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1 Introduction
1.1 Overview

An individual may receive ionizing radiation from multiple sources in
his daily living including natural background radiation, medical uses, energy
sources and occupational exposures. An individual’s exposures vary widely.
The average annual effective dose equivalent exposure per capita in the U.S.
is 3.6 millisieverts (mSv)/year or 360 mrem/year. Eighty-two percent of this
exposure arises from national sources and two-thirds of this radiation is due
to radon. (BEIR'V, 1990). Those individuals employed in industries where
there is a potential exposure to radiation generally receive an average annual
dose equivalent about equal to that of the current estimated exposures of the
general population. However, only ha]f‘of the workers in these industries
have measurable exposure levels. Therefore, for this small group among the
general U.S. population, the average annual dose equivalent is three times
that of the average individual whereas for all monitored workers in industries
with potential occupational exposures, their dose represents only a doubling
of that of the U.S. average dose equivalent. Therefore, among occupational
groups who generally have low radiation dose equivalents (DEs) on the job
under current radiation control measures, other sources of radiation represent
an important part of the total radiation exposure incurred. However, studying
health effects of radiation exposure in an occupational group which has a
carefully measured radiation DE and for whom an appropriate control group can
be identified for comparison could add important information on the health
effects of continuous exposure to low levels of radiation. The shipyard
workers involved in overhaul of nuclear propulsion plants appear to be such a

population.

Workers in U.S. shipyards involved in the overhaul of nuclear-powered
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vessels may receive exposure to ionizing radiation in addition to exposure to
other potentially hazardous agents associated with their trades. Several
years ago, concern was raised about the risk to these workers from radiation
exposure in a limited study of deaths among the Portsmouth, New Hampshire
shipyard workers (Najarian, 1978). At about the same time, Caldwell reported
an apparent excess of leukemia among U.S. military veterans who had been
involved in nuclear weapon testing (Caldwell, 1980). Both the shipyard
workers and the veterans had had exposure to very low radiation doses. Since
that time, a continued follow-up of the original veteran population plus
similar cohort studies of all of the 50,000 veterans who had participated in
atmospheric tests of nuclear weapons in the 1950s have indicated that only the
group of veterans at the Smoky test site who were identified originally as
having a risk of leukemia have continued to show an excess of leukemia deaths.
These results led a review panel to conclude that, for all nuclear weapons
test participants, there is no indication of an increased risk of leukemia
from exposure to radiation at the levels recorded in these tests (Robinette,
1985). A subsequent cohort study of all shipyard workers at Portsmouth did
not confirm the original observation that Teukemia was associated with higher
exposures to radiation (Rinsky, 1981). However, the concern of scientists as
well as the public in trying to better define the upper and lower bounds of
risk associated with radiation exposure remains. In an effort to address
these concerns, this study of nuclear shipyard workers was carried out.

The method of exposure of the majority of the shipyard population is
somewhat different from that of other occupational groups. Shipyard work does

not necessarily require routine occupational exposure to ionizing radiation as
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part of the job as is the case for many of the occupational radiation worker
cohorts. In the sﬁipyard setting, a worker qualified to receive occupational
radiation exposure carries out his usual trade’with all its concomitant non-
radiological exposures and occasionally is assigned to work where radiation
exposure can take place. The worker is exposed to potential radiation from
corrosion products of the reactor plant with the primary constituent being
cobalt-60. Thus, these shipyard workers are exposed to the usual substances
associated with trades in the construction or manufacturing industry while
also receiving intermittent occupational exposure to low-level gamma
radiation. The shipyard workers not qualified for radiation work receive the
same non-radiological exposures without the radiation exposure and thus
comprise a "control population" against which risks of radiation exposure may
be assessed. In other populations, exposure to radiation may be closely tied
to the other work-related exposures so that risks associated with radiation
may not be evaluated independently of risks associafed with other work
materials such as chemicals.

The Nuclear Shipyard Workers Study (NSWS) was designed to determine
whether there is an excess risk of leukemia or other cancers associated with
exposure to low levels of gamma radiation. The study compares the mortality
experience of shipyard workers who qualified to work in radiation areas to the
mortality of similar workers who hold the same types of jobs but who are not
authorized to work in radiation areas. The population consists of workers
from six government and two private shipyards:

» Charleston Naval Shipyard, Charleston, South Carolina;

« General Dynamics Corporation, Electric Boat Division, Groton,
Connecticut;
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+ Mare Island Naval Shipyard, Vallejo, California;

+ Newport News Shipbuilding and Drydock Company, Newport News,
Virginia;

« Norfolk Naval Shipyard, Norfolk, Virginia;

« Pearl Harbor Naval Shipyard, Pearl Harbor, Hawaii;

+ Portsmouth Naval Shipyard, Portsmouth, New Hampshire;

+ Puget Sound Naval Shipyard, Bremerton, Washington
Data were gathered from personnel and radiation dosimetry records as well as
from various sources of industrial hygiene information. The mortality of
workers was ascertained from the beginning of overhaul of nuclear powered
ships in each yard (1957-1967) through December 31, 1981.

The study of workers at these shipyards has a unique characteristic
compared to many large occupational studies with combined industrial settings
because relatively standardized procedures for monitoring the exposure of
interest have been used across all eight shipyards. In fact, the Naval
Nuclear Propulsion Program (NNPP) was charged with oversight of the radiation
programs in all yards. The NNPP established, approved and inspected the
shipyards to ensure that uniform standards for radiation protection were met
at all facilities. The six Navy yards had very similar procedures for
monitoring and recording radiation exposures. The two private yards had
developed somewhat different procedures for collecting and recording radiation
data, but the differences were identified and resolved so that the data from
each yard could be combined into a single database for analysis. The non-
exposed population was over three times larger than the exposed group so there
were adequate numbers among the non-exposed groups for internal comparisons of

the effect of radiation. Thus, in terms of standardized collection of
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radiation exposur: data and size of the population, this group of workers is

an important resource for the study of low dose radiation effects.

The original population of shipyard workers was identified by filming
and abstracting every record from each shipyard’s personnel files. Other
records were filmed and abstracted to assure the completeness of the database.
The total number of personnel represented by these records is almost 700,000
as shown in Table 1.1.A; however, many of the non-nuclear workers in the
population did not work during the period when nuclear overhauls were done.
These "workers" were not considered to be comparable to nuclear workers and
were excluded from the database. Other exclusions from the original database
included females, males who worked less than a year, cont:actors who did not
have a personnel record, military and individuals who did not have sufficient
identifying data in their record to allow matching to the national automated
death record systems. Individuals who were in the original radiation computer
files received from the yards, but who had no microfilmed personnel file
records because of transcription errors in identification numbers, missed
records, or other reasons, were excluded from the current analysis. Many of
these individuals were probably contractors or military. However, these
workers have been followed on an individual basis for vital status so that
they may be included in any future analyses.

Initially, the study was to include all nuclear and non-nuclear workers
employed at any time in each yard during the period of overhaul. The start

period of the study differed for each yard because the beginning of overhaul

varied by yard from 1957 to 1967. In order to make the most efficient use of
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money and time, the study design was subsequently modified to include all
workers with a working lifetime cumulated DE of 0.5 rem or more by January 1,
1982, a 25 percent sample of nuclear workers who had less than 0.5 rem
cumulated DE by January 1, 1982, and a planned sample of non;nuc]ear workers
such that the ratio of non-nuclear to > 0.5 rem nuclear workers was to be
approximately 3:2. The three sample groups are denoted by NW,0.55 NW g 5s and
NNW, respectively. The last two samples were selected to be comparable to the
total population of >0.5 rem nuclear workers in regard to the following
variables: shipyard, birth year, hire year, job hazard index, and interval
from start of employment to start of nuclear work or a pseudo interval used
for non-nuclear workers. The workers whose DE was less than 0.5 rem and the
non-nuclear workers were selected to be comparable to the NW,; 5 group, but the
samples were not individually matched on the five stratification variables.
The sampling closely achieved the proposed goal, with the exception of only a
few strata which were difficult to fill. Hence, the exact planned sampling
ratio (3:2) was not achieved. .

The personnel files did not identify the race of workers. Therefore,
race could not be taken into account when sampling the populations. However,
the nuclear workers and the personnel from many of the shipyards were
predominantly white. For all current analysis the population was treated as
if they were white males. This assumption would result in incorrect estimates
of risk when the mortality from specific diseases differed by race and when an
external population was used as a comparison. Internal comparisons would have
errors if nuclear and non-nuclear workers in the sample were not balanced in

racial distribution. However, comparisons between exposure groups should
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present no problem because the racial balance must be equal since the nuclear
workers represent a single population.

The power of the current study sample with radiation DEs cumulated
through 1981 and follow-up through December 31, 1981 is limited, if the risk
as estimated in the BEIR III report is correct. The power calculations used
an extension of the Mantel-Haenszel Chi-square (X?) test to detect a dose-
related trend in death rates using internal comparisons. The procedures used
were those suggested by Gilbert (Gilbert, 1983). Twelve DE groups were used
and the DE was lagged by two years for leukemia and lymphoma and five years
for lung cancer. The risk of death during follow-up was compared to 1970 U.S.
white male lifetable probabilities. ‘

Power calculations showed that this study sample of almost 30,000
nuclear workers with DEs of 0.5 rem or more and over 350,000 person-years
follow-up through 1981 could be expected to have a 78 percent chance of
finding a risk of leukemia from radiation, if the risks were as large as five
times the linear model estimates in BEIR III (see Section 4.3).

Since this population included workers employed in both Navy and private
shipyards, follow-up for vital status required searches through multiple
record systems. The sources included the Social Security Administration, the
Civil Service Retired and Active, Health Care Financing Administration,
National Death Index, Veterans Administration, and shipyard personnel records.

Information on incremental annual DEs and on cumulated DEs of
individuals was provided on computer tape for all but one yard. The shipyard
study personnel constructed annual DEs for each worker from original records

for that yard so that all yards would have similar radiation information
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available for all workers.

During the study, information was collected regarding the procedures
used to determine an individual’s radiation exposure and the methods and
accuracy of record-keeping. It was essential that the investigators not only
were certain about the high quality of the information on DEs but also
understood the potential impact of measurement errors. To that end, extensive
data on radiation DEs and quality tests have been gathered.

Data from the Portsmouth Naval Shipyard report (Murray, 1982; Murray,
1983), as well as discussions with the Navy, and other data (Naval Sea Systems
Command Reports) indicated that these DEs are primarily from the decay of
cobalt-60, which emits two gamma rays of 1.17 and 1.33 MeV which are
adequately measured by film badge or thermoluminescent dosimeter (TLD). Since
the quality factor (QF) for radiation of this type and of this energy is one,
the dose in rads and the DE in rem are numerically equal, i.e. DE{rem) =
Dose(rads) x QF. Before 1973, the film badges were used as a direct measure
of exposure and an estimate of the DE. From 1973 to 1976, the yards converted
to use of TLD. By 1976, all yards were using TLD. Measurements were recorded
monthly in all yards when film badges were used; when TLDs were used, daily
measurements were recorded for workers in the Naval shipyards, and weekly
measurements in one and monthly measurements in the other of the two private
yards.

Several steps were undertaken to check the quality of the radiation
data. Annual DEs were added sequentially and matched against the reported
cumulated DE for each year. The yards were notified about discrepancies, and

the records were returned to them for corrections or explanations regarding
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the differences. The discrepancies often resulted from DEs incorrectly
assigned to an individual by incorrectly matched identification numbers or
were the result of temporarily assigned DEs which were later corrected. The
shipyards have adopted the policy of assigning a maximum allowable DE to
anyone who received radiation at another site during any period in which the
exact dose is not known. For this reason, all suspiciously high annual and
cumulative DEs were reviewed to determine what proportion of these values
represented assigned amounts.

The second method of checking the accuracy of the DE was to abstract the
quarterly DEs recorded for stratified samples of workers’ medical records from
two of the yards. The radiation DEs as recorded on the radiation file were
found to be virtually identical to those recorded in medical records. Similar
accuracy of record-keeping for radiation doses was reported by Rinsky, et al
regarding the data from the Portsmouth Navy yard (Rinsky, 1981).

The evaluation of whether there is complete identification of the
radiation exposed workers included on the shipyard radiation tapesAhas been
accomplished in several ways. First, the shipyards have provided new
radiation tapes with cumulative DEs for each worker for each successive year
from 1980 through 1986. Tapes for 1979 were provided by some yards. Each
tape provided for 1979 through 1982 has been checked to be sure that no
deletions of radiation workers have occurred. Virtually all eligible workers
who were on the original 1979 radiation tape have remained on all subsequent
tapes. This suggests that the first 1979 tape was probably also complete if

the record-keeping in the past was as good as in the current period.

Secondly, information from the 5 Rem Study being conducted by Oak Ridge
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Associated Universities was shared with Nuclear Shipyard Workers Study. The
Oak Ridge study team, using other resources than the radiation tapes, had
identified 1,043 shipyard workers who had received 5 rem or more in a single
year in the seven yards for which the study team had gathered complete
radiation data at the time of the analysis. The data for this study derives
from the years before 1967 where exposures in excess of 5 rem in a year were
permitted up to 12 rem subject to an accumulated 5(N-18)rem, where N is a
person’s age. In 1967, the Navy reduced the annual limit to 5 rem. The
radiation file records received by NSWS staff were checked to confirm
identification of individuals and verification of their annual DEs. This
procedure could uncover incorrect yearly DEs. »The discrepancies indicated
that some measured exposure may have been missed in 1.6 percent of NSWS
population. However, only two (0.2%) workers would have been missed.

The final source of identification was a questionnaire which was sent to
recent workers at two yards. In the first yard, six percent of the workers
said they wore a badge when the radiation file contained no record of the
individual. The accuracy of the answers of these workers was verified by
telephone interview. Surprisingly, two percent of the workers Tisted as
nuclear workers on the radiation tapes claimed that they had not worn a film
badge or TLD. The initial responses were confirmed by a second telephone
call. The investigation of the reasons for the incorrect classification of
nuclear workers is not complete for both yards at this time. Most of the
discrepancies (52%) arise because the workers were qualified for nuclear work
after the closing date for the study’s cumulative radiation records. Some

individuals may actually have worn a badge in another shipyard or in the

10
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military. Of the 50 records which were reviewed for individuals claiming they
were nuclear workers even though their names were not on the radiation tapes,
only 3 workers had received a badge usually on a temporary assignment while at
the shipyard. If these findings hold for all workers reporting, then oﬁ]y 0.1
percent of workers potentially exposed to radiation could have been missed and
two-thirds of those omitted were only badged temporarily for a special
assignment (Section 2.7). '

The nuclear workers in this population were exposed to low DEs of
radiation. Concern was expressed by members of the study’s Technical Advisory
Panel that especially individuals with DEs of less than 0.5 rem, and possibly
even those with higher DEs, may have accumulated their cumulated DE through a
series of non-existent radiation exposures, because of the possible procedure
of assigning a minimum level at the threshold of the badge detection out of
concern for the safety of the workers. The Radiation Dosimetry Advisory
Committee (RDAC) suggested that one could propose the opposite argument, that
repeated low DEs could be missed in the measured dose because of confusion
with background radiation. Thus, individuals may be read as having no
exposure when they were exposed. The problem of the error in DEs which may
result from repeated exposures within the lowest range of sensitivity of the
instrument is an issue for low dose exposure to any agent. The distribution
of these very low measurements in individuals in this population will be
discussed further in Section 2.7.

In summary, this report describes the establishment of a population of
shipyard workers who have been exposed to low levels of gamma radiation as an

incidental exposure while engaged in the overhaul of nuclear propulsion
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systems in Navy ships. Similar control populations have been selected with
the objective of comparing the mortality experience of these nuclear and non-
nuclear workers. During the period of this study, an extensive review of the
accuracy and completeness of the radiation files has been undertaken. Limited
data have been collected regarding potential confounding variables in the
population. Methods of evaluating other industrial exposures have been
developed. These steps will be described in the following sections. The
initial analysis of the mortality of nuclear and non-nuclear workers will be

presented.

12
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Table 1.1.A Derivation of and Notation for Study Sampling Frame and Samp]es for the
Three Major Comparison Groups:

(1) Nuclear Program Shipyard Workers with >0.5 rem Cumulative Exposure
as of 1-1-82 (NW,, .

(2) Nuclear Program 3 %1pyard Workers with <0.5 rem Cumulative Exposure
as of 1-1-82 (NW )

(3) Non-Nuclear Shlpyard Workers (NNW)

Nuclear Program Workers

Total Cumulative Exposure Non-Nuclear
Nuclear (1-1-82) __Workers
Workers >0.5 rem <0.5 rem
No. % No. % No. % No. %
Total in 106,851 100% 35,079 100% 71,772 100% 692,612" 100%
Database ‘
Exclusions 29,342 27% 7,019 20% 22,323 31% 574,8942 83%
Sampling Frame 77,509 73% 28,060 80% 49,449 69% 117,718 17%
(8 yards)
Sample Size 38,522 50% 28,060 100% 10,462 21% 33,353 28%
(notation) (NW) (Nwzo_s) (NW 5) (NNW)

' The beginning total in the database used to define non-nuclear includes the entire

shipyard population at the time of microfilming -- both nuclear program workers and
non-nuclear program workers.

2 0f the 574,894 records excluded, 404,700 (70%) were for workers that did not work
during the nuclear overhaul time period or worked less than a year.

13
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A pilot study entitled "Study of Feasibility of Detecting Effects of Low-Dose Radiation
in Shipyard Workers" (DOE Report No. DOE/AV/04992, Contract No. DE-AC02-78EV04992) was
completed in August, 1978, prior to initiation of the full scale Nuclear Shipyard Workers
Study.

At the time the pilot study was conducted, 1ittle information was available on the
chronic health effects from repeated exposures to low levels of radiation. The pilot
study examined the adequacy of documentation and the probable accuracy of radiation DEs in
shipyard workers, the control procedures used in the radiation control programs, and the
feasibility of establishing an appropriate population of nuclear and non-nuclear shipyard
workers for long-term studies of low level radiation.

The availability of records and information systems for population identification and
the adequacy of radiation dose were evaluated during initial visits to the yards.
Personnel, industrial hygiene, radiation and medical records were examined for study
suitability, completeness and accuracy. It was necessary to assure that no significant
errors or omissions in personnel and radiation records existed in order for the final data
to have validity. All of this review indicated a very well managed record-keeping system.
The radiation control program provided careful monitoring of potential individual
exposures to radiation. There is also a careful program of radiation monitoring using
surveys and area monitoring equipment. Therefore a study of these populations was
considered to have a high probability of yielding important and accurate information on
the lTong-term effects of low dose radiation.

Preliminary investigations of the methods of follow-up in the Portsmouth population and
the time required for each procedure were also completed under the feasibility study in
order to have a better estimate of the total cost for a long-term study. A copy of the

final report for the pilot study may be found in Appendix 4 of this report.

14




=====se= =s==========zz=z==z==== ==== nuclear shipyard workers study ==

2 Methods

2.1 Sources of Data

The primary task in the study was to derive from the total database which
includes personnel records, radiation records, and other records, a suitable population
for study and then to se}ect appropriate groups for comparison. The objective was to
treat each worker in the database as similarly as possible despite differing sources of
information for some groups and to limit the workers in the study population to those of
interest (male, civilian workers employed at least one year during overhaul in the
shipyards). Before populations and samples could be defined and collected, appropriate
computerized databases had to be constructed from available records.

A personnel database {Per DB) was constructed by microfilming employment
records in each of the eight shipyards. These microfilmed records were the primary source
of information on the total set of workers at any given yard. A total of 728 reels (2,000
frames per reel) of microfilmed record§ on 692,612 workers have been collected, cataloged
and processed into the Per DB.

Table 2.1.A shows the number of workers whose records were microfilmed and the
time periods of employment which were covered. The table shows that personnel records
from periods prior to nuclear overhaul were microfilmed. Physical arrangement of the
paper based personnel files made it impossible to reliably restrict microfilming to the
subset of workers employed since overhaul began in a yard. |

A database, representing a total of 107,976 records of presumed nuclear
workers from all eight shipyards, (Nuc DB) was also constructed (see Table 2.1.A). (The
initial database included duplicate radiation records on the same individual within the
same yard which were immediately corrected.) Construction of this database started with
the computerized files of nuclear workers that were made available by the six Navy Yards.

At the time that nuclear overhauls began in each of the Navy Yards, they had a requirement

15
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to report to the Bureau of Medicine and Surgery the radiation exposure of any personnel
occupationally exposed to ionizing radiation at least annually. When an individual that
had been occupationally exposed during a calendar year left the Shipyard, this information
was reported at the end of the month in which they left. These were called "situational
reports." Additionally, all personnel still employed on December 31 that had received
occupational exposure to ionizing radiation were reported in January of the following year
with their radiation exposure information. These were called "annual reports". Each
Shipyard retained copies of their situational reports (12 for each year) and their annual
reports. In 1979 the Shipyards’ standard computerized exposure information program was
changed to include a historical file which created a computer record for any individual
that was ever occupationally exposed at that facility with personal identifying
information and appropriate exposure information for each year in which they were
monitored for radiation exposure. When this program became available, each Shipyard
manually input the information from the beginning of their nuclear work using the
situational and annual reports as source document. Since this initial "batch" update of
the file, the historical file had been automatically updated by the computerized exposure
records system used by all Navy Shipyards. This historical file has been reproduced onto
magnetic tape and provided to [Johns Hopkins], with annual updates. This is referred to
by the study group as the "Shipyard Radiation Tapes".

The private Groton Yard provided a computerized file, but in a different
format from those provided by the Navy yards. Appropriate software was developed to make
these data consistent with the Navy format. The private Newport News Shipbuilding and
Drydock Company did not have complete historical computerized records of all nuclear
workers who had radiation exposure at any time during the overhaul period. A1l paper-

based records related to nuclear workers at the shipyard were microfilmed, and a nuclear
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workers’ database for that yard was constructed by the study - :am.

Construction of these two databases and determination of the vital status of
the workers required acquisition, decoding, and processing of numerous computer files from
many different sources. A major problem due to the inclusion of data from so many sources
was development of methods for correctly linking records and for identifying and
eliminating duplicate records. Often information from different sources about a given
worker was inconsistent. In these cases, extensive investigations were required to
resolve the discrepancies.

These two databases, Per DB and Nuc DB, were the primary data sources for the
study and represented the starting point for study population definition and the sampling

procedures described in Sections 2.2 and 2.3.
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Table 2.1.A Number of Workers in the Personnel (Per DB) and Nuclear Workers
(Nuc DB) Databases by Time Periods Covered

Total Year

Total Nuclear Time period of Nuclear

Workers Workers Microfilmed Overhaul
Shipyard in Per DB in Nuc DB Personnel Records Began
Charleston 86,150 6,551 1946 - 1979 1963
Groton 93,986 25,777 1955 - 1979 1957
Mare Island 66,734 12,768 1958 - 1979 1962
Newport News 205,516 26,219 1920 - 1980 1964
Norfolk 122,657 7,901 1936 - 1978 1965
Pearl Harbor 26,081 6,419 1950 - 1980 1962
Portsmouth 40,533 11,138 | 1954 - 1977 1959
Puget Sound 50,955 11,203 1953 - 1979 1967
Total 692,612 107,976

18
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The study population for evaluation of radiation effects had to be
selected from the total database of computerized personnel, radiation and
other records. As indicated in Section 1.1, several revisions to the study
design occurred as the project progressed throughout which the scientific
integrity of the study was maintained. The final design, arrived at in
consultation with the Technical Advisory Panel in July, 1983, set a general
policy of limiting data collection and analysis to the following groups of
workers in the eight nuclear shipyards:

» NNW - A stratified sample of non-nuclear (as of 12/31/1981)
shipyard workers about equal in size to the NW,; ; sampie (a
sefection ratio of 3:2 was chosen in order to arrive at the
final sample);

* NWys - A 25 percent stratified sample of nuclear workers with a
cumulative DE >0.5 rem as of 12/31/1981;

* NW,gs - A1l nuclear workers with a cumulative DE 20.5 as of
12/31/1981.

(The final sample as shown in Table 1.1.A is close to the ratios defined

in the design. Some strata were limited in size.)

The stratification made the three sémp]e groups, NNW, NW g, and NW,, s,

comparable with respect to five factors:
» Shipyard of employment;
« Age;
+ Year of entry into shipyard work;
e Pre-nuclear lag (i.e., duration of shipyard work prior to

beginning nuclear work) for the NW,, . and NW_ o groups or a
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corresponding pseudo duration of pre-nuclear work for the NNW
group; and |

+ An overall job hazard index (see Section 2.8) based on a worker’s
most recent job title.

Selection of these stratified samples required definition of appropriate
sampling frames from which to sample. In general this involved defining
subsets of individuals with accurate information on DE from the nuclear worker
database (Nuc DB) and accurate information on the stratification variables
from the personnel database (Per DB) for each shipyard. To be included in the
frame a record also had to have appropriate identifying information about the
individual so that a computerized vital status search could be completed
through outside agencies.

On-going editing and updating of the population information
sometimes changed the sampling frame in which an individual would be included.
The general philosophy adopted to deal with this problem was as follows:

« If revised data reclassified a worker into or out of either the NW_, 5 or
NNW frame, the worker was deleted from the NW,  or NNW frame (and
hence from the sample selected from that frame);

« If revised data reclassified a worker into the NW,, ; frame, the worker
was added to the NW,, s frame, (and hence included in the NW,, ;
sample) provided that an appropriate vital status search could be
completed.

The proposed sample sizes were increased in anticipation of potential
deletions from the NW, . or NNW frames subsequent to their initial definition

in July, 1983. The three sampling frames were constructed from the Nuc DB and
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Per DB and 11 major exclusion criteria were applied subsequently to the
databases. To the extent possible, the criteria were applied uniformly and in
the same sequence to each of the three groups as shown in Table 2.2.A.

The details of the definition of the sampling frames for the study are
given in the remainder of this section. The methods used for selection of the

stratified samples are described in Section 2.3.

Definition of the Nuclear Worker Sampling Frames: NW, ; and NW,o 5

The first step in the construction of these sampling frames was to
establish accurate data on recorded radiation DE in order to classify each
worker’s status as of 12/31/1981 as non-nuclear (NNW), cumulative DE <0.5 rem
(NW,5), or cumulative DE >0.5 rem (Nwﬂhs). Computerized records of 1ifetime
DEs of all workers were available from seven of the eight shipyards. The
methods used to establish their accuracy is described in Section 2.7. The
radiation records from the Newport News Yard did not provide annual rates on
all workers or information on terminated workers in computerized form, and a
database had to be constructed, primarily from paper records.

The radiation records for the nuclear workers were combined across yards
to create a unified radiation record so that all workers with >0.5 rem
Tifetime DE could be included in the NW,o ; frame. The correct lifetime DE
should have appeared in the last shipyard in which an employee worked. In
addition, any worker who had a lifetime recorded DE of >0.5 rem was included
in the NW,, s frame for each yard in which the worker was exposed.

Although the number was small (a total of 482 NW,q ; workers (2%)

performed nuclear work in more than one yard), it was difficult to determine
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what decision should be made regarding workers who received radiation exposure
at multiple shipyards. Samples were selected by yard and yet the total
population was analyzed as a group. In addition, each yard was analyzed
individually to assess the degree of variation. A worker was not counted
twice in the total analyses.

A problem exists, however, of including an individual in a higher DE
category in the first yards in which he worked just because there is knowledge
of his receiving radiation due to subsequent employment in another shipyard.
If his second employment was in a nuclear facility other than one of the eight
shipyards included in the study, then there would be no knowledge of the added
exposure to radiation in the later employment. It seemed appropriate to
include this small number of individuals at their known lifetime DE when
selecting each shipyard’s sample and to consider them once for total
population analysis. A1l exposure data for nuclear workers who worked in
multiple shipyards are available so that any future analysis by yard can
consider these individuals as if they had achieved only the dose which was
cumulated to the point of severance from that yard as well as total dose to
the end of the study. For the analysis of the combined yards, an individual
was included in the first yard in which he was a nuclear worker at his known
Tifetime DE. It was recognized that these decisions may have created a
positive bias but the numbers were small, so the analyses were probably not
substantially influenced by the presence of these workers.

The cases can be examined to see if they represent workers with multiple
yard exposures. In addition, future analyses will consider handling the data

from these few workers in different ways such as counting a worker’s exposure
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only as it relates to his first place of emp]oyment‘and then following him for
survival to see if these changes alter any of the conclusions reached with the
current data set. For the current analyses, the individual’s DE was his total
cumulative recorded DE for all shipyards as of December 31, 1981. This
cumulative DE as of December 31, 1981 was used to classify nuclear workers
into those with a DE of <0.5 rem, the NW, 5 group and those with a DE of >0.5
rem, the Nwzo.s group.

Workers were eligible to be part of the sampling frame if they worked
for at least one year during the period of nuclear overhaul in one of the
eight yards. This means that the population for follow-up started at a
different calendar time in each yard (the start date of nuclear overhaul).
This decision was necessary since workers who had recorded doses prior to the
period of overhaul of nuclear propulsion vessels would not have exposures
equivalent to those of more recent nuclear workers. Workers during overhau1
had exposures mainly to gamma rays from cobalt-60. Before the overhaul
period, workers monitored for radiation were likely to be medical technicians,
radiographers, instrument repairmen or other occupational groups exposed to a
variety of sources of radiation.

The radiation file and personnel file were matched using social security
number. Some nuclear workers did not match to the personnel record file
either because they did not have a social security number or because there was
no microfilmed personnel record for them. Some of these workers were not
civilian shipyard employees; for example, some were Navy personnel or outside
contractors. Other workers who failed to match to the personnel file were

recent employees who started work after the date of microfilming. Whatever
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the reason for the discrepancy, a nuclear worker without a social security
number or a microfilmed personnel record was not searched for vital status.
This group was included in the nuclear worker population and their vital
status was ascertained by procedures discussed below, but they were not
included in the original sampling frame for selection of controls.

As may be seen from Table 2.2.A, among the total population in the Nuc
DB, 27 percent were excluded from the sampling frame. A large proportion of
these were omitted because they were recent hires who did not have a personnel
record at the time of microfilming or they were missing a social security

number on the personnel file.

Definition of the Non-Nuclear Worker Sampling Frame: NNW

The non-nuclear workers who were eligible for the sampling frame
included only males who had worked one year or more in the yard during the
period of nuclear overhaul, who had had a vital status search, and who had
information in their record related to the stratification variables for the
sample.

Table 2.2.A shows that a large proportion (70%) of the non-nuclear
workers in the Per DB were excluded primarily because they had no social
security number or they worked in periods prior to nuclear overhaul. There

were 117,718 non-nuclear workers e]igib]e for the sampling frame.
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Race

The pefsonne] files did not contain information on race, even though the
radiation tapes from some yards did contain that data. Therefore, the
selection of an NNW sample stratified on this variable was impossible.

For some yards this was not a problem because the geographic location of
the yard was in a predominantly white population. From the data available for
other yards, the known racial distribution of nuclear workers appeared to
represent the racial composition of the area. Therefore, it seemed reasonable
that the non-nuclear workers were also similar to the general population in
racial distribution and that stratifying on birth year and year of hire should
produce subsamples which were similar by race. This means internal
comparisons should have been racially comparable. However, no analysis by
race was possible. There are some methods by which race could be classified
for some workers in the future.

Certainly, the comparison of the <0.5 rem NW and the >0.5 rem NW should
present no problem. The workers in these two groups were all selected to be
in the nuclear program. Then the categories were balanced by yard, age, hire
date and job grouping. Comparisons using these internal groups which are all
in the nuclear program and balanced by other major characteristics should
represent similar race distributions as well. Comparisons by dose in the
group of 0.5 rem NW should have racial balance since all workers in this
group start in the lowest category and simply move to other dose groups.
Methods of determining race for these populations has been identified and will

be used in future analyses.
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Rationale and Specifications for Exclusion Criteria

The 1ist of exclusion criteria developed to define the study sampling
frames from the available databases is summarized in Table 2.2.A. Essentially
two sources of data were used to define the members of the study population.

+ The computerized file of all personnel records microfilmed at each yard;
and

+ Shipyard radiation data files obtained from the Navy or the private
yards.

Both data files included records for individuals who did not fit the
study population definition. For example, military workers, workers with
exposure only in the pre-overhaul time period, contractors, and short term
workers were not considered to be part of the study. Other major exclusions
limited the study to male shipyard workers employed at least one year during
the nuclear overhaul period. The time period of nuclear overhaul varied from
yard to yard, the earliest beginning in 1957. The other major exclusions as
noted in the table represented sources of incomplete information on
individuals which would 1fmit the inclusion of their data in the analysis. In
no case were the exclusions based on measured dose data or any health effects
variabies.

The personnel microfilm file as described earlier included all workers’
records available at the time of microfilming. The dates of filming varied by
shipyard. This file was the primary source of demographic and job history
data for both nuclear and non-nuclear workers. According to information from
the Naval Nuclear Propulsion Program, the radiation files included any person

who was required to wear a personal dosimeter because they entered a radiation
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area regardless of whether they were a shipyard worker, contractor or military
personnel. These two files (personnel and radiation) were merged to define
the sampling frames. Both files had to undergo considerable processing before
they could be combined. In most cases, social security numbers were used to
1ink records, but these were not always available on both files. A well
defined hierarchical 1ist of exclusion criteria or "filters" for determining
whether a worker was eligible for a particular study group had to be
developed. A worker had to pass through all "filters" before being eligible
for a particular sampling frame.

The "filters" were applied on a yard by yard basis since data on yards
were prepared one yard at a time. Thus, if a worker Was employed in more than
one shipyard, he had to be excluded from all éhipyards in which he worked in
order for him to be excluded from the sampling frame. Also, he was only
included in the individual shipyard sampling frames in which he was eligible.
This could lead to duplicates, so a mechanism was developed to ensure that
workers eligible in one or more yards were included only once for analysis
purposes.

Both the content and order of exclusion "filters" was important. The
final ordering was somewhat arbitrary but was arrived at after considering:

+ Similar treatment of nuclear and non-nuclear workers despite the
differing sources of data for the two groups;

« Overall logical order from the standpoint of study definition; and

+ Placement of "filters" that excluded the most workers near the top to

minimize the size of files to be processed on subsequent steps.
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Preparation of Files for Sampling Frame Definition

A first task was to eliminate duplicates and combine data for a given
worker across yards to create unified radiation and personnel files. For the
radiation data file, one record per worker was created using social security
number to 1ink workers’ records from each shipyard worked. Then, the combined
data (annual cumulative DEs, yards worked, radiation program entry and
withdrawal dates, employee identification numbers) were ordered
chronologically. Lifetime measured DE was calculated as the maximum
cumulative DE obtained from a worker’s complete radiation history.

This collation of radiation data was required because radiation
dosimetry files kept by the Navy are maintained on a yard by yard basis.
Inconsistencies on personal characteristics as well as other items were
identified in this process. A system for appropriately editing the data was
resolved with the Navy.

For the personnel file, one record per worker was created using social
security number to link workers’ records. Since filming of records was done
on a yard by yard basis and since social security numbers were not always
available, a simple identification system for workers was developed based on
serial number of a worker’s record on a roll of microfilm. This allowed
unique identification of records on a yard by yard basis. Methods of
identifying duplicate records on individuals within and among yards were
developed. Once identified, a "key" ID number was assigned to duplicate
records. This was arbitrarily defined as the serial ID number associated with

the yard with the lowest code number. Then, data were collated to order the
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employment data (yards worked, dates of entry and withdrawal, shipyard census
numbers) chronologically.

Though the consolidation of the multiple records for each worker was
complicated and involved, at times, individualized decisions to handle
discrepant data, the number of such cases were relatively few. Of the 102,176
nuclear workers with valid social security numbers (Tables 2.2.A after
sequence 3), only 1,112 (1%) workers performed radiation work in two
shipyards, and 27 (<1%) were nuclear workers in three shipyards. Of the
467,633 non-nuclear workers on the microfilmed personnel file, 23,918 (5%)

worked in more than one shipyard.

Definition of the Nuclear Worker (NW,,; and NW, ;) Sampling Frames
This section gives the speéifications for exclusion criteria used to
identify the two populations of nuclear workers: NW,, s (workers with lifetime
DE greater than or equal to 0.5 rem as of 12/31/1981) and NW_, o (workers with
lifetime DE less than 0.5 rem as of 12/31/1981).
The steps given below were applied sequentially in the order listed.
Apart from step 2 which split the Nuc DB into the two parts based on
cumulative DE, all steps were applied to both groups in the same way and in
the same order. The specific numbers of workers excluded by each filter are
given in Table 2.2.A (Note: the steps listed below do not correspond to the
numbers in the table since some are simply definition statements).
Step 1: The nuclear worker database was established by the presence of a
record on the 1981 radiation files. |

Step 2: The nuclear worker database was divided into workers with >0.5
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rem or <0.5 rem cumulative DE. The cumulative DE was calculated
from a worker’s entire exposure history by collating the
radiation record files received from all shipyards and summing
each individual’s DE.

Nuclear workers not active in the radiation program during the
period of nuclear propulsion plant overhauls for each of the
study yards were excluded. The time period of nuclear overhaul
varied by shipyard as may be seen from the following 1ist of

years in which the first nuclear overhaul was carried out:

Charleston Naval Shipyard 1963
General Dynamics Corporation,

Electric Boat Division 1957
Mare Island Naval Shipyard 1962
Newport News Shipbuilding

and Drydock Company 1964
Norfolk Naval Shipyard 1965
Pearl Harbor Naval Shipyard 1962
Portsmouth Naval Shipyard 1959
Puget Sound Naval Shipyard 1967

Workers who had only a DE recorded for the period prior to work
at the yard were excluded from the sampling frame in this step.
In some yards, a worker with all blank exposures was one who had
qualified for the radiation program but had never performed any
radiation work. These workers are different from those with
recorded DEs of zero who worked in radiation areas but never
received any radiation dose above a film badge or TLD’s
detectable level. Very few workers were excluded by this
criterion, and in each case, the yard was queried about the

worker’s status before the decision to exclude was made.
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Step 4:

Step 5:

Workers without a valid social security number present on the
radiation file were excluded. An invalid social security number
was defined as either non-numeric or a pseudo social security
number (those with all 9’s or those beginning with three zeroes)
The rationale for this step was that social security number was
found to be the most reliable method of 1inking a worker’s
records from the various sources. More importantly, vital status
ascertainment from the combination of national computerized
sources is readily feasible only for workers with a social
security number.

Very few nuclear workers lacked a social security
number (191 in the >0.5 group (1%) and 1,659 in the <0.5 group
(2%)). However, workers in the three stﬁdy groups without social
security numbers would have been difficult to trace in a
population of this size. Further work has been done in later
stages of the study to try to characterize the group excluded on
this basis and to follow them for vital status.
Nuclear workers who could not be matched to a microfilmed
personnel record were excluded. The personnel record was used to
obtain dates of employment in the yard, sex; birthyear, and job
history. These data were considered to be the minimum
information required for analysis and for stratification in
sample selection. Since the data used for stratification for
both the nuclear and non-nuclear samples have the same source

(the personnel record), the nuclear workers have comparable
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information from the same sources as that of the non-nuclear
group.

The only practical way to screen out non-shipyard workers with
radiation records on file such as visitors, contractors, and
military personnel was to match the radiation records with the
personnel records. Nuclear workers with records on the 1981
radiation file but whose emplioyment began after the date of
microfilming of the personnel records in the yard were also
excluded by the matching in this step. The dates of microfilming

by shipyard were as follows:

Charleston Naval Shipyard 1979
General Dynamics Corporation,

Electric Boat Division 1979
Mare Island Naval Shipyard 1979
Newport News Shipbuilding

and Orydock Company 1980
Norfolk Naval Shipyard 1978
Pearl Harbor Naval Shipyard 1980
Portsmouth Naval Shipyard 1977
Puget Sound Naval Shipyard 1979

Any workers with errors in their social security number as
recorded on either the radiation file or personnel file were
excluded by this step. All complete vital status searches were

based on the social security number from personnel records. Even

though some radiation workers could be matched to the personnel
file on the basis of information other than social security
number, the workers were excluded since they would not have an

adequate vital status search through record 1linkage.
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Step 6: Workers who did not work a year or more in at least one shipyard
according to the length of employment as recorded on personnel
record were excluded. If there were multiple personnel records
for a given shipyard, the worker was arbitrarily considered to
have worked at least a year.

Some inconsistencies in the employment data on the personnel
file and the radiation file were discovered although the number
was very small. For example, of the 803 Groton or Navy workers
excluded from the >0.5 rem group as working less than a year
based on personnel record employment dates, approximately 500 of
these would have been classified as workihg more than a year
based on the radiation file data. This amounts to variations in
employment records in about 1.8 percent of the >0.5 rem group.
Examination of these discrepancies revealed transcription and
reporting errors on both personnel and radiation files. The
major problem arose from the less precise determination of length
of employment on the radiation files as provided by the Navy and
private yards due to failure to record the cumulated data on
months of entry or withdrawal from the radiation program based on
days worked.

Step 7: Female workers were excluded. The worker’s gender was taken from
the microfilmed personnel file. Once again, some discrepancies
existed between the radiation file and the personnel file. Only
82 of the 124 women excluded from the nuclear workers with >0.5

rem cumulative DE were reported as female on both the radiation
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and personnel files. Examination of the 42 workers with
discrepant gender codes indicated recording errors on both files.
Again, this error rate is only 0.1 percent.

Step 8: Workers who did not have a complete vital status search were
excluded. In principle, no worker should be excluded by this
step and few actually were. However, editing of the personnel
files was an ongoing process. Certain records discovered as
missing in quality assurance checking were added to the personnel
database after it was transmitted to the Social Security
Administration and other agencies for vital status searches.
Nuclear workers matched to such personnel records would not be
comparable regarding vital status ascertainment and were
excluded.

Step 9: Any worker who had incomplete or invalid data for the
stratification variables used in the sampling scheme was
excluded. These variables included birthyear, year of hire, and
time from hire to the start of nuclear program work. The
stratification variable, job hazard index, could be missing and
no worker was excluded from the sample on this basis. The
workers with >0.5 rem cumulative DE with missing data have had
their records edited and have been characterized by other
demographic variables and vital status.

Both birthyear and year of hire were taken from the microfilmed
personnel record. Birthyear was considered invalid if the

information was missing or if a worker was born before 1876
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(worker would be older than 100 years at time of microfilming) or
after 1962 (worker would be less than 18 years at time of
microfilming). The year of hire was considered invalid if it was
recorded as missing or unknown on the personnel record, or if
there was no personnel record for the worker in a shipyard in
which the same worker had a radiation record.
The interval from time of hire in a study shipyard to start of

nuclear work in that shipyard was added to each worker’s record.
This variable, pre-nuclear lag, was developed to control for the
bias which resulted because a nuclear worker had to survive long
enough to qualify for work in the nuclear program after he was
hired. During that interval the employee would have worked for
several years in non-nuclear jobs before entering the nuclear

program. The variable was calculated as follows:

Pre-nuclear lag = year of first radiation record minus year
of hire for the first yard worked in the
nuclear program,

Pre-nuclear lag = 0 for any additional yards in which
radiation work was done.

This variable could not be calculated if either the year of
hire or year of entry into the radiation program was invalid, or
if there was no matching personnel record for the first yard in
which nuclear work occurred. Pre-nuclear lag would be negative

if the nuclear program entry year was reported as earlier than

35




========== ==== nuclear shipyard workers study ==
2 Methods
2.2 Definition of Sampling Frames (cont’d)

the year of hire on the microfilmed personnel record for a given
shipyard. It was decided to equate pre-nuclear lag to zero in
these cases. A total of 669 workers in the >0.5 rem group had
negative values for this variable. These workers’ records were
listed and edited.

A score derived from the code for each worker’s last shipyard
job was also appended to each worker’s record (see Section 2.8).
First, the 49 original job categories used to characterize a job
title were recoded to a nine point score (0 to 8) indicating a
measure of overall "risk" from all agents associated with the
job. Seven industrial hygienists independently rated all job
titles. The first available job title code was used in the case
of duplicate records for a given personnel identification number.

Only 2 percent of the >0.5 group’s and 3 percent of the <0.5
group’s total yard records did not match to the job file at the
time of frame definition. For purposes of the stratification
variables, the job variable for these mismatches was considered
missing.

A worker was excluded from the sampling frame if either

birthyear was invalid, or year of hire or pre-nuclear lag were

invalid in all yards in which nuclear work was performed. Also,
on a yard by yard basis, a worker was eligible for a given yard

in which he worked in the nuclear program only if valid data for
that yard existed on all three of these variables.

The results of application of the steps 1isted above are summarized in
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Table 2.2.A. This table shows that the number derived for the N\'JZ(,.5 sampling
frame is 28,060 and the number derived for the NW_ . sampling frame is 49,449.
These were derived from an original database of 106,851 nuclear workers on the
1981 radiation files yielding an eligibility rate for the current analysis of

73 percent.

Definition of the Non-Nuclear Worker Sampling Frame
The derivation of a suitable comparison group of shipyard workers at
each yard who never worked in the nuclear program corresponded closely to the
derivation of the NW,, ; and NW, ; sampling frames. Due to imperfections in
the available record sources, a praética1 selection algorithm had to be
developed. This algorithm was similar both in content and order of execution
to the steps used to select the nuclear workers’ sampling frame. These steps
are listed below in the order in which they were carried out. The specific
numbers of workers excluded by each filter are given in Table 2.2.A. The
starting database for the derivation process was the microfilmed personnel
file consisting of 692,612 records. (Note: the steps listed below do not
correspond to the numbers in the table since some are definition statements).
Step 1: A worker had to be present in the microfilm personnel file and
have been a civilian shipyard worker. Non-civilian shipyard
workers’ records and those workers with only charge out cards
indicating assignment to another post were excluded.
Step 2: Workers with invalid or missing social security number on the
personnel file were excluded. There were 207,160 workers (31%)

without a valid social security number on this file. However,
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among male workers working at least one year during the nuclear
overhaul period (that is, the population defined as eligible for
study), the number of invalid social security numbers was reduced
to approximate]y‘24,000 (4%) .

Step 3: Duplicate personnel records were excluded. In general, this was
a complicated and difficult process since reliable unique
identifying information was often unavailable. For workers with
social security numbers, the process was more straightforward.
The general approach taken was to collect records with the same
social security number and to consolidate multiple records. A
single unified record for each worker was created. Some workers
had as many as six personnel records when data from all yards
were collated. As described earlier, employment history data and
yard identifiers were collated chronologically by yard in which
work occurred and stored in a single record.

Step 4: MWorkers who did not work at any study yard at any time during the
period of nuclear overhaul were excluded. As a coroliary, a
worker was eligible for the sampling frame of a given yard only
if he worked during the nuclear overhaul period in that yard.

Step 5: Workers who did not work a year or more in at Jeast one study
shipyard were excluded. The criterion of duration worked was
applied on a yard by yard basis. Employment data from duplicate
records within a yard were not added together. A worker was
eligible for a given shipyard’s non-nuclear population if he

worked at least one year in that yard as indicated on any one
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Step 6:
Step 7:

Step 8:

personnel record or if there were multiple personnel records for
a given shipyard.

Female workers were excluded.

Workers who were ever nuclear workers in any study shipyard were ‘
excluded from the non-nuclear worker sample in all yards. This
step was accomplished by matching the 1981 Nuc DB to the
remaining personnel file on the basis of social security number.
A comparison with steps 1-8 of the nuclear worker population

derivation would lead one to think that exactly the total nuclear

~ workers remaining after step 8 should be the number excluded in

step 9. However, the set of workers excluded due to radiation
status includes 612 nuclear workers (486 from Newport News) which
are different from the 78,666 nuclear workers in both nuclear
populations. These are nuclear workers who were screened out by
the nuclear worker selection criteria, but not by the
corresponding non-nuclear criteria or vice-versa. For example, a
worker may have worked in a shipyard during the overhaul period
even if all nuclear work was done prior to overhaul. Or,
conversely, the personnel file indicated that the nuclear worker
was not a shipyard worker or only had a "charge out" card in the
system.

Workers who did not have a complete vital status search were
excluded. As indicated for the nuclear sampling frame, this
number should be nil but, due to ongoing completeness checks,

records were added after the major vital status computerized
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Step 9:

searches were initiated. So, the non-nuclear workers who
remained eligible in the sampling frame up to this step were
matched to files of records actually sent out for vital status
searches. Workers whose records were not sent had to be
excluded.

Workers with missing or invalid data for the stratification
variables (birthyear, year of hire, and duration worked) were
excluded. No workers were excluded for missing data on the job
title risk score as was described previously for the nuclear
workers.

A time variable had to be created for non-nuclear workers
which was comparable to the pre-nué]ear lag variable for the
nuclear workers. The best solution that could be found for
defining a variable comparable to the interval from hire to the
start of nuclear work was simply to calculate duration worked.
Then, for example, nuclear workers who had a five year lag
between first hire at a shipyard and the start of nuclear work
would be considered in the same strata as non-nuclear workers
with at least five years of shipyard work. The use of this
variable is discussed in depth in Section 2.3. It is calculated

as follows:

Duration worked withdrawal year minus entry year for

noncurrent workers

Duration worked 1981 minus entry year for current workers.

Though the employment months were available from the personnel

40




====== puclear shipyard workers study ==

2 Methods
2.2 Definition of Sampling Frames (cont’d)

records, only years were used since the full dates from the
corresponding radiation files were not available.
On this basis, a worker was excluded from the sampling frame
for non-nuclear workers if either birthyear was invalid, or year
of hire or duration worked were invalid in all yards worked. A
worker was e]igfble for a given yard in which he worked’non-
nuclear only if valid data for that yard existed on all three
variables.
The results of application of the steps listed are summarized in Table
2.2.A. The number derived for the NNW sampling frame is 117,718 workers from

a starting database of 692,612 records.
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Table 2.2.A Application of Exclusion Criteria to the Personnel and
Nuclear Workers Databases to Define the NW,q s, NW 4 s,

and NNW Sampling Frames

Sampling Frames

Nw;o.s

Exclusion Criteria
(Applied Separately No. %
to Each Shipyard)

NWq NNW

No. % No. %

Workers in Initial Database'
Total 106,851
Split <0.5 vs. >0.5 rem 35,079 100%
(Cum. DE, 12/31/81)

Sequence of Exclusion Steps?
1 No Nuclear Work After
Overhauls Began
Excluded 454 1%
Sti11 Remaining 34,625 99%

2 Non-Civilian
Excluded --
Still Remaining

3 No Social Security No.

Excluded 191 1%

Still Remaining 34,434 98%
4 No Record in Per DB

Excluded 4,985 14%

Sti1l Remaining 29,449 84%

5 Duplicate Record in Per DB
Excluded --
Sti11 Remaining

6 No Employment After
Overhauls Began
Excluded --
Sti11l Remaining

7 Employment <1 Year

Excluded 944 3%
Still Remaining 28,505 81%

42

106,851 692,612 100%
71,772 100%

2,371 3% --
69,401 97%

-- 17,819 3%
674,793 97%

1,659 2% 207,160 31%
67,742 94% 467,633 68%

12,350 18% --
55,392 77%

-- 22,733 5%
444,900 64%

- 135,765 31%
309,135 45%

4,619 8% 86,814 28%
50,773 71% 222,321 32%
(cont’d)
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Table 2.2.A Application of Exclusion Criteria to the Personnel and
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Nuclear Workers Databases to Define the NW,, 5, NW s,

and NNW Sampling Frames (cont’'d)

Sampling Frames
NW,q.5 NW o 5 NNW

Exclusion Criteria
(Applied Separately No. % No. % No. %
to Each Shipyard)
8 Female

Excluded 124 <1% 488 1% 24,222 11%

Stil1 Remaining 28,381 81% 50,285 70% 198,099 29%
9 Nuclear Worker {(in Nuc DB)

Excluded -- -- 78,114 39%

Still Remaining 119,985 17%
10 Incomplete Vital Status

Ascertainment

Excluded - 32 <1% 61 <1% 174 <1%

Still Remaining 28,349 81% 50,224 70% 119,811 17%
11 Missing Data For Stratification

(Birthyear, hire year, pre-

nuclear lag or duration

worked)

Excluded 289 1% 775 2% 2,093 2%

Still Remaining 28,060 80% 49,449 69% 117,718 17%
Final number excluded 7,019 20% 22,323 31% 574,894 83%
Final Sampling Frame 28,060 80% 49,449 69% 117,718 17%

! Starting points were the Nuclear Worker Database (Nuc DB) for the NW,, ; and NW_ .
groups, and the Personnel Database (Per DB) for the NNW group. -

2 Denominators for percents are total entering step for "Excluded" and total indicated in
initial da:abase for "Still Remaining". A -- indicates that the exclusion step did not

apply.
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2 Methods
2.3 Selection of Stratified Samples

The initial study design called for the study of all workers in the
nuclear program regardless of DE and all non-nuclear workers employed
during the period of nuclear overhaul. The design ultimately specified a 100
percent sample of the Nwzo_5 frame (approximately 30,000 workers) and
stratified samples of approximately 11,000 workers (25%) from the NW_ ; frame
and 44,000 workers (37%) from the NNW frame. This allowed for roughly 10
percent more non-nuclear workers than nuclear workers in the overall sample.
The 10 percent oversampling was done since it was expected that there might be
accessions into the nuclear sample due to ongoing edits of the radiation data.
Every available NW,, ; nuclear worker with acceptable data was included. The
design also specified stratification based on age (birthyear), starting year
of employment, job hazard index (categorized by last job held), and duration
of employment prior to the start of nuclear work (or a corresponding pseudo
duration for the NNW group).

As described earlier, a total of 28,060 nuclear workers have been
currently identified in the NW,, ; sampling frame of which 482 workers worked
in more than one shipyard. A1l of these NW,, s workers were followed and

analyzed.

Stratification Variables
The stratified sampling schemes for the NW_, . and NNW groups were based
on shipyard plus four additional stratification variables:
+ Birthyear (5 groups);
« Year of hire (4 groups);

« Overall job hazard index (4 groups); and
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2 Methods .
2.3 Selection of Stratified Samples (cont’d)

« Interval from time of hire to start of nuclear work (pre-nuclear
lag) or a corresponding pseudo interval for the NNW workers (4
time groups for NW_ ; and single years for NNW).

After examination of yard by yard and overall frequency distributions,
groupings for these variables were defined to reduce the number of strata
for sampling purposes to a large but manageable number. Combination of the
grouped variables led to 320 possible strata. Birthyear was grouped into five
classes: <1920, 1920-1929, 1930-1939, 1940-1949, 1950+. Four groups were
defined for year of hire: <1950, 1950-1959, 1960-1969, 1970+. A single digit
job score reflecting the overall job risk (see section 2.8) was recoded to
three job risk exposure groups: 1ow, medium, high. A missing job score was
coded as a separate class for a total of four groups. The missing scores are
generally associated with job codes which denote administrative/supervisory
level positions which were not related to any hazard score. A separate
categorization was considered preferable to simply excluding workers with
missing information on job title.

