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Work-Related Fatal-Injury Risk of Construction
Workers by Occupation and Cause of Death

Guang-Xiang Chen and David E. Fosbroke
National Institute for Occupational Safety and Health, Morgantown, West
Virginia

ABSTRACT

To assess cause- and occupation-specific risks of work-related fatal injuries
among U.S. construction workers, the National Traumatic Occupational Fa-
talities (NTOF) surveillance system and Current Population Survey were used
to obtain injury and employment data for the years 1990 through 1994. Risks
were assessed by both rate and working lifetime risk. The occupation found to
have the highest fatal-injury rate in construction was electrical-power installers
and repairers (96.6 deaths/100,000 workers), followed by structural-metal
workers (86.4) and operating engineers (41.0). The occupation found to have
the largest numbers of fatalities was construction laborers (1133 deaths),
followed by carpenters (408), and construction supervisors (392). The leading
causes of death varied by occupation. Construction in general has experienced
adecline in fatal-injury rates over the years; however, this decline did not occur
equally across occupations and causes of death. The presentation of working
lifetime injury risks provides a measure of risk for occupational injuries that
can be compared with occupational illness risk assessments. This study is the
first to provide a comprehensive national profile of work-related fatal-injury
risks among United States construction workers by occupation and cause of
death. The results will be useful in focusing research and prevention efforts on
specific hazards in high-risk construction occupations.
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National Institute for Occupational Safety and Health, Division of Safety Research,
1095 Willowdale Road, MS/P-1133, Morgantown, West Virginia 26505-2888; Tel:
(304) 285-5995; Fax: (304) 285-6047

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998 1371



Downloaded by [Stephen B. Thacker CDC Library] at 11:57 10 June 2015

Chen and Fosbroke

INTRODUCTION

Construction remains one of the largest and most dangerous industries in
the United States; approximately 930 construction workers were killed by
work-related injury annually from 1990 to 1994. However, little information
exists on fatality rates risk by occupation within the industry, probably due to
the difficulties in assembling data on both fatalities and populations at risk in
an industry characterized by a high proportion of small companies and by
large turnover in the work force (Dong et al., 1995). The purpose of this paper
is to present findings on fatality risk by occupation and cause of death within
the construction industry. These findings support the general research re-
quirement, as identified in the traumatic injuries chapter of the National
Occupational Research agenda (NORA) document (NIOSH, 1996), for in-
creased work-sector-specific information to drive intervention and prevention
strategies. Findings on occupation and cause of death in construction can
clearly be used to drive targeted prevention programs within this industry, one
of four industries identified in the NORA document as having fatality rates
“notably and consistently higher” than all other industries.

There have been three studies which provided limited information on
occupational-fatality risks for selected occupations or occupation groups in
the United States’ construction industry. In a study that used death certificates
from 19 states (Robinson et al., 1995), proportionate mortality ratios (PMRs)
were calculated for falls, homicide, unintentional poisonings, and fatalities—
usually work-related—for selected occupations. A California occupational
mortality study (CDHS, 1987) calculated standard mortality ratios (SMRs) by
cause of death for selected occupations or occupation groups in California
during 1979 to 1981. A study of Census of Fatal Occupational Injury (CFOI)
data from 1992 to 1993 reported work-related fatality rates for selected occu-
pations or occupational groups within the construction industry (Pollack et al.,
1996). These three studies used only three or four broad categories to describe
various injuries, and, consequently, information on more specific causes of
death was not provided. Since mortality was only reported for a limited
number of occupations and occupational groups, it is possible that some
occupations with high risk of fatal injury were missed. It is also possible that
high-risk occupations were grouped with low-risk occupations.

The National Traumatic Occupational Fatalities (NTOF) surveillance sys-
tem, implemented by the National Institute for Occupational Safety and
Health (NIOSH), is a census of death certificates for occupational traumatic
fatalities in the United States (Jenkins etal., 1993). Prior to 1990, a 1987
computer algorithm had been used on NTOF data to code information on
decedents’ usual occupation and industry. The 1987 algorithm produced
codes that were accurate at the division, or aggregate level (Castillo and
Jenkins, 1994). Beginning in 1990, NTOF data were manually coded for
detailed industry and occupation using the Bureau of the Census (BOC)
classification system (BOC, 1982; BOC, 1992; Fosbroke, Kisner, and Myers,
1997). This improvement in coding detail makes it possible to assess injury
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risks by detailed occupation within the construction industry. The current
study was conducted using 1990-1994 NTOF data and the Bureau of Labor
Statistics’ (BLS) Current Population Survey (CPS) data to assess the work-
related fatality risk of specific construction occupations and to identify cause-
and occupation-specific fatality patterns and the trends of such fatalities over
the study period.

MATERIALS AND METHODS

The data source used to define occupational fatalities was NTOF data for
the calendar years from 1990 to 1994. The NTOF data were collected from all
52 Vital Statistics reporting agencies in the United States. Methods, strengths,
and limitations of the NTOF have been well documented elsewhere (Stout,
1988; Jenkins et al., 1993). The inclusion criteria for NTOF are: (1) death
resulting from an external cause of injury (E-codes, 800-999) according to the
International Classification of Disease, Ninth Revision (ICD-9) (WHO, 1977);
(2) victim’s age at least 16 years; and (3) a positive response to the death
certificate’s “Injury at Work?” item.

