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This study was undertaken as part of an overall pro-
gram to reduce the use of hazardous materials aboard
ship. The objective of this study was to identify the
morbidity and mortality among Navy enlisted person-
nel resulting from exposures to these materials. All
hospitalizations and deaths occurring as a result of ex-
posures to these compounds were examined with re-
spect to duty station, age, race, sex, length of service,
and ship type. A total of 1,371 hospitalizations and
136 deaths occurred in U.S. Navy enlisted personnel
from January 1, 1974 to December 31, 1985. Expo-
sures to various gas fumes and vapors accounted for
the largest percentage of all hospitalizations (38%), and
the second largest percentage of deaths (20.6%). The
most frequent cause of death was from carbon monox-
ide poisoning, nearly 74% of all reported deaths were
attributed to this gas. Hospitalization rates were high-
est among the 17 to 19 -year olds across all race cate-
gories. The Navy occupations showing the highest
risk for various exposures to hazardous materials were
Utilitiesman, Hull Maintenance Technicians, and Boat-
swain's Mate.

he Occupational Safety and Health (OSH) Act of

1970 requires all employers to maintain a safe and
healthful work environment for their employees. OP-
NAVINST 5100.23B for forces afloat and OPNA-
VINST 5100.19B for forces ashore implements the
Navy's OSH program which places emphasis on the
abatement of hazardous materials. The Navy is cur-
rently developing a program (NAVSUPINST
5100.27) to reduce the quantity and toxicity of hazard-
ous materials (HM) now in use (1). The Naval Sea
Systems Command Ship Design and Engineering
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Directorate (NAVSEA 05) has initiated a plan to meet
this objective. The purpose of this program is to iden-
tify HM of high risk to personnel, and substitute safer
materials whenever possible.

Hospitalizations and deaths, as well as administra-
tive actions resulting from Medical and Physical Evalu-
ation Boards that are related to exposure to HM, can be
determined from Medical and Service History files
maintained at the Naval Health Research Center
(NHRC). Although specific data on the compounds
which caused the injuries incurred is not contained on
our Medical files, there is information on the type of
hazardous materials by general category of com-
pounds, such as petroleum products, industrial sol-
vents, gas fumes or vapors etc. In addition, potential
risk factors can be examined using information on duty
station, age, race, sex, length of service, occupation,
and ship type derived from our Service History files.

The objective of this study is to use the NHRC
Medical and Service History files to identify the mor-
bidity and mortality experiences among Navy enlisted
personnel which have resulted from exposure to haz-
ardous materials. To the degree that the population at
risk and the nature of hazardous exposures can be
identified, strategies for reducing the health hazards as-
sociated with these materials can be developed.

Methods

The numerator data for illness rates is drawn from
the computerized Inpatient Follow-up Data System
containing all hospitalizations, deaths, and Medical and
Physical Evaluation Board findings for all active duty
enlisted personnel for the period 1965 to 1985. This
file is maintained at NHRC and has been generated
from data provided annually by the Naval Medical Data
Services Center in Bethesda, Maryland. Population
data is compiled from files supplied by the Naval Mili-
tary Personnel Command (NMPC) four times each
year. NHRC receives these files from NMPC to gen-
erate population counts by demographic characteristics,
occupation, and service history variables. For this in-
vestigation medical and service history data were ex-
tracted for the period 1974 to 1985.



Shown in Table 1 are ghose NHRC diagnostic
codes for toxic exposures, along with their equival-
ent International Classification of Diseases, Ninth
Revision (ICD-9) codes (3). Cases included all en-
listed personnel who were hospitalized or who died
as a result of their exposures to any of these materi-
als during the period January 1, 1974 to December
31, 1985. A total of 1,371 hospitalizations were
identified from our inpatient medical history files
during this 12-year period. Age-specific and age-
adjusted hospitalization rates for all enlisted active-
duty navy personnel (5,029,368 person-years),
were calculated and compared to the total navy popu-
lation. Standardized Morbidity Ratios (SMRs) along
with 95% confidence limits were calculated for all
navy occupations having at least one reported case of
a hospitalization or death resulting from exposure to
these materials. Age-adjustment was done using the
indirect method, a technique selected because the
number of cases in some categories were not suffi-
cient enough to provide the stability of rates appro-
priate for the use of direct age-adjustment (4). Age-
adjusted rates were computed in order to remove the
effect of any age differences among the various
groups being compared. Ninety-five percent confi-
dence limits were calculated assuming the Poisson
distribution which is often used to model the occur-
rence of rare events (5). In this study the occurrence
of a hospitalization due to an exposure to a hazard-
ous material was considered a rare event.