The fourth stratification variable is less straightforward than the
first three. Its determination differed depending on nuclear worker status.
Nuclear workers, by definition, must survive from their hire date to the start
of radiation work and their consequent appearance on the radiation files.
There is no corresponding guaranteed survival interval for non-nuclear workers
during which deaths cannot occur. If this interval for the nuclear workers is
large as it might be especially at the beginning of the program, an
artifactually increased survival in the nuclear group would result when
compared with non-nuclear workers. Consequently, for sampling purposes,

nuclear workers were stratified by number of years worked in the first
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

shipyard before the start of radiation work (pre-nuclear lag). This interval
equaled zero in any subsequent yards in which nuclear work was done after the
first yard. Strata for non-nuclear workers were defined on the basis of total
duration worked (i.e., the length of time from the year of hire to either the
year of withdrawal from the shipyard or 12/31/81 for current workers) as long
or longer than the corresponding pre-nuclear lag for nuciear workers. As an
example, a sample of non-nuclear workers corresponding to nuclear workers with
four years of employment before the start of nuclear work would be drawn from
non-nuclear workers with at least four years employment. While this approach
at least partially corrected for the artifact mentioned, the sampling process
was complicated by the fact that some non-nuclear workers were eligible as
controls for more than one strata --a non-nuciear worker with 20 years of
employment would be eligible for selection in 20 strata.

Except for the large number of strata involved, the use of the pre-
nuclear lag variable posed no problems in selecting the NW . stratified
sample. The pre-nuclear lag variable was grouped into four classes: 0-1

year, 2-4 years, 5-9 years, and 10+ years. Within each shipyard, a simple

stratified sampling scheme with a maximum of 320 strata was used, where
approximately one NW, ; nuclear worker was chosen for every three Ni,, .
nuclear workers.

As noted, the duration worked variable complicated the non-nuclear (NNW)
sample selection. One still stratified on the first three variables
(birthyear, year of hire and job). However, a modification was made to the
sampling scheme so that the non-nuclear worker controls were eligible to be
chosen from as many strata as were re]evant whereas each nuclear worker was in

only one unique stratum. For example, the control for a nuclear worker with a

e
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

given birthyear, year of hire, and job who was employed two years before
becoming a nuclear worker was chosen from non-nuclear workers who had the same
birthyear, year of hire, and job but were employed two or more years.

The distributions of the stratification variables along with duration
worked for the total sampling frame for each group (Nwzoj, NW, 5, and NNW) and
for the corresponding samples that were selected are presented in Tables 2.3.A
and 2.3.B and in Figures 2.3.A to 2.3.E. They show marked‘differences among
the sampling frames with respect to each of these variables, but very good
balance after sample selection.

The distributions of the stratification variables for individual
shipyards are not presented. There were yard to yard differences in the
distributions of the four stratification variables. For example, the Groton
shipyard workers in all three groups tended to be more recently hired workers
with fewer years of employment. The nuclear workers from Groton tended to
qualify for nuclear work after only a few years of employment, and the Groton
non-nuclear workers tended to be younger than those in other shipyards. On
the other hand, Norfolk NW,, ; workers tended to work many years before
becoming nuclear workers. The Portsmouth workers in all three groups tended
to be older. The Puget Sound nuclear workers tended to be more recent hires
and those in the NW, 5 group tended to be younger than workers in the other
shipyards.

The samples selected, however, were well balanced from yard to yard as

reflected in the Tables and Figures for all yards combined.

Specifications for the Sampling Plan

Both the NW_ 5 and the NNW samples were drawn on a yard by yard basis as
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

the necessary data became available. Since the samples were selected on a
yard by yard basis, a worker who worked in multiple shipyards was eligible for
sample selection in each yard in which he worked. Multiple records were
eliminated at the analysis step, so that any one worker was included only
once.

There was a maximum of 320 possible strata within a shipyard from which
to draw the NW_ . sample. Some strata did not exist due to unlikely
combinations (e.g., a young worker newly hired working 10 or more years),
along with diminished total numbers once the NW_ ; group was broken down by
individual shipyard.

Though overall numbers were quite adequate in both the NW_ ; and the NNW
sampling frames from which to draw the specified sample size, at times
individual strata were not large enough to select the numbers required. When
this occurred, workers were selected ("borrowed") from the next closest
stratum or strata with adequate numbers. This was expected to give the
prespecified sample size and produce distributions of characteristics for the
sample close to those in the NW,, ; sample. In the NW, ; samples selected,
this "borrowing" happened infrequently, and in cases where it did occur,
generally only the pre-nuclear lag variable was affected. "Borrowing"
occurred for approximately 10 percent of the NNW controls. Control on
birthyear was always maintained, and control on year of hire was maintained

for the NW 5 sample.
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2.3 Selection of Stratified Samples (cont’d)

Selection of the NW, ; Sample
Implementation of the sampling scheme for the NW_ . sample at a

given shipyard involved the following steps:

The sampling frames for a specified shipyard were determined by
selecting all eligible nuclear workers in the NWg 5 or NW,, s
frames for that shipyard. Separate computerized frame files
were established for NW,, 5 and NN, 5 for each shipyard. The
frame file included the workers’ identifiers and employment
data, cumulative DE, and grouped and ungrouped stratification
variables. Multiple records for a given worker in a specified
shipyard were consolidated. The earliest year of hire and
length of employment before nuclear work in that shipyard, and
most current non-missing job hazard index were recorded. The
files were sorted by the grouped stratification variables in
order by birthyear, year of hire, job hazard index, and pre-
nuclear lag and a random number. The latter was done so that
individuals within any stratum were filed in random order.
Joint stratum distributions for each yard were computed and
stored in a separate file. A listing of the number of workers
in each stratum‘by nuclear group was visually examined to
assure adequate numbers for selection.

Allocation numbers, n;, were computed for each stratum, i,
using a proportional allocation method modified by "borrowing"
from nearby strata. Ideally the proportion selected from each

stratum would be:




2 Methods

=== nuclear shipyard workers study ==

2.3 Selection of Stratified Samples (cont’d)

Step 4.

p = (number in NW ¢)/(number in NW,, ;)
11,000/30,000

0.37

This would result in a total of 11,000 nuclear controls

combining the samples from all shipyards. The sample size for

a given shipyard, s, is:

N, = 0.37M,
where N, = number in the NW, o sample for shipyard s, and
M, = number of NW,, ; workers in shipyard s.
Using the stratum allocation numbers previously computed, the
first n, workers were drawn from each stratum. Since the frame

file of NW_ ; workers was sorted randomly, this constituted a

stratified random sample.

A total of 10,462 NW, ; workers were selected from the sampling frame of

49,635 workers (see Table 2.3.B).

Selection of the NNW Sample

Implementation of the sampling scheme for the non-nuclear (NNW) sample

is summarized in the following steps:

Step 1.

The NNW sampling frame for a specified shipyard was determined
by selecting all non-nuclear workers eligible for the sample in
that shipyard. The individual shipyard’s frame file included
the workers’ identifiers and employment data, and grouped and
ungrouped stratification variables. Multiple records for a
given worker for the specified shipyard were consolidated. The

earliest year of hire and most current non-missing job code
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2.3 Selection of Stratified Samples (cont’d)

Step 2.

Step 3.

were recorded. Time from hire to withdrawal or the study ,
endpoint was calculated to reflect the worker’s total duration
worked in a given shipyard. The file was sorted by the grouped
stratification variables, duration worked in single years, and
a random number. The reference frame of NW,, ; had already been
established.
The nominal stratum counts for the NNW sample were calculated
as follows. The projected number of non-nuclear controls was
44,000, so the ratio of non-nuclear controls selected to the
number in the NW,o 5 population was:

p = 44,000 = 1.47.

30,000

This ratio worked well in the four shipyards for which the
total number of NNW workers was at least three times the
résu]ting sample Size. In the four yards in which satisfactory
balance was not achieved and excessive borrowing occurred, the

ratio was defined as:

p = (# of NNW/3).
(# of NWq)

The proportional allocation method was used to calculate the
nominal number of workers to be selected for the sample by
stratum using this ratio (p) of non-nuclear to nuclear workers.
The nominal stratum counts for the NNW sampie and the numbers
available for the sample in the non-nuclear popu]ation‘were
listed and reviewed.

To select the actual sample, a modified stratified sampling
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2 Methods
2.3 Selection of Stratified Sampies (cont’d)

scheme was used. The modification arose in requiring the non-
nuclear controls for a given stratum to work at least as Tong
as the comparable NW,, ; workers’ pre-nuclear lag times, since
non-nuclear workers have no compérab]e time period during which
they cannot die.

The workers in each sampling frame (NW, ; and NNW) were
first stratified on birthyear, year of hire and job hazard
index, which will be called a block. Within the block, the
NW,o s workers were randomly ordered to avoid any systematic
bias that could have been introduced by ordering on the pre-
nuclear lag variable. The nominal number of workers for each
stratum, as previously noted, was p (<1.47) times the number of
NW,o s workers. The strategy was to select the non-nuclear
controls for the nuclear workers within each block, beginning
with the group reflecting the earliest birthyear, earliest year
of hire and lowest job hazard index, and then for each
succeeding block in order.

Non-nuclear controls were randomly selected from all NNW
workers in the block with a total duration greater than or
equal to the NW,, ; worker’s pre-nuclear Tag. For example, if
the NW,, ; worker in a given block worked four years before
entering nuclear work, then a non-nuclear control was randomly

_ selected from all NNW workers in the block with a total
duration of four or more years. This pseudo pre- nuclear lag
of four years was stored in each non-nuclear control’s record.

After the non-nuclear controls were selected for the first
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

block, then the entire process was repeated for the next
birthyear,-year‘of hire and job hazard index grouping.
A problem arose in those strata where the number of non-
nuclear workers was inadequate to meet the nominal sample size.
In these cases, the remaining non-nuclear worker controls were
then selected from the next succeeding stratum or strata
according to the pre-nuclear lag value if possible until
adequate numbers were achieved. Controls were selected within
a block first. 7
A total of 33,353 NNW workers were selected from the sampling frame of
117,718 workers. This is less than the projected number of 44,000 workers due
to the change in p used in some yards; however, there are still more non-

nuciear controls than NW,, . workers.
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

Table 2.3.A Population Distributions of Birthyear, Year of Hire, Job Hazard
Index, Duration of Pre-Nuclear Work, and Total Duration Worked

NW>0.5 * NW<0.5 " NNW *
(N=28,542) (N=49,635) (N=119,179)
Variable No. % No. % No. %
Birthyear
<1920 5240 18% 11967 24% 26984 23%
1920-1929 6298 22% 9702 20% 16658 14%
1930-1939 6486 23% 9959 20% 15979 13%
1940-1949 8345 29% 13994 28% 30958 26%
1950+ 2173 8% 4013 8% 28600 24%
Year of Hire
<1950 5435 19% 11185 23% 21627 18%
1950-1959 5977 21% 9771 20% 11294 10%
1960-1969 12048 42% 20078 41% 36079 30%
1970+ 5082 18% 8601 17% 50179 42%
Job Hazard Index
Missing 1440 5% 2152 4% 3940 3%
Low 5038 18% 13601 27% 26238 22%
Medium 13047 46% 23585 48% 59452 50%
High 9017 32% 10297 21% 29549 25%

Duration of
Pre-Nuclear Work

0- years 10685 37% 16413 33% N/A N/A
2- years 6326 22% 10447 21% N/A N/A
5- years 4348 15% 7293 15% N/A N/A
10- years 4272 15% 6763 14% N/A N/A
20+ years 2911 10% 8719 18% N/A N/A
Total Duration
Worked
1- years 870 3% 2709 5% 13531 11%
2- years 2822 10% 8923 18% 38350 32%
5- years 5554 19% 10318 21% 26367 22%
10- years 8716 31% 11454 23% 15572 13%
20+ years 10580 37% 16231 33% 25359 21%

* Note: The numbers in the group do not correspond to Table 2.2.A because
editing of the database continued even after sampling was completed.
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2.3 S:iection of Stratified Samples (cont’d)

Table 2.3.B Sample Distributions of Birthyear, Year of Hire, Job Hazard
Index, Duration of Pre-Nuclear Work, and Total Duration Worked

NW,o < NW.s NNW
(N=28,542) (N=10,462) (N=33,353)
Variable No. % No. % No. %
Birthyear
<1920 5240 18% 1920 18% 5861 18%
1920-1929 6298 22% 2307 22% 7195 22%
1930-1939 6486 23% 2382 23% 7802 23%
1940-1949 8345 29% 3059 29% 9932 30%
1950+ 2173 8% 794 8% 2563 8%
Year of Hire
<1950 5435 19% 1976 19% 5860 18%
1950-1959 5977 21% 2152 21% 6221 19%
1960-1969 12048 42% 4462 43% 15035 45%
1970+ 5082 18% 1872 18% 6237 19%
Job Hazard Index
Missing 1440 5% 547 5% 1727 5%
Low 5038 18% 1929 18% 7534 23%
Medium 13047 46% 4783 46% 14918 45%
High 9017 32% 3203 31% 9174 28%
Duration of
Pre-Nuclear Work'
0- years 10685 37% 3874 37% 12871 37%
2- years 6326 22% 2308 22% 7313 22%
5- years 4348 15% 1565 15% 5003 15%
10- years 4272 15% 1238 12% 4633 14%
20+ years 2911 10% 1477 14% 3533 11%
Total Duration
Worked
1- years 870 3% 537 4% 2145 6%
2- years 2822 10% 1991 19% 7561 23%
5- years 5554 19% 2089 20% 7702 23%
10- years 8716 31% 2650 26% 7428 22%
20+ years 10580 37% 3195 31% 8517 26%

'Pseudo pre-nuclear lag given for NNW
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

Figure 2.3.A Distribution of Birthyear: Populations vs. Stratified Samples

Percentage distribution of birthyear

for the study population and the sample
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

Figure 2.3.B Distribution of Year of Hire: Populations vs. Stratified

Samples
Percentage distribution of year of hire
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2 Methods
2.3 Selection of Stratified Samples (cont’d)

Figure 2.3.C Distribution of Job Hazard Index:
Samples

Percentage distribution of job hozard index

for the study population and the sampie
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2.3 Selection of Stratified Samples (cont’d)

Figure 2.3.D Distribution of Duration of Pre-Nuclear Work: Populations vs.

Stratified Samples

Percentage distribution of duration of pre-nuciear work

for the study population and the sampie
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2.3 Selection of Stratified Samples (cont’d)

Figure 2.3.E
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2 Methods
2.4 Data Management and Quality Control
The database management tasks for the Nuclear Shipyard Workers Study
are, in principle, quite straightforward. They are implied by the key steps
of the study: ¢

« Establish a population base by microfilming all available personnel
records at each of the eight shipyards. These records were filmed
in succession in each yard, but it required 18 months to complete
all eight yards.

+ Film other pertinent docqments such as industrial hygiene reports,
selected medical records, lists of workers prepared for special
purposes, job descriptions, etc., during the period of on-site
filming of personne]lrecords. These records provide information
on work exposures other than radiation and also provide a check on
the completeness of fhe population established via the personnel
records.

« Obtain data on recorded radiation expdsures for nuclear workers. The
Navy’s computerized data system for the Nuclear Propulsion Program
provides exposure data for workers at the six Navy yards. The
Groton yard, which is a private yard, utilizes a éomputerized
system similar but not identical to the Navy’s system while
Newport News, also a private yard, utilizes a system which has
some‘paper-based components and some computerized components.

» Determine the vital status (death or confirmed alive) of all persons

identified in the study sample. The searches must minimize the

number with vital status unknown.
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2 Methods
2.4 Data Management and Quality Control (cont’d)

Obtain death certificates for all identified deaths from the states
or foreign countries in which the deaths occurred.

+ Administer a questionnaire to workers in two yards to obtain
information on potentially confounding variables.

+ Maintain a file of new workers -- i.e., accessions into the shipyard
population of workers first employed after the microfilming. The
maintenance of files has included the keeping of records of
accessions into the nuclear worker system. |

+ Develop procedures to assess and, if possible, assure quality and
consiStency of all data collected and processed.

+ Define appropriate subgroups of the microfiimed population base for
analysis.

« Produce appropriate comparisons and analyses by combining data from
the personnel records, vital status sources, death certificates,
and other sources, and exposure records.

The data management system developed for carrying out the steps

described above is complex and involves both manual and computerized

procedures.

Data Collection Procedufes

A description of the methods used to collect the source data for
establishing the population census and job histories‘from the shipyards and
the assembly of these data at the Shipyard Study office follows. Source data
inc]uded the collection of all available personnel records (SF-7 cards for

Naval shipyards) and any other sources of records which could be used to
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2 Methods

2.4 Data Management and Quality Control (cont’d)
validate the completeness of the personnel records.

To initiate data collection at the shipyards, a visit by the senior
project staff was scheduled with the shipyard staff who were responsible for
the records of interest. At this initial visit, the information sources which
would be needed were examined to determine the organization and location of
the records to be filmed and to assess the availability of the facilities
which would be needed by the microfilming team. The team then made a detailed
inventory of all records to be filmed. This inventory was used by the
microfilming team as a guide to the order in which the records were to be
filmed as well as a checklist to assure that no records were missed or
overlooked. At the time of the initial visit, arrangements were made with the
shipyard’s print and publication shop to develop our microfilm. This allowed
on-site verification that the filming had been done correctly and completely.
Development of the film at the shipyard helped to protect the confidentiality
of the data.

Microfilming

During the initial visit, calculations were made to determine the total
number of records to be filmed so thattthe microfilming trip could be planned
in detail. Portable Recordak microfilm units provided by the Shipyard Study
microfilming team were used. The team was responsible for the pulling,
filming and refiling of all records. Care was taken to assure that all
records were logged in the inventory and that all records were returned to
their storage areas in proper order.

The number of machines and number of filmers required for data
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2 Methods
2.4 Data Management and Quality Control (cont’d)

collection at a yard depended on the estimates of the total number of records,
the system of filing, the amount of preparation the records required before
filming, and the space available at the shipyards. Conservative estimates
indicated that we could film 1,000 records per reel of film and that one
microfilming unit could produce 1.5 to two reels per day. Two persons were
required per microfilming unit. In almost all of the yards, we were able to
send four machines, eight filmers, and one supervisor. The total amount of
time necessary to accomplish the filming at individual shipyards ranged
between two and six weeks, with the average being about three weeks.

Upon return, the filmed data were prepared for coding in the Shipyard
Study office. This operation involved assigning a serial number to each reel
of film, preparing a library index card for the reel, and creating a
circulating library log. These index cards were used for charging out reels
to coders so that at any time a reel’s location and stage of processing could
be verified. After cataloging of the microfilm was complete, data extraction

could begin. Data extraction involved four passes through each reel of film.

Data Extraction

First, each reel of film was censused by coding identification
information for each worker included on the reel of film. The items coded on
the first pass of the microfilm included a yard identifier (ID), a reel ID,
the record type, the name of the worker, his social security number, his date
of birth, and the total number of frames pertaining to that individual. This
was done for 100 percent of the workers identified on the film. These items

represented the minimal data required to initiate vital status searches. For
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2 Methods

2.4 Data Management and Quality Control (cont’d)
some yards these searches were begun after the census data were collected.

The second pass through the film involved an abbreviated coding of the
reel (every tenth record was coded in its entirety and the intervening nine
records were coded by sequence number and the worker’s initials only). This
coding provided a validation check against the census file to assure that an
accurate and complete record of the population of individuals contained on the
microfilm reels had been made.

The coded records were prepared for keypunching by being grouped by
reel, batch, and lot. Four keypunching firms were utilized to handle the
volume of data. The steps involved in processing the data tapes returned
after keypunching are described in a later section.

The next pass of the microfilm involved coding baseline data. A
baseline coding form was generated for each worker in the study population
from the computerized census file. Forms were generated by yard and by reel
of microfilm with identifying information from the census record printed on
the code sheet to facilitate the matching of the specific worker on the reel
to his baseline data form. The baseline data include demographics such as
race and sex, birthplace, veteran’s status, dates of shipyard employment, and
the status of the employee as indicated by the last entry on the job card.

The fourth and final pass through the microfilm was for coding
information on last job title. Data abstracted in this step included a code
for the last job title and shop, the date the last job was entered, and the

associated wage grade.

It was recognized at the start of the study that a large number of staff

would be handling the data at each step. These procedures divided the
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2 Methods

2.4 Data Management and Quality Control (cont’d)
extensive microfilm extraction efforts for personnel records into two or more
passes through the film as described above. Although this approach was
somewhat inefficient, there was an advantage in that the abstractor was able
to concentrate on relatively few items, making data extraction simpler and
more reliable. Multiple passes through the films using computerized 1istings
of previously recorded data resulted in the discovery of many errors of

omission.

Computerized Data Files

The Shipyard Study utilized several computer centers located within the
Johns Hopkins Medical Institutions. Hundreds of computerized data files were
created during the course of this study; only the main data files and
programming systems are discussed in this section. Most of these files are
retained in the Information Systems Division (ISD) located in the Johns
Hopkins Hospital. This installation is centered around an IBM 3081 mainframe
with an MVS operating system. Shipyard Study staff used TSO, JCL, PL/1, SAS,
SYNCSORT and assorted utility programs in applications for the study.

In the ten years of the study, more than 2,000 computer programs
involving over 250,000 lines of source statements were produced in the study’s
developmental and production program libraries. There are over 1,500 magnetic
tape files for the study in the ISD tape library. This figure does not
include the backups for many of these files which were maintained and stored
outside of the computer center. This complexity resulted from the large
number of data sources and the need to integrate them. Each data file,

whether internally generated by the Shipyard Study staff or obtained from an
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external agency or institution, had its own set of peculiarities to resolve.
Furthermore, the large size of many of the individual data files was a
complicating factor.

Two types of computerized data files occurred in this study:

« Internal files: Data collected and computerized by the NSWS from
a source document, usually some sort of collection of paper
records; and
+ External files: Data produced by a group outside of the NSWS,
usually received in the form of one or more magnetic tapes.
See Table 2.4.A for a listing of the major internal and external files for
this study and the number of records in each.

These two types of data files presented different sorts of problems.
Ultimately, both types of data files had to be linked and integrated. The
status of any particular data file varied as the study progressed. It could
have been in any one of the following states:

» Active: New data expected; editing is ongoing;

+ Editing: No new data expected; editing continues;

« Closing: File is nearly complete; final edits and documentation
are underway; and

- Final: No more changes to data file.

Internal Files
Typically, the source of internally generated files was either
microfilmed records or, less frequently, some set of paper documents such as

questionnaires. A large clerical staff extracted, coded, and recorded the
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data onto data forms designed for each particular application. Each
application had one or more data forms, and a detailed set of instructions
were prepared for each form.

Coded data forms were divided into batches and lots for data entry
purposes. The batch size was determined by the number of forms that fit
easily into a large envelope. Lots were collections of batches, the size of
which varied depending on the capacity of the particular keypunching firm or
data entry unit being used.

The batch oriented approach was chosen over more direct methods of data
entry for three reasons:

» Flexibility: Many different commercial data entry firms
supplemented a small core, "in-house” data entry capability
making it easy to deal with ebbs and flows in demands for rapid
entry;

« Cost: The computing equipment’for a direct data entry system for
50-60 clerks was very costly at the time the study started;

« Convenience: The mechanics of reading microfilm and keying the
data directly are difficult. A clerical recording step works
well with microfilm reading; and

« Training: Relatively large numbers of clerical staff could be
recruited and supervised more easily than workers with both
clerical and direct data entry skills.

A1l data entry providers were required to key and verify data. The
media on which the providers returned the keyed data included punched cards,

data diskettes of various formats, and magnetic tapes in a variety of formats.
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Due to the large number of data entry providers, every data lot was
listed in a standard format and sight checked by a clerk against the forms.
Entry errors and especially missing data could be detected this way. An
occasional batch of 100 or more forms was skipped by the data entry provider.
Early discovery of such problems more than justified the clerical review
effort.

Once the data were entered on a computerized file and the sight checks
were completed, there was an immediate need to be able to make changes
(additions, corrections, and deletions) to the file. These updates were
performed by senior clerical staff.

At the time the study began, there did not seem to be a unified database
system available that could accommodate all of the features mentioned above.
Disk space was very expensive for files of the size needed for this study.
Accordingly, the general purpose ARCHIVE-ASSEMBLY system was developed to
carry out database construction and management for internally generated data
files. '

The major features of this system were as follows:
« Main database transactions were stored on one magnetic tape at a
density of 6250 characters per inch; this tape was called the
ARCHIVE tape;
+« A 100% audit trail of all transactions (including deletions) to
the database was maintained on tape; this tape was called the

LINK tape;
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The system was able to display the history of any record from its
initial entry to current status. This was termed an audit of
the record;

« All transactions were added to the end of the ARCHIVE tape using
the backwards read feature of the available highspeed tape
drives. This lead to tremendous processing efficiencies;

+ The system was able to handle data organized in lots and batches
from many different magnetic (or other) media;

+ The system was able to maintain several types of records on the
same ARCHIVE file;

+ The ARCHIVE file was periodically assembled into an ASSEMBLE file;
all data updates entered on the fi]e were applied in this step.
Most performance reports and analyses utilized the ASSEMBLE
file;

» Ease of use was required to accommodate entry of thousands of
batches; the system also had to function over a period of years
with data entry occurring throughout the period;

» The system had the capacity to manage up to 3.6 million
transactions of all types in any one file; and

« Each record on the ARCHIVE file had a unique identification
number; all corrections made to the record were referenced to
this number.

The ARCHIVE-ASSEMBLE system outlined above could thus carry out all

database maintenance activities for an internally generated data file using

just four magnetic tapes:

70




2 Methods
2.4 Data Management and Quality Control (cont’d)
+ ARCHIVE;
« LINK (1inks corrections to their target records);
+ ASSEMBLE; and
« BACKUP (kept off-site).

External Files

The external files varied widely as to their source and characteristics.
Produced by different agencies and institutions, using their own computers,
operating systems, and software, these files were usually received in the form
of magnetic tape files. These tapes had to be processed expeditiously so that
problems were discovered and dealt with while the agency contact person and
the programmer who prepared the tape were still at the source data site.

Several software tools were developed to process these external files so
that they could be integrated with the NSWS system. The general steps were:

« Copy the file into the Shipyard Study tape library; this step
quickly identified any technical problems regarding tape
recording characteristics;

« Validate the documentation by comparing the record layouts and
other documents provided with the file to listings and cross-
tabulations;

- Archive the original tape as a hedge against accidental
destruction of the copy used for processing; if the source data
site requested return of the tape, a copy was made and stored

at the Shipyard Study office; and
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+ Prepare and run application programs; these varied depending on
the nature of the files and their intended use.

In many cases, the application programs involved integrating the
external file with existing internal files. This process often revealed
unanticipated problems which were not identified by earlier processing steps.
The resolution of these problems sometimes resulted in the creation of formal
edit programs whose results were sent back to the supplier of the original
external data. When the revisions were received, either in paper form or on
magnetic tape, the original file was updated or replaced. The cycle described

above was then repeated.

Magnetic Tape Library

As indicated earlier, the primary data files for the Shipyard Study
resided on magnetic tape, and nearly all database management activities were
carried out using magnetic tape based systems.

The ISD computer facility maintains a tape library in excess of 40,000
reels for administrative and research users. The physical security of the
tape library is excellent from the point of view of access limitation,
coverage by a full time tape librarian, and protection from hazards such as
fire or water damage. The management of the library pool of tapes is assisted
by the widely used software product, Tape Management System (TMS). Signing
out new tapes from the pool is automated, requiring only a statement or two in
the computer "job" creating the tape. Multi-file reels or multi-volume files
are supported by TMS. Release of tapes back into the pool is done by means of

expiration dates. Once the expiration date has passed (for all files on a
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tape reel), the tape is automatically returned to the pool. However, revising
an expiration date requires a clerical procédure that is somewhat cumbersome.
Essentially, three types of expiration dates were used by the Shipyard
Study depending on the nature of the data file.
« Transient files: expiration dates of 24 hours; used for
intermediate files too large for temporary disk space and for
"check point" restarting of large production jobs;
« Intermediate files: expiration dates of 30 days or, occasionally,
90 days; these were primarily data entry files which were kept
until there was no reasonable doubt that they have been
successfully integrated into the system; and
+ Permanent files: final expiration date (12/31/89); to the extent
possible, permanent files (once closed) were combined on tabe

reels.
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Table 2.4.A Major Computerized Data Files by Source of Data Generation
(Internal or External)

Number of Records

Data File Source on File
1. Microfilm Personnel Record INTERNAL 1,555,374
Census (691,862)
2. Last Job Classification INTERNAL 278,940
(278,398)
3. Measured Radiation DE EXTERNAL 304,994
(Navy Yards) (55,684)
4. Measured Radiation DE EXTERNAL 107,755
(Groton Yard) ) (25,760)
5. Measured Radiation DE INTERNAL 115,946
(Newport News) (25,889)
6. Currently Employed Shipyard EXTERNAL 533,979
Workers Yearly Files (61,135)
(Navy yards only)
7. Master Death Index INTERNAL 92,050
(A11 deaths)
8. Master Living Index INTERNAL 393,980
9. Unknown vital status INTERNAL 3,023
10. Coded Death Certificate File INTERNAL 36,568
11. Norfolk Yard Health History INTERNAL 11,355

Questionnaire Short Form
(95% Sample)

12.  Norfolk Yard Health History INTERNAL 539
Long Form (5% Sample)

13. Charleston Health History INTERNAL 6,950
Questionnaire Short Form
(100% Sample)

14. Sample Frame INTERNAL (72,357)

(cont’d)
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Table 2.4.A Major Computerized Data Files by Source of Data Generation
(Internal or External) (cont’d)

Number of Records

Data File Source on File

15. Cause of Death Validation INTERNAL 468

(460)

16. Social Security Administration  EXTERNAL 37,272
Search 1 Results

17. Social Security Administration  EXTERNAL 188,065
Search 2 Results

18. Social Security Administration EXTERNAL 96,173
Search 3 Results

19. Civil Service (OPM) Active EXTERNAL 26,159
Workers Search 1 Results

20. Civil Service (OPM) Active EXTERNAL 49,363
Workers Search 2 Results

21. Civil Service (OPM) Retired EXTERNAL 13,620
Workers Search 1 Results

22. Civil Service (OPM) Retired EXTERNAL 50,655
Workers Search 2 Results

23. National Death Index EXTERNAL 27,310
Search Results

24. California State Death EXTERNAL 6,479
Clearance (CAMLIS) Results

25. Virginia State Death EXTERNAL 12,192
Clearance Results

26. Virginia Department of EXTERNAL 133,752
Motor Vehicles File

27. Analysis file INTERNAL (70,730}

For internally generated files, this count represents the number of
transactions to the file: additions, changes, deletions. The number in
parentheses represents the total individuals.
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The vital status ascertainment included in the current analysis of the
Shipyard Study population has relied almost exclusively on automated data
systems which yield information about the current vital status of individual
workers.r Several federal and local resources have been utilized. Federal
resources include the Social Security Administration (SSA), the Civil Service
Active Record System (CSA), the Civil Service Beneficiary Record System (CSR),
the Health Care Financing Administration (HCFA), the Veterans Administration
(VA) and the National Death Index (NDI). Local resources include the shipyard
personnel records, direct review of death certificates in New Hampshire and
Maine, and the health history questionnaire. Initial submissions to these
agencies established vital status through different points in calendar time.
Additional searches were submitted to the SSA, CSA, CSR, and VA in order to
complete follow-up through December 31, 1981.

Ascertainment of vital status of the shipyard workers in this study
represents a unique situation. The Navy shipyards are covered by the Civil
Service retirement system while the private yards are covered by the Social
Security retirement system. These two retirement systems do not have
coordinated record keeping nor are their records mutually exclusive; thus, it
is imperative to search both systems for a]T deaths. In addition, the
shipyards tend to have a rapid turnover of workers which makes record keeping
difficult. The problem is compounded by the fact that many individuals have a
trade such as carpentry which may be pursued outside of the usual structured
working environment. Thus, individuals who are no longer actively employed in
the shipyards may be working in the "underground economy" and not be paying

into any retirement system. Therefore, there is a particular need to verify
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the vital status of individuals who were not identified by any of the
automated systems through direct follow-up.

The results of searches through these various systems were combined to
establish an individual worker’s vital status. The vital status for the study
sample is: 83 percent alive, 12 percent dead and 5 percent status unknown.

Selection of the particular records to be submitted to an agency for
vital status ascertainment depended on several considerations:

« The constraints on search population size imposed by the agency;

« The timing of the search with respect to the study sample selection;

and

« The timing of the search with respect to the extent of known vital

status in the candidate records.

Shipyard Study staff recognized that the large number of deaths expected
in the Shipyard Study population necessitated early initiation of vital status
ascertainment and retrieval of death certificates. Vital status ascertainment
had to begin before the study sample had been selected and even before the
census popu]atfon was fully established. As time went on, the study sample
became more completely identified, and the proportion of workers being
searched who were not in the sample became smaller. The numbers in the
individual searches described below reflect the changes in the search
population over time. Shipyard Study staff also realized that simultaneous
searching by several sources was necessary since a resource could take as long
as eight months to complete its search. Processing of the results at the

Shipyard Study office could take an additional two months because of the large

population in each search.
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Social Security Administration (SSA)

A contract was executed between the Johns Hopkins University and the
Office of Enumeration and Earnings Records (OEER) of the Social Security
Administration (SSA). SSA reports each individual as deceased, assumed alive,
or status unknown. A worker was classified as deceased by SSA if death
benefits were being paid on the worker’s account, if a funeral director’s
notice of the death had been received, or if a death notice had been received
from the state of last residence. A worker was classified as assumed alive if
earnings had been posted in at least one quarter on the worker’s account in
the Summary Earnings Record (SER). Individuals could be classified as status
unknown for two reasons: if status could not be checked because the specified
social security number was invalid or incompatible with the name on the OEER
record, or if there was no OEER death report and Social Security taxes had not
been paid during at least one quarter of the year.

Matching submitted records to the OEER records proceeded in two steps.
Submitted records were first matched against the records of individuals
currently paying into the system. Non-matches were then searched for current
payment of benefits or for a record of death. Matching was done on both
social security number and last name.

In November of 1980, a tape of 66,978 workers from the Norfolk and
Charleston shipyards was submitted to SSA for matching against the SSA
earnings records through 1978. Results were received in March, 1981 for
66,856 workers as the input tape contained 122 duplicate records on workers.
Death indications were recorded for 6,242 individuals (9.3%). Among the

remaining individuals, 29,584 (44.3%) had paid on earnings or received
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benefits in 1978. Thus, there was a group of size 31,030 (46.4%) for whom no
vital status information was available from SSA.

In September of 1981, a second tape was submitted to SSA. This tape
contained a total of 447,158 workers with social security numbers and last
names from the remaining yards and all individuals in the first search who had
not been identified as deceased. This tape was matched against SSA earnings
records through 1979. Results were received in April, 1982 for 447,100
workers as SSA identified 58 duplicate records on workers on the input tape.
Death indications were found for 60,229 workers (13.5%), 259,035 (57.9%) were
found to have paid on earnings or received benefits, and 127,836 (28.6%) were
classified as status unknown or unmatched.

In September of 1985, a third tape was submitted to SSA. This tape
contained records for 173,672 workers divided among 2 groups:

» Shipyard workers in the sample with social security numbers, last

names, and unknown vital status; and

+ Radiation workers without a personnel employment record and with

known social security number and last name.
Results were received in March, 1986 for 173,672 workers. Death indications
were recorded for 14,497 individuals (8.3%). Among the remaining workers,
129,238 (74.4%) had paid on earnings or received benefits in 1982. Thus,
vital status information was unavailable for 29,937 workers (17.2%).

In December, 1986, the names of 849 hard to trace workers in the study
sample were submitted to the SSA Program Service Centers for vital status
ascertainment. The workers had known social security number and Tast name,

had been identified as deceased by some source, and had insufficient
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information to obtain death certificates. As a result of this search, 287
workers (33.8%) were identified as alive and 105 workers (12.4%) were
identified as deceased.

As a result of the initial matches to the SSA files and conversations
with other utilizers, a problem was identified with Social Security death
search for the years 1977-1979. In November of 1977, the posting of deaths to
the SER file had been discontinued. The posting of deaths to the SER was
reinstated in November, 1982, but at least two years (1978 and 1979) were
permanently lost. Lump sum payments for deaths of non-beneficiaries (that is,
actively employed workers) were posted to this file prior to November, 1977
making it a very complete source of death ascertainment. It is likely that
deaths from 1977 on for non-retired, non-disabied shipyard workers in the
Social Security beneficiary system are under reported. This discovery is
another reason for supplementing the SSA search with other methods of

verification of vital status.

Civil Service Active Record System (CSA)

Contact with the Office of Personnel Management (OPM) Active Records
Division was initiated in the Spring of 1980. The Active Records Division has
a large computer file of all individuals currently employed by the federal
government, as well as those who have terminated employment within the past 18
months. This division is also responsible for the hard copy files of all
individuals who have ever worked in the Civil Service system. This system
requires manual searching of records without social security numbers and

allows computerized searching of records with social security numbers. Death
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information is not available from this source, but confirmed living status as
indicated by current employment status is available.

In November of 1980, a tape was sent to OPM Active Records Division
containing the same group of 66,978 Norfolk and Charleston workers as was sent
to SSA. The results of this match were received in February, 1981. Of the
66,978 records from the Norfolk and Charleston yards, 26,159 (39.1%) matched
to OPM records, indicating that these workers were actively working Civil
Service employees. In December, 1981, a second tape was sent to OPM Active
Records Division containing the same group of 447,158 shipyard workers
submitted to SSA in September, 1981. A total of 49,363 workers (11.0%) were
considered alive since they were actively working as Civil Service employees.
The state of residence for each active worker was provided.

In December, 1986, a tape was sent to OPM Active Records Division
containing the names of 3,553 workers. 2,953 of these workers had unknown
vital status; the names of 300 workers known to be alive and 300 workers known
to be dead were also submitted as a test of the system. CSA was able to
identify 1,618 workers (44.6% of those with unknown vital status) as alive as
of September, 1986. A1l 300 workers known to be alive were confirmed as alive

by CSA and none of the known deaths matched to the CSA files.

Civil Service Beneficiary Record System (CSR)

The third major system to be searched was the OPM Civil Service
Beneficiary Record System (CSR). This system identifies all individuals who
have retired from federal service and who are claiming retirement benefits.

Beneficiaries of deceased civil servants are also in this system, but
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are identified separately as survivors. Thus, this system allows
identification of individuals who are deceased as well as alive. Search of
this system requires two matches: a match against the CSR current files
(files containing information on annuitants who are currently in pay status or
who were in pay status at some time in the last three yeafs) and a match
against a special file of annuitants who died between May, 1973 and May, 1976.
The search is based on social security number. The tape of the 66,978
Norfolk/Charleston workers was sent to CSR in December, 1980, and results were
received in May, 1981. This match identified 13,620 shipyard workers as civil
service annuitants; 10,682 (78.4%) of these annuitants were alive, 2,930
(21.5%) were deceased, and 8 had unknown vital status. Neither geographic
Tocation nor date of death was provided for these matches. The same tape of
447,158 workers submitted to SSA and CSA was also submitted to CSR in
September, 1981 and resulted in 50,655 matches; 40,844 (80.6%) of these
annuitants were alive, 9,755 (19.3%) were deceased, and 56 had unknown vital
status. State of residence was provided for each worker identified as
deceased in this match, but date of death was not given.

The same tape of 2,953 workers with vital status unknown and 600 test
workers which was submitted to CSA in December, 1986 was submitted to CSR for
vital status ascertainment. CSR identified 40 of the previously known alive
workers as alive and 83 known deads as deceased; 201 of the status unknowns
were found to be alive and 29 of the status unknowns were found to have died.
Three of the workers known to be alive were identified as deceased by CSR;
however, the date of death post dated the last known date alive. Thus, the

combined Cibi] Service searches identified 1,318 active employees and 201
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living annuitants among the 2,953 workers (51.4%) whose vital status was
unknown following SSA searches. An additional 29 were identified as deceased
so that a total of 1,548 workers (52.4%) who had unknown vital status after

other searches were now verified.

Veterans Administration (VA)

The Veterans Administration (VA) files (BIRL System) can be used to
identify the vital status of only those veterans who have applied for VA
benefits or whose next-of-kin have received death benefits. This system can
identify individuals either by name and social security number or by name and
birthdate. The number of records which may be searched at one time through
this system is small because of the VA’s formatting requirements. Copies of
death certificates for all deceased individuals in the BIRLS file are retained
by the VA and may be requested if a certificate cannot be obtained directly
from the state vital records office. The VA provides date of death and the
location of the regional office responsible for processing the veteran’s
claim. Three files of shipyard workers were submitted to the VA between
April, 1981 and October, 1982, resulting in identification of 3,892 workers as
dec:ased and 39,783 workers as alive.

The VA’s search in December, 1986, of the 2,953 status unknown workers
and 600 test workers also submitted to CSA and CSR resulted in
identification of 673 status unknowns (22.8%) as alive and 92 status unknowns
(31.0%) as deceased. One hundred workers previously known to be alive were
confirmed as alive; 107 previously known deaths were confirmed and 4

previously known alives were identified as deceased, with a date of death
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subsequent to the last date known alive.

Health Care Financing Administration (HCFA)

The Health Care Financing Administration (HCFA) maintains extensive
records on individuals who have been part of the Social Security Medicare
System and is able to provide information on vital status and current address,
as well as to assist in the identification of social security numbers for
those study subjects whose numbers are unknown, but who have known dates of
birth.

Two tapes were submitted to HCFA in February, 1981. The first tape
contained 94,478 records of workers aged 65 or older who had social security
numbers. This file resulted in identification of 3,759 deceased workers and
47,495 1iving workers. The second tape consisted of 108,844 records of
workers aged 65 or older without social security numbers, but with known dates
of birth. This file was first matched against HCFA files for ascertainment of
social security number and then matched against HCFA files for address and
vital status data. This second match identified 1,753 workers as deceased and
18,603 workers as alive. Date of death and last known address were provided
for the workers identified as deceased, and present address was provided for

the workers identified as alive.

Microfilm Personnel Records
The personnel records microfilmed by the Shipyard Study staff at the
start of the study also contained death information. A file of 18,466 deaths

derived from these records was constructed in the course of baseline coding.
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Date and place of death were generally available.

National Death Index (NDI)

The National Death Index (NDI) was utilized in 1982 as a source of vital
status ascertainment. This source matches a user’s data against a file of all
deaths in the United States. At the time of the search for the Shipyard
Study, death data for the years 1979, 1980, and 1981 were on file at NDI.

Matches are based on first and last name and month and year of birth, or
first and last name and social security numbef. Name matches can be exact or
Soundex matches. (Soundex is a letter and number probability translation of a
name.) Date of death, state of death, and cértificate number are provided by
NDI. One difference between NDI and other sources of vital status
ascértainment is that NDI may provide multiple matches for a particular user
record. The user must review all matches and decide which, if any, is
correct.

Three files were submitted to the NDI in May, 1983. The first file
contained the records for 182,078 workers who were male shipyard workers with
at least one full year of employment after 1955, and who had not been
identified as deceased by SSA or were known to have worked in 1982. The other
two files were "test" files for determining the sensitivity and specificity of
the NDI search. One test file contained the records for 8,947 workers
identified as deceased by SSA in 1979, 1980 or 1981. The other test file
contained 7,456 records of workers known to have been alive at some time in
1982. A total of 27,310 matches to NDI records resulted. On the basis of the

assessment of the false-positive matches as indicated by the matches to the
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"known alive" test file, a decision was made to retain data from the following
three types of matches:
« Exact matches of all submitted data (last name, first name, middle
initial, race, sex, month and year of birth, social security
" number);
o [Exact social security number matches regardless of mismatch of other
data; and
+ Exact (not Soundex) first name, last name, month and year of birth
matches and no mismatch on social security number.
Of the 27,310 NDI matches, data from 13,119 matches were retained; these
matches involved 12,693 unique Shipyard Study workers (7.0%). Of these

‘matches, 10,936 were to a single NDI record.

0ak Ridge Associated Universities Vital Records Office (ORAU)

An exchange of vital status information for workers in both the Oak
Ridge Associated Universities (ORAU) 5 Rem Study and the Shipyard Study
resulted in the identification of 65 deaths common to both studies and receipt

of the death certificates from the ORAU death certificate retrieval office.

National Institute of Occupational Safety and Health (NIOSH)

A printout of the deaths identified in the Portsmouth Naval Shipyard
Study conducted by the National Institute of Occupational Safety and Health
(NIOSH) was received and keypunched to tape. This source resuited in

identification of 4,933 deaths among workers from the Portsmouth Shipyard that

were common to the Shipyard Study.
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Pilot Study for Identification of Portsmouth Naval Shipyard Deaths

As part of the pilot study (see Appendix 4) to determine whether
information collected by Najarian and Colton (Najarian, 1978) could be
duplicated, death certificates on file in the states of New Hampshire and
Maine were reviewed by Shipyard Study staff and selected on the basis of the
shipyard related occupations or industries listed on the death certificates.
This cross-sectional review resulted in the identification of 2,036 deaths of

which 1,514 were for workers in the Shipyard Study.

Health History Questionnaire

Between January, 1981 and June, 1982, Shipyard Study staff sent out
three mailings of the Health History Questionnaire to 14,395 current (1980)
workers in the Norfolk shipyard. Telephone follow-up of nonrespondents was
carried out between June, 1982 and September, 1982. This survey resulted in
identification of 8,816 census population members as alive in 1982 and 63
census population members as deceased. A second survey was initiated in
current (1985) workers at the Charleston Naval Shipyard, and this survey

identified one death in the census population.

Shipyard Address Tapes

An important source of confirmation of living status are the tapes of
addresses used for W2 mailings to current workers by the shipyards. These
tapes have been received on a yearly basis since 1979 from all six Navy

shipyards. Any worker present on the address tape for a given year is assumed
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to have been alive at some point during that year. Processing to date of 25
address tapes received for the years 1979-1983 has resulted in identification
of 55,408 workers in the study population as alive in the period from 1979
through 1983.

State of Virginia Death Tapes

Because over 47 percent of the study population was derived from two
shipyards in Virginia, special arrangements were sought with the State of
Virginia Health Department Vital Records Unit for vital status ascertainment
and certificate retrieval. An agreement was set up to permit searches of
their computer files of historical death data.

Implementation of the Virginia searches required a great deal of effort.
Twelve trips were made to the Virginia Health Department Vital Records Unit.
Preparation for the searches involved identification of the computer files
containing historical death data, examination of the record layouts and coding
instructions for these files, selection of useable matching factors, and
identification of the years for which the matching factors were available.
Software to standardize and compress the Virginia death records to allow
efficient processing and sorting had to be developed. Names had to be
Soundexed and each year had to be sorted on Soundex code and first initial.
Tabulations of each matching variable had to be produced and reviewed so that
binit (Newcombe, et al., 1959)}weights could be calculated and so that the
standardization program could be checked. A sample had to be matched by hand
or by a unique identifier such as social security number so that disagreement

‘ rates in true matches could be assessed. Scores and software for each year

88

o




£

ss====ssssssssss=sssses nuclear shipyard workers study ==
2 Methods
2.5 Vital Status (cont’d)

could then be developed. Next, a representative year had to be matched to get
the distribution of matching scores and to establish cut points for the "true"
matches, non-matches, and equivocal matches. At this point, each year could
be matched against the shipyard records, retaining "true" matches and
equivocal matches. Revision of cut points for true matches was necessary in
some cases. Accepted matches could then be sorted on certificate number and
screened for duplicates. Lists of certificate numbers sorted by calendar year
and certificate number were produced and submitted to the Virginia Health
Department staff for retrieval and copying of certificates.

Programs and procedures for matching shipyard files against Virginia
deaths for the years 1955-1981 have been completed. All years of Virginia

deaths have been matched and retrieved.

Results of Vital Status Ascertainment

Tables 2.5.A and 2.5.B indicate the results of vital status
ascertainment in the study sample groups and in the group of radiation workers
without a personnel employment record, respectively. Overall vital status
ascertainment for the three study groups combined is 12 percent deceased
(death confirmed by receipt of death certificate), 83 percent confirmed alive,
1 percent possibly deceased (at least one source indicates deceased but no
death certificate has been received) and 5 percent status unknown. The
percent deceased is highest in the NNW group compared to the other two
categories. Only four to six percent of the popu]ations had unknown vital
status which represents a small difference between the three grouhs.

Vital status ascertainment in the total group of radiation workers
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without a personnel employment record is 9 percent deceased (death confirmed
by receipt of a death certificate), 53 percent confirmed alive, 1 percent
possibly deceased {at least one source indicates deceased but no death
certificate has been received) and 37 percent status unknown. The percentages
for each category of vital status are essentially the same for workers with
>0.5 rem exposure as for workers with <0.5 rem exposure. Among this group of
workers without personnel records, where information has been obtained on
vital status, 724 workers are deceased and 4,413 are living. This represents
14.1 percent of the population who are deceased compared to 10.7 percent in
the population with records. This probably represents a slightly older age

and earlier time of employment for those workers with missing records.

Certification of Deaths

Vital status searches for more than 500,000 individuals in the Shipyard
Study population have resulted in the identification of 92,050 deaths from one
or more sources. The next step is to certify the fact of death by comparison
of a copy of an individual’s death certificate with study records on the
individual. Once a death certificate is confirmed as matching to a worker,
selected information on the certificate, including causes of death, was coded
and added to the database. Section 2.6 discusses details in coding causes of
death and in validating the listed causes using other sources such as hospital
records and tumor registries.

Because of the size of the study population, the staggered return of
results from the different vital status searches, and the delay in

establishing the study population and sample from the total database, it was
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not feasible to wait for the study population to be finalized before
initiating death certificate acquisition just as it was not practical to wait
for completion of sample selection prior to vital status searching.
Furthermore, the delays inherent in state search and retrieval processes
indicated that early initiation of death certificate requests would result in
more complete and efficient certificate acquisition. As the study population
has evolved, the intent and action has been to focus retrieval efforts on
workers known to be in or likely to be iﬁ the final study population.

Therefore, early in 1982, with the return of the results of the first
SSA search, death certificate retrieval was initiated. Certificates were
sought for all 6,242 workers identified as deceased in this search. With
receipt of the results of the second SSA search, the second wave of requests
was initiated. At this time, certificate requests were limited to a group
defined as male shipyard workers with at least one year of shipyard employment
after January 1, 1955. This date was chosen because it is inclusive of the
earliest start date of nuclear overhaul and thus no members of the final study
population should be excluded. Certificates were sought for the 21,268
members of this group. With the processing of the results of the second SSA
search, the deaths in the study population covered all 50 states, many foreign
countries, and various U.S. possessions. Years of death covered a thirty year
period.

The Epidemiology Department of the Johns Hopkins University maintains a
vital records unit which coordinates the procurement of certificates from the
various state vital records offices. A1l Shipyard Study certificate requests

were processed by this office. To facilitate their work, a computer-printed
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card system was developed specifically for this project. Three cards were
printed for each death record. One was sent to the state to request the
certificate, one was kept at the university’s vital records unit, and one was
kept at the Shipyard Study office. All details of the request, including the
date of request, the state contacted, and the fesu]ts of the request, were
recorded on these cards.

Requests were sent in batches as large as the state would allow. For
the states with large numbers of certificates for retrieval, it proved
advantageous to make special arrangements to facilitate death certificate
returns.

Much of the retrieval time was spent in identifying the certificate
number of the desired death certificate. Once the number was known, retrieval
was a matter of copying the certificate and forwarding the copy to the
Shipyard Study office. Consequently, methods of automating identification of
certificate numbers became a high priority for states with large numbers of
deaths. For the states of Virginia and California, special arrangements were
made to match the deaths identified in those states against computer files to
obtain certificate numbers.

Since both the Norfolk and Newport News shipyards are in the state of
Virginia and account for 47 percent of the Shipyard Study population, the
Health Department in Virginia was approached to determine methods by which
certificate numbers could be identified and additional deaths might be
identified. As described earlier in this section, after extensive discussions
with personnel in the Health Department, agreements were reached giving the

Shipyard Study permission to reformat the state’s death files so that the
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shipyard files could be matched against them in order to identify the
certificate numbers of workers known to be deceased.

The California Automated Mortality Linkage Information System (CAMLIS)
permits matching of a user population to the California mortality files for
the purpose of identification of death certificate numbers. Arrangements were
made to match the Shipyard Study California deaths to the CAMLIS files and to
hire two persons to work in the California vital records office exclusively on
retrieval of death certificates for the Shipyard Study deaths.

The state of New Hampshire does not have an automated system for
identifying certificate numbers. Extensive negotiations resulted in the
hiring of an individual to work in their vital records office exclusively on
retrieval of Shipyard Study certificates; A two step process was implemented,
with manual identification of the certificate numbers first from yearly
indices of deaths and then retrieval of the certificates. Similar procedures
were instituted in the State of Connecticut.

Limited use was made of the Oak Ridge Associated Universities (ORAU)
Death Certificate Retrieval Office. In January, 1984, ORAU agreed to carry
out a pilot death certificate search for a group of 199 records for which an
initial response of "no record found" had been received from the presumed
state of death, as identified by Social Security. Their searches retrieved 88
percent of the certificates requested.

A total of 36,568 death certificates were retrieved for the Shipyard
Study. Not all of the certificates are for members of the study population or
sample since certificate retrieval was initiated in 1981 and definition of the

study population and sample selection were not completed until June, 1987. As
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described earlier, the intent and action in death certificate retrieval
efforts were to focus on workers known to be in or likely to be in the final
study population. This group of workers included males with at least one year
of shipyard employment during the period of nuclear overhaul. As indicated by
Table 2.5.C, for the three sample groups, certificate retrieval and coding are
complete for 94 percent of the total deaths included in the present analysis
tape.

Table 2.5.D indicates the status of certificate retrieval for the
radiation workers without a personnel employment record. Certificates have
been received for 87 percent of all deaths in this group. Since retrieval of
certificates for those without records is a more recent effort, this
percentage would probably increase with further efforts.

The clerks responsible for the procurement of the death certificates and
the coders who processed the received certificates had no knowledge of the
radiation status of the deceased workers. Certificates were usually requested
in batch format on a state-specific basis and were returned in state-specific
batches.

Once a certificate was received, the staff compared the certificate data
to identifying data for the worker in order to make a preliminary assessment
of whether the received certificate actually related to the Shipyard Study
worker for whom it was obtained. If a match was determined to be "good", the
worker’s study identification number was recorded on the certificate,
International Classification of Disease, Ninth Revision (ICD-9) codes were
assigned to the underlying and contributory causes of death. These and other

items on the certificate were abstracted. These abstracted data included
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demographics, decedent’s occupation and industry, veteran’s status, the
relationship of the informant to the deceased, an indication whether an
autopsy was performed, the underlying cause of death, and up to three
contributory causes of death selected in the order in which they were listed
on the certificate. The abstracted data were then added to the death
certificate ARCHIVE file. Updates to the data management file for death
certificate requests were also made.

