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Section I Executive Summary

This was a study of fatal work injury in the construction industry from 1984 through 1998 which
focused on teenage workers. The study used OSHA investigation data to compare fatal injuries in
teenagers with adults, to describe various factors related to fatal injury, and to determine whether
fatalities among workers less than age 18 were in apparent violation of existing child labor
regulations (hazardous orders). The investigation data were for 47 U.S. states for 1984-89, with
California, Michigan, and Washington State excluded, and for all 50 states for 1990-1998,

OSHA investigates fatal work injuries for which it has jurisdiction. Certain fatalities such as
motor vehicle crashes and homicides are usually excluded. For the 15 year period we found
9,344 fatalities, with 326 in teenagers, of which 76 were in workers less than age 18. The fatality
rate of 1.28 per 10,000 per year was somewhat lower than that found by NIOSH from death
certificate data for 1980-1995 (1.52/10,000/year) but indicated that OSHA investigated the
majority of deaths in the construction industry during 1984-1998.

The OSHA investigation reports indicated that teenage workers who died were more likely than
adults to be victims of electrocution or to be struck by industrial vehicles or materials handling
equipment. A variety of types of vehicles and equipment were involved, such as dump trucks
and bulldozers, and the teenage fatalities were usually bystander fatalities. No one type of
equipment was reported significantly more for teenagers than adults. The fatalities from
electrocution were from contact with service voltage (e.g., 110 V AC) and high voltage power
lines.

For the 76 fatalities among workers less than age 18, 49% were in apparent violation of existing
hazardous orders. The most frequently violated hazardous orders were trenching work and
roofing (9 each), followed by operating a motor vehicle or being an outside helper (5),
demolition work (3), operating a power saw (2), and operation of powered hoisting apparatus (1).
There were 15 age violations (less than age 16), which are also considered violations of
hazardous orders. We estimated that in 54% of the 76 fatalities the employer’s gross annual
income exceeded $500,000, the current threshold for federal enforcement of hazardous orders.

Fatal work injuries among teenage construction workers were significantly more likely to be at
small business firms with fewer than 11 employees (Odds Ratio = 1.72, p<.05) and far more
likely to be at non-union firms (OR=4.96, p<.05).

This study did not identify work activities which would justify promulgation of new hazardous
orders. Additional research concerning the hazards of street and highway construction, or of
hazards related to industrial vehicles should be considered.

The findings of this study indicate the need for training for employers and young workers in non-
union small firms, particularly with respect to existing hazardous orders, electrical work, and
work in the vicinity of power lines and large vehicles such as in street and highway construction.



Section 11

Background and need

The 1998 Institute of Medicine report Protecting Youth at Work (I0M, 1998) found that existing
Hazardous Orders fail to address the full range of health and safety hazards and technologies in
the contemporary workplaces in which youngsters are now employed. The IOM report
recommended that changes to the hazardous orders should be based on periodic reviews by the
National Institute for Occupational Safety and Health (NIOSH) of current workplace hazards and
the adequacy of existing hazardous orders to address them. In the 1997 report Child Labor
Research Needs NIOSH noted that substantial gaps exist in the coverage provided by
occupational injury surveillance systems and there was a need for detailed information about the
circumstances of youth work injury and contributing factors.

Although construction provided only 3% of youth employment in 1990 (NIOSH, 1997), the
construction industry accounted for the second largest proportion of fatal work injuries for 16-
and 17-year olds (17% of all fatalities), second only to agriculture (Castillo et.al., 1994). With
respect to fatal injury, construction work is especially hazardous for young workers.

This study was proposed to address the above concerns for youth employed in the construction
industry and was funded through a cooperative agreement with NIOSH.

Why the study used OSHA investigation data

The most comprehensive sources of information concerning fatal work injury in the U.S. are the
Bureau of Labor Statistics’ Census of Fatal Occupational Injury (CFOI) and the NIOSH National
Traumatic Occupational Fatalities (NTOF) surveillance system. Both surveillance systems
provide information on fatal work injuries starting with 1992 (CFOI) and with 1980 (NTOF).
The research described in this report was done using U.S. Department of Labor Occupational
Safety & Health (OSHA) investigation data for the construction industry. We acknowledge that
OSHA investigation data are less comprehensive than either CFOI or NTOF and that OSHA does
not have jurisdiction over nor investigate every fatal injury in construction. We chose the OSHA
investigation data for several strengths: a) systematic collection of detailed information
concerning work injury since April 1984, and, b) particularly relevant to the construction
industry, investigation of the majority of fatal work injuries in construction, and c) investigating
fatal injuries in a consistent manner with coding of factors related to fatal injury, which allowed
comparison of teenage fatalities vs. adults with respect to violation of safety regulations and
characteristics of construction employers. OSHA fatality reports usually contain sufficient
narrative information to judge whether the work activity was in violation of hazardous orders.
The kind of information available from OSHA investigations is also pertinent to the evaluation
of whether child labor regulation, as represented by existing hazardous orders promulgated in
1937, has kept up with hazards faced by young construction workers.
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Hazardous Orders