Employment data were obtained from the Current Population Survey (CPS),
a household survey conducted by the Bureau of the Census (BOC) for the
Bureau of Labor Statistics (BLS). Data were drawn from the monthly employ-
ment files maintained in electronic format by the BLS. Monthly estimates were
summed over the year and then divided by 12. Zero estimates were considered
valid estimates from the survey, therefore, even when an occupation did not
occur in one or more months, the yearly sum was divided by 12. The annual
employment estimates were based on workers’ primary industry and occupa-
tion. Since these estimates do not account for hours worked, a person whose
primary job is part-time is treated equally with a person who works full-time at
their primary job. Additional information about the Current Population Sur-
vey can be found in Employment and Earnings, which is published monthly by
the BLS.

Information on occupation and industry was coded according to the BOC
classification systems. Data for 1990 and 1991 were coded according to the
1980 BOC classification system (BOC, 1982) and data for 1992 through 1994
were coded according to the 1990 BOC classification system (BOC, 1992). The
1980 BOC classification of occupation was converted to the 1990 BOC classi-
fication; for the current study results are presented using the 1990 BOC
classification of occupation. The injury and employment data included in this
study are for persons whose industry was coded as construction (BOC industry
code = 60). Results are presented for the civilian work force only, because
denominator data are not available for military personnel.

Annual fatality rates are presented as the number of deaths per 100,000
construction workers. Rates were calculated by gender, race, age-group, and
cause of death. Occupation rates were calculated for those occupations that
had ten or more deaths during the 5 years, while cause- and occupation-
specific rates were calculated for those occupations that had 150 or more
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deaths during the 5 years. Confidence intervals (95% CI) for rates were
calculated based on the standard errors of the employment estimates using the
approximations and adjustments published in the Employment and Earnings
(BLS, 1997). For each fatal-injury rate, the upper and lower bounds were
calculated for the estimated number of employees used in the rate calculation.
Then these upper and lower bounds were used to calculate rates above and
below the initial fatal-injury rate.

Lifetime risk was calculated by using an equation proposed by the
Occupational Safety and Health Administration (OSHA, 1995): WLTR =
(1 - (1 -R)Y) x 1000 where: WLTR = working lifetime risk; R = probability of
aworker having a work-related fatal injury in a given year (e.g., average annual
fatal-injury rate); y = years of exposure to work-related injury; (1 — R)Y =
probability of surviving ‘y’ years without a work-related fatal injury (“y” set at
45 years); 1 — (1 — R)Y = probability of having a work-related fatal injury over
‘y’ years of employment. The variable WLTR is expressed as the number of
deaths per 1000 workers over a 45-year working lifetime.

RESULTS

A total of 4661 work-related injury deaths were identified in the construc-
tion industry in the United States in 1990-1994, yielding an average annual
rate of 12.7 deaths/100,000 construction workers. Table 1 presents the num-
ber of deaths and rates by age group. Rates were similar by age group until
44 years of age, increased slightly through age 55, then increased rapidly.

Within the construction industry, there were 38 occupations identified as
having ten or more deaths during the 5 years, and among these, 22 had a rate
higher than the average rate of 12.7/100,000 construction workers. Table 2
presents fatal-injury rates by occupation and year, and average annual rates by
occupation for the 38 occupations that had ten or more deaths during the
5 years. Electrical power installers and repairers had the highest rate of 96.6,
over seven times the average rate of 12.7; followed by structural metal workers
(86.4); operating engineers (41.0); drillers, earth (34.8); and supervisors—
painters, paperhangers, and plasterers (34.5). The largest number of injury
deaths occurred to construction laborers (1,133 deaths), followed by carpen-
ters (408 deaths), construction supervisors, n.e.c. (392 deaths), operating
engineers (309 deaths), and electricians (261 deaths).

Overall, the number of fatal work-related injuries declined by 15%, from
1,077 deaths in 1990 to 920 deaths in 1994. The fatal-injury rates decreased by
12%, from 13.9in 1990 to 12.3 in 1994. Among those occupations that had 150
deaths or more during the 5 years (1990 to 1994), truck drivers; operating
engineers; construction supervisors; construction managers and administra-
tors, n.e.c.; and electricians experienced a rate decrease greater than 12% over
the 5 years. Construction laborers, the occupation that had the largest number
of deaths in construction, experienced an 11% decrease in rate over the
years. There was little change in the fatal-injury rate of the painter; carpenter;
and construction trades, n.e.c. occupations. Rates for other occupations
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Table 1. Work-related fatal-injury rates among U.S.
construction workers who died from 1990 to
1994 by age-group.?

