness data are
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classfied by the OlICS coding system. Machines and equipment used in the processing and
packaging of meet products are classified within the OlICS hierarchica coding scheme as

gpecia process machinery (OIICS code 37). This category includes subgroups of food and
beverage processing machinery (OlICS code 371) and packaging, bottling, and wrapping
machinery (Ol CS code 373) used for food as well as other products. Mesat grinders are the only
machines specific to meat processing identified by a separate code (OlICS code 3713). Other
codes encompass machines or equipment such as food dicers that could process meat as well as
other foods, including fruits and vegetables. Coding guidelines on how bone-cutting saws

should be classfied —within food and beverage processing machinery (OIICS code 371) or
within sawing machinery (OlICS code 357) — are not clear.

Fata Injuries Due to Food Processing Machinery and Packing Machinery

For the 6 year period 1992 through 1997, there were 46 deaths associated with food processing
machinery and packing machinery (OlICS codes 371 and 373), none involving youth less than

18 years of age (Table 14) [NIOSH 2001c; NIOSH 2001d]. Thirty-three of the 46 deaths (72%)
occurred within the manufacturing industry divison. Of the 33 manufacturing deaths, eight

were classfied in meat products manufacturing, and 19 in other types of food and beverage
manufacturing. Workersin the wholesdle, retail, and services indusiries comprised the 13
remaining desths, the mgority of which did not gppear to be associated with machinery used to
process or pack foods.

The 46 worker degths due to food processing machinery and packing machinery were associated
with avariety of machines. Workers being caught in mesat grinders accounted for five deeths.
Degths associated with other specific types of food processing machinery and packing
mechinery, including food dicers, were too smal in number to meet BLS reporting

requirements.

Nonfatal Injuries and IlInesses Due to Food Processing Machinery and Packing Machinery

Nonfata injuries and illnesses associated with food dicers were frequent (7,280) [BLS 1999b]
athough rates are not available given the lack of information on the numbers of food dicersin
use nationwide. Eighty-six percent of food dicer injuries occurred in retail trades [BLS 1999b].
Injuries from dicers appeared to be relaively minor based on amedian of 4 days away from
work [BLS 1999D].

Injuries and illnesses associated with meat grinders were less common (315), but appeared to be
relatively severe based on days away from work. Median days away from work in 1997 were 18
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for mesat grinders [BLS 1999b] (Table 14). In 2000, a 15-year-old youth employed by a
Sixty-seven percent of meet grinder grocery store had the lower half of hisarm
injuries occurred in retal trades, with 26% severed by amest grinding machine. The
occurring in manufecturing industries youth’s job was to clean up in the mest
department, including washing parts of the
Thetypes of injuries and illnesses mest grinder. The youth was ingtructed to
associated with meet grinders were further wash and reassemble the mest grinder. The
examined using multiple yeers of SOl youth reached into the funnd with hisright
data available on CD-ROM [BLS 2000] hand to gu| dethe auger screw, and
From 1994-1999, there were an estimated inadvertently activated the “on” switch with
1,956 nonfatd  injuries requiring days another part of hisbody. The youth’'sarm
away from work involving meet grinders, was pulled into the grinder, and severed
requiring an annua average of 11 median several inches above the elbow. [NIOSH
days away from work. Amputations 2000d].
accounted for 15% of these injuries (288)
[BLS 2000]. NIOSH isrecommending

that the use of meat grinders continue to be

prohibited for youth in the retail, wholesde, and services industries based on the severity and
nature of injury, and evidence that these machines result in injury in indudtries other than
manufacturing. An gpprentice/student learner exemption is recommended because supervison
and training by a qudified and experienced person could reasonably minimize the risks to youth,
while providing valuable job skillstraining. Apprentice/student learner exemptions have
stringent requirements for training and ongoing close supervision by a qudified and experienced
person.

Juice, oil, and fat extractors were aso associated with severe injuries and illnesses, with a

median of 22 days away from work (Table 14) [BLS 1999b]. Forty-one percent of injuries from
juice, oil, and fat extractors occurred in servicesindustries [BLS 1999b). It is not possible to
separate the number of injuries associated with machines that extract fat from meats from those
associated with machines that extract juices or oils from fruits and vegetables. Thisis not

criticd for judtifying the recommendation to prohibit the use of ail, juice, and fat extractors by
youth: other portions of HO 10 prohibit the use of specific powered processing machines
regardless of the food being processed.

Table 14. Fatal Injuries and Nonfatal Injuries and IlInesses Requiring Days Away from Work
Associated with Food Processing and Packing Machinery, United States
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Machinery [Ol1CS code] 1M or 2 Nonfatal Median
Sour ce of Injuriesand | Days Away
Death, Illnesses, 1" | from
1992-1997 Sour ce, Work, 1997

1997

Food and beverage processng machinery— 5 308 5

Specidized, unspecified [3710]

Food dicers[3711] 7,280 4

Juice, ail, fat extractors [3712] 130 22

Meat grinders[3713] 5 315 18

Mixers, blenders, whippers—food and beverage 8 712 11

[3714]

Food and beverage processing machinery— 9 771 6

specidized and n.e.c. [3719]

Packaging, bottling, wrapping machinery, 292 5

unspecified [3730]

Battling, canning, filling machinery [3731] 199 5

Packaging, wrapping, bundling machinery 10 728 5

[3732]

Product labeling machinery [3733] 133 3

Sedling, stapling machinery [3734] 397 14

Packaging, bottling, wrapping machinery, 5 472 3

n.e.c. [3739]

Total 46 11,737

Source: Census of Fatal Occupational Injuries (Fatalities) [NIOSH 2001c] and Survey of Occupational Injuries and
I1Inesses (Injuries), Bureau of Labor Statistics [BLS 1999b]. Dashesindicate that BL S reporting requirements were

not met.

In summary, the recommendation to prohibit al work by youth in the mest products
manufacturing industry sector under HO 10 is strongly supported by the available information.
Evauation of the risks associated with specific machines covered by HO 10 islimited by alack
of injury and fatdity data on certain machines, including bone cutting saws and mest patty
forming machines. Evauation of HO 10 isfurther limited by the inability to caculate injury and
fataity rates for any of the machines addressed by this HO.
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The information available does indicate that grinders and extractors can cause severe injuries,
which supports the case for continued restrictions. The data for operation of mest and food
dicersdo not indicate risks for fataities or severe injuries, and thus a case can be made that
operation of these types of machinesin retail, wholesale, and service industries could be
dlowed. However, there are anumber of reasons to be cautiousin proposing this change: data
sources do not clearly identify specific food processing and packing machinery involved in
fadities and injuries; injuries from dicers are common; and large numbers of youth are
employed in the sectors where these types of machines are used. NIOSH recommends that
further evaluation be directed to HO 10 to provide additiona consderation of theseissues. The
implementation of any revison should be accompanied by a mandatory reporting period in
which dl serious youth injuries and deaths resulting from previoudy prohibited activities are
promptly reported to the U.S. Department of Labor. Thiswould alow additional assessment as
to whether the prohibitions should be reingtated or further refined to best protect working youth,
while not unnecessaxily limiting job opportunities.

HO 11: Power-Driven Bakery Machine Occupations

Recommendation — Consider revising to alow for the operation of “counter-top modes’ of
power-driven bakery machines, comparable to those intended for household use.  If such a

revision were to be implemented, it should be followed by a mandatory reporting period in which
all serious youth injuries and deaths resulting from previously prohibited activities are promptly
reported to the U.S. Department of Labor. Thiswould allow an assessment as to whether the
revision should be rescinded or further refined to best protect working youth, while not
unnecessarily limiting job opportunities.

Rationde- Available data suggest that fatd events involving power-driven machines are
infrequent, and nonfata injuries requiring time away from work are of moderate severity.

Fatdity dataidentified asmdl number of fataities anong workers of dl ages due to commerciad
grade bakery machines. None involved counter top models such as those commonly used in the
home.

Occupationa Injury and IlIness Statistics for Food Processing and Packing Machinery

ThisHO prohibits use of saverd types of bakery machines, including: horizonta or vertica
dough mixers; batter mixers; bread dividing, rounding, and molding machines; dough brakes;
dough sheeters, combination bread dicing and wrapping machines, cake cutting band saws, and
cookie or cracker machines. There are anumber of power-driven bakery machines which are
exempted from the HO, including machinery involved in ingredient preparation and mixing,
product forming and shaping, finishing and icing, dicing and wrapping, and pan washing. Most
of the machines discussed in HO 11, both permitted and prohibited, would be classified as food
processing and packing machinery in the Ol CS coding system, source codes 371 (food and
beverage processing machinery) and 373 (packaging, bottling, and wrapping machinery),
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respectively. However, OIICS codes 371 and 373 also encompass many machines not addressed
by HO 11 (eg., mesat grinders).

A review of CFOI datafor 1992 through In 2001 a 16- - -

L . o , year-old worker died while
1991 provfl c;eld mfor_matllon on 10 fatil_tlesto cleaning adough mixer inapizzeria The
WOrKers of al ages Invoving power-ariven youth was cleaning the machine when he
bak_er)_/ machines prohibi ted_by HO11. The became entangled in the beaters and was
Comerod s Nofadiiowas | | padimotomine Thoyauh s

, working aone at the time, and it is unclear

reported that involved counter top bakery how he became entangled in the machine
machines. Work with mixers, blenders, and [Associated Press 2001]
whippers (OI1CS source code 3714) was '

associated with 712 non-fatal injuries and
illnessesin 1997, with a median of 11 days away from work [BLS 1999b].

Aswith HO 10, it may be prudent to perform some additional evauation given the lack of
specificity in the available data. Implementation of any revision should be accompanied by a
mandatory reporting period in which dl serious youth injuries and deeths resulting from
operation of powered bakery machines are promptly reported to the U.S. Department of Labor.
Thiswould alow additiona assessment as to whether the prohibitions should be reingtated or
further refined to best protect working youth.
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HO 12: Power-Driven Paper-Products M achine Occupations

Recommendation — 1) Retain the current HO and incorporate the requirements of the
Compactor and Baer Act (Public Law 104-174, August 6, 1996). 2) Expand the HO to include
machines such as baers and compactors used to process other materids such as duminum cans,
plastic, foam, and rubber. 3) Continue to emphasize enforcement of portions of the Compactor
and Baer Act requiring balers to conform to congtruction and operationd standards that greatly
reduce exposure to hazardous energy. 4) Retain the gpprenticeship/student learner exemption
currently allowed under thisHO. These recommendations are consistent with the 1999 NPRM
published by DOL and with previous NIOSH comments in support of the proposed rule [64 Fed.

Reg. 67130 (1999); NIOSH 20004].

Rationale — 1) Power-driven paper products machines are associated with a substantial number
of worker deaths and injuries. 2) Balers and compactors used to process other scrap materids
such as plastic and duminum cans pose smilar risk of injury from crushing or amputation, and
areidentified in injury and fatality data. 3) Investigations of baler-related incidents show that
failure to maintain machinery in safe operating condition contributes to fatdities and serious
injuries, and that neither adult supervisors nor young workers may fully appreciate the risks
posed by uncontrolled hazardous energy. 4) An apprentice/student learner exemption is still
gppropriate as long as training of young workers to recognize injury hazards is accompanied by
careful monitoring by adult supervisors and regular ingpection and maintenance of baers.

Substantia Numbers of Deaths and I njuries Are Associated with Paper Balers and Compactors

The OlICS system does not include a source code that can be used to identify desths and injuries
associated with balers and compactors. Cases were identified in the CFOI system by searching

narraive fidds for mention of baersand
compactors, then manudly reviewing
identified cases. The number of cases
identified by CFOI using this method
should be consdered a minimum number
of cases. Narrative fiddsin CFOI
frequently do not specify the kind of
mechineinvolved. Thus, an unknown
number of fatdities associated with baers
and compactors are not identified.

A review of casesfrom CFOI for 1992-
1997 provided information on 29 fatalities
involving baers or compactors [NIOSH
2001c]. The mgority of the cases (59%)
involved crushing injuries. Nine deeths
(31%) werein the scrap and waste

In 2000, a 16-year-old worker in a produce
market died from crushing injuries when he
was caught in the vertical downsiroke baler he
was operating. The youth, working donein
the basement of the produce market, was using
the baler to crush cardboard boxes when he
was caught by the machine s hydraulic ram.
After the incident, it was determined that the
machine s safety interlock had been bypassed,
alowing the machine to operate with the
loading door in the open position. The youth
may have reached into the baing chamber
while the machine was operating, and was
caught by theram asit cycled [NIOSH 2001i].
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materidsindustry (SIC 5093), which includes recycling facilities. Eight other fatdities (28%)
occurred in awide range of manufacturing settings. Paper or cardboard balers were specified in
11 of the 29 cases (38%). Other fatdities involved machinery for baling or compacting scrap
metd, trash, cans, plastic wrap, and cotton.

In eight of the CFOI cases, the decedent was trying to clear ajam in the machine when the
fatality occurred [NIOSH 2001c]. Other fatdities occurred when a co-worker, not knowing
someone was in the machine, turned it on, or were due to the machine automatically activating
once thejam was cleared. Overdl, in dmost half of the cases (48%), the machine was either
dready on, or a co-worker unknowingly activated the machine to cause the fataity. In 17% of
the cases the fatadity occurred when the decedent fdl into the machine.

Substantial numbers of non-fatd baer-related injuries have aso been reported.  More than three
years (Oct. 1, 1996 - Dec. 31, 1999) of data from the Nationa Electronic Injury Surveillance
System (NEISS), which provides survelllance of non-fatal occupationa injuries presenting to
hospital emergency departments, were examined. Again, text searches of narrative fields were
used to identify cases. Thus, these estimates of emergency department treated injuries should be
congdered a minimum number of cases. Paper balers and box compactors accounted for an
estimated 2,625 injury reports nationwide. Of these injuries 32% resulted in a crush/contusion,
29% lacerations, 25% sprain/grains, and 14% other injuries including fractures and didocations.
Almog hdf of theinjuries occurred in ether aretail or grocery store, with 24% occurring in
manufacturing [NIOSH 2001b].

|nvestigations of Baer-Rdated Fatdities Identify Injury Risk Factors

Between 1993 and 2000, NIOSH investigated 11 baler-related incidents that resulted in 10
fatadlities and one case of a double amputation [Cdifornia Department of Health Services 1995;
Colorado Department of Hedlth 1994a; Massachusetts Department of Health 1996; New Jersey
Department of Health and Senior Services 1993, 1995, 1996; NIOSH 1996a; NIOSH 1997c;
NIOSH 1997d; Texas Workers Compensation Commission 1998]. The materids being
processed were paper, cardboard, newspaper, trash, and plastic milk jugs. These investigations
identified the presence of risk factors influencing the likelihood of injury for workers operating,
loading, servicing, and maintaining baers and compactors. 1n 10 of the cases, uncontrolled
hazardous energy and absence of an effective training program contributed to the risk of injury
or death. In five cases, machine safeguards were absent and in three cases, there was insufficient
supervison/observation of the employee.

The investigations aso found that the baers and compactors were routingly used to process
other scrap materias, such as plastic and duminum cans. The machines involved in seven of the
cases were known to be prone to materid jams. In five of the incidents, the victim was injured
after entering or fdling into the operating machine during attempts to clear jammed materid.
Three of the incidents were unwitnessed, but evidence strongly suggests that ajam had occurred
prior to the victim entering the machine. The victim was located in an unsafe loading position in
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oneof theincidents. In
another incident, the victim
was injured while
atempting to retrieve
materid which had been
mistakenly loaded into the
compactor. Investigators
were unable to determine the
manner and reason for the
victim's entry into the baler
during the remaining
incident.

Machines Used to Bale and
Compact Paper Products Are

Hazardous Ordersin Non-Agricultural Occupations

In 1996, a 17-year-old youth employed at arecycling center
suffered amputation of both legs after he fell insde a
horizontal hydraulic baler. The victim and three co-workers
had been loading cardboard into the baer viaan inclined
conveyor belt when the cardboard jammed in the baler’ s feed
chute. The victim shut down the conveyor and climbed the
belt to the feed chute opening, dearing the jam by holding
onto the top cover of the baler feed chute and pushing with
hisfeet. When the jam cleared, he fel through the feed
chute into the baling chamber. Before he could climb out,
the ram automatically activated, cycled into the baing
chamber, and amputated his legs near the knees [NIOSH
1997c].

Also Used to Compact Other
Materids

Fatdity data from survelllance systems and from field investigations show that baler and
compactor-related deaths are not limited to those in which paper or cardboard is being processed.
Many machines are adaptable for baing and compacting awide variety of materids — paper,
auminum cans, plastic milk jugs, and generd household refuse. Others are intended specificdly
for processing asingle product, usualy metals. These specidized meta baers and compactors,
which handle items such as cars, radiators, and sding, often feature shear blades that may not be
present on lighter-duty baers. While these and other large stationary baers are generdly found
in facilities that speciaize in processing scrgp and waste materias, smdler genera-purpose
portable machines are marketed for use in businesses such as grocery stores, hotels, restaurants,
and hospitals. Smaller baers found in these and other retail and services establishments operate
in essentialy the same way as larger baers, and present smilar risks of injury.

Other Power-Driven Paper Products Machines Are Also Linked to Deaths and Injuries

Employees who work on or around paper production machinery risk being caught in running
meachinery, being struck by faling paper ralls, faling from machinery, and being € ectrocuted.
Paper production machinery (OlICS code 374) wasinvolved in 26 fatdities between 1992 and
1997 among workers of al ages [NIOSH 2001c], and 867 nonfatal injuries and illnessesin 1997
[BLS 1999b] (Table 15). OIICS code 374 includes subcategories for some of the machines
ether explicitly included or excluded under HO 12 (cadenders, coaters, dryers, formers, ditters,
winders, washers, bleachers, and refiners) but does not alow for identification of other machines
aso specified in HO 12. Further, case narratives often do not specify machinery involved to the
same leve of detail found on the lists of inclusons and exclusons under this Hazardous Order.
However, there are severd typesthat can be identified. Most prominent are paper winders and
rewinders, which are now specificaly excluded from HO 12, with eight fatdities. The other
paper production machines associated with fatalities were coating machines (now excluded from
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the HO); pulpers, repulpers, and paper dryers (neither included nor excluded); and corrugators
(included and therefore now prohibited for youth).

Table 15. Deaths and Nonfatd Injuries and IlInesses Requiring Days Away from Work
Associated with Paper Production Machinery, United States

Machinery [OIICS 1" or 2" Sourceof | Nonfatal Median Days

code] Death, 1992-1997 | Injuriesand Away from
[lInesses Work, 1997
(2° source),
1997

Paper production 8 229 5

machinery, unspecified

[3740]

Slitters, winders — paper 8 332 7

production [3745]

Paper production — 257 6

machinery, n.e.c. [3749]

Other specified paper 6 49 —

production machinery

[3741, 3742, 3743,

3744, 3746]

Tota 26 867 6

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupationa Injuries and
IlInesses (Nonfatal injuries), Bureau of Labor Statistics [BLS 1999b]. Dash indicates that no data were available.

Current Injury Data Preclude Assessment of Risk Associated with All Machines Covered Under
ThisHO

As discussed above, it is difficult to identify deaths and injuries associated with paper baers and
compactors as the Ol CS provides no source code that alows identification of these machines.
Bders and compactors are now subsumed under the “ Other machinery” category which includes
al machines not covered by other OIICS codes, and can only be identified through text word
searches of case narratives, which frequently do not specify the kind of machine involved.
NIOSH will recommend to the Bureau of Labor Statistics that separate codes that distinguish
between horizontd baers and vertica upstroke or downstroke balers be established. Horizonta
baers with conveyors are most often used in large recycling centers or manufacturing facilities,
while vertical baers are used in retaill establishments at which youth are frequently employed.

A smilar problem exists for other types of machines covered under thisHO. Although thereisa
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separate Ol CS source code for paper production machinery, there is not sufficient detall in the
exiding coding structure to determine if al current prohibitions under this HO are judtified, or if
gpecific machines now excluded from the HO ought to be prohibited. Paper rewinders, excluded
from this HO but for which there is a separate Ol CS code, were associated with nine fatdities
between 1992 and 1997 [NIOSH 2001c]. Thereis no mechanism for tracking fatalities due to
other machines now excluded from the HO, such as creping, parchmentizing, and bundling
machines. NIOSH will recommend to the Bureau of Labor Statistics that Ol CS codes for paper
production machinery be modified to cover additiona machines specified in HO 12.

Additiond Training is Needed for Effective Injury Prevention

The Compactor and Baer Act (PL 104-174; August 6, 1996) specifies conditions under which
youth can load certain types of baers. These conditions include compliance with the voluntary
American National Standards Ingtitute (ANSI) standard for compactors and baers, which
includestraining provisons [ANSI 1997a; ANSI 1997b]. While the ANSI standards stipulate
training requirements for workers assgned to operate, maintain, and service baers and
compactors, NIOSH investigations indicate that additiond training is needed for effective injury
prevention. For those workers assigned to load only, but not operate, service, or maintain the
machines, the training should address safe loading procedures, the recognition of operationa
hazards and the hazards associated with entering energized machines. NIOSH investigations
further indicate that the employer’ s supervisory and lead personnel should betrained to
recognize the need for increased observation of youthful workers, and to understand the
prohibitions against minors operating and servicing baers and compactors.

HO 13: Occupations Involved in the Manufacture of Brick, Tile, and Kindred Products
Recommendetion— Retain the current HO

Rationde— Work in occupations involved in the production of clay construction products,
including brick, tile, and other clay products, and slicabrick or other slicarefractories
continues to be hazardous to workers of al ages. Although injury fatdity rates are
comparaively low, occupationa exposure to respirable cryddline dlicain thisindudtry is
strongly associated with chronic, debilitating, and sometimes fatd lung disease. Further, inhded
crystdline sllica from occupationa sources has been classfied as carcinogenic to humans by the
International Agency for Research on Cancer [IARC 1997].

Fatd Injuries and Nonfata Injuries and IlInesses Associated with the Manufacturing of Brick,
Tile, and Kindred Products

During the 6-year period 1992-1997, CFOI identified 15 deaths associated with the
manufacturing of structura clay products (SIC code 325), and arate of 6.8 deaths per 100,000
workers [NIOSH 2001c; NIOSH 20014]. During 1997, there were 1,340 injuries and illnesses
resulting in days away from work, with a median of 6 days away per injury [BLS 1999b].
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Workers May Be Exposed to Silica Dust which Is Associated with Decreased Lung Function and

Silicoss

Workers in the brick- and tile-manufacturing
industries are exposed to varying amounts of
freeslicadust. Exposureto respirable
cyddlineslicadug in these indudriesis
asociated with the development of slicods,
lung cancer, pulmonary tuberculosis, and
arway diseases such as chronic obstructive
pulmonary disease and bronchitis [NIOSH
2001j; Zuskin et &. 1998; Liou et &. 1996;

Burge et d. 1995; Myers and Cornell 1989].

Slicossisairreversble, sometimes fatd
interstitial lung disease caused by the
pulmonary response to inhaed crysdline
dlica[Wagner 1997]. Severity of diseaseis
related to exposure leve, duration of
exposure, and cigarette smoking [Zuskin et
al. 1998; Liou et a. 1996; Myers 1989].

Inacluger of 4 cases of acute slicossin
sandblasters in a Sngle tombstone factory, a
23-year-old black mae smoker, with
exposure to crystdline silicafor aperiod of
2.5 years, died with slicoss confirmed by
lung biopsy, and complications of
tuberculoss and rend failure [Suratt et d.
1977]. This case demondtrates that although
slicoss usudly occursin older workers after
many years of exposure, young workers are
aso a risk after relatively brief periods of
exposure to respirable sllicadugt.

Acute slicoss occurs following exposure to very high concentrations of sllica dugt, within 2
weeks or up to 5 years. Accelerated silicosis occurs after 5 to 10 years of continued exposure,
and chronic slicoss, the most common form of the disease, occurs with insidious onset after at
least 10 years of overexposure. Chronic silicoss increases the risk of mycobacteria
(tuberculous or non-tuberculous) infections [EImes 1994]. An andysis of national mortdity data
from the U.S. Nationa Center for Hedlth Statistics [Althouse et d. 1995] demonstrated that
tuberculosisis about 20 times more likely to be listed as a cause of deeth in decedents with
dlicoss compared to decedents without silicosis. Evidence has also associated exposure to high
leves of crystdline slicawith incressed rates of autoimmune diseases, including scleroderma,
rheumatoid arthritis, and systemic lupus erythematosus [Parks et d. 1999].

Inhaed Crystdline Silicals Carcinogenic to Humans

In 1997, the International Agency for Research on Cancer concluded that thereis a causal

rel ationship between exposure to crystaline silica and human cancer and classified crystaline
dlicaasaClass 1 carcinogen [IARC 1997]. Theincreased risk for lung cancer has been shown
primarily in workers who have developed silicosis [Finkelstein 1998; Hnizdo et d. 1997,

Amandus et d. 1995].
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HO 14: Occupationsin the Operation of Power-Driven Circular Saws, Band Saws, and
Guillotine Shears

Recommendation — 1) Revise definition of machinery covered by this HO to include other

machines, such as chainsaws, which perform cutting and sawing functions through direct contact
between the cutting surfaces and the materia (the current definition is based on the presence of a
continuous series of notches or jagged teeth). Alternatively, NIOSH encourages DOL to

consider developing a new HO that combines the sawing machinery covered under this HO with
other specialized machinery that performs cutting and sawing functions through direct contact
of the cutting surface and the material. 2) Retain the exemption for apprentices/'student learners,
except in the case of chainsaws and other hand-held power saws.

Rationdle — 1) Stationary saws and hand-held power saws, including chainsaws, continue to be
the source of substantia numbers of fatdities aswel as nonfatd injuries, which may be
unusualy severe. The HO bases the definition of prohibited machines on the presence of a
continuous series of notches or jagged teeth. Not al machinery that perform cutting or trimming
functions have visible notches or teeth, e.g. chainsaws or abrasive cutting discs which perform
the same function. 2) For stationary saws and shearing machines, an apprentice/student learner
exemption iswarranted given that means of controlling hazardous energy associated with these
machines are wdll-understood, and that the hazards are generdly confined to the machine itself.
In contrast, hand-held power saws, including chainsaws, are used in less controlled conditions,
often in condruction and logging operations. Injury risk factors associated with hand-held
power saws are more diverse, and more difficult to recognize and eliminate.

Worker Deaths and Injuries Are Associated with Power-Driven Stationary and Hand-Held Sawss,
and Shearing Machines

The Census of Fatal Occupationa Injuries (CFOI) for 1992-1997 identified atota of 151 deaths
associated with stationary sawing machinery, chainsaws, powered hand-held saws other than
chainsaws, and shearing machines of al types (Table 16) [NIOSH 2001c|. For dl these
meachines combined, the highest numbers of fatdities occurred in the manufacturing industry

(which includes logging and sawmills) (84 desaths), followed by the congtruction industry (31
degths).

The primary hazards associated with the 46 fatalities related to stationary saws were being
caught in running machinery (17 deaths), and being struck by flying objects (12 deaths) [NIOSH
2001¢]. Inthisgroup, there were aso fatdities resulting from electrocution and other types of
contact with objects. The 29 fatalities related to use of hand-held power saws were associated
with awide variety of hazards. The single most common event was being struck by a swinging
or dipping object (9 deaths), with many of the case reports condstent with kickback or loss of
control of the hand-held power saw. However, use of these saws was aso associated with
electrocution, being struck by faling trees, explosions, and carbon monoxide poisoning. Among
the 70 chainsaw-related fatdities, the primary fatal events were being struck by atree (38
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deaths) and being struck by a swinging or dipping object (16 deaths). The mgority of the latter
events involved kickback of the chainsaw. There were saven fatalities associated with shearing
machines, six classfied into OIICS code 3152 (shearing machines), and a seventh identified
through a keyword search of the CFOI injury narrative. In five of the seven fatdities associated
with shearing machines, the worker was caught in running machinery.

In 1997, machines covered under this HO were the source of 10,484 nonfatal injuries and
illnesses requiring days away from work. Chainsaws, not currently covered under this HO,
contributed to another 1,627 injuries. Injuries and illnesses associated with hand-held power
saws appear to be particularly severe, with amedian 13 days away from work [BLS 1999b].