A more complete, objective assessment of match quality was conducted
after the certificate data were computerized. Worksheets were produced
comparing the abstracted data to the microfilm census data, and an automated
evaluation of the match quality of each of the following items was done:
surname, Soundexed surname, first name and first initial, middle name and
initial, first and middle name cross (reversal), birthdate, birthday (month
and day), age at death, death date, social security number, race, and sex.
Match scores were assigned to each of these items. The scores were summed to
give an overall match pattern which correlates with the quality of the match.
Discrepancies between the subjective and objective assessments of match
quality were flagged and reviewed for final resolution of the status of the

death certificate match.

Data Management for Vital Status

Two data systems were set up to manage the vital status ascertainment
procedures described in earlier sections. The Master Death Index (MDI) system
was used to manage the death information received about a worker and the

history of requests needed to obtain the worker’s death certificate. The
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Master Living Index (MLI) system was used to manage the information received
about workers who had been confirmed to be alive by one or more sources. The
MLI was modelled on the MDI and served as its complement in the assessment of

vital status.

Master Death Index (MDI)

The Master Death Index (MDI) computer record was comprised of three
subsections. The first subsection contained basic identification data: yard-
reel-sequence number, census record number (on which the file was sorted),
last name, first name, middle name, date of birth, social security number,
race, and sex. A1l of these data were copied from the main census file, not
from the source file or death certificate. These data were updated
periodically, after corrections were made to the census file.

The second subsection of an MDI record contained the source information.
The data recorded consisted of number of sources, source code, date of death,
city of death, vital records office covering that city, certificate number
(when provided by the source), and match quality. Space was allocated for
recording data from up to nine sources. Data were recorded sequentially in
fixed fields. It should be noted that no attempt was made to record only new
information; i.e., if two different sources indicated the same place and date
of death, both sources were recorded.

The third subsection was the worker’s death certificate request history.
Death certificate requests were initiated only for workers with MDI records,
i.e., workers who had been identified as deceased by some source and processed

to the MDI. The data recorded consisted of month and year the vital records
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office was contacted, month and year the request was returned, results of the
request, and the number of the returned certificate. Data for up to five
requests could be recorded. The results of a request were classified as good
match, weak match, wrong match, or no record found. An initiated but
unreturned request {(i.e., a pending request), was marked with an asterisk.

Most of the vital status search resources returned their search results
on magnetic tape. If the source did not provide a tape, arrangements were
made to have the returned data keypunched to tape. Generally, the records for
deceased workers and 1living workers were returned on the same tape. The
census record number might or might not have been preserved. Thus, the first
processing step consisted of eliminating the records for 1living workers,
screening for duplicates, re-establishment of the census record number if
necessary, and concatenation of the source data to the worker’s census record.
The second step consisted of reformatting the source data to conform to MDI
standards. Geographic data were recoded using a set of standard geographic
abbreviations, and the data related to dates were put in standard format.
When standardization of the data was completed, the source data were ready for
combination with the MDI.

When a source tape was combined with the current version of the MDI,
three outcomes were possible. The source tape could provide more data on a
previously known death; the new data were then recorded in the next
available source field. The source tape could provide the first indication of
a death; a new MDI record was then created. Finally, the source tape might
provide no further data on a previously known death; the original MDI record

was then transmitted to the updated version of the MDI unchanged. Al1l of the
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resu]ting‘records (changed, new, and unchanged) were recorded on the new
version of the MDI.

Initiating a death certificate request was generally an automated
process and involved marking the MDI record to reflect the existence of the
reqﬁest. Except for the matches in Virginia, California, New Hampshire and
Oak Ridge Associated Universities, initiation of death certificate requests
included printing of request cards. Three cards were printed: one for
Shipyard Study use, one for use by the Department of Epidemiology vital
records unit, and one to be sent to the state vital records office with a
cover letter. A1l information about a request recorded on the MDI was
duplicated on the Shipyard Study card.

Manual initiation of a death certificate request was handled by
completion of a special form, since a certificate request did not print data
from a specific source, but data derived from examining all sources of
information. The form was completed after a review of all information, and
the data were keypunched into the ARCHIVE system. The ASSEMBLE file was
combined with the current version of the MDI. The pertinent data were
recorded in fields set aside for history of requests, and the certificate
request cards were then printed.

Mass death certificate requests were accomplished with generation of
books of worksheets containing the numbers of the certificates to be
retrieved. Certificate numbers were available from the NDI, the Virginia
match, and the CAMLIS match.

Edits to the MDI occurred due to incorrect formatting, incorrect

standardization of source data, or from updates to death certificate requests
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such as the return of a request. When a request was returned, the date of
return and the results of the request were entered into the MDI record. Form
MDI.1 was used to correct source data, and Form MDI.2 was used to correct or

update request fields. These forms were completed in the Shipyard Study

office, keypunched to tape, and processed to their ARCHIVE file. A computer

program was then run which combined the current ARCHIVE file with the current
version of the MDI. After this program was run, the MDI records contained the
updates implemented by the MDI.1 and MDI.2 forms. (See Section 2.4 for a
description of the ARCHIVE-ASSEMBLE data management system.)

A program was written which permits examination of user specified MDI

records in an efficient and useful way.

Master Living Index (MLI)

Each Shipyard Study worker who was identified as alive by at least one
source was entered on the Master Living Index (MLI) and had exactly one record
on the MLI. If information was received from more than one source, the
information from the additional sources was appended to the existing record.
The information recorded consisted of source of data, last year known to be
alive according to the source, and residence and shipyard worked as of that
time. Space was allocated for data from up to 14 sources. Data were recorded
sequentially in fixed fields. A standard set of codes was used to record the
geographic data. Unknown dates were left blank. It should be noted that no
attempt was made to record only new information; i.e., even if two different
sources indicated the same year and place, both sources were recofded.

Most of the sources returned their search results on magnetic tape. If
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the source did not provide a tape, Shipyard Study staff arranged to have the
data keypunched to tape. Generally, the records for deceased workers and
living workers were returned on the same tape. The census record number might
or might not have been left intact. The first processing step thus consisted
of eliminating the records of deceased workers, screening for duplicates, re-
establishment of the census record number if necessary, and concatenation of
the source data to the worker’s census record. The second step consisted of
reformatting the source data to conform with MLI standards. Geographic data
were recoded using a set of standard geographic abbreviations, and the data
regarding dates of events were put in standard format. When standardization
of the data was completed, the source data were ready for combination with the
MLI.

When a source tépe was combined with the current version of the MLI,

three outcomes were possible. The source tape could provide more data on a
worker previously known to be alive; the new data were then recorded in the
next available source field. The source tape could provide the first
indication of living status; a new MLI record was then created. Finally, the
source tape might provide no further data on a previously known 1iving worker;
the original MLI record was then transmitted to the updated version of the MLI
unchanged. All of the resulting records (changed, new, and unchanged) were

recorded on the new version of the MLI.
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Table 2.5.A Vital Status Ascertainment in the Study Sample Groups (NW,, <,
NW gy 5» NNW) -

Study Sample Groups
Vital status

classifi- NW,q 5 NW o s NNW
cation - , :
(10/13/87) No. Percent No. Percent No. Percent
Deceased’ 2797 10% 1168 11% 4453 13%
Alive® 24356 85% 8619 82% 27061 81%
Possib]g 189 1% 71 1% 349 1%
deaths
Status 1200 4% 604 6% 1489 4%
unknown
Total 28542 100% 10462 100% 33352 100%

' Death certificate in file (N = 8414) or death confirmed but certificate
unobtainable (N = 4).

2 sources include SSA, SSA-PSC, Civil Service Active and Retired Workers
files, HCFA, current worker tape rosters, direct follow-up.

3 At least one source (SSA, SSA-PSC, Civil Service Retired Workers file,
HCFA, Veteran’s Administration, National Death Index, personnel records,
Health History Questionnaire, NIOSH, or State Vital Records) has
indicated the worker is deceased; however, searches to date have not
yielded a death certificate.
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Table 2.5.B Vital Status Ascertainment for Radiation Workers Without a
Personnel Employment Record

Cumulative Radiation Dose Equivalent (DE) (rem)
>0.

Vital status >0.5 <0.5
classification v
(10/13/87) No. Percent No. Percent
Deceased’ 219 9% 505 9%
Alive? 1374 53% 3039 53%
Possible 29 1% 76 1%
deaths®
Status A 947 37% 2090 37%
unknown
Total 2569 100% 5710 100%

Death certificate on file; only source is SSA.
Sources include SSA and direct follow-up.

At least one source has indicated the worker is deceased; however, searches
to date have not yielded a death certificate.

Workers >0.5 rem have been sent to Civil Service Active and Retired Records
files, and the Veterans Administration. Direct follow-up is Timited due
to lack of additional information on these workers such as full-name and
addresses.
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Table 2.5.C Status of Death Certificate Retrieval for the Study Sample Groups

Status of

death Study Sample

certificate NW,, 5 NW 5 NNW
retrieval - ,

(10/13/87) No. Percent No. Percent No. Percent

Retrieved 2796 94% 1167 94% 445] 93%

Pending 189 6% 71 6% 349 7%
requests :

Certificate 1 <1% 1 <1% 2 <1%
unob-
tainable’

Total 2986 100% 1239 100% 4802 100%
possible
deaths

Wietnam war death
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Table 2.5.D Status of Death Certificate Retrieval for Radiation Workers
Without a Personnel Employment Record

Status
of death Radjation Dose Equivalent (DE) (rem)
certificate - 0.5 <0.5
retrieval
(10/13/87) No. Percent No. Percent
Retrieved 219 88% 505 87%
Pending 29 12% 76 13%
requests
Total 248 100% 581 100%
possible
deaths

104




| =E=ss=sssssssssssssssssssssss===s=====z====== Nyclear shipyard workers study ==
2 Methods

2.6 Causes of Death

For workers identified as deceased as a result of the vital status

ascertainment procedures described in Section 2.5, the causes of death listed
on the death certificate were reviewed and coded using methods described
below. Also described are the checks conducted on the validity of the cause
of death information provided on the certificates and the methods used to
determine subclassifications of certain tumors; leukemia, 1ymphoma,

mesothelioma, and lung cancer were emphasized in the validation.

Cause of Death Coding

Causes of death were coded according to the 9th revision of the
International Classification of Disease (ICD). The National Center for Health
Statistics (NCHS) provided a special training course on 9th revision ICD
coding to members of the Shipyard Staff so that death coding for this project
would be consistent with NCHS coding. A1l coding was checked by two senior
coders. Any problems were referred to the senior staff nosologist.

To assure the validity of the coding, two quality control samples were
selected for complete recode by the experienced staff nosologist who is
standardized for death coding with State and Federal nosologists. The first
sample selected for recoding was a 100 percent sample of all certificates with
malignant neoplasms of the lymphatic and haematopoietic tissue (ICD-9 200-
208). The second sample was a 20 percent random sample of all other
certificates. The recoded certificates were compared with the original coding
of the Shipyard Staff, and the level of agreement was assessed. Disagreements
in codes were resolved by a review panel consisting of the principal

investigator and a co-investigator, who are both physicians, the project
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coordinator, the senior nosologist, and one of the two senior death

certificate coders for the study.

Verification of Death Certificate Reports of Neoplasms

Objectives

The objectives of this component of the project were:

+ To verify the diagnosis of neoplasm on a sample of death certificate
reports listing specific neoplasms as primary or secondary causes
of death, with year of death between 1960-1981, and received by
the project through 1986. The set of death certificate reports
selected for verification consisted of: (1) all reports of
Teukemia (ICD codes 204.0-208.9, 9th revision), lymphoma (ICD
codes 200.0-203.8, 9th revision), and mesothelioma (ICD codes
158.0-158.9 and 163.0-163.9, 9th revision) from the study samples,
and (2) a 10 percent sample of reports of lung cancer (ICD codes
162.0-162.9, 9th revision) from the sampling frame; and

» To characterize the neoplasms morpho]ogical]y.

Sources of data
We attempted to verify diagnoses of neoplasms reported on the death
certificates with relevant medical information. Medical information was

sought from two general sources: hospital medical records and state tumor

registry records.
Each death certificate report, regardless of whether the death was part

of the sample, was reviewed to determine place of death. Reports identifying
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a hospital as th. place of death were selected for medical record data
retrieval. Tumor registries and medical records departments of hospitals
listed on the death certificates were asked to complete medical record
abstract forms verifying the diagnosis of the neoplasm and date of diagnosis,
and indicating method(s) of diagnosis, and cell type information. A copy of
the abstract form is in Appendix 10. A second follow-up mailing of abstract
forms was sent to the respective hospitals when completed forms were not
returned within two months of the first mailing date. A third mailing was
sent if the second mailing failed to yield any results. Abstract forms and
accompanying materials returned from the hospitals were reviewed for
completion and consistency. Whenever a returned abstract was found to have
incomplete or inconsistent information, a follow-up telephone call was made to
the hospital tumor registrar or medical records librarian to obtain the
correct information. Data asbtracted from medical records were coded and
entered onto magnetic media for storage and analysis.

Death certificate reports indicating California, Connecticut, Hawaii,
Washihgton or Virginia as state of death were selected for matching with
Surveillance, Epidemiology and End Results (SEER) or state tumor registries.
For each of these states a file of death certificate reports was prepared,
written onto magnetic tape, and the tape was submitted to the appropriate
tumor registry for matching. If a death certificate report matched a tumor
registry record, information on date of diagnosis of neoplasms and morphology
was retrieved from the registry. For matching records diagnos;ic and
morphology data derived from turmor registry files were used to suppiement

information obtained from hospital medical records.
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Verification and Morphology of Cancers

By the end of 1986 the number of death certificate reports of neoplasms
with a year of death between 1960-1981 received by the project included: 65
reports of leukemia, 103 reports of lymphoma, and 32 reports of mesothelioma
in the study samples. Five hundred and seventy-five reports of lung cancer
were selected at random from the sampling frame and included in the set of
reports for verification and morphological characterization. Of the 775 death
certificate reports of neoplasms in the set for verification, about 88 percent
identified a hospital as the place of death; the remainder identified the
usual place of residence (home or nursing home) as the place of death (Table
2.6.A1). A total of 420 hospitals of death were identified. These hospitals
were distributed over 41 states; however, most of them (83%) were located in
states with study shipyards. |

The distribution of death certificate reports by type of neoplasm and
availability of medical record is shown on Table 2.6.A. Medical record
information was obtained on 60 percent (460/775) of the death certificate
reports selected for verification. The yield was better for lymphomas and
leukemias (66-71%) than for Tung cancer and mesothelioma (57-59%). Reasons
for incomplete retrieval of medical record information included no
identifiable hospital of death (92), and, among records with an identifiable
hospital of death (223), hospital unwilling to collaborate with the study,
medical record unavailable, lack of hospital resources to abstract the
requested information, or diagnostic information unavailable.

To ascertain whether the death certificate reports with available

medical records differed from those without such records, death certificates
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reports with and without medical records were compared on gender, race, age at
death, state of death (shipyard vs. non-shipyard), and neoplasm type. Death
certificate reports with and without medical record information were similar
on these characteristics (Table 2.6.B).

For death certificates reports with available medical record information
the level of agreement between the death certificate diagnosis and the medical
record diagnosis is shown on Table 2.6.C. Death certificate reports of
Teukemia, lymphoma and lung cancer with available medical record information
could be verified as having an accurate diagnosis 93-95 percent of the time;
for death certificate reports of mesothelioma the corresponding figure was 75
percent. False positive reports were primarily due to lymphomas in the case
of leukemia reports, leukemia and lung cancer in the case of lymphoma reports,
mesothelioma and other tumors in the case of lung cancer reports, and lung
cancer in the case of mesothelioma reports. Data in Table 2.6.C include eight
reports containing more than one primary neoplasm.

Abstracted medical record information was also used to characterize the
morphology of the validated neoplasms. Among the leukemias (Table 2.6.D),
about half were acute (poorly or non-differentiated) and half were chronic.
| Of the leukemias with morphology data (33), 61 percent were myelogenous (acute
and chronic), 24 percent were chronic lymphocytic, 15 percent were acute
’1ymphocytic, and 3 percent were undifferentiated.

Among the 69 reports of lymphoma with medical record information, 83.6
percent were non-Hodgkins and 16.4 percent were Hodgkins (Table 2.6.E).
Within the non-Hodgkins group the most frequent types included multiple

myeloma (34%), reticulum cell sarcoma (20%), and malignant lymphoma (18%).
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2.6 Causes of Death (cont’d)

Since histopathology information for the mesothelioma reports was
limited, characterization of mesothelioma was based on site alone (Table
2.6.E1). The pleural to peritoneal mesothelioma ratio was 9:10, smaller than
the 2-9:1 ratio reported in other studies.

Within the 320 lung cancer reports with medical record data (Table
2.6.F), the most frequent types included squamous (33%), undifferentiated
(19%), adenocarcinoma (17%), and small cell (14%). Of these, squamous and
adenocarcinoma neoplasms seemed to involve the right lung more frequently than
the left (right:left = 1.5-2.5:1).

The review of medical diagnoses in shipyard workers indicated that
except for mesothelioma, the death certificate diagnoses for this group of
cancers represents the true cause of death as confirmed by hospital records.

Thus, death certificate information should be reliable.
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2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.A Death Certificate Reports of Neoplasia by Medical Record
availability and Type of Neoplasm

Tumor_Type
Medical
Record Leukemia Lymphoma Mesothelioma Lung Total
Available N % N % N % N % N %
Yes 46 ( 70.8) 68 ( 66.0) 19 ( 59.4) 327 ( 56.9) 460 ( 59.4)
No 19 ( 29.2) 35 { 34.0) 13 ( 40.6) 248 ( 43.1) 315 ( 40.6)
Total 65 (100.0) 103 (100.0) 32 (100.0) 575 (100.0) 775 (100.0)
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2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.A1 ‘Death Certificate Réports of Neoplasia by Type of Neoplasm and
Place of Death

Tumor Type
Place of Leukemia Lymphoma Mesothelioma Lung Total
Death N % N % N % N % N %
Hospital 62 ( 95.4) 95 ( 92.2) 31 ( 96.9) 492 ( 85.6) 680 ( 87.7)
Nursing 1 ( 1.5) 0 ( 0.0) 0 ( 0.0) 16 ( 2.8) 17 ( 2.2)
home
Other! 2 ( 3.1) 8 ( 7.8) 1 ( 3.1) 67 ( 11.2) 78 ( 10.1)
Total 65 (100.0) 103 (100.0) 32 (100.0) 575 (100.0) 775 (100.0)

' Other includes reports of individuals who died at home
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2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.B Death Certificate Reports of Neoplasia by Medical Record availability,
Demographic Characteristics and Type of Neoplasm

Demographic
characteristic Availability of Medical Record
and type of Yes No Total
neoplasm N % N % N %
Sex
Male 460 (100.0) 315 (100.0) 775 (100.0)
Race
White 393 ( 85.4) 257 ( 81.6) 650 ( 83.9)
Black 46 ( 10.0) 37 (11.7) 83 ( 10.7)
Other 21 ( 4.6) 21 ( 6.7) 42 ( 5.4)
Age at Death
20 - 29 4 ( 0.9) 2 ( 0.6) 6 ( 0.9)
30 - 39 15 ( 3.3) 9 ( 2.9) 24 ( 3.1)
40 - 49 56 ( 12.2) 30 ( 9.5) 86 ( 11.1)
50 - 59 157 ( 34.1) 115 ( 36.5) 272 ( 35.1)
60 - 69 169 ( 36.7) 109 ( 34.6) 278 ( 35.9)
70 - 79 54 ( 11.7) 50 ( 15.9) 104 ( 13.4)
80 - 89 5( 1.1) 0( 0.0) 5( 0.6)
Place of Death
Shipyard state 367 ( 79.8) 266 ( 84.4) 633 ( 81.7)
Nori-Shipyard 93 ( 20.2) 49 ( 15.6) 142 ( 18.3)
state
Type of Neoplasm
Leukemia 46 ( 10.0) 19 ( 6.0) 65 ( 8.4)
Lymphoma 68 ( 14.8) 35 ( 11.1) 103 ( 13.3)
Mesothelioma 19 ( 4.1) 13 ( 4.1) 32 ( 4.1)
Lung Cancer 327 ( 71.1) 248 ( 78.7) 575 ( 74.2)
Total 460 (100.0) 315 (100.0) 775 (100.0)
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2.6 Causes of Death (cont’d)

Table 2.6.C Agreement Between Death Certificate and Medical Record Diagnoses

Death Certificate Diagnosisl

Medical

Record Leukemia Lymphoma Mesothelioma Lung Cancer Total?
Diagnosis N X N % N % N % N Z
Leukemia 44-( 93.6) 2 ( 27?) 0 ( 0.0) 2 ( 0.6) 48 ( 10.3)
Lymphoma 3 ( 6.4) 65 (92.9) 0 (¢ 0.0) 1 ( 0.3) 69 ( 14.7)
Mesothelioma 0 (¢ 0.0 0 ( 0.0) 15 ( 75.0) 6 ( 1.8) 21.( 4.5)
Lung Cancer 0( 0.0 2 ( 2.9) 4 ( 20.0) 314 ( 94.9) 320 ( 68.4)
Other 0 ( 0.0) 1 ( 1.4) 1 ( 5.0) 8 ( 2.4) 10 ( 2.1)
Total 47 (100.0) 70 (100.0) 20 (100.0) 331 (100.0) 468 (100.0)

L as underlying or contributing cause of ‘death
Total includes eight reports with more than one
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2.6 Causes of Death (cont’d)

Table 2.6.D

Leukemia Reports by Type and Morphology

== nuclear shipyard workers study ==

Leukemia Type

Acute/PD’ Chronic Total
Morphology N % N % N %
Myelogenous 15 ( 55.6) 5 ( 23.8) 20 ( 41.7)
Lymphocytic 5 ( 18.5) 8 ( 38.1) 13 ( 27.1)
Undifferentiated 0 ( 0.0) 1( 4.8) 1 ( 2.1)
No data 7 ( 25.9) 7 ( 33.3) 14 ( 29.2)
Total 27 (100.0) 21 (100.0) 48 (100.0)

' PD = Poorly differentiated
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2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.E Lymphoma Reports by Type and Histopathology

Lymphoma type

Histopathology Hodgkins Non Hodgkins No data Total
Lymphocytic predominance 1 0 0 1
(paragranuloma)

Malignant lymphoma 0 10 0 16
(Tymphosarcoma)

Poorly differentiated 0 5 0 5
lymphocytic 1ymphoma

"Mixed" lymphoma 0 4 0 4
(Tymphocytic-histiocytic)

"Histiocytic" Tymphoma 0 11 0 11
(reticulum cell sarcoma)

Undifferentiated 1ymphoma 0 2 0 2

Multiple myeloma 0 19 0 19

Other 5 5 0 10

No data 5 0 2 7

Total 11 56 2 69

116




R+ 2 P e 3 4 2 4+ ] EF 33 3 3 3 3+ 113 nuc]ear shipyard workers Study ==

2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.E1 Mesothelioma Reports by Site

Site Number %
Pleural 9 42.9
Peritoneal 10 47 .6
Other' 2 9.5
Total 21 --100.0

'Other includes testicular and unspecified
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2 Methods
2.6 Causes of Death (cont’d)

Table 2.6.F Lung Cancer Reports by Side and Morphology
Side
No

Morphology Right Left Both Data Total
Squamous 58 38 3 7 106
Adenocar- 38 15 3 0 56

cinoma

Mixed 2 3 1 0 6
Small Cell 23 18 0 4 45
Large Cell 6 16 2 1 25
Undifferen- 27 23 1 10 61
tiated
No Data 9 ' 8 0 4 21
Total 163 121 10 26 320
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2 Methods
2.7 Radiation Exposures

The following section reviews the methods of establishing radiation
dose equivalents (DEs) for nuclear shipyard workers. The purpose of the
review is to assess the adequacy of individual recorded dose equivalents (DEs)
for this study. The initial assessment of the population risk will be based
on recorded DE levels as documented by the Navy and the cooperating private
yards. After the initial evaluation of potential risks based on recorded
data, any further examination of potential biases or errors related to these
recorded DEs could be the subject of future specific reviews of limited

numbers of cases and controls.

Sources of Radiation Exposure

The study focused on the group of civilian workers in the shipyards who
were involved in the overhaul of nuclear powered vessels. This group of
shipyard workers had a common, incidental, external exposure to radiation
primarily from the neutron-activated corrosion products in the primary coolant
system of the nuclear reactor. In the majority of instances, these exposures
occurred from work done in the reactor compartment after reactor shutdown and
in shops where radiocactive components from ships were repaired and/or
modified. Thus, as the radiation workers carried out their daily activities
at their usual jobs in the vicinity of these radioactive sources, they were
exposed to varying levels of radiation from activated materials.

The first exposures of relatively large numbers of workers occurred in
the overhaul of a submarine in 1957 at the Groton, Connecticut yard. Over the
subsequent ten years, the other study yards began nuclear-powered vessel

overhauls until, by 1967, all eight shipyards were involved in this work.
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2 Methods
2.7 Radiation Exposures (cont’d)

Thus, the personnel dosimetry program which was critical to accomplishment of
this study was initiated at different times in each of the eight yards and has
continued through the present time.

The descriptions of radiation exposure from Naval nuclear propulsion
plants have been derived from several sources. These include two reports
related to the Portsmouth Navy Shipyard (Murray, 1982; Murray, 1983); two
series of annual reports published by the Navy, the "Occupational Radiation
Exposure Reports from U.S. Naval Nuclear Propulsion Plants and their Support
Facilities", and the "Environmental Monitoring and Disposal of Radioactive
Wastes from U.S. Naval Nuclear-Powered Ships and Their Support Facilities";
the Congressional Hearing regarding the Naval Nuclear Propulsion Program-1979;
a Navy report reviewing the United States Naval Nuclear Propulsion Program-
June 1982; and extensive discussions with Navy personnel, as well as on-site
review by the Shipyard Study Staff. These data and other information and
personal observation were used to develop the description of the control
programs.

Naval nuclear powered ships use pressurized light water reactors. The
water circulates through a closed primary piping system to transfer heat from
a reactor core to a secondary heat exchange system which is isolated from the
primary cooling water. Steam generated in the secondary system is then used
as the power source for the propulsion plant.

Trace amounts of corrosion and wear products from the interior surface
in the primary system are carried by the coolant into the reactor and are
activated in the reactor core through neutron absorption. These products are

then carried throughout the primary cooling system. In-Tine purification
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2 Methods

2.7 Radiation Exposures (cont’d)
systems do not completely remove these activation products from ¢ e water.
Since shipyard workers do not work in the feactor compartment until the
reactor is shutdown, it is from the activation products deposited in the
piping system and associated equipment and not from the operating reactor that
radiation exposure primarily takes place.

Accidental exposure to uranium and/or its fission products due to loss
of fuel element integrity has not been reported. The designs for navé]
reactors are more rigid than for commercial plants because they must withstand
shock. Therefore, even fission gases are retained within the fuel elements.
Uraﬁium is also retained within the fuel elements so exposure does not occur.
Accc -ing to the earliest information available to the investigators, the
Naval Nuclear Propulsion Program has reported no "abnormal occurrences" or
incidents of external radiation exposure over 25 rem in a single episode
(Congressional Report, 1979).

Table 2.7.A summarizes the sources of potential radiation exposure for
workers involved in the overhaul, repair, and refueling of the nuclear powered
ships. The primary coolant water contains several short-lived radionuclides.
These include nitrogen-16, nitrogen-13, fluorine-18, argon-41, and manganese-
56. A1l of these materials have short half-lives ranging from 7 seconds
(nitrogen-16) to 2.5 hours (manganese-56). Procedures used in the shipyards
delay exposure to these materials and greatly reduce any potential exposure
incurred from their radioactivity. The other radionuclides are long-1ived
with half-lives ranging from 1 day to 92 years. They include tungsten-187,
chromium-51, hafnium-181, iron-59, zirconium-95, cobalt-58, tantalum-182,

manganese-54, iron-55, cobalt-60, and nickel-63 (Murray and Terpilak, 1983).
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2.7 Radiation Exposures (cont’d)

Of these materials, cobalt-60, with a half-1ife of 5.3 years, comprises
the most significant source of external exposure. Radiation from cobalt-60
consists of one low-energy beta and two high-energy gamma rays (1.17 and
1.33 MeV) leading to exposures which should be accurately measured by film
badge or thermoluminescent dosimeter (TLD).

Personnel are not permitted in the reactor compartment when the reactor
is operating. Therefore, neutrons produced during fission of reactor fuel
would not be present under the usual conditions of maintenance when the
reactor is shut down. However, workers sometimes have short temporary
assignments in the machinery spaces outside the reactor compartment when the
reactor is operating. Neutron exposure has historically been measured at
below minimum detectable levels of neutron sensitive film since there is both
primary and secondary shielding of the reactor core. Only isolated workers
who have been involved in radiation instrument calibration or in reactor plant
instrumentation testing with neutron test sources have had low levels of
neutron exposure as measured by film badge or lithium fluoride TLDs. These
doses are reported in the annual and cumulated DE records. Beta radiation is
present from the radioactive corrosion products in the reactor coolant at the
time the systems are opened. However, the anticontamination clothing or
plastic containments used protect the worker from beta exposure.

Consequently, monitoring for beta radiation is usually not done (Occupational
Report, 1979).

In regard to internal radiation exposure, it is unlikely that fission

products could escape unless the fuel element had ruptured or, in some other

way, lost its integrity. However, trace amounts of uranium, naturally
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2 Methods

2.7 Radiation Exposures (cont’d)
occurring as an impurity in structural materials, undergo fission in the
vicinity of the core, and very small quantities of fission products will be
present in the reactor coolant.

Small amounts of tritium are formed in the reactor coolant systems due
to neutron interaction with naturally occurring deuterium in water; however,
the levels are less than in typical reactors because soluble boron is not used
in the reactor coolant for reactivity control. Carbon 14 is also formed in
small quantities from exposure of nitrogen and oxygen products to neutrons.
However, the small amount of low energy beta radiation associated with
carbon-14 is not an important radiation source (Occupational Report, 1979;
Environmental Report, 1979). Exposure to cobaTt-GO is the primary concern due

to its major concentration, long life, and high-energy gammas.

Definition of Nuclear Workers

Any worker whose name appeared on the radiation tape or in the
radiation dosimetry records of any shipyard was included in the study
initially. Although the major proportion of these workers are exposed through
overhaul and maintenance of the nuclear propulsion plant, there are records of
other individuals who had radiation exposures and were monitored. These
include medical personnel and radiographers. The latter group which is
involved in non-destructive testing may be exposed externally to x-rays or
gamma rays from cobalt-60 or iridium-192. Internal exposure from these
radionuclides is extremely unlikely since radiography and instrument
calibration use sealed gamma ray sources which are routinely tested for

leakage. Thus, this group is similar to the nuclear propulsion plant workers
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2.7 Radiation Exposures (cont’d)
in that their primary source of exposure is external radiation. Medical
personnel are exposed primarily to machine produced x-ray sources. All these
occupational groups are monitored under the radiation control program and
their records are included in the database with the workers exposed to
radiation during maintenance and overhaul of nuclear propulsion plants.
However, only the latter group represent the focus of the study. Job
histories will distinguish between the three groups.

Anyone who enters a radiation area or works with radioactive material
must be monitored for exposure and the recorded dose will appear in the
radiation record. A radiation area is defined as any area in which a worker
may receive one to 100 millirem per hour td a major portion of his whole body.
If the area is one in which the DE could exceed 100 millirem per hour, this is
designated as a high radiation area and additional special precautions
(Tocking and guarding) are taken for these areas (Occupational Report, 1979).
Anyone entering either type of area or any individual who works with
radioactive material must receive special training and must receive
authorization to be classified as a nuclear worker.

A1l individuals receive radiation medical exams prior to assignment as
nuclear workers. Prior to 1982, any worker who has had 0.5 rem in any year
has a follow-up routine examination at least every three years. After 1982,
all workers received physicals every three years with the exception of Groton,
which was on a five year cycle until 1987. At any time that a worker is
suspected to have ingested or inhaled significant quantities of radioactive
materials, he will receive a special examination. A final physical

examination is also given to all nuclear workers at the time of termination of
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2.7 Radiation Exposures (cont’d)

employment or termination in the nuclear program if they had 0.5 rem or more
in any year. The level of 0.5 rem was selected as the target for examination
because that is the annual dose permitted for the general public (0ccupationa1
Report, 1979). ‘

Individuals with malignancies, a prior history of radiation therapy, or
a significant family history of cancer on medical examination may be
disqualified from either initial entry into the radiation program or may be
removed from the program at any time. Reinstatement in the program requires a
special review. Thus, all nuclear workers receive frequent physical

examinations throughout their shipyard tenure.

Dosimetry

From its inception, the radiation program in the shipyards was
supervised from a central source. The dosimetry practices were well
developed, under central oversight and standardized by virtue of éommon
manuals (i.e., NAVMED P-5005, "Photodosimetry Manual", 1957, and NAVMED
P-5055, "Radiation Health Protection Manual", 1965). Initially, in 1957 the
radiation monitoring program of the Naval Shipyards was under the management
and technical control of the U.S. Navy Bureau of Ships (later Naval Sea
Systems Command) and the U.S. Navy Bureau of Medicine and Surgery. At that
time film badges were worn to measure radiation exposure. The film badge
holders had both an open and a closed window. Penetrating radiation (gamma)
was read under the closed window portion of the badge, while high energy beta
and "soft" x-rays were read under the open window. Skin exposures were

estimated from the density of exposed film under the "open" window, while
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2.7 Radiation Exposures (cont’d)
whole body penétrating dose was estimated from the film density under the
metal shielded portion of the film. In general, Dupont type 552 film was used
that had a nominal minimum detectability of about 50 mrem. However, as is
evident by review of records, values as Tow as 15 mrem or so were often
recorded. This film was used from about October 1957 to November 1961.

As noted by personnel from the shipyards, not all yards used the same
film or the same badges. About half the yards used the same type of film and
film badge holders. The films H and D curves (that is, the curves which
relate film density to exposure) were usually calibrated with exposures to
cobalt-60 or cesium-137 as the standard but this procedure also varied by
yard. Some gamma ray standard sources were routinely calibrated at the
National Bureau of Standards (NBS). In other cases, secondary gamma ray
standards were used which were traceable to NBS sources.

From 1961 to 1968 other types of Dupont film were used; for example,
Portsmouth used type SX 233 and Charleston used type 556. By 1968, most of
the shipyards had shifted to Kodak type 3 which had a minimum detectable dose
of approximately 10 mrem. Exact records of the type of film and badges used
in each of the shipyards are probably available if these details related to
radiation measurements prove necessary for subsequent review of individuat
dosimetry information.

The position for wearing the film badge was on the front of the trunk,
outside of the clothing and at the waist or chest. Film badges were sometimes
worn at other locations (e.g. head) depending on the location of highest
exposure. In selected situations, additional dosimeters might be worn on the

extremities. If an individual entered a high radiation area or a reactor
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2.7 Radiation Exposures (cont’d)

compartment, he wore not only a film badge or TLD but a pocket ionization
chamber as well (Occupational Report, 1979).

There was no DE assigned to an individual whose film badge could not be
read because of the minimal detectable level of radiation characteristic of
the fiim. Thus, any DE corresponding to 0.01 or 0.02 density units on the
densitometer was called zero on Dupont film and any DE corresponding to 0.03
density units or above was read as such. Kodak type 3 film had a standardized
recording level of 0.03 density units since the late 1960*5, but its
sensitivity corresponded to 10 mrem. The calibration H and D curves used for
standardizing the badge measurements were produced at the individual
shipyards. In reading films, a control film was used to subtract background
level.

Film badges were processed every two weeks prior to 1960 and monthly
thereafter. If the ionization chamber pocket dosimeter reading exceéded
certain pre-set alert levels, the film badge was processed and read
immediately to determine DE. Individual DEs were entered into the employee’s
medical record or into an exposure record at private shipyards as the official
record. This is the information source which was available for use in
confirming the radiation data on the individual DEs provided by the Navy on
computer tape.

By 1973 and 1974 almost all shipyards converted to TLDs. Newport News
shipyard did not convert to TLD unti] 1976. A1l of the yards use TLDs
containing two chips of calcium fluoride with added manganese except Newpo:i
News which uses three chips of lithium fluoride. TLDs are read on a daily

basis, with the exceptions of Groton which reads TLDs on a weekly basis and
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2.7 Radiation Exposures (cont’d)
Newport News which reads TLDs on a monthly basis.

Within the exceptions noted previously, the current TLD program is
well-standardized in the shipyards. Due to the recent implementation of the
TLD measurements, records are more readily accessible which makes it easier to
document procedures for the TLD than for the older film badge program.

A1l individuals who are to work in radiation areas present their
authorization cards to the TLD distribution office, at which point their
eligibility is checked on a list indicating their current allowable DE level.
An individual cannot enter a radiation area unless authorized to do so. If
the individual expects to enter a high radiation area or reactor compartment,
he will also receive both a pocket dosimeter and TLD, and his card will
indicate work in that area. TLD readings were recorded on cards and manually
input into a computer. Today, all input is automatic. The DD-1141 form for
Navy yards and an'equivalent form for private shipyards is then computer

generated and entered into the employee’s record.

Internal Dosimetry

Internal deposition of radioactive material or the potential of such
radioactive deposition by ingestion, inhalation or skin absorption has been
monitored and recorded. Of the contaminants normally present, cobalt-60 is
the radionuclide of primary concern because it contributes the largest
fraction of the radioactivity and has the lowest maximum permissible
concentration. It is the focus of the internal monitoring program.

The shipyards prevent inhalation and ingestion of radioactive material

by a rigorous program of contamination controls including frequent use of
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2 Methods
2.7 Radiation Exposures (cont’d)

contamination containment, monitoring of personnel and areas, filtered
ventilation, and use of protective clothing. In most cases, attempts are made
to engineer a job so that the radioactivity is contained rather than send
workers into a contaminated area with protective gear.

The airborne activity limit is set at 1 x 10° microcuries per
milliliter of air based on the equivalent cobalt activity. At this level,
workers must exit the area or wear masks or air fed hoods. If the airborne
radioactivity reaches 10°® microcuries per milliliter, no access is permitted.
It is a general principle in the Naval Nuclear Propulsion Program not to allow
workers to continue to work in airborne radioactivity even if masks are being
worn. Usually the job is stopped so that control measures can be established
to prevent airborne radioactivity from recurring. If work might produce
airborne contamination, containment tents enclose the area which is then
ventilated through high efficiency filters to remove even small particulates.
The occupied areas near the tents are also ventilated. There is constant
monitoring in areas where this contamination could occur such as during work
in the reactor compartment. Moreover, the limits set by the Navy are
conservative so that if an individual were to work 40 hours a week throughout
the year at the 1 x 10°° microcuries per milliliter level, the person would
still only receive one-tenth of the Federal standard of 15 rem per year to
organs such as the lungs (Occupational Report, 1979).

In the early 1960’s, urine bioassays were routinely done at some
shipyards as a check for the presence of internal exposures. Given the Navy’s
control of airborne radioactivity, it was felt that review of these results

would not be useful at this time.
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2.7 Radiation Exposures (cont’d)

The external measurements of radioactivity in the lung used in the
early 1960’s, while adequate for that period, are considered by today’s
standards to be relatively insensitive. When the procedure used an end window
Geiger-Mueller counter survey meter and a scaler, as well as a suitably long
period of counting, the minimum detectable activity was about 75 nanocuries of
cobalt-60. The minimum detectable activity was only one microcurie when a
rate meter alone was used as in the eér]y years. In 1962, some shipyards
performed chest counts on their populations with a Geiger-Mueller counter and
a scaler. This procedure was used at various times in the yards through about
1967. Gamma sensitive sodium iodide scintillation detectors, which can
jdentify levels as low as about 2 nanocuries of cobalt-60, were used starting
after 1967.

Before about 1971, internal monitoring was only performed following an
event involving potential intake. After that date, routine monitoring was
initiated at the time of physical examinations and after a potential intake.
For example, approximately 7,000 individuals were monitored in 1971 and only
four had between 10 and 20 nanocuries with the others being below 10
nanocuries. In the recent periods, for example in 1982 out of the more than
10,000 individuals who were monitored, only one individual was reported to
have greater than 10 nanocuries, which is the reporting level used by the Navy
(NT-83-2, 1983). The maximum exposure was 32 millirem. Ten nanocuries
deposited in the lung would result in a dose to the lung of less than 10
millirem. Therefore, internal exposure in the study group was negligible; it
was not included in the radiation DE used for mortality analyses in those few

instances where it appeared on a record.
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2.7 Radiation Exposures (cont’d)

Skin Contamination

Any worker with radioactivity on the skin was required to cleanse the
area until there was no further detectable radioactivity on the skin. Workers
with open wounds or skin conditions that might make it difficult to
decontaminate the area in the event of skin contamination were not allowed to
work in contaminated areas. Records of skin contamination were documented in
the worker’s history. The Navy indicates the occurrence of these events on
the radiation records, but since in most cases the episodes have resulted in
no added dose for the individuals, the negative results were not routinely
abstracted in preparing the radiation tapes for this study. Navy procedure
also requires documentation of all radiation contaminated wounds. However, no

incidents have occurred in recent years.

Assigned DE

Any worker who stated they received occupational exposure to radiation
prior to employment at the shipyard, but whose DE could not be verified was
administratively assigned the maximum allowable DE for that period. If
subsequent information became available, the corrected DE was entered into the
radiation record. In the ear]y years of the program, workers also may have
received assigned doses when they had worked on ships exposed to fallout from
radioactive weapons testing. These are relatively uncommon events.

Prior to 1957, the annual 1imit was 15 rem per year. About the time of
start of overhauls in 1959, the Atomic Energy Commission (AEC) and its
licensees adopted a 1imit of 1.25 rem per quarter applicable to persons with

no prior dose history available. These would have been the standards under
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2.7 Radiation Exposures (cont’d)

which the shipyards administratively assigned doses.

Estimated DEs

When a worker’s dose is unavailable as when he lost a film badge or TLD
while working in the shipyard, the DE can be estimated from pocket dosimeter
totals, the DEs of other workers performing similar work or exposure rates and
time spent in the area.

Another procedure used by the Navy to assure ihe safety of individuals
working in high radiation areas was the provision of both a pocket dosimeter
and a TLD or film badge. If there was a difference of 25 percent or more
between DEs as derived from the two types of instruments, an investigation was
conducted to determine the cause of the discrepancy. The worker himself was
interviewed, and other workers within the same general area were identified
for comparison of DEs. Radiation survey records for the area were reviewed,
and calibration of the TLD and pocket dosimeter was checked, if appropriate.
Depending on the results of the investigation, the TLD reading or the pocket
dosimeter reading might be accepted as the appropriate individual measurement.
Alternatively, a DE based on the radiation level and exposure time or a DE
comparable to DEs of other workers doing similar work might be used for
estimation.

A similar procedure was used when dosimetry devices were lost or
damaged. In such cases, the worker’s dose was estimated either by considering
the dose of other workers in the same area or the worker’s time in the area
and the measured radiation level of the area. Each of these assessments was

documented in the individual’s record.
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Validity and Completeness of Radiation Records

In any epidemiological study it is extremely important to try to
classify individuals correctly both in regard to their disease outcome and
their exposure. Even random misclassification will tend to dilute any
existing association between disease and exposure to radiation. This is of
particular importance when calculating a dose response curve. It was
important, therefore, that several areas of potential misclassification and
variation in procedures by yard be investigated as a first step in checking
the reliability of record-keeping systems.

The information on individual doses was furnished by the shipyards.
A1l of the Navy shipyards and one of the private yards abstracted from the
radiation records and compiled into a computer tape the radiation data by
annual as well as cumulative DE for each individual who had ever been
employed. One yard supplied the hard copy records of each individual’s annual
radiation DEs and a computer tape of radiation records which represented only
current workers’ cumulative DEs. Therefore, a computer tape was developed for
each shipyard which was compatible with the general format and information
provided on most Naval shipyard tapes. In assembling the tapes, the Naval
Shipyards included various other additional information regarding potential
sources of radiation such as exposure in prior employment, status of worker
such as retirement or transfer, medical problems and special exposures such as
skin contamination events.

Not all shipyards compiled these items on computer tape nor was the
method of compilation standardized as it was for radiation dose and

identifiers. Thus, for every worker the annual DEs plus the cumulative DE to
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date have been compiled for exposure within the shipyard. Previous exposures
were included in each computer record. Unusual sources of exposure such as
possible internal contamination and skin contamination exposures were compiled
from some yards. The shipyards have provided the Shipyard Study staff with
new radiation tapes at each year’s end from the beginning of the study. The
tapes were matched across all yards in order to record the total DE for an
indi?idual who might have worked in several yards. These tapes were also
matched across years to identify potential editing errors. In order to
combine data across shipyards for analysis, the first task required that all
methods of recording information be standardized for the Navy and private
yards.

The records from some yards included individuals who had not actually
worked in that yard but had received radiation exposure in another shipyard
whose records had been combined with those of the shipyard of primary
interest. These other workers usually had received radiation as part of the
medical or non-destructive testing departments. This presented a problem in
population definition. It was necessary to remove these workers from the
roster of nuclear workers since they were not part of the monitored work force
in the shipyard of interest.

Newport News reported their workers’ radiation DEs by individual annual
DEs. The shipyard did not prepare a computerized cumulative DE with
sequential annual DEs recorded by calendar year in each worker’s record as was
prepared by the other yards. The formation of a record system similar to that
of the Navy yards was accomplished through the abstracting of Newport News

information by the Shipyard Study staff. The initial set of microfilmed
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Newport News records did not contain all the available information, and
additional records were requested and received from the yard to complete the
data for each worker. Given the difficulty in reconstructing the database
from several sources of data, the process was very time-consuming and the
records still contain some discrepancies for individual records. Therefore,
some nuclear workers from that yard have not been included in the current
analysis.

Examination of the special codes used on the radiation history files
revealed that the codes were not used consistently across the Navy yards in
preparing computer tapes for the study. For example, Portsmouth used no
special codes for exposures at other yards or medical exposure, while on
average one to six percent of the annual records in the other shipyards
contained such codes. In addition, there were marked differences by yard in
reported assigned DEs which indicated that this identification code was not
used in the same way in all yards. The frequency of any of these doses in the
records was low.

The discrepancies noted above are unlikely to make a significant
difference in terms of the worker’s radiation history for a given shipyard,
but the inconsistencies caused some problems in combining experiences across
yards. Some assumptions were made in order to combine the radiation
histories. In most cases, the records were manually edited and, if possible,
the medical record was reviewed. Since only one percent of the study

population worked in the radia ion program in more than one shipyard, this was

not considered to be a problem.
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Completeness of the Exposed Population

A most crucial question is whether the total population of exposed
nuclear workers has been completely identified and the risk of disease noted.
Three methods have been used to attempt to confirm the completeness of the
population.

The first procedure matched all workers listed on the radiation file
with personnel files from each individual shipyard. In theory, all true
shipyard workers listed on the radiation file should have had a personnel file
record. There were 17,335 workers (16%) on the radiation file that did not
match to a personnel record. Of these, 8,909 workers were from the Newport
News yard, whose radiation database had to be constructed by study staff from
the yard’s microfilm exposure records. Some individual records had
uncorrected problems at the time of this analysis. It is possible that non-
matching has occurred because these workers were employed by a contractor and
not by the shipyards directly or that the records represented visitors or
active duty military personnel in the yards. Some of the nonmatches were due
to errors in transcribing social security numbers (the matching criterion) on
either the personnel or radiation files. It is also possible, however, that
the personnel files of these individuals were not available at the time of the
filming of the records. Such a situation might exist, for example, if a file
was under investigation and therefore had been pulled out of the normal file
location. Although attempts were made to avoid any such omissions, it was
often difficult to be sure that every single personnel file had been located
at the time of filming. Therefore, every individual with at least 0.5 reh

cumulative exposure who had a record on the radiation file and for whom we had
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additional identifying information was carefully investigated.

Of the total 17,335 records, 4,985 were for workers with a cumulative
DE >0.5 rem, of which 2,366 workers were from the Newport News shipyard. The
files were submitted to the Social Security Administration and to other
sources that provide information on vital status in order to determine the
vital status of these individuals. The returns from the Social Security
Administration and these other sources of death information indicated that the
death rate of these individuals was 10 percent overall. This identification
may not be complete since not all records had the information needed to
provide matches with the vital status sources. Many of the discrepancies in
the matches were resolved, and this population of workers with at least 0.5
rem or more was followed along with the radiation sample study group.

Figure 2.7.A depicts the current status of the follow-up of these radiation
workers excluding Newport News. The current analysis does not include these
individuals since the death certificates were not available for all deceased.
The subdivision of the 2,366 Newport News radiation workers without personnel
records into dose categories and the ascertainment of the vital status of the
groups was not complete when the tope was prepared for analysis.

It should be noted that the radiation computer files represented a
unique situation for checking on the completeness of the population of
exposed. In most working populations, the only source of identification is
the personnel record, and there is no second source for validation.
Therefore, in this case, unlike the usual situation in occupational studies,
there is a source to check on the completeness of the population. The first

source was the radiation exposure tapes and the second source was the
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personnel file. 7

The third source of information to confirm the completeness of the
exposed population was that of 1ndividué1s receiving a recorded DE of 5 rem or
more exposure in a single year who had been reported to the Department of
Energy (DOE) facility at Oak Ridge. This population was identified by the
Shipyards and not necessarily from the information gathered for the Shipyard
Study and includes workers from shipyards as well as DOE facilities who have a
recorded annual DE of 5 rem or more regardless of the accepted annual
occupational 1imit at the time of exposure. This population has been followed
by Oak Ridge independently of the Shipyard Study even though 930 of the
workers in their study received their exposure in one of seven of the
shipyards. Some of these individuals were missing from our records, and
others had not received 5 rem in any one year according to our data. These
discrepancies are shown in Table 2.7.B for the seven yards for which radiation
history data were available at the time of the comparison. As noted in the
table, there were only 15 individuals on the Oak Ridge list with 5 rem or more
in a single year who were not identified with that exposure level on the
shipyard’s radiation history file.

In addition, there were two individuals who were not identified at all
by the shipyard’s radiation history file. This means they were not included
in the sample population of those with 0.5 rem or more exposure. However,
they may be in the group who have extended follow-up (Figure 2.7.A). These
missing workers would represent less than 0.2 percent of the Oak Ridge
population which was missed in the shipyard study sample.

We have identified 113 individuals with 5 rem or more in a year who

138




s======ss=sssssss==sss=ss=ssss=====z========= Nyc]ear shipyard workers study ==
2 Methods

2.7 Radiation Exposures (cont’d)
were not in the Oak Ridge study population. Not all the reasons for these
discrepancies have been resolved. However, reasons for the discrepancies have
been identified for the eight workers at Portsmouth. Six of the eight workers
were radiographers, a group which was being followed in the Shipyard Study but
which was not included in the Oak Ridge study. The seventh individual was
recorded as having 5 rem in a year but he actually received that DE over two
years at an installation other than Portsmouth. This DE appeared as a single
reading of 5 rem when the individual returned to the shipyard. One eligible
candidate was not identified by the Oak Ridge study. These two separate
efforts provide reassurance that identification of the defined eligible
workers is essentially complete. The validation check has also identified the
ways in which eligible study individuals could be missed.

The fourth method of assessing the completeness of the population base
was to query recent workers at’both Norfolk and Charleston about whether they
had worked in radiation areas and then to check their answers against our
radiation files. The question on the survey read, "Did you weak a film badge,
dosimeter, or TLD while in the shipyard?" Apparently some people
misunderstood the question'initia1]y and so there was a relatively high
percentage who indicated that they had worn a badge but for whom there was no
record of their being a nuclear worker. About twice as many of the Norfolk
respondents indicated that they had worn a film badge or TLD and were not on
the radiation history file (16%) as those who indicated they had not worn a
film badge but whose name appeared on the radiation history file (9%).

Further calls to these individuals corrected the misconception about the

meaning of the question relating to wearing a film badge. Many combined the
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film badge with an identification badge issued for security purposes.
However, even after clarification of this error, there were still some
individuals who reaffirmed on interview that they had worn a radiation
monitoring device although we had no record of their exposure.

These discrepancies have been investigated further with the personnel
and medical departments at Norfolk, and the summation of the results is seen
in Table 2.7.C. Among recent workers at Norfolk, about 99 out of the
approximately 14,000 contacted reported wearing radiation monitoring devices
despite the fact that their names did not appear on a current radiation file.
Fifty of the 99 still had a record available at Norfolk about three years
lTater {the other 49 records had apparently been sent to the Federal Records
Center), and their exposure history could be investigated. Of the 50
investigated, 26 (52%) had reported wearing a film badge or TLD, but at the
time of the radiation file preparation they had not yet been called for active
radiation work. Therefore, individuals were answering the question correctly
and there was not actual discrepancy with the radiation file.

As can be seen from Table 2.7.C, 15 of the group, or 30 percent,
reported working at the Newport News Shipyard and may have received exposure
there although there was no record of it at Norfolk. There is no confirmation
of this fact. An additional three workers had served in the military, and
there was no information regarding whether unreported exposure could have
occurred there. Three others had qualified for nuclear work in the distant
past, but they had never worked in a radiation area. There were three who had
a radiation record in their medical chart, but their names were not on the

radiation history file. Two of these were positive responses to the question
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because they were badged whenkthey were sent on 4 special assignment in which
the individual might have been exposed at a site away from the shipyard, and
there was one missed record.

Most of the discrepancies noted above resulted from differences between
the study definition of included workers versus total radiation workers in the
yard. Few eligible workers were missed. From these data, one out of 50 who
would have been eligible for the sample might have been missed. Almost all of
the 14,000 workers contacted were correctly classified as to their radiation
history.

The data from the health history survey in Charleston have not yet been
reviewed for completeness of identification of radiation workers. - Problems
should be less frequent than in Norfolk where confusion arose in responses due
to the presence of two shipyards in close proximity (Norfolk and Newport News)
both of which were hiring radiation workers.

Preliminary analysis of the data from the mailed survey of recent
Charleston workers completed in 1987 indicated that about 12 percent of the
population reported that they wore a film badge or TLD but their names did not
appear on the 1985 Charleston radiation file. In addition, six percent of
workers whose names appeared on the radiation file claimed that they were not
nuclear workers. The results from both shipyards indicated that questioning
individuals about radiation exposure status may yield results differing from
documented records. It also indicates that the careful record-keeping systems
have managed to reduce the number of missed radiation workers to a negligible

percent, if Norfolk is any example for the other yards. which seems likely.
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Classification of Workers as Exposed versus Non-exposed

In any epidemiologic study, the complete ascertainment of the study
population is essential in order to be sure that no selection bias has been
introduced into the study group. This question was addressed by several
comparisons between the radiation workers and personnel files. The complete
ascertainment of the population of nuclear workers was paramount to avoid
selection bias. Thus, this group was compared by annual records to be sure
that no individual was deleted as described below. They were compared to data
from the Oak Ridge 5 Rem Study to see if any/workers had been missed through
two identification systems. Those with >0.5 rem cumulative DE were followed
separately if they did not have a personnel record until the reasons for the
missing record could be determined and their study eligibility decided. The
latter two methods were described above. It is not enough in this study to
simply divide the population into exposed and non-exposed because accurate
dose data were needed to calculate dose-response curves and hopefully in the
end to determine whether the risk by dose would be compatible with previous
estimates.