Age groups Employees® Deaths¢ Rates? 95% Cle

16-19 1,080,794 97 9.0 8.2-9.8
20-24 3,763,658 428 114 10.6-12.3
25-29 5,280,123 627 119 11.2-127
30-34 6,379,550 693 109 10.3-11.5
35-39 5,733,686 666 11.6 10.9-124
40-44 4,602,280 534 11.7 10.8-12.5
45-49 3,303,197 457 13.8 12.8-15.1
50-54 2,661,078 369 139 12.7-153
55-59 2,018,620 317 157 14.2-17.5
60-64 1,195,374 233 195 17.2-22.6
65-69 429,425 110 256 20.9-33.2
70-74 184,906 75 40.6 30.1-62.1
75-79 52,302 36 68.8 41.7-196.6
80+ 20,141 17 84.4  42.6-4548

@ Two death certificates had unknown age.

b Employees: estimated number of employees for 1990 through
1994 from the Current Population Survey (CPS) microdata
maintained by the Bureau of Labor Statistics.

¢ Deaths: Number of occupational injury deaths for 1990 through
1994 from the National Traumatic Occupational Fatalities Sur-
veillance system maintained by the National Institute for Occu-
pational Safety and Health.

d  Rate: Number of occupational fatal injuries per 100,000 work-
ers.

¢ Approximate 95% Confidence intervals are based on the stan-
dard errors for the employment estimates in the CPS as pub-
lished in the Employment and Earnings (BLS, 1997).

(e.g., structural metal workers) and for occupations that had fewer than 150
deaths fluctuated widely during the study period.

Table 3 presents cause-specific rates by year in construction. The four
leading causes of death (falls, motor-vehicle incidents, electrocutions, and
machine-incidents) account for two-thirds of the fatal injuries in construction.
Though there was a general decline in the annual rates for these causes of
death, the rates varied sufficiently by year to preclude assessment of this trend
over such a short time period.

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998 1375



Chen and Fosbroke

—  9V¢ e— 08¢ 170 Gve-9L1 G0c 61 $103e49d0 18MO} pue BuRID 678

6'¢8 L'6¢ q9T L'6T ¢'le €91 97¢ctv0c gT¢ 60¢ S19J00Y G669

—  9EP — —  +— G§626LT €2 TIT siaquunid ‘siosinedns /GG

—  8'G¢ 6— ¢'S€ Vv9¢ §L¢681 G¢c 91 SI9||elsul Jojens|q  €FS

¢TIT T9¢ 1°8€ |14 76T Vel 6'G¢0T¢ (A TAA] solueyoaw juawdinba AvesH  91G

9. 961 65— 6 e— T8¢ 8v¥E-Cdc T2 91 SIBLUMIIINL - S

AV AN V) T4 L9¢ 0've €1€ T.¢ €Te-29C g8c c¢oT SI191NY pue SIspIspm €81

6 6 I/X4% 189 6— C'8EV1e 86¢c 8T ;oansueIdIuUYoa) Bulisaulbug 91z

— — — 6— G¥r-€92 0€ T sixewaliog  €v9

v'o1—- €€ 0€e T'.€ c'6¢ ¢'Lle 0GE-0€E ove  ECTT §Ja10ge] uondnJsuo)d 698

— 98 6 e— 80€ <Z'Sv6'/LC gve 81 ssqured ‘siosinsadng  9GG

o6e TLS T8 s— 0y TTIy 8¢r€6c 8Y¥E 8¢ yues ‘si9(|lid 865

0Te- 0GE 6'9¢ 08¢ vy 808  L'EV-L'8E 0Ty  60€ s19au1bus Bunessdo 18

Ley 99017 T'LL G/0T 6L G0L 8L6VLL 798 Vil SI9XJ0M [elswl [ednpnns /69
g6 T0ZT 6L1T 00. 9T9 L/'60T L'€CT-€6L 996 6F s1auredas pue sis|felsul

Jamod [eou1d9|3 /.G

0¢l— €<t Tt 9¢T N4) 6'€T 8¢19¢l Ll T99Y Ansnpur uononnsuod ||y

(%) 76 €6 26 16 06 plD %56 o aN 2SU0IedNd90 pue 8pod DOg

s9lel Ul
abueyn Teak Aq arey (¥66T—066T) o1ed abesony

"Jeak pue

uonednaoo AQq #66T 01 066T WOLL PAIP OYM SI9XI0M UONINISUOD SN Buowe saed Ainlul-jerey palejai-1op "2 d|qel

GTOZ8unr OT ZG:TT e [Areiqi DAD Jexdey L g usydeis] Aq pspeojumoq

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

1376

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998



Work-Related Fatal-Injury Risk of Construction Workers

L'E
Sve-
8Ly~
S'9-
€L
AN Y
18¢
0vaT
68~
T
08—

v'or—
T°9T—
[Ar4 >

16~

0'6¢-

L'6G—

6'9
vy
¢S
S,
6,
'8
v0T
88T
86
90T

Syl
L'TT
7.7

]}

(A1
QLT
9'v¢

s
09
9
L8
91T
g9

€6l

€ac
€8¢
T0c

6v-1v
V's-T'S
€9-v'S
LT,
8'LVL
¢'6-G8
00T-v'8
L'T1-9'8
8'0T-T'6
L0T-9'6
TTI-v'6
¢¢l—L'8
€€T-L0T
ad Al
0'ST-6°€T
9'9T-9V1
181091
9'TCO0V1
V'61-¢'ST