Table 16. Deaths and Nonfatd Injuries and IlInesses Requiring Days Away from Work
Associated with Stationary Sawing Machinery, Powered Saws, and Shearing Machines, United
States

Machinery [OlICS code] 1N or 2 Nonfatal Median Days
Sour ce of Injuriesand Away from
Death, 1992- [lInesses Work, 1997
1997 (2° Source),
1997
Sawing machinery — 46 7,415 8
sationary [357]
Chainsaws — powered [7221] 70 1,627 10
Hand-held saws — powered, 29 2,762 13
except chainsaws [7224]
Shearing machines [3512] 6 307 3
Totd 151 12,111 ---

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuries and
IlInesses (Nonfatal injuries), Bureau of Labor Statistics [BLS 1999b]. The dash indicates that no datawere
available.

HO 14 May Now Exclude Similar Machinery that Poses Significant Injury Risk

The current HO bases the definitions of

circular saws and band saws on the _ _
presence of continuous series of notches or In 1995, a17-year-old youth in New Mexico
jagged teeth. Not al machinery that W&B. killed when he logt .COHtI‘O| of thg .
performs cutting or trimming functions has chainsaw he was operding. It washisfirst
visible notches or teeth, e.g., chainsaws or day on the job [NIOSH 19954].
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abrasive cutting discs which perform the same functions. Avallable data demondtrate that
chainsaws specifically contributed to 70 worker desths between 1992 and 1997, and over 1,600
lost workday injuries. It isthe potentia for contact with the moving disc or band, rather than
notches or teeth done, that creates the greatest injury risk from this group of sawing and cutting
machines. CFOI data that show the predominance of caught-in-running-machinery incidents
support thisargument. Thus, the definition of “saw” under this HO may exclude certain

machines smilar to circular and band saws that present injury risks from unguarded cutting
surfaces, despite the absence of visible notches or teeth.

HO 15: Occupations Involved in Wrecking, Demoalition, and Shipbreaking Operations
Recommendation— Retain the current HO.

Rationde— The wrecking, demalition, and shipbreaking industries are associated with large
numbers of fatal and severe nonfata injuries. Wrecking, demoalition, and shipbresking dso
expose workersto potentialy lethal and carcinogenic substances, including asbestos, lead,
polychlorinated biphenyls (PCBs), as well as other toxic substances.

Wrecking, Demoalition, and In 1996, a 16-year-old laborer was el ectrocuted while

Shipbresking Operations sdvaging conductors and dectrical equipment from an

Are Associated with Fatal inactive ol fiedd. The youth, working as a summer hire for

and Nonfad Injuries an dectrica contractor, was coiling de-energized power lines
that had been released by the 25-year-old crew leader. When

During the 6-year period one of the lineswas cut, tension on the pole caused the de-

1992-1997, 129 deaths energized line thet the victim was holding to contact a nearby

were identified by CFOI in energized, 7,200-volt power ling, energizing the sdvage

wrecking and demolition power line [NIOSH 1996b]

industries. Of these, 109

wereidentified as

occurring in establishments coded as SIC 1795 (“Wrecking and Demoalition Work™), and an
additiona 20 were identified by a
keyword search (“wreck” or “demoli”) of
narrative information. Among the 109
fatdities to employees of demalition
contractors (SIC 1795 only), 56% were
employed aslaborers. The primary work
tasks associated with these desths were
congruction, repair, or cleaning (58%).
The predominant events leading to
fatdities were being struck by afdling
object (22%), being caught in or crushed
by a collgpsing structure (20%), and
fdling from aroof (11%) [NIOSH

In 1998, a 17-year-old mae laborer, who was
working on the dismantling of a section of
raillroad tracks, died when a bulldozer on
which he had been riding overturned and fell
on top of him. The bulldozer, dso driven by a
17-year-old, was being driven across atrestle,
partidly on a caiwalk that was not designed to
carry such aload [Minnesota Department of
Health 1998].
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2001c]. Fatd injury rates could not be calculated because employment data were not available.

Shipbreaking, meaning any kind of bresking down of a ship for the purpose of sdvaging and
sling its scrap-metd and other components, is classified within SIC 4499, “Water
Trangportation Services, Not Elsawhere Classified.” This group aso includesindustries such as
boat rentd, boat chartering, and piloting. Narratives for dl fatditiesin this group were
examined, and no fatalities involving shipbresking were identified.

Englund and Cohn [1997], investigative reporters with the Baltimore Sun Newspaper,
documented fatal and severe non-fatd injuriesin shipbreaking operationsinthe U.S,, ina
Pulitzer Prize-winning series of articles about the indudtry. Extremely hazardous working
conditions were described in shipbreaking operations in Texas, Maryland, North Caroling,
Cdifornia, and Rhode Idand. Three workers died within 12 months of each other at two
shipbreaking operations, in Texas and North Carolina. A 43-year-old worker who was working
intotal darkness without safety equipment, fell 30 feet into atank and died 2 days later dueto
hisinjuries. Inthe sameyard, a58-year-old
laborer was killed while walking across a

scrapyard when he was struck by alarge In 1989, a 15-year-old laborer was working
piece of bulkhead being cut by another aonein the basement of an abandoned 3-
worker. An OSHA investigation in aNorth gtory building and was trapped for 2 hours
Carolina scrapyard revedled that the desth of when the structure collapsed. He had been
aworker, killed when he was struck by a savaging bricks from a column that was
piece of meta thrown from a pipe-splitting supporting the building. He was rescued by
dligator shear, could have been prevented if emergency personnd and suffered minor

the dligator shear had the required safety injuries [NIOSH 1995b].

guards. The same North Carolina scrapyard

was cited by OSHA for safety violations after

a 28-year-old worker, who was cutting stedl

pipes in the engine room of a destroyer, suffered severe burns, a fractured leg, and temporary
blindnessin an explosion. A torch had ignited vapors which had accumulated in the room.
Other instances of safety violations were also described.

Workersin These Industries May Be Exposed to Ashestos, L ead, Polychlorinated Biphenyls
(PCBs), and Other Toxic Substances which Cause Severe |lIness and Cancer.

Many older structures and ships which are demolished contain asbestos in insulation, lead in
paint, and polychlorinated biphenyls, which were used extensvely in the past for eectrica
insulation, air system gaskets, and fluorescent light fixtures. Other toxic substances may aso be
present [Klitzman et a. 1994; Balco and McKenna 1994; Jaques 1994; Pigg 1994; Oliver 1994,
IARC 1977, pp. 29-32]. Englund and Cohn [1997] described cases of improper handling of
toxic substances in ship-scrapping yards. They found OSHA records reveding that in ayard in
Cdifornia, workers were told to lie to investigators about the mishandling of asbestos. A yard in
North Carolinawas cited for not training workers to properly remove asbestos, not providing
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protective suits, and not providing medica screening.  1n Rhode Idand, a Sate agency

discovered unsafe practices in a scrapyard which had no fire watches, did not monitor for lead
and asbestos, and did not have an approved plan for PCB removal. A worker in Texas described
“burning cables,” theillegd practice of burning the PCB insulation off copper cables [Englund

and Cohn 1997].

Exposure to asbestos is associated with chronic, fibrotic, interdtitial lung disease, aswell as
malignant mesothelioma, lung cancer, and cancers of the larynx and gastrointestind tract
[Wagner 1997; IARC 1987, p. 108]. Therisk of lung cancer after exposure to ashestos rises
multiplicatively in the presence of smoking [IARC 1977, p. 69].

Lead poisoning in demoalition workers can result from inhaation or ingestion of inorganic lead
during abrasive blagting, welding, cutting, and torch burning of surfaces coated with lead-based
paint, lead pipes and solder, and other lead building materid. Acute, high-dose exposure may
cause anemia, abdomind colic, periphera neuropathy, centrad neuropathy, nephropathy, and
derility. Tremors, stupor, seizures, and coma may occur in severe poisoning in which blood
levels rapidly riseto over 100 meg/dL. Lower-level, chronic, or recurrent exposure may lead to
non-specific symptoms and more subtle organ damage [Levin and Goldberg 2000).

PCBswere commonly used in avariety of industria applications from the 1930's until the

1970's. Demoalition workers and shipbreakers may be exposed to PCBsiif they are working on
Sructures built during thet time. PCBswere primarily used for their insulating, fire resstance,

and didectric propertiesin dectrica transformers and capacitors, but can also be found in
lubricants, sedlants, paint, plastics, newspaper print, and dyes, many of which laborers may come
into contact with in demolition operations. The Environmenta Protection Agency (EPA) banned
their production in 1978 when the adverse hedlth effects of PCBs were recognized (Public Law
94-469). A review of mortdity studies of exposed workers reported higher than expected rates
of saverd types of cancer, including melanoma, and cancers of the liver, rectum, gastrointestingl
tract, brain, and hematopoietic system [Kimbrough et a. 1999]. PCBs are considered potentially
carcinogenic to humans by NIOSH [NIOSH 19864, the EPA [EPA 1980], and IARC [IARC
1987].

HO 16: Occupationsin Roofing Operations

Recommendation — 1) Expand current HO to include dl work performed on roofs. The HO
should not be limited soldly to roofing operations that involve congtruction, maintenance, and

repair of roofs. 2) Remove the exemption for gpprentices/student learners. These
recommendations are consistent with the 1999 NPRM published by DOL and with previous
NIOSH comments in support of the proposed rule [64 Fed. Reg. 67130 (1999); NIOSH 2000a].

Rationale— 1) All work on roofs, including work unrelated to the construction, maintenance,

and repair of roofs, is associated with high numbers of work-related injury deaths and serious
injuries among adults and youth. Work on roofs presents fal hazards and frequently places
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workersin close proximity to overhead power lines. 2) The diverse hazards of working on roofs
make an exemption for apprentices or student learnersingppropriate. Close supervison and
training will not sufficiently reduce the risk of fatd injury. The highrisk of fatd injury in the
roofing occupation among al workers dso supports the removal of an exemption.

Hazards of Working on Roofs
In 2000, a 16-year-old male construction

Work on roofs s associated with falls from framing crew-member died after a 27-foot
heights and contact with eectrical energy. fall from the roof of abuilding under
Workers are exposed to serious injury and congruction. The youth had been moving a
desth from falls that arise from: roof trussinto place for indtallation,
 depping or fdling into roof openings supporting himself on an 8-inch-wide

crested for skylights gructurd beam. Theyouth fell into the
e sepping, faling, or diding off the roof interior of the building and was fatdly struck

edges after tripping or losing baance on the head by one of the trusses that also fell
o Stepping on unsupportive roofing [NIOSH 2000d].

materids, such asinsulation or rotten

roofing

» placing weight on poorly secured structural members (e.g., rafters), or nonstructural roof
attachments (e.g., gutters)

being knocked off balance by loads on cranes and materid hoists

fdling through a skylight

being blown over when handling sheets of plywood

fdling when aladder dips or collapses

fdling due to fallure or collgpse of scaffolding

stepping onto or off of aroof from ether aladder or ascaffold

Workers may sugtain serious burn injuries and eectrocution from inadvertent contact with
electrica wiring or with eectrical power transmisson lines. Contact may ether be direct, where
the employee actudly touches an uninsulated power ling, or indirect, where the employeeis
holding a conductive object (e.g., an duminum gutter, ladder, or antenna) and the object contacts
the power line.

The Roofing Occupation Has One of the Highest Lifetime Risks of Work-Related Injury

The hazards associated with work on roofs is reflected in the risk of occupationa fata injury

among roofers. The roofer occupation is among the occupations at highest lifetime risk of fatal
work-related injury among workers of al ages [Fosbroke et d. 1997] and one of the riskiest
occupations in the construction industry [Chen and Fosbroke 1998]. Roofers had alifetime risk

of 9.4 deaths per 1,000 working lifetimesin 1990 and 1991, ranking 16™ among al occupations
[Fosbroke et d. 1997]. Fatality datafrom CFOI indicate that between 1992 and 1997, the annual
rate of work-related fatality was 28.8 deaths per 100,000 roofers [NIOSH 2001c; NIOSH 20014).
Fdls accounted for 71% (233) of the 326 fatdities identified during that period.
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Work on Roofsis Associated with Fata Falls

During the period 1992 to 1997, 803 work-
related fatd fdls from roofs occurred
[NIOSH 2001c]. The mgority of fatd fals
from roofs occurred in the congtruction
industry, followed by services,
manufacturing, agriculture, and wholesde or
retail trades (Table 17). From 1982 to 1997,
the NIOSH Fataity Assessment and Control
Evauation Program investigated 26 fatdities
in which aworker fel from or through a roof
[NIOSH 2000¢]. Investigators identified the
following factors associated with roof-related
fdls unguarded roof openings; unsecured or
unstable materids, and loss of balance. Four
of the fatdities were associated with fdls
through skylights. Failure to provide
standard skylight covers or fixed standard
railings on al exposed sdes as required by

Hazardous Ordersin Non-Agricultural Occupations

In 1998, a 15-year-old youth died while
working as awindow washer’shelper. The
youth had been standing on the roof assisting
the window washer with the st up of the
rooftop carriage supporting the boatswain’'s
charr. Asthewindow washer bounced in his
chair to check the stability of the apparatus,
the carriage, which had not been tied back to
an anchor and had no counter weights
attached, dipped over the edge of the roof.
The two workers fal protection harnesses
were tied to the carriage, causing them both
to fal. Thewindow washer was severely
injured and the youth was killed.
[Washington Department of Labor and
Industries 2001].

OSHA Genera Industry Standards [29 CFR 1910.23(a)(4)] contributed to the skylight-related

fatdities.

Table 17. Number and Percent of Fatd Falls from Roofs By Industry Division, United States

Industry Division Deaths, Per cent
1992-1997
Condtruction 651 81.1
Services 39 4.9
Manufacturing 30 3.7
Agriculture 25 31
Wholesdle or retall trades 21 2.6
Other 37 4.6
Totd 803 100

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Among young congtruction workers less than18 years of age during the period 1992 through
1997, 12 fatd fdls occurred, three-fourths of which involved fals from or through roofs and
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skylights. In comparison, these types of fdls accounted for only one third of fatd falsin
congtruction workers of al ages[Windau et a. 1999).

Non-Fata Fdls from Roofs Are Severe and Result in Many Days Away from Work

In 1997, fdls from roofs accounted for 3,341 tota non-fatal work-related injuries and illnesses.
The median of 30 days away from work for these types of injuries indicates that they are
commonly severe. Approximately 45% of these injuries and illnesses resulted in 31 or more
days away from work. Lessthan 25% of the injuries and ilinesses resulted in fewer than 6 days

away from work [BLS 19990b].

Work on Roofs Increases Proximity to Overhead Power Lines and Risk of Electrocution

From 1992 through 1997, there were atota
of 1924 desths due to eectrocution. This
includes injuries resulting from contact with
any energized source of power, including
lightning. Direct or indirect contact with
overhead power lines accounted for 778 of
these deaths. A keyword search
(keyword=roof) of the narrative descriptions
of these 1924 electrocution cases reveded
that the victim was working or preparing to
work on aroof in at least 66 cases. Based on
manual review of these 66 cases, 41 victims
were e ectrocuted when they or long meta
items they were holding came into contact
with apower line. Seventeen of the victims
came into direct contact with electrica
currents such as ungrounded wiring, air

In 1986, a 17-year-old part-time |aborer was
electrocuted and another 17-year-old severely
injured while cleaning soot from a smoke
gtack on theflat roof of atwo-story building.
The victim and his coworker could not reach
the smoke stack with the metal scraper they
had been given. Without a supervisor
present, they decided to improvise an
extender with a 9-foot piece of metd pole.
Asthe victim was carrying the pole, it
contacted a 7200 volt power line which was
13 feet, 3 inches above the surface of the roof
and dectrocuted him. His co-worker was
severdly injured when he atempted to help
[NIOSH 1986h].

conditioning or refrigeration units. Seven workers were struck by lightning while working on a
roof. Sixteen of the 66 were employed as roofers, 17 were construction laborers, and 11 were
carpenters. Other occupationsincluded heating and air conditioning mechanic, eectrician,
plumber or pipe fitter, ock handler, and structural meta worker [NIOSH 2001¢].

HO 17: Occupationsin Excavation Operations

Recommendation — 1) Retain the current HO. 2) Remove the exemption for apprentices/student
learners.

Rationde — 1) Excavation and trenching operations are associated with large numbers of worker

degths, including deaths among young workers. 2) Thiswork environment presentsinjury risks
due to collapsing earth, machinery, fdling objects, fires, explosions, drowning, and
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electrocution. Nearly three-fourths of the fatdities involved collgpsing earth in trenches and
excavations. This hazard can be reduced or diminated only by doping, shoring, or ingalation
of trench shields: interventions which require action by a supervisor or other responsible party.
Therefore, individua workers have little or no control over their exposure to this hazard, and
neither training in safe work practices nor use of persona protective equipment will reduce the
risk sufficiently. These factors, dong with the diversity of injury hazards present in this work
environment, support remova of the exemption for apprentices/'student learners.

Subgtantial Numbers of Worker Deaths and Injuries Are Associated with Excavation Operations

Like HO 15, HO 17 addresses arange of work settings rather than work within a specific
industry or involving a specific machine. For this reason, identification of fatdities and injuries
associated with work in trenches, excavations, tunnds, and shaftsis difficult, and involves a
degree of subjectivity. CFOI for 1992-1997 contained 355 cases whose case narrative was

congstent with this work setting, and which
met one or more of the following criteria
“trench,”, “excav,” “shaft,” or “tunnd”
appeared in the narrative; the deceased was
employed in SIC 1794 (Excavation
Contractors); or the fatal event was coded as
an excavaion or trenching cave-in (OlICS
event code 041) [NIOSH 2001c].

As Table 18 shows, the primary injury
hazard during excavation operations was
collgpsing earth, in mogt instances due to
trench collapses. However, nearly one-
fourth of the fatalities were associated with
other types of hazards, notably machinery.
In the maority of these events, aworker ina
trench or excavation was struck by a
machine part, usudly abucket. The 13% of
fataities not associated directly with
collgpsing earth or machinery were dueto a
wide variety of events. eectrocution, fires

In 1997, a 17-year-old construction laborer
died of injuries sustained in atrench cave-in
a an ol tank remova ste. Theyouth wasin
a 12-foot-deep trench, using a gas-powered
saw to cut the rods which held the tank in the
ground. The trench was neither shored nor
doped. Theyouth had finished cutting three
rods when the sde wall of the trench
collapsed. He was pushed up againgt the tank
by the force of the soil, striking his head on
thetank. After being removed from the
trench by emergency personnd, the youth
was transported to a nearby hospita, where
he was pronounced dead on arriva
[Massachusetts Department of Public Hedlth
1998h].

and explosions, drowning, and being struck by faling objects. Workers employed in the
congtruction industry accounted for 80% of the fatalities, but deaths aso occurred among
workersin arange of other industries [NIOSH 2001c].
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Table 18. Characterigtics of Deaths Associated with Work in Trenches, Excavation Operations,

Tunnds, and Shafts, United States

Deaths 1992-1997
Injury hazard n (%)
Collgpsing earth 265 (74.6%)
Machinery 44 (12.4%)
Other 46 (13.0%)
Total 355 (100.0%)
Industry
Congtruction 284 (80.0%)
Trangportation, communications, public utilities 14 (3.9%)
Public adminigtration 13 (3.7%)
Mining 11 (3.1%)
Services 11 (3.1%)
Agriculture, forestry, and fishing 10 (2.8%)
Other 12 (3.4%)
Totd 355 (100.0%)

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]

The number of nonfatal injuries and illnesses associated with excavation operationsis aso

difficult to ascertain, given that there is no single Ol CS code to identify these events, and that

the hazards addressed by thisHO are not limited to asingle industry. Injury data specificto SIC
1794 are not reported. In SIC 179, the broad group of miscellaneous specia trades construction
contractors which includes excavation contractors, there were 18,854 days-away-from-work
injuries and illnesses in 1997 requiring a median 8 days away from work [BLS 1999b]. For
OIICS event code 041 (excavation or trenching cave-in), there were 143 nonfatal injuries and
illnesses reported in 1997 resulting in amedian 10 days away from work. Neither of these
measures is satisfactory for assessng the number of nonfatd injuries associated with excavation
operations. the industry grouping is too broad, and the event code is too narrow.
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Deaths of Y oung Workers
Have Occurred During
Excavation Operations

Of the 355 excavation-related
faditiesidentified by CFOI
between 1992-1997, five
involved the deaths of young
workers younger than age 18
[NIOSH 2001d]. All of these
involved trench collapsesin
which the youth was struck or
buried by fdling earth. All
five youth were employed in
the congtruction industry.

Hazardous Ordersin Non-Agricultural Occupations

In 1999, a 17-year-old laborer died and a co-worker was
injured when an unprotected wall of atrench they were
working in collapsed. The excavator operator responsible
for digging the trench and setting sewer systern components
had removed the trench shield to aid in remova of broken
pipes, but did not replace the shield when work began the
following day. The youth and a co-worker entered the
unprotected trench to set pipe and check the grade of the
sawer line. A section of the trench wall 30 feet long and 11
feet high caved in, burying the youth up to his mid-chest
and his co-worker up to hisknees. It took some time for
the two workers to be removed from the trench, asthe
trench shield had to be re-ingtalled to ensure rescue
workers safety. The youth was transported to aloca
hospitd, but died 5 hours after the incident following
emergency surgery. [NIOSH 2000f].
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HO 1. Operating a Tractor Over 20 PTO Horsepower or Connecting or Disconnecting an
Implement or Any of ItsPartsTo or from Such a Tractor.

Recommendation — 1) Retain the HO with the removal of the 20 PTO (power take-off)
horsepower threshold. 2) Revise exemption for 14- and 15-year-olds with tractor certification to
require tractors to be equipped with arollover protective structure (ROPS) and mandate the use

of seatbdlts.

Retionale— 1) Tractor-related fatdities have been the leading source of work-related farming
degthsin the U.S. for many years. Available data sources frequently do not include enough

detail to determine the horsepower of tractors or PTOs involved in fatd and non-fatal injuries.
Additionally, PTO horsepower differs from tractor engine horsepower and may be difficult to
identify by Wage and Hour ingpectors, employers, supervisors and youth workers. Furthermore,
available data do not support the notion that a tractor’ s horsepower (engine or PTO) isrelated to
risk of injury. Therefore, the current 20 horsepower PTO requirement should be diminated. 2)
A ROPS, when used in conjunction with a seetbdlt, is the most important safety feature on a
tractor in reducing the number of degths from overturns. This engineering safety measure, in
addition to tractor safety training and mandated seetbelt use, should be an effective means of

preventing a substantia number of tractor-
related injuries and fatdities anong young
workers.

Tractors Are a L eading Cause of Fatdl and
Non-Fatd Injuriesin Agriculture

Tractor-related incidents are the most
common type of agriculturd fatdity in the
U.S. [Myerset d. 1998a; Etherton et d.
1991; Purschwitz and Field 1990]. Tractor
overturns are the most common event among
tractor fatdities, followed by run-overs
[Myerset d. 1998a; Etherton et d. 1991].

CFOI for 1992-1997 identified 1845 tractor
(Ol1CS source codes 8530 and 3123)
fatditiesin dl industries, over 75% (1421)
occurred in agricultura production [NIOSH
2001c]. Of the agricultura fatdities,
approximately half (707) resulted from
tractor overturns [OIICS event codes 4233
and 4141], with 265 deeths resulting from
tractor run-overs [Ol1CS event codes 4232

In 1995, a 12-year-old mae working part-
timefor afarmer was killed when he lost
control and overturned atractor in a 12-foot
deep roadside ditch. The youth, who was
driving atractor equipped with afront end
loader and pulling an empty feed wagon,
was driving downhill on adightly doping
gravel road. Asthe youth came to the bottom
of the hill, the road had a culvert and deep
ditches dropping off sharply at the edge of
the road. The youth drove too closeto the
edge, causing the tractor to roll completely,
crushing him under the left rear whed and
fender of thetractor. The tractor had no
ROPS or seatbelt, and the seat was adjusted
in the back position, making the distance
from the seat to the brakes too long for this
driver. Additiondly, the loader frame may
have obstructed the view of the front wheds
meaking it difficult to see the exact pogition of
the front whedl and the edge of the road.
[Univerdty of lowa 19954
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and 4330] (Table 19). Thetractor-related fatdity rate for agricultura production workers of al
ageswas 11.1 deaths per 100,000 workers [NIOSH 2001c; NIOSH 20014].

A review of agricultura fataity investigationsin 10 states between 1990-1996 reveded that in

27 of the 31 fatalities attributed to tractor overturns, aROPS was not in place. In two of the
remaining overturns, a ROPS was present, but the operator was not wearing a seatbelt [Pratt and
Hard 1998].

Table 19. Fata Eventsfor Tractor-Related Fatdities in the Agricultural Production Industry
[SIC 01,02] for All Ages, United States

Deaths

Event [Ol1CS event code] 1992-1997
Overturns[4233] 625
Fl from and struck by vehicle [4232] 188
Jack-knifed, overturned [4141] 82
Pedestrian struck by vehicle in non-roadway area [4330] 77
Struck by ralling, diding objects on floor or ground level [0240] 68
Highway accident, moving in same direction [4112] 48
Caught in running equipment or machinery [0310] 38
Struck by falling object [0210] 33
Fal from moving vehicle [4231] 25
Noncollision accident, unspecified [4230] 24
Compressed or pinched by rolling, diding, or shifting object [0320] 23
Vehicle struck stationary object [4220] 20
Caught in or compressed by equipment or objects, nec [0390] 16
Other 154
Tota 1421

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]
A review of non-fatd farm injury datafor al ages identified an estimated 5,745 tractor-related
logt-time work injuries on U.S. farms from 1993-1995 resulting in amedian 5.5 days of
restricted activity for the injured person [NIOSH 2001K].

Fata and Nonfata Tractor-Reated Injuries to Y outh in Agriculture
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Jugt as with adult farm workers, tractors are aso the leading source of fataities for young
agricultural workers, with overturns being the most frequent injury event [Hard et d. 1999,
Cadtillo et d. 1999b]. Tractors pose added risk to youth for many reasons. 'Y outh may lack
work experience and the cognitive abilities to recognize and control potentid hazards.
Additionaly, there may at times be a physica mismatch between the youth and the size of the
machinery [CDC 1999g]. Asillugtrated in the case in the text box on page 67, the youth was
operating atractor in which the seat was st at the farthest distance from the brake pedals,
making it difficult for the youth to operate the brakes safdly.

A review of CFOI data (1992-1997)
identified 27 tractor-related fataities for
youth under the age of 16 [NIOSH 2001d].
Fourteen of the fatdities occurred while the
youth were operating the tractor. Nineteen of
the deaths resulted from the tractor
overturning. Other circumsancesincluded
run overs, PTO entanglements, and fatdities
while disconnecting implements from the
tractor. Table 20 shows the age distribution
for youth fatdities and the associated injury
event.

A review of non-fatd farm injury data
identified an estimated 3069 injuries from
tractors for 1998 for youth under the age of

16 [NIOSH 2001l]. These data were from the
Childhood Agricultura Injury Survey

(CAIS). CAISwas anationwide telephone

In 1994, a 10-year-old male suffered acute
lacerations of the brain and multiple skull
fractures when the tractor he had been
driving overturned. The youth was driving
the tractor on a public highway, pulling ahay
baler and a hayrack loaded with bales of hay.
When the youth attempted to make aturn
onto agrave road, the rear whedls of the
tractor began to dide and the momentum of
the baer, hayrack, and load of hay caused the
tractor to dide to the edge of the road and
overturn, pinning the youth benegth the
tractor. Although emergency personne
arived moments after the incident, the youth
was pronounced dead at the scene. The
tractor was not equipped with a ROPS
[Minnesota Department of Health 1994].

survey of farm operators which collected youth injury information for the calendar year of 1998.
CAIS was conducted for NIOSH by the U.S. Department of Agriculture. Of these injuries, 2185
youth were operating the tractor at the time of theinjury. Sixty-three percent of the tractors were
equipped with ROPS and 56% of the tractors had seatbelts. Of those tractors with seatbelts, 82%
of the operators reported to be wearing them at the time of theinjury. Injury severity was
measured on a 5-point scale (1=minor 5=life threatening). Injuries that occurred on atractor
equipped with a ROPS had a mean severity of 1.4. Injuries on tractors not equipped with a
ROPS had amean severity of 3.0. 1n 44% of the injuries, the youth was using the tractor for

tilling purposes & the time of the injury.
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Table 20. Agriculturd Tractor-Related Deaths to Y outh by Age Group and Injury Event, United
States

Deaths
AgeGroup | 1992-1997 Events[Ol1CS event code]

Lessthan 12 | 9 (34%) Caught in running equipment or machinery [0310], Compressed
or pinched by rolling, diding, or shifting objects [0329], jack-
knifed/overturned no collison [4141], overturn [4233],

pedestrian struck by vehicle [4330]

12-13 9 (33%) Jack-knifed/overturned no collison [4141], fell from and struck
by vehicle [4232], overturn [4233], pedestrian struck by vehicle
[4330]

14-15 9 (33%) Jack-knifed/overturned no collision [4141], overturn [4233],

collison between railway vehicle and other vehicle [4420]
Source: Census of Fatal Occupational Injuries [NIOSH 2001d]

Data Are Deficient in PTO Horsepower Information

Agriculturd HO 1 dedls specificdly with youth under the age of 16 operating atractor over 20
PTO horsepower. There are two compdlling reasons for removing the horsepower requirement
fromHO 1. Firg, dthough tractors used for farming tasks generdly exceed the 20 PTO
horsepower requirement, the available data sources do not specify horsepower when providing
details on tractor-related incidents. Additiondly, since PTO horsepower differs from tractor
engine horsepower (PTO horsepower being dightly less than engine horsepower), Wage and
Hour inspectors, employers, supervisors and youth workers may not be able to determine PTO
horsepower without contacting the manufacturer or consulting an operator's manua. The
difficulties in determining atractor’s PTO horsepower, both in research and enforcement, make
compliance with the HO difficult. Therefore, the PTO horsepower requirement should be
eiminated.