In the U.S., child labor is defined by the Fair Labor Standards Act (FLSA) as agricultural
employment before age 16, and employment in certain other occupations before the age of 18.
There are 17 work activities proscribed for children in non-agricultural occupations. These are

referred to as Hazardous Orders.

Work Activities Prohibited to Workers Age 16-17 by FLSA
(Non-agricultural Occupations)

Manufacturing and Storing Explosives 10)

Motor vehicle driving and outside helper

11)
Coal mining

12)
Logging and sawmilling

13)
Power-driven woodworking machines
Exposure to radioactive substances 14)
Power-driven hoisting apparatus

15)
Power-driven metal-forming, punching,
and shearing machines

16)
Mining, other than coal mining

17)

Slaughtering, or meat-packing, processing,
or rendering

Power-driven bakery machines
Power-driven paper-products machines

Manufacturing brick, tile, and kindred
products

Power-driven circular saws, band saws,
and guillotine shears

Wrecking, demolition, and ship-breaking
operations

Roofing operations

Excavation operations

These 17 Hazardous Orders are largely unchanged since 1937. Numbers 2, 5, 7, 14, 15, 16, and
17 are particularly relevant to the construction industry, These hazardous orders were the basis
for the review of work activities as listed in Section III of this report, page 23.



$500,000 Gross Income Exemption

Federal enforcement of hazardous orders is restricted by legislative action to business firms with
gross annual income exceeding $500,000, the threshold for Wage & Hour (WHD) enforcement
of child labor laws. Whether young workers who take jobs in construction are more likely to be
employed at small firms is unknown.

Study Methods

The study population consists of all U.S. construction workers with fatal work injury from
April 1984 (when narrative reports were first included in the OSHA data) through 1998 whose
deaths were investigated by OSHA. Excluded from the study are fatalities in California,
Michigan, and Washington State for 1984-1989 which data were not maintained in a format
compatible with federal data and so were not available from OSHA. We had obtained some of
the OSHA data for previous studies (1984-89, 1990-94). We obtained a data tape for 1995-98.
We then cleaned up the data, reformatted it into data sets suitable for analysis by Statistical
Analysis System (SAS, Cary N.C.), and concatenated the data sets for the construction industry
into a single analysis data set.

Simple descriptive statistics were calculated. For comparison of the frequency of various factors
listed in the OSHA investigation reports (e.g., source of injury = hoisting apparatus) we used
2X2 tables comparing the factor of interest among teenage fatalities and the same factor for
adults versus all other factors in that category and reported the results as odds ratios. We had
originally proposed a 2XN analysis of the leading factors in each category but our statistical
consultant Dr. Reading felt that 2X2 was more appropriate. Where statistical significance is
reported as p<.05, the odds ratios excluded 1 at the 95% confidence interval.



Section I1I

Specific objective 1

The first specific objective was to compile the data set for analysis. We had available OSHA
investigation data for 1984-89 in printed form and a data tape of OSHA investigations for 1990-
1994. We obtained a data tape for 1995-1998, keypunched the needed 1984-89 records, and then
transformed all of the data into fixed length records. Investigations of fatalities in Standard
Industrial Classification 15, 16, and 17 were then merged into the analysis data set.

For period from April 1984 through December 1998 there were 9,344 fatal injuries in the
construction industry which were investigated by OSHA, California, Michigan, and Washington
State had state OSHA plans that did not contribute investigation reports to the federal OSHA
database prior to 1990. The 1995-98 data tape abstract reports were incomplete for 1998 because
of an OSHA policy change to review all abstracts for personal identifier information prior to
addition to the publicly available data set.