9'0¢8V1
G'0¢-€81
SYe9L1

vy
'S
8'G
V'L
9L
88
76
86
66
70T
¢oT
A
61T
0t
a4’
Tar
0.7
0.7
0.7
[AVA)

€67
G0c

qT
9¢¢
6¢
65T
80Y
TET
€€
11T
€e
¥8
8¢
0T
6¢
€T
T9¢
¢6€
V1T
1T
1€

LT
65T
67

sio1elado Jadeadas/iazop/iopelo
D3N ‘uoneasiuiwpesiabeue|y
sapeJ] uonoNJIsuU0I ‘siadjeH
sJajuled

sioquadue)
steniyadidssiaquinid
sioredado aulyoew uoneAedIX3
saonuaadde ueloLO9|g
sJaysiuly 81810uU0)d
suosew|oLIg

s1gaulbus IAID

s1019adsul UoOIONIISUOD
S18y10M uone|nsu|
SURID1I199]9 ‘siosinladng
sueId1I109|3

~an'sdosingadns uonoanaIsuoD
~an'SepeJ] UuoIIoNJIIsu0)
S[eI21}JO puUB SIoTedISIUIWLPY
S19)J0M [e1aW 188Ys

Jojesado Juswdinba
1010811/39N41 [elISNpU|
SIBALIP Monu L

sJojesado Jamol pue auel)

GTOZ8unr OT ZG:TT e [Areiqi DAD Jexdey L g usydeis] Aq pspeojumoq

GG8
440
998
6.9
199
489
€a8
9.9
889
€99
€90
GE0
€69
il
GG
8G9
669
S00
€99

948
¥08
678

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

1377

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998



Chen and Fosbroke

"€S SeM SUIeap JO Jaguinu syl Usym palejnojed 10U a1am sa1ey
‘palyisse|d a19ymas|o 10N D3IN

{001 (3781
066T/(81e4 066T—918] ¥66T)) = V} 066T Ul 81l 8yl Jo 1usdiad e se passaidxa poliad ayy Jano a1ed ul abueyd 1au ay] :a1ed ul abueyd

"(166T ‘'ST19) sbuiures pue juswiojdws sy
ul paysijgnd se SdD ay1 ul sajewilse JuswAojdws syl 40} SI0118 pJepuels ayl Uo paseq aJe S|eAlalul 9dUspluo) %66 alewixolddy ,

"SONSIILIS JogeT Jo neaing ay) Ag pauleiurew erepotoiw (Sdd) Asaing uonejndod 1usdind ayl WoJ) a1am sUOIIR[NIRI
a1l 8yl ul pasn seafojdwa Jo Jagquinu palewnss ayl ‘siexdom 000'00T J4od syresp Aunful reuonednado Jo JaquinN = 81ey 'y o

‘yijeaH pue A1ayes reuonednad 40y 81n13s| [euoneN ayl Aq paureiurew walsAs
8oUB|1aAINS Sallljered [euoiednddO dnewNe ] [euoileN ayl woly #66T Ybnoayl 66T 404 syreap Aunful jeuonednado o JaquinN N q

(66T ‘D0Og) suonednoaQ pue saisnpu| Jo Xapu| anageyd|y:uonendod 10 sNsUs) 066T Yl UO Paseq 91aM $8pod [euonednddO

¢'ST 6'€ Te — — V'€ L'¢V¢ 9¢C LT sig|felsul [lemlia €45
8'Te— 8¢ G'q 2'S — TV Tv-9¢ 8¢ yx4 Sdlueydsw uonipuod IesresH g9
(%)  v6 €6 26 16 06 plO %G6 o aN zSuol1edna20 pue 8pod D09
2018l Ul
abuey)d 1eak Ag a1ey (¥66T—066T) 2184 abelany

(panunuoo) "1eak pue
uonednaoo Ag 66T 01 066T WOIL PaIP OYM SI9XJ0M UOIIONIISU0D 'S N Buowe sares Ainful-jere) pare|ad-Jop g djgeL

GTOZ8unr OT ZG:TT e [Areiqi DAD Jexdey L g usydeis] Aq pspeojumoq

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

1378

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998



Work-Related Fatal-Injury Risk of Construction Workers

vy €0 12 70 9 20 1 70 8 20 Gl Buiuosiod
0°G5- 70 L 170 6 Z0 1T Z0 ST 20 9T sall
0'€e- z0 €I Z0 1T Z0 1T A VA €0 0C Buiumouq
0'ee- G0 8¢ v0 o€ ¥'0 82 vo L2 0 8¢ JUBWIUOIIAUS /3INJEN
082~ €0 6T €0 6T €0 12 20 1 €0 12 s18lqo Buih Ag onas
68~ €0 €2 A VA Z0 9T VAV T4 €0 9z uoisojdx3
802 g0 ¥e vo 1€ 0 ¢ V0 62 0 6¢ 9pIoIWOH
0ze- vo 12 €0 12 €0 vz €0 ¥z G0 3% uolesoyns
0'€e- L0 €S 80 09 60 €9 0T 69 TT zZ8 s108lqo Buiyrey Ag yonns
092- €T ¥6 97T 8Tt v'1 00T LT 6IT LT €T BUIYIBN
09T~ GT 60T €T 6 97T GIT ST  OIT LT eeT uoI1N20.129|3
06T zz 291 gz 18T §¢ [T 6T 8T LT 902 3[91YaA 1010\
9y ge 29 Te €2z 0¢ Gz €€ 18z Lt €82 s|red
(%) S N o N Y N o N o aN =4reap Jo asnen
pdled Ul 8bueyd 66T £66T 266T 1661 066T