Training AsaMeans of Indilling Safe Tractor Operating Practices

Y outh ages 14 and 15 who have completed gpproved tractor or machinery certification programs
are exempt from requirements of the agricultura hazardous orders covering these work activities
[DOL 1990]. The effectiveness of these tractor safety training programs has not been adequately
evauated nationwide. However, two studies have attempted to eva uate these tractor
certification programs in two gtates, Indiana and Wisconsin [Carrabba et a. 2000; Wilkinson et
a. 1993]. Carabbaet d. [2000] recently conducted a study in Indiana to determine the impact
of 4-H tractor safety programs on the behavior and attitudes of youth tractor operators [Carrabba
et a. 2000]. Theresults of this sudy indicate that participants in tractor safety programs
demondtrate a greeter leve of confidence in operating tractors, and that the programs appear to
have a pogtive influence on the safe operating procedures of participantsin thetraining. A

study by Wilkinson et d. [1993], which evauated the training certification programsin
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Wisconsin, found that youth who had completed a training program reported an increase in
usage of tractors equipped with ROPS and were less likely to ride on atractor as a passenger.

Effectiveness of Rollover Protective Structures for the Prevention of Tractor-Rdated Injuries

ROPS are structural components attached to vehicles and are designed to protect the operator if
the vehicle overturns during operation; they can either be enclosed in atractor cab or
unenclosed. A ROPS limits the degree to which the tractor rolls and the seatbelt keeps the
operator within the protective space of the ROPS. A seat belt should ways be used in
conjunction with ROPS,

Rollover protective structures have been identified as the best means of preventing deaths from
overturns. However, only 35% of al farm tractorsin the U.S. were equipped with ROPS in
1993 [Myerset d. 1998a]. A study of tractor rollover incidents in Nebraska found that of
gpproximately 250 personsinvolved in unprotected tractor rollover incidents, 40% died. Only
one person operating a ROPS-equipped tractor that rolled over was fataly injured, and this
person was not usng a safety belt at the time of the incident and was gected from the ROPS
protective zone [CDC 1993g]. Additiona studies of ROPS effectivenessin the U.S. have shown
that for tractors equipped with ROPS, fatalities occurred only when farmers did not use a
seetbelt to prevent gection from the protective environment of the ROPS during a rollover
[Reynolds and Groves 2000]. A study in Sweden, which hasimplemented regulations requiring
ROPS on dl tractors, has shown a 92% reduction in tractor rollover fatdities following the
intervention [Springfeldt et a. 1998]. The United States has atractor rollover logt-life rate 24
times higher than Sweden [Thelin 1998]

Other studies provide further evidence of areduction in agricultura tractor fatalities associated
with increased use of ROPS [Cameron et d. 1992; Cotten 1997]. Additionally NIOSH has
esimated that a 71% reduction from the current number of rollover fatalities would be expected
by increasing the use of ROPS to cover dl tractors that do not currently have any form of ROPS.
NIOSH further estimated that the efficacy of ROPS would approach 100% if accompanied by
universal use of safety belts on al unenclosed ROPS equipped tractors [CDC 19934]. Cotten
[1997] reported that ROPS have proven to be effective, and that the powerful impact of this
engineering design isillustrated by the fact that tractors equipped with ROPS condtitute less than
1% of fatdities when used in conjunction with safety belts.
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HO 2: Operating or assisting to oper ate (including starting, stopping, adjusting, feeding or
any other activity involving physical contact associated with the operation) any of the
following machines:
) Corn picker, cotton picker, grain combine, hay mower, forage harvester, hay
baler, potato digger, or mobile pea viner;
i) Feed grinder, crop dryer, forage blower, auger conveyor, or the unloading
mechanism of a nongravity-type self-unloading wagon or trailer, or
i) Power post-hole digger, power post driver, or nonwalking-typerotary tiller.

HO 3: Operating or assisting to operate (including starting, stopping, adjusting, feeding, or
any other activity involving physical contact associated with the operation) any of the
following machines:

) Trencher or earthmoving equipment;

i) Fork lift;

i) Potato combine; or

Iv) Power -driven circular, band, or chain saw.

Recommendation — Combine HO 2 and HO 3, and expand prohibition from lists of specific
meachines to machines that perform generd functions (e.g. harvesting and threshing machinery;
mowing machinery; plowing, planting and fertilizing machinery; other agriculturad and garden
machinery; excavating machinery; loaders; wood processing machinery, such aswood chippers
and debarkers, sawing machinery, including chain saws; powered conveyors, and, mobile
equipment, including forklifts) following the terminology used in current coding syslems.

Rationae — Work with machinery in agriculture is associated with high numbers of work-related
deaths among adults and youth. Work with machinery exposes workers to many hazards such as
entanglements, run-overs, roll-overs, being struck by materials and objects, and fals. The
current HOs ligt specific types of machinery which are prohibited; thisis problematic due to the
continuing introduction of new types of machinery in agricultural production. Combining the

two HOs into one inclusive machinery HO based on the function performed by the machine
would alow more effective tracking of injuries and comprehensive coverage of new types of
machinery that may come onto the market.

It is recognized that HO2 and HO3 were originaly separated based on opportunities for
machinery certification. Although the issue of machinery certification is beyond the scope of
this report, DOL should consider evauating which machines may be safely operated by 14- and
15-year-old youth with gppropriate safety training. It isimportant to note that those machines
which 14- and 15-year-olds may be certified to operate under the current HO 2 result in more
desths annudly than those lisged in HO 3 for which certification is unavalable. Machinery
certificates should make it clear which machinery are permitted, so that employers and
compliance personnel can easly determine if ayouth has received the required training.
Changing adminigrative procedures to clarify which machines a youth may operate would
eliminate the need to separate HO 2 and HO 3.
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Farm Machinery is Associated with Substantial Numbers of Deaths and | njuries among Workers

During the 1980's, machinery-related incidents were the second leading cause of occupational
fatditiesin the United States. Thirty percent of these were in the agriculturefforestry/fishing
indudtries [Prait et . 1996]. A 1991 study found that agricultura machines were involved in an
annua average of 369 deaths per year [Etherton et d. 1991]. Other studies have shown that farm
mechinery isaleading source of traumatic injurieson U.S. farms [CDC 1995; Etherton et dl.
1991].

During the period 1992-1997, 472 farm machine-related deaths were identified by CFOI in
agricultural production (Ol CS source codes: 3100-3190, 3240, 3427, 4830) [NIOSH 2001¢].
Harvesting machinery, including baers, were the most common source of machinery-related
fatdities (Table 21). Plowing and cultivating machinery, and spreaders, are examples of
machines that contributed to a substantial number of deaths yet do not appear to be encompassed
under the exigting agriculturd HOs. Because of the lack of detail in the OIICS coding structure
and information in narrative fields of the CFOI system, it was not possible to identify whether

the fatdlities identified in categories such as baers (Ol1CS source 3111) and combines (OlICS
source 3112) were covered by the existing agricultura HOs. For example, grain combines are
prohibited by HO2 and potato combines are prohibited for youth by HOS3. It isnot possible to
determineif other types of combines are reflected in the fatdity Satidtics.

Almogt aquarter of the farm machine-rdated fatdities resulted from being caught in running
equipment or machinery (Table 21) [NIOSH 2001c]. Other common fatdity events were fdling
from and being struck by machinery (16%), overturns (14%), and being struck by faling objects
(9%).

Other Types of Machinery Are Associated with Substantid Numbers of Deaths and Injuries
among Agricultura Workers

An additiona 125 fatdities were identified which resulted from nonagriculturd equipment (i.e,
earthmoving equipment, loaders and forklifts) (Table 22) [NIOSH 2001c]. Front-end loaders,
not covered by agricultura HO2 or HO3, were associated with the highest number of deaths
(36), followed by forklifts (24), and bulldozers (18). Similar to the farm machinery fataities,
many of these fatalities resulted from overturns (18%), being stuck by afalling object (15%),

and pedestrians being struck (11%). Mogt of the fatalities from falling objects resulted from
being struck by faling buckets. When examining the data for fatalities related to power-driven
saws, there were no fatalities associated with band or circular sawsin agricultura production and
less than 5 fatdities attributable to chain saws.

73



Hazardous Ordersin Agricultural Occupations

Table21. Fatd Injuriesto Agricultura Production Workers Associated with Agriculturdl and
Garden Machinery, United States

1°or 2°
Sour ce of Death,
Machinery [OI1 CS sour ce code] 1992-1997
Agricultural/garden machinery [310] 30
Harvesting, threshing machinery [311] 165
Harvesting and threshing machinery, unspecified [3110] -
Balers[3111] 60
Combines [3112] 47
Harvesters, reapers [3113] 17
Threshers [3114] -
Harvesting, threshing machinery, n.ec. [3119] 34
Mowing Machinery [312] 145
Mowing machinery, unspecified [3120] 12
Lawn mowers —riding [3122] 8
Mowers — tractor [3123] 115
Mowing machinery, n.e.c. [3129] 10
Plowing, planting, and fertilizing machinery [313] 73
Powing, planting, and fertilizing machinery, unspecified [3130] 8
Powing and cultivating machinery [3131] 22
Seed planting machinery [3132] 7
Spreading machinery — agricultura [3133] 22
Powing, planting, and fertilizing machinery, n.e.c. [3139) 14
Other agricultural/garden machinery [319] 10
Conveyors— screw, auger [3427] 27
Trailers[4830] 22
Total 472

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]. Dashesindicate that BL S reporting requirements
were not met.
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Table 22. Fatd Injuriesto Agricultura Production Workers Associated with Nonagricultural

Machinery, United States

1°or 2°
Sour ce of Death,
Machinery [Ol1 CS sour ce code] 1992-1997
Excavating mechinery [321] 32
Loaders[322] 69
Forklifts [851] 24
Total 125

Source: Census of Fatal Occupational Injuries[NIOSH 2001c].

Fata and Non-Fata Machine-Rdlated Injuries to Y outh Working in Agricultura Production and

Services Sectors

A review of faid work-related injuries to youth in the agricultura production and service sectors
has shown that machinery is the second leading source of fatd injuries to youth in the United
States. The machinery-related fatdities in this study were associated with severd different types
of machinery induding: plowing, planting and fertilizing machinery; harvesting and threshing

machinery; and loaders [Cadtillo et al. 1999b].

CFOI data (1992-1997) identified 23 farm
machinery-related fatalities to youth less than
16 employed in agriculturd production. The
meachinery most commonly associated with
youth fataities were spreading machinery,
not currently prohibited by HO2 or 3, and
augers. Ten of these fatdities resulted from
the youth being caught in running equipment
or machinery, and 5 deaths resulted from
youth riding on and fdling from the
machinery. An additional 6 caseswere
identified which involved machinery
currently prohibited in HO3. Two-thirds of
these injuries resulted from work with
loaders, which is not explicitly covered by

In 1997, a 13-year-old male died of injuries
sustained when he was run over by agrass
seeder. Asan adult coworker drove atractor
pulling the seeder, the youth rodein an area
between the seeder and the tractor on the
hitch of the seeder. The youth was using his
hand to reach into the open seed
compartments and keep the seed evenly
digtributed inside the compartments. While
he was doing this, he gpparently lost his
baance and fell from the frame of the seeder
and was run over by it [Minnesota
Department of Hedlth 1997].

either HO 2 or HO 3. There were no identifiable youth fatdities associated with power-driven

circular, band, or chain saws [NIOSH 2001d].

An examination of CAIS data identified an estimated 3035 machinery-related injuriesin 1998.
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Tilling and planting machinery (47%) and harvesting machinery (9%) were the most common
types of machinery involved in theinjuries. Approximately haf of the machinery was reported
to have protective equipment in place a the time of theinjury. Additiondly, 51% of the injured
youth were wearing some type of protective clothing. Safety goggles (88%) were the most
common type of protective clothing being used, followed by gloves (11%). An estimated 166
injuries occurred to youth operating chain saws. [NIOSH 2001l].

HO 4. Workingon aFarmin aYard, Pen, or Stall Occupied By a:
() Bull, boar, or stud horse maintained for breeding purposes, or
(i) Sow with suckling pigs, or cow with newborn calf (with umbilical cord present).

Recommendations — Retain current HO.

Rationde— Agricultura injury saidtics cearly show that animd-rdated farm injuries remain
problematic for dl workers, regardiess of age. Farm animals may be dangerous to humansin
many different Stuations, such as. territorid protection, maternd ingtincts, socid relationships,
or smply an interruption of their norma habits. Y outh exposed to these hazardous Situations
often lack the experience and the knowledge to detect the subtle signs an anima often exhibitsin
these Stuations before attacking. Further, the difference in body weight between a child and the
average farm anima makes injuries more common and severe [NIOSH 2000a; 64 Fed. Reg.
67130 (1999)].

Work with Farm Animas Accounts for a High Proportion of Fatal and Nonfatd Injuriesin
Agriculture

Anima-rlated injuries are an important occupationd hazard associated with farming [Boyle et
d. 1997; Layde et d. 1996; Coghill et a. 1985]. A study of injuriesin five states has shown that
animds are the primary source of injuries to both maes (25%) and females (49%) in the farm
household [Boyle et d. 1997]. Additiondly, in astudy of occupationa farm injuriesin centrd
Wisconsin, cattle were responsible for the mgjority (87%) of animal-related injuries [Layde et d.
1996].

A review of datafor both fatal and non-fata animal-related injuries was conducted. HO 4 dedls
specificaly with youth under the age of 16 working on afarmin ayard, pen, or sal occupied by
a 1)bull, boar, or stud horse maintained for breeding purposes, or 2) sow with suckling pigs, or
cow with newborn caf (with umbilica cord present). However in the mgority of indtances
exigting data are not specific enough to provide thisleve of detail. Additionally, because the
farm often serves as both the home and work place for many youth, it is often difficult to
distinguish between work and non-work injuries.

The Census of Fatd Occupationd Injuries (CFOI) for 1992-1997 identified 167 fataities

involving animas on farms, 133 of which were identified as occurring in afarm yard, pen, or
ddl as specified by HO 4. Almost haf (49%) of the fatdities were due to interactions with a
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bull. 1n 29% of the bull-related fatalities, the incident occurred while the bull was being moved
or loaded in or out of the farm yard/penvstal. Five fatdities were identified which involved a
cow with a newborn calf [NIOSH 2001¢].

Data from the Traumatic Injury Surveillance of Farmers (TISF), anationwide mail survey of
farm operators which collected injury information from farm operatorsin agricultura production
for the years 1993-1995, suggested that in 1994 an estimated 121,937 logt-time work injuries
occurred on U.S. farms [Myers 1998]. Twenty percent of these injuries were attributable to
livestock, which was the leading cause of injury. Severd studies dso have indicated that
anima-related injuries account for between 12 and 33% of al farm injuries [Brison and Pickett
1992; Pratt et a. 1992; Nordstrom et a. 1995; Lewis et al. 1998].

Y outh Suffer Fatd and Nonfatd [njuries Due to Anima-Rdated Work in Agriculture

Severd sudies have shown that animas are one of the most common sources of injury to
children on farms[Layde et a. 1996; Cogbill et a. 1985; Hoskin and Miller 1979]. Cogbill et
a. [1985] reported that anima-related injuries account for 43% of injuriesto children on farms.
Additiondly, in asurvey of faam injuriesin 21 states, Hoskin and Miller (1979) found a
ggnificant number of injuries occurring as aresult of a cow protecting her calf.

A review of CFOI casesfor 1992-1997 found that 6% (n=8) of animal-related fatdities clearly
identified as occurring in afarm yard, pen, or sall, occurred to youth under the age of 16.  As
previoudy stated, the data were not specific enough in some instances to report at the level of
detail indicated in the HO [NIOSH 2001d].

An examination of non-fatd farm injury data for youth collected by NIOSH for the calendar year
of 1998 edtimated that 20% (6438) of al injuries to youth under the age of 20 occurring on farms
were anima-related (injury rate: 3.2/1000 youth). In over 70% of the cases the injured youth
was under the age of 16. Additiondly, 69% of these animd-related injures were determined to
have occurred while the youth was completing work/chores on the farm. The animas most
commonly involved in the injuries were horses (37%) and cattle (31%) [NIOSH 20011].

HO 5: Fdling, Bucking, Skidding, Loading or Unloading Timber with Butt Diameter of
Morethan 6 Inches.

Recommendation — Retain HO, but remove the 6 inch diameter threshold.

Rationde — Work on farms associated with timbering exposes workers to many of the same risks
asin logging occupations (see nonagricultural HO 4, page 27).  Tractors can overturn while
attempting to remove stumps or while dragging logs that get caught on sumps or trees. Trees
can fal on people and chain saws can buck causing severe lacerations and amputations. This
type of work continues to be extremely hazardous for al workers, and includes tasks which are
prohibited for minors less than 18 under nonagricultura HO 4. Available data sources often do
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not report sufficient detail to determine the butt diameter of trees. Further, there is no evidence
that working with timber with a butt diameter of 6 inches or lessis any safer than work with
larger timber. Therefore, the 6 inch diameter threshold should be removed. It is evident from
the data that these types of activities present consderable risk to workers of al ages and should
remain prohibited for agricultura workers less than 16.

Hazards of Logging Are Present in Agriculturd Settings

Logging is one of the most hazardous industries in the United States [Braddee and Myers 1997,
Myers and Fosbroke 1994]. Although there islittle data on logging-type fatdities in agricultura
production, many of the same hazards exist for farmers as for loggers (see nonagricultural HO 4,
page 27). According to NTOF data for the years 1980-1992, logging-type practices resulted in
173 work-related “ struck by falling object” desths to farmers, which represented 46% of all
deaths in the agricultura production industry [Braddee and Myers 1997]. A study of 16 rear
rollovers due to improper hitching to farm tractorsin New Y ork found that 63% of overturns
occurred when operators were pulling logs or removing sscumps [CDC 19964].

Fadities Associated with Logging-Type Activities in Agricultural Production

From 1992-1997, CFOI identified 97 fatdities associated with felling, bucking, skidding,

loading or unloading timber among workersin agriculturd production in the U.S. [NIOSH
2001c]. Over haf of these deaths resulted from being struck by an object, most commonly a
feled tree or limb. Almost one-third of these deaths occurred while aworker was using a tractor
to push or pull trees or sumps causing the tractor to overturn. Other common factors were being
gruck by atree while pushing/pulling with tractor or other machinery, and fals from heights
(Table 23). Of those fatdities due to being struck by an object, the mgority of the cases (12%)
involved being struck by atree.

Table 23. Fadity Events Associated with Logging-Type Activitiesin Agricultural Production,
United States.

Deaths
Event [OIICS Event Code] 1992-1997
Struck by Object [02] 51
Fdl to lower leve [11] 8
Nonhighway, noncollision accident [423] 34
Other 4
Total 97

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]
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Y outh Injuries Associated with Logaing-Type Activities in Agricultura Production

Data from the CAISidentified 219 injuriesin ear -
1998 requiring at least 4-hours of restricted In 1994, a L3 year-old male sustaned fatal
activity or professona medicd attention to

youth |ess then 16 who were injured while felled 18-inch diameter tree that was st

using chain sawsto cut wood on the farm partially attached a the stump. The tow
[NIOSH 20011]. chain had been hooked directly around the
rear axle. The tractor was not equipped with
aROPS[CDC 1996a).

massive head trauma when the tractor he was
using overturned to the rear while pulling a

HO 6: Working from a Ladder or Scaffold (Painting, Repairing, or Building Structures,
Pruning Trees, Picking Fruit, etc.) at a Height of Over 20 Feet.

Recommendation — 1) Expand the HO to cover work on: roofs, farm structures including silos,
grain bins windmills, and towers; and vehicles, machines, and implements (while retaining
prohibitions againgt work from ladders and scaffolds). 2) Reduce the maximum height at which
youth under 16 may work in these settings from 20 feet to 6 fedt.

Retionde — 1) Fatality and injury datafor the agricultural production indusiry show thet large
numbers of worker fatdities and injuries result from fals from devation. Fal hazardsin
agriculture are much broader than those identified in HO 6. Expansion of the HO to cover work
on roofs, on farm structures, and on vehicles, machines, and implements would cover more of
the work stuations in which fatd fdls have been found to occur. 2) Available fatdity data for
workers of al ages suggest that permitting youth to work at heights of up to 20 feet is not
aufficiently protective: the mgority of fatal falls among agriculturd production workers for

which the height of the fal was known occurred from aheight of 20 feet or less. Lowering the
height threshold for youth in agriculture would make HO 6 more congstent with occupationa
safety standards for the congtruction industry that require fall protection at 6 feet.

Fatal Fals Among Agricultural Production Workers Continue

CFOI identified 166 fatal fals among agricultura production workers between 1992-1997, the
mgority of which were fdlsfrom devation [NIOSH 2001c, Table 24]. Most prominent among
fatd fdlsin agriculturd production were fals from vehides, machinery, or implements, and
fdlsfrom roofs and farm structures. Work from ladders and scaffolds, the only work stuations
now redtricted for youth by agricultura HO 6, were not associated with large numbers of fatal
fdls. Therewere 17 falsfrom ladders, comprising 10.2% of thetotal. Dataon fals from
scaffolds did not meet minimum BLS reporting requirements.
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Table 24. Fatal Fals Among Agriculturd Production Workers, United States

Event* Deaths, 1992-
1997
Fdl from vehide, machine, or implement 33
Fdl from farm Structure (eg., slo, grain bin, 19
windmill)
Fall from roof 18
Fal from |adder 17
Fal from floor, dock, or ground leve 16
Fal from horse 13
Fdl from haystack or hay bales 11
Fdl from tree 7
Fal or jump to lower leve, other and 12
unspecified
Fdl on sameleve 14
Fdl, ungpecified 6
Tota 166

Source: Census of Fatal Occupational Injuries, [NIOSH 2001c].
*Event categoriesin thistable do not correspond directly to OIICS categories. Caseswere re-grouped to provide
more specific information about circumstances of fatal fallsin agricultural production.

Clearly, fdl hazardsin the agricultura production industry are not limited to ladders and
scaffolds, which are the only hazards now addressed in HO 6. Work on roofs and work at
heights on farm Structures could be defined clearly, but other hazards such as working a heights
on gtationary vehicles and work in trees and on haystacks may be more difficult to address.

Data on the Height of Fatd Falsin Agriculture Are Limited

Of the 152 fatd falsfrom eevation in the agriculturd production indudtry identified by CFOI,
only 38 case narratives (25%) indicated the number of feet fdlen by the fataly injured worker.
However, it is noteworthy that in 22 of the 38 incidents, the worker fell from 20 feet or less.
These data suggest that permitting work at a height of up to 20 feet does not provide adequate
protection for agricultura workers of dl ages, and is therefore not adequate to protect youth.

Substantial Numbers of Nonfatal Falls Occur Among Agricultura Production Workers
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In 1994, there were an estimated 19,008 nonfatd fals from devation resulting in %2 day or more
restricted activity among U.S. farm workers. Fdls on the same level resulted in an estimated
12,153 injuries resulting in restricted activity [Myers 1998].

Fdl-Rdated Fadlities and Injuries Among Y outh Working in Agricultural Production Have
Been Reported

CFOI identified fal-related fatdities among agricultural workers younger than age 16, none of
whichinvolved afdl from devation. In 1998, youth under age 16 on U.S. farms incurred an
estimated 11,334 injuries resulting in restricted activity due to falls from eevation [NIOSH
20011]. Notable among these were fals from equipment or vehicles, many of which were dl-
terrain vehicles (ATVS) (1,346 injuries); fals from horses (1,198 injuries); fals associated with
climbing steps or ladders (659 injuries); and falls associated with climbing other structures, often
trees or hay bales (603 injuries).

Other Federal Occupationa Hedth and Safety Standards Do Not Address Fals in Agriculture

Federa occupationa safety and health standards
goplicable to workers of dl ages require use of fal In 1997, a 12-year-old boy died
protection for congtruction industry employees who :

work 6 feet or more above alower level. 29 CFR 1926, gvaeircml‘lan\?vgfﬂ%% vill_ar?eo\?v%\m
Subpart M, stipulates that these employees must be was being pulled by atractor
protected from faling through the use of guardrall driven by the boy’sunde. The
systems, safety net systems, or persona fdl arrest boy apparently sipped and fell off
systems [29 CFR 1926.501]. These standards apply to the wagon, and was then run over
work stuations such as unprotected sides and edges, by the waéon’ swheds

work on roofs, work at the edge of excavations, and [Associated Press 1997:

work above dangerous equipment.  Congtruction Evansville Courier 1997i .
workers on scaffolds who are working more than 10 feet
above alower level must be protected from fdling to
that level; 29 CFR 1926.451 (g) specifiestypes of fall
protection to be used for the various types of scaffolds.  Standards for generd industry found in
29 CFR 1910, Subpart D, addressfal hazards by requiring guarding of wall and floor openings,
and by defining specifications for ladder and scaffold congtruction. Additiondly, standards for
some types of scaffolds require the use of guardrails a work levels of 10 feet or higher [29 CFR
1910.29]. None of the above standards for construction or generd industry extend to workersin
agricultura production, nor do agricultura hedlth and safety standards contain fal protection
provisons of any kind.

HO 7: Driving a Bus, Truck, or Automobile When Transporting Passengers, or Riding on a
Tractor asa Passenger or Helper.

Recommendation — 1) Expand to prohibit driving of al motor vehicles and off-road vehicles
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(including dl-terrain vehicles), with or without passengers, on and off the highway. 2) Expand
to prohibit work as an outside helper on amotor vehicle. 3) Retain the provision prohibiting
riding on atractor as a passenger or helper, but move it under agricultura HO 1.

Rationde— 1) There are anumber of strong arguments for thisrevison. Limiting thisHO to
buses, trucks, and automobiles does not reflect the breadth of vehicles now in usein agricultura
production. Fataity and injury data support prohibition of driving of al types of motorized
vehicles, including al terrain vehicles (ATVS). Mot gates do not dlow youth under age 16 to
exercise full driving privileges, in afew gates the minimum age to obtain alearner’s permit is
16. Yet, HO 7 does not explicitly prohibit driving by agricultural workers under age 16. In
contrast, nonagricultura HO 2 places substantia restrictions on motor vehicle operation by 16-
and 17-year-olds in other industries. Findly, operating a motor vehicle without passengers,
currently allowed under HO 7, does not reduce crash risk among young drivers to acceptable
levels

2) Avallable dataindicate that there are fatdities and injuries among agricultural workers,
including youth under 16, associated with working as an outside helper on avehide. Revisng
HO 7 to include prohibition of this activity would offer increased protection to young
agricultura workers, and would make this HO consistent with nonagricultura HO 2.

3) Fatdities and injuries associated with riding on atractor as a passenger have been reported
among agricultural workers, including youth under 16. Retention of this provision is warranted,

but it should be removed from HO 7 and placed under HO 1 so that dl tractor-related hazards are
addressed in asingle HO.