In reviewing the radiation information, it is important to recognize
that the maintenance of radiation records and the total radiation control
program is focused on the safety of the worker. Therefore, the shipyard
personnel try to maintain exposures well below the limits set for occupational
radiation. However, accumulating measurements over long periods using
different techniques for the purpose of epidemiologic studies raises a
different set of issues. Every reported reading actually represents a range

of possible readings because of the limits of accuracy of the measuring
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device. As multiple readings are added together, we would hope that these
positive and negative variations would cancel themselves out producing an
accurate dose over time. However, when the readings are in the low dose
ranges there may be limits on the system and the range of any reading may not
be equally distributed on the positive and negative sides. Technicians may
also have tended to reéd film badges conservatively in order to protect the
health of workers. These factors could introduce bias into readings
especially when accumulated over many days, months and years. The following
portion of this reports examines the methods of determining exposure in order
to identify any potential limitations in the use of these radiation data for
epidemiologic purposes rather than for health and safety purpoges.

In selecting the population for study, the workers were divided into
three groups: the group qualified to do nuclear work with cumulated DEs of
0.5 rem or more by January 1, 1982, the group also qualified to work nuclear
with cumulated DEs below that level and, as a final group, those workers who
never appeared on the 1981 radiation file which represented a cumulative
listing of all workers who had ever been classified as radiation exposed. The
latter two control groups were regarded as low or zero exposed groups. The
so-called "exposed" group had cumulative DEs which varied from 500 millirem to
30 rem or more.

In the simplest form of analysis, looking at the classification of
nuclear workers versus non-nuclear workers, the reviews indicated that the
major separation was extremely reliable based on shipyard records. We will
discuss further the exact dose data below. The dose becomes important because

in the analysis of the exposed group by dose, it is necessary to determine the
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relative accuracy of dosimetry in the upper versus lower dose levels and the

accuracy depending on the size and rate of accumulation of daily doses.

Dosimetry on Individuals

A review of all procedures for collecting and recording exposure
information was conducted to determine the reliability of the dose
information. The sources of collecting and recording of the specific
radiation readings from film badges and TLDs were reviewed and discussed in a
previous section. Methods of checking the reliability of the dose data will
be described in detail below.

Potential sources of internal exposures and the program for internal
monitoring were also described above. This information was examined to
determine whether there were any sources of exposure which might have been
omitted from the dosimetry. Any radiation exposures of workers other than
gamma rays were also noted in the radiation record. We have no indication
that any of this information on internal exposures was in any way incomplete.
There were very few internal radiation exposures recorded in recent years. In
the past there has been much public attention to potential exposures in
"accidental" situations which are not reported. No incidents have been found
in the medical histories which were reviewed at two yards. Any incidents
would have been noted in these records. Also, Navy‘procedures require the
immediate reporting of any incident in which the exposure to any individual
exceeded 25 rem or more. No such incidents are reported. Thus it would not

be necessary or practical to try to review all medical records to prove that

no "accidents" occurred.
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It is obvious that the recorded information on radiation doses
represents exposure data which are usually not available for similar types of
exposure to agents in the workplace. But it is also important to remember
that if we are trying to estatiish risk estimates, the accuracy of this
information is crucial. It is even more important that there is no bias in
the data which are collected for high versus Tow DEs exposures within the
group. To establish dose-response relationships and the risk per incremental
dose, it is important to have accurate measurements. The radiation field is
far advanced in the use of measured exposures and need not rely simply on
relative rankings as in other occupational exposures.

Occupational exposures to radiation are characterized by repeated
exposures over a period of time rather than the reception of a single dose or
a few doses in a short interval which is typical of medical exposure used in
the treatment of patients or in single environmental or accident exposure such
as the testing of nuclear weapons or bombings. Therefore it was important in
this study to try to characterize the way in which the individual workers have
been receiving their DEs, since the errors in any single reading (which may in
itself be small) are now compounded over repeated measurements for long
periods of time.

The data have been validated by several means. One was an internal
comparison in which all data from the individual radiation file records by
years have been compared to determine, first, whether any records have
disappeared from the tapes of individual yards, and second, whether the total
cumulative DEs of individuals recorded by yard matched the sum of the annual

DEs. Additionally, exposure information reported in quarterly or monthly
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intervals was abstracted from samples of the workers’ medical records in two
shipyards to validate the annual and cumulative DEs recorded on the
computerized radiation history files and to examine the pattern of exposure by
which workers received their 1ifetime DE. The medical record is considered to
be the valid source of all information on radiation exposure. This complete
validation of individual records was done for Pear]l Harbor and Portsmouth.

The first check on the correctness of DE as well as the completeness of
the population was done by evaluating the radiation computer files which have
been received at the Shipyard Study office annually from the yards for the
past eight years. Edit checks were performed to ensure that the annual DEs
summed to the lifetime DE on the record. The shipyards were queried about any
DE discrepancies, and the corrections were made to the file.

These records were also checked sequentially for deletions of either
doses or workers from the database. As seen in Table 2.7.D, only 0.3 percent
of workers and only 0.2 percent of the annual records were deleted from one
year to the next. These deletions were not characteristic of any specific DE
group. Investigations revealed adequate explanations for all but five of the
585 deletions (0.9%). For example, military personnel, visitors or
contractors were removed because they were not considered to be part of the
shipyard nuclear worker population. Assigned DEs may have been replaced by
real doses gathered from outside sources following investigations and updates.
Also, changes in a worker’s radiation program identifier were the cause of
many of the apparent deletions in Mare Island.

The description of the Pearl Harbor radiation exposure data validation

is presented in Table 2.7.E. The 826 annual radiation exposure entries from
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the Pearl Harbor medical records of 84 workers who were found out of a sample
of 100 represented the exposures of a sample consisting of all individuals at
high DE and successively smaller fractions of the total population of workers
at lower DEs. The retrieval was incomplete because some records were not
received from the Federal Records Center. Comparison of the cumulative DE as
calculated from their official medical records and from the computerized
records (Figure 2.7.B) indicated that there were only two lifetime DE
discrepancies in the records of all 84 workers (2.4%), creating an average
difference of 0.635 rem in the cumulative DEs of the two workers. The
correlation coefficient for the lifetime doses recorded in the two systems,
medical charts and computer radiation history file, was 0.9996.

In general, if there were missing entries in one of the two systems, it
was generally when there was a zero or blank dose in either the medical or the
radiation record. Thus, of the 16 entries which were not present on total of
836 records in both systems (1.9%), 15 of the 16 entries fell in these
categories (94%) and so would not alter the DE. For the additional nine
annual entries in which the recorded DEs were not the same in the two systems
for seven workers, the imprecision of zero versus blank recording of DE
accounted for seven of the nine differences (78%). This indicates the high
accuracy of the data reflected in the computerized radiation tape.

These dose data from Pearl Harbor have also been examined to see if the
method of cumulating small doses could have caused an over- or under-
estimation of dose based on measurement error. One must consider the pattern
by which individual workers received their doses. In nuclear vessel

overhauls, unlike other occupational exposures, the individual often has
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occasion to enter a radiation area and receive a DE and then not receive
exposure for extended periods thereafter. In other populations, workers may
receive very low DEs on a daily basis. For Pearl Harbor, the data could only
be examined for gquarterly intervals. For Portsmouth, the data were reported
for increments of one month or less.

The data as indicated on Tables 2.7.E1, 2.7.F and Figqures 2.7.C, 2.7.D

suggest that the individuals who had higher annual DEs actually had on the
average a few readings at the high DEs, and many readings which were zero.
For example, individuals with an annual DE of 2.0 to 2.5 rem had 17 percent of
their quarterly DEs at levels of 100 to 499 millirem, 43 percent at 500 to 999
millirem, 29 percent at 1.0 to 2.0 rem, and 10 percent at 2.0+ rem. Thus for
individuals with annual DEs of 2.0 rem, about 40 percent must have accumulated
all or at least half of this DE in a single quarter. The remaining population
accrued the total annual DE by adding quarterly DEs of 0.5 to 1.0 rem.

However, as shown in the proportional distribution of DEs, individuals
who had less than 0.5 rem and 1 to 2 rem annual DEs tended to have a high
proportion of quarterly DEs which were below 0.5 rem. This was obviously a
higher proportion for the lowest annual DE groups. Also apparent, quarterly
DEs in this range became a higher proportion of the total annual DE for
individuals who had the lowest annual DEs. Note that those individuals with
annual DEs of 0 to 0.5 rem and 0.5 to 1.0 rem still had about the same
proportion of their DE represented by quarterly measures of 0.1 to 0.5 rem (55
1o 65 percent respectively). In summary, the data do suggest that 20 to 40

percent of the workers received the bulk of their annual DE in a single

quarter regardless of cumulative DE.
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Sfmi]ar data were collected from Portsmouth. Of the total of 5,578
workers who were qualified to work in the radiation areas and who received
radiation, 10 percent samples were taken of each of the groups who had been
exposed to a cumulative DE of less than 0.5 rem, a DE between 0.5 and 0.9 rem,
and a DE between 1 to 5 rem. One hundred percent of the records were taken of
all those individuals with cumulative DEs of 5 rem or greater, unless all of
that DE was received after 1974. The total sample represented 1,500
individuals and is described in Tables 2.7.G, 2.7.Gl and 2.7.G2.

The DEs after 1974 were omitted because the exposures of the workers
were recorded in the medical records as a computerized output of the annual
cumulative DEs for each year as reported from the radiation computer tape. In
the review of Pearl Harbor records, the medical record and radiation tape did
not show any differences in DEs after introduction of this computer output.
Therefore, there may have been less opportunity for transcription errors in
the latter period.

In Portsmouth, however, an independent set of records was available
which permitted complete ascertainhent of monthly rather than quarterly
exposure data. These records consisted of film badge reports from August,
1959 through October, 1973. These badge records were microfilmed and ordered
by shop number, employee identification number, month, and year. In addition,
there were daily radiation DE reports on TLDvreadings at Portsmouth from 1974
until the recent year. Each microfilm reel was ordered by month, year, shop,
and alphabetically by employee name. Approximately 24 reels of microfilm
represented one year of records. Any individual worker may have from one to

about 250 frames of microfilm representing daily work cards in a year.
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Although it would be possible to reconstruct a person’s daily TLD
record from these detailed data, to actually search for individual workers’
DEs in this way would be extremely difficult and would lead to very high error
rates in recreating the DEs. Thus, because of the difficulties and the
apparent acceptance of the validity of the daily TLD DEs by the review groups,
no further attempts were made to reconstruct the dosimetry based on such
extensive data. Thus, all of the following discussion relates to film badge
readings only. '

Table 2.7.G3 and Figure 2.7.E present the results for the Portsmouth
radiation exposure data validation. The validation and analyses of the data
for patterns of increments of exposure were performed on a sample of 269
workers from the sample of 1,500 workers for which the microfilmed records
were coded and extensively edited. This sample included all 59 workers with
30 rem or greater lifetime exposure and a stratified random sample of the
1,441 individuals with less than 30 rem lifetime exposure.

As noted in Table 2.7.G2, only the workers in the highest DE category
(5" rem) had exposures recorded for almost every month throughout the year as
Judged by a median‘of 10 reported exposure months annually. Other workers had
only 2-3 exposure months per year regardless of final cumulative DE. The
highest group also had many years of exposufe with an early start year and a
late termination in the program. One reason that they may look so different
from the group with lower exposures may be the selection of all workers with
30 rem or more into the 5 rem or more sample. Thus, that sample is weighted

with higher DE groups. Even workers with 1 to 5 rem as a cumulative DE had

some years with no exposure.
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There were discrepancies in the lifetime cumulative DE as reported on
the medical and radiation files for 22 workers (8%) with the average
difference in DE being 1.151 rem higher on the radiation file for those
workers with a discrepancy. As in the Pearl Harbor data, 14 of the 16 annual
entries which were in the medical file only, and 4 of the 6 entries in the
radiation file only, had blank or zero DEs which represents 81.8 percent of
the discrepancies. A comparison of the recorded DEs indicated that 35 (13%)
of workers had at least one discrepant DE and 54 or 2 percent of the total
annual DEs differed in the two sources. Most of the differences were due to
coding errors, double entries, and the failure to correct an assigned DE. It
is apparent that, since blank or zero DEs are unimportant in terms of worker
exposure, there may be less effort at consistency in recording these measures.
The main difference in DE was due to a prior exposure reported on the medical
file but not the radiation history file, and an administratively assigned
exposure of 36 rem reported on the computer radiation file which subsequently
was corrected to zero on the medical file but not on the abstracted computer
file. The correlation coefficient between the cumulative DE reported on the
medical file and radiation file was 0.9875. For workers with a discrepancy,
the dose was 1.151 rems higher in the radiation file but for all workers only
0.094 rem higher. The consistency of recording radiation data is as good at
Portsmouth as it was at Pearl Harbor.

Tables 2.7.H through 2.7.M2, and Figures 2.7.E1 through 2.7.F2 present
the analyses of the Portsmouth data for patterns of increments of exposure and
DE accumulation. A "monthly" increment was defined as a recorded period of

less than 45 days; therefore, if the exposure was recorded in two week
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intervals, there could be up to 26 "monthly" increments for a year.

Table 2.7.H shows, for each annual dose group, the proportion of
"monthly" non-zero doses as a percent of all "monthly" DEs for each annual DE.
At any annual DE level greater than 0.5 rem, 7 to 23 percent of the "monthly"
readings have no recorded exposure. The proportion with zero DEs decreases
with increasing annual DE as might be expected. At annual exposures greater

~than 1.5 rem, approximately 90 percent of the annual DE was comprised of non-
zero "monthly" exposures. Therefore, there was not a substantial number of
zero readings for higher annual DEs. If zero DEs represented true exposures
at very low DE readings, they would not sum to a significant portion of the
any annual DE of 0.5 rem or more. As seen on Table 2.7.I, the distribution of
non-zero DEs at annual radiation levels of 0.5 rem to 0.9 rem indicates that
less than 25 percent of the DEs are at levels where there might be problems in
reading film accurately (0.02 rem or less). For all other annual DE Jevels,
the increment at the 25 percentile should be accurately recorded by film
badge.

Tables 2.7.J through 2.7.M, and Figures 2.7.E1 and 2.7.F show, for each
annual DE, the frequency of specific "monthly" DEs as a percent of all
"monthiy" DEs. As shown in Table 2.7.J, individuals receiving annual DEs of 0
to 500 millirem had 59 percent of their monthly readings below 50 millirem and
15 percent below 10 miTlirem. Only 36 percent of the "monthly" readings were
above 50 millirem. For those with an annual DE of 500 millirem or more,
between 2 to 24 percent of the "monthly" readings were below 100 millirem
depending on the size of the annual DE. Thus when workers have recorded 500

millirem in a year, less than one percent of their "monthly" DEs have occurred
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at readings which are below the minimal detectable level of 8-10 millirem.

It is also noteworthy that at the higher annual DE levels, about 10
percent of the monthly readings were at 1.0 rem or more and the remaining DEs
between 0.1 rem and 1.0 rem. This pattern suggests that the high annual DEs
were often represented by intermittent exposures at comparatively higher
"monthly" DEs, as seen in the Pearl Harbor records as well. The majority of
the "monthly" DEs for workers with annual DEs of 500 millirem or greater was
represented by recorded DEs at levels of 0.1 to 1.0 rem. The graphic display
(Figure 2.7.F) emphasizes how different the distribution of DEs was for
workers with less than 0.5 rem in a year compared with those who had annual
DEs of 0.5 rem or more. Only annual DEs below 500 millirem were predominately
accrued by "monthly" DEs at the low levels close to the detectable minimum,
where errors in reading the values are a source of concern.

In summarizing the Portsmouth data, the profile for 50 percent (mediar)
of workers who had 0.5 to 1.0 rem indicated that they had worked in the
nuclear program for about 8 years but received their dose in only 6 of the 8
years. In each of the 6 years in which a dose occurred, the median months of
exposure is 2 (Table 2.7.G2). 1In Tables 2.7.L-2.7.M2 the data for this final
dose of 0.5 to 1.0 rem were cumulated in 8 months as a median and 69 percent
of the known monthly doses represented measurements of 0.1 to 0.9 rem. This
again emphasizes that, while there are some doses which may be below accurate
reading levels, for any cumulative dose above 0.5 rem the proportion of
monthly doses below the 0.01 rem reading level {s about one percent. The 14
percent of monthly doses which are between 0.01 and 0.05 rem are probably not

affected by the measurement reliability. Therefore, what is reported as the
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measured dose is probably true representation of badge exposure and not a
level artificially constructed through repeated estimates of non-existent
exposures at low levels. For workers in the lowest cumulative dose there is
clearly a shift to readings at lower levels. Still only five percent of the
monthly doses are recorded as 0.001 to 0.01 rem and 72 percent of the readings
are in the 0.01 to 0.1 rem range where the accuracy of film badge dosimetry is
good.

The next step in assessing the pattern of accumulating DE was a
determination of the annual DE levels which represented the total cumulative
DE of workers. These data for the six Navy shipyards are presented in Tables
2.7.N through 2.7.R and in Figures 2.7.F3 and 2.7.F4. As can be seen in Table
2.7.Q, the higher the overall DE the greater the number of annual increments
needed to reach that DE. It is also apparent from Table 2.7.R, however, that
aside from DEs of 4 rem or more, the usual number of years required to reach
the 1ifetime DE was only four to six. For most workers, then, the total DE
represented only four to six annual DEs. 1In all Navy shipyards, anyone with a
final DE of 500 millirem or more received 13 percent or less of his annual DEs
at less than 100 millirem (Table 2.7.P). Thus most individuals’ DEs, which
are represented by the cumulative DE group of 500 millirem or more, were
received in annual increments of 100 millirem or greater.

These patterns of exposure appear to be similar to those at Portsmouth.
Thus, one would expect that the annual 100 millirem dose is represented by a
few non-zero exposures per year. These doses would represent levels which are
readable within the accuracy of the badge. This pattern of exposure again

emphasizes that these shipyard workers get their exposures in short intervals
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which are spaced between non-exposure periods rather than a gradual daily
accumulation of very low doses over many years.

TLDs for the Navy shipyards are read on a daily rather than a monthly
basis as were film badge dosimeters. The cumulated DE which was recorded from
the film may have represented the summation of daily doses some of which may
be below the detectable level of the TLD. Since the shipyards all started to
use TLDs in the early 1970s and all had changed to this device by 1974, a .
comparison of doses in three time periods which are defined by these years is
shown in Table 2.7.S. The mean and median annual doses did drop after the
introduction of TLDs. However, the shipyards have continued to advocate
tighter controls on exposures over the years, so it is not possible to
determine the effect of changing dosimetry devices by looking at exposure
trends. The emphasis on man-rem reduction in all yards must have had a major
effect. Data from Portsmouth did not indicate a similar drop about the time
of the change in dosimetric procedures (Murray and Terpilak; 1983). However,
the records from all shipyards indicate a 27 percent decline in total man-rems
of exposure with only a 3 percent drop in personnel monitored (Occupational
Report 1979). Newport News has continued to read the TLD on a monthly basis
as with film badge. When the data are completely edited for that yard, the
effect of change in the instrument only can be evaluated but for that yard
only since a different TLD and variation in workload would influence the data.

It is useful to discuss whether the DE which was collected in the field
was representative of the true DE which the worker receivec. The Navy
developed specific recommendations regarding the location at which to wear the

dosimetry device as well as procedures for reading of film badges and TLDs

155




==========z=========== ======= = = nuclear shipyard workers study ==
2 Methods

2.7 Radiation Exposures (cont’d)
which have been designed to protect the worker even at the expense of
overestimating a dose. Navy reports suggest that film measurements averaged
15 percent higher than actual radiation (Occupational Report, 1979). The
difference in dose may represent a film badge’s over-response to the lower
energy radiation from shielded cobalt-60 which is present at the work site.
For many reasohs, the tests of reliability (accuracy and precision) of
measurements in the laboratory may not reflect the problems of reading
dosimetric badges which come from field conditions.

The question arises whether the worker was wearing his dosimeter at all
times and whether he wore it at an appropriate spot to record the DE. In most
cases, the worker wore the dosimeter on the chest which was usually the most
appropriate site since he was working in an area where the radioactive
products were present in his work material, such as pipe components. If his
back was turned to the source of radiation for a significant period of time,
measurements from a dosimeter worn on the chest could obviously lead to an
underestimate of dose. The Navy has required dosimeters to be worn on the
torso or head depending on where the worker was expected to receive the
highest dose. This was obviously done for safety reasons. But from an
epidemiologic viewpoint, this may have resulted in artificially high exposure
measures in a few instances. Extremity monitors would be worn in addition to
whole body dosimeters, if indicated. The intense level of supervision in the
radiation control program should assure that the workers were appropriately
monitored for compliance with work practice rules in regard to radiation,

Humidity, temperature, and other working conditions as well as

degradation of gamma ray energy from scattering, may change the level of
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indicated exposure, based on dosimeter readings. It was impossible to
determine what these error rates may have been on any given day in any given
situation. Therefore it was impossible to do anything except recognize error
factors which were not necessarily constant in all the DE data. If the major
| variation in these factors differed by yard because of the location of yards
in geographic areas with different temperatures and humidities, then these
variables could be standardized by controlling for yard of work. This was
done in selecting the sample for analysis. The samples are matched by yard of
employment.

There were two problems with field collection of badge data that needed
to be addressed: unmeasured exposure and variation in field conditions. The
serious concern regarding inadvertent exposures was that a high dose could
have occurred without appropriate recording of dose, as in an accident or
emergency situation where a dosimeter was lost. As noted, where the worker
was in a high radiation area or reactor compartment there were at least two
sources of information, the film badge or TLD and a pocket dosimeter.

In the absence of these devices, reconstruction of the events and area
survey would be used in estimating the DE. There is no evidence of unmeasured
exposures within the shipyard operations. Workers involved in ship
decontamination following nuclear weapons tests and some off site exposures
may have resulted in estimated doses but they are noted.

The second problem with information collected in the field involved the
appropriateness of the film reading where there may have been differences in
humidity, heat, and background exposure compared to the usual laboratory

conditions which were used for standardizing badges. This could mean that the
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error rate for badges exposed in the field might be somewhat different than
the error rate for bédges under control situations such as those described in
the laboratory tests’which will be discussed later.

The shipyards placed a control badge at several badge racks located
near the actual worksites. The purpose of the control badge was to help
correct for incidental, non-occupational exposure of the film badge while it
was not being worn and for effects of temperature and humidity; the effects of
all of these factors could be taken into account in assessing doses provided
the control badge was kept in a realistic environment which approximated that
in which the employee’s badge was stored while it was not being worn.

A1l DEs represent only the exposure at the surface of the body. No
attempt has been made to estimate organs doses based on surface measures. The
decision was made to use the reported DEs as reported and, if any risks are
observed then to extrapolate to determine organ dose.

The Radiation Dosimetry Advisory Committee (see Appendix 3) addressed
the issue of the true dose which was represented by a zero dose on a
dosimeter. There seemed to be a lack of consensus about whether a zero or
very low dose from a dosimeter reading actually represented an over- of
underestimate of a worker’s true exposure. It was clear that at exposures
below about 1 millirem per day there was no way of distinguishing small and
zero doses using a TLD read daily. The film badge might have detected a
monthly increment of 10 or more millirems which could have represented 0.5
millirem a day if workers had been exposed in this way. Therefore an
individual may have repeatedly experienced low levels in monthly increments

using the film badge and daily increments using the TLD without the exposure
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being reflected in the record.

Since we have no way of being sure that a zero dose was actually a dose
recorded by a worker who was working in a radiation area, or simply a
zero dose for a worker who was qualified to work nuclear but actually was not
in a radiation area, it is impossible to determine how many of those zero
doses may have actually represented a small increment to his yearly dose.

One way of examining this problem was to look at the average number of
years worked by a radiation worker at low dose levels, i.e., under 0.5 rem,
and then calculate a "worst-case" scenario. The average number of years
worked in radiation is 3.5. If the worker had received an amount of fadiation
representing about 20 millirem for every single monthly badge that was read as
zero, the maximum amount that could have been achieved in a year was 240
millirem times the average number of years worked, which would equal 3.5 x 240
= 840 millirem. This meant that a person with a zero recorded dose, (if one
determines the maximum exposure they could have received), might have really
belonged in the lowest level of the radiation group, 0.5 to 1.0 rem. A
similar exercise could be done for potential exposures of individuals with
zero DE measurements using the TLD. In this case, the average of 3.5 years
worked in radiation at 220 working days per year might represent a total of
770 exposure days. If a true exposure of 2 millirem per day is read as zero,
an individual with a recorded cumulative DE of zero might have had an exposure
as high as 1.5 rem. It is highly unlikely that these extremes would have
occurred since, as indicated previously, individual DEs appeared to occur
episodically suggesting that on other occaéions there was no radiation in the

vicinity of the worksite. However, the problem of under- as well as over-
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estimation must be kept in mind. These figures represent an estimate of the
extremes in dose which might have been missed. It does mean that we should
not try to separate individuals with recorded zero DEs who worked in the
radiation areas, from those with actual DEs below 500 millirem.

Other concerns have been expressed that DEs might have been recorded
for individuals which represented background levels. The Navy used a control
badge to identify local background levels, and these readings were subtracted
from the worker’s readings. Individual technicians might have introduced some
variation in measurements. But standardization and quality control procedures
in the yards probably minimized individual variation.

It is recognized that it was difficult to interpret badge readings at
the low dose range when base fog was present. Therefore, it was possible that
some workers at low DEs actually might have received less than what was
recorded but, again, with the average number of years worked by this group, it
was unlikely that this error represented a higher cumulative DE than that
described above. Therefore, if groups below 0.5 rem are considered as
essentially control groups of workers, these potential errors in DE should not
introduce problems. Compared to the measurement errors in other populations
exposed to radiation, these errors in dosimetric measures in these shipyard

workers must be small.

Reliability of Measured Dose
Concern has been expressed about the reliability of doses at the lower
end of the range. It is clear that if one is to estimate a dose response

curve that the important aspect of any errors is that they produce the same
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relative difference in doses throughout all dose levels so that the true shape
of the dose response curve is maintained. In such a situation it might be
possible to account for the shift in dose as it related to outcome. To
examine this issue we asked the shipyards to provide information on their
quality control audits as well as information which had been collected by an
external review group. One external review was conducted by Battelle Memorial
Institute in Richland, Washington in 1966 as part of a review of several
private and governmental organizations who used radiation dosimetry. The
second review was done in cooperation with the University of Michigan in 1980.
The Navy also conducted quality control audits internally to determine the
accuracy of the information provided by the dosimetry program. These audits
were done both with the shipyard as well as by the Naval Sea Systems Command
and the Bureau of Medicine and Surgery. In all these tests, film badges or
TLDs were exposed to known levels of radiation usually from gamma ray sources
and the dosimeters were then processed and read by the usual procedures in the
shipyard. The results were then checked either by the external review group
or within the Navy program. Table 2.7.T gives the sources of the audit check
film data.

The data are presented in Figures 2.7.G and 2.7.H. The sources of the
information varied as did the number of test readings available from each
yard, as shown in Figure 2.7.G. The original results from these tests were
provided to the Shipyard Study staff. The readings from the various studies
have been ~omputerized by variables and evaluated for discrepancies. For
example, the Portsmouth Naval Shipyard received film irradiated by Battelle

Memorial Institute in Richland in 1966 and evaluated the film density to
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determine exposure. The exposures ranged from 60 milliroentgen to 1,000
milliroentgen and radium daughter gamma rays were apparently the type of
radiation from the source.

In general, the Portsmouth Shipyard reported exposures read higher than
the actual exposure level, and there was remarkable consistency in the excess
levels which were reported for specific doses. Of the six DEs at 500
millirem, for example, the shipyard read four out of the six at 554 millirem
and two at 542 millirem. For those in which the exposure was 240 millirem,
the DE in five out of six samples was 260 millirem, and only one of the
samples was read as 252 millirem. Thus the technician performance was
remarkably consistent.

The proportional error was higher at lower DEs such as those at 60
millirem, in which case the error was about 16 percent compared to known
exposures at 1,000 millirem, where the error was only about 9 percent. But
the absolute error level was highest for high doses. As reported by Battelle,
the Portsmouth performance was very good in relation to other non-shipyard
groups tested. In 28 films, 20 were read within +10 percent and all 28 within
+20 percent of the exposure value.

Internal audit checks were done routinely, and summary reports have
been provided for the years 1966, 1967, and 1968. The term "audit check" has
been used by the shipyards to refer to evaluation of the performance of
radiological technicians in reading film badges and TLDs following a known
gamma ray dose. The yards varied in the number of samples which were
submitted for this audit check. In addition, Portsmouth produced the film
badge audit checks for 1975-79. At this time the Navy had discontinued using
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film badges for the nuclear propulsion workers although the radiographers
still were using the film badges, as were materials test lab workers. So
although the data indicated the proficiency of the radiological technicians in
reading the film appropriately, it did not provide additional information on
the accuracy of doses for workers in the nuclear propulsion program. It was
useful, however, to determine whether the proficienéy seemed to change at all
between the years 1966-68 when one type of film was used and the period when
other film such as Kodak type 3 was used in order to establish any potential
change in measurement errors based on procedural changes over time. The later
period, 1975-79, should represent the reading procedures at the end of the
film badge period.

As shown in Figures 2.7.H1 and 2.7.H2, it was apparent that most of the
shipyards were able to read film within the accepted range of errors, which
were generally at plus or minus 25 percent. The percent error rates were
obviously larger for lower ranges of readings even though the absolute
difference was generally smaller. For example, at 175 millirem true dose, the
- reading of 203 would represent a 16 percent error rate even though the
difference was only 28 millirem, but at upper ranges one could have an 8
percent or a 10 percent error rate, which actually represented a large
difference in the absolute dose which the individual would have received.
Figures 2.7.1 and 2.7.J show the corresponding percent errors by actual dose
for TLDs.

The important question is how much of an absolute difference there
would be in an individual’s measurements based upon any potential error in

reading the film badge. An examination of Figures 2.7.K and 2.7.L on film

163




s=z=s=zcazsszzzssss =========== ===== nuclear shipyard workers study ==

2 Methods

2.7 Radiation Exposures (cont’d)
badge audits, which compared delivered and measured doses at 1,000 millirem or
less and at greater than 1,000 millirem, indicated an almost perfect
correlation of 0.99 and 0.96 for each dose group, respectively. The
difference in the means for the lower dose group was minus 2.96 millirem, and
the difference for the higher dose group was minus 68.19 millirem. The actual
mean percent error was much smaller than the acceptable standard for both dose
levels, being 0.2 percent for the low dose (Figure 2.7.H2) and minus 4.57
percent (Figure 2.7.H) for the high dose measurements.

The data in Table 2.7.U examine the exact error rates for the early and
late periods of badge readings. In the early period, the overall error rate
was minus 1.2 percent and in the later period, it was plus 4.5 percent. The
absolute variation in the error, however, was large in the early period. The
yards involved in the testing in the two periods differed.

Table 2.7.Ul1 displays the errors in measured doses based on the actual
dose level for all doses. These data indicate that the percent error and the
absolute error became larger with increasing dose. The error changed sign and
became negative at higher doses. However, the sample is small and so these
errors might differ with a large number of measurements. Thus, although there
was a tendency to read low at high doses, the measurements at low doses (which
is the important range for this study) were actually higher than the true
dose. In general, however, the readings are accurate, indicating that
measurements recorded in this study should be very reliable.

The overall error rates were extremely small and the correlations were
excellent. However, both the error rates and the absolute measured change

differed by dose. Thus, the size of the error in a total dose would depend on
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whether that dose had been accumulated in many small increments or in a few
fe]ative]y large doses. The other consideration would be the degree of
variation in errors at each dose level. If the errors at low doses for
example could be either positive or negative in an apparent random error, the
total dose reported might be very close to the true dose. If, however, there
was a consistent tendency to read the high doses lower than the actual value,
the final error in a total dose which was accumulated from only true high
doses might be read as a few percent lower than the actual dose.

To develop estimates of the error of exposure we would need to divide
the errors into smaller increments and examine the patterns of exposure by
month as reported in Portsmouth. Suppose, for example, two individuals have
cumulated a dose of 5.0 rem in a year. On a case by case basis, it would be
possible to examine the potential error rate. If one individual cumulated the
dose monthly with ten doses just under 500 millirem and two at approximately O
millirem, the weighted mean error might be 0.93 percent. If the pattern of
accumulating annual dose was such that the individual had six doses at 800
millirem and six at approximately 0 millirem, the weighted mean error would be
minus 1.63 percent.

It would be important to examine the effects of the complete change in
dosimetric monitoring that occurred when there was a change from the use of
film badges to the use of TLD dosimeters. Al1l procedures changed in the yards
at different points in time, but, from that point on, a different method of
recording was used. In fact, most of the yards changed to more frequent
measurements and therefore, the potential compounding of errors might differ

from what it was in the original period of monitoring monthly with film
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badges. Preceding TLD conversion in the yards, the Navy conducted a careful
trial of the reliability of TLD reading. This included delivery of known
doses under controlled conditions and dual film/TLD use in the field.

Several of the yards participated with the University of Michigan in
1978-1982 in an evaluation of the accuracy of TLD measurements. Reports were
made available to us for comparison of the performance of dosimetry using TLD
to the previous tests in other reviews which used film badges. The yards
involved were Portsmouth, Charleston, and Puget.

The results of these comparisons done by the University of Michigan are
shown in Figures 2.7.1, 2.7.J, 2.7.M, and 2.7.N and Table 2.7.V. The
correlations were excellent. The percent errors as shown on Figures 2.7.1 and
2.7.J were larger than those seen with the film badge measurements and were
all in the negative direction; that is, the reading was lower than the
delivered exposure. However, these tests were not actually designed to
compare the two methods so the samples were not large. Of course, these tests
were done by an external review group, which differed from the internal
comparison of film badge data which was reported. All of the yards involved
had very low error rates both at doses which represented accident levels as
well as the usual Tow occupational exposure doses.

Further consideration must be given to the possibility that this change
in the direction of the error between film badge and TLD might influence
potential trends in dose based on the time at which the dose occurred.
Generally, TLD is considered very accurate whereas film is biased slightly
upward. The error and the level of the reading may also be influenced by the

fact that some of the yards read the dosimeter daily, one read it weekly, and
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one mor-hly.

One of the yards which wa. not investigated was Newport News, which
uses a different type of TLD with 1ithium fluoride. Variations’in dosimetry
by yards have not been investigated at this time but there should be few
differences because of the standardization of all procedures in the yards.
Newport News was also the yard that read TLDs monthly. Since the sampies were
selected by yard, the analyses considered yard as a control variable to try to
account for any potential differences.

In summary, the radiation programs in the shipyards are carefully
designed and monitored with central oversight. Procedures for quality control
are in place and review of internal and external checks of the reliability of
the measurements indicate that the reported doses should represent the
exposures closely. The consistency of major procedures across yards makes it
possible to combine the data to increase population. Therefore, the shipyard

workers represent an important population for the study of radiation effects.
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Table 2.7.A Sources of Potential Radiation Exposure at Portsmouth Naval

Shipyard

Activity

Internal Exposure

External Exposure

Overhaul, repair,
refueling of
nuclear submarines

Non-destructive
testing
(industrial
radiography)

Corrosion and
activation products
[including cobalt-60],
tritium, carbon-14
Fission products

Radium in remote past,
cobalt-60, iridium-192

Corrosion and
activation
products [including
cobalt-60]

Neutrons

Fission products

Cobalt-60,
iridium-192
X-ray

From: Murray WE, Terpilak MS "The Radiological Control Program of the Portsmouth Naval

Shipyard", April 1983

[Editorial change]
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Table 2.7.B
Results of Radiation Record Matching Between the NSWS and the Oak Ridge Associated
Universities (OARU) 5-rem Study

Total Workers

Identified By Both -
>5 rem
in a Year by NSWS Only Only Difference

Shipyard1 Either Study >5 rem <5 rem OARU ~ NSWS OARU-NSWS

Charleston 167 167 0 0 0 0
(100%) (100%) (0%) (0%) (0%)

Groton 320 292 3 0 25 -22
(100%) (91%) (1%) (0%) (8%)

Mare Island 134 114 12 1 7 +6
(100%) (85%) (9%) (1%) (5%)

Norfolk 145 114 0 1 30 -29
: (100%) (79%) (0%) (<1%) (21%)

Pearl Harbor 90 55 0 0 35 -35
(100%) (61%) (0%) (0%) (39%)

Portsmouth 179 171 0 0 8 -8
(100%) (96%) (0%) (0%) (4%)

Puget Sound V 8 0 0 0 8 -8
(100%) ( 0%) (0%) (0%)  (100%)

Total 1043 913 15 2 113 -96
(100%) (88%) (1%) (1%) (11%)

Data for the Newport News Shipyard was not available at the time of the
comparison.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.C

Investigation of 99 Self-Reported Radiation Workers Who Had No Computer Record
Indicating Radiation Work at the Norfolk Naval Shipyard (3/25/85)

A total of 99 out of 14,387 interviewed reported wearing a film badge or TLD, but
were not on the computerized file of radiation workers

A total of 67 workers out of the 99 workers contacted by telephone follow-up still
reported wearing a film badge or TLD

+ Of the 67, 50 had a medical record at Norfolk
16 did not have a medical record present
1 was missed in pulling medical records

+ For the 67 workers, their employment status is as follows:
46 still employed
20 terminated (of which 4 still had a medical record present)
1 unknown

+ A review of 50 available medical records resulted in the following explanations for
misclassification:

- The worker is qualified to work radiation at Norfolk and he was exposed in 1982
or after 1982. This is a definitional problem of timing as the Shipyard Study
defines the nuclear worker population on the basis of dose received through 1981.
Total in this group = 26.

- The worker worked at another yard (usually Newport News) and was possibly exposed
in that yard. No record of exposure is present in the Norfolk medical record and
the Shipyard Study database for Newport News was not complete at the time of
review. Total in this group = 15.

- Worker was a radiation worker in Norfolk and was exposed in Norfolk --possibly
missed because record was a special assignment or an edit (missing record)
problem. Total in this group = 3.

- The worker is qualified to work radiation in Norfolk but he has never been
exposed. Total in this group = 3.

- The worker was possibly exposed in the military (Army, Air Force, Navy) but there
was no record and he has not been exposed at Norfolk. Total in this group = 3.
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2 Methods

2.7 Radiation Exposures (cont’d)

nuclear shipyard workers study ==

Table 2.7.D Comparison of 1981 and 1982 Cumulative Radiation Databases for Missing
Workers and Missing Annual Workers

Annual
Workers Workers Annual Records
in 1981 Missing Records Missing Adequate
Radiation from 1982 in 1981 from 1982 Explanation
Shipyard’ Database Database ‘Database Database of Missing
Charleston 6,551 1 36,097 4 4
Groton 25,777 [UA] 109,199 [UA] [UA]
Mare Island 12,768 137 69,104 538 538
Newport News [UA] [UA] [UA] [UA] {UA]
Norfolk 7,901 9 32,946 29 29
Pearl Harbor 6,419 0 36,822 5 0
Portsmouth 11,138 0 54,093 0 -
Puget Sound 11,203 1 58,901 9 9
Total 55,980 148 287,963 585 580
(100%) (<1%) (100%) (<1%) :

1

the time this table was created.
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2 Methods

2.7 Radiation Exposures (cont’d)

Table 2.7.E

Description and Results of the Pearl Harbor Radiation Exposure Data Validation

In August 1980, a sample was selected of 100 Pearl Harbor Naval Shipyard
Radiation workers’ medical records.

The sample was stratified by cumulative DE--twenty (20) records of workers
with a cumulative DE of <1 rem, twenty (20) records of workers with a
cumulative DE of 1-4.999 rems and sixty (60) records of workers with a
cumulative DE of 5 rems or greater were selected for retrieval.

Of the 100 records selected, 84 records could be retrieved from the Regional
Medical Center or from the Radiation Control office. (The Radiation Control
office had recalled charts of inactive workers from the St. Louis federal
records repository, but some were not received in the initial request.)

A1l Form DD1141’s (Form DD1141 records occupational exposure to ionizing
radiation) were microfilmed for each worker in the sample. In addition all

 documents pertaining to employment medical exams and previous exposure were

filmed.
The data on microfilm were coded and validated independently.

A cumulative 1ife DE was computed for each worker in the sample by summing the
annual DEs reported in the worker’s medical record.

The medical records file, containing 826 annual entries for the 84 workers in
the sample, was matched to the Pearl Harbor radiation exposure files on social
security number and year of exposure.

A1l workers matched to the radiation file. A total of 836 annual entries were
output from the match, of which 820 entries were present in both the radiation
and medical files. A total of 2482 quarterly DE entries were included in
these annual doses. Six annual entries were present in the medical but not
radiation file. Of these, the medical record reported a zero DE for that year
for four entries, and a blank DE for the year for two entries. Ten annual
entries were present in the radiation but not the medical file. Of these, the
radiation record reported a zero annual DE for one entry, a blank DE for eight
entries, and a DE of 1.720 rems for one entry.

Additionally, seven Form 600 records indicating a body scan only as part of an
employment medical examination were present in the medical records but not
noted in the radiation file.

(cont’d)
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2 Methods
2.7 Radiation Exposures (¢ t’d)

Table 2.7.E Description and Results of the Pearl Harbor Radiation Exposure Data
Validation (cont’d)

« Each annual DE and each worker’s lifetime cumulative DE were compared from the
medical and radiation files. Discrepancies occurred in nine (1%) of the
annual DEs in seven (8%) of the worker’s records. The average difference
between the radiation and medical annual DEs was 0.14 rem higher on the
radiation file. On seven records, the discrepancies were due to one annual DE
being a recorded zero versus a blank DE (either recorded or due to missing
records). Two records had actual DE differences - one of 1.720 rems and other
of 0.450 rem. This resulted in discrepancies in the cumulative lifetime DE of
two (2%) of the workers.

- One of the annual DE discrepancies is Tikely due to a number reversal in
coding on the radiation file. The medical records reported a DE of 2.830
rems, while the radiation records reported 2.380 rems.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.E1 SuTmary Statistics for Non-Zero Quarterly DE Increments by Annual
DE’" in 84 Pearl Harbor Radiation Workers
Quarterly Dose Increments (rems)

Annual No. of°

DE Quarterly Percentiies
Group DEs in Each

(rems) Annual DE Group Mean Median sp? 25 75
0.0- 1347 0.042 0.020 0.065 0.000 0.050
0.5- 310 0.206 0.143 0.020 0.050 0.326
1.0- 206 0.348 0.255 0.315 0.097 0.525
1.5- 175 0.466 0.379 0.408 0.118 0.670
2.0- 109 0.588 0.468 0.487 0.190 0.877
2.5- 95 0.757 0.740 0.564 0.303 1.181
3.0- 141 0.977 0.960 0.729 0.320 1.395
4.0- 80 1.148 1.110 0.706 0.572 1.645
5.0+ 19 1.505 1.520 0.839 0.840 2.310
! DE information abstracted from the worker’s medical record.

SD = Sample Standard Deviation.
For example, for annual doses of 0.
reports.

0 to 0.5 rem, there were 1347 quarterly dose
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.F
Average Percent of Annual DE by Size of Quarterly Increments' in 84 Pearl
Harbor Radiation Workers

No. of ‘
Annual Quarterly Per-ent of Annual DE
DE DEs in each Quarterly Increments (rems)
Group Annual
(rems) DE Group 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0+
0.0- 1347 1% 21% 22% 55% 0% 0% 0%
0.5- 310 <1% 2% 6% 65% 27% 0% 0%
1.0- 206 <1% <1% 2% 36% 46% 16% 0%
1.5- 175 <1% 1% 2% 26% 36% 36% 0%
2.0- 109 <1% <1% 1% 17% 43% 29% 10%
2.5- 95 <1% <1% <1% 11% 28% 51% 10%
3.0- 141 0% <1% <1% 6% 17% 54% 23%
4.0- 80 0% <1% <1% 3% 14% 51% 32%
5.0+ 19 0% <1% 0% 0% " 11% 31% 58%

' DE information abstracted from the worker’s medical record.




2 Methods

2.7 Radiation Exposures (cont’d)

Table 2.7.6

==== puclear shipyard workers study ==

Strategy for Selecting Records for Microfilming at Portsmouth Naval Shipyard

Cumulative Intended Actual
DE Group' Total' Workers Sample Sample Size
<0.5 1495 10% 129
0.5-0.9 842 10% 73
1.0-4.9 2012 10% 162
5.0-9.9 631 100% 542
10.0-19.9 371 100% 368
20.0-29.9 167 100% 167
>30 60 100% 59
Total 5578 1500

' oof the total workers with cumulative DE >0.5 rem (4083), 605 (15%) only worked in

the yard after 1974.

These workers were excluded from the sample of radiation

validation. Only workers employed at least one year during years of film badge

use, 1959-1974, are included.

The intended sample size was not always achieved because not all medical records

are kept onsite (Federal Records Center stored records were recalled but some

could not be located).
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.G1 Description of the Portsmouth Naval Shipyard Radiation Exposure Data
Validation

« In May 1986, in response to the Radiation Dosimetry Advisory Committee’s request,
records of exposure data (DD1141 records) and audit check film data for the
Portsmouth yard were made available.

- The DD1141 records consist of entries for each individual’s film badge
readings. Prior to 1960, film badges were read every 2 weeks. From 1960 to
1974, readings were made monthly. After 1974, records contain monthly badge
entries based on summations of daily TLD readings.

- A total of approximately 10,000 individual folders of DD1141’s are on file at
Portsmouth.

- Audit check film data for the years 1966-68 and 1975-79 were obtained. The
film badge audit data for 1975-79 is not directly relevant to workers in the
Naval Nuclear Propulsion program since all workers in this program were on TLD
by 1974 at Portsmouth.

« A sample of DD1141 folders stratified by cumulative DE and time in the radiation
program was selected. After excluding workers who received all of their dose
post 1974 (that is, they were never on film badge and both data sources appear to
be from a computerized record) a 10 percent sample of workers in the <0.5-4.9 rem
group and a 100 percent sample of the workers with cumulative DEs >5 rem were
identified. The total number of individuals in the two samples = 1500.

« All of the records for the identified 1500 individuals were obtained and
microfilmed. In addition, for a stratified random sample of the 1441 individuals
with <30 rems Tifetime exposure and all workers with >30 rems cumulative exposure
(n = 119), information and documents pertaining to employment medical exams,
previous exposures and estimated/assigned DEs were microfilmed.

+ Data for the above sample of 119 workers and a second stratified random sample of
150 workers have been coded and extensively edited. A third stratified random
sample of 266 workers has been coded but not edited.

+ Analyses of DE validation against the annual radiation exposure tapes for the
edited sample of 269 workers has been completed and presented in Table 2.7.G2 and
2.7.G3.

« Analyses of the data for patterns of increments of exposure and DE accumuiation
have been completed and are presented in tables and figures that follow. A
"monthly" increment was defined as a recorded period of exposure <45 days;
therefore if the exposure was recorded in 2 week intervals, there could be up to
26 "monthly" increments for a year.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.62 Characterization of Worker*s Exposure in the Portsmouth Validation

Sample
All Final Dose Group (rems)

Description Workers 0.0- 0.5- 1.0- 5+
Number of Workers 269 31 30 31 177
Total Number of Annual Records 3357 132 207 229 2789

Total Number of Reported
Periods of Exposure: 26,345 367 690 1024 24,264
Median Interval (days) 30.0 30.0 30.0 30.0 30.0
Mean Interval (days) 32.2 56.3 37.5 42.1 31.3
SD of Interval (days) 35.1 91.5 54.5 65.7 30.5

Number of Reported Periods of
Exposure for Given Year:
Median 9 2 2 3 10
Mean 7.8 2.8 3.3 4.5 8.7

Median Number of Annual Records
Per Worker 13 3 6 6 16

Median Duration Worked in
Radiation Program 13 yrs 4 yrs 8 8 16 yrs

Median Year of Entry Into
Radiation Program 1960 1961 1963 1962 1959

Median Year of Last Reported
Exposure 1973 1968 1970 1969 1976
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.G3 Results for Portsmouth Naval Shipyard Radiation Exposure Data
Validation

» The exposure data recorded on the medical Form DD1141 was compared to the data
recorded on the annual 1982 radiation exposure file for a sample of 269 workers
receiving some exposure at Portsmouth prior to 1974.

» The sample included all 59 workers with a lifetime exposure of >30 rems and a
random sample stratified by cumulative DE (210 workers).

+ A1l workers matched to the radiation file. A total of 3,087 annual records were
output from the match, of which 3,065 were present in both the medical and the
radiation files. Sixteen annual records were present in the medical but not the
radiation file. Of these, the medical reported a zero or blank DE for that year
for fourteen records. There was one prior exposure record (XX) on the medical
file but not the radiation file which contained an assigned exposure of 11.250
rem that could not be verified. Six annual records were present in the radiation
file but not the medical file. Of these, the radiation record reported a zero or
blank DE for four records. There was one prior exposure (XX) on the radiation
file but not the medical. :

« For 62 workers (23%), there were annual records with zero exposure reported on
the DD1141 but no corresponding radiation report. After consultation with Mr.
Keith Dinger, it was noted that for 1957-58 and 1963-66, zero exposures were not
required to be reported on the NAVMED annual exposure file. These differences
between reported blank and zero DEs were not counted as discrepancies.

« Each annual DE reported on the radiation file was compared to the sum of all
period exposures reported in the medical record for a given year. There were a
total of 35 workers (13%) with at least one annual DE discrepancy between the two
sources occurring in their exposure history and a total of 54 annual records (2%)
with discrepant DEs. The number of discrepancies for these workers ranged from 1
to 6, with 12 of the workers (4%) having more than one annual DE discrepancy in
their exposure history. The average difference between the radiation and medical
annual DEs for those records with discrepancies was 0.503 rem higher on the
radiation file, with an overall difference of 0.009 rem higher on the radiation
file. The difference was predominately due to a prior exposure assignment of 36
rem on the radiation file which was changed to zero on the medical but not on the
radiation file. Discrepancies were determined to be due to coding errors
(reversals, double counting of DEs, assigned DEs not getting corrected after
previous employer report received) on the radiation file for 14 of the workers.

(cont’d)
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2 Methods

2.7 Radiation Exposures (cont’d)

Table 2.7.63 Results for Portsmouth Naval Shipyard Radiation Exposure Data

Validation {cont’d)

Each worker’s lifetime cumulative DE was compared from the medical and radiation
files. There were discrepancies in the lifetime DE for 22 workers (8%). The
average difference was 1.151 rem higher on the radiation file for those workers
with a discrepancy. Over all workers, the average difference in lifetime
exposure was 0.094 rem higher on the radiation file. The main difference was due
to the prior exposure of 11.250 rem reported on the medical file but not
radiation file, and the uncorrected prior exposure of 36 rem reported on the
radiation file. The correlation coefficient between the cumulative DE reported
on the medical file and the radiation file was 0.9875.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.H Number of Periods’ Reporting Zero and Non-Zero Exposure by Annual DE
Group for a Sample of 269 Portsmouth Radiation Workers

Annual

DE Non-Zero Zero Total
Group ' DEs DEs DEs
(rem) No. % No. % No.
0.0- 4410 48 4732 52 9142
0.5- 2328 77 690 23 3018
1.0- 1804 81 428 19 2232
1.5- 2163 87 333 13 2496
2.0- 1549 87 229 13 1778
2.5- 1492 90 170 11 1662
3.0- 2402 90 265 10 2667
4.0- 1593 91 151 9 1744
5.0+ 1275 93 102 7 1377

Total 19016 73 7100 27 26116

! Period = exposure reported in an increment <45 days.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.1 Summary Statistics for Non-Zero Monthly Dose Equiva'lent1 Increments by
Annual DE for 269 Portsmouth Radiation Workers

Monthly DE Increments® (rems)

Annual

DE No. of Percentiles
Group Monthly

(rems) DEs Mean Median SD 25 75
0.0- 4410 0.036 0.017 0.057 0.007 0.040
0.5- 2328 0.100 0.058 0.118 0.023 0.129
1.0- 1804 0.151 0.098 0.162 0.040 0.207
1.5- 2163 0.190 0.126 0.195 0.052 0.261
2.0- 1549 0.237 0.171 0.225 0.066 0.350
2.5- 1492 0.263 0.194 0.235 0.077 0.384
3.0- 2402 0.315 0.256 0.262 0.105 0.466
4.0- 1593 0.368 0.319 0.285 0.140 0.552
5.0+ 1275 0.422 0.358 0.599 0.153 0.587

; Dose equivalent data from the worker’s medical record.
Monthly increment = <45 days.
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2.7 Radiation Exposures (cont’d)

Table 2.7.J Percent of Annual DE' by Size Of Monthly Increments2 for 269 Portsmouth
Radiation Workers

Annual Percent of Annual DE
DE No. of Monthly Increments (rems)
Group Annual

(rems) DEs 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0+ NM>

0.0- 1162 15% 44% 16% 20% 0% 0% 0% 6%
0.5- 335 <1% 9% 15% 59% 10% 0% 0% 6%
1.0- 236 <1% 4% 10% 62% 15% 3% 0% 6%
1.5- 242 <1% 3% 7% 58% 26% 2% 0% 4%
2.0- 175 <1% 2% 4% 51% 34% 3% 0% 6%
2.5- 149 0% 1% 4% 50% 36% 4% 0% 5%
3.0- 229 0% 1% 2% 45% 40% 6% <1% 5%
4.0- 140 0% 1% 2% 36% 46% 9% <1% 7%
5

.0+ 108 0% 1% 1% 31% 44% 5% 2% 16%

; DE data from the worker’s medical record.
3 Monthly increment = <45 days.
NM = Period of exposure not reported in months.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.K Number of Reported Non-Zero Monthly DEs' Summed to Reach Annual DE for
269 Portsmouth Radiation Workers

Annual Number of Monthly Increments® Summed

DE No. of

Group Annual Percentiles
(rems) DEs? Mean Median SD 25 75
0.0- 1162 3.8 2 3.5 1 6

0.5- 335 7.0 7 3.6 4 10

1.0- 236 7.6 8 3.6 5 10

1.5- 242 8.9 10 3.5 7 12

2.0- 175 8.9 9 3.5 7 12

2.5- 149 10.0 10 3.6 9 12

3.0- 229 10.4 11 3.7 9 12

4.0- 140 11.4 12 3.8 10 13

5.0+ 108 11.8 13 5.7 11 15

Total 2776 6.8 7 4.6 2 11

; DE data abstracted from the worker’s medical record
5 A total of 581 zero annual DEs are not included in this table
Monthly increment = a reporting period of <45 days
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.L Number of Monthly Periods' Reporting Zero and Non-Zero Dose Equiva1ent2
by Cumulative DE for 269 Portsmouth Radiation Workers

DE for Monthly Period

Cumulative Total
DE Group Monthly DEs Non-Zero Zero
(rems) ‘ No. % No. % No. %
0.0- 345 100% 76 22% 269  78%
0.5- 683 100% 262 38% 421  62%
1.0- - 1005 100% 536 53% 469  47%
5.0+ 24083 100% 18142 75% 5941  25%
Total 26116 100% 19016 73% 7100  27%

; Monthly period = <45 days
DE data abstracted from the worker’s medical record.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.M Summary Statistics for Non-Zero Monthly Dose Equivalent'
Increments by Cumulative DE for 269 Portsmouth Radiation Workers

Cumulative No. of Monthly DE Increments (rems) Percentiles

DE Group Month1ly?
(rems) DEs Mean Median SD 25 75
0.0- 76 0.041 0.017 0.067 0.012 0.040
0.5- 262 0.074 0.028 0.113 0.012 0.080
1.0- 536 0.116 0.031 0.199 0.012 0.114
5.0+ 19016 0.200 0.104 0.272 0.029 0.294

! DE data abstracted from the worker’s medical record.
Monthly increment = <45 days.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.M1 Average Percent of Cumulative Dose Equivalent1 by Size of Monthly
Increments for 269 Portsmouth Radiation Workers

Final Percent of Cumulative DE
DE Monthly Increments (rems)
Group No. of
(Rems) Workers

~N

0.001- 0.01-  0.05- 0.1- 0.5- 1.0- 2.0+ NM?