"1eak

AQ 66T 01 066T WOLJ P3IP OYM SI9XI0M UONINIISUOD S N Buowe sajes Ainful-jerey palejai-yiom oiy1oads-asne) *g ajgel

GTOZ8unr OT ZG:TT e [Areiqi DAD Jexdey L g usydeis] Aq pspeojumoq

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

1379

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998



Chen and Fosbroke

{00Tx (8184 066T/ (9184 066T—0181 ¥66T))= V} 066T Ul 81e4 31 JO 1uadiad e se passaidxa poriad ayi Jano ared ul abueyd 1au ay ] :a1el ulabueyd ,

'S213S11e1S Joge] Jo neaing ayy Aq paureiurew eyepoadiw (Sdd) Aenins uonejndod 1uaiind ayl wody

9J9M SUOIIR|NDJLD 81kl 3U] Ul pasn saakojdula JO Jaquunu palewss ay | s183410M 000'00T Jad syresp Ainful reuonednogo Jo JaquinN = a1ey Y o

‘yyeaH pue A1ages [euonednddQ 10) 91N1ISU| [euolleN 8yl Ag pauleiurew
wiglsAs aoue|I9AINS Sailljeled [euoliednddO dnewnel | [euoieN ayl woll y66T Ybnoayl 066T 404 syresp Ainful reuoniednado Jo JsquinN :N g

"(LL6T ‘OHM) 8sessiQ Jo uonealisse|d [euoireussiu] ayy wols (666-3 YBNOIYY 008-3) Yiesp-Jo-asned [eulslxd (yieaq Jo asned

0'€e- 00 € 00 € 00 € 00 z 10 14 umoudun JudU|

12T Z0 zT Z0 1T Z0 L Z0 ZT 10 1T uolrenodsuely 1ayl0

0291 ¥'0 8z G0 €e S0 e G0 Ge 10 1T sjusploul 18y10

¥'0T Z0 GT €0 0z Z0 4} Z0 9T Z0 vT apIoINg

(%) 06-16 o N S| N S| N S| N °d aN eU1eap JO asned
poTed ul abuey)d v66T €667 266T 1661 066T

(panunuo)

‘1eak AQ 66T 01 066T WOLL PAIP OUM SI9XI0M UOIIONIISUOD *S M Buowe sayes Ainlui-jeres paiejai-y1om oip0ads-asned '€ a|qel

GTOZ8unr OT ZG:TT e [Areiqi DAD Jexdey L g usydeis] Aq pspeojumoq

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only.

Reproduction of this material without the consent of the publisher is prohibited.

1380

Hum. Ecol. Risk Assess. Vol. 4, No. 6, 1998



Downloaded by [Stephen B. Thacker CDC Library] at 11:57 10 June 2015

Work-Related Fatal-Injury Risk of Construction Workers

Table 4 presents cause- and occupation-specific rates and their associated
working lifetime-risk estimates for occupations that had 150 or more deaths
during the 5 years. The highest rate for falls occurred among structural metal
workers (54.1/100,000 construction workers), more than 16 times the average
rate of 3.3 for falls in construction, followed by roofers (14.7) and construction
laborers (7.4). The highest rate for motor-vehicle incidents occurred among
truck drivers (12.3), five times the average of 2.4 for motor-vehicle-related
incidents in construction, followed by operating engineers (10.1) and con-
struction laborers (8.0). The highest rate for machinery incidents occurred
among operating engineers (15.5), 10 times the average of 1.5 for machinery
incidents in construction, followed by structural metal workers (7.9) and
construction laborers (3.8). The highest rate for electrocution occurred among
electricians (6.6), more than four times the average of 1.4 for electrocution in
construction, followed by structural metal workers (4.5) and construction
laborers (3.1). Ten cause- and occupation-specific combinations in Table 4,
have working lifetime risks equal to or exceeding 3 deaths per 1,000 working
lifetimes. The highest working lifetime risks are for falls among structural
metal workers (24.1), machinery incidents among operating engineers (7.0),
falls among roofers (6.6), and motor-vehicle incidents among truck drivers
(5.5) and operating engineers (4.5).

State-specific fatal work-related-injury rates are provided in Table 5. The
District of Columbia, Wyoming, Alaska, West Virginia, North Dakota, and
South Carolina had the highest rate over the 5-year period. Most of the
Mountain, Central and Southern states had rates above the national average.
The lowest rates were found in the northeast and the States of Arizona, Ohio,
Washington, Michigan and California.