Agricultura Worker Fatdities and Injuries Are Associated with Driving Motor Vehicles, and
with Being an Outsde Helper on aVehide

During 1992-1997, CFOI identified 1,541 fatdities of agricultura production workers due to
collisons and single-vehicle incidents on or off the highway (OIICS event codes 41 and 42).
These comprised 45.6% of al occupationd fataities in the agriculturd production industry.
However, because of overlap with other agricultural HO's, three groups were excluded from the
following discussion of HO 7: 1,008 tractor-related incidents classified by the OlICS system as
vehicle-rdated (dready covered under Agricultura HO 1); 207 incidents involving mobile
meachinery, including forklifts (aready discussed under Agriculturd HO's 2 and 3); and 12
fatdities involving anima-drawn vehicles. The remaining 314 cases were collisons or single-
vehicle incidents occurring on or off the highway, in which an agriculturd production worker
died [NIOSH 2001c].

The mgority (74.5%) of these 314 vehicle-rdated incidents occurred on the highway. Highway
incidents were dominated by truck-related incidents, with off-highway incidents most often
associated with trucks and ATVs (Table 25). Automobile-reated incidents occurred primarily
on the highway, while those involving ATV's were more common off the highway.

CFOI data show that the decedent was operating the vehicle in 83.8% of on-highway incidents,
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compared with 71.3% of off-highway incidents. CFOI does not record coded information asto
whether passengers were being transported, athough in some instances the case narrative
provides some insight. Notable among the truck-related fatdities were 22 in which the decedent
was riding on the vehicle as an outside hel per, generdly in the truck bed. Fifteen of these
occurred off the highway, comprising 40.5% of the off-highway truck fatdities.

Table 25. Fatdities Associated with Highway and Nonhighway Accidents Involving Motor
Vehicles (Excluding Tractors, Mobile Machinery, and Animd-Drawn Vehicles), by Primary
Source of Injury —Agricultural Production Workers, United States

Primary Source of Injury* Highway Accident Nonhighway

[O11CS Sour ce Code] [OIICSEvent 41], Accident [OIICS
1992-1997 Event 42], 1992-

1997

Automobile [821] 33 ---

Truck [825] 178 37

All-terrain vehicle [841] 6 30

Other vehicle [800-899, except 17 12

821, 825, 841, 851]

Tota 234 80

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]. Dashesindicate that BL S reporting requirements
were not met.

* The primary source of injury identifies the object that directly produced or inflicted the fatal injury. For incidents
involving vehicles, the vehicle occupied by the decedent isthe primary source of injury, while the striking vehicle, if
any, isthe secondary source.

Fatalities and Injuries of Agriculturd Workers Y ounger Than Age 16 Associated with Driving
Motor Vehides, and with Being an Outsde Helper on aVehice

CFOI identified atota of ten vehicle-rdated fatdities of agricultural workers under age 16
between 1992 and 1997, excluding events involving tractors, mobile machinery, and animal-
drawn vehicles. Six occurred on the highway, and four off the highway [NIOSH 2001d].

The primary sources of injury most commonly cited was atruck (6 degths). Y outh fatdities
involving automobiles and ATV s were dso reported, but the frequencies were too small to meet
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BLS reporting thresholds for CFOI data. The fatdly injured youth was driving the vehicle in the

mgority of the fatdities, but there were
incidents in which the youth wasriding on
the vehicle as an outsde helper.

In 1998, there were an estimated 5,444
vehicle-rdlated injuries to youth under age
16 on U.S. farms, based on data from the
CAIS, anationwide telephone survey of
U.S. farm operators conducted for NIOSH
by the U.S. Department of Agriculture.
Nearly haf (47.4%) of the vehicle-rdated
injuriesinvolved ATVs. Other prominent
sources of injury were automobiles
(27.2%) and trucks (6.3%). The mgjority
of injured youth (73.9%) were operaing
the vehicle, 8.7% wereriding in a
passenger seat, and 6.1% wereriding
elsawherein or on the vehicle [NIOSH
20011].

In 1998, a 9-year-old boy died when he was
run over by acargo truck driven by hisfather,
a contracted seasond farm laborer. The boy
had been picking blueberries with his father
and an 11-year-old boy. At thetime of the
incident, the two boys were assigned to pick
up containers filled with blueberries from the
sde of the field road, and load them into the
back of the cargo truck. The boys were
riding in the back of the cargo truck with the
door open asthe father drove the truck in
reverse. The 9-year-old either jJumped or fell
off the rear of the truck, and was run over by
the reversing truck [NIOSH 1998].

Hazards of Y outh Operating Maotor Vehicles Are Not Limited to Transporting Passengers

HO 7 currently prohibits driving by young agriculturd workers only while trangporting
passengers. Studies of highway crash risk in the genera population show that transporting
teenage passengersincreased risk of fatal crash for teenage drivers, dthough the presence of
passengers age 30 or older presented essentidly the same level of risk as driving done [Chen et
a. 2000; Preusser et d. 1998]. Althoughiit is clear from CFOI case narratives thet riding on the
outsde of atruck is associated with fatdities among agricultura workers of dl ages, available
datado not provide enough information to ascertain the overdl involvement of passengers,
teenage or adult, in fatalities of young agriculturd workers. Trangporting teen passengers may
introduce additiond risk for young driversin the generd population, but it is by no meansthe

only issue to be considered.

Fatdity and Injury Risk to Y outh Operators of ATVS

Another vehicle-related risk not currently addressed under HO 7 is the operation of ATVs by

youth. Consumer product safety data show that persons under age 16 were the victimsin 35% of

all reported ATV-related deaths in the genera population between 1985 and 1998 [ Consumer
Product Safety Commission 2000]. Dataon ATV-related deaths and injuries are available from
the Consumer Product Safety Commission. These datainclude injuries associated with work as
well asrecreationd use. ATV use was associated with an estimated 28,700 injuries of youth
under 16 treated in hospital emergency departmentsin 1999 [Consumer Product Safety
Commisson 2000]. Risk of ATV-related injury for youth under 16 was 2.5 times that for
operators aged 16 to 34 years, and 4.5 times that for operators aged 35 to 54 years [ Consumer
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Product Safety Commission 1998]. A 1997 survey found that use of ATVsfor nonrecrestiona
activities such as farming or ranching has increased in recent years, and that 95.9% of ATV
operators under the age of 16 were driving ATV s with engines greater than 90 cc. These ATVs
areintended for use by adults, and are manufactured with labels warning againg their use by
children [Consumer Product Safety Commission 1998]. The American Academy of Pediatrics
has recommended that states prohibit al use of ATVs by persons lessthan 16 years of age,
noting thet the immeature judgment and motor skills that hamper the ability of youth under age 16
to safely operate other motor vehicles are dso relevant to ATV operation by youth [American
Academy of Pediatrics 2000].

HO 7 Is Inconsstent with Many State Motor Vehicle Licensng Laws

HO 7 isinconggent with many gtate licenang lawsin thet it prohibits driving when trangporting
passengers, but does not otherwise prohibit driving. In 43 States, it is possble to obtain a
learner’ s permit before age 16; however, adriver’s license (with and without intermediate
restrictions) can be obtained in only five of these states before age 16 [Insurance Indtitute for
Highway Safety 2001]. HO 7 does not explicitly prohibit motor vehicle operation by youth who
in many dates are not old enough to obtain full driving privileges under their date licensng

laws. To be congstent with minimum requirements of state licensing laws, HO 7 should be
revised to prohibit agriculturd workers under age 16 from operating a motor vehicle on the
highway.

Substantid numbers of fataities were aso identified as occurring off the highway among
agriculturd workers of dl ages. While there would be some overlap between HO 7 and State
licensing lawsif HO 7 were expanded to prohibit al highway driving for agricultural workers
under age 16, child labor laws provide the only means of addressing hazards associated with
driving and other vehicle-rdated tasks off the highway. Thereis no evidence to suggest thet off-
highway driving or work as an outside helper should be permitted for youth; there were 80 such
fatadities among workers of dl ages over a 6-year period, four of which were among youth
younger than 16. Work as an outsde helper on amotor vehicleis of particular concern. Thisis
now prohibited for youth under 18 under
nonagricultural HO 2, but no smilar

protections for youth under 16 exist in A 10-year-old boy working with his father to
agricultural HO 7. load bales of hay onto awagon was severely
injured when the tractor on which hewas a

Fatdities and Injuries of Agriculturd passenger overturned. The boy’ Sfatha" who
Workers Who Were Tractor Passengers was driving the tractor, attempted to stop a
Have Also Been Reported runaway hay wagon by positioning the

. tractor’ s loader bucket in the path of the
Of the 1,421 tractor-related fatalitiesto wagon. Asthe wagon gruck the loader
@ri culturd pI‘OdUCtI on workers identified bUde, the tractor Ovefturnaj, wa‘dy
by CFOI for 1992-1997, 12 of the crushing the boy’s arm under the tractor sest,
victims were clearly riding on atractor as and fataly injuring his father [University of
apassenger [NIOSH 2001c]. Therearea lowa 1995h].
number of other casesin which injury
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circumstances suggest the worker may have been a passenger on the tractor, but the CFOI
narrative does not specificaly mention it. CFOI identified atota of 27 tractor-related fatdities
of agricultura workers younger than age 16 during 1992-1997 (see discussion under agricultura
HO 1, page 51), but did not identify enough cases involving tractor passengers under age 16 to
meet BLS reporting thresholds [NIOSH 2001d]. Nonfatd injuries to youth associated with this
Stuation have been reported: in 1998, an estimated 417 injuries were incurred by youth under
age 16 whileriding as a passenger on afarm tractor [NIOSH 2001l].

Incluson of Work on Tractors Under Agricultural HO 7

Other agricultura work involving operating tractors and connecting or disconnecting
implementsis covered under agricultural HO 1. Prohibitions againg riding on atractor asa
passenger or outsde hel per should aso be addressed under HO 1. There are three distinct
advantages to this change: (1) al work activities associated with tractor operation would be
addressed under asingle HO; (2) HO 7 would be more clearly focused on hazards of motor
vehicle operation, and could more easly be modified to aign with nonagriculturd HO 2; and (3)
Wage and Hour inspectors would find it eesier to enforce both agriculturd HO 1 and HO 7.

HO 8: Working Inside:
) A fruit, forage, or grain storage designed to retain an oxygen deficient or toxic
atmosphere,
i) An upright silo within 2 weeks after silage has been added or when atop
unloading deviceisin operating position;
i) A manure pit; or
Iv) A horizontal silo while operating a tractor for packing pur poses

Recommendation — Expand the HO to prohibit all work inside (i) afruit, forage, or grain sorage,
such asasdlo or bin; (if) amanure pit.

Rationde—Work in slos, bins and manure pits presents hazards in many forms. grain
engulfment; exposure to Slo gas, and oxygen deficiency. The current HO is not comprehensive
enough in addressing these hazards. Work in slos and grain bins poses substantial risk of
engulfment. Given this hazard, it is recommended that the HO be expanded to prohibit work
ingde dl types of fruit, forage, or grain sorage facilities, not just those designed to retain toxic
or oxygen-deficient atmospheres. Further, dthough the HO provides for a 2-week waiting
period to protect youth from entering a storage facility soon after new silage has been added,
toxic gases may be present at any time in these locations. Therefore, the remova of the 2-week
waliting period is also recommended. Manure pits aso produce toxic atmospheres which can
overcome aworker in avery short period of time, and often result in multiple fatdities. The
hazards presented by manure pits judtify their being retained in the HO.

Grain Engulfment Associated with High Numbers of Degihs
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Suffocation in flowing grain is the most
common cause of death associated with grain
storage structuresin the U.S. [CDC 1996h].
Hazards exist either when the grain is being
unloaded or loaded, or when workersfal into
an ar pocket under acrust of grain. Gran
that flows during loading and unloading has
characterigtics of quicksand and can rapidly
induce immersion [CDC 1996b]. A worker
can be completely submerged in flowing
grain in lessthan 8 seconds [CDC 1996b;
Shutske 1999]. Suffocation can aso occur if
aworker entersagrain bin containing caked,
frozen, or spoiled grain. When such grainis
unloaded from below, an overlying crust
forms which can collgpse under the weight of
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In 1995, a 13-year-old male died of injuries
sugtained after he was engulfed in corn ingde
aded grain bin. The youth had been seated
on theroof ladder of the bin observing corn
being removed from the bin through an
opened roof cover. The youth fell into the
bin unnoticed. It was not known that he was
in the bin until a tennis shoe came out of the
discharge opening. Emergency personned
arrived on the scene and used power sawsto
cut saverd holesinto the bin. The youth was
removed and transported to the hospital
where he died two days later [Minnesota
Department of Health 1995].

aperson standing or walking on the crust [CDC 1996h)].

Silo Gas Another Hazard Associated with Slos and Grain Bins. Silo Filler’ s Disease

After asloisfilled with chopped silage, a naturd fermentation process takes place which
produces severa harmful gases. The predominant gases formed are carbon dioxide (CO,) and
oxides of nitrogen, which are heavy gases that will displace oxygeninaclosad slo. This, in
addition to oxygen depletion by microbid activity in silage, can cause the oxygen concentration
in aslo to become low enough to cause suffocation and death [Pavelchak et d. 1999; NIOSH

1994p).

The nitrogen oxides formed include: nitrogen dioxide (NO,), the mogt lethd; nitrous oxide (N,0)
which is eadlly oxidized to NO,; and nitrogen peroxide (N,O,), which has amilar toxic effects as
NO,, but is colorless and odorless. Nitrogen dioxide is directly toxic to the lungs by forming
nitrous and nitric acids and causing burns to the smal airways and dveoli. Thiscausesa
syndrome known as*“ Slo Fller's Diseasg’ which may lead to Adult Respiratory Distress
Syndrome (ARDS) and deeth. The amount of acid formed and the severity of lung injury are
directly related to the concentration of NO, [Wright 1989; CDC 1982]. Nitrogen dioxide levels
begin to increase within four hours after filling. Although nitrogen dioxide levels are generdly
within a safe range after two weeks, dangerous amounts may remain for months if the sllo has

not been opened [CDC 1982].

Manure Pits Present High Risk

Manure pits are fermentation tanks in which raw anima waste undergoes anaerobic bacteria
decay [CDC 1989]. Manure pits alow for easy cleaning of anima confinement buildings and
the efficient underground storage of large amounts of raw manure [NIOSH 1990a]. Four main
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gases are produced in manure pits: hydrogen sulfide, methane, anmonia, and carbon dioxide.
Hydrogen sulfide is considered the most dangerous becauseiit is highly toxic and is rapidly
released during agitation and pumping. Methane is continuoudly produced and released into the
ar a adeady rate. Methane gas displaces oxygen in the closed environment of a manure pit
creeting an oxygen-deficient, flammable, and explosive atmosphere [Doss et d. 1993]. Deaths
in manure pits can result either from oxygen deficiency or from the direct toxic effects of these
four gases [CDC 1993b]. The warmer, more humid wesather that occurs during the summer
months accel erates the production and accumulation of hazardous gases [NIOSH 1993b; CDC
1993b]. Farm workers should be particularly aware of the hazards of entering pits during the
summer when conditions are optima for increased gas generation [CDC 1993b]. Theincreased
risk during the summer monthsis particularly troublesome given the fact that most youth are
employed as farm workers during that time,

Multiple Fatdities are Common in Silos, Bins, and Manure Pits

Incidents in Slos, bins or manure pits often result in multiple fatalities when co-workers or

others die during attempts to rescue initia victims [CDC 1993b; NIOSH 1993b; NIOSH 1990b].
Often after aworker enters an oxygen-deficient or toxic atmosphere and collapses, co-workers
notice the collgpsed worker and enter the same atmosphere to attempt rescue; if they do not use
proper precautions they also collapse. From 1982-1992, NIOSH FACE investigated 68 confined
gpace incidents of dl types resulting in 104 fatalities, 38% of the fatdities occurred during a

rescue attempt [CDC 1993hb].

Many Hazards Exist in Slos, Bins, and Manure Pits

A review of CFOI, 1992-1997, identified 91 fatdities in agricultura production associated with
entering asilo, grain bin, or manure pit (Table 26) [NIOSH 2001c]. One hundred and eight
cases were identified by OIICS event codes for caught in or crushed in collgpsed materids
(0400, 0490), other cave-ins (0420), inhalation in enclosed, restricted or confined space (3411),
depletion of oxygen from cave-in or collgpsed materids (3830), depletion of oxygen in other
enclosed, restricted, or confined space (3840), and other oxygen deficiency (3890). A review of
the narratives for these cases identified the 91 cases which were associated with entering a silo,
grain bin, or manure pit. Over 60% of the fatdities occurred in grain bins, 25% in silos, and

13% in manure pits. Sixty-five percent of the deaths were due to grain engulfment, with the
remainder attributable to asphyxiation either due to oxygen deficiency or atoxic amosphere.
Four of the fatdl incidents resulted in multiple deaths when a co-worker attempted rescue.
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Table 26. Deaths Associated with Work in Slos, Grain Bins, and Manure Pits, United States

Event [OI1CS Event Code] Deaths,
1992-1997

Caught in or crushed in collgpaing materids, 59

n.e.c. [0490]

Inhalation in enclosed, restricted, or confined 24

Space [3411]

Depletion of oxygen in other enclosed, restricted, 6

or confined space [3840]

Other 2

Totd 91

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Y outh Agriculturd Workers Also a Risk

CFOI (1992-1997) identified 8 fatalitiesin agricultura production to youth less than 16
occurring in either asilo, bin, or manure pit [NIOSH 2001d], the mgority of these were from
grain engulfments. CAIS datafor 1998 estimated 1470 non-fata injuries to youth less than 16
from dlos or grain bins [NIOSH 20011]. An estimated 1250 of the injuries required admisson to
ahospita, with an average hospitd stay of 6 days.
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HO 9: Handling or Applying (including Cleaning or Decontaminating Equipment, Disposal
or Return of Empty Containers, or Serving asa Flagman for Aircraft Applying)
Agricultural Chemicals Classified Under the Federal I nsecticide, Fungicide, and
Rodenticide Act (as Amended by Federal Environmental Pesticide Control Act of 1972, 7
U.S.C. 136 et seg.) as Toxicity Category I, Identified by the Word “ Danger” and/or
“Poison” with Skull and Crossbones; or Toxicity Category 11, Identified by the Word
“Warning” on the L abel

Recommendation—Revise the HO to be consistent with EPA Worker Protection Standard for
pesticides. Any future changes to the EPA standards which either enhance protections for al
workers or add an additiona margin of safety for children should aso be reflected in the HO.

The following wording is suggested: Performing any tasks that would fall under the EPA
definition of "pesticide handler,” in 40 CFR Part 170 - The Worker Protection Sandard. The
definition of “pegticide handler” as written in the Worker Protection Standard can be found on

page 91 of thisreport.

Rationale—The current HO only addresses exposures of farm workers under age 16 to Toxicity
Category | and |1 pesticides, which are of concern because of their acute toxicity. Thereisno
protection againg other chronic hazards of pesticides, such astheir potentid neurotoxicity,
reproductive toxicity, endocrine disruption, and carcinogenic effects. The EPA’s Worker
Protection Standard was designed to protect workers from acute and chronic exposures to
pesticides. The HO to protect young agricultural workers from the hazardous effects of pesticide
exposure should, a a minimum, be conastent with the EPA standard.
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40 CFER Part 170 - The Worker Protection Standard

This part of the Code of Federad Regulations (CFR) addresses workers and pesticide
handlers' occupationa exposures to pesticides used in the production of agricultura plants
on farms or in nurseries, greenhouses, and forests. Workplace practices required by the
Standard are designed to reduce the risks of pesticide-rdated illness or injury by reducing or
eliminating exposure to pesticides.

According to this regulation, a“ peticide handler” is defined as any person, including a
self-employed person:

(HWhoiis:
(i) Mixing, loading, transferring, or applying pesticides.
(ii) Disposing of pesticides or pesticide containers.
(iii) Handling opened containers of pesticides.
(iv) Acting as a flagger.
(v) Cleaning, adjusting, handling, or repairing the parts of mixing, loading, or
application equipment that may contain pesticide residues.
(vi) Assisting with the application of pesticides.
(vii) Entering a greenhouse or other enclosed area after the application and before
theinhalation exposure level listed in the labeling has been reached or one of the
ventilation criteria established by this part ( § 170.110(c)(3)) or in the labeling has
been met:
(A) To operate ventilation equipment.

(B) To adjust or remove coverings used in fumigation.

(C) To monitor air levels.
(viii) Entering a treated area outdoors after application of any soil fumigant to
adjust or remove soil coverings such astarpaulins.
(ix) Performing tasks as a crop advisor:
(A) During any pesticide application.
(B) Before the inhalation exposure level listed in the labeling has been
reached or one of the ventilation criteria established by this part (8
170.110(c)(3)) or in the labeling has been met.
(C) During any restricted-entry interval.
(2) Thetermdoes not include any person who is only handling pesticide containers that have
been emptied or cleaned according to pesticide product labeling instructions or, in the
absence of such instructions, have been subjected to triple-rinsing or its equivalent.
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Pegticide Use in Agriculture

Pesticides are defined by the Federa Insecticide, Fungicide, and Rodenticide Act (7 USC 136) as
“any substance or mixture of substances intended for preventing, destroying, repelling, or
mitigating any insects, rodents, nematodes, fungi, or weeds or any other forms of life declared to
be pests, any substance or mixture of substances intended for use as a plant regulator, defoliant

or desiccant.” Pedticides are extensvely used in U.S. agricultura production, amounting to

about 4.5% of total farm production costs. 1n 1997, over 1.2 hillion pounds of active ingredient
were used and included over 20,700 products and more than 890 active ingredients [Aspelin and
Grube 1999].

Tasks Involving Risk of Exposure to Pedticides

The following tasks involving handling or applying pesticides put workers a risk for hazardous
exposure:
Mixing, loading, transferring, or applying pesticides
Digposing of pegticides or pesticide containers
Handling opened containers of pesticides
Acting as aflagger for aerid gpplications
Cleaning, adjugting, handling, or repairing the parts of mixing, loading, or gpplication
equipment that may contain pesticide residues
» Assgting with the gpplication of pesticides
 Entering agreenhouse or other enclosed area after the gpplication
Entering atreated area outdoors before expiration of the restricted-entry interval
[40 CFR 170 - The Worker Protection Standard; Wilk 1993]

Nationa Egtimates of Pesticide-Rdated Fatdities

The most recent national estimates of unintentiona deaths due to pesticides, where data were
extracted from degath certificates and vaidated by physicians or coroners, were in the 1970's. Of
the 113 unintentiona pesticide-related degths in the two-year period 1973-1974, 11% of the
deaths were classified as occupationaly related and 27% of the deaths occurred to children
under 5 years of age [Blonddll 1997]. Poison Control Center data from 1985 through 1992
revealed 40 deaths (3 occupational) due to pesticide exposure [Blonddl 1997]. CFOI datafrom
the period 1992-1997 identified 9 pesticide-reated desths, which included intentional and
unintentiona inhaation and ingestion of pesticides [NIOSH 2001c].

National Estimates of Pedticide-Related |1Inesses
Egtimates of the occurrence of pesticide-rdated illnessin the U.S. have been made using a
variety of data sources. The U.S. EPA has extragpolated stetistics from the state of Californiato

edimate phys cian-diagnosed pesticide illnesses and injuries among agricultural workersin the

92



Hazardous Ordersin Agricultural Occupations

U.S. a 10,000-20,000 annudly [Blonddl 1997]. Cdifornia maintains the most reliable reporting
system for occupationdly related pesticide poisonings [GAO 1995]. Potential occupationa
cases of pedticide poisoning are investigated by the loca county agriculturd commissioner and
reported to the state [Edmiston and Maddy 1987].

Based on NEISS data from 1990-1992, there were an estimated 20,000 (95% ClI, 15,000-25,000)
annua emergency department visits resulting from pegticide exposure [Blondell 1997].

Emergency department data will only capture injuries severe enough in the mind of the injured

person to require emergency department treatment. It has been estimated that only about 34% of
injuries and illnesses occurring in the workplace are initialy treated in an emergency department
[CDC 20014).

The American Association of Poison Control Centers Toxic Exposure Surveillance System
which collects data from 65 participating poison control centers, representing an estimated
95.3% of human poison exposuresin the U.S. in 1998, revea ed 86,289 human poison exposure
cases due to insecticides, pesticides, or rodenticides during 1998. Of these reported cases,
46,447 were children under 6 years of age and 14,436 were between 6 and 19 years of age
[Litovitz et d. 1999].

A recent sudy examined pesticide poisoning among working children using data from State-
based surveillance systems (data were available from 1988-1999) and Poison Control Center
data from the Toxic Exposure Surveillance System (data were available from 1993-1998)
[Calvert 2001]. A tota of 531 children under age 18 years were identified to have acute
occupational pesticide-related illness. Between 1993 and 1998, the overal incidence rate was
found to be 1.71 times that observed in working adults aged 25-44 years (95%Cl=1.53, 1.91). It
was estimated that 62% of the cases were children employed in agriculture production and
services (BOC codes 010 [agricultura production, crops], 011 [agricultura production,
livestock], 012 [veterinary services|, 020 [landscape and horticultura services], and 030
[agricultura services, n.ec]) and 32% were employed in other industries. Of the 81% of cases
where the EPA acute toxicity category was available, 67% of the illnesses were associated with
toxicity category 11 pesticides, which are not covered under the HO as currently written.

The above numbers may greatly underestimate the true incidence of pesticide-rdated illness.
Based on two household surveys conducted in Californiain 1969 and in 1973, Kahn estimated
that the number of officidly reported cases of pesticide-rdated illnessis only about 1-2% of the
true number [Kahn 1976]. Applying this estimate nationaly, Coye [1985] estimated that the
“true’ prevalence of pesticide-related illness cases was about 313,300 (1% of an estimated 4
million farm workers) during 1982.

Acute Hedlth Effects of Pesticide Exposure
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Acute effects of pedticide exposure vary by type of pesticide. The mgority of peticide
poisonings are caused by organophosphates. Thistype of pesticide worksin both pests and
humans by inhibiting the enzyme acetylcholinesterase, which normdly bresks down the
neurotransmitter acetylcholine (ACH). ACH is aneurotransmitter present in many organ

systems of the body and is required to

tranamit impul ses between nerve cells and to

provide vita communication between
systems. When acetylcholine is not broken
down concentrations increase in the
intercelular spaces, leading to symptoms of
nervous system hyperactivity, neuromuscular
parayss, and centra nervous system
dysfunction (cholinergic effects). Examples
of these symptomsi include:

blurred vison caused by eye muscle

contraction;

« tearing, sdivaion, nausea, vomiting,
pulmonary edema, urination, and
perspiration caused by simulation of
secretory endocrine glands,

« cardiac arrhythmias caused by impaired
impulse conduction to the heart;

 condriction of the bronchid airways
caused by smooth muscle contraction;

» cramps, weakness, and paralysis caused by
skeletd muscle contraction;

» headache, dizziness mdaise,
halucinations, convulsion, depresson and

Pegticide poisoning incidents have been
documented among Cdiforniafarm workers
aged 9-19, and often have required medical
trestment and lost work time. One incident
involved 23 farm workers, including 2 young
farm workers aged 9 and 11, who were
exposed to two Toxicity | pesticides
mevinphos (Phosdrin) and phosphamidon
(Dimecron). Workers experienced severe
symptoms of poisoning, and some were
hospitaized for observation and trestment.
Choalinergic symptoms abated within four
weeks, while headaches, weakness, blurred
vison, and anorexiawere more persstent
throughout the 18 weeks workers were
sudied. The two young workers experienced
adverse effects such as nervousness and deep
disorders for consderably longer periods
after exposure to these neurotoxic pesticides
[Midtling et a. 1985; Coye et d. 1987].

loss of consciousness, and respiratory drive depression caused by centra nervous system

excitation followed by depression.

Symptoms of acute exposure to other types of pesticides vary depending on the type of pesticide.
Carbamates have smilar anticholinergic effects as organophosphates. Acute exposure to
organochlorine insecticides causes symptoms of central nervous system excitation, including
excitability, dizziness, disorientation, paresthesias, tremors, and convulsons. Fumigants and
nematocides cause symptoms of respiratory irritation and central nervous system depression.
Substituted phenols interfere with a fundamental cellular energy production process (oxidative
phosphorylation) which causes systemic effects such as fever, increased heart and respiratory
rate, high blood pressure, anxiety, and seizures. Acute exposure to other types of pesticides

cause effects of varying severity [Rosenberg 1990).