There were 326 fatalities among teenagers and 9,018 fatalities among workers age 20 or older,
for a total of 9,344. Some descriptive statistics are presented:

Fatal injuries in the construction industry investigated by OSHA 1984-1998

Workers age

Teenagers 20 or older All workers
Males 99% 99% 99%
Covered by collective 8% 27% 26%
bargaining agreements
At small firms with 41% 28% 28%
fewer than 11 employees
SIC 15 (General construction) 11% 13% 13%
SIC 16 (Heavy construction) 28% 30% 30%
SIC 17 (Special trades) 61% 57% 57%
OSHA cited employer 81% 72% 73%

for safety violations









Specific objective 3

For this objective we proposed to test several null hypotheses:

Hypothesis: Factors recorded during the investigation of fatal young worker injury in
construction do not differ from those for adults.

OSHA reports were coded as to nature of injury, part of body, source of injury, event type, and
human factor. These codes are a modification of the ANSI Z16.2 standard for accident
investigations. The codes are listed in Appendix G, Investigation Summary Codes, OSHA
Integrated Management Information Systems Forms Manual, instruction ADM 1-1, 12A, April
1984. In the original proposal we assumed that 25 or fewer codes would account for at least 75%
of the coding. This proved to be a conservative assumption. The number of codes in the
following tables were chosen to represent at least 90% of the codes for the particular variable.

Nature of Injury as Coded on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Ten most frequently cited codes, 1984-1998

Teenage Adult

NA Frequency Percent NA Frequency Percent

10 70 21,877 21 2222 24 .64

21 b4 19,63 12 1560 17.30
1.2 54 16.56 0 1505 16.69
0 53 16.26 10 1346 14.93
6 38 11.66 6 900 9.98
2 20 613 2 590 6.54
3 10 3.07 3 380 4. .21
F/ 5 1253 5 161 1o T8

18 5 1.53 7 88 0.98
5 4 1.23 18 86 0.95

Legend:

0 = unknown 7 = cut/laceration

2= asphyxiation 10= electric shock

3= bruise/contusion/abrasion 12= fracture

5= burn/scald (heat) 18= puncture

6= concussion 21= other

Teenage workers were more likely than adults to be victims of electric shock (Odds Ratio
(OR)=1.56, p<.05).



Part of Body as Coded on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Ten most frequently cited codes, 1984-1998

Teenage Adult
PA Frequency Percent PA Frequency Percent
4 72 22.09 13 2106 23.89
13 70 21.47 4 1574 17.85
0 53 16.26 0 1474 16.72
5 37 11.35 19 1453 16.48
19 37 11.35 B 137 8.29
31 16 4.91 &4 410 4.65
1, 9 2.76 i} 174 1.97
12 9 2.76 12 160 183D
28 7 2 kB 20 156 Lo T
20 5 L.H3 28 147 1.67
Legend:
0 = unknown or missing 13= head
1 = abdomen 19= multiple
4 = body system 20= neck
5 = chest 28= lung
12= hands 31= other body system

Teenage workers were somewhat less likely to suffer a fatal head injury than adults (OR = 0.9) but
this was not statistically significant. The coding “body system” is commonly cited in cases of
electric shock and was greater in teenagers than adults (OR=1.34, p<.05). Chest was cited more
commonly for teenagers (OR=1.34) but this was not statistically significant.



Teenage
S0 Frequency Percent
15 61 18.71
0 53 16.26
27 32 9. 82
8 24 7.36
30 24 7.36
43 23 7.06
42 20 6.13
29 19 5.83
12 L 5.21
5 9 2.76
24 7 Z.15
25 6 1.84
19 5 153
26 5 L. 53
21 3 0.92
Legend:
0 = unknown or missing
5 = bodily motion
8 = buildings/structures
12= dirt/sand/stone
15= electrical apparatus/wiring
16= fire/smoke
19= gases
21= hand tool (powered)
24= hoisting apparatus

Source of Injury as Coded on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Fifteen most frequently cited codes, 1984-1998

Adult

10] Frequency Percent
0 1474 16.72
15 1160 13.16
42 879 9 9y
8 839 Q2
43 658 7.46
27 595 6.75
29 526 9.97
24 444 5.04
4.7 433 4.91
30 LY 4.28
5 338 3.83
25 228 2.59
26 162 1.84
16 109 1.24
41 104 1.18

25= ladder

26= machine

27=materials handling equipment
29= motor vehicle (highway)

30= motor vehicle (industrial)
41= water

42= working surface

43= other

Teenage fatalities were more likely than adult to be coded as electrical apparatus/wiring
(OR=1.56, p<.05), materials handling equipment (OR=1.54, p<.05), and motor vehicle (industrial)

(OR=1.76, p<.05).