(0) 0.0- 27 4% 46% 8% 17% 0% 0% 0% 25%
(1) 0.5- 30 1% 12% 13% 52% 8% 0% 0% 13%
(2) 1.0- 31 1% 7% 7% 34% 25% 10% 0% 16%
(3) 5.0+ 177 <1% 3% 5% 44% 32% 4% 1% 10%
; DE information abstracted from the worker’s medical record.

3 ;our workers had a final DE of zero and are not included in this table.

M = Period of exposure not reported in "months" (intervals <45 days).
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.M2 Number of Reported Non-Zero Monthly DEs Summed to Reach Final
Cumulative DE for 269 Portsmouth Radiation Workers

Number of Monthly Increments? Summed

Final

DE _ Percentiles
Group No. of N

(Rems) Workers' Mean Median SD 25 75
(0) 0.0- 27 2.8 2 2.2 1 5
(1) 0.5- 30 8.7 8 6.9 4 12
(2) 1.0- 31 17.3 11 19.7 3 23
(3) 5.0+ 177 47.1 46 28.9 24 72
Total 265 34.8 28 30.5 6 59

! Two workers had a final DE of zero and are not included in this table.
Monthly increment = a reporting period of <45 days.
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.N Summary Statistics for Non-Zero Annual Dose Equivalent' Increments
for Navy Radiation Workers

Annual DE Increments (Rems)

No. of Percentiles
Shipyard DEs Mean Median SD 25 75 90 99
Annual
Charleston 18239  0.835 0.319 1.188 0.057 1.14 2.48 5.02
Mare Island 29866 0.845 0.373 1.174 0.078 1.15 2.44 4.57
Norfolk 13145 0.843 0.251 1.388 0.043 1.01 2.62 5.29
Pearl Harbor 21545 0.661 0.190 1.580 0.050 0.78 1.95 4.25
Portsmouth 27084 0.743 0.276 1.144 0.051 0.94 2.15 4.88
Puget 23716 0.652 0.265 0.927 0.044 0.86 1.95 4.18
Total? 133595 0.759 0.280 1.232 0.054 0.97 2.26 4.63

Limited to Radiation workers with a cumulative DE of at least 0.5 rem by January
1, 1982. A1l annual DEs on these workers which were not zero represents the
basis used for calculating the other table values.

Excludes the private yards, Groton and Newport News
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.0
Summary Statistics for Non-Zero Annual Dose Equiva1ent1 Increments by Cumulative
DE Group for Navy Radiation Workers

Annual DE_Increments (Rems)

Cum.

DE No. of

Group Annual Percentiles

(rems) DEs?®  Mean Median  SD 25 75 90 99
0.5- 15735  0.163 0.076  0.205 0.023 0.221 0.481 0.861
1.0- 10956  0.249 0.109 0.321 0.028 0.346 0.758 1.312
1.5- 9154  0.333 0.143  0.432 0.032 0.459 0.946 1.800
2.0- 7498  0.389 0.170  0.513 0.037 0.535 1.101 2.234
2.5- 6113  0.455 0.200 0.610 0.040 0.621 1.301 2.669
3.0- 10392  0.549 0.230 0.752 0.050 0.738 1.595 3.410
4.0- 8992  0.657 0.281  0.906 0.052 0.874 1.889 4.160
5.0+ 64755 1.169 0.635 1.565 0.129 1.794 3.096 5.293
Total 133595  0.759 0.280 1.232 0.054 0.974 2.259 4.632

1

Limited to Radiation workers with at least 0.5 rem cumulative DE by January 1,
1982. A11 annual DEs on these workers which were not zero represents the basis
used for calculating the other table values.

Includes only the Navy Shipyards -- Charleston, Mare Island, Norfolk, Pearl
Harbor, Portsmouth, and Puget Sound
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.P
Percent of Cumulative Dose Equivalent' by Size of Annual Increments for Navy
Radiation Workers

ggm. Percent of Final DE

Group No. of Annual Increments (rems)

(rems) Workers?® 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0+
0.5- 3614 1% 5% 7% 51% 36% 0% 0%
1.0- 2296 1% 4% 4% 34% 32% 24% 0%
1.5- 1801 1% 2% 3% 27% 30% 38% 0%
2.0- 1353 1% 2% 3% 23% 26% 32% 13%
2.5- 1058 1% 2% 2% 19% 24% 30% 22%
3.0- 1713 1% 2% 2% 15% 20% 30% 30%
4.0- 1370 1% 1% 1% 12% 17% 27% 40%
5.0+ 6727 0% 1% 1% 7% 11% 24% 55%

Limited to Radiation workers with at least 0.5 rem cumulative DE by January 1,
1982

Includes only the Navy Shipyards -- Charleston, Mare Island, Norfolk,
Pear1 Harbor, Portsmouth, and Puget Sound
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.Q 3
Number of Non-Zero Annual Dose Equivalent’ Summed for Cumulative DE for Navy
Radiation Workers

Number of Non-Zero Annual Increments Summed

Cum

DE

Group No. of Percentiles

(rems) Workers® Mean  Median  Mode sD 25 75 90 99
0.5- 3614 4.4 4 3 2.8 2 6 8 13
1.0- 2296 4.8 4 3 3.3 2 6 9 15
1.5- 1801 5.1 4 3 3.4 3 7 10 16
2.0- 1353 5.5 5 3 3.5 3 7 11 16
2.5- 1058 5.8 5 4 3.6 3 8 11 16
3.0- 1713 6.1 5 4 3.7 3 8 12 17
4.0- 1370 6.6 6 5 3.7 4 9 12 18
5.0+ 6727 9.6 9 8 4.6 6 13 16 21
Total 19932 6.7 6 3 4.3 3 9 13 19

Limited to radiation workers with at least 0.5 rem cumulative DE by January 1,
1982

Includes only the Navy Shipyards -- Charleston, Mare Island, Norfolk,
Pear1 Harbor, Portsmouth, and Puget Sound
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.R
Years Required to Accumulate Cumulative Dose Equivalent' for Navy Radiation

Workers
Years to Cumylative Dose

Cum
DE
Group No. of , Percentiles
(rems) Workers’®  Mean  Median Mode SD 25 75 90 99
0.5- 3614 5.4 4 2 4.6 2 8 12 20
1.0- 2296 5.7 4 2 4.8 2 8 13 20
1.5- 1801 5.9 5 2 4.8 2 8 14 19
2.0- 1353 6.3 5 2 4.8 2 9 14 20
2.5- 1058 6.8 6 3 4.9 3 10 14 21
3.0- 1713 7.1 6 3 5.1 3 11 15 22
4.0- 1370 7.6 7 5 5.1 4 11 15 22
5.0+ 6727 10.3 10 7 5.3 6 14 17 23
Total 19932 7.6 7 2 5.4 3 11 15 22

Limited to Radiation workers with at least 0.5 rem cumulative DE by January 1,
1982

Includes only the Navy Shipyards -- Charleston, Mare Island, Norfolk,
Pear1 Harbor, Portsmouth, and Puget Sound
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.S ‘
Summary Statistics for Non-Zero Annual Dose Equivalent1 Increments by Time
Period (Film Badge Versus TLD)

Annual DE Increments (Rems)

Time No. of Percentiles
Period? DEs®  Mean Median sD 25 75 90 99
1957-
1973 80393  0.931  0.353 -1.438 0.070 1.301  2.783  5.000
1973- 11827  0.720  0.361  0.937  0.070  1.051  2.035  3.523
1974
1974- 41375  0.435  0.176 0.685  0.028  0.552 1.211  2.841
1981

Limited to Radiation workers with at least 0.5 rem cumulative DE by January 1,
1982

Time period <1973 corresponds to use of film badges primarily, 1973-74 is a
transitional period, and >1974 corresponds to use of TLDs primarily

Includes only the Navy Shipyards -- Charleston, Mare Island, Norfolk,
Pearl Harbor, Portsmouth, and Puget Sound
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2 Methods
2.7 Radiation Exposures (cont’d)

Table 2.7.T
Sources of the Audit Check Film Data and TLD Intercomparison Data.

Type of Review
Dosimeter Yard Years Group
Film Badge' Charleston 1967-68 Internal
Groton 1966-68 Internal
Mare Island 1967-68 Internal
Newport News 1967-68 Internal
Norfolk 1968 Internal
Pearl Harbor 1967 Internal
Portsmouth 1967-68, Battelle
1975-79 Internal
Puget Sound 1966-68 Internal
TLD Charleston 1978-82 U. of Michigan
Portsmouth 1978-82 U. of Michigan
Puget Sound 1978-82 U. of Michigan

1

Results of the film processing checks were provided by the Navy for
the given yards and years. These were independent checks performed
without the knowledge of the photodosimetrist.




2 Methods
2.7 Radiation Exposures {(cont’d)

Table 2.7.U
Dosimetry Audits:

nuclear shipyard workers study ==

Summary Statistics for Film Badge Audit Tests of

Known Radiation Below 1,000 mrem by Time Period of Test

d o e
Before 1975
Total 1969 and after
Delivered Dose (mrem)
N 733 551 182
Mean 367.4 398.4 273.4
S.D. 249.9 273.3 117.0
SE Mean 9.23 11.64 8.67
Min 0 0 10
1/4 175 164 200
Median 300 365 250
3/4 500 550 350
Max 1000 1000 600
Percent Error
N 731 549 182
Mean 0.2 -1.2 4.5
S.D. 9.8 10.2 6.6
SE Mean 0.36 0.44 0.49
Min -32 -32 -25
1/4 -5.71 -7.6 2
Median 0 -1.4 4.9
3/4 6 4.8 8.3
Max 35.3 35.3 17.3
Technical Error (sigma)
N 733 551 182
Mean 24.7 27.1 17.4
S.D. 26.5 28.9 15.7
SE Mean 0.98 1.23 1.16
Min 0 0 0
1/4 7 7 7
Median 16 18 12.5
3/4 34 40 22
Max 222 222 93
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2 Methods ‘
2.7 Radiation Exposures (cont’d)

Table 2.7.U1 Dosimetry Audits:

Summary Statistics for Film Badge

Audit Tests of Known Radiation Doses at A1l Dose Levels

Tru o ose
100- 500-
<100 500 5000
Delivered Dose (mrem)
N 89 488 272
Mean 58.0 297.6 1205.8
S.D. 30.6 118.0 686.1
SE Mean 3.25 5.34 41.60
Min 0 110 501
1/4 38 200 743
Median 58 300 971
3/4 80 400 1370
Max 100 500 4000
Percent Error
N 87 488 272
Mean 0.1 1.1 -3.4
S.D. 13.9 9.3 8.3
SE Mean 1.49 0.42 0.51
Min -32 -28.3 -29.6
1/4 -7.6 -4.5 -8.8
Median 0 2.3 -3.8
3/4 9.1 6.6 1.8
Max 29 35.3 46.0
Technical Error (sigma)
N 89 488 272
Mean 6.2 20.3 87.7
S.D. 6.4 17.4 99.8
SE Mean 0.68 0.79 6.0
Min 0 0 0
1/4 1 8 28
Median 4 15 62.5
3/4 11 27 115
Max 29 110 930
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2.7 Radiation Exposures {cont’d)

Table 2.7.V Dosimetry Audits:
Actual Radiation Dose

============= nUclear shipyard workers study ==

Summary Statistics for A1l TLD Tests by

0 em
100- 500-
<100 500 5000 5000+
Delivered Dose (mrem)
N 31 45 26 74
Mean 63.3 207 .4 1990-8 226821.8
S.D. 23.7 98.6 1583.0 243301.3
SE Mean 4.3 14.7 310.4 28283.2
Min 33 103 530 5064
1/4 41 138 714.2 20940.8
Median 55 186 1152.5 113000
3/4 86 247.5 3308 381750
Max 99 495 4941 790000
Percent Error
N 31 45 26 74
Mean -1.7 -7.3 -6.1 -4.0
S.D. 9.8 8.2 7.2 7.4
SE Mean 1.8 1.2 1.4 0.86
Min -17.2 -22.3 -16.7 -21.4
1/4 -10.9 -14.2 -10.9 -8.8
Median -2.0 -7.8 -6.7 -4.6
3/4 4.2 -2.0 -2.5 -0.3
Max : 21.7 10.1 13.0 14.0
Technical Error (sigma)
N 31 45 26 74
Mean 5.3 17.9 143.7 15816.7
S.D. 4.8 11.3 142.0 21914.7
SE Mean 0.87 1.7 27.8 2547.5
Min 0 1 15 0
1/4 1 9.5 51 913.2
Median 4 17 107.5 6695
3/4 7 23 193.5 19250
Max 18 50 643 90000
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.A  Followup Status of Radiation Workers Excluding Newport
News With No Matching Personnel Record

Radiction Workers
with No Matching
Personnel Record

N = 8,426
Cum. DE Cum. DE
<0.5 ram 20.5 rem
N = 5,807 N = 2,619
No Attempt Foilowed-up Not Foilowed-up
to
Follow-up N = 2,219 N = 400
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2 Methods
2.7 Radiation Exposures (cont’d)
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Figure 2.7.B

nuclear shipyard workers study ==

Comparison of Cumulative Doses: Computerized Radiation
Records vs. Medical Record, in 84 Pearl Harbor Radiation
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.C Average Percent of Annual Dose by Size of Quarterly
Increments for 84 Pearl Harbor Radiation Workers
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.0 Cumulative Percent of Annual Dose by Size of Quarterly
Increments for 84 Pearl Harbor Radiation Workers
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2.7 Radiation Exposures (cont’d)

Figure 2.7.E Comparison of Cumulative Doses: Computerized Radiation
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2 Methods :
2.7 Radiation Exposures (cont’d)

Figure 2.7.E1 Average Percent of Annual Dose By Size of Monthly
Increments for 269 Portsmouth Radiation Workers
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.F Cumulative Percent of Annual Dose by Size of Monthly
‘ Increments for 269 Portsmouth Radiation Workers
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.F1 Average Percent of Cumulative DE by Size of Monthly
Increments for 269 Portsmouth Radiation Workers
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.F2 Cumulative Percent of Cumulative DE by Size of Monthly
Increments for 269 Portsmouth Radiation Workers
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2.7 Radiation Exposures (cont’d)

Average percent

Figure 2.7.F3 Average Percent of Cumulative DE by Size of Annual Dose
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2 Methods '
2.7 Radiation Exposures (cont’d)

Figure 2.7.F4 Cumulative Percent of Cumulative DE by Size of Annual
Increments for Navy Shipyard Radiation Workers with at
Least 0.5 Rem Cumulative DE
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.6 Dosimetry Audits: Number of Tests by Shipyard

No. of Tests by Yard

FREG CUM. PERCENT CUM

YARD. FREG PERCENT
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Char 273 671  26.63  65.46
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16 1018 1.56 g99.02

10 102% 0.98 100.00

NNcws:l ‘ 18 999 .76 97.46
Q0

50 $00 1S0 200 250 300

Frequency

Note: Dosimetry audits represent only those tests readily available
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.H Dosimetry Audits: Number of Tests by Year and Whether
for Film Badge or TLD

Dosimetry Audits
No. of Tests by Year
(Film vs. TLD)
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2 Methods :
2.7 Radiation Exposures (cont’d)

Figure 2.7.H1 Dosimetry Audits: Percent Error of Actual Versus
Measured Radiation Doses at >1000 mrem Using Film Badge

(Internal)
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.H2 Dosimetry Audits: Percent Error of Actual Versus
Measured Radiation Doses at <1000 mrem Using Film Badge
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2.7 Radiation Exposures (cont’d)

Figure 2.7
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.J Dosimetry Audits: Percent Error of Actual Versus

Measured Radiation Doses at <1000 mrem Using TLD (U. of
Michigan) :
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2 Methods :
2.7 Radiation Exposures (cont’d)

Figure 2.7.K Dosimetry Audits: Measured Dose vs. Actual Dose at <1000
mrem Using Film Badge
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2.7 Radiation Exposures (cont’d)

Figure 2.7.L Dosimetry Audits:

nuclear shipyard workers study ==

Measured Dose vs. Actual Dose at >1000

mrem Using Film Badge
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.M Dosimetry Audits: Measured Dose vs
mrem Using TLD - Actual Dose at <1000
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2 Methods
2.7 Radiation Exposures (cont’d)

Figure 2.7.N Dosimetry Audits: Measured Dose vs. Actual Dose at >1000
mrem Using TLD
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2 Methods
2.8 Shipyard Occupations

The shipyard occupations held by nuclear and non-nuclear workers
may represent an important confounding variable when considering the
potential cancer risks from radiation. It was not practical to match
nuclear and non-nuclear workers on specific shipyard occupations.
However, an effort was made to control for the risks from occupations
using a general classification scheme called the job hazard index. In
addition, specific job titles were examined with regard to specific
exposures. The methods used to assign specific exposure scores to job
titles are described in Section 2.9.

In this section, we describe the assembly of the occupational
title catalog which was used for coding occupational information from
personnel records, the data coded, the coding procedure, the validity of
using the last job title held as a marker of a worker’s shipyard
occupational history, and the development of the general job hazard
index which was used for stratifying nuclear and non-nuclear workers

for sampling.

Occupational Title Catalog (0TC)

The Occupational Title Catalog (OTC) is the manual for numeric
coding of job titles. Essentially, it is a complete roster of all job
titles and the variations in their form which have been used by the
eight shipyards. Each title in the OTC has an associated two digit

numeric code; this code represents a somewhat homogeneous cluster of job

titles according to tasks.

The OTC was initially assembled from titles abstracted from
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2 Methods
2.8 Shipyard Occupations (cont’d)
existing shipyard rosters and files; it was expanded by reviewing a
sample of Shipyard Study personnel records. Several thousand
occupational titles were identified from these sources. The list was
reviewed by the study team, including industrial hygienists, in order to
define broad occupational title groups which combined those job titles
which were thought to be associated with similar tasks and activities.
The occupational title groups were then reviewed by industrial

hygienists, industrial relations managers, and radiation control
officers from two shipyards to determine whether the groupings were
appropriate and whether a group was comprised of titles with common but
undefined industrial exposures. As a result of these reviews, 49
occupational title (OT) groups were defined. These are displayed in

Table 2.8.A. Each OT group was assigned a two digit code.

Data Abstraction

With construction of the OTC completed, abstraction of occupation
related data could begin. Occupational data abstracted from the
personnel record included the last job title, the associated OT group
code, the associated prefix, and the shop. The prefix indicates the
worker’s skill or designated management responsibility (e.g.,
apprentice, foreman, planner, etc.). Prefix codes are displayed in
Table 2.8.B. The shop code indicates the worker’s place of work or work
group to which that job title belonged. The code can indicate an actual
shop enclosure (e.g., machine shop) or a subspecialty (e.g.; marine

machinists whose primary place of work is on board the ship). Shop
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2 Methods
2.8 Shipyard Occupations (cont’d)
codes and associated job titles are displayed in Table 2.8.C.
The last job title of each male employed during the nuclear
overhaul period (yard specific) and who had a social security number
recorded on his personnel record was coded. The advantages and

disadvantages of coding the last job title are described below.

Comparison of Occupational Titles: Last, Longest Held, All

Several options were considered for coding job titles: all
titles, job title held longest, last job title held. Coding all job
titles was desirable because the worker’s complete exposure history
could be profiled. A worker could then be included with any group in
which he had spent time. Any definition for the time during employment
when the job was held could also be used to characterize the worker.
The major disadvantages of such an endeavor were the enormous amount of
resources required, the large volume of data generated, and the
technical difficulties in coding all job titles. The resources required
to code all job titles on this large target population which was defined
before samplie selection exceeded the funds available. Second, the
decision rules for identifying changes in job titles are complex,
Timiting this activity to highly skilled coders only. As a substitute
for complete work history we considered coding only the job title held
longest. While this would be the best single job title to use as a
marker of complete shipyard work history, the task of identifying the
job title held longest is also complex and time consuming, and in our

experience, is done with a high rate of coding errors. In contrast,
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2 Methods
2.8 Shipyard Occupations (cont’d)

coding the job title held last is relatively easy. Thus, we opted for
coding last job title as a proxy for complete work history at the
shipyard and decided to reserve the very labor intensive task of coding
all job titles for subsequent case-control studies or case-cohort
studies.

The primary concern in using the last job title was that it may
not, in fact, be a valid marker for the individual’s complete work
exposure history. Thus, to examine the relationship between last job
and the individual’s work exposure history, all job titles were
abstracted on a random sample of 2,070 records. Last job title could be
considered a valid marker of complete work history if a high proportion
of an individual’s employment in the shipyards (e.g., >80%) has been
spent in work identified by the last job. For example, the last job
title is a valid marker in those workers who hold the same trade (e.g.,
welder) but may change their shop or prefix (apprentice, journeyman,
etc.) during their tenure.

A comparison of the composite proportion of person-time
represented by the last job title (versus the total person-time
employed) is displayed in Figure 2.8.A for the major job categories.
With few exceptions the last job title in this study population is a
highly valid marker of complete work history and similar to the job
title held longest (Figure 2.8.B). This is not surprising, given that
most of the workers at the shipyard are tradesmen who are invested in

their trade by virtue of the time spent in training and so are unlikely

to change trades.
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2 Methods
2.8 Shipyard Occupations (cont’d)

Last job title was not a valid marker for three categories:
laborer (23), engineman (09), and not specified (99). Laborers comprise
a numerically large proportion of the workforce, but a much smaller
percent of the person-time employed. Enginemen comprise a small and
insignificant proportion of the workforce. Category 99 is unspecified
and it is not surprising that the person-time represented by last job is

Tow.

Job Titles for Nuclear vs. Non-Nuclear Workers

Following coding of all workers’ last jobs in four yards, the
distribution of jobs and prefixes for nuclear and non-nuclear workers
were compared to identify whether differences existed between the
groups. As shown in Table 2.8.Cl1, few jobs occurred with high frequency
even though job titles had been combined to Timit the number of possible
groups to 49. Machinist is the most common occupational title in the
yard, representing 13 percent of the workers. However, that title has
two distinct groups within it, those employees who work in shops on
shore and those who work on the ship. The other common occupational
titles are electricians, engineers, pipefitters, shipfitters and
welder -- each of which classified 7 to 8 percent of workers. A1l other
occupational codes occurred in 4 percent or less of the employees.

Nuclear workers are more likely to hold jobs as engineers and
pipefitters than non-nuclear workers. The nuclear worker is also more
likely to be a boilermaker, electronics mechanic, electrician, physical

science technician, pipecoverer, insulator, and rigger although absolute
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2 Methods
2.8 Shipyard Occupations (cont’d)
differences for these jobs are less than for engineers and pipefitters.
The non-nuclear workers are clearly more likely to be laborers,
shipfitters, welders, and to hold administrative posts.

}As shown in Table 2.8.C2, the level of experience as indicated by
the job prefix demonstrates that nuclear workers have superior skill
ranks within their jobs or trades in their last jobs compared to non-
nuclear workers. This observation may indicate a selection of the
skilled employees into nuclear work or a longer duration of work among
nuclear workers which has resulted in their advancement into high skill
categories compared to non-nuclear workers. As can be seen, over half
of the jobs have no prefix. This may reflect the fact that non-trade
Jjobs have no skill rank.

A further analysis of the date of entry into last job indicates
that nuclear workers entered the last job at a later date than non-
~nuclear workers. This suggests that nuclear workers have remained in
the workforce longer than non-nuclear workers. If, however, we remove
the individuals who must have been working in the early years of
overhaul because they entered the last job before 1954, the distribution
of dates of entry are more similar in the two groups but the nuclear
workers still enter the last job at later dates, probably due to long

periods of employment.

Potentially Hazardous Jobs: Job Hazard Index
It was not feasible to stratify the nuclear and non-nuclear

workers for the 49 specific occupational titles as well as the other
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2 Methods
2.8 Shipyard Occupations (cont’d)

stratification variables in order to create a sampling frame for
selecting the non-nuclear and <0.5 rem workers. The number of strata is
too high and many of the OTC strata might have no individuals in
subgroups. As an alternative, occupational titles were clustered into
seven categories corresponding to a range of industrial hazards. The
nuclear and non-nuclear workers were group matched on these seven
categories in the stratified random sample.

The list of 49 occupational title categories and a sample of
specific job titles included in each category were sent to seven
industrial hygienists who were asked to score them on a nine-point scale
of hazard exposure. The scoring was to be based on potential exposure
to hazardous substances excluding radiation, noise, thermal changes, and
physical forces. The hygienists were instructed to indicate multiple
scores for a category if they believed the jobs included were not
homogeneous in exposure. The scoring definitions read as follows:

0: insignificant or no exposure
1-2: minimal or low and infrequent exposure
3-4: Tlow and occasional exposure

5-6: 1low to moderate exposure at frequent intervals or
occasional exposures at high levels

7-8: high and frequent exposure
The industrial hygienists were asked to explain their ratings and to
note the substances which were associated with that job. Most of these
hygienists had some experience with work in shipyards, but the extent
and time of that experience varied.

Most job groupings received a single rank from all respondents.
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2 Methods
2.8 Shipyard Occupations (cont’d)

The job categories which were included in "high", "medium" and "low"
rankings for subsequent sampling purposes are shown in Tables 2.8.D.
Because some titles had wide differences in the scores, outliers were
removed and a score was given to the jobs. The scores were grouped into
high, 5-8; medium, 2-4; and low, 0-1 for sampling purposes with the
fourth category a "missing" score. The score was simply to be used to
separate administrative and non-hazardous types of jobs from those with
potential exposures in order to provide a general balance between
nuclear and non-nuclear workers in the sample. Since all workers have a
last job, it was possible to classify the majority of the population by
hazard scores for sampling purposes.

As can be seen in the Table 2.8.D, in general, jobs such as
welder, pipecoverer, boilermaker, firefighter, etc., were ranked at
highest potential exposure because of agents associated with the work.
As might be surmised from this job grouping, the presumed hazardous
exposures for jobs within a group are not consistent. Categories such
as machinist, mechanic, and shipfitter were classified as intermediate
in rank. Medical personnel and stockroom workers as well as the
administrators and engineers are at low risk. Since engineers are
common among nuclear workers, the sampling scheme which balances hazard
index might balance engineers in nuclear workers with administrative
jobs in non-nuclear workers. While this may not be a perfect balance of
potential hazards, it would be an important first step in creating
sample groups that have similar general occupational hazards. It would

certainly distinguish blue collar from white collar workers and balance
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2 Methods
2.8 Shipyard Occupations (cont’d)

the nuclear and non-nuclear groups at least in terms of these general

categories.
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2.8 Shipyard Occupations (cont’d)

Table 2.8.A

nuclear shipyard workers study ==

Occupational Title Groups (49 Categories) for the Occupational Title

Catalog

Code Occupational Title Group Code Occupational Title Group
88 Administrative 25 Machinist/maintenance/marine
01 Aircraft workers 26 Marine engineer

02 Air conditioning equipment 27 Mechanic

mechanic 28 Medical group

03 Boilermaker 29 Motor vehicle operator
04 Crane operator

05 Electrician 30 Nuclear engineering

06 Electronics mechanic 31 Oiler

07 _ Electroplater 32 Painter

08 Engineer 33 Physical science technician
09 Engineman 34 Pipe coverer & insulator
10 Facilities & public works 35 Pipefitter

11 Firefighter 36 Plumber

12 Forgers 37 Rigger

13 Foundry molder 38 Ropemaker

14 Galvanizer 39 Sandblaster

15 Gas detection monitor 40 Sawsmith

16 Gas plant operator 41 Sheetmetal mechanic

17 Guards & police 42 Shipfitter

18 Heavy mobile equipment mechanic 43 Stockman

19 Industrial hygiene 44 Student/summer aide

20 Industrial test lab 45 Tank & equipment cleaner
21 Instrument mechanic 46 Upholsterer

22 Joiner 47 Welder

23 Laborer 99 Not specified

24 Loftsman
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.B Prefix Codes for Shipyard Occupations

Prefix
Code Prefix description
01. Apprentice
02 Helper/Trainee/Aide/Learner
03 Worker/Limited/Repairer/Installer/Handyman
04 Journeyman
05 Junior/Assistant/Under
06 Instructor/Training Leader/Training Instructor
07 Leader/Snapper/Head/Chief
08 Foreman/Leadingman/Supervisory/Asso. Supervisory/Senior/
Superintendent/Associate
09 General Foreman/Quarterman/Chief Quarterman/Senior Supervisory
10 Inspector Shipboard/Inspector Surveillance
11 Inspector Other
12 Planning & Estimating
13 Production Shop Planning/Production
14 Quality Assurance/Control/Quality Inspector Division/Quality
Analyst
15 Ship Progressman
16 Ship Scheduler
17 Ship Surveyor
18 Ship Systems/Ship
19 Shop Analyst & Scheduler/Production Scheduler/Scheduler
20 Shop Planner
21 Test Specialist/Systems Test/Ship Test/Test Technician
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes

Shop or Series Code

Associated Job Titles

Part A.
01

02

03

05

06

07

09

10

11

12

13

Shops
Shipyard Commander’s Office
Administrative Jobs

Transportation Shops
Crane Operator, Electrician, Engineer, Engineman, Heavy Mobile Equipment
Mechanic, Laborer, Mechanic, Motor Vehicle Operator, Oiler

Utilities Shop
Boilermaker, Electrician, Instrument Mechanic, Laborer, Pipefitter,
Plumber

Radiological Control Office
Physical Science Technician

Central Tool Room
Air Conditioning/Refrigeration Equipment Mechanic, Electrician,
Electronics Mechanic, Laborer, Machinist/Maintenance/Marine, Oiler,
Sawsmith :

Maintenance Shop
Air Conditioning/Refrigeration Equipment Mechanic, Electrician, Joiner,
Laborer, Machinist/Maintenance/Marine, Marine Engineer, Mechanic,
- Motor Vehicle Operator, Painter, Pipe Coverer & Insulator,
Pipefitter, Plumber, Rigger, Sheetmetal Mechanic

Safety Office
Industrial Hygiene/Health & Safety

Data Processing Office
Administrative Jobs

Shipfitter’s Shop
Forgers, Loftsman, Shipfitter

Ship Management Officers
[No titles given]

Quality Assurance Office

Electrician
(cont’d)
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2.8 Shipyard Occupations (cont’d)

{cont’d)

nuclear shipyard workers study ==

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes

Shop or Series Code

Associated Job Titles

17

19

20

22

23

24

25

26

27

30

31

32

Shops {cont’d)
Management Engineering Office
Engineer

Industrial Relations Office
Administrative Jobs

Sheetmetal Shop

Electroplater, Sheetmetal Mechanic

Combat Systems Office
[No titles given]

Planning Department
[No titles given]

Planning & Estimating Div.
[No titles given]

Forge Shop
Forgers

Design Division
[No titles given]

[Shop name unknown]
Gas Detection Monitor

Welding Shop
Gas Plant Operator, Welder

[Shop name unknown]
Galvanizer

Production Department
Electrician

Inside Machine Shop

Electroplater, Instrument Mechanic, Machinist/Maintenance/Marine

Nuclear Engineering Department
Engineer, Nuclear Engineering
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes
(cont’d)

Shop or Series Code
Associated Job Titles

Part A. Shops (cont’d)
33 Non-Nuclear Inspection Div.
[No titles given]

34 Laboratories Division
Industrial Test Laboratory, Physical Science Technician

35 Non-Destructive Test Division
[No titles given]

36 Weapons Shop
[No titles given]

38 Outside Machine Shop
Machinist/Maintenance/Marine, Mechanic

39 Nuclear Inspection Division
Physical Science Technician

40 Public Works Department
[No titles given]

4] Boiler Shop
Boilermaker

45 Public Works - Shop Division
[No titles given]

46 Pending Disability Retirement
[No titles given]

50 Supply Department
Laborer, Stockman

51 Electrical Shop
Electrician, Instrument Mechanic

56 Pipe Shop
Air Conditioning/Refrigeration Equipment Mechanic, Pipe Coverer &
Insulator, Pipefitter, Plumber

(cont’d)
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes
(cont’d)

Shop or Series Code
Associated Job Titles

Part A. Shops (cont’d)
60 Comptroller Department
Administrative Jobs

62 [Shop name unknown]
Administrative Jobs

64 Woodworking Shop
Joiner

66 [Shop name unknown]
Administrative Jobs

67 Electronics Shop
Electronics Mechanic

68 [Shop name unknown]
Electronics Mechanic

70 [Shop name unknown]
Medical Group

71 Paint Shop
Laborer, Painter, Sandblaster, Tank and Equipment Cleaner

72 Riggers and Laborers Shop
Laborer, Rigger, Tank and Equipment Cleaner, Upholsterer

75 [Shop name unknown]
Medical Group
77 Severance Pay
Administrative Job
80 Administrative Department
Administrative Job
81 [Shop name unknown]
Foundry Molder, Joiner
82 [Shop name unknown]
Firefighter (cont’d)
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes
(cont’d)

Shop or Series Code
Associated Job Titles

Part A. Shops (cont’d)
83 [Shop name unknown]
Guards/Police

91 Youth Opportunity
Student/Summer Aid

92 Structural Shop Group
[No titles given]

93 Mechanical Shop Group
Mechanic

94 [Shop name unknown]
Joiner

g5 Electrical/Electronic Shop Group
[No titles given]

97 Service Shop Group
[No titles given]

99 Temporary Service Group
Electrician, Student/Summer Aid
Part B. Series Codes
105 Radiation Health
106 Safety Director

133 Head of non-nuclear inspection

134.3; Quality Assurance
134.4

150 Industrial Hygiene (Safety Director)
185 Industrial Hygiene (Safety Director)

200 Planning
(cont’d)
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes
(cont’d)

Shop or Series Code
Associated Job Titles

Part B. Series Codes (cont’d)
280 Planning

400 Public Works

500 Supply

600 Comptro]]ér

700 Naval Regional Medical Center (NRMC)
730 Industrial Hygiene

800 Administrative Dept.

2300 Nuclear Engineering

Note: See Appendix 11 which is a modification of the above table and is current

information provided by the Charleston Naval Shipyard. The table above
represents the jobs titles and shops as used in the current analysis.
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2 Methods :
2.8 Shipyard Occupations (cont’d)

Table 2.8.C1 Frequency Distribution of Last Occupational Title Codes for
Norfolk, Portsmouth, Charlieston and Newport News Shipyard Workers
by Radiation Status

Total Nuclear Workars Noa=Nuclear Workars
L4

Job Title N 4 N z  § 4
(01) Aircraft worxer 7 «azl 1 <12 [ <13
(02) A/C Equipment Mechanic 460 <13 178 12 282 <12
(03) Boilermaker 1554 i3 398 22 1156 ¥4
(04) Crane Operator 81! 34 176 1z 635 1z
(0S) EZlectrician 11029 72 1942 8% 9087 2
(08) Electronics Mechanic 2941 2 723 2 2218 2
(07) Electropiacar 232 <12 66 <12 166 <13
(08) Eangineer 10493 72 2618 102 8078 62
(09) Engineman 311 <2 20 <l2 291 <12
(10) Facailities & Public Works 2941 2 188 2 2853 22
(11) Firefignter 487 <12 221 i3 266 <12
(12) Forgers 456 <12 ) 9 <12 %] <12
(13) Foungry Molder 1671 P4 337 iZ 1334 2
(14) Galvanizer 23 <12 1 <12 22 <12
(15) Gas Detsction Monitor : 73 <i2 9 <12 19 <iX
(16) Gas Plant Operator 3  «i2 0 [} 4 53 <l
(17) Guards & Police 1026 194 57 12 769 13
(18) Heavy Mobile Equip Mechanic 586 <12 104 <12 450 <12
(19) ladustrial Hygiene 146 <12 ? <iX 73 <13
(20) Industrial Test Lab 469 <12 158 12 nl <12
{21) Instrument Mechanic 487  «<l1X 139 12 318 <12
(22) loiner 4948 3z 701 k} 4 4247 b 4
(23) Laborer 6320 43 200 194 6120 b} 4
(264) Loftsman 180 «i% 52 [2%4 128 il
(25) Machinist 19308 132 3090 132 16213 132
(28) Marine Engineer 205 <12 4l <iX 164 <13
(27) Mechanic 662 «<IX 280 12 382 ci2
(28) Medical Group 108~ <12 22 <12 86 <13
(29) Motor Vehicle Operacor 1436 12 158 12 1278 1z
(30) Nuclear Engineer 2804 2z 989 %3 1818 1z
(31) Otler : 302 <12 10 <12 292 <12
(32) Painter 982 2 553 22 3629 hY 4
(33) Physical Science Technician 879 12 518 22 36é <12
(34) Pipe Coverer & Insulacer 1658 12 380 22 1278 12
(3S) Pipefitter 10572 72 2 122 7793 62
(36) Plumder 169 <|2 s <13 164 <13
(37) Rigger 5977 (%4 1103 £} 4 4874 13 4
(38) Ropemaier 1 <12 1 <12 0 .24
(39) Sandblascer $17 <12 {1 <12 431 <12
(40) Savswith 17 <13 1 <13 16 <13
(41) SheeTmecal Mechsnic 5743 I% 4 703 b} 4 $040 %4
(42) Shipficter 11820 L.} 4 1426 62 10394 [} 4
(43) Stockman 2753 2 194 12 2559 2
(44) Susmer/Student 761 <12 ? <12 7% 12
. (43) Tank & Zquip. Cleaner s68 <12 234 12 136 <12
(46) Upholstersr 183 <13 88 <12 95 <12
(67) Welder 12654 82 1348 62 11306 92
(88) Administracive 5217 32 323 12 4896 &2
(99) Not Specified 14122 9 1228 52 12897 102
Tozal 150085 100 24130 1002 125928 1002

* A nuclesr vorker is defined in these tabulatiocns as eny individual vho satches
to the Radiation Tapes (1981) for all yards on ths basis of & social sscurity
aumber. )
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2 Methods ‘
2.8 Shipyard Occupations (cont’d)

Table 2.8.C2 Frequency Distribution of Last Job Prefix for Norfolk, Portsmouth,
Charleston and Newport News Shipyard Workers by Radiation Status

Total Nuclear Workers Non<Nuclear Workers

Prefix N b4 N b4 N b4
(01) Apprentice 5119 iz 752 k¥4 4367 k) 4
(02) Helpers 26124 16X 648 3z 23476 192
(03) Workers 8689 6% 467 22 8222 72
(04) Journeymen 10 «1Z 1 <12 9 <12
{0S) Assistants 1243 <12 25 <1Z% 1218 12
(06) Instructors 528 <l 242 ¥4 286 <1z
(07) Leaders 262 <12 33 <1Z 229 <12
(08) Foremen 7528 5% 2517 102 5011 I3 4
{(09) General Foremen 1383 12 647 iz 736 iz
(10) Inspectors Shipboard 663 «iZX 579 22 84 <1%
(11) Inspectors Other 1213 12 650 3z 563 <12
(12) Planners & Estimators 1274 1z 565 2Z 709 12
(13) Production Shop Planners 3132 22 1141 5% 1991 22
(14) Quality Assurance & Control 882 12 335 194 547 <12
(15) Ship Progressmen 216 <12 124 1Z 92 <1z
(16) Ship Schedulers 168 <12 77 <12 91 <1z
(17) Ship Survevors 94 <12 21  «<l1Z 73 <12
(18) Ship Svstems & Structures 1262 - 1% 287 1z 975 12
(19) Shop Analvsts & Schedulers 225 <iZ% 20 <12 205 <i2
(20) Shop Planners 153 <12 346 <1 119 <lZ
(21) Test Specialists 1005 12 391 2Z 614 1Z

Ne Prefix 90882 61X 14574 60 76308 612
Total 150055 100% 24130 1007 125925 100X

* A nuclear worker_is defined in these tabulations as any individual who
matches to the Radiation Tapes (1981) for all yards on the basis of a
social security number.
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2 Methods
2.8 Shipyard Occupations (cont’d)

Table 2.8.D Job Hazard Index by the 49 Job Title Groups

Hazard Exposure Score (1 to 9)
Job Hazard Job (N =7 Industrial Hygienist Raters)
Index Category Median Range

HIGH Welder
Pipe coverer & insulator
Sandblaster
Painter
Firefighter

5.
5.

A OO~

Electroplater

Tank & equipment cleaner
Boilermaker

Pipefitter

Foundry Molder

o on

NN NN NN N PN N W ww w W w [FER TSI - gmorororon
'

MEDIUM Laborer
Plumber
Shipfitter
Heavy mobile equipment
mechanic
Galvanizer

.75
.75

Crane operator

Machinist/maintenance/
marine

Industrial test lab

Joiner

Air cond. equip. mechanic

w N w NN WW W, wonommovo;m

—t N\ et
'

Mechanic

Ropemaker
Electronics mechanic
Engineman

Sheetmetal mechanic

—
—_—_owm

Loftsman

Motor vehicle operator
Electrician

Forger

Nuclear engineering

O W k= = O

Gas detection monitor
Aircraft workers
Oiler

Gas plant operator

'
w

OO O

(cont’d)
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2.8 Shipyard Occupations (cont’d)

Table 2.8.D Job Hazard Index by the 48 Job Title Groups (cont*d)

Hazard Exposure Score (1 to 9)
Job Hazard Job (N.=_7 Industrial Hygienist Raters)
Index Category Median Range

LOW - Facilities & public works
Instrument mechanic
Marine engineer
Physical science
technician
Student/summer aide

e )
[3 4]
o
[ T T
— W N

(="
]
ot

Stockman

Medical group
Rigger

Industrial hygiene
Upholsterer

[ R T
N OTW AN

oy
.
o

Guards & police
Sawsmith
Administrative
Engineer

oo OO —=O o OUIO

OOOO O et ek ek et
OO v
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2 Methods '
2.8 Shipyard Occupations {cont’d)

Figure 2.8.A  Person-Years by Job Title and Last Job

Compiete Jeb Histery Sampie
Person Years by Job Title and Last Job
(See Key to Job TiHe Codes)
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2 Methods
2.8 Shipyard Occupations (cont’d)

Person-Years by Job Title and Longest Job
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2.9 Potential Hazards Other Than Radiation

The risks from exposure to low-level] radiation in the shipyards cannot
be adequately assessed unless occupational exposures to other potentially
confounding chemical or physical agents are also considered. The bone marrow
and lung are accepted as being two of the sites which are sensitive to
radiation-induced cancer. The evaluation of other agents has been limited to
those which are suspected will produce leukemia or Tung cancer in humans.

The agents were selected on the basis of two criteria: the chemical had
to be included in IARC cancer category 1 (causally associated with cancer in
humans), 2a, or 2b (probably carcinogenic to humans) and be carcinogenic for
bone marrow or lung; and the carcinogen had to be common to the shipbuilding
and repair work environment. Incidental exposures were not considered.
Exposures which occurred in nuclear shipyard work and which met these criteria
were: arsenic compounds; asbestos; benzene; chromium and chromium compounds;
soots, tars, and oils; vinyl chloride; nickel and nickel compounds;
polynuclear aromatic hydrocarbons (PAHs); epichlorohydrin; and some exposures
common to the rubber manufacturing industry. Relatively infrequent exposures
were not considered since the attributable risk would be low. Also, exposures
Timited to single identifiable job titles or shops were not considered since
either of these variables alone could be used to define the exposure without
the necessity of summing the exposure to the agent over several jobs.

Finally, exposures which were widespread but very difficult to define, such as
PAHs from hydrocarbon combustion, were not considered.

Asbestos, benzene, chromium, and nicke] were determined to be substances

of primary intereét for exposure assessment. Asbestos is the most significant

and ubiquitous exposure of those identified and has received the most
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2.9 Potential Hazards Other Than Radiation (cont’d)
“attention.

Since benzene was generally used in combination with other organic
solvents or was an impurity in other aromatic chemicals, it would be extremely
difficult to isolate the specific exposure to benzene in the shipyard setting.
Thus, exposure to organic solvents in general was the target of investigation.

Welding and cutting operations produced the greatest potential exposure
to carcinogenic chromium and nickel compounds. Welding also was associated
with exposure to other potential carcinogens such as hydrocarbons. Therefore,
welding as a task was investigated as being potentially carcinogenic because
of the known exposures.

In summary, three carcinogenic substances were selected for exposure
assessment: asbestos, organic solvents, and welding fumes. Reliable
individual or environmental data on exposure to these substances were
generally not available from the shipyard. As a substitute, the job titles
which each worker held were used as a proxy measure of exposure to these
substances.

Two major activities were directed to assigning exposure levels to job
titles: examining the 49 occupational title categories {groups of job titles)
for heterogeneity of job titles; and surveying industrial hygienists from each
of the shipyards to obtain information on the nature and magnitude of
asbestos, organic solvent, and welding fume exposures associated with each job
title. As noted, special attention has been devoted to asbestos both because
of its ubiquity in the yard, the high frequency of nuclear workers who were in

Jobs with suspected asbestos exposure, and the relatively high risk of lung

cancer associated with asbestos especially in smokers.
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2.9 Potential Hazards Other Than Radiation (cont’d)

The original 49 occupational title categories, consisting of anywhere
from a single to several job titles, were considered to represent jobs
associated with generally similar work tasks. However, exposures such as
absestos might not be similar. In order to resolve this problem, job titles
within the categories were regrouped into subcategories such that the job
titles within that group had potential exposures to similar substances and,
therefore, could be called synonyms of each other. These subcategories have
been referred to as synonym groups. The original 49 job categories were

expanded to 183 synonym groups.

Asbestos Exposure

To assess exposures by a job, a group of industrial hygienists who had
worked in one or more of the shipyards was assembled. These shipyard
industrial hygienists were surveyed in two phases to obtain information on the
asbestos level associated with each job title. In the first phase, a workshop
was held. The first objective of the workshop was a process objective, i.e.,
to test methods of obtaining expert opinion on shipyard workplace exposures,
using questionnaires and group discussions; the second and prime objective was
to begin col]etting information to determine the asbestos exposure associated
with each job title. The workshop was successful in developing a survey
strategy which was both feasible and amenable to industrial hygienists. 1In
the second phase, a large group of current and former industrial hygienists
from the eight shipyards were surveyed using a modified questionnaire.
Industrial hygienists were first called and invited to participate in the

survey. If they agreed, a letter was sent explaining the purpose of the
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2.9 Potential Hazards Other Than Radiation (cont’d)
survey in greater detail. Enclosed with the Tetter were instructions and the
questionnaire which would be completed during a follow-up telephone interview.

When an industrial hygienist indicated that the synonym group was
associated with asbestos exposure, information was obtained on whether the
exposure was direct or indirect, the degree or level of exposure, and the
usual percent work time spent on those tasks with potential exposures.
Industrial hygienists were asked to provide the following information on each
of the 183 synonym groups.

(1) Their familarity with the usual tasks performed, materials used, and
exposures encountered by an individual with this job title. The following
definitions were provided:

High - You have extensive familiarity with the job title (JT),

including the job description and the job tasks it entails.
You have done monitoring or sampling of individuals with the
JT on one or more occasions, and have spent time observing
individuals holding this JT. You may have reviewed or
helped to write job descriptions for this JT.

Moderate - You are fairly familiar with the JT. You know what the job

description is, but are not familiar with all the job tasks.
You know generally what the responsibilities of individuals
with this JT are. You may have done some sampling or
monitoring which did not necessarily involve extensive
observation of the job.

Low - You have minimal familiarity with this JT. While you know

that the JT exists, and know generally the work that
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2.9 Potential Hazards Other Than Radiation (cont’d)
‘individuals with this JT will do, you haven’t had occasion
to observe the work or monitor exposures associated with
this JT.

None - You are not familiar with this JT and its associated

exposures.

(2) If the fndustrial hygienist had no knowledge, he was instructed to
go to the next job title. If he was knowledgeable, he was asked: Was there
exposure to asbestos, and if so, was it direct or indirect exposure? The
industrial hygienist was specifically instructed to keep in mind the different
job tasks associated with asbestos,exposure, including in-shop preparation of
materials, on-ship application or installation of asbestos-containing
products, removal/ripout activities, and clean-up/housekeeping tasks. The
following definitions for types of exposure were used:

Direct - Denotes certain or probable asbestos exposure through direct

handling of asbestos-containing materials, or performance of
tasks with asbestos. This classification considered

exposures that occurred as part of usual work done on a

regular or intermittent basis. It did not include exposures
that were due to unusual tasks, or that were not generally
part of the job.

Indirect - Denotes certain or probable indirect exposure. Individuals
are indirectly exposed if asbestos is present in their
general working environment, but they are pot directly
handling the substance. This can be due to work which

requires proximity to other workers who are installing or
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2 Methods
2.9 Potential Hazards Other Than Radiation (cont’d)

removing asbestos materials (bystander exposure) or working
where asbestos-related tasks have been recently completed by
other workers (because of the persistence of asbestos dust
in the work environment), or frequent passage through an
area where asbestos work was in progress or recently
completed. Exposures that were due to unusual or
incidental events, such as occasionally passing through an
exposure area, were not included in this classification.

None - Indicates that neither direct or indirect exposure was

likely to have occurred. Ignore incidental exposures. '

DK - Indicates that the hygienist had no knowledge of whether

exposure occurred.

(3) If direct or indirect exposure was indicated, information was
obtained on the level and duration of exposure. The following definitions
were used to describe the level of exposure, i.e., the highest relative level
of exposure for a person holding this job title during the time the industrial
hygienist worked in the shipyard. The industrial hygienist was asked to rate
the average relative level of (direct/indirect) exposure for all asbestos-

related tasks using the following guidelines:

Low - no visual dust, levels at or below the TLV or PEL Standard.
Medium - some visible dust, with levels up to 10 times the Standard.
High - visibly dusty, with levels up to 100 times the Standard.

Very High - extremely dusty, levels comparable to doing insulation

ripout without control measures.

(4) The industrial hygienist was asked about days per week of exposure:
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2.9 Potential Hazards Other Than Radiation {(cont’d)
On the average, how many days per week would an individual with this job title
experience direct or indirect exposure to asbestos? This question was
considered separate]y for each direct exposure task. Days per week may range
from less than one (<1) to five.

Hours per day on exposed days was also addressed. How many hours per
day, on the average (on the days when exposure occurred) was there exposure to
asbestos? Hours per day may range from less than one (<1) to eight.

(5) Finally, an inquiry was made regarding changes in éxposure.

Specific questions were asked to determine whether the level of direct or
indirect asbestos exposure associated with a job title decreased substantially
(one exposure category or more, e.g., from very high to high or from medium to
low) during the time the industrial hygienist worked in the shipyard. The
industrial hygienist was asked if exposure had decreased. Possible responses
included NO, DON’T KNOW, and YES. If YES, the industrial hygienist was asked
to estimate the year that this decrease in exposure took place. If there was
more than one substantial exposure decrease, the industrial hygienist was
asked to provide information for the first of these exposure reductions.
Finally, the industrial hygienist was asked to describe the level to which
exposure decreased.

Data reported by industrial hygienists on the number of hours per week
of direct or indirect exposure were reviewed. In a number of instances, the
number of hours per week was zero or negligible indicating incidental
exposure. These job titles were classified as having negligible exposure.

Industrial hygienists did not consistently agree on whether direct or

indirect exposure was associated with specific synonym groups nor on the level
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or amount of time exposed. In the absence of complete agreement, criteria
were established to decide on the asbestos exposure level associated with
synonym groups. The criteria were designed to minimize "contamination" of the
"no exposure" group with job titles which had some exposure. That is, we
minimized false negative errors in the no exposure group at the cost of
including some job titles which actually had no exposure in the lower exposure
categories, i.e., false positive errors. The reason for this approach was to
establish an exposure free reference group. This was likely to result in a
small differential classification error that was, for the most part, limited
to the group with lowest exposure.
The following criteria were used to define whether direct or indirect
asbestos exposure was associated with a job title.
Strong Agreement - no exposure was defined as No:Yes vote ratio of
3:1 or greater. Positive exposure was defined
as a vote ratio of 1:1 (No:Yes) or less; that
is, more than 50 percent of those voting yes or
no actually voted yes.
Weak Agreement - Timited to positive exposure for vote ratios
greater than 1:1 (No:Yes) but less than 3:1,
i.e., the no votes outnumbered the yes votes.
Possible Agreement - the vote ratios for direct and indirect exposure
were each greater than or equal to 3:1 (No:Yes)
but the combined vote was 1:1 or less. A1l of
these job titles were defined as having indirect

exposure.
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2.9 Potential Hazards Other Than Radiation (cont’d)
Insufficient Data - no respondents who were knowledgeable about the
Jjob title.