Chronic Hedth Effects of Pesticide Exposure

Evidence suggests that the maority of pesticide-related illnesses are chronic rather than acute
[Coye 1985], but little is known about the extent and magnitude of chronic hedlth problems
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related to occupational exposures to pesticides [NRC/IOM 1998; NRC 1993]. Serious chronic
and delayed effects include chronic dermatitis, Sterility, adverse reproductive outcomes, blood
disorders, abnormdiitiesin liver and kidney function, and chronic neurotoxicity [Rosenberg
1990]. Low-leve exposure to pesticides may produce nonspecific central nervous system
symptoms such as headache, fatigue, drowsiness, insomnia, and deep disturbances, mentdl
confusion, disturbances of concentration and memory, anxiety, and emotiond lability. Thereis
a0 evidence in adults that acute pesticide poisoning leads to chronic effects on neurologic
function [Steenland et d. 1994; Rosenstock et a. 1990; Savage et d. 1988]. Carcinogenicity of
pesticides to humans has not been proven conclusively. However, experimental studies have
shown that some pesticides can cause cancer in animals, and epidemiologic research has shown
associations with cancer in humans [Blair 1996]. The International Agency for Research on
Cancer [IARC 1987] considers some pesticides to be probable human carcinogens.

Specid Risksto Young Workers

Hedth effects of pesticides have been largely unstudied with respect to young workers
[NRC/IOM 1998]. However, based on an extensive review of the literature and studies on
immature animals, the Nationa Research Council [1993] concluded that the toxicity of
pesticides can potentialy be influenced by the immaturity of biochemica and physologica
functions and body composition of developing children and adolescents. There is age-rdated
variation in susceptibility to pesticides, based on different metabolic rates and ability to activate,
detoxify and excrete xenobiotic compounds, and both quditative and quantitative differencesin
toxicity of pesticides between children and adults.

Guillette et al. [1998] studied two groups of 4- to 5-year-old children residing in northwestern
Mexico, who had similar genetic backgrounds, diets, water minera contents, cultura patterns,
and socid behaviors. One group lived in an agrarian environment (n=33) where pesticides had
been used since the 1950's. The other group (n=17), lived in the foothills where traditiona
methods for controlling pests did not include pesticides. The children exposed to pesticides had
sgnificantly less samina, gross and fine eye-hand coordination, and cognitive ahility, as
measured by the ability to draw aperson.  Some studies suggest chronic effects of peticide
exposure in children, including attention deficit disorders, decrease in samina, gross and fine
eye-hand coordination [Weiss 1997; Harmon et a. 1975].

The US EPA recently cancelled many uses of three highly toxic pesticides, methyl parathion,
chlorpyrifos, and azinphos methyl because they posed unreasonable risk to children
(neurorotoxic and neurodevelopmentd). This determination is required under the Food Qudity
Protection Act of 1998, but has been done for only afew pesticides to which children and
adolescents are exposed and never to determine unreasonable risks to farm workers under age
18. The EPA iscompleting a hazard assessment of al organophosphates to determine the
developmentd and reproductive toxicity of these pesticides for enhanced susceptibility of infants
and children [EPA 19983a]. Many pesticidesin current and past use have not been tested for dl
endpoints of concern, and pesticide studies conducted to date are designed primarily to assess
pesticide toxicity in sexualy mature animas, not developing children and adolescents
[NRC/IOM 1998, NRC 1993].
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HO 10: Handling or Using a Blasting Agent, Including but Not Limited to, Dynamite,
Black Powder, Sendtized Ammonium Nitrate, Blasting Caps, and Primer Cord

Recommendation — Retain the HO.

Rationde — Explosives are used in agriculture for avariety of purposes, such as sump or rock
removad, to facilitate the building of afarm pond, or demoalition of afarm sructure. The use of
explosives opens up the potentid for catastrophic events, such asfires and explosions, and has
the potentia for multiple-victim incidents.  Although available data do not identify explosve-
related fatd and nonfata injuriesin agriculturd production associated with the items listed in

HO 10, clearly thistype of activity presents a substantial hazard to workers exposed to the use of
blagting agents. Retaining this HO would be consstent with the nonagricultura HO prohibiting
work in the manufacture and storage of explosives (HO 1, page 21). Therefore, itis
recommended that HO 10 remain in place.

Scarcity of Dataon Blaging Agent Use in Agricultura Production

A review of CFOI datafor the years 1992-1997 identified 63 deaths in agricultural production
associated with fires and explosons. However, there were no deaths in agricultura production
associated with the use of blasting agents aslisted in HO 10. The most common source of
explosion resulted from workers welding on tanks or equipment (22%) followed by
propane/gasoline explosons (16%), and explosions related to overfilling tires or tanks with air
(13%) [NIOSH 2001c].

Hazards Associated with Use of Blagting Agents

The lack of fatd and non-fatal injury data does not imply that the use of such blasting agents
should be permitted for youth under the age of 16. The inherent danger associated with the use
of explogves, coupled with the potentid for catastrophic results when explosves are used
improperly, warrant enough concern to retain the current HO. Such hazards are described in the
discussion of nonagricultura HO 1 (see page 21).
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HO 11: Transporting, Transferring, or Applying Anhydrous Ammonia
Recommendation—Retain the HO.
Rationale—Anhydrous ammoniais atoxic, corrosve chemica [EPA 1998b] which requires
grict handling, operating, and maintenance procedures to prevent hazardous exposure [ANS|
1999]. Any exposure to the chemica may cause severe injury or death. No data exist to support
any changes to the HO.

Anhydrous Ammoniais a Commonly Used Fertilizer

Anhydrous ammonia (ammonia without weter) is an inexpensve chemica used commonly in
agriculture as afertilizer [Hmers et d. 1971]. Above its boiling point of minus 28 degrees
Fahrenhait, it isartificidly kept in a compressed liquid state at high pressure for ease of

trangport, storage, and application [Johnson 1975]. Tanks are pulled by tractors and anmoniais
sprayed directly onto fields. Exposures can occur during spraying or during connection and
disconnection of spraying equipment [Shaver and Tong 1991].

Exposure to Anhydrous Ammonia May Cause Severe Burns and Degth Due to Suffocation

Anhydrous ammonia can cause severe burns and desth due to its powerful corrosive action on
tissue. Inhaation of high concentrations cauises desth due to bronchocondtriction, edema, and
inflammation of the airway walls [EPA 2000; Leduc et d. 1992; Sharp 1965]. Exposure to
lower concentrations for longer periods can aso be fatal as the gas reaches deeper parts of the
lung. Chronic fibrogs of the lung may occur if the victim survives theinitid insult. Direct
contact with the ammoniain liquid form causes severe burns to skin and mucous membranes.
Dueto its high water solubility and dkainity, it causes necross of the tissue and can penetrate
deeply. Severe corned burns may result from contact with the eyes. If contact occurs as
anhydrous ammonia liquid escapes from a container, vaporization can cause freezing burns of
the skin and eyes due to rapid heat loss [ Shaver and Tong 1991].

Nationa and State Data on Injuries, 1linesses, and Deaths Due to Anhydrous Ammonia

Eight fatdities were identified in CFOI during the six-year period 1992-1997 related to work
with anhydrous ammonia [NIOSH 2001c]. The mgority of the cases were due to exposure to
anhydrous ammoniagas. Explosons involving anhydrous ammonia were dso identified.

During 1997, injuries and illnesses where the source was identified as anhydrous ammonia
resulted in amedian of 20 days away from work; 66% of the 88 cases resulted in more than 10
days away from work [BLS 1999b]. The lowa State University Extension reported that between
1990 and 1992, 55 lowans were injured in incidents involving anhydrous ammonia, 19 of which
required hospitalization for burns, loss of eyesight, and respiratory problems[Schwab et d.

1993]. During 1985, one-third of al emergency department visits due to agricultural chemicals

in a21-county areain Nebraska were caused by anhydrous ammoniafertilizer [Rettig et d

1987]. Other deaths and severe injuries caused by exposure to anhydrous ammonia have been
reported in the literature [EPA 2000; Leduc et a. 1992; Sobonya 1977; Johnson 1975; Kass et .
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1972; Helmerset d. 1971].

Requirements for the Safe Storage and Handling of Anhydrous Ammonia

Because of the dangerous properties of anhydrous ammonia, a national standard exisis for safe
storage, transportation, and handling of the chemical [ANSI 1999]. According to the standard,
only properly trained personnd who are familiar with its physica properties should handle
anhydrous ammonia. Because it must be stored & high pressure, any lesk will cause the
ammoniato spray and quickly vaporize. Anhydrous ammonia quickly reacts with any moisture,
including moigture in skin and mucous membranes, causing severe dehydration, cell destruction,
and chemica burns. Handlers of anhydrous ammonia must wear appropriate persond protective
equipment, including eye protection such as tight-fitting, chemical-proof goggles or an gpproved
full-face respirator. Proper use of specidly approved equipment must be followed [ANSI 1999;
Shutske 1994]. In the event of an emergency, handlers should be able to act by shutting off the
flow of gas and coordinating evacuation. 'Y outh should not be given the heavy responsibility of
following these complex procedures which, if not followed, could be fatd or severdy
debilitating to themsalves and any others nearby.
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V.RECOMMENDATIONS FOR NEW HAZARDOUS ORDERS

The following recommendations address serious occupational hedlth and safety hazards for

young workers under age 18 that are not covered by the current Hazardous Orders. DOL should
be able to implement these proposa's though the adminigrative rule-making process without any
new gatutory authority.

Non-Agricultural Occupations

Commercial Fishing Occupations

Recommendation — Establish anew HO for work in commercia fishing occupdtions.  An
gpprentice/student learner exemption is not recommended.

Rationde —Workersin commercid fishing occupations have extremely high rates of
occupationd fatdity, with smilarly high fatdity rates among fishers younger than age 18.
Fishers work in a highly unpredictable environment and face numerous risks for fatdity or
seriousinjury. Many of the injury risks, particularly those related to wegther, are not
subgtantialy reduced or eiminated through training or experience, therefore an
gpprentice/student learner exemption is not judtified.

Commercid Fishers Have Extremdy High Fatdity Rates

The subgtantid risk of fatality associated with work in commercid fishing occupations

worldwide has been reported in the scientific literature for decades [Bell et d. 1990; CDC

1993c; CDC 1994; Driscoll et a. 1994; Lincoln 2000; NIOSH 1997e; NIOSH 1994c; National
Transportation Safety Board 1987; Reilly 1985; Schilling 1971]. During 1992-1997, CFOI
identified 440 fatdities of U.S. workersin fishing occupations, which include fishers (BOC
occupation code 497) and captains and other officers on fishing vessels (BOC occupation code
498) [NIOSH 2001c]. The 6-year fatality rate of 161.1 per 100,000 workers was the highest
among al occupations, exceeding the rate of 148.2 among logging occupations (BOC occupation
code 496) for the same period. Fishing, hunting, and trapping occupations had the second
highest lifetime risk of occupationd fatality for 1990-1991, with 47.2 deeths per 1,000 45-year
working lifetimes [Fosbroke et d. 1997]. Other research found that male captains of vessdls and
fishers were a substantid lifetime risk for fatdity associated with avessd snking (38.2 and

24.3 deaths per 1,000 working lifetimes, respectively) [Myers et a. 1998b].

Of the 440 fatalities of fishers and other fishing vessel crew identified by CFOI between 1992-
1997, the predominant fatal events were water vehicle accidents (312 deaths, 70.9%) and
drownings (68 degaths, 15.5%) [NIOSH 2001c]. The remainder involved events such as contact
with dectric current, being caught in running machinery, being struck by objects, and assaulits.
Fatdities have aso occurred during harvesting of sea urchins and sea cucumbers, which is
usualy done by hand by divers using scuba equipment [CDC 1994; Lincoln 2000].

Work in Commercid Fishing Occupations Occurs in a Complex, Unpredictable Environment

Work in commercid fishing poses subgtantia risk of fatdity from avariety of sources. Fishers
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are exposed to hazards of drowning, faling overboard, vessdl losses due to capsizing or
foundering, vessd collisons, fires and explosions, machinery-reated incidents, and hypothermia
[Driscoll et d. 1994; NIOSH 1997¢; Reilly 1985]. Among the numerous factors that have been
linked to fatalities among fishers and other crew are: economic pressures from brief fishing
seasons, fatigue; delays in rescue efforts due to the isolated locations of some fishing grounds;
lack of safety training requirements for commercid fishers, unpredictable and severe weether
conditions; nonuse of persond flotation devices, crew inexperience; lack of seaworthiness of
vesss, and dippery and unstable work surfaces [Driscoll et a. 1994; NIOSH 1997e; NIOSH
1994c; Nationa Transportation Safety Board 1987; Reilly 1985; Schilling 1971].

Nonfata Injuries and lllnesses Among Fishers Have Also Been Reported

There were an estimated 343 nonfatal injuries and illnesses requiring days away from work
among fishersinthe U.S. in 1997. Although the number was smal compared with other
occupations, these gppear to have been of high severity. The median days away from work was
30, with 93.9% resulting in 21 or more days away from work [BLS 1999b]. Between 1991 and
1995, the Alaska Trauma Registry, which collects data on injuries requiring hospita admisson

in Alaska, recorded 392 nonfatd injuriesin the commercia fishing industry [Husberg 2000].

Fatalities and Nonfatal Injuries of Y oung Workers in Fishing Occupations

CFOI identified five fatdities of fishers

younger than age 18 between 1992 and In 1993, a 16-year-old commercial fisherman
1997. The 6-year fatality rate per 100,000 became trapped and drowned after the fishing
FTE workersfor ages 15-17 was 137.0. vessdl he was on capsized while under tow.
All five youth crowned when thelr fishing The vessel wes disabled and at anchor, with
vessdl capsized, or when they fell from the only the skipper and the youth on board.
vessel [NIOSH 2001d; NIOSH 20014]. After 11 hours, another vessd arrived and

began to tow the fishing vessel back to port.
Within 2 minutes after towing begen, the
vessal capsized, trapping the 20-year-old
skipper and the youth insde the pilot house.
The skipper escaped and swam to safety, but
efforts to rescue the youth were unsuccessful
[NIOSH 1993c].
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The Alaska Trauma Regidtry identified atotd of eight nonfata injuries among fishers younger
than age 18 during 1991-1998 [Alaska Trauma Registry 2001].

Alaska Trauma Regigtry data for 1991-1998 included the following injuries to
fishersranging in agefrom 11 to 17 years

. Leg caught in seining lingring on a purse-sainer, pinning fisher
againg sde of boat

. Fisherman’s finger caught between a boat and a skiff.

. Arm caught in winch of fishing boat

. Mulltiple abdomind stab wounds during fight with another fisherman

. Foot caught in coil rope attached to seiner, dragging fisher against
iff

. Tip of middle finger pulled off when gloved hand caught in coiled
rope, and rope was moved out

Congruction Occupations

Recommendation — Establish anew HO prohibiting al work in construction occupations as
defined by Bureau of the Census occupation codes 553-599, 866, and 869. An
gpprentice/student learner exemption is not recommended.

Rationale — Workersin many of the construction trades have extremdy high rates of
occupdtiond injury fatdities, and sustain large numbers of nonfatd injuries, many of a severe
nature. Prohibiting work by youth in congtruction occupetions, rather than in the entire
congtruction industry, has the advantage of protecting youth who may be asked to perform
congiruction tasks for non-congiruction employers. It aso ensures continued opportunity for
youth to perform low-risk jobs such as clerical work in the congtruction industry. Despite a
number of existing HOs that address specific types of hazardous construction work (such as
roofing and trenching), congtruction work accounts for a substantial number of young worker
deaths. The number of deaths of young workersin congtruction is exceeded only by the number
of deathsin agriculture, forestry, and fishing, and retall trades. Additionaly, avallable data
suggest that youth working in the congtruction industry and occupations have eevated fadity
rates, and that rates for youth are more than twice those of young and middle-aged adults.

Severd factors support the establishment of a construction-wide HO instead of an approach
focusing on individua trades and occupations within congtruction. Most of the occupations do
have elevated fatality rates. Congtruction work is aso associated with adverse hedth effects
from exposure to hazardous substances and from musculoskeletd disorders. Some congtruction
occupdaions that have relaively low fata injury rates are associated with exposure to other
agents which may have long-term hedlth effects, and thus merit inclusion. 'Y outh employed in
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congruction are more commonly employed as |aborers and helpers and are not likely to have the
skillsto be technicaly considered a member of any specific construction trade.  In addition, jobs
with smdl congtruction firms or in resdentid congtruction are likely to cut across a multitude of
tasks and construction occupations. In summary, NIOSH suggests that any HO cover the entire
construction sector.

Because congtruction Sites frequently include hazards outside the control of individua workers
or contractors, an agpprentice/student learner exemption is not recommended.

Injuries and Fatdities Among Workers in the Congtruction Trades

Between 1992 and 1997, 5,298 workers in the specialized construction trades and in construction
laborer occupations died as aresult of work-related injuries. Occupation-specific fatdity rates
ranged from 1.9 per 100,000 workersfor carpet installers to 85.9 for structura metal workers.

In 10 of the 32 construction occupations, fatality rates were greater than 20 per 100,000 workers,
or more than 4 times the rate among al workersin al occupations [NIOSH 2001c; NIOSH
2001a, Table 27].

Additiondly, a number of the occupations listed in Table 27 were among the 50 occupations
with the highest lifetime risks of fata occupationd injury in 1990-1991: structurd metd workers
(4™); eectricd power ingtallers and repairers (8"); congtruction laborers (10™); roofers (16™);
congtruction supervisors, n.e.c. (20™); construction trades, n.e.c. (23); dectricians (27");
brickmasons and stonemasons (33'%); concrete and terrazzo finishers (34™); and plumbers,
pipdfitters, and steamfitters (48") [Fosbroke et al. 1997].

In 1997, workers in construction trades occupations experienced an estimated 179,035 nonfatal
injuries and illnesses requiring days away from work, nearly 10% of days-away-from-work
injuriesin the U.S. that year. Excluding congtruction laborer occupations, the median days away
from work for dl log-time injuries and illnesses of congtruction trades workerswas 8 [BLS
1999b].

Table 27. Fatd Injuries and Nonfatal Injuries and llIinesses to Workers in the Construction
Trades, United States

Occupation [BOC Code] Deaths, | Deaths/100,000 | Nonfatal Median
1992- Workers, Injuriesand | Days Away
1997 1992-1997 [lInesses, from
1997 Work, 1997
Supervisors, Construction
Occupations
Supervisors; brickmasons, 15 374 212 15
stonemasons, and tile setters
[553]
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Occupation [BOC Code] Deaths, | Deaths/100,000 | Nonfatal Median
1992- Workers, Injuriesand | Days Away
1997 1992-1997 [lInesses, from

1997 Work, 1997

Supervisors, carpenters and 33 26.8 781 13

related workers [554]

Supervisors, eectricians and 34 14.8 547 6

power transmission ingalers

[555]

Supervisors, painters, 22 34.5 139 66

paperhangers, and plasterers

[556]

Supervisors; plumbers, 20 21.6 366 11

pipefitters, and seamfitters

[557]

Supervisors, n.e.c. [558] 420 12.2 5,905 7

Congtruction Trades, Except

Supervisors

Brickmasons and stonemasons 88 8.7 3,237 8

[563]

Brickmason and stonemason 139 10

apprentices [564]

Tile setters, hard and soft[565] 7 21 544 16

Carpet ingtallers [566] 12 1.9 1,353 8

Carpenters [567] 548 7.6 37,091 8

Carpenter apprentices [569] 5 10.6 770 5

Drywdl| ingdlers[573] 43 51 5,219 15

Electricians [575] 541 13.7 17,748 7

Electrician apprentices [576] 30 17.8 2,423 6

Electrica power inddlersand 237 35.8 2,799 9

repairers [577]

Painters, construction and 264 8.7 6,665 10

maintenance [579]

Paperhangers [583] --- 2.3 780 11
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Occupation [BOC Code] Deaths, | Deaths/100,000 | Nonfatal Median
1992- Workers, Injuriesand | Days Away
1997 1992-1997 [lInesses, from

1997 Work, 1997

Plasterers [584] 22 10.0 862 6

Plumbers, pipefitters, and 205 7.3 12,967 8

seamfitters [585]

Plumber, pipefitter, and 12 15.3 1,913 3

steamfitter apprentices [587]

Concrete and terrazzo finishers 52 121 1,842 8

[588]

Glaziers [589] 14 6.4 1,784 5

Insulation workers [593] 25 7.2 2,276 7

Paving, surfacing, and tamping 23 43.3 236 12

equipment operators [594]

Roofers [595] 326 28.9 6,100 9

Sheetmetd duct ingtalers [596] 21 10.6 3,181 5

Structurad meta workers[597] 264 85.9 4,214 13

Drillers, earth [598] 35 35.8 972 9

Condtruction trades, n.e.c. 251 21.7 4,039 10

[599]

Construction laborer

occupations

Helpers, congtruction trades 68 10.8 6,169 5

[866]

Congtruction laborers [869] 1,649 38.1 45,761 7

Tota 5,293 179,035

Source: Census of Fatal Occupational Injuries (Deaths) and Survey of Occupational Injuries and IlInesses (Nonfatal
injuries) [NIOSH 2001c], Bureau of Labor Statistics [BLS 1999b]. Employment data used in the cal culation of
fatality rates were obtained from the Current Population Survey [NIOSH 2001a]. Dashesindicate that no data were

available.

Fatdities of Y oung Workers Employed in the Condruction Trades
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Between 1992-1997, CFOI identified
55 fatalities of workers under 18
employed in the specidized
congtruction trades or as construction
laborers. Thirty-five of the 55

In 1998, a 15-year-old roofer helper died after
faling 16 ¥z feet from aroof to a concrete
basement way. At the time of the incident, the
youth and a 16-year-old co-worker had been

. removing shingles from the roof of ahouse. While
(63.6%) were working &s worki ngq[o rerngove old shingles, the youth either
construction leborers. Among struck abundle of new shingles with his body or
youth ages 15-17 employed in the with the handle of ashovel. The bundle began to
construction traokes and laborer dide toward the back edge of the roof. In
occupations, there were 24.6 dee_\ths attempting to retrieve the bundle, the youth lost his
per 100,000 FTE employees during balance and fell off the back edge of the roof,
1992-1997. Among youthemployed | | 1yinq on his back and striking his head on the

8 contruction laborers, the fatality concrete basement way. The 15-year-old youth

rate was 42.3 [NIOSH 2001d; NIOSH - : o
2001a]. A previous andlysis of CFOI ﬁl\leldotg?_'filg%gg]]g day of aclosed head injury

data suggested that youth 15-17 years
of age working in congtruction hed
greater than 7 times the risk for fata
injury as youth in other industries, and greater than twice the risk of workers 25-44 years of age
working in congtruction [Barkume et a. 2000].

All but eight of the 55 fataly injured youth less than 18 years of age who died between 1992 and
1997 while working in congtruction occupations were employed in the congtruction industry:
seven (12.7%) in resdentia congtruction, eight (14.5%) in heavy construction, and 32 (58.2%)
by specid trades contractors. Specific industries with the highest number of young worker
fatalities were roofing, sding, and sheet metd work (7); eectrica work; and concrete work.
The predominant fatal events were: fals (14, 25.5%); contact with eectric current (14, 25.5%);
trangportation incidents (11, 20.0%); and being struck by objects (9, 16.4%).

Hedth Hazards in Congtruction

Work in congtruction may involve exposure to numerous substances with many possible adverse
hedlth effects. Workers on congtruction sites, even those who do not work directly with
hazardous substances, may gtill be exposed as bystanders[Ringen et a. 1995]. Among the
substances that have been linked to occupationd illness among construction workers are dusts
such as asbestos, cement, synthetic vitreous fibers, sllica, and wood dust; dusts and fumes from
sources such as cadmium, lead, copper, zinc, and asphat; and solvents and other chemicals such
as toluene, polyurethanes, epoxy resins, and methylene chloride. Among the conditions and
adverse effects that result from exposure to these substances (and have been linked to work in
congtruction) are: lead poisoning, asbestos's and other lung disorders related to exposure to
fibers, cancers, inhdation injury, asthma, chronic obstructive pulmonary disease, bronchitis,
contact dermatitis, slicogs, teratogenic effects, neurotoxic effects, and other chronic toxic
effects [Osorio and Mdius 1995; NIOSH 1991a; NIOSH 1992b; NIOSH 2001m; Ringen et
a.1995; Ruhl and Kluger 1995; Sullivan et d. 1995]. Inhaed fibers are more dangerous than
other particles because they become trapped and are not cleared by the lungs. If they remainin

105



Recommendations for New Hazardous Orders

the tissue long enough, chronic irritation and inflammation can cause cells to mutate and become
cancerous [Elmes 1994].

Population studies have shown that work in construction occupations has been associated with
increased mortality due to chronic diseases and cancer. Based on death certificate data from the
Nationa Occupationa Mortaity Surveillance System (1979-1990), significantly elevated
proportionate mortdity ratios (PMRs) for cancer, mentd disorders, pneumoconioses, asbestos's,
dlicogs, chronic liver disease, and systemic scleross have been observed among men usudly
employed in congtruction [Robinson et d. 1995]. Twenty of 64 preventable sentinel
occupationa hedlth conditions resulting from workplace exposures have been linked with
employment in a congtruction trade [Robinson et a. 1995; Mullan and Murthy 1991].

Congtruction workers are rarely based at the same work site for extended periods, thus the nature
and leveds of their exposure to hazardous substances and environments may vary over time.
Measuring exposure to harmful agents on congtruction sites is complicated by the mobility of
workers on individua congtruction sites, frequent changesin work sites and employers, logidtics,
and limitations in measurement technology [Ringen et d. 1995]. Diagnos's of work-related
illnessesis complicated by long latency periods [Ringen et a. 1995; Sullivan et d. 1995]. It has
been suggested that the extensve movement of congtruction workers on the job Site requires
workers to be more responsible for their own protection than in other work settings[Ringen et dl.
1995]. If the congtruction work environment presents these challenges to workers of dl ages, it
may pose greater dangers for young workers, who are likely to have less of the experience and
knowledge needed to recognize and respond to the variety of hedth and safety hazards present.

Work in the congtruction trades has aso been associated with morbidity and disability dueto
musculoskeleta disorders. Congtruction work may involve manua handling of heavy materids,
datic muscle contractions, exposure to vibration, repetitive motions, and awkward or strenuous
work postures or movements [Holmstrom et a. 1995; Ringen et a. 1995]. In 1997, congtruction
indusiry workersin the U.S. sustained an estimated 44,317 nonfatd injuries and illnesses
attributed to overexertion, 25,500 of which involved lifting, and an additiond 2,806 injuries and
illnesses related to repetitive motion [BLS 1999b).

Work in certain congtruction trades may be associated with relatively low risk of fatal injury, yet
may present risk of adverse hedlth effects or musculoskeleta disordersthat is unacceptable for
workers under 18. Examplesinclude low back pain and knee disorders among carpet and tile
layers [Engholm and Englund, cited in Holmstrom et a. 1995; NIOSH 1990c], asbestosi's amnong
insulation workers [Sullivan et d. 1995]; exposure to lead and solvents among painters [Osorio
and Mdlius 1995; Ringen et d. 1995]; and exposure to silicaamong plasterers, drywal ingtdlers,
and other occupations [Lofgren 1993].

Work in Refuse Occupations

Recommendeation — Establish a new HO prohibiting work in refuse collection. An
apprentice/student learner exemption is not recommended.
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Rationale — Refuse collection workers have high rates of work-related fataities, which are due
primarily to hazards related to traffic vehicles and refuse collection vehicles. Hazards of vehicle
operation and work as an outside helper are addressed by HO 2. However, youth employed as
refuse collection workers also risk injury as vehicle passengers, as pedestrians who move among
traffic vehicles while retrieving refuse, and from vehicle-mounted compacting equipment.
Workers in this occupation may aso be exposed to toxic chemical and biologica agents through
routine handling of waste materids, the hazards of which may not be readily apparent. No
apprentice/student learner exemption is recommended because of the high fatdity rates and work
in environments frequently outside of the control of individua workers or supervisors.

Fata Injuries Among Refuse Callectors

CFOI identified 132 fatalities of refuse collectors between 1992-1997 [NIOSH 2001c]. The 6-
year fataity rate per 100,000 workersin this occupation was 47.3 [NIOSH 2001c; NIOSH
20018). The mgority of fatally injured refuse collectors were employed in two trangportation
industry sectors: refuse systems (SIC 4953, 69 deaths), and local trucking without storage (SIC
4212, 39 deeths). The remaining 22 deaths occurred among employeesin public administration.