DISCUSSION

This study has reviewed work-related fatal injuries to all occupations within
the construction industry and is the first report providing a comprehensive
national profile of work-related fatal injuries in the construction industry by
occupation and cause of death in the United States. Pollack et al. (1996)
published work-related fatality rates in construction for selected occupations
or occupation groups using 1992 to 1993 CFOI data and CPS data. They used
full-time equivalent workers as a denominator to calculate rates, which takes
hours-worked into consideration when estimating exposure (Pollack et al.,
1996; Ruser, 1998). In spite of differences in data sources used to identify
work-related fatalities and the definition of the denominator, results from our
study closely agreed with Pollack’s study. But some high-risk occupations were
identified in our study that were not identified in their study, such as construc-
tion supervisors; truck drivers; engineering technicians; boilermakers; earth
drillers; welders and cutters; elevator installers; and heavy-equipment mechan-
ics. Pollack et al. (1996) grouped electricians with electrical-power installers
and repairers, an occupation that, in this study, had a fatality rate more than
six times the rate for electricians.
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Table 5. State-specific work-related fatal-injury rates among U.S. construction
workers who died from 1990 to 1994.

State Employees®  Deaths® Rates® 95 % CId

District of Columbia 32,337 15 46.4 32.1-835
Wyoming 63,554 25 39.3 30.3-56.0
Alaska 66,895 24 35.9 27.9 - 50.2
West Virginia 173,918 50 28.7 24.3 - 35.3
North Dakota 68,026 19 27.9 21.8 -39.0
South Carolina 438,549 120 27.4 24.6 - 30.9
Utah 202,010 50 24.8 21.3 - 29.6
Mississippi 312,825 73 23.3 20.6 — 26.9
Montana 105,048 24 22.8 18.6 — 29.6
South Dakota 79,620 18 22.6 17.9 - 30.6
Georgia 774,444 174 22.5 20.7 - 245
Kansas 283,846 63 22.2 19.5-25.8
New Mexico 203,051 45 22.2 19.0 - 26.5
Nebraska 183,353 39 21.3 18.1 - 25.8
lllinois 1,169,535 247 21.1 19.8 — 22.7
Texas 2,220,012 466 21.0 20.0 - 22.1
Arkansas 280,825 58 20.7 18.1 - 24.0
Louisiana 552,542 113 20.5 18.6 — 22.8
Alabama 526,449 107 20.3 18.4 -22.6
lowa 334,254 66 19.7 17.5-22.6
Idaho 158,515 31 19.6 16.5-24.0
Florida 1,743,166 332 19.0 18.0 - 20.2
Pennsylvania 1,296,323 231 17.8 16.7 - 19.1
Nevada 213,332 38 17.8 15.3-21.3
Missouri 603,019 107 17.7 16.2 - 19.6
North Carolina 864,982 144 16.6 154 -18.1
Kentucky 431,633 71 16.4 14.8 - 185
Colorado 445,907 73 16.4 14.7 - 18.4
New York 1,680,163 261 155 147 -16.5
Indiana 642,579 99 154 141 -17.0
Tennessee 573,032 84 14.7 13.3-16.3
Oregon 370,517 53 14.3 12.8-16.3
New Jersey 793,096 111 14.0 12,9 - 15.3
Rhode Island 100,518 14 13.9 11.2-184
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Table 5. State-specific work-related fatal-injury rates among U.S. construction

workers who died from 1990 to 1994. (continued)

State Employees®  Deaths® Rates® 95 % CId

Virginia 893,809 119 13.3 12.3-145
Oklahoma 319,066 42 13.2 11.6 - 15.2
Hawaii 184,715 24 13.0 11.1-15.7
Wisconsin 605,241 74 12.2 11.2 -135
Minnesota 482,781 59 12.2 11.0 - 13.7
California 3,255,412 388 11.9 114 -124
Michigan 901,828 107 11.9 11.0 -12.9
Massachusetts 584,928 68 11.6 10.6 - 12.9
New Hampshire 140,650 16 114 95-14.3
Washington 680,334 71 10.4 9.6 -11.5
Ohio 1,102,510 112 10.2 9.5-10.9
Maine 156,838 14 8.9 75-111
Delaware 103,336 9 8.7 7.1-11.3
Maryland 670,555 53 7.9 7.2-87

Arizona 478,392 33 6.9 6.2-7.7

Connecticut 335,084 22 6.6 58-7.6

Vermont 86,027 5 5.8 46-79

a

C

d

Employees: estimated number of employees for 1990 through 1994 from the Current
Population Survey (CPS) microdata maintained by the Bureau of Labor Statistics.
Deaths: Number of occupational injury deaths for 1990 through 1994 from the Na-
tional Traumatic Occupational Fatalities Surveillance system maintained by the Na-
tional Institute for Occupational Safety and Health.

Rate: Number of occupational fatal injury deaths per 100,000 workers.
Approximate 95% Confidence intervals are based on the standard errors for the
employment estimates in the CPS as published in the Employment and Earnings (BLS,
1997).