Teenage fatalities were less likely to be coded as working surface

(OR=0.61, p<.05); working surface is commonly coded as the source of injury for falls from
elevation when the victim impacts a floor or other working surface. Teenage fatalities were
somewhat more likely to be coded as dirt/sand/stone (OR=1.09) but this was not statistically

significant.
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We manually reviewed the report abstracts for the 24 fatalities coded as motor vehicle (industrial)
to determine if any additional information could be found. There were a variety of vehicles
mentioned:

Types of vehicles or equipment coded as “Motor Vehicle (industrial)”
for Source of Injury
For teenage construction fatalities, 1984-1998

Aerial lifts

Backhoes

Bulldozer

Crane, crawler

Earth compactor/roller

Forklift

Paving machine

Power broom (road sweeper)

Road grader

Tractors

Trucks
Dump trucks 4
Truck, unspecified
Water truck 1
Pickup truck

Wheeled vehicle, unspecified as to type

Narrative information missing

~] P o e e = = B = R D

[

[om—y

o

Total 24

In all seven of the reports involving trucks the victim was on the ground and was struck by a vehicle.
For the remainder, some victims were equipment operators and others bystanders. There were 9
fatalities during street or highway construction, 11 during other activities, and in 4 cases the
information concerning work activity was insufficient to determine the type of construction activity.

For comparison we reviewed a convenience sample of 76 fatalities in the same category of “motor

vehicles (industrial)” which OSHA investigated among older workers. The results are shown on the
following page.
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Types of vehicles or equipment coded as “Motor Vehicle (industrial)”
for Source of Injury
For a sample of adult construction fatalities, 1984-1998

Aerial lifts 1
Automobile 2
Backhoes 2
Bulldozers and loaders 14
Crane 2
Ditching machine 1
Earth compactor/roller 9
Forklift 4
Paving machine 1
Road grader 10
Tractors 7
Trash compactor 1
Trucks 18

Dump trucks 12

Truck, unspecified 3

Water truck 2

Concrete truck 1
Trimmer machine 1
Narrative information missing 3
Total 76

Fatality reports for teenage workers were more likely to mention trucks (OR=1.33) but this was not
statistically significant. Other than for the increased number of bulldozers and loaders for adults the
distribution of equipment does not appear greatly different from that for teenage fatalities. Of the
76 adult fatalities reviewed, 32 (42%) were engaged in street or highway construction, 40 (53%)
were engaged in other activities, and in 4 (5%) the narrative information was missing or insufficient
to determine the exact activity. These percentages were not significantly different from those found
for teenagers.

12



To further investigate the question of whether street and highway construction was related to fatal
injuries to teenage construction workers, we compared the SIC codes of employers:

Standard Industrial Classification of Employers
of Fatally Injured Workers in the Construction Industry
Fifteen most frequent codes, 1984-1998

Teenage Adult
SIC Frequency Percent SIC Frequency Percant
1623 38 11.66 1623 1054 11.69
1761 38 11.66 1611l 824 9.14
1611 28 B.59 1761 689 7.64
17131 26 7.98 1731 683 7.57
1629 22 6.5 L9 626 6.94
1799 22 6.75 1629 567 6.29
1794 19 5.83 1799 564 6.25
1542 16 4.91 1542 518 5.74
1711 14 4.29 N 465 5.16
1741 13 3.99 1721 363 4.03
1751 13 3.99 1622 343 3.80
1791 11 3.37 1794 307 3.40
1771 10 3.07 1541 272 3.02
1795 10 3.07 1741 38 287
1721 9 2.78 1785 234 2:5%

Teenage fatalities were no more likely than adults to be coded in SIC 1611, street & highway
construction. Teenagers were more likely to be coded in SIC 1761, roofing, siding & sheet metal
work (OR=1.18) but this was not statistically significant. Teenagers were less likely than adults to
be coded in SIC 1791, structural steel erecting (OR=0.47, p<.05). It is noteworthy that the two most
frequently sited codes for teenagers were 1623, water, sewer, pipeline, and communications and
power line construction and 1761. A major activity for SIC 1623 contractors is trench and
excavation work, which is covered by an existing hazardous order. A major activity for SIC 1761
is roofing, which is also covered by an existing hazardous order.



We manually reviewed the report abstracts for the 32 fatalities coded as materials handling
equipment to determine if any additional information could be found. There were a variety of
equipment:

Types of Materials Handling Equipment coded as Source of Injury
For teenage construction fatalities, 1984-1998

Backhoe 4
Bulldozers and loaders 11
Crane (mobile) 5
Crane (overhead) 1
Forklift 2
Missing information 3
Road grader 1
Tractor 2
Truck 3
Dump truck 2
Truck, unspecified 1
Total 32

The majority of bulldozer and loader-related fatalities were bystander fatalities.