The primary source of fatal injury for refuse collectors was most commonly atruck (97 desths,
73.5%) or an automobile (10 deaths, 7.6%). Transportation-related events accounted for 105
(79.5%) of the desths, and were predominantly related to: a vehicle striking a pedestrian on the
roadway or roadside [OlICS event codes 431 and 432] (43 desths, 32.6%); a noncollison event
on the highway [OlICS event code 414] (25 degths, 18.9%); other transportation events on the
highway [OI1CS event codes 410-413 and 419] (13 degths, 9.8%); and a vehicle striking a
pedestrian off the roadway [OlICS event code 433] (12 degths, 9.1%). An additiona eight
deaths involved workers becoming caught in or compressed by equipment or objects [OIICS
event code 03]; five of these resulted from the worker becoming caught in the compactor unit of
arefuse collection truck.

Nonfatal Injuries and IlInesses to Refuse Collectors

In 1997, refuse collection workers sustained an estimated 3,811 work-related injuries and
illnesses resulting in days away from work. The median days away from work was 10, with
18.5% of the injuries requiring 31 or more days away from work [BLS 1999b]. Overexertion,
particularly due to lifting, was reported to be the leading cause of nonfatd injuriesto refuse
collectors between 1992 and 1997, accounting for nearly one-third of all cases[Drudi 1999]. A
study of municipa solid waste workers in Florida estimated that 57 of 100 workersincurred a
work-related musculoskeleta or derma injury annualy [Englehardt et d. 2000]. High numbers
of lacerations, contusions, fractures, vehicular injuries, and back injuries associated with lifting
were found in thisworker population.

Refuse Collectors Face Multiple Vehicle-Rdated Injury Risks

Workers who collect and haul refuse are exposed to risk of injury from vehicle traffic while on
daily pickup routes. Refuse collection workers may ride on the outside of the vehicle to alow
them to more quickly retrieve refuse a stops dong the route. Workers riding on the outside of
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refuse collection vehides are at risk of fdling off the truck and being run over by the truck or
another vehicle. Whileretrieving refuse, they may aso be backed over by the refuse collection
vehicle, or struck by amotorist [NIOSH 1997f; NIOSH 1982; Drudi 1999; Englehardt et d.
2000]. Refuse callection vehicles are aso equipped with compactors which are Smilar in
function and operation to stationary compactors and balers aready prohibited under HO 12, and
which pose smilar risks for inadvertent activation, leading to crush and amputation injuries

Refuse Callection Also Poses Hedth Hazards to Workers

Refuse collectors routindy handle materids of unknown origin which may contain hazardous
substances. These materids may be neither properly labeled nor acceptable for disposal through
conventiona means, and the hazards they present may not be readily apparent to workers
[NIOSH 1982]. Workersin refuse collection, including those employed at landfills and transfer
dations, are exposed to toxic biologica or chemica agents through direct contact (e.g., kin
contact, puncture or laceration of the skin, or ingestion) or through aerosol transmisson. High
concentrations of airborne bacteria, dust, and fungal spores have been reported at landfills and
trandfer gations [Poulsen et d. 1995]. These exposures have been linked with symptoms such as
pulmonary and gadtrointestind disorders, eye inflammetion, irritation of the skin and mucous
membranes, and organic dust toxic syndrome among refuse collectors [Poulsen et a. 1995;
Englehardt et d. 2000].

Water Transportation Industries

Recommendation — Establish anew HO prohibiting work in weater trangportation industries. No
gpprentice/student learner exemption is recommended.

Rationale — Fatdity data show that work on or around shipping vessels and docks is associated
with large numbers of fatdities, high fatdity rates, and nonfata injuries resulting in substantia
logt work days. The water trangportation industry ranksfifth in lifetime risk of fata injury. Not
only are there obvious hazards such as drowning and ships capsizing and/or sinking associated
with work in this industry, but dso less obvious hazards such asfals, and being struck by
shifting cargo or machinery. Work in water trangport industries often occurs a stes outsde the
control of individua workers or employers (for example multiple contractors and ships a ports),
and many of theinjury risks are not likely to be substantialy reduced or diminated through
training and supervison, particularly those related to fatalities associated with ship worthiness
and the environment. For these reasons, no student/learner exemption is recommended for this
indugtry.

High Numbers and Rates of Fata |njury Associated with Work in Water Transportation

Merchant seamen are exposed to numerous hazards, including water, extremes of westher,
mechanica equipment, and toxic cargoes [Hansen 1996]. Studies in Sweden, Denmark, and
|celand have shown an increased risk of injuries involving water transport and ahigh risk for
violent degths, including suicide and homicide. Alcohol use was a contributing factor in many

of the fatalities [Hansen 1996; Rafnsson and Gunnarsdattir, 1993, Larsson and Lindquist, 1992].
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The lack of accessto medicd assstance in atimely manner is aso a contributing factor to the
morbidity and mortaity resulting from at-sea incidents [Hansen 1996].

The water trangportation industry (SIC Code 44) ranked fifth in lifetime risk of fatd injury, with

16 desths per 1,000 working lifetimesin 1990-1991. Further, water transport occupations (BOC
codes 828, 829, 833, and 834) ranked third in lifetime risk for fatal injury with 40 desths per
1,000 working lifetimesin 1990-1991 [Fosbroke et a. 1997].

CFOI, 1992-1997, identified 377 fataitiesin water trangportation industries. Fifty-seven percent
of these occurred to workersin water transport occupations, such as ship captains, mates, sailors,
deckhands, and marine engineers. An additional 10% of fatdities occurred to stevedores who
load and unload shipping vessals. Water vehicles, including barges, ships, and tugboats, were
the primary or secondary source of death in 45% of the cases. The most common fatality event
was water vehicle accidents (171) followed by oxygen deficiency (38), which was primarily
associated with drowning (Table 28). The fatdity rate for workers in the water transportation
industry was 37.5 per 100,000 workers [NIOSH 2001c; NIOSH 20014].

In 1997, workers in the water transportation industry sustained an estimated 7,107 nonfatal

injuries and illnesses requiring days away from work. Theseinjuries and illnesses required a
median of 17 days away from work [BLS 1999b).
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Table 28. Fatdity Events Associated with Degths in the Water Trangportation Industry, United
States

Deaths,
Event [O11CS Event Code] 1992-1997
Water Vehicle Accident [45] 171
Oxygen deficiency [38] 38
Struck by [02] 38
Fdl to lower leve [11] 19
Pedestrian, nonpassenger struck by vehicle, mobile equipment [43] 18
Assaults[61] 12
Highway accident [41] 12
Contact with dectric current [31] 11
Caught in or compressed by equipment or objects[03] 11
Exposure to caugtic, noxious or alergenic substances [34] 10
Other 37
Tota 377

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Work in Scrap and Waste Materials Industry

Recommendation — Establish a new HO prohibiting work in the scrap and waste materids
industry. An gpprentice/student learner exemption is not recommended.

Rationale — The scrap and waste materids industry exposes workers to both injury and hedlth
hazards. Workersin the scrap and waste materids industry have extremely high rates of
occupationd injury deaths. Machinery and industrid vehicles were responsible for over hdf of
the deaths in thisindustry between 1992 and 1997. Although HO 2 addresses a portion of
vehicle-rdated injury risks for workersin this industry by prohibiting operation of motor
vehicles by youth under 17 years of age, vehicle-rdated injury risksin thisindustry extend to
pedestrian workers. The processing of scrap and waste materias aso exposes workers to
dangerous levels of lead and polychlorinated biphenyls (PCBs). No student |earner/apprentice
exemption is recommended due to the high lifetime risk of fatal injury and poor control of
hazardous exposures.

Fatalities Associated with Work in the Scrap and Waste Materials | ndustry
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The scrap and waste materids industry (SIC Code 5093) ranked 11™ in lifetime risk of fatd
injury, with 7 desaths per 1,000 working lifetimes [Fosbroke et al. 1997]. CFOI, 1992-1997,
identified 187 fatditiesin the scrap and waste materias industry (SIC 5093). Egtablishments
included in thisindustry are primarily engaged in assembling, bresking up, sorting, and
wholesde distribution of scrap and waste materids, including auto wreckers engaged in
dismantling automobiles for scrap. Almost half (44%) of the deeths were caused by contact
with objects and equipment, which included being struck by an object (42), and being caught in
or compressed by equipment or objects (36). Transportation accidents (40), fires and explosions
(24), and assaults and violent acts (21) were also associated with deaths in thisindustry (Table
29). In 22 of the 40 trangportation accidents (55%), the fatally injured worker was struck by a
highway or ralway vehicle. Vehides (54) and machinery (44) were the most frequent primary
source of death. Thefatality rate for workers in the scrap and waste materidsindustry was 15
per 100,000 workers [NIOSH 2001c; NIOSH 20014].

Table 29. Fata Eventsfor Degathsin the Scrap and Waste Materias Industry (SIC 5093), United
States.

Deaths,

Event [OlICS event code] 1992-1997
Contact with objects and equipment [O] 83
Fals[1] 6
Exposure to harmful substances or environments [3] 13
Trangportation accidents [4] 40
Firesand explosions[5] 24
Assaults and violent acts [6] 21
Total 187

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Health Hazards in Scrap and Waste Materids Industry

A dudy examining lead exposure in Washington State found scrap metd handling to be one of

the most commonly reported lead-exposed activities. Further, scrap metd dealers and recyclers
demondtrated the lowest use of industria hygiene controls (4.7%) among lead-using employers

in the study [Nelson and Kaufman 1998]. Hedth Hazard Evauations conducted by NIOSH have
discovered high lead and PCB exposures present in the scrap and waste materias industry
[NIOSH 1993d; NIOSH 1983; NIOSH 1991b] . Workers can be exposed not only from
contaminated soil, but aso from dust within work areas and offices [NIOSH 1988a; NIOSH
1983]. The hedlth effects of lead and PCBs are discussed on pages 59 and 133.
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Farm Product Raw Materials Wholesale Trade Industry

Recommendation — Establish a new HO prohibiting work in the farm-product raw materids
wholesdle trade industry (SIC 515). No apprentice/student learner exemption is recommended.

Rationale — Workers in the farm-product raw materials industry have high rates of work-related
fatdities. Work in thisindustry presents awide range of hazards, including grain entrapments,
rail and vehicle accidents, and contact with large animals. Many of the hazardous activitiesin
thisindustry are equivadent to tasks currently prohibited for youth working in other industry
sectors such as agriculturd production. No apprentice/student learner exemption is
recommended due to the divergity of hazardsin thisindusgtry.

Fatal and Nonfatal Injuries Associated with Work in the Farm-Product Raw Materids Industry

The farm-products raw materids industry
(SIC 515) had alifetime risk of fatd
occupational injuries of 5.7 per 1,000
fulltime workers for the years 1990-1991
[Fosbroke et a. 1997]. CFOI, 1992-1997,
identified 86 fatdities anong workers of dl
ages in the farm-products raw materias
industry (SIC=515)[NIOSH 2001c]. This
industry head afatdity rate of 17.5 per
100,000 workers [NIOSH 2001c; NIOSH
20014]. The farm-products raw materias industry includes grain devators, grain and beans
wholesale markets, livestock auctions and wholesale markets, and other farm product wholesdle
markets. The most common fatdity events were being caught in or crushed in collgpsing
materias (20%) most often grain or beans, followed closdly by highway accidents (19%) which
usualy involved tractor trailers. The most common primary source of deaths were trucks (23%),
grans (15%) and animas (9%). In 1997, an estimated 2,320 nonfatd injuries and illnesses
requiring days away from work were associated with work in the farm-product raw materias
industry. Theseinjuries and illnesses required a median of 3 days away from work [BLS
1999b].

In 1988, a 17-year-old employee was
unloading arail car filled with corn a a
commercid grain facility. He was found
about an hour later buried under the grain
with hislegs sticking out from the bottom of
the car. The victim apparently climbed or
fel into the car [Freeman et d. 1998]

Hedth Hazards Associated with Work in
Wholesde Trade in Farm Product Raw
Materids

Similar to farmers and farm workers, workers
in the wholesale trade of farm product raw
materids, such as grains and livestock, are
exposed to avariety of organic and inorganic
dusts and substances associated with adverse
hedth effects. Grain dust may contain many

In 1988, a 17-year-old employee of a
commercid grain devator was buried and
auffocated in milo ingde a grain sorage tank.
The victim was sanding near the draw-off
while two other employees brushed spoiled
grain from the sdes of thetank. Whena
fourth employee located outside of the tank
darted the unloading equipment, the resulting
grain dide buried the victim near the draw-
off [Freeman et a. 1998].
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substances, including vegetable products, insect fragments, anima dander, bird and rodent feces,
pesticides, microorganisms, endotoxins, and pollens. The most serious respiratory effects
associated with grain handling include farmer’ s hypersenstivity pneumonitis (farmer’ s lung),
slofiller’s disease (discussed on page 87), organic dust toxic syndrome, and other inflammatory
and asthmalike respiratory disorders. Farmer’s hypersengtivity pneumonitis, associated with
dlergic sengtization to moldy grains or other dusts, may result in progressive, irreversible lung
disease [Kirkhorn and Garry 2000]. Organic dust toxic syndrome, sometimes called silo
unloaders disease and grain fever, isless wdll understood [Blanc 1999], but very common [Von
Essenet d. 1999]. Itisan acute febrileillness, not associated with alergic sengtization or
progressive disease, which occurs soon after exposure to high amounts of endotoxin-containing
organic dust [Von Essen et d. 1999; Kirkhorn and Garry 2000].

A review of 5-years of workers compensation data in Washington State found wholesale trade
in farm product raw materids to have one of the ten highest incidence rates of occupational skin
disorders [Kaufman et a. 1998]. Other hazards to workersin thisindustry include exposure to
pesticides. Pedticides, in addition to being used on grain in thefield, are dso applied to
harvested grain during storage and transport. Dust generated by abradement from grain handling
operations is compaosed primarily of the outer layer of the grain kernels, where pesticides have
been applied. Grain dust has been shown to have a higher concentration of pesticide resdue
than isfound in bulk grain [Pamgren and Lee 1984]. Pesticide exposure is associated with acute
and long-term hedth risks, and devel oping adolescents may have increased risk of adverse
health outcomes (see pages 90 and 132).

Railroad Industry

Recommendation — Egtablish a new HO prohibiting young workers from working in the railroad
indusiry.  An apprentice/student learner exemption is not recommended.

Rationde— Large numbers of fata and nonfata injuries have been identified among workersin
the railroad industry. Railroad workers are among occupations with the highest lifetime risk of
fatd injury. Fatditiesin the railroad industry are caused by sources such as being struck by
trains, fdls, being struck by shifting cargo, and railway accidents. Railroad work isaso
asociated with adverse hedth effects, including hearing loss and sllicoss. Work in the railroad
indudtry is characterized by work environments with multiple hazards that are frequently outside
the control of individual supervisors or workers. For these reasons, an gpprentice/student learner
exemption is not recommended.

Fatd Injuries and Nonfatal Injuries and Ilinessesin the Railroad Industry

The railroad industry (SIC code 40) ranked 14™ in lifetime risk of fatd injury with 5.7 deaths per
1,000 working lifetimesin 1990-1991. Further, rail transport occupations (BOC codes 823, 824,
825, and 826) ranked 16" in lifetime risk for fata injury with 8.4 desths per 1,000 working
lifetimesin 1990-1991 [Fosbroke et a. 1997].

CFOI, 1992-1997, identified 208 fatdities in the railroad industry. Sixty-four percent of these
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occurred to workersin rail transport occupations, such as conductors and yardmasters (52),
locomotive operators (33), brake, signa, and switch operators (41), and other rail vehicle
operators (7). Rail vehicles were the primary source of death in 69% of the cases. The most
common fatdity event was railway accidents (102) which included train derailments and train
collisons with other trains or non-rail vehicles, followed by pedestrians being struck by a

vehicle (54). Thefatality rate for workersin the railroad industry was 12.9 per 100,000 workers
[NIOSH 2001c; NIOSH 20014].

In 1997, workersin the railroad transportation industry sustained an estimated 5,448 nonfatal
injuries and illnesses requiring days away from work. These injuries and illnesses required a
median of 17 days away from work [BLS 1999b).

Lono-Term Hedth Effects of Railroad Work

In addition to traumatic injuries which occur in the railroad industry, there is aso the potentid

for adverse hedlth effects which may develop over aperiod of years. Hearing lossis a common
problem associated with railroad workers. Noise levels from typicd railroad yard activities such
as car coupling, air brake application, engine noise, and locomotive horns range from 90 to 120
decibels [Urman 1978]. Railroad workers are also exposed to high levels of silica dust [Bureau
of Nationa Affairs1993]. In workplace evauations, NIOSH has found high exposuresto silica
dust among railroad track maintenance workers [NIOSH 1993e, NIOSH 2001n]. Exposure to
dlicadust is associated with chronic lung disease and cancer, as previoudy discussed on page 54
and below on page 135.

Work at Heights

Recommendation — Establish a new HO for nonagricultural occupeations prohibiting work at a
height of 6 feet or more from ladders; scaffolds; trees; and structures including towers, silos,
poles, ail rigs, bridges, and antennas, and machinery. An apprentice/student learner exemption
IS not recommended.

Rationde— Fdlsto alower leve result in Sgnificant numbers of workplace fatdities and
injuries among workers of dl ages, including fataities of workers under age 18. Although HO
16 prohibits work in roofing occupations, youth in the workplace face numerous other fall
hazards that are not addressed by existing HOs. The above recommendation is consistent with
OSHA regulations that use 6 feet as the threshold for the provison of fdl protection in many
work Stuations. Because safe work at heights requires use of persond protective equipment and
gtrict adherence to safe work practices, existing OSHA regulations are not sufficient to protect
youth. Further, these OSHA regulations are applicable only to certain industries, occupations,
and work tasks, and in some ingtances afford lower levels of protection than the changes
proposed here. Additionaly, the fit and effectiveness of persond fal arrest systems have not
been specificaly evaluated for youth workers. An gpprentice/student learner exemption is not
recommended.

Fdlsto alLower Levd Among Leading Causes of Occupationa Fatdities
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Since CFOI was implemented nationwide in 1992, falls have cons stently ranked among the
leading causes of workplace fatdity [BLS 19994]. Falsto alower level accounted for atotal of
3,448 worker desths between 1992 and 1997. The annua number of fatal falsto alower level
increased steadily from 503 in 1992 to 651 in 1997.

Fdls from roofs, from ladders, and from scaffolds or staging were the most common types of
fatd falsto alower leve [Table 30]. A large number were classfied asa“fdl to alower levd,
n.ec.” Most common among this group of 675 fatdities were fals from structures and surfaces
such as towers, poles, and bridges (187); fdls from machinery (154); and fals from trees (117)
[NIOSH 2001c]. In addition to fatal fals, work in treesis associated with risk of €ectrocution.
One source reported that these two events together accounted for 68% of al occupationa
fatalities among tree trimmers between 1980 and 1989 [NIOSH 1992c].

Fdl fataities occurred among workersin al industry and occupation groups, but incidence was
particularly high in those employed in the congtruction indusiry (1,877 desths, 54.4% of the

total) and in precision production, craft and repair occupations (1,598 degths, 46.3% of the total)
[NIOSH 2001c, Table 31].

Table 30. Fata Fallsand Nonfatal Fallsto aLower Level Resulting in Days Away from Work,
by Event Type, United States

Event [OlICS event code] Deaths, 1992- Nonfatal Median days

1997 Injuriesand | away from
Illnesses, 1997 | work, 1997

Fal to lower leve, 133 2,670 15

ungpecified [110]

Fdl down gtairs or steps 90 24,482 8

[111]

Fdl from floor, dock, or 201 6,325 15

ground level [112]

Fall from ladder [113] 550 24,859 11

Fdl from piled or stacked 26 1,126 11

material [114]

Fdl from roof [115] 803 3,341 30

Fdl from scaffold, staging 481 4,466 22

[116]

Fal from building girders or 230 649 42

other structural stedl [117]
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Event [OlICS event code] Deaths, 1992- Nonfatal Median days

1997 Injuriesand | away from
[lInesses, 1997 | work, 1997

Fal from nonmoving vehide 259 18,377 14

[118]

Fal to lower levd, n.ec. 675 13,587 10

[119]

Tota 3,448 99,882 12

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupational Injuriesand
IInesses (Nonfatal injuries), Bureau of Labor Statistics[BLS 1999b].

Table 31. Fata Work-Related Fallsto aLower Leve, by Industry and Occupation, United
States

Deaths, 1992-97
Industry
Construction 1877 54.4%
Sarvices 352 10.2%
Agriculture/forestry/fishing 334 9.7%
Manufacturing 283 8.2%
Trangportation/communications/public utilities 177 5.1%
Wholesdetrade 95 2.8%
Retal trade 86 2.5%
Public adminigtration 84 2.4%
Financelinsurance/red estate 65 1.9%
Mining 63 1.8%
Unknown 32 0.9%
Totd 3448 100.0%
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Deaths, 1992-97
Occupation
Precision production/craft/repair 1598 46.3%
L aborer 592 17.2%
Farming/forestry/fishing 333 9.7%
Executive/adminigrative/manageria 204 5.9%
Trangport and materia moving 190 5.5%
Service 189 5.5%
Operatives 137 4.0%
Professond speciaty 71 2.1%
Sdes 55 1.6%
Clericd 25 0.7%
Technician/support 22 0.6%
Unknown 32 0.9%
Totd 3448 100.0%

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Fdl Fadities of Y oung Workers

CFOI identified 21 fatd fdlsto
alower levd among youth less
than age 18 between 1992 and
1997. Twelve (57.1%)
occurred in the construction
industry, with the remaining
nine occurring across six other
indudry divisons. Six of the
congruction industry fals were
to youth employed by firms
engaged in roofing, Sding, and
sheet metd work. Of the 12
youth who died in fatd
congtruction industry fals, 9
were employed as either
roofers or construction
laborers. The most common
fatd fal event among youth
was fdls from roofs (9 degths,
42.9%). The height of thefdll,

In 1992, a 17-year-old courtesy clerk at a grocery store died
after faling 8 feet from a 12-foot wooden ladder while
attempting to return it to its usua storage location.

Stowing the ladder was not part of the youth's assgned
duties. Normaly, his supervisor performed thistask at the
end of the work day, and was unaware the youth had
attempted to do it. The usua procedure was to place the
ladder againgt the celling opening to the second floor, then
climb the back stairway and pull the ladder up from above.
A nearby co-worker turned to see the youth fal from the
ladder, striking the back of his head on the concrete floor.
The position in which the ladder was found suggested it
had been placed againgt awall, and that it had did across
the floor with the youth on it. Paramedics transported the
youth to aloca hospital, where he died severa days later
asaresult of cranio-cerebra trauma due to blunt force
injury [Cdifornia Department of Hedlth Services 1993].

noted in 14 of the 21 case narratives, ranged from 10 to 300 feet [NIOSH 2001d].

Nonfatd Fals Result in Substantial Numbers of Injuries

In 1997, falsto alower leve resulted in an estimated 99,882 nonfatd injuries and illnesses
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requiring days away from work (Table 30). The most common types of nonfata falswerefdls
down gairs or steps and fals from ladders, which together accounted for more than haf the
totd. Though smdler in number, fals from roofs, scaffolds, and building girders or structurd
sted were associated with the highest median days away from work, ranging from 22 to 42 days
[BLS19990]. An andlysisof this data focusing on youth demonstrated that youth often sustain
seriousinjuriesin falsfrom ladders. For the 6-year period 1992-1997, an estimated 419 youth
sustained serious bruises and contusions when they fell from ladders, requiring a median of 20
days away from work [Barkume et a. 2000].

OSHA Requlations Applicable to Workers of All Ages Address Fall Hazards at 6 Feet and
Above

OSHA regulations applicable to generad industry (29 CFR 1910) and to the construction industry
(29 CFR 1926) requirefdl protection be used in avariety of work dtuations. In some instances,
specified means of fall protection must be used; in other cases, the employer may sdect from
severd options. Fdl protection may be achieved by means of perimeter guarding systems,
lifdines, safety net systems, persond fal arrest systlems, or a combination of these.

Some OSHA regulations specify aminimum height a which fall protection isto be provided.
Subpart M of 29 CFR 1926 requires that fall protection be used in many work situationsin the
congruction industry when work is performed a a height of 6 feet or more. With some
exceptions, varying types of fal protection must be provided when workers are a a height of 6
feet or more above lower levelsand are:

» Condgructing aleading edge, or working where others are doing so [29 CFR 1926.501(b)(2)]

* Working in hoist areas [29 CFR 1926.501(b)(3)]

» Working where there is danger of fdling through holes, including skylights [29 CFR

1926.501(b)(4)]

Working on the face of formwork or reinforcing stedl [29 CFR 1926.501(b)(5)]

On aramp, runway, or other walkway [29 CFR 1926.501(b)(6)]

At the edge of an excavation, well, pit, or shaft 6 or more feet deep [29 CFR 1926.501(b)(7)]

Less than 6 feet above dangerous equipment (in which case workers must be protected from

fdling into the equipment through machine guarding or guardrails); or 6 or more feet above

dangerous equipment (in which case workers must be protected from fal hazards by personal
fal arrest systems, guardrails, or safety nets) [29 CFR 1926.501(b)(8)]

» Performing overhand bricklaying or related work, or having to reach more than 10 inches
bel ow the waking or working surface in performing such work [29 CFR 1926.501(b)(9)]

« Performing roofing work on an unprotected low-dope roof or asteep roof [29 CFR
1926.501(b)(10)] and [29 CFR 1926.501(b)(11)]

 Erecting precast concrete members or performing smilar work [29 CFR 1926.501(b)(12)]

» Working inresdentid construction [29 CFR 1926.501(b)(13)]

« Working on, a, above, or near wall openings where the outside bottom edge of the wall
opening is 6 feet or more above lower levels and the inside bottom edge of the wall opening is
less than 39 inches above the walking or working surface [29 CFR 1926.501(b)(14)]

* On any other walking or working surface at a height of 6 feet or more above lower levels [29
CFR 1926.501(b)(15)]
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In other construction settings, various types of fal protection are required a heights greeter than
6 feet when workers are:

*  Onjumbo decks (work platforms used in underground congtruction) more than 10 feet in
height [29 CFR 1926.800(q)(8)(iil)]

» Onfixed ladders where the length of the climb isless than 24 feet but the top of the ladder is
more than 24 feet above lower levels, or where the tota length of the climb is 24 feet or more
[29 CFR 1926.1053(a)(18)] and [29 CFR 1926.1053(a)(19)]

» On scaffolds more than 10 feet above alower level [29 CFR 1926.451(g)(1)]

» Morethan 25 feet above the ground or water surface where the use of ladders, scaffolds, catch
platforms, temporary floors, safety lines, or safety beltsisimpractica [29 CFR 1926.105(a)]
[NOTE: This regulation specifiesthat safety nets are to be provided under these
circumstances.]

Fdl protection requirements for certain workersin the electric power generation, transmission,
and digribution industry are more stringent than the 6-foot minimum widdy gpplicable in the
congtruction industry. Workers in the electric power industry on structures that support overhead
electric power generdtion, transmisson, and digtribution lines and equipment must have fall
protection while working at elevated locations greater than 4 feet [29 CFR 1910.269(g)(2)(V)].

Other regulations for congtruction and for generd industry state only that fal protection isto be
provided when work is done a heights, but do not stipulate aminimum height. These apply to
workers:

* Onfloat or ship scaffolds [29 CFR 1910.28 (u) (6)]

On roofs performing building maintenance who are using powered work platforms[29 CFR
1910.66 (e) (3) (i)]

«  On suspended working platforms [29 CFR 1910.66 (f) (5) (ii) (M)] and [29 CFR 1910.66 (f)

() (i) B)]

On powered work platforms [29 CFR 1910.66 (j)]

Performing welding tasks on platforms, scaffolds, or runways [29 CFR 1910.252 (b) (1) (i)]

On agrid lifts[29 CFR 1926.453 (b) (2) (V)]

On personnel platforms hoisted on load lines of cranes or derricks [29 CFR 1926 (g) (6) (vii)]

Tractors

Recommendation — Establish a new HO for nonagricultura industries prohibiting operating a
tractor or connecting or disconnecting an implement or any of its parts to or from such atractor.
An apprentice/student learner exemption is judtified, with the condition that tractors must be
equipped with ROPS and seat belt use mandated.