The concordance among industrial hygienists as to whether asbestos
exposure occurred within all synonym job groups is displayed in Table 2.9.A.
As indicated, three out of five industrial hygienists from four shipyards
agreed on the classification of 48 of these synonyms or job exposure groups.
For 56 groups there was lack of concordance. For at least 28 percent of the
jobs the hygienists indicated insufficient knowledge about asbestos exposure
to classify the job. Thus, for those 104 groups for which the hygienists had
knowledge, in only 46 percent of them did the majority of the hygienists agree
on the asbestos classification. The'sample of hygienists has since been
increased in order to stabilize these figures with a larger number of
participants. Seventy-seven percent of the decisions for direct exposure and
68 percent of the decisions for indirect exposure were made on the basis of
strong agreement. The remaining decisions for direct exposure were based on
weak agreement (10%) or the absence of data (12.5%). When data were
insufficient it was primarily limited to job titles which were idiosyncratic
to Groton and Newport News, the two private yards. The exposure status
assigned to these job titles was the same as that assigned to the Navy job
title which appeared to be similar. Proportionately, more of the decisions
for indirect exposure were based on weak agreement (20.5%). These decisions
were almost exclusively for low exposure. In general, for those job titles |
with indirect exposure the level is predominantly low (71%) or low-moderate
(27%). When direct and indirect exposure are considered for job titles with

sufficient data, 32 percent of the job titles are defined as having no
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2.9 Potential Hazards Other Than Radiation (cont’d)
associated exposure, 57 percent as low or low-moderate, the 11 percent as
moderate exposure or greater.

The final decision for each job title is displayed in Table 2.9.B and
incorporates information obtained from industrial hygienists related to the
amount of time exposed. In general, if a job title was classified as having
associated asbestos exposure, but the level was defined as negligible, the
exposure was considered to be incidental.

At present, the data on exposure to‘asbestos have been reviewed. Data
on other substances have not yet been considered. Asbestos levels by job have
not been used in the analyses to date to control for confounding. However,

Figure 2.9.A indicates the general plans for using estimated exposures to

asisgn to individuals in future analyses.
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2 Methods
2.9 Potential Hazards Other Than Radiation (cont’d)

Table 2.9.A Job Groups by Indgstria] Hygienist1 Asbestos Exposure Assessment
Concordance Level

Industrial

Hygienist Job Groups

Concordance Number Percent

Yes 48 33.1
No 56 38.6
No knowledge » 4] 28.3
Total 145 100.0

' Industrial hygienists from four shipyards

2 Concordance on a job group exposure was defined as agreement between at
least three of the five industrial hygienists
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2.9 Potential Hazards Other Than Radiation (cont’d)
Table 2.9.B Job Title and Asbestos Exposure Category
Asbestos
Code Job Title Category Exposure
05-002 Armature Winders 1
05-061 Electrician, Ship Progressman 1
06-029 Fire Control Mechanic 1
06-040 Radio Mechanic (Layer-out) 1
08-000 Architect 1
08-050 Engineering Draftsman Mechanic 1
08-074 Industrial Engineer 1
08-120 Plant Engineer 1
08-156 Tracer 1
08-276 Ordinance Man (Inert Materials) 1
08-277 Ordinance Equipment Worker 1
09-000 Engineman 1
10-101 Maintenance 1
10-194 Staff Supervisor Yard Operations 1
10-257 Production Material Controller 1
13-007 Foundry Chipper 1
13-029 Molder 1
17-000 Guard 1
17-022 Security Clerk 1
20-000 Chemist 1
20-012 Metallurgist 1
21-000 Instrument Mechanic 1
21-010 Instrument Maker 1
22-000 Carpenter 1
22-001 Boatbuilder 1
22-030 Rubber Worker 1
22-032 Shipwright 1
24-000 Loftsman 1
25-017 Equipment Repairer (Machinist Marine) 1
25-020 Equipment Specialist (Electrical) 1
25-025 Equipment Specialist (Missiles) 1
25-049 Machine Installation 1
25-056 Machinist Maintenance 1
26-000 Engineer (Marine) 1
27-000 Mechanic 1
(cont’d)
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2.9 Potential Hazards Other Than Radiation (cont’d)

Table 2.9.B Job Title and Asbestos Exposure Category (cont’'d)
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Asbestos
Code Job Title Category Exposure
27-031 Inspector Mechanic Nuclear Quality Control 1
29-000 Automotive Equipment Operator 1
29-003 Chauffer 1
29-007 Drayage 1
29-029 Motor Vehicle Operator (Supply) 1
29-039 Truck Driver 1
42-002 Anglesmith 1
42-026 Hull Outfitting 1
42-038 Puncher & Shearer 1
42-040 Rivet Heater 1
42-041 Riveter 1
42-047 Shipfitter Layer-out 1
43-000 Equipment Clerk 1
43-030 Storeworker 1
45-005 Industrial Cleaner 1
47-024 Steel Fabrication 1
47-032 Welder Engineer 1
47-053 Lead Bonder 1
88-000 Accounting Cleark 1
88-028 Budget Officer 1
88-134 Job Printer 1
88-175 Office Clerk 1
88-197 Photocopy Equipment Operator 1
88-496 Systems Development Specialist 1
99-036 Production Controller |
99-037 Production Controller Ships 1
99-038 Production Dispatcher 1
99-042 Production Specialist 1
99-043 Production Superintendent 1
99-060 Ship Scheduler 1
99-062 Ship Shed 1
99-063 Ship Surveyor 1
99-070 Shop Superintendent 1
99-071 Snapper _ 1
99-075 Supervisory Planner & Estimator 1

(cont’d)
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2 Methods
2.9 Potential Hazards Other Than Radiation (cont’d)

Table 2.9.B Job Title and Asbestos Exposure Category (cont’d)

Asbestos
Code Job Title Category Exposure
99-084 Technician 1
99-104 Senior Test Operator 1
99-106 Ship Superintendent 1
99-117 Test man 1
02-000 Air Conditioning/Refrigeration (Equipment 2
Mechanic)
04-000 Crane Operator 2
04-024 Operating Engineer 2
05-019 Electrical Systems Inspector (Ships) 2
05-022 Electrician 2
05-028 Electrician (Power Plant) 2
05-046 Planner & Estimator (Electrician) 2
06-019 Electronics Mechanic (Shipboard Systems) 2
06-021 Electronics Technician 2
10-000 Blueprinting Machine Operator 2
10-015 Boiler Plant Operator 2
10-067 Handyman 2
10-091 Janitor 2
10-148 Planning & Estimating (Public Works) 2
10-158 Production Controller (Shipbuilding) 2
10-242 Maintenance Laborer 2
11-002 Fire Communication Operator 2
12-000 Blacksmith 2
13-006 Foundry 2
13-012 Furnace man 2
13-013 Furnance man, Foundry 2
13-019 Inspector (Metals) C 2
15-000 : Tank Tester 2
23-004 Laborer 2
25-000 Machinist 2
25-065 Marine Equipment Mechanic 2
25-078 Ship Maintenance Mechanic 2
25-135 Ship Repairer Supervisor 2
27-009 Mechanical Systems Inspector (Ships) 2
27-025 Shipbuilding Inspector (Mechanic) 2
30-000 Nuclear Engineer 2
(cont’d)
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2.9 Potential Hazards Other Than Radiation (cont’d)

Table 2.9.B Job Title and Asbestos Exposure Category (cont'd)

AsbeStos

Code Job Title Category Exposure
31-003 Oiler 2
32-000 Painter 2
32-013 Painter Cleaner 2
35-004 Coppersmith 2
35-008 Inspector (Ship’s Piping Systems) 2
37-000 Rigger 2
37-004 Laborer (Rigger or Yard Rigger) 2
39-001 Sandblaster 2
41-007 Sheetmetal Mechanic 2
41-008 Sheetmetal Worker 2
42-000 Shipfitter 2
42-011 Caulker & Chipper 2
42-019 Driller 2
42-034 Planner & Estimator (Shipfitter) 2
42-035 Pneumatic Tools Operator 2
42-048 Shipfitter Loftsman 2
42-049 Shipfitting Inspector 2
47-013 Gas Cutter & Burner 2
99-011 General Helper 2
99-016 Helper Trainer 2
99-019 Inspector 2
99-023 Leadingman 2
99-031 Planner & Estimator (General) 2
99-056 Service Shop General Foreman 2
06-000 Electronics Mechanic 3
19-000 Industrial Hygienist 3

ot 25-057 Machinist Marine 3
) 35-000 Pipefitter 3
47-029 Welder 3
47-030 Welder Combination 3
47-031 Welder Electric 3
03-000 Boilermaker 4
18-000 - Heavy Mobile Equipment Mechanic 4

18-002 Automotive Mechanic 4
34-000 Pipe Coverer & Insulator 4

(cont’d)
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2.9 Potential Hazards Other Than Radiation (cont’d)

Table 2.9.B Job Title and Asbestos Exposure Category (cont'd)

Asbestos

Code Job Title Category Exposure
36-000 Plumber 4
47-036 Welder (Special) 4
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2 Methods
2.9 Potential Hazards Other Than Radiation (cont’d)

Figure 2.9.A Flow Chart for Derivation of Cumulative Asbestos Exposure

Job Titles and Codes Personnel Records

IH survey

[ Job-Exposure-Time | Matrix

[ JET | Job Code History

Asbestos History

Cum. Asbestos Expasure
CAE (I, 1/2 life, lag)
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2 Methods
2.10 Personal Characteristics and Exposures Outside the Shipyard

Questionnaires sent to current workers in the Norfolk Naval Shipyard in
1980 and in the Charleston Naval Shipyard in 1986 served two purposes: to
determine whether any worker reported nuclear work who did not appear on the
radiation tape produced by the yard and to determine whether personal
characteristics which might influence the risk of the cancers of interest
differed between nuclear and non-nuclear workers. The use of these data to
validate the completeness of the population of nuclear workers, as identified
on the radiation tape, was discussed in Section 2.7. The comparison of
nuclear and non-nuclear workers in regard to potentially confounding
variables, the second important reason for conducting the interview study,
will be discussed in this section. No attempt was made to collect data on
confounding variables for former workers.

The Norfolk survey was divided into two parts in order to try to
maximize the amount of information retrieved at a low cost. A 95 percent
sample of the total population received short mailed questionnaires which
included a limited number of questions regarding use of a radiation badge,
smoking habits, employment in multiple study shipyards, and demographic
characteristics. The form inciuded a simple return mailer. Three successive
mailings of the identical form occurred for all nonrespondents who remained
after previous attempted contacts. The overall response rate for all mailings
combined was 63 percent, as shown in Table 2.10.A. Telephone interviews of
the remaining non-respondents who were located and agreed to participate

increased the response to 80 percent or a total of 10,944 individuals out of

the original sample.
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont’d)

In order to get more extensive information on this population than was
possible through the cost-effective but brief survey form, a longer
questionnaire was mailed to a five percent sample of the original population.
The long form included the same set of questions contained on the short form
plus additional questions regarding exposure to radiation outside of the
shipyard and medical radiation as well as queries related to hazardous
workplace exposures. The returns on the three mailings of this form yielded
information on 49 percent of the original five percent sample, as seen in
Table 2.10.B. Again, telephone fo]]ow;up of the remaining population of
workers brought the cumulative percent response to 69 percent of the original
sample.

The second survey of the current (1985) Charleston workers used the
short form and long form questionnaires with a different survey scheme. ATl
workers were mailed the short form questionnaire and a five percent random
sample of these same workers was selected for a telephone intérview using the
long form. The workers received three mailings of the short form
questionnaire but there was no telephone followup of nonrespondents because
the study terminated. The inclusion of a telephone survey using the long form
questionnaire boosted the total response to 78 percent. The response rates
are shown in Table 2.10.C. The results from the second survey have not been
completely analyzed at the time of preparation of this report.

Despite the fact that the mailings used recent addresses of employees,
residence changes of workers were the major reasons for loss of information in
the samples. The nonrespondents probably are young, recent hires, and short

term workers. This assumption needs to be confirmed. Interviewers noted that
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2 Methods

2.10 Personal Characteristics and Exposures Qutside the Shipyard (cont’d)
elderly wives were reluctant about giving information regarding their shipyard
worker husbands. This behavior may indicate the recent death of the spouse
but this has not been confirmed.

Workers were asked to self-report whether they were certified to work in
radiation areas by indicating whether they had worn either a film badge or a
dosimeter. There was confusion regarding the term "badge”, and many workers
who were not listed on the radiation tape indicated that they wore a badge.

As indicated in the discussion of validation of radiation dose, most of these
individuals had misinterpreted the question and were incorrectly classified.
In all of the analyses, workers were classified as nuclear or non-nuclear
based on their inclusion on the radiation tapes, not on their response to the
survey question. The results could differ depending on whether nuclear
workers were categorized by self-classification or by radiation record files.

Sometimes respondents did not appear on the shipyard database following
the match for nuclear and non-nuclear worker status. This situation occurred
because some employees on the current employment tape had been hired after the
records were collected for the study or they had changed their classification.
If a respondent did not appear on the database with the classification as
designated in the database he was not included in the current analysis of the
survey. Thus although 10,944 returned the short and 496 the long forms
(Tables 2.10.A and 2.10.B), only 8,812 records are available for analysis of
demographic characteristics for all surveyed (Table 2.10.D.) and only 404
provided detailed answers (Table 2.10.I).
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont’d)

Survey Results

Data collected from workers in the Norfolk shipyard using the short form
questionnaire only are presented in this section. In reviewing the data each
item was examined to determine whether the nuclear and non-nuclear shipyard
workers differed iﬁ regard to that characteristic. When differences were
observed, the factor was reviewed to see whether it might confound the
‘comparison of the mortality in the two populations and, thus analysis would
need to control for this factor. If some of the variables in the survey were
interrelated then controlling for one might remove the influence of others.
For exampie, the two populations differ by age which would be controlled in
all analysis. The two groups also differed by smoking habits, but the data as
presented have been age-adjusted in order to determine whether smoking would
still be an important confounding variable in the analysis after correcting
for age. Obviously the study has limited information with which to control
individually for smoking if that varies in the population, but there is
adequate data for age-adjustment. Wherever the data are age-adjusted, the'
direct method is used. The pooled population of nuclear and non-nuclear
worker respondents is used as the standard.

The data from the survey indicated differences in nuclear and non-
nuclear workers in regard to demographic characteristics (Table 2.10.D1).
Some of these differences were anticipated, such as an increased mean age in
the nuclear workers and a higher proportion of males in the nuclear group than
in the non-nuclear group. In adjusting for age (Table 2.10.D), there are 7
still differences between the two groups in sex as well as race. These

differences prompted the effort to control for age and sex in selecting the
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study sample. The survey indicated that nuclear workers are generally similar
to non-nuclear workers in educational levels, but nuclear worker have a
slightly higher probability of having earned advanced degrees than do the non-
nuclear workers. The original study sample did not control for education
although the job hazard index may have partially adjusted for differences in
this factor. The study sample included only males and balanced the nuclear
and non-nuclear workers by age and job hazard index. Information on race was
not available on shipyard personnel records for all yards although for some
yards the overall racial distribution could be inferred. Balancing the
samples by time of hire and job may have partially controlled for this
variable in shipyards which employed a proportion of black workers. As noted
in section 2.2, although race may still have resulted in some confounding in
comparing NW and NNW groups, it could not have been a problem in comparing
subsets in the NW group. Nuclear workers do not smoke differently than non-
nuclear workers after correcting for age. The only observed difference is
that those nuclear workers who have ever smoked cigarettes are more likely to
have discontinued smoking currently.

The short questionnaire included items about shipyard exposure to
asbestos. As shown in Table 2.10.F, the nuclear workers reported a high
probability of direct exposure to asbestos probably because of the specific
trades in which they worked. Among nuclear workers, 63 percent reported
direct exposure compared to 49 percent in non-nuclear workers despite the
adjustment. Both groups had a high frequency of reported exposures. This

exposure will be an important confounding variable in the evaluation of the

risk of lung cancer from radiation.
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As shown in Table 2.10.G, nuclear workers were more likely to have
worked in other nuclear shipyards than were non-nuclear workers. This might
be expected because of the specialized skills of this group. Approximately
one percent of those surveyed indicated they had not worked in the yard from
which the record originated. It is possible that these are individuals who
were hired but never reported for work, were contractors, or that we contacted
the wrong person.

Finally, all workefs answering the short survey form were asked about
the presence of certain diseases that are known to be associated with
radiation, such as leukemia, lung cancer, and myeloma. As reported in Table
2.10.H, there were no differences between the two grodps with respect to the
age-adjusted prevalence of the diseases covered by the survey. Since none of
these cases are confirmed, it is difficult to place much weight on the
results. When self-reported rather than recorded exposure to radiation was
used as a marker for nuclear work, the prevalence of leukemia was reportedly
higher among nuclear workers. This again suggests potential bias from self-
reported radiation exposure via the questionnaire.

The Tong survey queried the workers as to other industries in which they
might have been employed. These data related to jobs have not been age-
adjusted but such adjustment will probably not change these observations
substantially. Workers exposed to radiation in the shipyards were more likely
than non-nuclear workers to have exposure to radiation outside the shipyard,
to have worked at multiple shipyards and to have had their radiation exposure
in the Navy or the power industry (see Table 2.10.I). As previously shown in

Table 2.10.F, while in the shipyards they were more likely to have asbestos
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exposure compared to workers not exposed to radiation. Table 2.10.J displays
the frequency of exposure to specific chemicals. The list used in the
questionnaire was not designed to be exhaustive but selected specific agents
which had been reported to be associated with the risk of lung cancer or
leukemia, which were the two target outcomes for evaluation. Radiation
exposed workers reported exposure to other substances, such as chromium,
grinding, dusts and silica, as well as asbestos, but not to chemicals in the
chemical industry. This suggests that jobs associated with radiation work in
the shipyards may involve the types of construction work which are often
associated with dusty exposures. The industries to which workers had been
exposed in the past (Table 2.10.I) would support these conclusions.

No major difference in frequency of dental and other health x-rays and
fluoroscopic examinations was observed between the nuclear and non-nuclear
workers (Table 2.10.K). Nuclear workers had more frequent chest x-rays than
non-nuclear workers, probably as part of their industrial experience. The
nuclear workers do report a small increase in the use of radioactive isotopes
for diagnoswtic purposes as compared to non-nuclear workers.

In summary, the survey of recent shipyard workers indicates that the
nuclear workers differ from the non;nuclear workers primarily in regard to age
and asbestos exposure. The original differences in smoking habits disappeared
when corrected for variations in age distributions in the two work groups.

The only small difference in smoking characteristics between the two groups is
that nuclear workers are more likely to have stopped smoking than non-nuclear
workers. There are some interesting differences in job histories and even in

use of chest x-rays which may be related to the type of construction industry
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jobs which are common among the nuclear workers. These data will be examined
further in regard to their influence on the analysis. The results emphasize

the importance of considering other workplace exposures in analysis.
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Table 2.10.A Response to the Short Form Health Survey Questionnaire by
Recent (1980) Norfolk Naval Shipyard Workers

Number of Cumulative
Total Completed Percent Percent
Sought Questionnaires Response Response
First Mailing 13676 5245 38% 38%
(12-30-81)
Second Mailing 8006 2533 19% 57%
(02-12-82)
Third Mailing 5158 859 6% 63%
(03-31-82)
Telephone & Other 4330 2307 17% 80%
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Table 2.10.B Response to the Long Form Health Survey Questionnaire by
Recent (1980) Norfolk Naval Shipyatd Workers

Number of Cumulative
Total Completed Percent Percent
Sought Questionnaires Response Response
First Mailing 719 211 29% 29%
(01-29-82)
Second Mailing 476 100 14% 43%
(03-25-82)
Third Mailing 364 44 6% 49%
(05-03-82)

Telephone & Other 320 141 20% 69%
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Table 2.10.C Current (03/01/87) Response to the Health Survey Questionnaire
by Recent (1985) Charleston Naval Shipyard Workers

Number of Cumulative
Total Completed Number of Percent Percent
Sought Questionnaires Refusals Response Response
First Mailing 9346 3636 179 41% 41%
(Short form)
Second Mailing 5531 1607 99 18% 59%
(Short form)
Third Mailing 3825 784 123 10% 69%
(Short form)
Telephone 2918 784 36 9% 78%

(Long form)
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Table 2.10.D Age Distribution of Respondents to the Norfolk Health Survey
Questionnaire (Short + Long)

Nuclear Worker Status

Age Total Nuclear Non-Nuclear
Variable Group No. % No. % No. %
Item (1)

Age 18-25 308 3% 4 1% 264 5%
in 26-35 2920  33% 1002 30% 1918 35%
1982 36-45 2175 25% 1010 31% 1165 21%
46-55 1738  20% 638 19% 1100 20%
56-65 1500 17% 535 16% 965 17%
>65 158 2% 57 2% 101 2%
NR, Unk' 13 <1% 4 <% 9 <1%
*Total 8812 100% 3290 100% 5522 100%

'NR, Unk - Age not recorded or listed as unknown

* Total represents those respondents who matched with the original database.
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Table 2.10.D1 Demographic Characteristics of Respondents to the Norfolk Health
Survey Questionnaire (Short + Long)

Nuclear Worker Status

Nuclear Non-Nuclear
Total : Age adj. rate Age adj. rate
Variable No. % per 1000 per 1000
Item (3)
Sex Males 7866 89% 978 842
Females 813 9% 7 142
NR 133 2% 15 16
Total 8812 100% N/A N/A
Item (4)
Race/Ethnic White 6206 70% 793 652
Group Black 2432 28% 190 326
Other 99 1% 8 14
NR 75 1% 9 8
Total 8812  100% N/A N/A
Item (5)
Education <12 1978 22% 202 238
12 4243 48% 485 480
12+ 2457 28% 297 266
NR, Unk 134 2% 16 15
Total 8812 100% N/A N/A

NR= No record
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Table 2.10.E Smoking Characteristics of Respondents to the Norfolk Health Survey
Questionnaire (Short + Long)

Nuclear Worker Status

Nuclear Non-Nuclear
Total Age adj. rate Age adj. rate
Variable No. % per 1000 per 1000
Item (6)
Ever Smoked No 2871 33% 321 329
100 Ciga- Yes 5857 66% 670 661
rettes NR 84 1% 9 10
Total 8812 100% N/A N/A
Item (6a)
Age First <15 938 16% 106 107
Smoked 15-19 3606 62% 420 403
20+ 1192 20% 131 137
Unk 121 2% 13 14
Total 5857 100% N/A N/A
Item (6b)
Amount <10 \ 736 13% 66 . 95
Smoked 10-19 1311 22% 146 150
(# of 20-39 2983 51% 368 320
cigarettes 40-59 508 9% 58 57
per day) 60+ 58 1% 5 8
Unk 261 4% 26 31
Total 5857 100% N/A N/A
Item (6c¢)
Current No 2624 45% 326 279
Smoker Yes 3187 53% 338 378
NR, Unk 46 1% 6 4
Total 5857 100% N/A N/A
Item (7)
Pipe Smoker No 7876 89% 881 902
Yes 844 10% 108 87
NR 92 1% 11 10
Total 8812 100% N/A N/A
Item (8)
Cigar Smoker No 8007 91% 903 912
Yes 709 8% 85 78
NR 96 1% 12 10
Total 8812 100% N/A N/A
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Table 2.10.F Asbestos Exposure of Respondents to the Norfolk Health Survey
Questionnaire (Short + Long)
Nuclear Worker Status
Total Nuclear Non-Nuclear
Variable No. % Age adj. rate Age adj. rate

per 1000 per 1000

Item (12)
Worked with No 2474 28% 208 322
Asbestos in Yes 4755 54% 631 485
Shipyard Around it 684 8% 75 81
Don’t know 788 9% 75 99
NR 111 1% 11 13
Total 8812 100% N/A N/A

Item (13)
Worked with No 6526 74% 764 723
Asbestos Yes 1332 15% 142 159
Outside Around 92 1% 9 11
of Don’t know 667 8% 62 85
Shipyard NR 195 2% 23 22
Total 8812 100% N/A N/A

NR = No record
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Table 2.10.G  Shipyards Worked as Reported by Respondents to Norfolk Health Survey
Questionnaire (Short + Long)

Nuclear Worker Status

Total Nuclear Non-Nuclear
Variable ' No. % Age adj. rate Age adj. rate
' per 1000 per 1000
Item (14)
Shipyards  Norfolk 5578 63% 581 668
Worked in  Norfolk + 1 2429 28% 319 248
Norfolk + 2 663 8% 86 67
Never Norfolk 50 1% 5 6
NR 92 1% 9 12
Total 8812 100%

NR = no record

275




2 Methods
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont’d)

Table 2.10.H Medical Conditions Reported by Respondents to the Norfolk
HealthSurvey Questionnaire (Short + Long)

Nuclear Worker Status

Total Nuclear Non-Nuclear
Variable No. % Age adj. rate Age adj. rate
' per 1000 per 1000
Item (15)
Reported Leukemia 9 <1% 1 ~ 1
Health Lung Cancer 34 <1% 5 3
Conditions' Myeloma 12 <1% 2 1
Other Cancer 162 2% 18 : 19
Heart Disease 347 4% , 38 40
Chronic Lung 332 4% 38 38
Disease _
Other 278 3% 29 33
None 7096 81% 809 803
NR 659 7% 74 76
Total 8812 100% N/A N/A

' Could report more than one
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2.10 Personal Characteristics and Exposures Qutside the Shipyard (cont’d)

Table 2.10.1  Industries Worked in Other Than Shipyards as Reported by Respondents
to the Norfolk Health Survey Questionnaire (Long) ,

Nuclear Worker Status

Survey/ Total Nuclear Non-Nuclear
Variable No. % No. % No. %
Item (17) s
Radiation Yes 53 13% 25 14% 28 12%
Exposure No 344 85% 152 85% 192 85%
Outside the NR, Unk 7 2% 2 1% 5 2%
Shipyard *Total 404 100% 179 100% 225 100%
Industry
Item (19)
Industries Agriculture 34 8% 14 8% 20 9%
Worked Asb. Manu. 4 1% 1 1% 3 1%
Auto. Serv. 39 10% 15 8% 24 11%
Chemical 8 2% 0 --- 8 4%
Construction 74 18% 30 17% 44 20%
Mining 6 1% 4 2% 2 1%
Petroleum 5 1% 2 1% 3 1%
Rubber 4 1% 1 1% 3 1%
Smelting 4 1% 2 1% 2 1%
Tanning 0 --- 0 --- 0 ---
Textile 14 3% 3 2% 11 5%
Wood Treat. 5 1% 1 1% 4 2%
None of these 230 57% 111 62% 119 53%
NR 20 5% 8 4% 12 5%
*Total 404 100% 179 100% 225 100%

NR = No record

* Total represents those repsondents who matched with the original database.
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Table 2.10.d Exposure to Specific Chemicals as Reported by Respondents to the
Norfolk Health Survey Questionnaire (Long)

Nuclear Worker Status

Survey/ Total Nuclear Non-Nuclear

Variable No. % No. % No. %

Item(21)

Job Arsenic 8 2% 3 2% 5 2%

Exposures Asbestos 293 73% 147 82% 146 65%
Benzene 17 4% 10 6% 7 3%
Chromium 30 7% 20 11% 10 4%
Coal, tar, etc. 69 17% 32 18% 37 16%
Dye stuff 11 3% 5 3% 6 3%
Grinding dust 251 62% 120 67% 131 58%
Leather dust 3 1% 1 1% 2 1%
Mineral dust 17 4% 6 3% 11 5%
Silica dust 49 12% 28 16% 21 9%
Wood dust 54 13% 31 17% 23 10%
Other dust 60 15% 25 14% 35 16%
M, C, F oilsl 80 20% 36 20% 44 20%
Nickel 19 5% 11 6% 8 4%
Pesticides 9 2% 4 2% 5 2%
None of these 46 11% 8 4% 38 17%
NR, Unk 15 4% 6 2% 9 4%
Total 404 179 225

'Mineral, Cutting or Fuel 0il
NR = No record
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Table 2.10.K Medical Exposures Reported by Respondents to the Norfolk Health
Survey Questionnaire (Long)

Nuclear Worker Status

Survey/ Total Nuclear Non-Nuclear
Variable No. 3 No. % No. %
Item (23) Never 12 3% 7 4% » 5 2%
Dental <1 in 5 yrs. 96 24% 41 23% 55 24%
X-rays 1l in 2-5 yrs. 140 35% 65 36% 75 33%
1 per yr. 93 23% 35 20% 58 26%
>1 per yr. 21 5% 6 3% 15 7%
NR, Unk 42 10% 25 l4s 17 8%
Total 404  100% 179  100% 225 100%
Item (23) Never 3 1ls 1 1ls 2 1%
Chest <l in 5 yrs. 65 16% 24 13% 41 18%
X-rays 1 in 2-5 yrs. 149 37% 70 39% 79 35%
1 per yr. 143 35% 69 39% 74 33%
>1 per yr. 22 5% 5 3% 17 8%
NR, Unk 22 5% - 10 6% 12 5%
Total 404  100% 179  100% 225 100%
Item (24) Yes 280 69% 122 68% 158 70%
Other No 73 18% 29 16% 44 20%
Health NR, Unk 51 13% 28 16% 23 10%
X-rays Total 404  100% 179 100% 225 100%

Item (25)
Radioisotope Yes 93 23% 48 27% 45 20%
exposure No 276 68% (117 65% 159 71%
JBnk 35 9% 14 8% 21 9%
Total 404  100% 179 100% 225 100%
Item (26) Yes 16 4% 9 5% 7 3%
Radiation No 345 85s 154 86% 191 85%
treatment Unk 43 11 16 9% 27 12%
Total 404  100% 179 100% © 225 1004
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Several different statistical analyses will be conducted using the data
set. For each analysis, the following outcomes are considered separately:
death from leukemia, death from lymphoma, death from mesothelioma, death from
lung cancer, and total mortality. Leukemia is used throughout this section as

the outcome for illustrative purposes.

External Comparison
When the disease experience from the standard population is available,
it is of interest to compare the death rate of the radiation workers with that

of the standard population. A formal set up can be described as follows.

Denote by u; the observation time for the ith radiation worker. Let A;(u)
*

be the ith worker’s risk of dying from leukemia at time u and let Ai(u) pe
the corresponding risk for a worker from the standard population who shares
the same demographic information (age, sex, race, calendar time, and, if
necessary, the geographic location of the shipyard) as the ith radiation

worker. The following model
* (1)
A; (u) = exp (B) A; (u)

expresses the risk for a group of nuclear workers as a simple multiple,
exp(b), of the risk in the standard population. This multiplier is known as
the standardized mortality ratio (SMR = exp(b)), for the particular group of
nuclear workers. It should be noted that the only unknown parameter in
model (1) is exp(b); therefore, the usual maximum likelihood approach can be
used to make inferences on the SMR (Breslow, 1977, 1978).

One major drawback of model (1) is that the variations among workers in

date and age at first employment, job classification, duration of employment
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prior to entry, shipyards worked, and more importantly, amount of radiation
exposure, are not taken into account. Two approaches are possible to include
such information in a model. One is to further divide workers into strata and
compute a separate SMR for each stratum provided that comparable data for the
external comparison group are available. Another approach is to replace
exp(b) in (1) by

(2)

ex;>(E’g§)

where Z; represents the available information from the ith worker. While

these two approaches are helpful in correcting the problems noted above, a
serious problem posed by most occupational studies still remains. That is,
exposure and follow-up periods overlap; consequently, cumulative exposures are
generally greatest for those longest in the study and underestimation of the
SMRs will be the result when data are analyzed by cumulative exposure
(Enterline, 1976). To be more specific, shou]d»a worker who accumulated 10
rem over the course of a working career, but who has had only 5 of those rem
in the 10 years just prior to the diagnosis of lung cancer, be treated the
same as an individual who received 10 rem 10 years ago and developed the
cancer 10 years after his last exposure? If 10 rem were assigned to the first
worker, the SMR for the 10 rem DE category will be underestimated.

A more appropriate approach is to use the "time dependent" concept
introduced by Cox (1972) and to replace the Z2; in (2) by Z;(u).

Conceptually, a worker may contribute person-years to several exposure groups

but will contribute an event (or be censored) in only one group.
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Internal Comparison

There are a number of obvious deficiencies in the external comparison
approach, the most prominent of which is the so calied "healthy worker
effect.” The availability of a reasonably large bopu]ation of non-nuclear
workers from the same shipyard affords a means for selecting an internal group
to control for many of the potentially important biases inherent in using a
standard population comparison. An approach that might be adopted is the
proportional hazard model proposed by Cox (1972). The Cox model has long been
used, especially in clinical trials, when length of follow-up is probably the
most sensible time variable to be modeled. The application of the same model
to the epidemiological cohort studies was not started until recently (Clayton,
1978; Prentice and Breslow, 1978; Breslow et al., 1983). One controversy
which remains unsettled is the choice of the continuous time variable to be
used in such a cohort study. There are two possibilities: length of follow-
up or age. While both may be informative, the latter has special appeal in
occupational studies for the following reasons. First, since death rates for
leukemia (also for lung cancer) rise rapidly with age, control for age is
essential. Second, the hazard function described below has the easy
interpretation of being the age-specific death rate. Third, the overlap
between follow-up intervals and exposure periods may eventually lead to
insoluble computing difficulties due to the "over-match" problem. For these
reasons, age will be hereafter used as the time variable in the analysis,
although plans also include analyses by length of follow-up controlled for

age. Any important inferential discrepancies between the two approaches would

have to be resolved.
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Denote by t the age at the time of death from leukemia. The model we

propose is
* , (3)
A'(t:l k) = A (tl k) eXp{ﬁkZ(C, k) }I k=ll"'lK

where k(t, k) denotes the leukemia death rate at age t. The indicator
variable k is used here to indicate the level of stratified variables (birth

year, job classification, time of first hire in yard, etc.) to which the

worker belongs. The covariates Z(&,K) include the exposure variables and

some other potentially confounding variables which may or may not depend on

/
time. The quantity SXP{PxZ(t,k)} is then the risk of Z relative to 0 at

*

time t. Finally, A(t,k) is the death rate when 2 = O, j.e., the death rate

for non-radiation workers, which is unknown and needs to be estimated as well.
To estimate the parameter Q}’s, the workers who died from leukemia are

identified. For each such death, a risk set is formed consisting of all
workers who are alive and under observation at the same age and who belong to
the same level of stratified variables as the corresponding case(s). A
comparison is then made between the covariates of cases and the covariates of
those alive in the same risk set. In using duration of follow-up as the time
variable, the period from entry into radiation work or the comparable dummy
variable for non-nuclear workers to the time of death will be used to form the
risk set instead of age at death.

Two different analyses will be considered in the study. One is simply
to treat the exposure variable as a dichotomous variable, i.e., one, if
exposed to radiation and zero, if otherwise. Note that the score test for

testing the radiation effect of this model, based on the partial likelihood
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described above, gives rise to the log rank test for the two sample problem.
Another approach we intend to take is to treat the exposure variable as a time
dependent continuous variable. The choices of representations of the exposure
variable are numerous and sometimes arbitrary. The one which might be
appropriate in this study for leukemia is the two year lagged cumulative
radiation exposure, i.e. the total amount of exposure up to two years prior to
the time under consideration. The concept of time dependence comes in since
the total amount of exposure for the same worker will be varied and actually
increased as a function of the time variable, age or duration of follow-up, in
this study. Several other lag periods will be tried especially for solid
tumors.

Even though only a portion of the whole shipyard population has been
selected for analysis, the resulting sample size remains large. Some non-
trivial computational problems may arise if, as expected, there are many ties
among the ages at death or if the drop out rate is low as it may be. As a
remedy, we can draw for each risk set, a sample of small size, say 20 or 30,
from those who are still alive. Instead of examining all in the risk set, the
covariates of the deaths are compared with that of randomly selected
subgroups. Breslow et al. (Breslow et al, 1983) found in their data set that
the results based on this so-called "case-control” analysis with sizes 5 to 10
were in remarkable agreement with those derived from the whole data set.

More recently, Prentice (1984) proposed the following "case-cohort" (his
term) design in which a random (stratified) sub-cohort is selected and then
any cases that develop in the sub-cohort are pooled with other cases arising
in the remainder of the cohort while taking the sub-cohort members as
controls. He found through his example that the proposed sampling scheme and
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2.11 Statistical Methods (cont’d)

analysis is fairly efficient relative to a full-cohort analysis.

While the use of Cox’ model in applications has been widespread, the
work on model checking is still in the developing stage. Viewing Cox’ model
as a special case of regression model, the following three key components of

regression diagnostics can be addressed.

Goodness-of-fit

The following two implicit assumptions are essential to the Cox
proportional hazards model. First, the covariates act multiplicatively on the
hazard function (in our case, the death rate for leukemia); second, the

relative risk function has exponential form as opposed to the additive form
1+ BZ, for example. A formal test of each of the above two assumptions has

been derived in recent unpublished work by Liang and Self. These tests
provide overall assessment on the goodness-of-fit of the Cox model from two

totally different approaches.

Outlier detection

"It is important to have a way to detect potential outliers since the
radiation exposure distribution of this data set is heavily skewed to the
right. Some techniques are available for the time independent covariates

(Crowley and Hu, 1977; Kay, 1977). Basically, if the model (3) is correct
with Z independent of t, then, for each k, the cumulative hazard
transformation:

* (4)
exp (B, 2) forx(c, Ky dt = exp(Biz) H(T)
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has the unit éxponentia] distribution. So by plotting

. (5)
e; = exp(PBuZ) H(T))

where Pk and H are the estimates of Q} and H against expected order

statistics provides a check of the assumed model (3). More importantly, any
observation which is far from the approximate straight line may be an outlier.
However, there are two drawbacks to the above approach. First, as pointed out
by Lagakos and Schoenfeld (1981), the distribution of e,, which approximates
(4), departs substantially from the presumed distribution. Second, the
extension of the above work to time dependent situations is not clear.
Recently, a different approach by examining the "influence" of each data point
on the estimation of parameters has been worked out by Storer and Crowley

(1985) which can be used to address the above problems.

Model specification

One of the statistical issues in the variable selection is to decide
whether a variable should be included in the model and whether a quadratic
form, for example, is more appropriate for the covariate already in the model.
Lagakos and Schoenfeld (1981) defined, for each individual, the residual under
the Cox model and showed that the expectations of these newly defined
residuals are approximately one and hence are independent of the fitted
covariates. Therefore, plotting the ordered residuals against the ordered
covariates should provide useful graphical evaluation of covariates, either

included or omitted.

A question of interest to a certain degree is whether a variable should
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be treated as a covariate and put into the exponent of the risk function or
should it be used as a stratification variable. The former approach will
enable us to make statements about the effect of that variable on the outcome,
death from leukemia. However, we are forced in the meantime to make a much
stronger structural assumption on that variable than the latter approach does.
Kay (1977) and Andersen (1982) offer ways to make the correct decision.

Recently, more attention has been given to the modelling of the temporal
nature of the excess mortality. This may be appropriate for the studies in
which the follow-up period is long or the mortality excess from the agent
occurs within a relatively narrow latency.

Andersen (1984) proposed the following model

* (6)
Ai(u) = A;(u) v(u)exp(P'Z;(u))

where A;(u) is the same as in (1) and m(u) is an unknown underlying excess

mortality, i.e., the excess mortality at u for an individual Q@?(u) = 0.

Thus, the covariates Z(u) are assumed to have a multiplicative effect on the

excess mortality. It should be pointed out that the model (2) is the special
case m(u) = 1 of (6). It assumes constant excess mortality across time and is
fully parametric. Model (6) is more flexible since it does not require
specification of the underlying excess mortality.

No additional computational problem will occur for (6) since it can be
written as

* 7
A(U)==V(u)exp{E?§(u)+J.‘logxi(u)} 7

*
Thus the log A;(u) enters into the mortality functions as a time-dependent
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2 Methods
2.11 Statistical Methods (cont’d)

covariate with a known regression coefficient equal to 1. Consequently, any
computing package handling the Cox proportional hazard model can be adapted
for estimation purposes.

Another model considered by Pierce et al. (1984) in analyzing the RERF
A-bomb data is described as follows. Denote time since exposure by u and t

the same as before. They suggest the following additive model

Ala; £) = w(e) + £(d) plu; 25 d), (8)

where d is a vector containing exposure information and Z is a vector of

nonexposure covariétes. The function w is the underlying mortality while the
function q models the excess. The approach they took is via cross-
classification of the data and is a fully parametric one. Some caution is
needed for this approach: (a) the choices of function w, f and q can be
arbitrary, (b) the subjects in that study were exposed to the radiation at
only one point of time while in ours, the exposure period is overlapped with
the follow-up time.

A1l the analyses we described above will be preceded by some preliminary
analyses, namely, by grouping the data so that the elementary contingency
table analyses can take place (Holford, 1980; Berry, 1983; Pierce, et al.,
1984). Even though this kind of analysis might not be fully efficient, it
does have advantages: (a) both time and cost savings, (b) avoiding the
measurement error problem which is of concern for the radiation exposure
variable, and (c) actual efficiency loss is probably small (Gilbert, 1983).

Extensive exploration of the accumulating exposuré as a function of time
will be undertaken. The results will be used for descriptive purposes and

might play a role in specif{cation of the radiation variable in the regression
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2 Methods '
2.11 Statistical Methods (cont’d)

models.

If any statistically significant dose-response relationships are
detected, they will be compared with existing estimates (BEIR III, for
example) for consistency.

Available statistical software have been used where possible including
GLIM, SAS and BMDP. Other commercial software from the University of
Washington which will be used include:

+ COXREG - Internal comparison with multiplicative models

« EPICOX - External comparisons with multiplicative models (SMR’s)

« PECAN - Conditional logistic regression models for matched data sets .
(includes diagnostics for Cox’s model, logistic regression
models).

For the present report, only initial analyses will be presented. They
will include an indirect adjustment of death rates using U.S. white male
rates as the standard since the majority of the population is white. All
causes of death as well as the specific causes leukemia, lymphoma, lung cancer
and mesothelioma will be examined for each group in the sample, >0.5 rem
workers, <0.5 rem workers, and non-nuclear workers. The group of >0.5 rem
workers was also examined by dose within the group using a life table approach
to mortality analyses. Since the groups were comparable to each other in age
and calendar time of start of follow-up, the SMR comparisons between groups
should be appropriate. Analyses will include allowance for latency periods of
2, 5, 10 and 15 years. For these time periods, the follow-up years were

included for risk estimates but the dose during that period was nbt added to

the total cumulative dose.
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3 Results
3.1 Characteristics of Population for Analysis and Total Morality

The initial sample was selected to include all workers with >0.5 rem DE
accumulated by January 1, 1982 and a proportion of those with <0.5 rem
accumulated to the same date. The addition of the sample of non-nuclear
workers resulted in an original sample of 72,357. However, after sample
selection, 39 workers were deleted due to edits which resulted in a true
sample of 72,318. As shown in Table 3.1.A., 603 additional deletions occurred
for the current analysis because of interyard duplicates. Thus, the starting
population was 71,715 as indicated by the groups in Part A of Table 3.1.B.
Another 985 workers were excluded in subsequent steps due to incorrect or
missing variables (766), apparent unreasonable ages at start of employment or
start of follow-up (44), and missing dates of deaths (167). The total
population includes 70,730 workers for analysis in Part B, Table 3.1.B.

Workers who belonged to the <0.5 rem group entered follow-up at the time
of entry into the radiation monitoring program. This was represented as the
time when the worker received the first dosimeter reading even if that reading
was zero. Nuclear workers in the group with DEs of 0.5 rem or greater did not
follow-up until at least 0.5 rem had been reached as the total accumulated DE
at the end of that year. If any worker had a recorded year of entry before
nuclear overhaul, the year of start of follow-up was equated to the year
overhaul began. Non-nuclear workers were selected initially to be similar to
the workers with DEs of 0.5 rem or more in regard to the total duration worked
prior to the years of start of nuclear work for the NW,; 5 group. In each
stratum, the non-nuciear worker had to have worked at least as long or longer
than the >0.5 rem nuclear workers to whom they were compared by the year when

the nuclear worker had started nuclear work. The two groups were selected to
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3 Results

3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)
be similar on the distribution of times worked before the start of the NW, 5 5
group in the nuclear program. A dummy variable was entered into the record of
the non-nuclear workers selected in each stratum which represented the times
of entry of nuclear workers into radiation work. This start time represented
the start of follow-up for non-nuclear workers.

The age distributions of the non-nuclear workers and <0.5 rem groups
have a higher proportion of workers under the age 25 and over 55 or 60 at
entry into follow-up than would be expected compared to the >0.5 rem group and
weighted by the sampling ratio. These distributions are shown in Table
3.1.A1. However, in general, the balance is good. Some of the difference is
due to the required delay in start of follow-up for the >0.5 rem group until
they had met the minimum criterion of dose. Based on the median ages of entry
into follow-up, the median time interval to accumulate 0.5 rem must be 0.7
years.

The start of major nuclear overhaul varied by shipyard, beginning in
1957 with Groton and ending with Puget Sound in 1967. The median calendar
year of entry into follow-up reflects the start of overhaul for the combined
yards. The ongoing population was established from that time forward. Table
3.1.A2 indicates that the major proportion of the nuclear worker population
entered follow-up in 1965-1969 with the median year being 1967.0 for the <0.5
rem and 1968.1 for the >0.5 rem group. Only half of the population has been
followed for 13 years or more (median length of follow-up 13 years). Even

this follow-up is a relatively short period in which to expect development of

many solid tumors.
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

The distribution of deaths by age group and calendar time indicates
major differences in both of these variables by sample groups (Table 3.1.A3).
The deaths are infrequent in the first decade primarily due to the '
establishment of the initial cohort during that period. In this period, as in
all subsequent time intervals, the number of deaths is much greater in the
non-nuclear worker group than in the >0.5 rem group and exceeds the expected
excess due to the over-sampling fraction in the non-nuclear worker group.

This difference also occurs despite the fact that the groups are balanced by
age. Deaths in the 1975-1981 period represent a larger proportion of all
deaths among the >0.5 rem population than in the other groups (Table 3.1.A3).
Selective factors which lead to the accumulation of higher doses of radiation
and longer survival have probably resulted in fewer deaths in the >0.5 rem
group despite the slightly older median age of that group compared to the
other groups at start of fd1]ow-up.

The mortality of each group is displayed in the tables for sections 3.1-
3.5. The analyses in each of these sections include crude all cause mortality
rates and death rates for the following specific causes: Tleukemia, lymphatic
and hematopoietic cancer, lung cancer and mesothelioma. These same causes
have been analyzed and adjusted for age and calendar time using an indirect
adjustment with U.S. white male rates as the standard.

A total 920,907 person-years was used in the analysis with 38.7 percent
of these person-years distributed in the >0.5 rem group, 15.2 percent in the
<0.5 rem group and 46.2 percent in the non-nuclear worker group. The worker’s
person-years were credited from entry into follow-up with 1/2 year counted for

both the year of entry and the year of death and a full year for any other
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3 Results |

3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)
period of observation after entry. The only exception was for workers who
entered and died in the same period, in which case they were credited with 1/3
year. As stated previously, the year of entry of the >0.5 rem group
represents the first year in which they have accumulated a DE of 0.5 rem or
greater. As seen in Table 3.1.B., the overall crude death rates for workers
in both nuclear groups are lower than in the non-nuclear worker group and the
lowest rate is for the workers in the >0.5 rem group. The adjusted SMRs shown
in the last line of the table indicate that nuclear workers have significantly
lower death rates than those of the U.S. white male population whereas the
non-nuclear worker group has a ratio similar to that of the standard
population. The mortality ratio of 0.76 for the >0.5 rem group probably
represents not only the usual healthy worker selection bias found in
occupational populations but also én additional selection bias which occurs at
entry of the worker into radiation work and occurs again when the workers are
selected by the fact that they have reached > 0.5 rem or more.

Tables 3.1.C and 3.1.C1 examine the risks of mortality in the three
groups with the >0.5 rem group. divided according to cumulative DE into three
(Table 3.1.C) or four separate subgroups (Table 3.1.Cl). The crude rates in
Part A indicate that the death rates decrease with increasing DE. Since both
age and survival time may be correlated with increasing DEs, for these
analyses, the workers’ person-years are not just accumulated in a single dose
group but are distributed across all DE groups to which the worker belonged as
he accumulated the final dose. This is designated as a "time-dependent”
analysis. The <0.5 rem group and the non-nuclear worker group were handled as

individual groups. Using time-dependent analyses and age and calendar time
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

adjustment of rates, there is still a decline in the highest DE subgroup
whether that subgroup is 5.0" rem or is 10.0" rem. This decline in mortality
may represent survival bias even with finer subdivisions of dose groups. That
is, the individual who continues to accumulate dose must continue to survive.
The individua] who dies may terminate work prior to death and thus stop adding
dose. Thus, the healthy person continues to work and accumulate dose; the
unhealthy person cannot work and so will not receive a dose and may soon die.

In the case of a chronic disease, the dose needed to cause the disease
may occur several years before the clinical onset of disease and these may be
additional years before death, the outcome used in this study. In order to
account for the latent period before the disease is manifest, four "lag
periods" have been used. These periods represent selected time intervals
before death when no additional dose has been added to the cumulated DE. Any
DE occurring in that period is omitted. These DE reductions are imposed on
both the diseased and non-diseased subjects in all groups. This adjustment
would be expected to improve the problem of survival bias as well. However,
the number of cases is also reduced by lagging. Any case occurring within the
lag period is omitted.

In comparing ratios, the 0.5 - 0.999 rem group was used as a comparison.
That group represents all workers who not only reached that level but any of
the higher dose groups as well; thus, the 0.5 - 0.999 rem subgroup included
all the population in the >0.5 rem group. The < 0.5 rem group have the same

selective factors of enrollment in the radiation program as the higher level
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3 Results |

3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)
group but it represents only a sample of that population and has not been
included in the time-dependent analysis. Thus it was not considered to be as
comparable a group for evaluation of changes in mortality with dose. The NNW
group was not selected for nuclear work and was viewed as representing the
mortality of all shipyard workers.

As seen following "lagging", the standardized mortality ratio does
increase in the DE subgroups of 1.0 and 5.0 rem as well as the subgroup of
10.0" rem as compared to the group with 0.5 rem but these differences are not
significant. There is no consistent dose response with increasing rem level,
and the standardized mortality ratios at each dose level are usually lower
than those for the <0.5 rem DE as well as the non-exposed group. Crude
relative risks have been calculated using the ratios of the indirectly
adjusted SMRs to make it easier to compare subgroups, and confidence intervals
have been calculated for these values.

As can be seen in the tables the number of deaths decreases with lagging
as expected. By 15 years of lag, for example, the number of deaths is only 25
percent of those which were in the complete analysis. For those in the >0.5
rem group, only 20 percent remain. The small numbers at these long lag period
represent the 1imited follow-up which still exists in this population. Future

examination of the long lag periods of 5, 10 and 15 years may be more

interesting when there are more deaths in each subset.
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.A Derivation of Analysis Subset

Starting population: all members of NW_ o, NW,, . and NNW study
sample from the six Navy yards: Charfeston; ﬁare IsTand, Norfolk,
Pearl Harbor, Portsmouth and Puget Sound (N = 49,809) and the 2
private yards: Groton {N=13,725) and Newport News (N = 8,784)
totalling 72,318 workers. A total of 39 workers were deleted from
the original sample (N = 72,357) due to edits from the shipyards.

» Exclude 603 inter-yard duplicates (N = 71,715)

» Exclude workers no longer eligible for inclusion in sampling frame
due to edits as follows: 62 workers no longer in sampled dose
group,98 non- shipyard workers, 94 workers working less than 1 year
in the shipyard, 250 women, and 262 workers with missing data for
the stratification variables (N = 70,949)

+ Exclude workers due to unlikely or invalid data as follows: 44
workers less than 16 or greater than 80 years of age at entry into
the radiation program, 8 workers less than 18 or greater than 91 -
years of age at death or with year of death less the year of entry
into follow-up (N = 70,897)

» Exclude 167 workers with unknown date of death; not all dates of
death have been confirmed by certificate review (N = 70,730)

+ Identify cumulative radiation exposure as of 1/1/82:

32,510 workers are non-nuclear

10,348 workers have <0.5 rem exposure
18,788 workers have >0.5-4.9 rem exposure
9,084 workers have >5.0 rem exposure

+ Person-years accumulation: each worker receives credit for 1/2 year
of observation during the entry year and year of death, and 1 full
year of observation otherwise; workers who enter and exit during
the same year received credit for 1/3 year of observation. Person-
years are counted from year of entry into follow-up to year of
death or 1981. Year of entry into follow-up is defined as: year
of entry into shipyard adjusted for minimum duration worked for
NNW, year of entry into radiation program for NW, ., and year of
entry into radiation program or year 0.5 rem lifetime exposure
received for NW,, .. Additionally, if any year of entry is before
nuclear overhaul in the shipyard, it is equated to the year
overhaul began.

Total person-years observed = 920,907

(cont’d)
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.A Derivation of Analysis Subset (cont’d)

* Data items included in the analysis subset include: (1) social
security number (2) yard (3) date of birth (4) year of entry into
yard (5) year of entry into "radiation program" (6) year of entry
into follow-up (7) duration worked in shipyard (8) grouped job
hazard index (9) vital status indicator (10) date of death (11)
death certificate cause of death - ICD-9 (12) cause of death -
medical abstracts (13) annual exposure in millirem for each year of
follow-up (14) cumulative exposure in millirem for each year of
follow-up (15) prior exposure in millirem
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3 Results _
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.Al Population by Age at Time of Entry into Followup by Dose
Equivalent Group

Ages > 0.5 rem < 0.5 rem NNW
16-19 162 218 1,180
20-24 3,800 1,775 5,762
25-29 6,173 2,160 6,124
30-34 4,444 1,431 4,644
35-39 3,364 1,223 3,762
40-44 3,620 1,286 3,901
45-49 3,052 981 2,809
50-54 1,919 708 1,859
55-59 990 364 1,374
60-64 306 172 809
65-69 39 26 257
70+ 3 4 29
Total 27,872 10,348 32,510
Median age

at entry 34.3 33.6 33.4
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.A2 Population by Year of Entry Into Followup by Dose
Equivalent Group

Calendar > 0.5 Rem | < 0.5 Rem NNW
Year Start

Followup

1955-59 1,057 826 2,157
1960-64 5,770 2,697 9,031
1965-69 11,502 4,060 11,171
1970-74 5,005 1,156 5,065
1975-79 3,379 1,222 4,156
1980-81 1,159 387 ~ 930
Total 27,872 10,348 ' 32,510

Median year
of entry 1968.1 1967.0 1967.3
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3 Results ,
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.A3 Deaths by Age and Year of Death for Each Dose Equivalent Group

Age Group (Years)

DE Group by
Death Year <40 40-49 50-59 60-69 70+ Total
> 0.5 NW 1955-64 9 16 28 12 1 66
< 0.5 NW 1955-64 9 8 19 10 2 48
NNW 1955-64 41 31 71 58 22 223
| Total 59 55 118 80 25 337
> 0.5 NW 1965-74 109 171 331 205 36 852
< 0.5 NW 1965-74 55 77 126 116 32 406
NNW 1965-74 192 297 458 445 210 1,602
Total 356 545 915 766 278 2,860
> 0.5 NW 1975-81 70 137 376 517 197 1,297
< 0.5 NW 1975-81 42 45 136 181 115 519
NNW 1975-81 154 242 493 514 517 1,920
Total 266 424 1,005 1,212 829 3,736
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3 Results
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.B Deaths From Al1 Causes, Person-Years and Death Rates'
for NNW, NW 5 and NW,, 5

NW, 0.5 NW .5 NNW
Part A. A1l Workers Sampled
- Workers in sample 28,089 10,413 33,213
Total deaths 2,797 1,168 4,453
Part B. Workers Selected for
Analysis®
Workers in subset 27,872 10,348 32,510
Person-years 356,091 139,746 425,070
Deaths 2,215 973 3,745
Death Rates Per 1,000° 6.4 7.1 9.0
SMR* 0.76 0.81 1.00
(95% C.1.)° (0.73, 0.79) (0.76, 0.86) (0.97, 1.03)

Rates calculated per 1,000 person-years.
See Table 3.1.A for derivation of analysis subset.
Adjusted for deaths excluded from analysis due to unknown date of death.