We then reviewed a convenience sample of adult fatalities whose source of injury was also coded
as materials handling equipment (see following page).

14



Types of Materials Handling Equipment coded as Source of Injury
For a sample of adult construction fatalities, 1984-1998

Aerial lifts 2
Backhoes 14
Bulldozers and loaders 24
Compactor/Roller 2
Concrete pumper 1
Cranes (mobile) 31
Crane (barge) 1
Drill, rock 1
Forklift 6
Grader/paver 9
Narrative information missing 5
Tractor R
Trucks 9

Dump trucks 8

Truck, unspecified 1
Total 109

The proportion of fatal injuries involving cranes was decreased among teenagers compared to adults
(OR =0.56) but this was not statistically significant. The proportion of fatal injuries involving
bulldozers and loaders was increased among teenagers (OR=1.86) but this was also not statistically

significant.
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Event Type as Coded on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Ten most frequently cited codes, 1984-1998

Teenage Adult

EV Frequency Percent EV Frequency Percent
1 77 23.62 5 2525 28.00
5 65 19.94 1 1889 20.95
0 53 16.26 0 1505 16.69
i3 53 16.26 13 1039 11.52
2 38 11.66 2 898 9.96

12 14 4.29 14 396 4,39

14 10 3,07 12 366 4.06
8 7 2138 6 169 L.87
6 6 1.84 8 127 1.41
3 1 (). 31 4 49 0.54

Legend:

0 = unknown or missing 6 = struck against

1 = struck by 8 = inhalation

2 = caught in or between 12= cardiovascular/respiratory
3 = bite/sting/scratch system failure

4 = fall (same level) 13= shock

5 = fall (from elevation) 14= other

Teenage fatalities were more likely than adults to be coded as shock (OR=1.49, p<.05) and were
somewhat more likely to be coded as caught in or between (OR=1.15) and struck by (OR=1.16) but
these were not statistically significant. Teenage fatalities were less likely than adult to be coded as
falls from elevation (OR=0.64, p<.05).

16



Environmental Factor as Coded on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Ten most frequently cited codes, 1984-1998

Teenage Adult

EN Frequency Percent EN Frequency Percent
18 70 21.47 18 2158 23,93
13 59 18.10 13 2122 23.583
0 53 16.26 0 1505 16.69
8 44 13.50 6 962 10.67
6 41 12 .58 8 933 19.38
4 22 G 75 B 383 4.25
7 8 2.45 3 135 2.16
17 6 1.84 7 151 1. 67
1 5 1.53 1 138 153
14 5 1. 53 17 137 1.52

Legend

0 = unknown or missing

1 = pinch point action

4 = squeeze point action

5 = flying object action

6 = overhead moving and/or falling object action

7 = gas/vapor/mist/fume/smoke/dust condition

8 = materials handling equipment/method

13= working surface/facility layout condition

14= illumination

17= weather/earthquake etc. condition

18= other

Teenage fatalities were less likely than adults to be coded as working surface/facility layout
condition (OR=0.72, p<.05). Working surface/facility layout condition is commonly coded in falls
from elevation in which the victim impacts a floor or other working surface. Teenage fatalities were
somewhat more likely to be coded as materials handling equipment/method (OR=1.35) and overhead
moving and/or falling object action (OR=1.20) but these were not statistically significant.

17



Human Factor Codes on the OSHA Investigation Report
of Fatal Injuries in the Construction Industry
Fifteen most frequently cited codes, 1984-1998

Teenage Adult
HU Frequency Percent HU Frequency Percent
1 126 38.65 1 3126 34.66
0 53 16.26 0 1505 16.69
9 20 6.13 14 764 8.47
11 18 o. 52 9 652 1423
14 17 5.21 4 516 5,712
4 16 4.91 6 469 5..20
6 16 4.91 20 384 4.26
18 14 4,29 10 350 3.88
10 11 s [ o 514 321 3.56
17 7 2.15 18 253 2. 81
Legend:
0 = unknown or missing
1 = misjudgement of hazardous situation
4 = malfunction of procedure for securing operation or warning of
hazardous situation
6 = equipment in use not appropriate for operation or process
9 = safety devices removed or inoperative
10= operational position not appropriate for task
11= procedure for handling materials not appropriate for task
1l4= other
17= insufficient or lack of engineering controls
18= insufficient or lack of written work practice program
20= insufficient or lack of protective work clothing and equipment

Teenage fatalities were somewhat more likely than adult to be coded misjudgement of hazardous
situation (OR=1.18) and somewhat less likely to be coded safety devices removed or inoperative
(OR=0.84) but these were not statistically significant.