Rationale — Although tractors have primarily been associated with farming, tractors are now
used in many industries outside of agriculture, and are associated with large numbers of deaths
in nonagriculturd indudtries. Tractors are not explicitly covered in the HO in nonagriculturd
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occupations, dthough they would be prohibited for youth less than 18 if they were used for
trangportation purposes as covered in nonagricultura HO 2. The many hazards associated with
tractor use have been detailed in Agricultura HO 1 (page 67). A new HO prohibiting the use of
tractors in nonagriculturd settingsis needed due to the widespread use of tractors outside of
agricultura production. An exemption for student learners/apprentices is warranted because of
compelling evidence about the effectiveness of ROPS, used in conjunction with seet belts, in
reducing the risk for tractor-related deaths (see page 71).

Fatalities Associated with Tractor Use

Tractors [OlCS source code 8530 or 3123] were either the primary or secondary source of
fatality in 1845 work-related fataities across dl industries between 1992-1997, with 424 deaths
in nonagricultura industries, such as congtruction (54) and manufacturing (41) [NIOSH 2001¢] .
Almost haf (47%) of the fatalities were caused by tractor overturns [OI1CS event codes 4141
and 4233; Table 32].

Table 32. Fatd Eventsfor Tractor-Reated Fatdities, United States

Deaths,
Event [OIICS event code] 1992-1997
Struck by object [02] 158
Caught in or compressed by equipment or objects [03] 115
Fdl to lower leve [11] 14
Highway accident [41] 220
Nonhighway accident, except rall, air, water [42) 1168
Pedestrian, nonpassenger struck by vehicle, mobile 122
equipment [43]
Railway accident [44] 16
Fire — unintended or uncontrolled [51] 5
Other events 27
Total 1845

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]
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Y outh Tractor Fatdities

Of the 1845 tractor-related deaths identified
in CFOI, 46 were to youth workers under
the age of 18. Twenty of these fatdlities
would not be covered under agriculturd HO
1, ether because the youth was working in a
nonagricultura industry or the youth was 16
or 17 yearsold. Overturns (OIICS event
codes 4141 and 4233) were the primary
cause of tractor-related fatdities to youth
(63%) [NIOSH 2001d, Table 33).

Recommendations for New Hazardous Orders

In 1998, a 14-year-old youth who worked for
afood processing plant died after being
pinned under the whed of alawn tractor that
rolled backward toward a pond on the plant
grounds. The youth worked during the
summer as groundskeeper assistant, and was
supervised by his father the company
manager. The youth had been usng the
tractor, which was equipped with a mower
deck, to mow grassin the vicinity of the

pond. When the rear whedl of the tractor
became stuck in mud on the edge of the pond,
the youth gpparently got off the tractor to
push it from the rear, and it rolled backward,
pinning him under the tire [Wisconsn

Divison of Hedlth 1998].

Table 33. Tractor-Related Deeths to Y outh by Age Group and Injury Event, United States

Deaths,
Age Group 1992-1997

Events[OIl1CS event code]

Lessthan 12 9

Caught in running equipment or machinery [0310],
Compressed or pinched by rolling, diding, or shifting objects
[0320], Jack-knifed or overturned — no collison [4141],
Overturned [4233], Pedestrian struck by vehicle, mobile
equipment in parking lot or non-roadway [4330]

12-13 9

Jack-knifed or overturned — no collision [4141], Fell from and
sruck by vehicle, mobile equipment [4232], Overturned
[4233], Pedestrian struck by vehicle, mobile equipment in
parking lot or non-roadway [4330]

14-15

10

Fall from nonmoving vehicle [1180], Jack-knifed or
overturned — no collision [4141], Overturned [4233], Coallision
between railway vehicle and other vehicle [4420]

16-17

18

Struck by fdling object [0210], Collison between vehicles,
mobile equipment unspecified [4110], Collison between
vehicles, mobile equipment moving in same direction [4112],
Jack-knifed or overturned — no collision [4141], Fell from and
sruck by vehicle, mobile equipment [4232], Overturned
[4233]

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]
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Heavy Machinery

Recommendation — Establish anew HO for nonagricultural industries prohibiting operating,
repairing, asssting in the operation of excavating machinery, loaders, and road grading and
surfacing machinery or asssting with tasks performed by these machines. An gpprentice/student
learner exemption is not recommended.

Rationde — Machinery is responsible for alarge number of deaths and seriousinjuries across al
indudtries. Although some machines are prohibited by other HOs (e.g., mining, agriculturd),
there are severd classes of machinery which do not fal into any of the current HOs, but present
many of the same hazards and contribute a substantial number of fatalities. Deaths and injuries

are not restricted to operators, but are aso associated with work on machines, asssting in the
operation of machines, and working in close proximity to the machines. An apprentice/student
learner exemption is not recommended because of the diversity of injury hazards which are
frequently outside the control of an individua supervisor or worker.

Excavating Machinery, Loaders, and Road Grading and Surfacing Machinery Hazardous to

Workers

Excavating machinery and loaders along with tractors, forklifts, and cranes are the types of
machinery most often associated with machinery-related fatdities across dl industries [Pratt et
a. 1996]. A study of machinery-related deeths in the congtruction industry found excavating
meachinery, loaders, and road paving machinery to be in the top five for the number of fatdities
and for fataity rates [Pratt et al. 1997]. Many of the hazards associated with these types of
meachines are not related to operating the machines per se, but rather from being on-foot in the

vicinity where the mechine is being used

[Pratt et d. 2001; Pratt et d. 1997]. A review
of 22 skid-steer loader fatdities found that in
10 of the cases the worker was standing or
working under theraised bucket resulting in
the worker being crushed between the bucket
and frame when the bucket was lowered
[CDC 1996¢]

CFOI, 1992-1997, identified 935 fatalities
where excavating machinery, loaders, and
road grading and surfacing machinery were
the primary or secondary source of injury
[NIOSH 2001c]. Although the mgority of
the fatdities occurred in congtruction (468)
and agriculture (134), substantia numbers of
desths also occurred in other industries
(Table 34). Currently there are HOs which
prohibit youth under 18 from work in mining,
and youth under 16 from operating
agricultura machinery. Excavating

In 1992, a 16-year-old male landscape
|aborer died asaresult of traumatic injuries
received after being struck by the bucket of a
skid steer loader. Three landscape workers
were using the loader to assigt in the remova
of the wooden stakes securing asilt fence
around adrainage pond. To remove each
stake, the bucket of the loader was lowered,
the fence wound around the bucket, and the
bucket raised. While removing one of the
stakes, the loader tipped forwards while the
bucket wasin the raised position. The
operator began lowering the bucket to
dabilizethe loader. At the sametime, the
victim, who was standing to the front and
Sde of the loader, dipped and fell beneath
the descending bucket. The bucket struck the
victim's chest and he died shortly afterwards
[Minnesota Department of Health 1992].
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machinery, loaders, and road grading and surfacing machinery, which are used across dl
industries, are not prohibited by any of the current HOs.

Table 34. Excavating, Loaders, Road Grading and Surface Machinery Degaths by Industry

Divison, United States.

Industry Division 1g:§tlhgz7
Agriculture, Forestry, and Fishing 134
Mining 41
Construction 468
Manufacturing 77
Transportation, Communications, Public Utilities 76
Wholesale and Retail Trade 49
Finance, Insurance, and Real Estate and Public Administration 42
Services 48
Total 935

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]

Table 35 provides data on fatal and non-fatal
injuries by type of machinery. Excavating
machinery and loaders were the most
common source for both fatal and nonfatal
injuries.

The most common events for fatdities were
nonhighway accidents (259, OIICS event
code 42), being caught in or compressed in
equipment (184, OIICS event code 03), being
struck by an object (178, OlICS event code
02) and a pedestrian or nonpassenger being
struck by equipment (170, OIICS event code
43), most commonly a bucket. In51% of the
fataities the worker was operating the
machinery a the time of the incidents, with
the remaining 49% of the cases occurring

In 2000, aworker suspected to be lessthan
18 years of age logt his leg when the earth
compactor he was operating overturned in
Georgia. The worker reported that he was 17
years old, though employer records showed
him to be 20 years of age. The worker was
operating the compactor at amunicipa
landfill. The compactor overturned on a
steep embankment. The worker was not
wearing a seatbelt and was gected from the
compactor. The rollcage of the compactor
landed on his legs, severing hisright leg
above the knee and injuring his left leg.
[Associated Press State & Loca Wire
2000a].

while the worker was on-foot in the area where the equipment was being operated.

Eleven fatdities where excavating machinery, loaders, or road grading and surfacing machinery
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were the primary or secondary source of injury occurred to youth under the age of 18 for the

years 1992-1997 [NIOSH 2001d]. L oaderswere the source of injury in the mgority of the
deaths. Infive of the fatdities, the youth was not operating the machinery but working nearby,
most often being struck by the bucket.

Table 35. Deaths and Nonfata Injuries and IlInesses Requiring Days Away from Work
Associated with Excavating Machinery, Loaders, and Road Grading and Surfacing Machinery,

United States.
Type of Machinery 1° or 2° Sour ce of Nonfatal Injuries Median Days Away
[OI1CS sour ce code] Death, 1992-1997 and IlInesses from Work, 1997
(1° source), 1997
Excavating mechines 414 1643 16
[321]
Loaders [322] 363 1185 15
Road grading and 167 1040 10
surfacing machines
[325]

Source: Census of Fatal Occupational Injuries (Deaths) [NIOSH 2001c] and Survey of Occupationa Injuries and
[1Inesses (Nonfatal injuries), Bureau of Labor Statistics [BL S 1999b].

Weding

Recommendation — Establish a new HO for nonagricultura industries prohibiting work in

weding.

Rationade— Fatdity and injury data have identified large numbers of fatd and nonfata injuries
among welders, as well as additiond cases involving welding activities among non-welders.
Welders are among occupations with the highest lifetimerisk of fata injury. Fataities of
welders and other workers engaged in welding occur under varied circumstances, with fires and
explosions quite frequent. 'Y oung workers may lack the knowledge to recognize hazards
associated with welding around potentidly flammable and explosive materids. Welding isdso
associated with avariety of adverse hedlth effects, including acute and chronic illness from
inhaation of metd fumes, dlergic reactions to metas, and chronic respiratory symptoms.

Occupationd Fatdities Among Welders

Between 1992-1997, CFOI identified 386 fatalities among welders and cutters (BOC occupation
code 783). There were 11.5 deaths per 100,000 employed welders during the 6-year period.
Nearly two-thirds of the fatdities occurred in the construction (36.0%) and manufacturing

(30.1%) industries [NIOSH 2001c; NIOSH 2001a, Table 36].
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Fatdities among welders and cutters were associated with awide variety of fatd eventsand
primary injury sources. The predominant types of fata events were fires and explosons

(21.8%), falsto alower leve (18.4%), and being struck by objects (18.1%). The most common
primary injury source was structures and surfaces (20.5%); OIICS coding rules classfy most fdll
events under this primary injury source.

In 1990-1991, welders and cutters had a lifetime risk of fatal work-related injury of 5.6 per 1,000
working lifetimes, 29" highest among al occupations [Fosbroke et a. 1997].

Table 36. Characteristics of Work-Rdated Deaths of Welders, United States

Deaths, 1992-1997

Industry
Congtruction 139 36.0%
Manufacturing 116 30.1%
Services 52 13.5%
Trangportation/communications/public utilities 25 6.5%
Wholesale trade 23 6.0%
All others 31 8.0%
Totd 386 100.0%

Event [OlICS event code]

Fire or explosion [50, 51, 52] 84 21.8%
Fal to lower leve [11] 71 18.4%
Struck by object [02] 70 18.1%
Transportation event [4] 46 11.9%
Caught in or compressed by equipment or objects 25 6.5%

[03] 24 6.2%
Contact with dectric current [31] 66 17.1%
All other 386 100.0%
Totd

Primary Source of Injury [Oll CS sour ce code]

Structures and surfaces [6] 79 20.5%
Parts and materias[4] 76 19.7%
Vehicles[§] 62 16.1%
Fire, flame, smoke [934] 38 9.8%
Containers[1] 36 9.3%
Machinery [3] 27 7.0%
Chemicds and chemicd products [0] 20 5.2%
All others[2, 5, 7, and 9 (excl. 934)] 48 12.4%
Tota 386 100.0%

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]
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Wedding-related Fatalities Occur Among Workers Other Than Welders

The above fatdlity rate for welders does not consider the additional 114 deaths during 1992-1997
of workers in occupations other than welding who were engaged in welding activities a the time
of thefatdity. These additional cases were identified through text searches of narrative fields

for mention of welding. The mgority of these workers (73, 64.0%) were employed in precision
production, craft, and repair occupations, most frequently as structural metal workers (17

degths). Fatditiesinvolving fires or explosons made up a much higher proportion of fatdities

in this group of non-welders than among workers in welding occupations (51.8% vs. 21.8%).
Fatdities due to contact with dectric current were aso more common among the non-welders
(16.7% vs. 6.2%).

Nonfatal Injuries Among Welders

Data from the NEISS, which provides surveillance of nonfatal occupationd injuriestrested in
emergency departments, yielded a nationd estimate of 34,972 nonfatal injuries among welders

in 1998 [NIOSH 2001b]. There were an estimated 22,452 additiond injuries that occurred
among workers other than weldersin which “weld” appeared in the case narrative. Of the total
57,424 injuries to these two groups of workers, an estimated 15,953 involved welding torches
(OlICS source code 7263), and 12,751 were caused by chips and particles (Ol CS source code
951). The most common injury event was exposure to welding light (“welder’ sflash” [OIICS
event 362], 17,913 injuries). Large numbers of injuries aso resulted from being struck by a
didodged flying object (OIICS event code 0221) (7,259 injuries), and rubbing or abrasion by
foreign matter in the eye (OI1CS event code 053) (4,837 injuries).

Adverse Hedth Effects of Welding

A wide range of inhalation exposures may occur in welding, depending on the materials and
welding processes used and the concentration of substances in the air [ Sferlazza and Beckett
1991]. Air contamination by chromium, nickel, manganese, fluorides, ozone, and duminum
oxide may occur in welding of mild sted, dainless sted, and duminum, resulting in upper
respiratory irritation and lung injury [Lewis 1990]. Chemical pneumonitisis caused by
inhdation of high concentrations of irritant gas or gas/particulate mixtures, causng acute
inflammation of the lung parenchyma, pulmonary infiltrates, hypoxemia, and in severe cases,
adult respiratory distress syndrome. Hypersensitivity pneumonitis may be triggered if an dlergy
to the metd develops. The symptoms of hypersenstivity pneumonitis are Smilar to and
sometimes indigtinguishable from chemica pneumonitis [ Sferlazza and Beckett 1991]. Allergies
to chromium and nickd, both of which are common air contaminants produced during the
welding of stainless sedl, are common in the generd population. Contact dermétitis due to these
and other metd ions occurs in 10-15% of the human population [Budinger and Hertl 2000].

Meta fume fever is an acute respiratory illness of welders caused by inhaation of metal fumes
formed by welding of zinc (most common), copper, and magnesium.  Zinc oxide fumes form
when zinc-coated (galvanized) metd or zinc dloys are heated sufficiently to vaporize zinc.
Metal fume fever is a sdf-limited syndrome that occurs severa hours after exposure and lasts
about 24-48 hours. 1t is characterized by high fever, cough, myagias, maaise, svesting,
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excessve thirgt, and a sweet, metdlic taste in the mouth [ Sferlazza and Beckett 1991; Lewis
1990]. Exposureto meta fumes has dso been shown to cause an acute decrease in lung function
from the beginning of awelding shift to the end [ Sobaszek et a. 2000; Fishwick et d. 1997].

Chronic respiratory effects of welding exposures include chronic bronchitis, chronic pulmonary
function abnormalities, and benign pneumoconiosis due to deposition of iron oxide particlesin
the lung (dlso known as welder’s Sdeross) [Bradshaw et a. 1998; Sferlazza and Beckett 1991].
Other hedlth effects that have been described include increased risk of spontaneous abortion in
spouses of welders [Hjollund et a. 2000], neuropsychiatric symptoms in welders exposed to
auminum, lead, or manganese for along period of time [Sogren et d. 1990], and occupetiond
aghma [Sferlazza and Beckett 1991]. A review of studies examining the incidence of lung
cancer in welders concluded that there is a possible association [ Sferlazza and Beckett 1991].
Assessment of lung cancer risk in welders is confounded by other exposures such as cigarette
smoking, asbestos exposure (such asin shipyards), and other environmenta carcinogens
[NIOSH 1988h].

Evidence for Effectiveness of Safety Training

Thereislittle information in the scientific literature about the effectiveness of safety training for
welders. One rdevant sudy examined the value of different levels of feedback about
performance compared with training and god-setting without feedback among welders, machine
shop, and boiler shop workers [Chhokar and Wallin 1984]. The researchers found that periodic
feedback resulted in improved safety performance beyond training and god-setting
interventions, and that withdrawa of the feedback resulted in performance declines.

Confined Spaces

Recommendation — Establish a new HO for nonagriculturad industries prohibiting work ingde
any confined space. No gpprentice/student learner exemption is recommended.

Rationde— Confined spaces are extremely dangerous, and result in considerable numbers of
work-related fatalities, including deaths among youth. The hazards associated with confined
gpaces exist in both agricultural and nonagricultura indudtries.  Although work in confined
gpaces in production agriculture (e.g., Slas, grain bins, pits) is prohibited for youth under 16 in
agriculturd HO 8, there is no protection for youth workersin nonagricultura indudtries.
Confined spaces are associated with amospheric and physical hazards which have dready been
detailed in agricultural HO 8 (beginning on page 86). A new hazardous order addressing work
in confined spacesis needed for youth working in nonagricultura industries due to the many
hazards associated with work in these dangerous environments. The complexity of measuresto
identify confined space hazards, and the need for persona protective equipment and strict
adherence to safe work practices when working in confined spaces argue againgt an
gpprentice/student learner exemption.

Fatdlities Associated with Work in Confined Space
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NIOSH has defined a confined space as a space which by design has limited openings for entry
and exit; unfavorable naturd ventilation which could contain or produce dangerous ar
contaminants, and which is not intended for continuous employee occupancy [NIOSH 1994d;
NIOSH 1979]. Confined spaces include such structures as silos, tanks, pits, wells, and pipdines.

Within OIICS, there is no single code which defines confined space incidents. Fataities were
identified in CFOI, 1992-1997, through a combination of event codes [e.g., caught in collgpsing
materials (0400, 0420, 0490), inhaation of enclosed, restricted, or confined space (3411), and
oxygen deficiencies (3930, 3940, 3890)] and keyword search [e.g., confine, Silo, etc.]. A review
of the case narratives identified 330 fatdities associated with work in a confined space [NIOSH
2001c]. The mgority of these were identified by their event code and subsequent narrative
review, with only 2% being identified by the keyword search. Of the 330 fatalities, 236 (72%)
occurred in indudtries other than agriculturd production, mainly in manufacturing (22%) (Table
37). A large number of fatdities occurred indde bins, slos, and tanks (Table 37).

Risks Associated with Confined Space

Chemicas or chemicad fumes were the primary source of injury for over 40% of these fatdities.
Breathing in toxinsin a confined space (OI1CS event code 3411) was associated with over 42%
of fatdities. In many instances, workers were cleaning or repairing tanks and were overcome by
chemical resdue or gases. Another common fatality event was being caught in or crushed in
collgpsing materids (35%). Confined space incidents often result in multiple fataities when
rescues are attempted. CFOI identified 21 rescue attempts resulting in 37 fatdities.

Y outh Fatdities in Confined Space

Fourteen fatdities to youth less than 18
associated with confined spaces were
identified in CFOI, 1992-1997 [NIOSH
2001d]. Thirty-six percent of the deaths
were in nonagricultura indudtries.
Approximatdy 70% of the fatalities were
caused by being caught in or crushed in
collgpsing materids, with the remainder
attributable to oxygen deficiency. In seven of
the fatdities, the youth was working in abin
and became submerged in the contents (e.g.,
grain, corn, beans).

In 1994, a 17-year-old laborer was cleaning
the ingde of metal molds usad to form plagtic
containers. Thistask involved applying
tetrachloroethylene, a degreasing agent, to a
cloth rag which was then used to wipe the
interior surface of themold. Themoldin
which the body of the laborer was found
formed a 40-gdlon container and measured
19 %2 inches in diameter and 32 inches deep.
The employee had propped themold in an
upright podition and leaned into the mold to
clean the bottom. The youth was overcome
by the fumes and his body was discovered
eight hours later when a co-worker arrived on
the scene [Colorado Department of Hedlth
1994b].
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Table 37. Characteristics of Confined Space Degths, United States.

Deaths,

1992-1997
Indusgtry
Agriculture/Forestry/Fishing 100
Manufacturing 73
Congtruction 37
Trangportation/communication/public utilities 36
Wholesde and Retail Trade 32
Mining 19
Services 19
All others 14
Tota 330
Type of Confined Space
Bin/Hopper 106
Tank/Va 72
Slo 47
Manhole 22
Pit 21
WWEL 11
Pipdine 8
All other 43
Total 330

Source: Census of Fatal Occupational Injuries [NIOSH 2001c]
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Work Involving Powered Conveyors in Manufacturing

Recommendation — Establish anew HO for nonagriculturd industries prohibiting work
involving powered conveyors in manufacturing. The HO should cover operation, repair, and
maintenance of conveyors, aswell as cleanup duties in the vicinity of conveyorsthet arein
operation or energized. No apprentice/student learner exemption is recommended.

Rationde — Fatdity and injury dataidentified large numbers of injuries and degths associated
with work on and around powered conveyors in nonagriculturd industries. Half of the
conveyor-reaed deaths outside of agricultural production occurred in manufacturing industries.
A large number of conveyor-related fatdities were associated with being caught in running
machinery. Inthese events, procedures for controlling hazardous energy may not have been in
place or may not have been followed. Y oung workers are unlikely to have control over
implementation of hazardous energy control policies that would reduce their exposure to
conveyor-related hazards. For this reason, an apprentice/student learner exemption is not
recommended.

Fatdities and Injuries are Associated with Work Involving Powered Conveyors

CFOI identified 219 worker fatalities between 1992 and 1997 in which a powered conveyor was
the primary or secondary source of injury. An additiona 50 fataities were identified through a
keyword search for “convey.” Of the 269 total conveyor-reated fatalities, 223 (83%) occurred in
industries outside of agricultura production, primarily manufacturing (116 deaths) [NIOSH
2001c, Table 38].

In 1997, there were an estimated 6,020 nonfata injuries and illnesses requiring days away from
work for which the primary source of injury was a powered conveyor. These injuries resulted in
amedian 8 days away from work [BLS 1999D).

Work with Powered Conveyors Presents a Variety of Injury Hazards

The primary fatd event associated with work on or around powered conveyors was being caught
in or compressed by equipment or objects; 155 of the 171 involved being caught in running
machinery (Table 38). However, conveyor-related fataities dso occurred as aresult of other
exposures, including contact with eectric current, collgpsing materids, fals, and being struck by
objects. Almost two-thirds of the case narratives for the 269 conveyor-related fatdities
contained enough information to identify the work task associated with the fatdity. The most
common tasks were repair or maintenance, cleanup, and clearing jammed materid.

The predominant risk factor for conveyor-related fatdities was failure to control hazardous
energy, particularly for those associated with being caught in running machinery and those
involving eectric current. Some involved failure to lock out or de-energize the conveyor before
performing repair or maintenance, while in other instances aworker was caught after clearing
jammed materid. Workers who were performing genera cleanup dutiesin the vicinity of
running conveyors were aso caught in machinery.
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Table 38. Characteristics of Deaths Associated with Work with Powered Conveyors, United
States

Deaths, 1992-1997
Industry Division
Manufacturing 116 43.1%
Agricultura production 46 17.1%
Trangportation/communicationg/public utilities 30 11.2%
Mining 24 8.9%
Construction 19 5.9%
Wholesale trade 17 6.3%
All others 17 6.3%
Tota 269 100.0%
Event [OII CS event code]
Caught in or compressed by equipment or objects 171 63.6%
[03] 28 10.4%
Fdl to lower leve [11] 27 10.0%
Contact with dectric current [31] 23 8.6%
Struck by object [02] 9 3.3%
Caught in or crushed in collgpsing materias [04] 11 4.1%
All other 269 100.0%
Total
Work Task
Repair, maintenance 79 29.4%
Cleanup 32 11.9%
Clearing jammed materid 25 9.3%
Operating conveyor 17 6.3%
Loading or unloading 13 4.8%
Trangporting conveyor 10 3.7%
Not enough informetion in narrative to identify 93 34.6%
Totd 269 100.0%

Source: Census of Fatal Occupational Injuries[NIOSH 2001c]
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Pesticide Handling

Recommendation— Establish anew HO for non-agricultura industries prohibiting the
performance of any tasks that would fal under the EPA definition of “pesticide handler,” in 40
CFR Part 170 - The Worker Protection Standard.  The definition of “pesticide handler” as
written in the Worker Protection Standard can be found on page 91 under the recommendation
for agriculturd HO 9, prohibiting the handling of pesticides in agriculturd occupations. No
apprentice/student learner exemption is recommended.

Rationde- Many young workers are employed in non-agricultura industries where pesticides
areused. Approximately one-third of work-related pesticide exposures to young workers occur
intheseindudtries. ThisHO should be consgtent with the HO for agricultural occupations
(discussed beginning on page 90). An apprentice/student learner exemption is not recommended
because of the need for persona protective equipment and strict adherence to safe work practices
when handling pesticides.

Peticides are Used in Nonagricultura Settings where Many Y outh Work

Exposure to pesticides may occur in industries other than agricultural production (SIC 01 and

02). In 1997, 151 million pounds of pegticide active ingredients (12% of tota U.S. usage) were
used in non-agriculturd industries. Thisincludes al pesticide goplications to indudtrid,
commercid, and government facilities, buildings, Stes, and land, aswell as commercid
gpplications to homes and lawns [Aspelin and Grube 1999]. A survey of pedticide usersin lowa
and North Carolina, where dl users must obtain alicence or be certified (70% of dl 51,256
gpplicators completed the questionnaire), reveaed that 50% of commercia applicators gpplied
pesticides to homes, lawns, and gardens[Alavanja et d. 1998].

Analyss of datafrom the 1997 Current Population Survey [NIOSH 20014 indicates that
approximately 45,000 youth age 15 through 17 worked in landscape and horticultural services
(BOC code 020) such as lawn mowing, seeding, spraying, and fertilizing services, over 6,000
worked in agriculturd services (BOC code 030) such as corn detassdling, irrigation system
operation, and other crop services that may not be performed in actua agricultural production
industries, and over 5,000 worked in retail nurseries and garden stores.

Pedticide-Related 1Inesses Occur in Nonagricultural Occupations

An analysis of survey and poison control data over the period 1988-1999 reveded that about
32% of acute occupationd pesticide-related illnesses in workers under 18 occurred in
nonagricultural industries (industries other than BOC codes 010 [agricultural production, crops|,
011 [agricultura production, livestock], 012 [veterinary services|, 020 [landscape and
horticultura services], and 030 [agricultural services, n.ec.]) [Cavert 2001].
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Exposureto Lead

Recommendation— Establish anew HO prohibiting youth from performing work with potentia
exposureto lead. No apprentice/student learner exemption is recommended.

Rationale- Exposure to lead may occur in settings not covered under the current HOs or the
proposed HO on construction work. Exposureto lead is associated with severe acute and
chronic toxic effects on many organ systems. Lead exposure in children is associated with
developmenta and neurologic impairment, and has been linked with mental retardation, poor
academic performance, and juvenile ddinquency. An apprentice/student learner exemption is
not recommended because of the need for persond protective equipment and strict adherence to
safe work practices when working around potentia |ead exposures.