Results

Hospitalization rates per 10,000 person-years
from exposures to hazardous materials occurring
from 1974 to 1985 are shown in Table 2 by year
and sex. There has been a similar pattern in ‘males
and females over this 12-year time period. Hospi-
talization rates for males range from a high of 4.0
per 10,000 person-years in 1977 to a low of 1.6 in
1984. Females also show their highest rate of 5.8
in 1977 and their lowest rate of 0.5 in 1984. A total
of 1,301 hospitalizations occurred in males during
this 12-year period for an average annual rate of 2.6
per 10,000 person-years at risk. Females were hos-
pitalized 70 times during this same period for an av-
erage annual rate of 2.1

Age and race-specific average annual hospitaliza-
tion rates for males are shown in Table 3. The age
group at highest risk is the 17-19 year old for all
race categories. The race category showing the
highest rate for this age group is "Other," (12.4 per
10,000 person-years), which includes American In-
dian, Filipino, and Oriental, followed by a rate of
4.0 for Whites, and a rate of 2.5 for Blacks. There
appears to be a general downward trend in hospitali-
zation rates with respect to age across all race cate-
gories. The overall average annual hospitalization
rate is 6.5 for "Other," 2.6 for Whites, and 1.7 for
Blacks. Table 4 shows a similar finding for females

Table 1

Internationa Classification of Diseases, 9th Revision (ICD-9) and Naval Health Research Center (NHRC)

diagnostic codes for toxic exposures

Diagnoses

Toxic effect petroleum products
Toxic effect industrial solvents

Toxic effect corrosive aromatic-acid, caustic alkaloids
Toxic effect of lead and its compounds, including fumes

Toxic effects other metal non-medicinal
Toxic effect other metals

Toxic effect arsenic, antimony, and their compounds

Toxic effect from simple organic substances
Toxic effect of mercury and its compounds

Toxic effect of lead and its compounds, not including fumes

Toxic effect of carbon monoxide

Toxic effect of other gas fumes or vapors
Toxic effect of noxious foodstuff

Toxic effect of substances non-medicinal
Toxic effect of economic poisons

ICD-9 NHRC codes
981 921
982 922
983 923
984 924
985 925
- - 926
- - 927
- - 928
- - 929
- - 930
986 931
987 932
988 933
989 934
- - 936




Table 2

Hospitalization rates per 10,000 person-years as a result of exposures to hazardous materials, by year and
sex, Navy active-duty enlisted personnel, 1974-85

Population Number of Hospitalization
at risk hospitalizations rates
Year Male Female Male Female Male Females
1974 463,901 12,992 148 1 3.2 0.8
1975 429,384 16,895 126 3 3.0 1.8
1976 413,326 18,703 127 5 3.2 2.7
1977 408,792 18,856 153 11 4.0 5.8
1978 409,121 20,013 123 3 3.1 1.5
1979 404,662 23,341 109 7 2.9 3.0
1980 402,083 28,206 67 8 1.9 2.8
1981 408,510 32,474 84 9 2.3 2.8
1982 414,606 35,992 96 9 2.5 2.5
1983 425,377 38,913 101 8 2.6 2.1
1984 430,492 40,562 65 2 1.6 0.5
1985 419,114 42,792 102 4 2.4 0.9
Total 5,029,368 329,739 1,301 70 2.6 2.1
Table 3

Average-annual hospitalization rates per 10,000 person-years as a result of exposures to hazardous materials,
by age and race, Navy active-duty enlisted male personnel, 1974-85

White Black Other
Age Population Population Population
group at ris Rate at risk Rate at risk Rate
17-19 745,916 4.0 89,067 2.5 4,023 12.4
20-24 1,925,484 2.8 263,845 1.7 17,375 10.4
25-29 758,680 2.2 107,872 1.6 15,379 3.2
30-34 482,648 1.3 48,749 1.4 10,047 3.0
35-39 373,621 1.7 31,118 1.3 7,825 6.4
40-44 107,434 1.3 10,343 0.0 3,928 7.6
45-49 28,368 2.1 2,409 0.0 1,062 0.0
50-61 9,106 0.0 358 0.0 128 0.0
Total 4,431,257 2.6 553,761 1.7% 59,767 6.57

* Significantly lower than the total U.S. Navy rate of 2.6 per 10,000 person-years at risk in male cnlisted personnel
1 Significantly higher than the total U.S. Navy rate of 2.6 per 10,000 person-years at risk in male enlisted personnel
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with race "Other" showing the highest rate of 3.8,
followed by a rate of 2.2 for Whites, and a rate of
1.4 in Blacks.

Although a large part of the data concerning route
of exposure is missing on our Medical History Files
(39.5%), it is clear from Table 5 that poisoning by
inhalation was responsible for the largest number of
reported cases, 32.7%. Poisoning by ingestion ac-
counted for 26.5% of the cases, and poisoning by
contact accounted for only 1.3%, nearly 40% of the
cases had "other" or missing data.