Adjusted for age and calendar time with the indirect method of adjustment
using age-calendar time specific rates for U.S. white males.

> (.I. = 95% Confidence Intervals
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3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)

Table 3.1.C A1l Cause Mortality for NNW, NW_ o, and 3 Recorded DE Groups' Within
Nw>0.5

NW, 5  (rem)

0.5- 1.0- 5.0+ NW.4 5 NNW
Part A. Unadjusted
Workers 5,431 - 13,357 9,084 10,348 32,510
Person-Years 69,489 172,531 114,071 139,746 425,070
Deaths 454 1,110 651 973 3,745
Rate® per 1,000 6.7 6.6 5.9 7.1 9.0
Part B. Adjusted3
SMR 0.72 0.79 0.74 0.81 1.00
Relative Risk 1.00 1.10 1.03 1.13 1.39
(95% C.1.) (0.98,1.23) (0.91,1.16) (1.01,1.26) (1.26,1.53)
Part C. Adjusted
With Time Lags
Lag: 2 years
Deaths 430 1,068 627 938 3,516
SMR 0.70 0.81 0.78 0.82 1.00
Relative Risk 1.00 1.16 1.11 1.17 1.43
(95% C.1.) (1.03,1.30) (0.98,1.26) (1.04,1.31) (1.29,1.58)
Lag: 5 years :
Deaths 385 945 539 812 2,991
SMR 0.72 0.78 0.82 0.83 1.00
Relative Risk 1.00 1.08 1.13 1.15 1.39
(95% C.1.) (0.96,1.22) (0.99,1.30) (1.02,1.30) (1.24,1.55)
Lag: 10 years
Deaths 280 685 322 566 2,042
SMR 0.76 0.84 0.85 0.85 1.03
Relative Risk 1.00 1.10 1.12 1.12 1.36
(95% C.1.) (0.96,1.27) (0.94,1.32) (0.91,1.30) (1.20,1.54)
Lag: 15 years
Deaths 145 318 92 270 898
SMR 0.83 0.94 0.79 0.90 1.02
Relative Risk 1.00 1.13 0.95 1.08 1.23
(95% C.1.) (0.93,1.39) (0.72,1.24) (0.88,1.34) (1.03,1.47)

' DE groups for the NW,, ; are time dependent, ie., a worker could contribute
person-years to eécﬁ of the 3 dose groups.
2 Adjusted for deaths excluded from analysis due to unknown date of death.
Adjusted for age and calendar time with the indirect method of adjustment
using age-calendar time specific rates for U.S. white males.
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3 Results ) ) . )
3.1 Characteristics of Population for Analysis and Total Mortality (cont’d)
Table 3.1.C1  All Cause Mortality for NNW, NW, o and 4 Recorded DE Groups'
Within NW,g ¢
NWZ().S (rem)
0.5- 1.0- 5.0- 10+ NWq5 NNW
Part A. Unadjusted
Workers 5,431 13,357 4,846 4,238 10,348 32,510
Person-Years 69,489 172,531 63,819 50,253 139,746 425,070
Deaths 454 1,110 367 284 973 3,745
Rate? per 1,000 6.7 6.6 5.9 5.8 7.1 9.0
Part B. Adjusted3
SMR 0.72 0.79 0.76 0.72 0.81 1.00
Relative Risk 1.00 1.10 1.06 1.00 1.13 1.39
(95% C.I.) (0.98,1.23) (0.92,1.22) (0.86,1.16) (1.01,1.26) (1.26,1.53)
Part C. Adjusted
With Time Lags
Lag: 2 years
Deaths 430 1,068 358 269 938 3,516
SMR 0.70 0.81 0.81 0.75 0.82 1.00
Relative Risk 1.00 1.16 1.16 1.07 1.17 1.43
(95% C.1.) (1.03,1.30) (1.00,1.33) (0.92,1.25) (1.04,1.31) (1.29,1.58)
Lag: 5 years
Deaths 385 945 308 231 812 2,991
SMR 0.72 0.78 0.83 0.81 0.83 1.00
Relative Risk 1.00 1.08 1.15 1.13 1.15 1.39
(95% C.1.) (0.96,1.22) (0.99,1.34) (0.95,1.33) (1.02,1.30) (1.24,1.55)
Lag: 10 years ~
Deaths 280 685 203 119 566 2,042
SMR 0.76 0.84 0.89 0.79 0.85 1.03
Relative Risk 1.00 1.10 1.17 1.04 1.12 1.36
(95% C.I.) (0.96,1.27) (0.98,1.41) (0.83,1.29) (0.97,1.30) (1.20,1.54)
Lag: 15 years
Deaths 145 318 64 28 270 898
SMR 0.83 0.94 0.79 0.84 0.90 1.02
Relative Risk 1.00 1.13 0.95 1.01 1.08 1.23
(95% C.I.) (0.93,1.39) (0.70,1.29) (0.65,1.52) (0.88,1.34) (1.30,1.47)

' DE groups for the NW,, ¢ are time dependent, ie., a worker could contribute person-years
to each of the 3 dose groups.

2 Adjusted for deaths excluded from analysis due to unknown date of death.

3 Adjusted for age and calendar time with the indirect method of adjustment using age-
calendar time specific rates for U.S. white males.
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3 Results
3.2 Mortality from Leukemia

The analysis of mortality from leukemia has followed the same methods as
described for total mortality. The crude death rates per 100,000 workers are
highest for the non-nuclear worker group (7.36) but with a similar rate for
the >0.5 rem group (6.40) and a very low rate for the <0.5 rem group (3.07).
Indirect standardization of the rates by age and calendar time cause specific
rates for U.S. white males indicates that the leukemia mortality rates for all
groups are lower than the death rate for that disease in the general
population. The SMR for the NW_ ; group is remarkably low being only
42 percent of the mortality in the general population. However, none of these
ratios are significantly different from those of the general population of
U.S. white males.

When the adjusted death ratios for leukemia are examined by DE
subgroups, in the >0.5 rem group, the SMR for the group at 0.5-0.9 rem is
close to that of the <0.5 rem group and very low, about 40 percent of the rate
for the general population. The SMR is higher for the DE subgroup of
1.0-4.9 rem, but there is no indication of a dose-response, and the SMRs are
similar to that of the general population and the non-nuclear worker group.

Lagging the dose for two years increased the SMR for the DE group of
1.0-4.9 rem partly because one of the cases which had previously been included
at 5 rem now fé]] into the lower dose level two years before. However, the
SMR is still not significantly higher than the comparison rates and there is
no dose-response based on the adjusted SMRs.

Leukemia was the cause of major interest because of the recognized risk
of this disease with radiation. The number of cases are few at present and

although there is a sharp rise in the SMR between the DE of 0.5-0.9 rem and
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3 Results

3.2 Mortality from Leukemia (cont’d)
1.0-4.9 rem, there is no evidence of a dose-response from the exposure.  All
ratios are similar to those of the general population. A1l types of leukemia
have been included in this analysis both in the cases and in the comparison
standard population. Future analyses will remove chronic Tymphocytic Teukemia
from the causes .since it is not associated with exposure to radiation.

However, the Specific types of leukemia have not been identified for all cases

at the time of this report.
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3 Results
~ 3.2 Mortality from Leukemia (cont’d)

Table 3.2.A Deaths from Leukemia, Person-Years, and Death Rates for NNW,
NW, 5, and ngO.S

NW,, ¢ NW_, « NNW
Workers 27,872 10,348 32,510
Person-Years 356,091 139,746 425,070
Deaths (Leukemia') 21 4 29
Death Rate? 6.40 3.07 7.36
Per 100,000
SMR? ' 0.91 0.42 0.97
(95% C.1.) (0.56,1.39) (0.11,1.07) (0.65,1.39)

' Defined as ICD-9 codes 204-208

Adjusted for deaths excluded from analysis due to unknown date or cause
of death.

Indirectly adjusted for age-calendar time using U.S. white male age-
calendar time specific rates.
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3 Results
3.2 Mortality from Leukemia (cont’d)

Table 3.2.B Leukemia Mortality for NNW, NW_g 5, and 3 Recorded DE Groups'
Within NW,, .

'Nwio_s (rem)

0.5- 1.0- 5.0+ NW_, < NNW
Part A. Unadjusted .
Workers 5,431 13,357 9,084 10,348 32,510
Person-Years 69,489 172,531 114,071 139,746 425,070
Deaths (Leukemia) 2 12 7 4 29
Rate® Per 100,000 3.12 7.55 6.66 3.07 7.36
Part B. Adjusted3
SMR 0.41 1.08 0.99 0.42 0.97
Relative Risk 1.00 2.63 2.41 1.02 2.37
(95% C.1.) (0.6,24.2) (0.5,23.8) (0.2,11.3) (0.6,20.5)
Part C. Adjusted
With Time Lags
Lag: 2 years
Deaths 2 13 6 4 29
SMR 0.41 1.25 0.94 0.44 1.04
Relative Risk 1.00 3.05 2.29 1.07 2.54
(95% C.1.) (0.7,27.8) (0.4,23.2) (0.2,11.9) (0.6,21.9)
Lag: 5 years
Deaths 0 10 5 2 24
SMR 0.00 1.12 0.96 0.26 1.02
Relative Risk - - - - -
(95% C.1.) - - - -
Lag: 10 years
Deaths 0 5 3 2 17
SMR - . 0.82 0.99 0.38 1.09
Relative Risk - - - - -
(95% C.1.) - - - -
Lag: 15 years
Deaths 1 2 0 0 6
SMR 0.76 0.74 0 0 0.85
Relative Risk 1.00 0.97 0 0 1.11
(95% C.1.) (0.1,57.4) - - (0.1,51.4)

' DE groups for NW,, . are time dependent

Adjusted for deaths excluded from analysis due to unknown date or cause of death
Adjusted for age and calendar time with the indirect method of adjustment using age-
calendar time specific rates for U.S. white males
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3 Results
3.2 Mortality from Leukemia (cont’d)

Table 3.2.B1 Leukemia Mortality for NNW, NW_ ., and 4 Recorded DE Groups' Within AL

Nwzn_5 (rem)

0.5- 1.0- 5.0- 10+ NW 4 5 NNW
Part A. Unadjusted _
Workers 5,431 13,357 4,846 4,238 10,348 32,510
Person-Years 69,489 172,531 63,819 50,253 139,746 425,070
Deaths (Leukemia) 2 12 4 3 4 29
Rate Per 100,000 3.12 7.55 6.80 6.48 3.07 7.36
Part B. Adjusted3
SMR 0.41 1.08 1.03 0.94 0.42 0.97
Relative Risk 1.00 2.63 2.51 2.30 1.02 2.37
(95% C.1.) (0.6,24.3) (0.4,27.8) (0.3,27.5) (0.2,11.3) (0.6,20.5)
Part C. Adjusted
With Time Lags
Lag: 2 years _
Deaths 2 13 3 3 4 29
SMR 0.41 1.25 0.85 1.06 0.44 1.04
Relative Risk 1.00 3.05 2.07 2.58 1.07 2.54
(95% C.1.) (0.7,27.8) (0.2,24.8) (0.3,31.0) (0.2,11.9) (0.6,21.9)
Lag: 5 years
Deaths 0 10 2 3 2 24
SMR 0 1.12 0.68 1.32 0.26 1.02
Relative Risk - - - - - -
(95% C.I1.) - - - - -
Lag: 10 years
Deaths 0 5 2 1 2 17
SMR 0 0.82 1.10 0.83 0.38 1.09
Relative Risk - - - - - -
(95% C.I1.) - - - - -
Lag: 15 years
Deaths 1 2 0 0 0 6
SMR 0.76 0.74 0 0 0 0.85
Relative Risk 1.00 0.97 0 0 0 1.11
(95% C.1.) (0.05,57.4) - - - {0.1,51.4)

' DE groups for NW,, . are time dependent

Adjusted for deaths excluded from analysis due to unknown date or

cause of death

Adjusted for age and calendar time with the indirect method of
adjustment using age-calendar time specific rates for U.S. white males
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3 Results
3.3 Mortality from Lymphatic and Hematopoietic Cancer

A11 lymphatic and hematopoietic cancer (LHC) mortality rates include ICD
codes 200-208. Lymphosarcoma, Hodgkin’s disease, non-Hodgkin’s 1ymphoma,
multiple myeloma and leukemia are the common cancer types in this group.
Leukemia usually constitutes a major portion of the cancers in this category.
In this case, 21 of the 50 cancers (42%) in the >0.5 rem group and 29 of 84
(35%) in the non-nuclear worker group are leukemias so that the mortality
characteristics of the population from this group of cancers would be strongly
influenced by the leukemia mortality.

The crude death rates per 100,000 person-years as shown in Table 3.3.A
for each group are highest for non-nuclear workers (21.31 deaths/100,000),
followed by the >0.5 rem group (15.24 deaths/100,000), and finally the
<0.5 rem group which has the lowest rate (9.98 deaths/100,000). The
standardized mortality ratios for the groups indicate the same relative
ranking for the groups as did the crude death rates, but only the non-nuclear
worker group has an SMR that is slightly and non-significantly higher than the
death rate for U.S. white males. The SMR for the NW,, 5 is 1.6 times higher
than for the NW_ o group, but only because of the unusually low rate of
leukemia in the NW_ 5 group.

When the adjusted death rate for the >0.5 rem group is divided into
three or four dose groups (Tables 3.3.B and 3.3.Bl), then, as with leukemia,
the group with 0.5 to 0.9 rem has a very low rate which is similar to that of
the NW_, . group. Therefore, the other dose groups are comparably higher
although none have rates which are significantly higher than those of the
general population. As with leukemia, there is a sharp increase in the SMR

between 0.5-0.9 (SMR = 0.31) and the 1.0-4.9 dose subgroup (SMR = 1.00) with a
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3 Results

3.3 Mortality from Lymphatic and Hematopoietic Cancer (cont’d)
slightly higher SMR of 1.08 in the group 5.0-9.9 rem. The non-nuclear worker
group has the highest SMR of 1.11. Even the NNW group does not have a ratio
significantly higher than that of the general population at the 95% confidence
interval. There is no continuously increasing dose-response curve because the
highest levels, 5" or 10" rem in the two tables, are lower than the previous
dose subgroups.

Lagging the dose for the LHC deaths increases the SMR as it did for the
leukemias. However, for the total group the ratios are highest with ten years
lag (not two years as in the case of leukemia). The highest SMR is 1.40 which
occurs in the 1.0-4.9 rem group at 10 years lag, but low ratios occur in the

highest DE subgroup. No dose-response is demonstrated.
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3 Results
3.3 Mortality from Lymphatic and Hematopoietic Cancers (cont’d)

Table 3.3.A Deaths from Lymphatic and Hematopoietic Cancers, Person-Years, and Death Rates
for NNW, NW 5, and NW,, 5

NW, 5 W, s NNW
Workers 27,872 10,348 32,510
Person-Years 356,091 139,746 425,070
Deaths (Lymphoma1) : 50 13 84
Death Rate® 15.24 9.98 21.31

Per 100,000

SMR3 0.82 0.53 1.1
(95% C.1.) (0.61,1.08) (0.28,0.91)  (0.88,1.37)

" Defined as ICD-9 codes 200-208
2 Adjusted for deaths excluded from analysis due to unknown date or cause of death.

* Indirectly adjusted for age-calendar time using U.S. white male age-calendar time
specific rates.
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3 Results
3.3 Mortality from Lymphatic and Hematopoietic Cancers (cont’d)

Table 3.3.B Lymphatic and Hematopoietic Cancer Morta11ty for
NNW, NW_, 5, and 3 Recorded DE Groups' Within NW,o 5

NW, o 5 (rem)

0.5- 1.0- 5.0+ NW_, « NNW

Part A. Unadjusted

Workers 5,431 13,357 9,084 10,348 32,510

Person-Years 69,489 172,531 114,071 139,746 425,070

Deaths (Lymphoma) 4 29 17 13 ' 84

Rate® Per 100,000 6.25 18.25 16.18 9.98 21.31
Part B. Adjusted3

SMR 0.31 1.00 0.91 0.53 1.11

Relative Risk 1.00 3.23 2.94 1.71 3.58

(95% C.1.) (1.1,12.6) (1.0,12.0) (0.5,7.2) (1.3,13.5)

Part C. Adjusted
With Time Lags

Lag: 2 years
Deaths 4 30 16 13 80
| SMR 0.32 1.10 0.95 0.56 1.12
| Relative Risk 1.00 3.43 2.97 1.75 3.50
(95% C.I.) (1.2,13.4) (1.0,12.2) (0.5,7.4) (1.3,13.2)
Lag: b5 years
Deaths 2 26 14 11 64
SMR 0.19 1.11 1.02 0.56 1.07
Relative Risk 1.00 5.84 5.37 2.95 5.63
(95% C.1.) (1.5,50.8) (1.2,48.7) (0.6,27.4) (1.5,47.5)
Lag: 10 years ‘
Deaths ' 2 22 7 9 40
SMR 0.27 1.40 0.90 0.68 1.02 .
Relative Risk 1.00 5.19 3.33 2.52 3.78
(95% C.1.) (1.3,45.4) (0.6,32.9) (0.5,24.0) (1.0,32.3)
Lag: 15 years
Deaths 2 7 2 4 16
SMR 0.61 1.03 0.90 0.67 0.92
Relative Risk 1.00 1.69 1.48 1.10 1.51
(95% C.1.) _ (0.3,16.7) (0.1,20.4) (0.2,12.1) (0.4,13.5)

DE groups for NW,, . are time dependent

Adjusted for deaths excluded from analysis due to unknown date or cause of
death

Adjusted “or age and calendar time with the indirect method of adjustment
using age-calendar time specific rates for U.S. white males
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3 Results
3.3 Mortality from Lymphatic and Hematopoietic Cancers

Table 3.3.B1 Lymphatic and Hema;opo1et1c Cancer Mortality for NNW, NW_ ., and 4
Recorded DE Groups' Within NW,q

NW,q 5 (rem)

0.5- 1.0- 5.0- 10+ NW, s NNW
. Part A. Unadjusted
Workers 5,431 13,357 4,846 4,238 10,348 32,510
Person-Years 69,489 172,531 63,819 50,253 139,746 425,070
Deaths (Lymphoma) 4 29 11 6 13 84
Rate® Per 100,000 6.25 18.25 18.71 12.96 9.98 21.31
Part B. Adjusted3
SMR 0.31 1.00 1.08 0.71 0.53 1.11
Relative Risk 1.00 3.23 3.47 2.31 1.71 3.58
(95% C.I1.) (1.1,12.6) (1.0,15.0) (0.5,11.0) (0.5,7.2) (1.3,13.5)

Part C. Adjusted
With Time Lags

Lag: 2 years
Deaths 4 30 10 6 13 80
SMR 0.32 1.10 1.07 0.80 0.56 1.12
Relative Risk 1.00 3.43 3.34 2.50 1.75 3.50
(95% C.I.) (1.2,13.4) (1.0,14.6) (0.6,12.0) (0.5,7.4) (1.3,13.2)

lLag: b5 years
Deaths 2 26 9 5 11 64
SMR 0.19 1.11 1.17 0.84 0.56 1.07
Relative Risk 1.00 5.84 6.16 4.42 2.95 5.63
(95% C.I1.) (1.5,50.8) (1.3,58.6) (0.7,46.4) (0.6,27.4) (1.5,47.5)

Lag: 10 years :

Deaths 2 22 6 1 9 40
SMR 0.27 1.40 1.28 0.32 0.68 1.02
Relative Risk 1.00 5.19 4.74 1.18 2.52 3.78
(95% C.1.) (1.3,45.5) (0.9,48. 0)(0 02,22.8) (0.5,24.0) (1.0,32.3)

Lag: 15 years
Deaths 2 7 2 0 4 16
SMR 0.61 1.03 1.29 0.00 0.67 0.92
Relative Risk 1.00 1.69 2.11 0.00 1.10 1.51
(95% C.I1.) (0.3,16.7) (0.2,29.2) - (0.2,12.1) (0.4,13.5)

DE groups for NW , . are time dependent

Adjusted for deat s excluded from analysis due to unknown date or cause of
death

Adjusted for age and calendar time with the indirect method of adjustment
using age-calendar time specific rates for U.S. white males
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3 Results
3.4 Mortality from Mesothelioma

The mortality from mesothelioma was examined, not because there was a
known association of this cancer with ionizing radiation, but because there
was known exposure to asbestos in this population and mesothelioma mortality
is considered to be a marker for asbestos exposure. The ICD-9 codes which
were used to identify cases were 158 and 163. Cases were only included if
hospital review confirmed the diagnosis of pleural or peritoneal mesothelioma
because of the difficulty in making this diagnosis. Expected cases were
estimated using U.S. incidence rates for white males since they also are based
on hospital diagnosed cases. Since mesothelioma is associated with a very
short survival (median about 15 months), it was felt that incidence rates were
a good approximation to mortality rates. Mortality rates for mesothelioma
reported nationally were not considered to be sufficiently accurate in the
diagnosis of mesothelioma.

The number of deaths in this group is small as would be expected because
this is a very rare disease even in a population with known asbestos exposure.
The crude death rates per 100,000 person-years in Table 3.4.A are higher in
the nuclear workers (5.49 and 6.14 deaths/100,000, >0.5 rem and <0.5 rem
respectively) than in the non-nuclear worker group (2.41 deaths/100,000). The
age and calendar time adjusted SMRs indicate that both the radiation-exposed
groups have mortality ratios that are higher than the incidence standard of
U.S. white males (>0.5 rem group SMR=5.11 and <0.5 rem group SMR=5.75). The
ratios for all three groups are significantly different than expected for the
standard population.

Since this finding might be expected on the basis of asbestos exposure

in the shipyard as well as better diagnosis of disease in these workers
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3 Results

3.4 Mortality from Mesothelioma (cont’d)
compared to the general population, the question is whether there is any sign
of change in the ratios on the basis of radiation exposure. As seen in Tables
3.4.B and 3.4.B1, there is an increase in risk with an increase in radiation
exposure but as in previous comparisons, the SMR decreases in the highest dose
group of 10" rem. In this case, unlike the previous analyses of other types
of cancer, comparing the SMRs for the higher dose groups to the subgroup with
0.5-0.9 rem does not indicate as large a relative increase as for other
cancers, but the increase over U.S. expected rates is high for all groups.

Lagging the dose causes the SMRs to increase for many DE subgroups
within the NW,, ; rem group but did not show much increase for those in the
NW s rem group. The non-nuclear worker group also had a slight increase in
the SMR with lagging. The highest SMR occurs after 15 years lag in the 5.0-
9.9 rem group, but the numbers are very small at that lag period.

These high SMRs are difficult to attribute to radiation because of the
known strong association between mesothelioma and asbestos. The nuclear
workers appear to have had more exposure to asbestos as judged by their jobs.
In addition, the higher SMR for mesothelioma in the NW_ . group which has
essentially no radiation when compared to the non-nuclear worker group would
suggest that the workers selected to do nuclear work had more asbestos
exposure. The increase in SMR with increase in radiation might be confounded
by an increasing exposure to asbestos. Future efforts will attempt to
document that the nuclear workers actually did have more asbestos exposure
than non-nuclear workers. The initial sample was balanced by "job hazard
index" to ensure the comparability of the groups in regard to blue versus

white collar work. However, this does not balance the groups in regard to
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3 Results

3.4 Mortality from Mesothelioma (cont’d)
specific exposures to hazardous agents such as asbestos. The distribution of
jobs among nuclear workers suggested that they held more jobs with potential
asbestos exposure. It will now be necessary to confirm that these jobs have
high asbestos exposure and then determine the dose of asbestos by group.
Doses can be estimated for each worker from the job history. These individual
dose levels can be used to adjust the radiation data to see whether the

apparent radiation effect disappears when adjusted for asbestos.
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3 Results
3.4 Mortality from Mesothelioma (cont’d)

Table 3.4.A Deaths from Mesothelioma, Person-Years, and Death Rates for NNW,
NW 5, and NW,; 5

NW,p NW_, o NNW
Workers 27,872 10,348 32,510
Person-Years - 356,091 139,746 425,070
Deaths (Mesothelioma') 18 8 10
Death Rate? . ' 5.49 6.14 2.54
Per 100,000
SMR® 5.11 5.75 2.41
(95% C.1.) (3.03,8.08)  (2.48,11.33) (1.16,4.43)

' Defined as ICD-9 codes 158,163

2 Adjusted for deaths excluded from analysis due to unknown date or cause of
death.

® Indirectly adjusted for age-calendar time using U.S. white male age-
calendar time specific rates.
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3 Results
3.4 Mortality from Mesothelioma (cont’d)

Table 3.4.B Mesothelioma Mortality for NNW, NW, , and 3 Recorded DE Groups'
Within NW,, 5

Nw:(,_5 (rem)

0.5- 1.0- 5.0+ NW_, NNW
| Part A. Unadjusted
| Workers 5,431 13,357 9,084 10,348 32,510
| Person-Years 69,489 172,531 114,071 139,746 425,070
| Deaths (Meso.) 3 8 7 8 10
| Rate® Per 100,000 4.69 5.03 6.66 6.14 2.54
| Part B. Adjusted®
} SMR 3.96 4.80 6.38 5.75 2.41
| Relative Risk 1.00 1.21 1.61 1.45 0.61
| (95% C.1.) (0.3,7.1) (0.4,9.7) (0.4,8.5) (0.2,3.4)
o
Part C. Adjusted
With Time Lags
| Lag: 2 years
Deaths 3 8 7 8 10
SMR 4.03 4.95 - 6.72 5.94 2.50
Relative Risk 1.00 1.23 1.67 1.48 0.62
(95% C.1.) (0.3,7.2) (0.4,10.0) (0.4,8.6) (0.2,3.5)
Lag: b5 years
Deaths 3 8 6 7 9
SMR 4.33 5.35 6.47 5.65 2.48
Relative Risk 1.00 1.24 1.50 1.31 0.57
(95% C.1.) (0.3,7.2) (0.3,9.2) (0.3,7.8) (0.1,3.3)
Lag: . 10 years
Deaths 4 5 5 5 7
SMR 7.16 4.18 8.02 5.17 2.52
Relative Risk 1.00 0.58 1.12 0.72 0.35
(95% C.1.) (0.1,2.9) (0.2,5.7) (0.2,3.6) (0.1,1.6) .
Lag: 15 years
Deaths 1 4 2 2 4
SMR 3.64 6.87 10.33 4.12 2.96
Relative Risk 1.00 1.89 2.84 1.13 0.81
(95% C.I1.) (0.2,92.9) (0.2,167.4) (0.1,66.8) (0.1,40.1)

DE groups for NW,, o are time dependent

Adjusted for deat s excluded from analysis due to unknown date or cause of death

Adjusted for age and calendar time with the indirect method of adjustment using age-
calendar time specific rates for U.S. white males
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3 Results
3.4 Mortality from Mesothelioma (cont’d)

Table 3.4.B1 Mesothelioma Mortality for NNW, NW, ., and 4 Recorded DE Groups' Within
NW.; )

ngms (rem)

0.5- 1.0- 5.0- 10+ NW_, < NNW
Part A. Unadjusted
Workers 5,431 13,357 4,846 4,238 10,348 32,510
Person-Years 69,489 172,531 63,819 50,253 139,746 425,070
Deaths (Meso.) 3 8 5 2 8 10
Rate® Per 100,000 4.69 5.03 8.51 4.32 6.14 2.54
part B. Adjusted3
SMR . 3.96 4.80 8.48 3.94 5.75 2.41
Relative Risk 1.00 1.21 2.14 1.00 1.45 0.61
(95% C.1.) (0.3,7.1) (0.4,13.8) (0.1,8.7) (0.4,8.5) (0.2,3.4)
Part C. Adjusted
With Time Lags
Lag: 2 years
Deaths 3 8 5 2 8 10
SMR 4.03 4.95 8.87 4,19 5.94 2.50
Relative Risk 1.00 1.23 2.21 1.04 1.48 0.62
(95% C.1.) (0.3,7.2) (0.4,14.2) (0.1,9.1) (0.4,8.6) (0.2,3.5)
Lag: 5 years
Deaths 3 8 4 2 7 9
SMR 4.33 5.35 7.84 4.80 5.65 2.48
Relative Risk 1.00 1.24 1.81 1.11 1.31 0.57
(95% C.1.) (0.3,7.2) (0.3,12.4) (0.1,9.7) (0.3,7.8) (0.1,3.3)
Lag: 10 years
Deaths 4 5 4 1 5 7
SMR 7.16 4.18 10.87 3.91 5.17 2.52
Relative Risk 1.00 0.58 1.52 0.55 0.72 0.35
) (95% C.1.) (0.1,2.3) (0.3,8.2) (0.01,5.5) (0.1,3.6) (0.1,1.6)
Lag: 15 years
Deaths 1 4 2 0 2 4
SMR 3.64 6.87 14.84 0 4.12 2.96
Relative Risk 1.00 1.89 4.08 - 1.13 0.81
(95% C.I.) (0.2,92.9) (0.2,240.5) - (0.1,66.8) (0.1,40.1)

! DE‘groups for NW,, ; are time dependent.

Adjusted for deaths excluded from analysis due to unknown date or cause of death.
Adjusted for age and calendar time with the indirect method of
adjustment using age-calendar time specific rates for U.S. white males.
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3 Results
3.5 Mortality from Lung Cancer

The mortality from lung cancer follows a different pattern than that of
either mesothelioma or leukemia. This cancer was examined because lung tissue
is known to be sensitive to the effects of radiation. However, asbestos is
also associated with the risk of lung cancer and this risk is especially hfgh
among asbestos-exposed smokers. This study to date can only provide
information for individuals on the exposure to radiation. However, the high
risk of mesothelioma confirms that one can expect risks associated with
asbestos.

As shown in Table 3.5.A. the lung cancer crude mortality rates are

highest in the NNW group and lowest in the >0.5 rem nuclear worker group. The
age and calendar time standardized mortality ratios for the three groups
indicate that all three groups have small excess risks of lung cancer compared
to the general population, but only the risk for the NNW group is
significantly higher than the death rate for white males in the general
population (SMR = 1.15; 95% C.I.: 1.02-1.29).

The age and calendar time adjusted SMRs for the various DE subgroups
within the >0.5 NW category indicate that the ratios increase with increasing
DE Tevels (Tables 3.5.B and 3.5.B1). There is no decrease in the SMR for the
highest DE level whether there are three or four subgroups. This is very
different from the relationship of SMR and dose as described for the diseases
discussed previously. The subgroups at levels of 5.0 and 10.0 rem have SMRs
which are higher than the ratios of either the NNW or the NW, ; groups. For
other deaths, there was always a drop in SMR for the highest dose subgroup.

The SMRs for different lagging periods indicate that the ratios are
higher than those of NNW and NW s groups for the DE categories of 5° and 10°
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3 Results

3.5 Mortality from Lung Cancer (cont’d)
rem for the 2 and 5 year lég periods at least. For all lag periods above 5
years the highest risk among the DE subgroups shifts with peak ratios being at
5.0-9.9 rem for the 10 year lag and at 1.0-4.9 rem for the 15 years. Thus, a
5 year lag is the Tast period in which there is a dose response and an
increase in the SMRs produced by the lagging adjustment. With the five year
lag analysis in the four subgroups, the highest SMR is 1.40 in the group with
10" rem compared to 0.95 for the subgroup 0.5-0.9 rem.

As with mesothelioma, Tung cancer is known to be associated with
asbestos. The fact that asbestos has been present in the shipyards and the
fact that these workers have an increased risk of mesothelioma suggest that
asbestos and not radiation may be associated with the risk. Even the recently
employed nuclear workers who received the questionnaires indicated that they
had exposure to asbestos more often than NNW workers. A NIOSH case-control
study of lung cancer at the Portsmouth Naval Shipyard (Rinsky et al, 1988)
indicated initially a significant risk from radiation in the dose group 1.0-
4.9 rem. However, correcting for asbestos and we]ding exposure decreased the
apparent association between lung cancer and radiation. A similar situation
is 1ikely to exist here. It would be important to show whether an increasing
DE for radiation is related to an increase in the estimated asbestos exposure
dose. If so, then correcting for asbestos exposure may eliminate the apparent

association between radiation and lung cancer in this population.
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3 Results
3.5 Mortality from Lung Cancer (cont’d)

Table 3.5.A Deaths from Lung Cancer, Person-Years, and Death Rates for NNW,
NW, 5, and Nwzo_s

N, 5 NWq 5 NNW
Workers 27,872 10,348 32,510
Person-Years 356,091 139,746 425,070
Deaths (Lung Cancer') 237 98 306
Death Rate® 72.25 75.21 77.63
Per 100,000
SMR3 1.07 1.11 1.15
(95% C.1.) (0.94,1.21) (0.90,1.35) (1.02,1.29)

' pefined as ICD-9 codes 162

2 Adjusted for deaths excluded from analysis due to unknown date or cause of

death.
3

Indirectly adjusted for age-calendar time using U.S. white male age-
calendar time specific rates.
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3 Results : \
3.5 Mortality from Lung Cancer (cont’d)

Table 3.5.B Lung Cancer Mortality for NNW, NW.p_ 5, and 3 Recorded DE Groupsl
Within NWsg s
NW>0 5 (rem)
0.5- 1.0- 5.0+ NWe<o 5 NNW .
Part A. Unadjusted
Workers 5,431 13,357 9,084 10,348 32,510
Person-Years 69,489 172,531 114,071 139,746 425,070
Deaths (Lung Can.) 46 109 82 98 306
Rate Per 100,000 71.86 68.58 78.03 . 75.21 77.63
Part 3. Adjusted>
SMR 0.95 1.03 1.20 1.11 1.15
Relative Risk 1.00 1.08 1.26 1.16 1.21
(95% C.I.) (0.8,1.6) (0.9,1.9) (0.8,1.7) (0.9,1.7)
Part C. Adjusted
With Time Lags
Lag: 2 years
Deaths 43 104 81 97 293
SMR 0.91 1.02 1.27 1.14 1.15
Relative Risk 1.00 1.12 1.40 1.25 1.26
(95% C.1.) (0.8,1.6) (1.0,2.1) (0.9,1.8) (0.9,1.8)
Lag: 5 years
Deaths 41 93 71 91 261
SMR .0.95 1.00 1.29 1.19 1.16
Relative Risk 1.00 1.05 1.36 1.25 1.22
(95% C.I.) (0.7,1.6) (0.9,2.1) (0.9,1.9) (0.9,1.7)
Lag: 10 years
Deaths 31 70 47 68 187
SMR 0.98 1.03 1.38 1.23 1.19
Relative Risk 1.00 1.05 1.41 1.26 1.21
v (95%2 C.I.) (0.7,1.7) (0.9,2.3) .(0.8,2.0) (0.8,1.8)
Lag: 15 years
Deaths 17 45 9 33 82
SMR 1.16 1.46 0.88 1.28 1.14
Relative Risk 1.00 1.25 0.76 1.10 0.98
(95% C.I.) (6.7,2.4) (0.3.1.8) (0.6,2.1) (0.6,1.8)

L DE groups for NWsg.5 are time dependent
Adjusted for deaths excluded from analysis due to unknown date or cause
of death
Adjusted for age and calendar time with the indirect method of adjustment
using age-calendar time specific rates for U.S. white males

323




== puclear shipyard workers study ==

3 Results
3.5 Mortality from Lung Cancer (cont’d)

Table 3.5.B1 Lung Cancer Mortality for NNW, NW_, ., and 4 Recorded DE Groups’
Within NW,, 5

NW,o.5 (rem)

0.5- 1.0- 5.0- NW_, «

Part A. Unadjusted
Workers 5,431 13,357 4,846 R 10,348
Person-Years 69,489 172,531 63,819 R 139,746
Deaths (Lung Can.) 46 109 43 98
Rate® Per 100,000 71.86 68.58 73.14 . 75.21

Part B. Adjusted®
SMR 0.95 1.03 .17 1.11
Relative Risk 1.00 1.08 .23 1.16
(95% C.1.) (0.8,1.6) 19 (0.8,1.7)

Part C. Adjusted
With Time Lags

Lag: 2 years
Deaths 43 104 43 38 97 293
SMR 0.91 - 1.02 1.23 1.31 1.14 1.15
Relative Risk 1.00 1.12 1.35 1.44 1.25 1.26
(95% C.I1.) (0.8,1.6) (0.9,2.1) (0.9,2.3) (0.9,1.8) (0.9,1.8)
Lag: 5 years
Deaths 4] 93 37 34 91 261
SMR 0.95 1.00 1.21 1.40 1.19 1.16
Relative Risk 1.00 1.05 1.27 1.47 1.25 1.22
(95% C.I.) (0 7,1.6) (0.8,2.0) (0.9,2.4) (0.9,1.9) (0.9,1.7)
Lag: 10 years
Deaths 31 70 30 17 68 187
SMR 0.98 1.03 1.48 1.24 1.23 1.19
Relative Risk 1.00 1.05 1.51 1.26 1.26 1.21
(95% C.1.) (0.7,1.7) (0.%,2.6) (0.7,2.4) (0.8,2.0) (0.8,1.8)
Lag: 15 years
Deaths 17 45 7 2 33 82
SMR 1.16 1.46 0.99 0.64 1.28 1.14
Relative Risk 1.00 1.25 0.85 0.55 1.10 0.98
(95% C.1.) (0.7,2.4) (0.3,2.2) (0.1,2.3) (0.6,2.1) (0.6,1.8)

DE groups for NW,, . are time dependent.

Adjusted for deaths excluded from analysis due to unknown

date or cause of death.

Adjusted for age and calendar time with the indirect method of
adjustment using age-calendar time specific rates for U.S. white males.
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3 Results
3.6 Mortality from Other Causes of Death

To determine whether there were any other specific causes of death which
might be of interest for further study, each of the three sampie Qroups as
well as the total study group were screened for any other cause of death which
might be in excess in these shipyard workers compared to the general
population. The software package developed by Richard Monson (Monson, 1974)
was used to calculate the age and calendar time adjusted mortality ratios to
screen for causes of possible interest. Tables 3.6.A. - 3.6.D. display the
data.

The all cause mortality ratio for the NW,, 5 group is lower than that of
the NNW group primarily because of a lower mortality from cardiovascular and
circulatory system disease. However, the ratios for these diseases indicate
death rates in the shipyard workers which are below those of the U.S.
population. Cancers of the respiratory system are slightly high but only
significantly high in the NNW group at a p <0.05. Several cancers of the
digestive organs have SMRs above 1.00 such as esophageal cancer. Among the
digestive cancers, liver cancer shows the highest excess for this cancer among
the >0.5 rem group with an SMR of 1.61 but it is not significant at p <0.05.
The SMR for bladder cancer in the group >0.5 rem is 1.30 but this SMR is also
not significanf at p <0.05. Except for these two cancer sites there are no
SMRs related to other causes of death among workers in the >0.5 rem group

except those currently under scrutiny which appear to be sufficiently high to

warrant extensive examination.
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.A Deaths from Other Causes of Death and SMR’s for A1l Shipyard

Workers

TOTAL PERSONS 2 70730. EXPECTED NUMBERS BASED OM MORTALITY RATES FOR
OBSERVED EXPECTED  Q8S/EXP

ALL CAUSES OF DEATH 6933 7734.9%90 a.9Q
ALL MALIGNANT NEOPLASNS 1724 1671.13 1.03
ALL INFECTIVE AND PARASITIC OISEASE 39 $9.7%
AL TUBERCULOSLES 7 21.%8
CAMCER OF BUCCAL CAVITY AND PHARYNX aa 53.64
CANCER OF DIGESTIVE ORGANS AND PERITONEUM (1925~ APPIOXIMATE) 419.20
CANCER JF SSOPHAGUS (192%- APPROXIMATE) 39.93
ZANCER NF ITOMACH 66.92
CAMCER OF _JAGE INTESTINE (1925 a1PPROXIMATE) . ta1.a%
CANCER OF RECTUM {1925~ APPROXIMATE) 42,439
ALL CANCER OF LIVER (1925~ APPROXIMATE) '970+ - °PRIMARY ONLY 2B.54
CANMCER OF PANCREAS (3925~ APPROXIMATE) 3a.2%
"60 CANCER OF ZESPIRATORY SYSTEM (1925- APPROXIMATE) 692 628.74 L0 1.02 1.19 6.69
} ‘61 CANCER OF _ARYNR (1925-, 1930~ APPROXIMATE) 14 24.77 J.69 J.40 1,10 2.13
| ‘52 ALL CANCER OF LUNG - 201MARY aAND SECONDARY (1925~ 1930~ APPROXIMATE) LT3} 595.84 t.08 9.99 118 3.3%
' "T0 CANMCER OF 90mE (1929~ '930~. !945- APPROXIMATE) 4 L 0.56 90.1% 1.42 1.02
CTY CAMUER OF Suin 32 37.09 3.88 0.%9 1.22 .87
185 CANCER OF PROSTATE (1925~ APPROXIMATE} 98 79.43 1.20 3.97 1,48 2.88
186 CANCER OF TESTIS (OTHER GENITAL ORGANS 1925-49)( 1325~ '930~ APPROXIM 8 11,38 0.70 a.30 1.39 Q.72
3 188 CANCER OF SLADDER { 192%~ APPROXIMATE) 41 39.53 1.04 Q.74 1,40 0.02
189 CANCER OF «IONMEY (1925- APPROXIMATE) 45 43.89 103 0.71% 1.37 Q.01
'90 CANCER QF EVE (19801969 ONLY) Q 1.32 Q.00 Q.00 2.77 Q.51
81 CANCER QF 9QafN aND QTHER CENTRAL NERVOUS SYSTEM (1925~ APPROXIMATE) 55 58.8% J.83 2.70 1.22 0.19
'3) CANCER OF TwHvR0ID 1 1980=1989 ONLY) S 3.9 1,87 3.5 3.68 J.54
I20 LYMPHMOSARCOMA AND RETICULOSARCOMA (19%0-'969 ONLY) 27 3a. 47 3.78 0.%2 1.18 1.4
101 HODGKIN'S JISEASE { 1940-, 1945~ APPROXIMATE) 18 21.90 1.86 3.51 1.38 J3.30
134 LEUKEMIA AND ALEUREMIA sS4 6%.03 J.83 Q.82 1.08 1,10
108 CANCER OF OTHER LYMPWATIC TISSUE (1950~1969 OMLY) a5 45.88 3.98 0.72 1.3 0.00
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3 Results
3.6 Mortality from

Other Causes of Death (cont’d)

mEss== ================2== NUclear shipyard workers study

Table 3.6.A Deaths from Other Causes of Death and SMR’s for A1l Shipyard

209
2'Q
149
sg
<80
39
120
130
9]
410
10
160
38Q
492
493

%20

380
<82
’09
129
‘99
800
408
910

159

Workers (cont’d)

ALL LYMPWOPOIETIC CANCER

SENIGH NEOPLASMS

ALLERGIC,ENDOCRINE . METABOLIC NUTRITIONAL OISEASES (1950~196% ONLY)
OLAGEYES MELLITUS

ALL OI1SEASES OF 9LO0O AND 8LOOD-FORMING QRGANS (1925-,1930~ APPROXIM
MEMTAL  PSYCHOMEUROTIC AND PERSONALITY DISOROERS (1950-1969 ONLY)
ALL DISEASES OF NERVOUS SYSTEM AND SENSE ORGANS

ALL OUSEASES OF CIRCULATORY SYSTEM

CHAOMIC AHEUMATIC HEARY D[SEASE(192%5~ APPROXIMATE)
ARTERIQSCLERQTIC -EART D{SEASE. (NCLUDING CHO (1925~ APPROXIMATE)
AtL sASCULAR LESIONS QF TS

ALL RESPIRATORY QISEASES (1325~.1930~ APPROXIMATE)

ALL PMEUMONIA (1923~ 1930~ APPROXIMATE)}

EMPHYSEMA (1950~ , 1958 APPRORIMATE)

ASTHMA {1923, 19]0~ AFPPAOXIMATE)

ALL OISEASES OF DIGESTIVE SYSTEM

ALL UASTRIC AND OUQDENMAL ULCER

CIRAMOSIS OF LIVER

ALL OUSEASES OF GEN[TO-URINARY SYSTEM

CHAOMIC NEPNARLTIS

ALL OISEASES OF THE SKIN AND CELLULAR TISSUE

ALL DISEASES OF THE BONES AND ORGAMS OF MOVEMENT
SYMPTOMS SEMILITY ANO (LL DEFINED CONOITIONS

ALL EXTERMAL CAUSES OF DEATH

ALL ACCIDENTS

MOTOR VERICLE ACCIDENTS

suscioe

TOTAL RESIDUAL

CANCER RESIDUAL

48
45

3012

220¢%
116
328

112

'3
149
27
190

54

AR A

168,293
21.39
131,92
107 .44
15.99
57.39
73.44
3627.70
$8.98%
1639.49
390.88
424 88
134,32
102,34
10.43
420.67
38.9%
258.27
T4, 23
22.00
4.38
14,16
99.81
1018 a6
649.239
329.38

238.43

19,98
121,43

g.87
J.84
0.69
9.67

g.78

a.86¢

0.83
0.69
0.74
.86
2.18
c.62
0.7
G.31
.79
0.78
3.80
2.8%
'9.27

g.74
9.50
0.58
0.52
.48
0.9%
Q.48
0.80
0.13
0.380
9.72
0.68
0.89
.53
G.88
0.74
0.48
0.84
90.68
Q.08
g.12
0.34
.
9.73
Q.7
a.r1t
0.70
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.B Deaths from Other Causes of Death and SMR’s for NW,,

“OTAL PERSONS 3 27872 EXPECTED NUMBERS BASED ON MORTALITY RATES FOR WM

OBSERVED ExPECTED 28S/EXP (5% UL CHISQ
2 ALL CAUSES OF OEATH 2218 28785.91 2.77 .74 J3.80 151,69
ALL MALIGNANT NEOPLASMS 803 532.30 2.9% J.88 1.03 1.3
2 ALL INFECTIVE AnD PARASITIC JISEASE ‘9 22.0% J.08 J.82 1,28 0.29
3 ALL TUBERCULOSIS a4 7.768 J.82 J.14 1,32 1.37
140 CANCER OF BUCCAL CAVITY AND PHARVNX 15 20.82 J.72 3.40 119 L { ]
*49 CANCER OF DIGESTIVE ORGANS AND PERITONMEUM (1925~ APPROXIMATE) 148 ©56.08 J.94 3.79 .10 Q.59
'S0 CANCER QOF ESOPHAGUS (1925~ APPROXIMATE) '8 *5.37 '.04 3.5% 1.69 3.00
S1 ZANCER OF STOMACH 2 t4.s52 J.94 3.59 ] 3.04
"83 CANCER OF LARGE INTESTINE (1925- aPOROXIMATE) 4 12.42 .78 .56 '.08 L7
"S54 CANCER NF SECTUM . '925- ADPROX[MATE) 8 5.59 © 33 .59 C.87 3.30
"85 AtL JANMCER Qf _[VER (1925~ APPOOXIMATE) 1970« - 2R[MARY ONLY °r '0.53 6t J.94 :.58 3.38
1ST CANCER OF OAMCREAS (192%- APBROXIMATE) 6 33.2% .78 J9.51 1.18% R
'60 CANCER OF QESPIRATORY SYSTEM (1925 APPROXIMATE) 2%9 242,27 T J.94 .2 1.09
‘61 CANCER OF LARYMX (1928-, '93C~ APPROXMIMATE) S 3.53 .82 Q.17 1.23 1.7
'62 ALL CANCER OF LUNG - PRIMARY anD SECONCARY (1925- 1930~ APPROXIMATE) 37 230.41 v.03 J3.90 tony 3.18
170 CANCER OF A0NE (1925~.'330~, 1945~ APPROXIMATE) ! z.64 ).00 3.00 1.37 ©.78
©12 CANCER OF SKIN b4 14 47 .48 3.19 1.00 3.38
'8% CANMCER UF PROSTATE (1925~ APPROAIMATE) 7 i5.99 134 J.68 1.51 0.01
'868 CANCER QOF TESTIS (OTHER GENITAL ORGANS 1925-491(13925-.1930« APPRAOXIM ’ 4.28 3.23 3.00 1.30 r.an
*A8 CANCER CF BLADDER (192%- APPROXIMATE} 18 13.88 ©.30 0.77 2.08 2.968
'899 CAMCER OF wIDNEY (1925« APPROXIMATE) . S 165.99 J.89 .50 1,48 3.12
190 CANCER OF evE (19901969 ONLY) D] .49 2.Q0 2.00 7 .48 J2.00Q
“31 CANCER OF BRAIN aND OTHER CENTRAL NERVOUS SYSTEM (1925~ APPROXIMATE) 2 23.24 J.98 J3.59 1.43 J.02
"33 CANCER OF TRYRO1D . 1950-19689 ONLY ' t.2t J.83 J3.01 a.862 .07
I00 LYMPHOSARCOMA AND RETICULQSARCOMA (1350-1969 ONLY) 3 1.1 Q.28 J.12 Q.89 4.42
S0 HODGKEN'S DISEASE (1940~ 134%- APPROXN[MATE) 35 3.00 3.62 3.20 1.48 3.78
06 LEUKEMIA ANO ALEUKENMTA 20 z6.20 g.87 3.54 1.313 3.36
I08 CANCER OF OTHER L YMPHATIC TISSUE (1950-1969 ONLY) 'Y 17.56 .97 0.s8 1.5% 0.00
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.B Deaths from Other Causes of Death and SMR’s for NW,; 5 (cont’d)

209
2t
140
%0
280
9
..320
1%0
393
410
110

160

492
a9l
520

5

580
s82
709
139
199
800
a0
3o

359

ALL LYMPHOPOIETIC CANCER
SENIGN NEOPLASMS
ALLERGIC.ENDOCRIME . METABOLIC NUTRITIOMAL DISEASES (1950-1969 ONLY)
QIlABETES MELLITUS
ALL OISEASES OF BLOOD ANO SLOCO-FORMING ORGANS (1925-,1930~ APPROXIN
MENTAL ,PSYCHONEUROTIC ,AND PERSONALITY OISOROERS (1950-1969 ONLY)
ALL DISEASES OF NERVOUS SYSTEM ANO SENSE ORGANS
ALL O{SEASES OF CIRCULATORY SYSTEM
CHRONIC AMEUMATIC HEART DIS!AS!({’ZS- APPROXIMATE )
ARTERIOSCLEROTIC MEART OISEASE. [NCLUCING CHO (1925~ APPROXIMATE)
ALL /ASCULAR (LESIONS OF CNS
ALL RESPIRATORY DISEASES (192%5-,1930~ APPROXIMATE)
ALL PNEUMOMIA (1928<,1930~ aPPROXIMATE)
EMPHVYSEMA (1950~ 1998 A‘OQOXXIAYI)
ASTrHMA (1925-,1900= APPRONIMATE)
ALL DISEASES OF DIGESTIVE SYSTEM
ALL GASTRIC AND DUOOEMAL ULCER
CIRRHOSIS OFf LIVER
ALL DISEASES OF GEMITO-URINARY SYSTEM
CHAONIC NEPHRITLS
ALL OISEASES OF THE SKIN. ANC CELLULAR TISSUE
ALL OISEASES OF TME BOMES ANO ORGANS OFf MOVEMENT
SYMeTOMS , SENILITY AND [LL OEFINED CONOITIONS
ALL EXTERNRAL CAUSES OF DEATM
ALL ACCIOENTS
MOTOR VEMICLE ACCIDENTS
SVICIDE
TOTAL ASSIDUAL
CANCER RESIOUAL

329

s
24

10
12
70

119
96
82
RE)

t4

63.59
8.18
43.83
39.58
5.82
22.83
27.78
1325.99
22.47
978.47
132.80
151.58
47.19
i5.74
3.78
183.48
14,01
102.56
268.08
7.93

0.sa
9.13
9.33
0.2¢
0.38
9.2
0.22
a.68
0.07
c.68
9.99
Q.43
0.a8
0.31
0.29
9.58
0.20
Q.81
0.21
0.00
.00
0.08
0.0
0.97
a.88
0.62
0.49
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1.04
1.28
.78
g.00
2.24
G.81%
9.78
a.78
0.%2
c.78
o.88
G.87
0.98
0.e¢8
2.73
a.84
1.02
0.83
a.7¢
0.48
.08
1.38
0.4%
Q.74
0.80
.04
0.83
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.C Deaths from Other Causes of Death and SMR’s for NW .