Occupationa Exposureto Lead

Occupationa lead exposure is discussed under nonagricultural HO 15 (Wrecking, Demolition,
and Shipbreaking Operations, beginning on page 58) and under the recommendation for anew
HO prohibiting work in construction occupations (page 101). Y oung workers may be exposed to
lead in these settings, but exposures may aso occur in other settings. The primary use of lead is
in the manufacture of storage batteries. Lead compounds and aloys are dso used in pipes and
cable sheathing, solder materid for dectrical gpplications, paints and plastics as pigments and
dabilizers, and glazes for ceramics [Lewis 1990]. Exposure to lead may occur viainhaation or
ingestion during abrasive blagting, welding, cutting, and torch burning of surfaces coated with
lead-based paint, lead pipes, solder, and other lead-containing building materials. Operations
involving recycling of batteries may aso involve lead exposures. The OSHA lead standard for
generd industry provides a mechanism for employers to identify those jobs with potentia
occupationa exposure to lead so that youth can be prohibited from working in these postions. It
requires employers to determineif any employee may be exposed to lead at or above a defined
action level [29 CFR 1910.1025 (d)(2)]. The standard provides severd options for how to
perform such a determination. The standard was originaly promulgated in 1978. In addition,
new environmental regulations under EPA’s Toxic Release Inventory (TRI) will require

facilities that manufacture, process, or otherwise use more than 100 pounds of lead or lead
compounds in agiven year to submit that information to a publicly ble database. [40 CFR
Part 372]. Thefirst reports under the new rule must be submitted by July 1, 2002 for the 2001
reporting year. Thiswill aso serve to increase awareness about overdl lead use among
employers and community members.

The CDC edtimated that approximately 90%-95% of adults with blood lead levels of 25
micrograms per deciliter (ug/dL) or greater were exposed at work [CDC 1999b]. The geometric
mean blood leve for adults ages 20-49 is 2.1 pg/dL (95% CI 2.0-22) and for adults ages 50-69 is
3.1 pg/dL (95% ClI 2.9-3.2) [Pirkle 1998]. Based on data from the Third Nationa Health and
Nutrition Examination Survey (NHANES 111, 1988-1991), an estimated 700,000 adultsin the
U.S. had blood lead levels > 25 pg/dL [CDC 1999b].

In Cdlifornia, laboratories are required to report blood lead levels > 25 pug/dL to the
Occupationa Lead Poisoning Prevention Program (OLPPP) [Cdifornia Department of Hedlth
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Services 2001]. The 10 industries that reported the highest number of workers with blood lead
levels > 25 pg/dl during 1995 are listed in Table 39.

Table 39. Industries with the Highest Number of Lead-Exposed Workersin 1995 (Cdifornia)

Industry Description* Workerswith blood lead
levels > 25 pg/dl, 1995
Number %

Storage battery 362 37%

manufacturing

Nonferrous secondary 181 18%

andting

Automotive repair shops 68 7%

(radiator repair)

Painting 52 5%

Amusement & recregtion 37 4%

(firing ranges)

Masonry & other stonework 35 4%

Copper/ brass foundries 35 4%

Scrap & waste materias 21 2%

Indugtrid inorganic 19 2%

chemicad's manufacturing

Motor vehicle parts & 15 2%

accessories manufacturing

Source: The California Occupational Blood Lead Registry [California Department of Health Services 2001]
* SIC code not given

Hedth Hazards of Lead Exposure

The hazards of |ead exposure are discussed under nonagricultural HO 15 (Wrecking, Demolition,
and Shipbreaking Operations, beginning on page 58) and under the recommendation for anew
HO prohibiting congtruction work (page 101). Lead exerts toxic effects on many organ systems
by disrupting basic cdlular functions, including interfering with enzymes, competing with

essentid metds, and disturbing ion trangport mechanisms. Acute effects include hemolytic
anemia, abdomina colic, neurologica effects, kidney disorders, and serility. Seizures and coma
may occur if blood lead levelsincrease rapidly. Long-term effectsinclude chronic anemia,
kidney damage, hypertenson, neurologicd, gastrointestinal, and reproductive effects [Levin and
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Goldberg 2000]. Lead exposure in children has been linked with menta retardation, poor
academic performance, and juvenile delinquency [EPA 2001]. The International Agency for
Research on Cancer [IARC 1987] has concluded that lead is a possible human carcinogen.

Exposureto Silica

Recommendeation— Establish anew HO prohibiting youth from performing work with potentia
exposure to crystdline silicadust. No apprentice/student learner exemption is recommended.

Rationade- Exposure to crystaline sllica dust is associated with chronic lung disease and cancer.
Not al industries and occupations where exposures to silica occur are covered under current
HOs. An apprentice/student learner exemption is not recommended because of the need for
persond protective equipment and strict adherence to safe work practices when working with
glica

Exposure to SilicaDud is Associated with Chronic Lung Disease

As described in the recommendation for HO 13 (Brick, Tile, and Kindred Products, beginning on
page 54), exposure to respirable crystaline silica dust is associated with the development of
dlicogs, lung cancer, pulmonary tuberculosis, and airway diseases such as chronic obstructive
pulmonary disease and bronchitis [NIOSH 2001j; Zuskin et al. 1998; Liou et d. 1996; Burge et
a. 1995; Myersand Cornell 1989]. Additionally, exposure may be related to the development of
autoimmune disorders, chronic rena disease, and other adverse hedlth effects [NIOSH 2001j].
Cryddline slicais classfied by the International Agency for Research on Cancer [IARC 1997]
asaClass 1 Carcinogen, meaning there isacausa relaionship between exposure to crystaline
dlicaand human cancer.

While silicosis-associated deaths most commonly occur in persons 65 years of age or older with
long-term exposures, desths also occur in younger adults due to recent exposures to high
concentrations of crystaline silica|CDC 1998]. A case of a sandblaster who died of acute
dlicoss at 23 years of ageis described in the text box on page 55.

Silicosis Occurs in Industries Not Covered by Other HOs

Industries and occupations most frequently recorded for decedents with silicosis are shown in
Table 41 [NIOSH 1999g]. Current HOs would cover some, but not dl, of the Stuations where
youth may be exposed to slica dust.
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Table41. Slicoss Mogt Frequently Recorded Occupations and Industries on Degth Certificate,
Residents Age 15 and Over, Selected States® and Y ears, 1987-1996

Occupation [1980 BOC code] % Industry [1980 BOC code] %
Mining machine operators [616] 14.7% | Construction [060] 10.8%
Laborers, except construction 11.1% | Metd mining [040] 10.0%
[889]
Managers and administrators, 3.7% | Cod mining [041] 6.5%
n.e.c.[019]
Supervisors, production 3.4% | Blast furnaces, sedworks, rolling 6.5%
occupations [633] and finishing mills[270]
Janitors and cleaners [453] 3.1% | Miscdlaneous nonmetdlic minerd 6.2%
and stone products [262]
Molding and casting machine 2.8% | Nonmetdlic mining and quarrying, 5.6%
operators [719] except fuel [050]
Construction laborers [869] 2.6% | Ironand sted foundries [271] 5.0%
Crushing and grinding machine 2.4% | Not specified manufacturing 4.1%
operators [768] industries [392]
Farmers, except horticulture 2.4% | Machinery, except eectricd, n.ec. 2.7%
[473] [331]
Machine operators, not specified 2.4% | Agricultura production, crops[010] 2.1%
All other occupations 48.7% | Structural clay products [252] 2.1%
Occupation not reported 24% | Pottery and related products [261] 2.1%
Non-paid worker or non-worker 2.1%
[961]
All other industries 31.7%
Industry not reported 2.8%

Source: NIOSH, Work-Related Lung Disease Surveillance Report 1999, Tables 3-6 and 3-7 [NIOSH 19994]

®Data on industry and occupation were available for 24 states for most years.

136




Recommendations for New Hazardous Orders
Non-Agricultural and Agricultural Occupations
Work Requiring the Use of Respiratory Protection

Recommendation— Establish a new HO for both agricultural and nonagricultural occupations
prohibiting young workers from performing any work that requires the use of respiratory
protection. No apprentice/student learner exemption is recommended.

Rationale- The use of respiratory protective devices implies the presence of hazardous
atmospheric conditions. Effective use of respirators is dependent on proper fit and usage. Y oung
workers may have difficulty with respirator fit due to their smdler physica sze. In order to
ensure proper use of respirators, workers should be extensively trained. Because youth may
have increased susceptibility to toxins, as discussed previoudy in this report, exposing young
workers to hazardous atmospheric conditions where respiratory protection would be required
PpOSES unnecessary risk.

Respiratory Protection is Used to Protect Against a Hazardous Atmosphere

Respiratory protective equipment should be used in the following circumstances: when toxic and
potentidly hazardous chemicas are present in the atmosphere; where atmospheric materias are
likely to cause physicd discomfort or increase therisk of injury; in an oxygen-deficient
atmosphere; or any combination of these Stuations [Ballantyne 1981]. Tasks where the routine
use of respirators is necessary include abrasive blagting, fire fighting, working in confined

gpaces, and certain maintenance and cleaning tasks [NIOSH 19944]. Hazardous respirable
materids present in the atmosphere may exist as. gases and vapors (substancesthat existin a
gaseous state depending on temperature, pressure, and molecular weight), aerosolized particles
(such as dust, fumes, smoke, mist, or fog), or fibers (such as asbestos or synthetic fibers). These
materias may produce locd effects (damage or irritation) on the respiratory tract, systemic
effects (acute or chronic) due to absorption into the bloodstream through the respiratory tract, or
both [Balantyne and Schwabe 1981].

Respiratory Protection Standards are Based on Research on Adults

Few studies of the use of respiratory protective devices in children have been undertaken
[Mauritzson-Sandberg 1995]. Based on studies of adults, the effectiveness of respiratory
protection has been found to be highly dependent on fit of the apparatus and its proper use
[NIOSH 1987]. A study examining facia dimensions and respirator fit with regard to leskage
found a strong association between poor fit and female gender [Oestenstad 1994]. Adolescents
would presumably have smilar problems with respirator fit. According to the ANS Standard
for Respiratory Protection [ANSI 1992], an effective respiratory protection program for workers
includes extensive training for respirator wearers. Wearers should: be aware of the respiratory
hazards that exist and engineering and adminidtrative controls being used; be familiar with the
respirator’ s function, capabilities, and limitations; be able to properly wear the respirator and
check for gppropriate fit; be familiar with respirator maintenance, ingpection, and storage; and be
able to recognize and react to an emergency Stuation.
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Further Research Needs
VI.AREASREQUIRING FURTHER RESEARCH

There are other serious and potentialy fata occupationa safety and health hazards to young
workers under age 18 which are of congderable concern, but for which there isinsufficient
documentation to support recommendations for new HOs a thistime. It is aso important that
further research be initiated to determine the extent and severity of other emerging hazards to
young workers, and whether they pose risks of seriousinjury, illness, or fataity. Additiondly,
research is needed on the effectiveness of youth safety training programs to help ensure that
exemptions for apprentice and student-learner programs are effective in facilitating a safe
training environment. The ability of the HOs to protect the hedth and safety of youth is
dependent on employers understanding and complying with these regulations, as well as
knowledge and attitudes about HOs among employers, parents, youth, and other stakeholders.
Also, research quantifying and characterizing employer best practices, could be used to increase
the effectiveness of outreach and educationa campaigns.

Little is Known about Risk Factors for Workplace Violence

More research is needed on workplace | h li 17-vear-ol itant
violence, which has been identified as 2 o G oo Food et et
leading cause of job-related deeths for youth and killed in an armed robbery, along with an

[C:V;/;r_‘ﬁw et: -é%ig; Svaiuojdegﬂﬁ It 19%7 18-year-old former employee who was on the
illo et d. 1994]. Work-related homicides premises. An 18-year-old employee was adso

occur inall types of work places, but the shot, but survived [Associated Press State
majority occur in retail establishments where and L ocal Wire 2000b]

cash is handled, such as grocery stores,
convenience stores, and restaurants [ Sygnatur
and Toscano 2001]. Over hdf of dl
employed youth 15 to 17 years old work in this sector, and youth are most commonly hired as
cashiers [NRC/IOM 1998, pp. 46-47]. Though homicide rates are elevated in these common
youth workplaces, the rates are not sufficiently high to warrant industry-wide prohibitions.

Circumstances are not aways known, but available data suggest that most work-related
homicides of youth and adults are associated with robbery [Windau et a. 1999; Jenkins 1996].
A study of employee injuries in convenience store robberies found that risk factors associated
with injury to an employee during the course of arobbery included the presence of customers,
the type of wegpon used, whether money was stolen, and whether the store had been previoudy
robbed. The number of employees present and the time of day did not appear to influence the
percentage of employee injuriesin the event of arobbery in this sudy [Amandus et . 1997].

Hypothesized risk factors for work-related homicide include handling cash, working aone or in
amall numbers, and working in the late evening and early morning hours [Jenkins 1996].
However, data are not available to quantify the leve of risk for each of these factors making it
difficult to identify areasonable and promising approach for an HO to address the risk for
violence to young workers.

Unique Susceptibilities of Y outh
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Further Research Needs

Prevention and control measure addressing workplace hazards to which adolescents are exposed
were desgned for adults. Therefore, further research on the unique susceptibilities and
exposures of young workers is needed.

Most research on the specia susceptibilities of children has been limited to the effects of
chemicas on young children and infants, with little attention to adolescents. Except for infancy,
adolescence is the time of most rapid growth and maturation of vita organ systems, including

the reproductive, respiratory, skeletal, immune, and centra nervous systems [Bruckner and Well
1999]. Toxic chemicas, such as endocrine disruptors and neurotoxins may affect adolescents by
disrupting the function or the maturation of these sysems[Golub 2000]. These chemicas may
induce reproductive changes, developmenta defects, immunologic deficits, and carcinogeness.

Adolescence is aperiod of very rapid growth: 15-20% of a person’s height is gained during the
teenage years [Marks and Cohen 1978]. Injuries during bone growth can result in degeneration
and abnormal regrowth of bone [Kao and Smith 1997; Garrick 1992]. Y outh are exposed to
risks for musculoskeletal disorders known to be work-related among adults, including
cumulative trauma disorders and overexertion injuries. Little research to address potentia
unique susceptibilities of adolescents to musculoskeletal disorders has been conducted
[NRC/IOM 1998]. Theimpact of adolescent occupationa musculoskdetd injuries and illnesses
on future qudlity of lifeisaso not known.

Characterization of Y oung Worker Hedlth Exposures

Available data on youth employment and associated tasks suggest that youth are working in
environments and doing tasks that have known hedlth risks. The extent to which work in these
environments posesrisk for illness that would adversely affect quality and productivity of

youth’ s livesis not known, however. More research is needed to characterize the types of
exposures that youth experience at work that may result in debilitating illness, and to assess the
effectiveness of existing work controls and practices to sufficiently protect youth from exposures
such as noise, vibration, cumulative trauma, dusts, solvents, and temperature extremes
[NRC/IOM 1998; Nationd Committee for Childhood Agriculturd Injury Prevention 1996].

Little is known about expasure of working youth to bloodborne pathogensin hedth care settings.
An annud average of gpproximatdy 67,000 youth ages 15 to 17 worked in hedth services
(hospitdls, clinics, nursing homes, doctor’ s offices and laboratories) at some time between 1992
and 1998 [NIOSH 20014]. Exposure to bloodborne pathogensis among the recognized health
hazards in hedlth care settings [Lipscomb and Borwegen 2000]. Research is needed to identify
the degree to which youth are exposed to bloodborne pathogens and other potentialy hazardous
substances in hedlth care settings, and the extent to which efforts to prevent exposure among
hedlth care providers and emergency workers also protect youth in these settings.

Although asthma is the most common chronic disease of childhood [Clark et d. 1999,
investigation of occupationa exposures may be overlooked. Occupationa asthmaiis another
example of a hedth-related concern for working youth. Occupationa asthma has become the
most common work-related lung disease in developed nations [Banks and Wang 2000].  Work-
related asthma can only be positively diagnosed if a specific exposure has been identified [Banks
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Further Research Needs

and Wang 2000]. Therefore, youth's exposures to agents associated with asthma should be
characterized.

The potentia for work place exposure to asbestos among young workers aso merits further
ressarch.  Asprevioudy noted in the discusson of HO 15 (Wrecking, Demoalition, and
Shipbreaking Operations), and in the proposed HO for construction work, asbestos exposure is
asociated with severe debilitation and potentialy fatal lung disease. A number of existing and
proposed HOs (such as prohibitions againgt mining, construction work, and work requiring
respiratory protection) would limit youth exposure to asbestos. However, potentia exposures
may aso occur in work settings and tasks not covered by existing or proposed HOs. For
example, work as a custodian in asbestos-containing schools and buildings, or work in
automotive repair shops performing brake and clutch repair may entail exposure to asbestos on
occasion, with uncertain frequency. Although ashestosis clearly avery dangerous work-related
exposure, it isnot clear to what extent working youth are exposed. Also not known is the extent
to which employers are aware of the presence of ashestos in the workplace, and the extent to
which exposureis controlled through changesin work process and the use of control

technologies. Scientific research such asthis should be consdered prior to proposing new

regulations.

Effectiveness of Training Programs

Exemptions from HOs for apprentice and student learner programs facilitate youth gaining
vauable work training in jobs recognized to be hazardous by requiring training and supervison
to minimize therisk for injury. Although the weight of existing evidence generdly supports the
vaue of training, research into the effectiveness of training programs have given mixed and
inconclusive results [ Cohen and Colligan 1998; NIOSH 1999d]. Evauations of apprentice,
student learner, and tractor and machinery certification programs are needed to ensure they are
effective in reducing the risk for serious injury or illness to youth, and to identify modifications

that should be made to increase
effectiveness [Cadtillo et a. 1999).

Knowledge of and Attitudes Toward
Child Labor Laws and Hedth and
Safety 1ssues Among Stakeholders

Information on knowledge and
attitudes about child labor laws, and
employer best practices, could be
used to increase the effectiveness of
efforts such as Work Safe This
Summer and Spring Into Safety, and
to raise awareness and compliance
with child labor regulations. The
National Research Council report,
Protecting Youth at Work, stated that
based on unpublished data, it is

In 2000, a 17-year-old youth on a hay hauling crew
died from injuries he received when he fdl from a
moving hay truck and was run over by the vehicle's
tire. The bed of the hay truck did not have
Sdeboards or rails, and was not equipped with seats
and safety beltsfor dl passengers. Theyouth
goparently fdl off the truck as he stood up when the
driver was negotiating a curve on a paved road
[Oklahoma State Department of Health 2000]. One
of the recommendationsin thisreport is that the
agricultural HO addressing motor vehicle operation
be expanded to include serving as an outside helper.
Even if this recommendation were acted upon, it
would not impact deeths such as this among 16- and
17-year-old youth working in agriculture.
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common for employers to be unaware of child labor laws. One survey found that over three-
quarters of employers were not familiar with prohibited jobs for youth and hours youth may
work [NRC/IOM 1998, pp. 185-186]. Lack of awareness of laws and health and safety issues
among these stakeholders has been identified as a mgor obstacle to preventing injury and illness
in young workers by organizations such as the American Academy of Pediatrics, the American
Public Hedlth Association, and NIOSH [NRC/IOM 1998, p. 185].

142
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VIl. BARRIERSTO PREVENTING YOUTH DEATHS, SERIOUSINJURIES AND
ILLNESSES THROUGH REGULATION

Recommendations in this report are limited to changesto HOs which fal within the regulatory
authority of DOL. It isexpected that changes recommended in this report would help to reduce
the incidence of fatd and serious youth work-related injuries and illnesses each year. However,
it must be recognized that considerable numbers of youth work-related deaths and serious
injuries would not be impacted by these recommended changes. Many desths and serious
injuries occur among youth not covered by the FLSA, or in Stuations that would be difficult to
regulate under the current framework of the FLSA. Additionaly, revisons or additions of new
HOs done will not prevent al work-related deaths. Efforts are needed to raise awvareness and
compliance with HOs to ensure youth are not ingppropriately employed in recognized hazardous
work settings.

Adgriculturd Work is Less Stringently Regulated than Nonagriculturd Work

Thirty-five percent of the young workers killed over the 1992-1997 period lost their livesin
agricultura production jobs (SIC 01 and 02) (136 agricultural production deaths/394 total
deaths) [NIOSH 2001d]. Despitethe
well-documented hazards and

consgently high rates of injury and
fatdities youth in agriculturd
workplaces are afforded less protection
than youth in nonagriculturd
occupdtions. Thisistrue even with
respect to the same hazards, such as
machinery. In fact, the current

In 1999, an eleven-year-old youth, who worked on
his family’s farm, died when the tractor he was
operating overturned into adrainage ditch. On the
day of theincident, the boy and his father were
returning from the cattle pasture where they had
hauled hay bales. The father had gone ahead of the
boy in apick-up truck. The boy was operating a

distinctions between HOs for tricycle-front-end tractor with a homemade two-
agricultura and nonagricultural whedled round-hay-bale trailer atached on awell-
occupations are frequently artificid, maintained gravel county road. The father had

given that the same machinery, trained the boy on operating the tractor earlier in the

activities and exposures are often
present in both settings. Yet the
minimum age for Imilar hazardous

year, and had just recently alowed him to operate it
adone. The event was not witnessed, but gpparently
the boy lost control of the tractor asit neared a

work in agriculture is 16, compared to

18 in nonagricultural occupations. For
the 6 year period 1992-1997, there were
39 degaths of youth 16- and 17-years of
agein agricultura production [NIOSH

drainage ditch and culvert. The tractor veered off of
the left Sde of the road and overturned into the ditch.
[Missouri Department of Health 2000].

2001d]. Changesto HOs could not be expected to impact these young worker injury deaths
sncethey fal outsde the coverage of the FLSA. Additiondly, youth working on their family’s
farms are exempt from the FLSA, unlike most other types of family businesses. It is not possible
for NIOSH to determine from the CFOI research file provided by BL S the numbers of
agricultura production deaths of youth less than 16 years of age that would not be covered by
the FLSA because the youth was working on the family farm. A previous analysis of CFOI by
BL S researchers suggested that more than haf of the farming related deaths of youth less than

143




Regulatory Barriers
18 years of age occurred on farms owned by the victim's families[Windau et d. 1999].

State Child Labor Laws May Be Less Protective than Federd Laws

Under current law, states are not required to have child labor laws thet are at least as protective
asfederd law (unlike the federal Occupationa Safety and Hedlth Act which requires sate laws
to be at least as protective as federa law). There are numerous cases in which the federd HOs
cannot be applied because the jurisdictiond thresholds of the Act are not met, and state law does
not cover the particular hazards addressed in the federal HOs. Many states have not
incorporated all the federa HOs, and some states child labor regulations are less protective than
the federa HOs [NRC/IOM 1998, pp. 229-230].

Workplace Violence Is Not Addressed by HOs

Work-related homicides accounted for 18% of the work-related fatalities to youth between 1992-
1997 [Windau et . 1999]. Asdiscussed on page 139, hypothesized risk factors for workplace
violence, such asworking late a night or early in the morning and working in high crime aress,
cannot be addressed in the form of an HO. For instance, federd child labor laws make no
restrictions on hours worked, a what times of day youth 16 years and older may work, or their
job location [DOL 2001]. Consequently, none of the existing or recommended HOs specificaly
address these hypothesized risk factors. Therefore, changes recommended in this report will do

nothing to address the hazards of work place violence.

The Extent of Employer Awareness of and Compliance with Child Labor Laws is Unknown

New HOs and revisions of existing HOswill not protect youth unless recognized and complied

with by employers. A number of sudies
have suggested that many young worker
desths are associated with work typicaly
prohibited by child labor laws. Studies of
varying geography, jurisdiction, and time
periods have reported that between 38 and
85% of young worker injury degths are
associated with work typicaly prohibited by
child labor laws[Cadtillo et d. 1994; Dunn
and Runyan 1993; Suruda and Halperin 1991;
GAO 1991Db]. Until barriers to employer
compliance are better understood, and
strategies are devel oped to address them,
little progress can be expected in this arena.

In 1999, one 15-year-old boy was killed and
another 15-year-old boy was seriousy
injured while working in two different

chicken processing plants. In Arkansas, the
15-year-old was eectrocuted. 1n Missouri,
the boy fel into an auger, serioudy injuring
both legs [Tagami 2001]. The FLSA
prohibits youth less than 16 years of age from
working in workplaces where goods are
manufactured or otherwise processed. The
Department of Labor found three other
underage youth at the Missouri plant where
the 15-year-old was serioudy injured. Asa
result of surprise ingpectionsin 51 chicken
processing plants nationwide, the Department
of Labor uncovered a dozen underage youth
at two plants[Tagami 2001].
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VII1. APPENDIX. Lidtingof al SICindustry groups with fatdity rates (for al workers) higher
than 10 per 100,000 workers (twice the average rate for al workers) by descending rate and

description of HO coverage.

Fatality Number
rate per of deaths Covered by
100,000 1992-1997 Covered by current recommended HO Outside the scope of
Industry (SIC Code) workers HOs expansions and HO recommendations
additions
Fishing, hunting, and 1142 436 Proposed new HO for
trapping (09) fishing
Logging (241) 103.1 874 Covered by HO 4
Taxicab service (412) 824 556 Primarily assault
fatalities
Coa mining (12) 422 255 Covered by HO 3
Agricultural Production, 41.1 2324 Covered by AgHOs
crops (01)
Water transportation (44) 375 377 Proposed new HO for
water transportation
industries
Agricultural services, 315 329 Primarily crop dusters -
n.e.c. (071, 072, 075, covered by age
076) regulationsfor pilots
Oil and gas extraction 26.0 522 Covered by proposed
(13 expansion for HO 9
Metal mining (10) 244 84 Covered by HO 9
Executive and legidative 232 210 No basisfor HO -
offices (911-913) misclassification of
cases from various
industries
Trucking service (421, 226 2801 Primarily
423) transportation
fatalities, covered by
HO?2
Nonmetallic mining and 216 143 Covered by HO 9
quarrying, except fuel
(4
National security and 200 867 Primarily military
international affairs (97)
Miscellaneous petroleum 183 27 Primarily transportation

and coal products (295,
299)

and assault fatalities
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APPENDI X (continued). Ligting of dl SIC industry groups with fatdity rates (for dl workers)
higher than 10 per 100,000 workers (twice the average rate for al workers) by descending rate
and description of HO coverage.

Fatality Number
rate per of deaths Covered by
100,000 1992-1997 Covered by current recommended HO Outside the scope of
Industry (SIC Code) workers HOs expansionsand HO recommendations
additions
Mobile home dealers, 180 31 Primarily
retail (527) transportation
fatalities, covered by
HO2
Farm products raw 175 86 Proposed new HO for
materials (515) the farm product raw
materials wholesale
trade industry
Liquor stores (592) 16.6 126 Primarily assaults
Forestry (08) 16.6 82 Covered by proposed
expansionto HO 4
Cement, concrete, 159 181 Primarily
gypsum, and plaster transportation
products (324, 327) fatalities, covered by
HO2
Scrap and waste 150 187 Proposed new HO for
materials, wholesale work in scrap and waste
(5093) materialsindustries
Sanitary services (495) 14.8 276 Proposed new HO for
work in refuse
occupations
Construction (15, 16, 17) 144 6304 Proposed new HO for
construction occupations
Agricultural production, 144 1053 Covered by AgHOs
livestock (02)
Landscape and 138 606 Coveredby HO 5
horticultural services (machinery) and HO 2
(078) (transportation)
Petroleum products, 13.0 101 Primarily
wholesale (517) transportation
fatalities, covered by
HO?2
Railroads (40) 128 208 Proposed new HO for
therailroad industry
Gasoline service stations 128 306 Primarily assaults

(554)
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APPENDI X (continued). Ligting of dl SIC industry groups with fatdity rates (for dl workers)
higher than 10 per 100,000 workers (twice the average rate for al workers) by descending rate
and description of HO coverage.

Fatality Number
rate per of deaths Covered by
100,000 1992-1997 Covered by current recommended HO Outside the scope of
Industry (SIC Code) workers HOs expansionsand HO recommendations
additions
Air transportation (45) 125 555 Ageregulations for
pilots
Administration of 123 188 No basisfor HO -
environmental quality and misclassification of
housing programs (95) cases from various
industries
Warehousing and storage 119 106 Primarily
(422) transportation
fatalities, covered by
HO?2
Motor vehicles and 118 151 Primarily
equipment, wholesale transportation
(501) fatalities, covered by
HO?2
Fuel dedlers, retail (598) 117 83 Primarily assaults
Sawmills, planing mills, 114 256 Covered by HO 4
and millwork (242, 243)
Iron and steel foundries 114 67 Various exposures
(332 including machinery,
transportation, and falls
which are either already
covered or would be
with proposed changes
Detective and protective 11.2 325 Primarily assaults
services (7381, 7382)
Agricultural chemicals 101 25 V arious exposures

(287)

including machinery,
transportation, and falls
which are either already
covered or would be
with proposed changes

Source: Census of Fatal Occupational Injuries [NIOSH 2001c] and Current Population Survey [NIOSH 20014d)].
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