A previous study of work-related fatal injury among construction workers
using NTOF data for the period of 1980 to 1989 (Kisner and Fosbroke, 1994)
reported a rate of 21.7/100,000 workers in the construction industry in 1989,
a rate that is nearly twice the average annual rate of 12.7/100,000 in this study.
The reason for the difference in the fatal-injury rates between the two studies
is the fact that the denominator used in Kisner and Fosbroke’s study was
obtained from the County Business Patterns, an establishment-based employ-
ment count developed by the Bureau of the Census, which does not include
owner-operators. These excluded owner-operators make up a significant pro-
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portion of the construction industry. Kisner and Fosbroke (1994) reported
fatality rates by occupation division and found that laborers had the highest
rate of 39.5 in construction. The occupational divisions used in their study are
not comparable to the detailed occupations used in this study, so laborers in
their study are not comparable to construction laborers in this study.

Among the 38 occupations identified to have ten or more deaths during the
5 years, 33 are blue collar occupations (BOC occupational codes = 503 — 889).
The 22 occupations identified as having a fatal-injury rate greater than the U.S.
construction industry average, accounted for 35% of the industry’s employ-
ment. However, deaths from these 22 occupations accounted for 68% of all
work-related injury deaths in construction. The average rate for these 22
occupations is 24.9, while the rate in all of construction is 12.7. The ranking
of occupations by fatal injuries should be used in setting research, regulatory,
and prevention priorities for the construction industry. Setting such priorities
requires consideration of the number of injuries (which provides a measure of
the magnitude of the injury problem for an occupation) and the rate of injury
(which provides a measure of injury risk for an occupation).

Special-trade occupations usually had a high incidence of work-related fatal
injuries related to one or two specific causes of death. For example, electri-
cians, and electrical power installers and repairers had a high injury rate of
electrocution; truck drivers had a high rate of motor-vehicle- related deaths;
and roofers had a high rate of fatal falls. In contrast, construction laborers
experienced elevated risks for all causes of death, with the exception of death
from air-transport-related incidents (results for other causes of death are not
presented due to space constraints). The mortality patterns by occupation and
cause of death presented in Table 4 should be useful for developing occupa-
tion-specific prevention programs. For example, a prevention program for
structural-metal workers should focus on deaths from falls, machinery inci-
dents, and electrocutions; and a prevention program for operating engineers
should focus on deaths from machinery and motor-vehicle incidents. In con-
trast, a prevention program for construction laborers should cover a broad
range of safety hazards.

Construction workers aged 30 to 34 years had the lowest fatality rates, while
workers in the older age groups had the highest rates. Other studies have also
found a higher risk of fatal injury among older construction workers (Buskin
and Paulozzi, 1987; Kisner and Fosbroke, 1994; Kisner and Pratt, 1997). Warr
(1993, 1994) discussed age-impairment as related to both age-related short-
comings and experience. While the relationship identified in this study be-
tween fatal injuries and age among construction workers may suggest that lack
of experience among younger construction workers (20 to 29 years old) and
age-related shortcomings among older construction workers (45 years or
older) may be important risk factors, information on such age-related factors
is not available in NTOF. Injury severity and age-related complications have
also been cited as factors contributing to the high fatal-injury rates among
older workers (Kisner and Pratt, 1997; Personic and Windau, 1995). Though
older workers have high fatal-injury rates, they have low OSHA recordable
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injury rates, suggesting that when injured, older workers may have more
serious outcomes (Personick and Windau, 1995). In their paper on fatalities
among older workers, Kisner and Pratt (1997) provide a good review of the
literature on the relationship between age and fatal-injury rates.

The construction industry in general experienced a decline in work-related
fatal-injury rate over the years of 1980 to 1989 (Stout, Jenkins, and Pizatella,
1996). This decline continued into the 1990’s. However, the decline of the
fatality rate did not occur equally across occupations and causes of death over
the period from 1990 to 1994. The causes of death and the occupations that
had a rate decline may be indicative of the effectiveness of recent regulatory
changes, current prevention programs, or other positive changes in working
practices or environments. The causes of death and the occupations that had
little change in fatality rates may indicate a need for improvement of current
working practices or environments.

NIOSH has reported that the construction industry accounted for the
largest number of work-related-injury deaths in 19 states and was the highest
risk industry in three states (CDC, 1998). The geographic variation in fatal
injuries in construction presented in Table 5 generates questions for future
research. Potential factors that might contribute to this geographic variation
are geographic differences in the type of construction, the type of equipment
used, weather and economic conditions, union and population density, pre-
hospital care availability, workforce experience, and implementation of safety
and health programs. Unfortunately, information on these risk factors is not
available in NTOF data. The states with the highest construction-fatality rates
should clearly be the focus of enhanced injury-prevention efforts.