18



Hypothesis: There is no difference in the proportion of teenage vs. adult construction workers who
die from work injury in firms with fewer than 11 employees compared to larger firms.

In this analysis we excluded firms whose employment size was zero because it was not clear whether
these were self-employed individuals, partnerships, or represented missing values.

Teenage Adult
Fatalities in firms 101 1,952
with 1-10 employees
Fatalities in firms with 148 4,910
11 or more employees
Total” 249 6,862

* excludes firms with missing data or zero for firm size

The Odds ratio (OR) for teenagers construction workers being employed at a small firm compared
to adults was 1.72 (p<.05). When examined by SIC category, the OR for SIC 15 (general
construction) was 1.67 (not statistically significant), for SIC 16 (heavy construction) the OR was
2.24 (p<.05), and for SIC 17 (special trade construction) the OR was 1.49 (p<.05).

Hypothesis: Fatalities among teenage and adult construction workers do not differ with respect to
whether the employer had a collective bargaining agreement with a labor union,

Teenage Adult
Non-union 304 6,635
Union 22 2,383
Total 326 9,018

The OR for teenage construction workers who were fatally injured being employed at a firm that did
not have a collective bargaining agreement with a labor union was 4.96 (p<.05).

19



Specific objective 4

Estimation of employer gross annual income

Federal authority for enforcement of hazardous orders during the study period 1984-1998 was
limited to business establishments with a gross annual income of $500,000. The Census of
Construction is a census of employers done every five years which provides information on gross
annual income and number of employees for the various standard industrial classifications (SIC)
which comprise the construction industry. We used this Census to estimate employer gross annual
income from the OSHA inspection data.

We estimated employer gross annual income for the business establishments which employed the
16~ and 17-year olds who sustained fatal injuries investigated by OSHA during the study period.
There were 76 fatalities. These are listed on the following pages, along with whether there was an
apparent violation of child labor laws. How we determined apparent violations of child labor laws
is described in the next section of this report, pages 23-25,

Firms below the $500,000 gross income threshold were more likely to have apparent violations of
child labor laws (OR=1.52) but this was not statistically significant.

Using estimated gross annual employer income, 41(54%) of the 76 fatal injuries in workers less than
18 years old were at firms whose income exceeded $500,000. If the income level were lowered by
legislative action to $250,000, the percentage covered by federal enforcement would rise to 79%.
If the threshold were lowered to $100,000, all but one of the fatalities would have been covered.






CASE YEAR S5IC Employees Income Apparent Violation

41 52 94 1541 3 $616,887 0
42 54 94 1611 6 $683,116 0
43 59 %94 1771 10 5715,378 1
44 67 96 179¢ 9 §730, 691 0
45 34 90 1751 12 $741,667 1
46 8 84 1791 13 $744,523 0
47 31 BY 1731 12 $751,042 0
48 13 B4 1795 15 $777,549 or more 1
49 70 9% ZLTE1 10 $783,720 0
50 3 86 1742 150 $829, 647 or more 0
51 26 89 1731 25 $944,496 or more 1
52 38 91 1542 6 $965,091 1
53 11 86 1623 12 5$973,087 0
54 43 92 1623 It $1,023,661 0
55 9 84 1731 40 $1,044,158 or more 0
56 4 85 1796 70 $1,050,168 or more 0
57 19 88 1794 16 $1,073,678 or more 1
58 1 85 1623 179 $1,082,096 or more 1
59 22 88 17985 30 51,087,009 or more 1
60 42 91 1794 65 $1,089,397 or more 1
61 61 g5 13731 50 $1,133,013 or more 0
62 16 86 1623 30 $1,156,510 or more 0
63 45 gz 1789 15 @®l,378;220 0
64 62 95 1542 6 $1,179,467 1
65 68 97 1761 28 51,186,200 or more 1
66 T2 97 1781 1¢ &1,437,537 or more 0
67 72 97 1628 40 $1,613,75% or more 1
68 41 91 1611 100 $1,632,920 or more 1
69 40 91 1542 10 51,739,813 1
70 48 23 1eli 150 %1,752,898 or more 0
L 24 87 1541 6000 $1,832,804 or more 0
72 28 89 1522 90 $2,039,212 or more 0
73 33 88 1522 15 $2,039,212 or more :
74 18 88 1542 9999 §2,134,896 or more 0
75 75 98 1611 25 83,433,570 or more i
76 58 94 1622 190 $4,232,82% or more 1

Note: a detailed listing of apparent violations begins on p.24



Specific objective 5

Fatalities involving work performed in apparent violation of hazardous
orders.