Frequency and percent distribution of hospitali-
zations as a result of exposures to HMs by place of
injury is shown in Table 6. Onshore at unspecified
sites accounted for the majority of cases, 58.1%,
aboard ships represented 19.8%, and home quarters
or on-base accounted for 12.5%. The remaining
cases occurred at airfields, industrial plants, dock fa-
cilities, aboard aircraft, and 4.8% of the cases oc-
curred at unknown locations.

Looking at hospitalization rates by three general
categories of ships, show Carriers to have the high-
est rate of 1.6 per 10,000 person-years, followed

by Submarines with a rate of 1.3, and other Surface
Ships with the lowest rate of 1.1 (Table 7). The to-
tal hospitalization rate for exposure to HMs while
occurring aboard ships of all types was 1.2 com-
pared with 3.6 for exposures occurring onshore; this
difference was statistically significant (p<.001).

The most common category of compounds re-
sponsible for the largest number of hospitalizations
is gas fumes or vapors which are responsible for ap-
proximately 36% of all hospitalizations (Table 8).
This category includes gas fumes or vapors such as
liquefied petroleum gases, other hydrocarbon gases
(acetylene, methane, etc.), nitrogen and sulfur diox-
ide, freons etc. Not included are lead or carbon
monoxide which each have their own ICD-9 and
NHRC codes. The second most common cause is
substances non-medicinal 30.2%, which would in-
clude materials like cyanide, hydrocyanic acid, and
brucine, and third is carbon monoxide with 10.9%.

Shown in Table 9 is the percent distribution of
hospitalizations as a result of exposures to HMs
which occurred either aboard ships or at "other" lo-
cations". Of the 272 hospitalizations occurring

Table 4

Average-annual hospitalization rates per 10,000 person-years as a result of exposures to hazardous materials,

female enlisted Navy personnel, 1975-85

Population No. of Hospitalization

_Females —atrisk _cases __rate
White 276,406 62 2.2
Black 50,739 7 1.4
Other 2,597 1 3.8
Total 329,742 70 2.1

Table §

Frequency and percent distribution of hospitalization as a result of exposures to hazardous materials, by route
of exposure, Navy active-dute enlisted personnel, 1975-85

Route of exposure Erequency LPercent
Poisoning by inhalation 448 32.7
Poisoning by ingestion 363 26.5
Poisoning by contact 18 1.3
Other or missing 542 39.5
Total 1,371 100.0



i Table 6

Frequency and percent distribution of hospitalization as a result of exposures to hazardous materials, by place
of injury, Navy active-duty enlisted personnel, 1975-85

Place of injury Frequency Percent
Onshore unspecified 797 58.1
Aboard ship 272 19.8
Home quarters or base 172 12.5
Onshore airfield 20 1.5
Industrial plant 19 1.4
Onshore dock facility 18 1.3
Onboard aircraft 7 0.5
Unknown 66 4.8

Total 1,371 100.0

Table 7

Hospitalization rates per 10,000 person-years as a result of exposures to hazardous materials, by ship type,

Navy active-duty enlisted male personnel, 1975-85

No. of Population Hospitalization

Ship type hospitalizations atris rate

Carriers 66 423,216 1.6

Submarines 32 241,137 1.3

Other surface ships 168 1,502,792 1.1
Shipboard* 266 2,167,145 1.2
Shore¥} 1035 2,862,223 3.6
Total 1,301 5,029,368 2.6

*Significantly lower than the total U.S. Navy rate of 2.6 per 10,000 person-years at risk in male enlisted personnel
tSignificantly higher than the total U.S. Navy rate of 2.6 per 10,000 person-years at risk in male enlisted personnel

while aboard ship, 70.2% were a result of expo-
sures to gas fumes or vapors, 14.3% for substances
non-medicinal, and 5.1% for industrial solvents. At
"other locations," only 27.3% of the hospitalizations
were attributed to gas fumes or vapors, while sub-
stances non-medicinal represented the largest pro-
portion of cases with 34.1%, and carbon monoxide
third with 12.6%. Thirteen persons died as a result
of their exposures to these materials while aboard
ship, and 123 fatalities were reported to have oc-
curred at "other locations".

Table 10 summarizes the categories of hazardous
materials responsible for the largest number of hos-
pitalizations which occurred either on Carriers, Sub-

marines, or other Surface Ships. Gas fumes or va-
pors accounted for the largest number of cases
across all three groups of ships, followed by sub-
stances non-medicinal.

Percent distribution of hospitalization and death
as a result of exposures to HMs is shown in Table
11. Carbon monoxide was responsible for 73.5%
of all deaths reported, but only 4.3% of the hospital-
izations. The second most common cause of death
was a result of exposure to gas fumes or vapors
which accounted for 20.6%, then substances non-
medicinal 3.7%, and lastly, industrial solvents were
responsible for 2.2%. Percent distribution of deaths
occurring while aboard ships show that gas fumes