Fosbroke et al. (1997) recently applied the concept of working lifetime risk
to fatal occupational injury studies, which facilitates the comparison of occu-
pational injury risks with risk assessments for occupational disease. They sug-
gested that risk assessments for occupational injuries and occupational ill-
nesses should be considered equally with each other (Fosbroke et al., 1997).
The industry-wide (all occupations in construction combined) working life-
time-risk estimates for the five leading causes of death ranged from 0.4 to 1.4
in 1000 working lifetimes (Table 4), levels that are below, or near, the one
death in 1,000 working lifetimes that OSHA uses as an indicator of significant
hazard. However, for each of these five causes of death, there are specific
subgroups of construction workers who face considerably higher working
lifetime risks of fatal injury on the job. Ten occupation-by-cause-of-death
combinations had lifetime risk estimates of at least 3 times OSHA’s measure
of significant hazard (Table 4). Another ten combinations had lifetime-risk
estimates between 1.4 and 2.0 times greater than OSHA’s measure of signifi-
cant hazard. While regulatory action is underway with respect to some of these
injury exposures (e.g., falls among structural metal workers is an emphasis of
the negotiated rulemaking on steel erection), other injury hazards (e.g., mo-
tor-vehicle risk to operating engineers and construction laborers) are not
covered by specific OSHA construction standards.
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LIMITATIONS

Many authors have reviewed the limitations of using death certificates in
general and NTOF data in particular for the study of fatal occupational injury.
These limitations should be kept in mind when interpreting the results of this
study. Of particular concern is the use of usual industry and usual occupation,
rather than the industry and occupation at the time of injury (Steenland and
Beaumont, 1984) and the accuracy of the injury-at-work item on death certifi-
cates (Russell and Conroy, 1991). The result of these limitations is that some
worker populations and causes of death are underrepresented in occupational
studies based on death certificates. Even with the limitations of death certifi-
cates and NTOF for studies such as this, death certificates are the single
document source that capture the greatest proportion of work-related fatal
injuries, approximately 80% (Stout and Bell, 1991), and the NTOF surveil-
lance system provides the most detailed data on fatal occupational fatalities
during the study period, 1990 to 1994.

In 1992, the Bureau of Labor Statistics introduced the Census of Fatal
Occupational Injuries (CFOI). Though CFOI provides a more comprehensive
capture of work-related injury than NTOF (due to its multiple source docu-
ments), results from CFOI should be similar to results from NTOF because
approximately 80% of the cases in CFOI have a death certificate as one of the
source documents (Drudi, 1995). However, differences in the way the cause of
death is classified would yield slightly different results, because CFOI uses the
event or exposure leading to injury or illness as defined in the Occupational
Injury and IlIness Classification System (OIICS) (ANSI, 1995) rather than the
cause of death as defined in the International Classification of Diseases-Ninth
Revision (WHO 1977). This study builds on the literature developed from
NTOF throughout the 1980s and early 1990s, using the same cause-of-death
classification system used by these earlier studies. Another limitation of this
study is that results for certain occupation categories in this study should be
interpreted with caution because of the small number of deaths. To obtain
reliable fatal-injury rates and lifetime-risk estimates for occupations with a
small annual number of deaths, continual data collection over a number of
years is essential. An alternative might be to group these occupational catego-
ries; however, work needs to be done to determine occupational groupings
which are logical in terms of injury prevention.

The WLTR estimates provided in this paper represent an average risk to
fatal injuries of the construction population, expressed as the number of
deaths per 1000 working lifetimes. Though the equation presumes working
lifetime of 45 years, the rate estimates used in the WLTR equation was not
limited to workers of specific ages (e.g., workers less than 20 years old and older
than 65 years old are include in the calculation of R). The WLTR equation is
simplistic—it is not intended to predict the actual risk of an individual who
works at a given occupation for 45 years. In fact, the equation assumes that
exposures to fatal injuries, though unknown, are constant over time. Any
future changes in risk are not accounted for by the equation. In this paper, the
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average annual rate from 1990 through 1994 was used as an estimate of the
fatal injury risk experienced in the construction industry and this risk estimate
was assumed to be constant over time. This multi-year average limits the effect
of year-to-year variations in fatal-injury rates on the resulting working lifetime
risk estimates.

The WLTR equation does not change rankings developed using fatal injury
rates. WLTR estimates are calculated because they can be expressed in a
manner that is comparable to lifetime risk estimates previously developed for
occupational illnesses, something that annual injury rates cannot be used for.
Though a WLTR estimate can be calculated whenever a rate is calculated, to
be meaningful, the WLTR estimate should be calculated for a specific cause
of injury for a specific population. For example, it is appropriate to compare
electrocution among carpenters with lung cancer among uranium miners, but
it is not appropriate to compare all fatal injuries among carpenters to lung
cancer among miners. Therefore, WLTR estimates were not provided for
univariate variables, such as age, occupation, state, and cause of death.

CONCLUSIONS

Although construction has experienced a decline in its fatal-injury rate
since 1980, it remains one of the most dangerous industries in the United
States: on average, 2.6 construction workers were killed from on-the-job injury
every day in the United States during the years of 1990 to 1994. The severity
of the fatal-injury problem in this industry is clearly described in the National
Occupational Research Agenda (NORA) document (NIOSH, 1996). The NORA
document calls for moving the Nation’s research effort from the broad gen-
eralities of national burden of disease and injury, to the specifics of targeted-
intervention programs. The findings of this paper support the call for tar-
geted, specific research by defining fatal-injury risk for specific occupations
and causes of death within the high-risk construction industry, identifying
differences in state-specific construction-injury rates, and demonstrating vari-
ability in fatal-injury risks and patterns of fatal injury across occupations within
the construction industry. The study’s results indicate where improvements in
working practices and environments in the construction industry are urgently
needed and can be used to tailor occupation-specific injury prevention pro-
grams.
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