Of the 326 fatalities among teenage construction workers which were investigated by OSHA for the
years 1984-1998, there were 76 fatalities in workers less than age 18. These fatality reports
numbered 1 through 76 are included in Appendix A.

The narrative descriptions from the OSHA investigation reports were then independently reviewed
as in a previous study (Suruda & Halperin) by an occupational medicine physician (AS) and an
industrial hygienist (DL) who were familiar with hazardous orders. Each report was evaluated with
respect to age violations (less than 16 years of age) and specific hazardous orders (listed above on
page 3). A mechanical engineer who was a safety specialist (RS) also reviewed the reports and
served as a tie-breaker in case of disagreement of the two initial reviewers.

The most frequently violated hazardous orders were trenching work and roofing (9 each), followed
by operating a motor vehicle or being an outside helper (5), demolition work (3), operating a power
saw (2), and operation of powered hoisting apparatus (1). There were 15 age violations. A total of
37 (49%) were in apparent violation of child labor laws. A list of cases and apparent violations is
on the following page.

We were conservative in making the determination of an apparent violation of hazardous orders and
so the true number might be greater. For example, we made the determination concerning operation
of a motor vehicle or being an outside helper for work involving highway vehicles only. There was
one fatality of a young worker who was operating a paving roller which overturned (case #42) and
another fatality where the young worker was operating a power broom (case #48) which overturned;
we did not consider these as highway vehicles. There was no abstract available for review for case
#70, which was an electrocution. In case #52 a 16 year old who was working with his father fell
through roof insulation that was not covered by roof decking. There was insufficient information
in the report abstract to determine whether this contractor was performing roofing operations.

Other fatalities

Of the 39 fatalities for which we did not determine apparent violations of hazardous orders, there
were 14 deaths from electrocution, 14 deaths from being struck by falling objects or equipment, 9
from falls, and two drownings. Ofthe 14 electrocutions, 8 were from service voltage (110 through
277 volts A.C.), 5 were from power line contact with high voltage, and there were no details

available for one case (#70).



Listing of Fatality reports for workers less than 18 years of age with respect to
apparent violation of hazardous orders.

Legends:

HazOrder = Apparent violation of a hazardous order

Age = Worker less than 16 years of age, an age violation

AnyViolation = Either an age or hazardous order violation

Apparent violations were found for trenching, demolition work, roofing, operation of
powered hoisting apparatus, driving a motor vehicle or being an outside helper, and using
& pOWer Saw.
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Section IV

Discussion

The fatality rate for the construction industry for the period 1984-1998 using OSHA investigation
data was 1.28 per 10,000 workers per year. This compares favorably to the fatality rate listed on the
NIOSH web site for the construction industry for 1980-1995 of 1.52 per 10,000 workers per year.
We had expected that OSHA would have investigated the majority of fatal injuries in the
construction industry. Certain types of fatalities such as motor vehicle crashes and homicides would
not normally be investigated by OSHA. The fatality rate for teenage construction workers was
somewhat lower than for adults, which is consistent with findings from CFOI (Windau, Sygnatur,

and Toscano, 1999).

In comparing our findings to CFOL, for the years 1992-1995 in the construction industry there were
102 fatal injuries to teenagers (Derstine, 1996). We found 65 fatalities for the same period, which
is consistent with OSHA investigating the majority of construction fatalities.

OSHA cited the employer for safety violations more frequently (81% of fatalities) when the victim
was a teenager rather than an adult (72% of fatalities). We tested the hypothesis that factors related
to fatal injury would not differ between teenagers and adults. OSHA compliance officers record
several factors derived from the American National Standards Institute Z16.2 standard.
Investigations of teenage fatalities were significantly more likely to be coded as electric shock, body
system, and electrical apparatus/wiring, all of which describe or are related to electrocution. Teenage
fatalities were also significantly more likely to be coded as motor vehicle (industrial) and materials
handling equipment. Review of a individual case reports for these latter two categories and a sample
of adult fatalities in the same categories showed a variety of equipment with no one type
predominating for teenage fatalities. The same types of equipment were found in both the category
motor vehicle (industrial) and materials handling equipment. It appeared that if, for example, a
bulldozer was carrying a load and was involved in a fatality it was more likely to be coded as
materials handling equipment, while if it was traveling through a construction site without a load it
would be coded motor vehicle (industrial). There is no specific coding in OSHA reports for
whether a vehicle had a back-up alarm. Some of the narrative reports of investigations mentioned
back-up alarms, and in all cases where this was mentioned the alarms were functioning.

Teenage fatalities were significantly less likely to be coded as falls and the related category working
surface/facility layout condition. Whether the lower frequency of fatal falls in teenagers was due to
biological factors such as better balance or the better ability of the young to survive injury, or to
exposure factors such as not working at elevation as frequently as adults, such as in structural steel
erecting, or differences in the use of personal protective equipment cannot be determined from the
data available.

Whenever multiple comparisons of categories with many entries are made, such as with the OSHA
report codes, it is possible that significant differences will be found at the p<.05 level by chance
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alone. That a particular finding is due to chance is lessened when the finding is consistent across
categories, such as was found for electric shock and for falls.

The OSHA categories for coding are broad and coding by compliance officers appears to be
inconsistent for some categories. The coding in the reports is of value in that it has not changed
since 1984 and so allows comparisons between various groups for a period of time greater than that
available from CFOI, which began in 1992,

Review of the narrative reports for teenage electrocutions indicated slightly greater numbers of
fatalities from service voltage (e.g., 110V AC) than from contact with high voltage power lines. The
narrative reports of fatalities from motor vehicles (industrial) and materials handling equipment
indicated that bystander fatalities were frequent for trucks and for bulldozers and loaders.

Contractors who employed fatally injured teenagers were most frequently trenching & excavation
(SIC 1623), followed by roofing (SIC 1761). For the years 1992-1997 CFOI found the most frequent
classes to be roofing and concrete work (Windau, Sygnatur, & Toscano, 1999).

Teenage fatalities were more likely than adults to occur at small firms with fewer than 11 employees
(OR= 1.72) and far more likely to be at non-union firms (OR= 4.96).

We evaluated the 76 fatalities among workers less than 18 years old to determine whether the work
activity described in the OSHA investigation report was in apparent violation of existing hazardous
orders. Approximately one half (49%) were in violation of existing hazardous orders. The most
frequently violated hazardous orders were trenching work and roofing (9 each), followed by
operating a motor vehicle or being an outside helper (5), demolition work (3), operating a power saw
(2), and operation of powered hoisting apparatus (1). There were 15 age violations.

Of the 39 fatalities for which we did not determine apparent violations of hazardous orders, there
were 14 deaths from electrocution, 14 deaths from being struck by falling objects or equipment, 9
from falls, and two drownings. There was no single work activity which appeared to call for creation
of a new hazardous order. However, the number of fatalities was small and it is possible that
evaluating non-fatal injuries or a larger sample of fatal injuries might identify particularly dangerous
activities, such as street and highway construction.

The $500.000 employer gross income threshold exempted 46% of fatalities in construction workers
less than 18 years of age from federal enforcement. This is slightly more restrictive than for OSHA
routine (general) inspections, in which employers with fewer than 11 employees are exempt, which
would have applied to 41% of fatalities in the same age group. If the employer gross income
exemption is not adjusted for inflation it will eventually equal the OSHA inspection exemption with
respect to construction firm size.

We noted in the application for this cooperative agreement that there were no fatal youth work

injuries investigated by the federal Wage & Hour division for the years 1989 through 1994. It is
evident from the estimated gross incomes shown on pages 22 and 23 that in 1989-94 there were 16

27



fatalities in the construction industry alone in workers less than age 18 whose employers met the
threshold for federal enforcement, and 8 of these cases had apparent violations of child labor laws.
This indicates a lack of communication between local authorities, OSHA, and the W&H division
during this period. Secretary Dole issued an executive order requiring OSHA to refer child labor
violations to W&H, but we are not aware of a way to track compliance with this order from publicly
available OSHA inspection data as there is no item in the inspection report to record the referral.

The findings of this study indicate the need for training for employers and young workers in non-
union small firms, particularly with respect to existing hazardous orders, electrical work, and work
in the vicinity of power lines and large vehicles such as in street and highway construction. NIOSH
(1999) has previously identified the high risk of non-fatal injury in small business firms.

The findings of this study are not robust enough to recommend that specific new hazardous orders
be promulgated. Additional research concerning the hazards of street and highway construction, or
of hazards related to industrial vehicles for young workers should be considered.
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Appendix A

to: Young Worker Fatal Injury in Construction

Narrative and other information for fatality reports 1-76

Note: These reports were obtained over several years time. The formatting of the
OSHA reports changed during this period, and the amount of other
information printed on the same page as the narrative report varies.
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