TOTAL PEASONS = 10348. EXPECTED NUMBERS BASED ON MORTALITY RATES FOR wm
OBSEAVED EXPECTEDC  OBS/EXP [NS uL CHISO

0 ALL CAUSES OF ';guu 273 1173.9¢ 0.8 a.78 0.88 34,1

t ALL MALIGHMANT NEOPLASMS 243 254.23 o.96 0.84 1.08 Q.48

2 ALL INFECTIVE AND PARASITIC OISEASE 2 9.12 0.22 0.02 0.79 4.8

9 ALL TUBERCULOSIS 0 3.33 0.00 0.00 1.10 2.40
V40 CANCER Of BUCCAL CAVITY AND SraRvMx L] 8.18 9.73 0.27 1.60 0.38
149 CANCER OF OIGESTIVE ORGANS AND PERITONEUM (192S- APPROXIMATE) s 63.72 1.02 0.79 1.30 0.01
150 CANCER OF ESOMMAGUS (1925~ APPROMIMATE) 7 6.08 1.18 0.48 2.37 0.03
151 CANCER OFf STOMACH 13 10,18 1.28 0.88 2.19 C.54
153 CANCER OF LARGE INTESTINE (1925~ APPROXIMATE) 2 it1.48 0.88 .60 1.49 ¢.00
154 CANCER OF RECTUM (1925~ APPROXIMATE) 7 5.46 i.08 .43 .23 g.00
155 ALl CANCER OF LIVER (1925~ APPROXIMATE) 1970+ - PRIMAAY ONLY 3 4.24 .69 C.1a 2.02 0.6
1857 CANCER OF PANCREAS (1925~ APPROXIMATE) L) 13.43 0.82 0.4 1.47 0.28
160 CANCER OF RESPIRATORY SVSTEM (192%5- APPROXIMATE) 10 95.%4 1.18 a.98 1.39 2.04
183 CAMCER OF LARYNX (1925-. 1930~ APSROXIMATE) 4 3.78 1.08 c.20 2.1 0.02
162 ALL CANCER OF LUNG - PRINAAY AND SECOMDARY (19285-, 1930~ APPROXIMATE) 8 90.83 1.08 c.88 1.3 0.49
170 CANCER OF BONE (19295~,1930~, 1948~ APPROXIMATE) 0 1.0 D.00 0.00 3.38 0.32
172 CANCER OF SKIN ? 5.82 1.28 9.%0 2.57 .14
105 CANCER OFf PROSTATE (1925~ APPROXINATE) 13 11.93 1.09 0.58 1.88 9.0
106 CANCER OF TESTIS (OTHER GENITAL ORGANS 1925-49) (1925, 1930~ APPROXIM t 1.73 0.8 0.01 3. a.03
108 CANCER OF SLADODER (1928- APPROXINATE) L] S.99 1.00 0.37 2.18 0.04
109 CANCER OF KIDNEY (1925~ APPAOXIMATE) L] 6.48 .80 0.18 .83 80.71
190 CanCER OF EYVE (1950~-1969 ONLY) 0 0.20 0.00 0.00 18,01 O.44
191 CANCER OF BRAIN AND OTHER CENTRAL NERVOUS SYSTEM (1925~ APPROXIMATE) 4 5.90 0.a8 0.12 1.14 2.23
193 CANCER OF THYROID {1960~-1960 ONLY) 2 0.48 4.12 0.48 14,08 2.12
200 LYMPHOSARCOMA AMD RETICULOSARCOMA (1950-1969 ONLY) L 5.26 c.7¢ a.30 1.98 a.n
20t nOOGKIN'S DISEASE (1940~ 1948~ APPROXIMATE) A 3.2} o.n 0.00 1.73 0.9%
204 LEUKENMEA ANO ALEUKEMIA 4 .87 0.43 0.1 1.04 2.82
208 CAnCER OF OTMER LWY!C TISSUE (1980-1989 OMLY) 4 6.96 0.87 .18 1.47 0.87
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.C Deaths from Other Causes of Death and SMR’s for NW_, . (cont’d)

209 ALL LYMPHOPOIETIC CANCER 13 2%.99 ' 0./s| 9.27 .87 s.71
N 210 BENIGN NEOPLASHS 3 3.28 0.92 g.1e 2.08 0.02
240 ALLERGIC.ENODOCRIME .METABOLIC.NUTRITIONAL DISEASES (1950-1989 OMLY) 13 20.01 0.88 0.38 . 2.12
2350 DIANETES MELLITUS 9 16.30 a.ss 0.23 1.08 2.84
280 ALL OISEASES OF SLOCO ANG 8LOCO-FORMING ORGANS (1325~ 1930~ APPROXIM l . 2.e2 a.at 2.04 2.30 0.38
319 MENTAL,PSYCHONEUROTIC.AND PERSONALITY OISORDERS {1950~1969 OMLY) ? a.78 0.80 a.32 .88 2.19
120 ALL DISEASES OF NERVOUS SYSTEM AND SENSE ORGANS 4 1118 0.38 9.10 0.92 3.98
330 ALL OUSEASES OFf CIMCULATOAY SYSTEM a1 s49.08 a.78 0.68 0.3 31.38
193 CHAOMIC AMEUMATIC HEART OISEASE( 1925~ APPROXIMATE) 3 9.08 9.33 0.07 0.96 3.43
410 ARTERIOSCLEROTIC MEART DISEASE.INCLUOING CHO (1925- APPROXIMATE) 318 400.79 0.79 0.70 0.88 17,73
430 ALL VASCULAR LESIONS GF CNS a7 s8.68 0.83 0.4e 0.87 7.88
460 AL AESPIRATORY OISEASES (192%8-.1930~ APPRQXIMATE) a2 84,41 q.8% Q.47 a.48 T.48
380 aLL SNEUMOWIA (192S5-,1930- APPROXINATE) 13 20.24 0.84 0.34 1.10 2.28
197 EMPWYSEMA (1980~ 1958 APPROXIMATE) 11 15.52 0.7t c.33 1.27 1.04
493 ASTHMA {1925~ 1930~ APPROX[MATE) [ 1.%59 0.00 ooo .20 0.78
520 ALL OISEASES OF DIGESTIVE SYSTEM as 63.98 a.70 a.%1 0.94 5.32
$31 ALL GASTRIC AND OUODEMAL ULCER E] 5.9% 0.50 0.10 1.47 1.01
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800 ALL EXTEMNAL CAUSES OF DEATH 133 153.99 a.s6 0.72 1.02 2.73
801 ALL ACCIOENTS : 91 268.99 0.92 9.74 113 9.91
910 MOTOR VEWICLE ACCIDENTS s0 $0.04 1.00 0.74 1.32 a.00
989 SUICIDE 27 36.10 o.718 0.49 1.09 2.08
TOTAL AESIOMAL . 1.03 15,04
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.D Deaths from Other Causes of Death and SMR's for NNW
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(cont’d)
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3 Results
3.6 Mortality from Other Causes of Death (cont’d)

Table 3.6.D Deaths from Other Causes of Death and SMR's for NNW (cont’d)
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4 Discussion

4.1 Summary of Findings

The study of health effects of low-dose radiation in shipyard worker

reports analyses using standardized mortality ratios (SMRs) and an external
comparison. The data are presented in two ways: the total experience of all
individuals is analyzed according to the dose category which individuals
reached either at the time of the death or at the end of the sfudy period or
the experience of individuals is counted in each dose category in which
individuals contributed person-years of follow-up during the course of the
study. The first type of analysis is referred to as "categorical" analyses
and the second, "time-dependent" analysis. The analyses represent the results
from data available at the end of the contract and include death information
collected through December, 1981.

The SMRs from the categorical analysis in which the individual remains
in the same group throughout follow-up (Table 4.1.A) indicate that the risks
of death in the NNW group of shipyard workers are similar to that of the
general population but the risks of total mortality in both groups of nuclear
workers are lower than the U.S. rate. The all cause mortality is highest for
the NNW group and lowest for the NW,q s which certainly does not suggest that
radiation causes a general risk of death. In fact, in the NW,, 5 group, the
mortality is only 76 percent of that of the general population and is
significantly lower than would be expected.

The SMRs for leukemia and all lymphatic and hematopoietic cancers (LHC)
indicate risks of these diseases among nuclear workers which are below those
of the general population. The SMR of 1.10 for the NNW group indicates that
the observed deaths are similar in number to those expected based on

population rates. The only unusual feature of the data is the fact that,
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4 Discussion
4.1 Summary of Findings (cont’d)

unlike the SMRs for the all cause mortality, for these two causes of death the
SMR for the NW,, s is higher than the SMR for the NW, .. Thus, a comparison
between these groups suggests that the leukemia ratio is 2.17 times higher and
the lymphatic and hematopoietic cancers ratio 1.55 times higher in the waxs
group than in the NW, o rem group. However, in no case are the ratios
significantly higher than those of the external comparison group of U.S. white
males at a p <0.05. Certainly the risks of leukemia or all hematopoietic
neoplasms are not high compared to the NNW group. The questions which one
needs to answer are: whether the <0.5 rem group is a more appropriate
comparison population for the Nwzc,_5 group than the NNW group, whether the two
nuclear groups, NW, s and NW,, 5, are similar so that they can be compared in
this way, whether all comparisons should be made to the 0.5-0.9 DE group
within the Nw:o'5 group as in the time-dependent analysis, and perhaps even
more relevant, whether differences in ratios between the groups might not be
expected based on the small numbers of deaths in each group. The latter
question is probably the most important and can only be answered by further
follow-up. Further consideration of the choice of cdmparisons is warranted.
Selective factors which allowed workers to be enrolled in the radiation
program should have been operating similarly in the two nuclear worker
populations perhaps making them the most appropriate comparison groups in a
categorical analysis. There might be even more justification for using the
0.5-0.9 DE group as a comparison to higher dose groups since all dose groups
from 0.5 rem and higher represent part of the same population in time-
dependent analysis. All three groups, NW,,5 , NW g .. and NNW, were
balanced in the initial sample to provide comparability on basic demographic

characteristics to make between group comparisons appropriate. However, none
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4 Discussion
4.1 Summary of Findings (cont’d)

of the comparisons will be perfect on all variables. If those variables are
related to differences in disease then they could be confounding factors which
influence the results. The two nuclear worker groups might be healthier than
the NNW group because they were selected and examined for entry into the
radiation program. This might explain the low mortality from leukemia in the

NW and the Towest DE category in the NW,, . groups. These workers in the

<0.5 rem
higher DE categories who have had longer work times after the initial
selection into the program may have higher mortality simply because the
"healthy worker effect" from selection is gradually diminishing with time and
the SMR is rising. That does not seem to be a reasonable explanation for the
observation since all cause mortality (Tables 3.1.A-3.1.B), cardiovascular -
mortality (Tables 3.6.B-3.6.D) and lung cancer mortality (Tables 3.5.A-3.5.B)

actually show higher mortality rates in the NW emthan in the NW

<0.5 r 0.5 rem”

It is still possible that selection factors for entry into the radiation
program act differently for different diseases. The NNW group is probably not
a good comparison population since they have not experienced the unknown
"selective factors" which enter workers in the program. They also may not be
similar racially to the nuclear group and that may be an important disease
factor. The best comparison may be the time-dependent analysis using workers
within the NW

20.5 rem

perfect comparison. The higher DE groups are likely to be slightly older

divided into DE groups. However, even that is not a

since they have accumulated more time and age as they accumulated higher
doses. They also are more likely to be blue collar workers who have jobs with
greater likelihood of exposure than engineers and radiation health workers who
are also in the program. None of these differences can explain why leukemia

and lymphatic and hematopoietic cancer mortality show no dose response but
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4 Discussion
4.1 Summary of Findings (cont’d)

rather an increase in ratio in the DE group 1.0-4.9 rem unlike the dose
response seen in lung cancer and mesothelioma mortality ratios. Further
follow up in the groups with higher radiation doses and different analyses
which will account for other confounding variables such as jobs may he]p'
resolve these issues.

The risk of lung cancer in the categorical analysis is significantly
higher {p<0.05) in the non-nuclear worker group compared to the general
population and is slightly but not significantly higher in the two radiation
groups compared to the general population. Examining all three groups does
not suggest that the risk is increased more in the radiation exposed groups
compared to NNW. Since Tung cancer is known to be associated with asbestos
which was used as insulation material in the past in shipyards, the SMRs were
calculated for mesotheliomas since this cancer could serve as a biological
marker for the presence of asbestos exposure in the population. A1l groups
showed very high SMRs for this cancer with about a five-fold higher risk among
both nuclear worker groups and a 2.4-fold higher risk in the NNW group
compared to the general population. It is likely that some of the excess of
mesothelioma mortality is due to better diagnosis of the disease in shipyard
workers with suspected asbestos exposure than in a general population. Since
most of the cases have been confirmed by hospital record review, if diagnostic
bias had caused some of the apparent excess of this disease, it would not be
because of over-diagnosis of the disease among shipyard workers but rather
under-diagnosis in the general population. Even in this situation, the number
of actual cases of mesothelioma in workers was small in absolute terms (36
cases among 70,730 workers in the sample) indicating that the disease is still

comparatively rare. The important pbint in regard to the radiation data is
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4 Discussion
4.1 Summary of Findings (cont’d)

not that there may be a higher death rate from mesothelioma among shipyard
workers compared to U.S. males but there should be no differences in SMRs
among the three groups of workers. The fact that both nuclear worker groups
have higher SMRs for mesothelioma than the NNW group suggests that the jobs of
workers in the radiation program may have involved more exposure to asbestos
than other jobs in the shipyard. If asbestos and not radiation is the reason
for the excess in mesothelioma in the nuclear groups, then some of the lung
cancer excess may also be due to asbestos. Therefore, before drawing any
conclusions about the apparent increase in lung cancer with increasing
radiation dose it will be necessary to determine whether asbestos is
confounding this observation.

The categorical analyses suffer from a bias which has been noted before,
namely that the group who reach the higher DE level of 0.5 rem or more might
have been forced to survive longer than workers at lower DE levels or those
without any radiation because they had to be healthy enough to live and to get
to the higher DE levels. If this does create an analysis problem, then we
might expect the SMR to be consistently lowest in the highest DE group. That
is, selection of the population to work in the radiation program would cause
that group to have lower mortality than the NNW group, and those reaching the
higher DE in the radiation program would have even lower mortality. This is
the pattern seen for the all cause mortality in Table 4.1.A. and for lung
cancer but not for the other diseases. Leukemia and LHC mortality ratios are
higher in the Nwﬂ,_S group rather than the NW_ . rem group. The mesothelioma
mortality ratios are similar in both of the radiation groups and are about two
times higher than the ratio in the NNW group. Thus, the patterns of mortality

risk are not the same for all four diseases and all cause mortality. Only all
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4 Discussion
4.1 Summary of Findings (cont’d)

cause SMR and Tung cancer SMR fit the expected pattern. Since those causes
have the largest number of deaths, the variation in pattern for the other
causes of death may well be due to the small number of deaths. It is also
possible that other characteristics or exposures in the workers have caused
the differences.

Many methods of analysis exist by which we might examine the effects of
radiation within the NW,, ; rem DE group. However, at present, only an
analysis using standardized mortality ratios with time dependency of person-
years has been attempted. This method places an individual’s person-years in
follow-up into the appropriate DE levels for each age and calendar time
period. The summary of the results of this method of analysis without any
lagging, as shown in Table 4.1.B, indicates that, in general, subdividing the
NW,o s group into three or four levels separates the population into a Tow 0.5-
0.9 rem subgroup which has a SMR similar to or lower than that of the NW_4
for all four disease categories as well as the total causes of death. The
ratios are generally higher at the 1.0-4.9 rem subgroup than the ratios at the
lowest DE level. For DE groups above 1.0-4.9 rem, the SMRs compared to the
0.5-0.9 rem group are usually higher. However, for no disease except lung
cancer is there a progressive increase in the SMR with each successively
higher DE group; that is, there is no trend of increasing risk with increasing
dose for the other causes. Usually the highest DE level has a lower SMR than
that for the preceding dose category. This may simply reflect variability due
to small numbers. The category of 1.0-4.9 rem usually has the highest number
of cases which.may make the SMRs more stable in this subgroup. At present,
however, without a dose response it is hard to associate an exposure with a

disease. There could be several factors which make it difficult to assess
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4 Discussion
4.1 Summary of Findings (cont’d)

whether there is a dose-response from radiation for these diseases. There is
Tikely to be confounding from asbestos exposure for those workers with
mesothelioma and Tung cancer, and the effort to collect exposure estimates for
that substance must be compieted so that multivariate analysis can be
completed to evaluate this confounding variable. There is also the
possibility that individuals accumulate additional DEs of radiation during a
period when the cancer is present but has not yet become clinically manifest.
This period of additional accumulated radiation dose is not needed to produce
disease.

To investigate whether this latter situation is influencing the dose-
response curves, the DE was lagged by several different time intervals and the
ratios recalculated. With this procedure, some cases are lost and some are
now included in different DE subgroups. The procedure tends to increase the
ratios in the 1.0-4.9 and 5.0-9.9 rem subgroups but the DE category of 10.0
rem remains low. The number of cases in any specific DE group is small. In
general, with the exception of leukemia mortality, the SMRs are higher with a
ten year lag period as compared to shorter lag periods. Fifteen year lags
were also used in analyses but the population has not been followed long
enough to provide sufficient cases for analysis using this long a lag period.
From the data, it would appear that the five year lag period produces stable
and consistent results. While the SMRs are increased by lagging for ten
years, there is marked variability of the rates because of the reduced numbers
of cases in the subgroups.

The three groups in the sample were screened to see if any other risks
of specific diseases appeared which might deserve further study. The U.S.

white male population was used as comparison. That analysis suggests that
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4 Discussion
4.1 Summary of Findings (cont’d)

there are no statistically significant excesses of cancers in this population
with the exception of Tung cancer in the NNW group and mesotheliomas.

Evaluation of low doses of radiation using the methods described in this
report is Timited by the fact that, if there is anreffect of radiation at
these near background levels, then the effect will only increase the risk by a
small amount. This method of analysis will have difficulty detecting such an
increase. Other types of analysis can be attempted. However, any analysis
will suffer from small numbers so that the primary need is for further follow-
up of this population to increase the numbers of deaths.

In conclusion, the nuclear worker population does not show a significant
increase in the risk of any of the cancers studied except for mesothelioma
when compared to the general population. Mesotheliomas are known to be
asbestos related and the role of this substance in the apparent risk needs to
be determined in future analysis. A lower but significant excess was also
noted in non-nuclear workers. The mortality from lung cancer is slightly
higher than that of U.S. males for the shipyard population as a whole, but
within the subgroups only the NNW group has a statistically significant
increase. Among the nuclear workers, the slight risk increase, while not
statistically significant compared to the general population, appears to
increase with increasing radiation DE level. These results would have to be
controlled for asbestos and smoking before any weight can be placed on the
observation.

The data clearly indicate that both nuclear worker groups have a lower
mortality from leukemia and lymphatic and hematopoietic cancers than does the
non-nuclear group. All three groups have lower rates than the general

population. However, if the NW, 5 group or the 0.5-0.9 rem group is used for
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4 Discussion
4.1 Summary of Findings (cont’d)

comparison, then all dose groups 1.0 rem and above in the Nwzms group have
higher mortality rates than the NW, s group for both leukemia and all
lymphatic hematopoietic neoplasms. There is no consistent dose response with
radiation which would suggest that radiation is not the factor associated with
the increase. Therefore, further investigation must be focused on whether
variations in jobs or other shipyard exposures or non-job related risk factors
may be influencing the risk of disease among the nuclear workers. The SMRs
are very sensitive to any changes, such as lagging, due to small numbers, so

these within group observations may simply represent chance variations.
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4 Discussion
4.1 Summary of Findings (cont’d)

Table 4.1.A Mortality from Selected Causes for NNW, NW, ., and NW,, .: Summary
of Standardized Mortality Ratios =

Cause

Nw_>_0.5
SMR (95% C.1.)

Nw<0 .5
SMR (95% C.1.)

NNW
SMR (95% C.1.)

A11 Causes
Leukemia

LHC
Mesothelioma

Lung Cancer

0.76 (0.73,0.79)
0.91 (0.56,1.39)
0.82 (0.61,1.08)
5.11 (3.03,8.08)
1.07 (0.94,1.21)

0.81 (0.76, 0.86)
0.42 (0.11, 1.07)
0.53 (0.28, 0.91)
5.75 (2.48,11.33)
1.11 (0.90, 1.35)

1.00 (0.97,1.03)
0.97 (0.65,1.39)
1.10 (0.88,1.37)
2.41 (1.16,4.43)
1.15 (1.02,1.29)
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4.1 Summary of Findings (cont’d)

nuclear shipyard workers study ==

Table 4.1.B Mortality from Selected Causes for NNW, NW, 5, and Recorded Dose -

Equivalent Groups within the NW,, 5: Summary of Standardized Mortality

Ratios
NW,q s (rem)

Cause 0.5- , 1.0- 5.0- 107 NW g s NNW
No lag
A1l causes 0.72 0.79 0.76 0.72 0.81 1.00
Leukemia 0.41 1.08 1.03 0.94 0.42 0.97
LHC 0.31 1.00 1.08 0.71 0.53 1.11
Mesothelioma 3.96 4.80 8.48 3.94 5.75 2.41
Lung Cancer 0.95 1.03 1.17  1.25 1.11 1.15
5 Year Lag
A1l causes 0.72 0.78 0.83 0.81 0.83 1.00
Leukemia 0 1.12 0.68 1.32 0.26 1.02
LHC 0.19 1.11 1.17 0.84 0.56 1.07
Mesothelioma 4.33 5.35 7.84 4.80 5.65 2.48
Lung Cancer 0.95 1.00 1.21 1.40 1.19 1.16
10 Year Lag
A1l causes 0.76 0.84 0.89 0.79 0.85 1.03
Leukemia 0 0.82 1.10 0.83 0.38 1.09
LHC 0.27 1.40 1.28 0.32 0.68 1.02
Mesothelioma 7.16 4.18 10.87 3.91 5.17 2.52
Lung Cancer 1.03 1.48° 1.24 1.23 1.19
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4 Discussion
4.2 Statistical Power of the Study

This section presents the statistical power of the study fof detecting
radiation effeéts of various sizes as it was calculated prior to the staft of
the study. Estimates of the benefits of additional follow-up on the study
population are also presented. The Shipyard Study has less than a 20 percent
chance of detecting an excess risk of leukemia at the level of the BEIR III
report estimates. (BEIR III estimates were those available throughout the
study.) It is likely that the study would detect an excess risk of leukemia
if the BEIR III estimates were low by a factor of five. There would be a gain
in the power of the study to detect leukemia effects of approximately 10
percent for excess risks at the level of two to five times BEIR III, if there
were six additional years of follow-up.

Statistical power of the study was determined using the analysis subset
described in Section 3.1. This subset includes all nuclear workers with >0.5
rem lifetime DE as of January 1, 1982 and samples of the remaining nuclear and
non-nuclear workers. All workers were first screened using the study
population criteria for inclusion (see Section 2.2), that is, male civilian
shipyard employees who worked at least one year in the shipyard during the
nuclear overhaul time period. Additional edits were applied before arriving
at the subset used for analysis.

The numbers of workers, person-years, and deaths by selected causes
among all workers and the Nwﬂ,.5 workers by shipyard as used in a final power
ca]cu]ation are given in Tables 4.2.A and 4.2.B. There were a total of 70,898
workers in the sample subset, of whom 27,938 workers had accumulated a
lifetime DE of >0.5 rem by January 1, 1982. There were a total of 7,101
deaths among all workers in the sample subset, of which 54 were due to
leukemia and 641 were due tp Tung cancer. For 168 workers, the fact of death
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4 Discussion

4,2 Statistical Power of the Study (cont’d)
had been recorded but no valid dates of death had been identified. An
estimated follow-up time based on their last year of employment was used for
these workers. An additional 335 workers were known to be dead and had dates
of death, but were missing the cause of death on their record.

A summary of the assumptions used for the power calculations is given in
Table 4.2.C. The worker’s annual cumulative DEs were lagged by two or five
years and reduced by 21% to convert the measured DE in rads ("tissue Kerma in
air") to an "organ dose," thereby adjusting for body shielding of the organs
of interest (Preston and Pierce, 1987). A two year lag was used for leukemia
and LHC effects, and a five-year lag was used for lung cancer effects. The
additive linear risk model was used to specify the various alternative risks.
The 1970 U.S. white male age-cause specific death rates (in 5-year intervals)
were assumed to be the spontaneous risk of dying. The ranges of potential
excess risks were derived from the BEIR III risk estimates and multiples of
these estimates up to a 40-fold increase over the BEIR III figures. It seemed
most appropriate to express the alternative excess risks as multipies of the
BEIR III report estimates, rather than simply expressing the alternative in
terms of increased relative risks of leukemia.

Power calculations were based on an extension of Mantel-Henszel’s Chi-
Square (Xz) test to detect a dose-related trend in death rates. This was
found to be the most sensitive analytic method for this study. It uses a
completely internal control group and allows for simultaneous control of age,
interval since onset of exposure, and other confounders as well as time-
dependent DE accumulation. Grouping exposures helped to alleviate the probliem
of non-normality of the test statistic induced by the highly skewed DE
distribution and resulted in the same test statistic as the interval method
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4 Discussion

4,2 Statistical Power of the Study (cont’d)
using each worker’s actual DEs.

The power formulas for this method have been presented by E.S. Gilbert
in "An Evaluation of Several Methods for Assessing the Effects of Occupational
Exposure to Radiation" (Gilbert, 1983). The twelve dose categories used were
<1, 1-, 5-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, and 50+ rems (Darby and
Reissland, 1981). Each nuclear worker’s accumulated radiation DE for each
year of the worker’s follow-up period lagged by two or five years was grouped
into the appropriate dose category. The median DE was used as the group
score. The median DE was reduced by 21 percent to approximate the DE to each
organ. |

The length of follow-up was determined for each worker from time of
entry into follow-up as defined in Table 4.2.C to January 1, 1982 or to the
worker’s death time. The length of follow-up for the extended period of
follow-up was calculated to January 1, 1988 or the worker’s death time. Since
the actual death times were unavailable from December 31, 1981 to December 31,
1987, a random death time based on 1970 U.S. white male 1ife table
- probabilities was simulated for each worker still alive on December 31, 1981.
It was assumed that no additional radiation was received by the nuclear
workers after December 31, 1981.

The analyses were controlled for age (in 5-year intervals) and length of
time since entry into follow-up. For the power calculations, a linear risk
model was chosen, where the spontaneous risk of dying was given by the 1970
U.S. white-male age-cause-specific death rates (in 5-year intervals). A
method described by Cramer (Cramer, 1946) was used to determine the power.
The method adjusts the normal approximation for non-normality of the test
statistic due to the highly skewed dose distribution using the third and

347



s====== =====s========s====================== NJUClear shipyard workers study ==
4 Discussion

4.2 Statistical Power of the Study (cont’d)
fourth cumulants of the test statistic.

The power of the Shipyard Study to detect a radiation effect on
leukemia, lymphoma, and lung cancer mortality is presented in Table 4.2.D. If
the BEIR III committee’s extrapolation of radiation risk is accurate, then
only two to three additional leukemia deaths could occur as compared to the 58
expected from the 922,438 person-years accumulated by nuclear workers and
their controls. This implies a relative risk of only 1.04. The study has a
less than 20 percent chance of detecting increased risks at this level.
However, there is a 50 to 80 percent chance that the Shipyard Study could
detect an increased leukemia risk of 3 to 5 times BEIR III using the linear
dose response model. If the excess risk is 10 to 20 times BEIR IIl (linear
model), then the Shipyard Study would most certainly detect a risk. If the
BEIR III risk estimates are too Tow by a factor of 2 as suggested by the
revised dosimetry estimates for the atomic bomb data, then the Shipyard Study
will have approximately a 30 percent chance of detecting a leukemia risk.

The study has less power to detect an increased risk for LHC or lung
cancer related to radiation than for leukemia. Lymphatic and hematopoietic
cancer risks which are less than 5 times BEIR III and lung cancer risks less
than 10 times BEIR III would not be detectable. LHC risks greater than 10
times BEIR III, and lung cancer risks greater than 20 times BEIR III have an
excellent chance of being detected.

Table 4.2.E presents the statistical power of the Shipyard Study to
detect a radiation effect on the occurrence of leukemia, lymphatic and
hematopoietic cancers and lung cancer when the length of follow-up is extended
by six more years to January 1, 1988. The chance of detecting a leukemia risk
of 5 times BEIR III (linear model) was increased by 14 percent with this
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4 Discussion

4.2 Statistical Power of the Study (cont’d)
additional follow-up. There is a 92 percent chance that the study would
detect a leukemia effect at this level.

The power to detect LHC and lung cancer effects was also increased by 10
to 20 percent for an excess risk of 5 to 10 times BEIR III for LHC and 5 to 15
times BEIR III for lung cancer. LHC risks greater than 10 times BEIR III and
lung cancer risks greater than 15 times BEIR III would almost certainly be
detected with six additional years of follow-up.

The BEIR III report did not specify an expected level of risk due to
low-level radiation on mesothelioma. There were 36 mesothelioma deaths
occurring in this study population compared to 9.08 expected deaths using U.S.
white male age-calendar time specific rates. This gives an SMR of 4 with
confidence 1imits of 2.80 to 5.54. If follow-up was extended for six more
years and the level of mesothelioma risk remained constant, then there would
be an expected 72 deaths occurring. This would reduce the width of the
confidence 1limits to 3.13 to 5.04.

The main conclusions regarding the Shipyard Study power are:

- There is almost no chance of detecting leukemia risk equal to the
BEIR III extrapolations; '

+ Leukemia risks as large as 10 times the BEIR III risk estimates would
almost certainly be found;

« Some useful information will be provided by the study if actual risks
are 5 to 10 times the BEIR III estimates;

+ There would be a gain of 10 to 20 percent in the power of the study
to detect radiation effects at the level of 5 to 15 times the BEIR
II1 estimates; and

+ Leukemia risks as large as 3 to 5 times the BEIR III risk estimates
would almost certainly be found if the follow-up period was
extended to January 1, 1988, and the current assumptions hold.
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4 Discussion ‘ ,
4.2 Statistical Power of the Study (cont’d)

Table 4. 2 A Numbers of Person-Years and Deaths from Selected Causes by Yard
for the Nuclear Shipyard Workers Study

Number of Number of Deaths Predicted Based on
Population Size and Follow-up

Person- Leuke- Meso-

Shipyard Workers Years Total mia LHC thelioma Lung
Charleston 6,716 80,986 666 0 5 2 75
Groton 13,550 202,025 1,428 8 24 3 110
Mare Island 13,557 168,564 1,355 9 28 10 116
Newport News 8,588 116,556 880 8 19 6 81
Norfolk 6,941 84,939 664 9 . 20 6 73
Pearl Harbor 5,767 81,634 491 5 14 3 42
Portsmouth 7,897 112,973 1,223 8 24 3 111
Puget Sound 7,882 74,761 394 7 13 3 33
All Yards' 70,898 922,438 7,101 54 147 36 641

' 0f the 7,101 total deaths, 503 deaths were missing a cause of death. Using a simple
expansion estimate, there would be an expected total of 58 leukemia, 158 LHC,
39 mesothelioma, armt 690 lung cancer deaths.
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Table 4.2.B Numbers of Person-Years and Deaths from Selected Causes Among the
NW, 4.5 Workers by Yard

Number of

Number of Deaths

Person- Meso-
Shipyard NWéms Years Total Leukemia  LHC thelioma Lung
Charleston 2,597 32,248 179 0 0 1 31
Groton 4,801 67,834 439 3 7 2 40
Mare Island 4,771 57,580 375 3 8 4 31
Newport News 3,049 39,596 244 2 4 5 31
Norfolk 2,391 30,555 181 2 6 3 21
Pearl Harbor 2,830 40,728 206 3 6 2 16
Portsmouch 4,029 56,104 532 5 15 0 58
Puget Sound 3,470 32,093 125 3 4 1 9
All Yards' 27,938 356,438 2,281 21 30 18 237

1

Of the 2,281 total deaths, 158 deaths were missing a cause of death.

Using a simple

expansion estimate, there would be an expected total of 23 leukemia, 54 LHC.
19 mesothelioma, and 255 lung cancer deaths.
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Table 4.2.C  Summary of the Assumptions and Model Specifications Used to
Determine Power

1. Age at Entry Calculation:
« Year of entry - Year of birth for workers born in the 20th century.

« Year of entry - Year of birth + 100 for workers born in the 19th
century.

2. Death Times:

+ Used actual death times for workers dying before January 1, 1982.

« Generated using the conditional method of follow-up for the power of
the study with an extended period of follow-up for workers alive
as of the study end -- December 31, 1981. A worker was at risk of
"random death" after the study end -- December 31, 1981.

3. Year of Entry Into Follow-up:

» Year of entry into shipyard adjusted for minimum duration worked for
NNW.

« Year of entry into radiation program for NW_, ..

+ Year of entry into radiation program or year 0.5 rem lifetime dose
accumulated for N, .

+ If any year of entry was before nuclear overhaul began in the
shipyard, it was equated to the year overhaul began.

4. Length of Follow-Up Calculation:

» Calculation from year of entry into follow-up to January 1, 1982 or
actual death time.

+ For the 168 workers with fact of but no date of death, the length of
follow-up was calculated from year of entry into follow-up to
estimated death time.

+ Calculation from year of entry into follow-up to January 1, 1988 or

to actual death time if death before 1982, or simulated death time
for power of the study with an extended period of follow-up.
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Table 4.2.C  Summary of the Assumptions and Model Specifications Used to
Determine Power (cont’d)

5. Organ Dose:

+ A worker’s recorded dose as measured by a dosimeter was multiplied by
0.79 to approximate the dose to the organs.

6. Dose lLag:

+ A worker’s dose by year of follow-up was lagged by two years for
Teukemia and LHC cancers.

+ A worker’s dose by year of follow-up was lagged by five years for
lung cancer.

» Additionally, the deaths occurring within the appropriate lag period
were ignored.

7. Risk sets:

« Risk sets were defined by age in 5-year intervals and year since
entry into the radiation program in 1 year intervais.

8. Risk Projection Model:

» Used the additive linear risk model which states that risk during a
particular time interval is

A(2) = A+¥yZ
where z is the organ dose,

k is the spontaneous (background) risk of dying of a particular cancer
in the interval, and

w is the excess risk associated with a particular dose in the interval.
9. Spontaneous Risk:

» The white male age-cause-specific death rates in 5-year intervals
were used for k, the spontaneous risk of dying.

(cont’d)
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Table 4.2.C Summary of the Assumptions and Model Specifications Used to
Determine Power (cont’d)

10. Excess Risk:

+ Multiples of the BEIR III estimates for excess leukemia, LHC and lung
cancer deaths were used for w, the excess risk per time interval.

» Age-specific estimates were not used since the age interval was
narrow for most workers in the study over the average period of
follow-up.

« The BEIR III risk estimates used for leukemia were as follows:

- 2.2 deaths per million person-years per rem (based on a lTinear
dose-response model).

- 1 death per million person-years per rem (based on a linear-
quadratic dose-response model).

« The BEIR III risk estimate used for lung cancer and LHC was 2 deaths
per million person-years per rem (based on a linear dose-response
model). '

11. Power Probability Calculation:

+ Power was determined using the normal approximation of the test
statistic adjusted for non-normality of the test statistic by
Cramer’s method.

12.  Type I Error:

+ A one-sided test with type I error = 0.05 was used.
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4 Discussion
4.2 Statistical Power of the Study (cont’d)

Table 4.2.D Statistical Power of the Nuclear Shipyafd Workers Study to Detect
Various Assumed Radiation Effects on the Occurrence of Leukemia
and Lung Cancer Based on Follow-up Through December 31, 1981°

POWER
Assumed Leukemia LHC
Radiation Leukemia (Linear Cancer Lung Cancer
Effects (Linear) Quadratic) (Linear) (Linear)
No Effect 0.05 0.05 0.05 0.05
*BEIR III° 0.16 0.09 0.10 0.07
2*BEIR III 0.32 0.15 0.18 0.09
5*BEIR III 0.78 0.37 0.50 0.19
10*BEIR III 0.99 0.73 0.90 0.42
15*BEIR III 1.00 0.92 0.99 0.66
20*BEIR III 1.00 0.98 1.00 0.84
30*BEIR III 1.00 1.00 1.00 0.98
40*BEIR III 1.00 1.00 1.00 1.00

® The lag periods used were: 2 years for leukemia and lymphatic cancer; 5 years

for lung cancer. , :

The BEIR III risk estimates used were: 2.2 leukemia deaths per million
persons per rem per year using a linear extrapolation dose-response model;
1 Teukemia death per million persons per rem per year using a linear-
quadratic dose-response model; 2 lymphatic deaths per million persons per
rem per year; 2 lung cancer deaths per million persons per rem per year.

b
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4 Discussion
4.2 Statistical Power of the Study (cont’d)

Table 4.2.E Statistical Power of the Nuclear Shipyard Workers Study to Detect
Various Assumed Radiation Effects on the Occurrence of Leukemia and Lung
Cancer Based on Follow-up Through December 31, 1987°

POWER
Assumed Leukemia LHC
Radiation Leukemia (Linear Cancer Lung Cancer
Effects {Linear) Quadratic) (Linear) {(Linear)
No Effect 0.05 0.05 0.05 0.05
*BEIR I1I° 0.20 0.10 0.12 0.08
2*BEIR III 0.42 0.18 0.23 0.11
5*BEIR III 0.92 0.49 0.66 0.26
10*BEIR III 1.00 0.88 0.98 0.60
15*BEIR III 1.00 1.00 1.00 0.87
20*BEIR III 1.00 1.00 1.00 0.97
30*BEIR III 1.00 1.00 1.00 1.00
40*BEIR III 1.00 1.00 1.00 1.00

The lag periods used were: 2 years for leukemia and LHC cancer; 5 years for lung
cancer.

The BEIR III risk estimates used were: 2.2 leukemia deaths per million persons per
rem per year using a linear extrapolation dose-response model; 1 leukemia death
per million persons per rem per year using a linear-quadratic dose-response
model; 2 lymphatic deaths per million persons per rem per year; 2 lung cancer
deaths per million persons per rem per year.
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5 Conclusion
5.1 Recommendations

The shipyard nuclear worker population represents a large number of
individuals exposed to low documented DEs of radiation. They receive this
radiation almost exclusively from gamma rays due to decay of cobalt-60.

Within the population, there are comparable groups of workers exposed to
negligible or no radiation at their shipyard jobs but who engage in similar
work. bTherefore this is an ideal population in which to examine the risks of
ionizing radiation in which confounding variables could be controllied. Long-
term followup of this cohort is important. The population does not show any
risk which can clearly be associated with radiation exposure in the current
analysis. At present, however, the follow-up is not long enough to adequately
evaluate risks and, therefore, the continued assessment of mortality in this
group is necessary. Also, additional information could be gained from further
analysis of the currently available data. Therefore, the following
recommendations are made:

1. Analyze further the current file using other analytic methods such as
direct internal comparisons and other modeling of expected effects
of radiation.

2. Adjust data regarding risks of lung cancer and mesothelioma from
radiation for the confounding exposure, asbestos.

3. Add the data from individuals who should have been in the current
file but had been omitted because, at the time of analysis, they
had incomplete fo]low;up, missing death information, or
uncertainty about radiation dose and then reanalyze the data
according to methods selected in steps above as well as the

original analysis methods. These individuals would increase the
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5 Conclusion
5.1 Recommendations (cont’d)

Nwzoj group by possibly 10 percent, and the added subjects would
represent the earliest entries into the cohort.

4. Expand the population to include new and additional

workers who would be at low doses and increase the dose level
of current workers which should expand the NW,; 5 group. In
this step, the sample of NW_, ; group should be expanded to
represent more than a 10 percent sample because they appear to
be the population most comparable to the NW,, s group in
categorical analysis. The NNW sample must be increased to Meet
the new population size of the nuclear worker sample.
Continued inclusion of a NNW sample is important because these
subjects identify selection factors which are associated with
worker inclusion in the radiation program. The NNW group also
provides information on other potential health hazards from
shipyard work which could represent confounding factogs in
analyzing the radiation-exposed workers.

5. Utilize the additional data collected on confounding variablies to
better assess the risks due to radiation. These would include
evaluation of the impact of radiation measurement variations on
the results, the assessment of other shipyard exposures and the
estimated doses from these exposures, and the evaluation of the
potential use of survey data to determine differences in workers’
personal characteristics such as smoking histories and non-
shipyard exposures.

6. Determine the potential risks due to other shipyard jobs such as
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5 Conclusion
5.1 Recommendations (cont’d)
welders and electricians.

7. Examine several disease which appear to be somewhat high in shipyard
workers such as asthma and cancers of esophagus, stomach, liver,
prostate and kidney. While most of these do not show a
significantly high SMR compared to the expected deaths for the
general population, the ratios are high enough to warrant further
review.

8. Continue follow-up of the expanded and updated sample described in 4
above. Many of these workers will be in the original sample and
some will represent new workers who have joined the population or
reached DE Tevels of the NW,, 5 group after 1979 and additional
non-nuclear workers. This sample will represent an additional ten
years of experience in the radiation program which will
substantially increase the exposed population. In addition, it
will represent follow-up of the population through at least 1987
or 1988 representing an additional six or seven years of mortality
experience.

9. Plans should be developed for continuous follow-up of this valuable

population into the future.
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5 Conclusion

5.2 Further Studies

. Reanalysis of current and updated database using several other methods
including those which assume specific models of radiation effects.

. Nested case-control studies of mesothelioma, lung cancer, and possibly
other cancers to evaluate both interrelated and independent effects
of radiation and other shipyard exposures.

. Expansion of the shipyard sample to include the additional nuclear
workers with their exposures to date and expanded samples of NW_ s
and NNW groups with follow-up of the total population at least
through 1987.

. Analysis of data to assess potential risks associated with other jobs
among shipyard workers based on last job held.

. Evaluation of possible shipyard exposures which may be associated with
some of the other diseases which had SMRs above 1.00 using the nested
case-control approach.

. An assessment of the impact that measurement variability has on low dose
exposures to radiation. This will include the assessment of quality
of reported DEs of individuals.

. Assessment of the accuracy of death certificate evaluation of mortality
versus mortality experience based on confirmed causes of deaths from
hospital records and cancer registry reviews.

. Investigation into the use of the collected mortality data for this
population.

. Follow-up of a sample of the population of active and terminated workers

and cases of lung cancers to determine the impact of smoking on the
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5 Conclusion
5.1 Recommendations (cont’d)
risk of this disease.
10. Investigate other issues related to assessment of the risk of
radiation such as:
a. Potential interactive effects of exposure to radiation and other
job exposures.
b. Differences in results if analyzed taking duration of exposure
into account (dose rate).
c. Further evaluation of methods of lagging and other epidemiological
and biostatistical issues related to longitudinal studies.

d. Evaluation of effect of age at exposure on any possible radiation

effects.
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Appendix 1. Staff of the Nuclear Shipyard Workers Study

The following is a Tist of the personnel at Johns Hopkins University School
of Hygiene and Public Health who constitute the senior staff of the study and
who have assumed responsibility for the conduct of the research.

Present Members:

Dr. Genevieve M. Matanoski,
Principal Investigator
Professor

Epidemiology

Dr. Helen Abbey
Professor
Biostatistics

Dr. Charles Billings
Associate Professor
Environmental Health Sciences

Dr. Adolifo Correa
Assistant Professor
Epidemiology

Ms. Nancy Fink
Research Associate
Epidemiology

Dr. Katherine Hunting
Post Doctoral Fellow
Epidemiology

Dr. Kung-Yee Liang
Assistant Professor
Biostatistics

Past Members:

Genrose Copely, M.D.
Raymond Seltser, M.D., M.P.H.

Susan Tonascia, Sc.M.

Dr. Thomas Mitchell
Associate Professor
Environmental Health Sciences

Dr. Tippavan Nagachinta
Post Doctoral Fellow
Epidemiology

Mr. Bruce Sanders
Research Associate
Health Policy and Management

Ms. Alice Sternberg
Biostatistician
Epidemiology

Dr. Walter Stewart
Assistant Professor
Epidemiology

Dr. James Tonascia
Professor
Biostatistics

Ms. Katherine Yates
Biostatistician
Epidemiology
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Appendix 2. Technical Advisory Panel

The Technical Advisory Panel (TAP) was formed in 1980 as a
standing committee of experts who would provide objective advice to the
project staff on a continuing basis. The Panel is multidisciplinary. In
selecting its members, it was important for each to have had personal research
experience with some of the problems related to the Shipyard Study.
Disciplines we believed to be important and which were included in the
group are: radiation biology and radiation physics, medicine, genetics,
industrial hygiene, epidemiology and biostatistics. Also, we believed
that the panel should have some skepticism about the project so their
reviews could be critical but constructive. We believe that this has
improved their objectivity as a group and has enhanced their contribution
to the research.

Pane]l meetings have stimulated new ideas for staff and have led to
revised plans in a number of areas. The current membership of the panel
has been maintained throughout the study’s duration, building upon the
accumulating knowledge of the group.

The charge given to the TAP was as follows:
1. Objectives

The objectives of the Technical Advisory Panel (TAP) are to
provide an impartial scientifically objective review and opinion as to the
course, conduct, and content of the study of health effects of low-level
ionizing radiation in nuclear shipyard workers.

2. Representation, Authority, Responsibility

The TAP represents the external scientific community concerned
with occupational environmental health effects. The composition of the panel
has been carefully chosen to represent individuals with expertise in the
fields of epidemiology, biostatistics, industrial hygiene, radiation
biology and radiation physics. The panel should include scientists who
have had experience in the area of evaluation of radiation effects or of
basic methodology in longitudinal studies.

The TAP shall be requested to provide advice based on its review,
analysis and recommendations, and has no legal responsibility with respect
to such advice.

3. Functions

The TAP shall meet and interact with the technical/administrative
members of the project in order to receive reports on plans, progress, and
similar matters. The TAP shall review these plans and progress, prepare
recommendations and advice, and prepare summary minutes of each meeting for
inclusion in the annual report of the project.

It is the current intent of the project to have TAP meetings at
least twice a year during the next three years of the study.
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A Tist of members who have served on the TAP is as follows:

Dr. Arthur Upton, Chairman

Professor and Chairman

Department of Environmental
Medicine

New York University Medical
Center

Dr. Gilbert Beebe

Expert Scientist

National Cancer Institute
National Institute of Health

Dr. John Cameron

Professor of Radiology and
Physics

Medical Physics Division

University of Wisconsin

Dr. Carter Deniston {(Resigned
November, 1983)

Professor of General and Medical
Genetics

University of Wisconsin
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Dr. Merrill Eisenbud

Professor

Environmental Medicine

New York University Medical
Center

Dr. Philip Enterline

Professor and Chairman
Department of Biostatistics
University of Pittsburgh
Graduate School of Public Health

Dr. Philip Sartwell
Professor Emeritus
Department of Epidemiology
The Johns Hopkins University

Dr. Roy Shore

Associate Professor

Department of Environmental
Medicine

New York University Medical
Center
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Appendix 3. Radiation Dosimetry Advisory Committee

The Radiation Dosimetry Advisory Committee (RDAC) was an external review
group organized in January of 1985 to address issues relating to the methods
and interpretation of the radiation dosimetry employed in the shipyards under
study (see below for the RDAC charge). The membership of this committee was
as follows:

Dr. Harold D. Wyckoff, Chair
ICRU

Bethesda, Maryland

Dr. Donald E. Barber
University of Minnesota
Minneapolis, Minnesota

Cdr. William McC. Beckner
National Council on Radiation Protection
Bethesda, Maryland

Dr. John Cameron

University of Wisconsin
Madison, Wisconsin

Dr. Margarete Ehr]iéh
Naticnal Bureau of Standards
Washington, DC

The RDAC committee met on April 3, 1986 in Washington D.C.

The Radiation Dosimetry Advisory Committee (RDAC) was charged with
evaluating the validity (accuracy, precision and reliability) of radiation
dose estimates for the shipyard radiation workers. They were to review
information regarding methods by which specific cumulative doses are derived
which may place limits on the dose estimates based on innate variability of
the measurements. They were to determine whéther dose estimates at each yard
may be compared directly to those at other yards at all times. They were to
determine the significance of internal dosimetry and dose from neutrons. The

group considered the extent to which dosimetry data can be used as a

quantitative measure of the cumulative dose summed from exposures of the order
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Radiation Dosimetry Advisory Committee

of 10 mR for film badge and 1 mR for TLD.

Specific Questions Addressed by RDAC

« Procedures

1.

»Whatvare the potential factors which could confound the

recorded dose?

What were the recommended procedures for badge and film
placement? :

What was the sensitivity of each device? (Minimal
detectable exposure?)

Are there different rates of dose accumulation for periods
in which film badge (pre 1974) versus TLD (post 1974) was
used?

Were there any accidents or incidents where a worker
received a significant internal or external dose that was
not properly recorded?

. Quality Control

1.

Describe the standardization procedures used to establish
the H + D curves at the initiation of the Radiation Control
Program. When and how have these procedures changed?

What data exist concerning standardization of types of film
used in badges? Were there changes in recorded dose from
one type of film to another?

What are/were the specific procedures for quality control of
film badge/TLD readings?

What were the methods used for standardizing
photodensitometer operator’s readings? Operator
variability? v

Describe the threshold for incrementing the TLD reader
scale.

. Advice from RDAC

1.

Provide recommendations on the reliability of dose data
based on level, dose rate, collection period, and methods of
measurement used during period of dose accumulation.

Suggest further information which may be needed to establish
the reliability of the dose data.
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3. Establish probable validity of dose based on calendar year
and method of measurement.

The planned operating procedure for RDAC called for the collection of
appropriate background data relevant to the questions to be addressed by RDAC.
The data were collected by members of the Shipyard Study staff and assembled
for use by the Committee. The sources of the data included information
published in the open literature, procedural manuals of the Navy, and the
specific records which provide information related to the issues. Additional

data were gathered from individuals directly involved with the shipyard

radiation program.
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Study of Feasibility of Detecting
Effects of Low-Dose Radiation in Shipyard Workers

Introduction

There is very litzle information available on the chronic health effects from
reneated low-level doses of radiation. The current standards are based primarily
on a few or single large doses of radiation or a risk of exposure based on
persistence of internal-emitters of radiation. These standards have not been
adequately evaluated in view of the present occupational situation in which the
exposed worker receives annual doses of 5 rem or less throughout his working life.
Therefore the majority of workers may be exposed to life-time doses well below 50
rem. Despite this, recorts by Mancuso (Health Physics, 1977) and Najarian
(Lancet, 1978) have suggested that these workers may have an increased risk of
certain cancers. In view of these suggestions and the paucity of information
about the cancer risk at low doses of radiation, it is imperative to examine the
risks of populations under today's exposure levels.

The abjectives of this study were to examine the adequacy of determining
radiation exposure doses in shipyard workers, the procedures used in the radiation
control programs, and the feasibility cof establishing an appropriate population of
nuclear and non-nuciezr shipyard workers for long-tarm studies of low-level
radiation.

The availability cf records and the methods of population identification and
of measurement of radiation dose were determined during initial visits to the
yards. Personnel, industrial hygiene, radiation and medical records were examined
for suitability, completeness and accuracy. It was necessary to assure that no
possible errors or omissicrs in perscnnel and radiation records existed in order
that the final data will have validity.

Preliminary investigaticns on the methods of follcw-up in the Portsmouth
population and the time required for each procedure were also undertaken in order
to have a better estimata of the total cost for a long term study.

Assessment of the availability of information on shipyards

Radiation data

Until the advent of nuclear powered naval vessels, the principal radiation
exposures to shipyard workers had been from (1) roentgen-ray and gamma-ray sources
used in industrial radiography; (2} diagnostic (medical) roentgen rays in those
cases where the shipyard dispensary was under the auspices of the shipyard
radiation control program, rather than of the medical department; (3) radium,
radon, and their daughter products found in association with luminous dials
formerly used in clocks, compasses, other instruments and guides for illuminating
passageways in darkened ships; and (4) gamma ray sources used in calibration of
radiac equipment (RADIAC is an acronym for "radiation detection, identification

and computation").

These four subgroups of workers are included in the total population of
nuclear workers. Some of these groups, especially in the early years, have had
assigned doses for brief periods where exposures were not adequately identified.
The technique for estimation of both internal as well as external radiation
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exposure, the reliability of the film badge system used prior to the 1950's and
the characteristics of the radiation worker's exposures were such that a high
degree of reliability can not be placed on dose estimates for these groups. The
accuracy and conservatism involved in the Navy procedures were probably much
better than those used in other populations in the same time periods. In some
cases workers were assigned the maximum dose allowable for that period. In other
instances, doses were assigned to workers based on historical data related to
similar exposures in occupations or therapeutics. All doses which have been
assigned by these method do not have the same validity as measurements derived
under the current program and, therefore, such doses will be evaluated separately
from those measured under the current nuclear program guidelines. These
guidelines have been in effect since the beginning of the Navy nuciear propulsion
program.,

The group of shipyard workers who are involved in the Navy's nuclear
propuision program are exposed almost exclusively to whole-body penetrating
radiation from gamma rays with well documented exposures and constant surveillance
of working conditions. There still exist a few subgroups, the radiographers and
radiac workers, whose exposure is atypical of the nuclear radiation workers.

These two groups (the radioqraphers and radiac workers) have exposures of a
similar nature to the nuclear radiation workers since they are exposed to
primarily high energy penetrating radiation. For purposes of the study, however,
they could be included in the population but they should be evaluated separately
by job.

A review of the procedures and records which identified exposures in the
early days of the program suggested that the system for documentation of workers'
exposures has always operated as efficiently as it does not. Or. Mitchell, who
has had experience with the Navy's system for calibration of dosimetric film
estimated that the reliability of the film badge dosimetry system in use in the
early period (1950's) should lead to an accuracy of =15% in recorded doses. The
fiims were read at monthly intervals. In those cases where a film badge was lost
or rendered unreliable for measurement of radiation dose, the methods that have
been used for assessing radiation exposure appear reasonable and neither overly
conservative nor liberal. They have included estimates of dose from measurements
of other individuals with similar work exposures and from pocket ionization
chambers. Dr. Mitchell, after evaluating these methods, concluded that this type
of estimated dose has sufficient accuracy to be added to the measured dose. (This
method for estimatios differs from the assigned doses described previously.)

Since 1974 the Navy has changed to a daily TLD (thermoluminescent dosimeter)
system for measuring radiation dose which should be an even more reliabie method
of recording dose than film badge readings. Despite rigid standardization of all
procedures these measurements are also subject to errors as shown by the Navy's'
quality control records. A TLD removed from service and tested may read as much
as 15% below a standard administered radiation exposure of 75 millirem. In
summary both methods have some variability in the measurements of radiation dose
but we can add together the rem calculated from each method with the expectation
that the results will not be too widely discrepant from the eariier to the later
time periods. The only problem which was not resolved in the feasibility study was
the differences which would arise from readings in early periods which cumulated
the dose for a total month and the daily dose read by the TLD which theoretically
could miss a very low dose when the levels on a daily basis were below the
sensitivity level of the dosimeter. The Navy has accumulated data on the
magnitude of this problem at the time of the conversion between the systems. We
will review this information subsequently.
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Cobalt-60 is the major source of exposure to ionizing radiation among
shipyard workers. The exposure oniy occurs in overhaul of ships since the
mechanism by which radicactive material is introduced into the general systems of
the ship is through the corrosion of steel and the flaking off of small particles
which are carried by the primary heat exchange water into the reactor proper and
subsequently out into the external circuits of the compartment. The cobalt-60,
present in very low guantities in the water, is a pure source of gamma rays with
highr energy penetrating radiation. The half-value layer for a narrow beam of
Co-60 gamma rays is approximately four inches in water. Therefore, the externally
measured dose of radiation is an accurate measure of internal dose to the marrow
and other sites. The other principal gamma emitters found in these activated
corrosion products have shorter half lives than the 5.3 year Co-60 (Co-58
T-1/2=71.3 days; Fe-59 T-1/2=45.6 days; Cr-51, T-1/2=17.8 days). These latter
" materials build up to an equilibrium level where their rate of decay equals their
rate of formation. (Equilibrium is reached in about six months for Cr-51, in nine
months for Fe-59, and in about a year for Co-58). Cobalt-60 activity would
continue to grow and would never reach equilibrium during the estimated period of
time between reactor overhauls since it would take about 30 years to reach that
state. Consequently the relative contribution of the other radionuclides to the
total radiation exposure compared to Co-60 decreases the longer the reactor is in
operation. Therefore, the monitoring of primary water for Co-60 is a valid
measure of the source of total radiation.

Questions have frequently been raised about the appropriateness of the usual
methods of measurement to detect problems of accidental and internal exposures.
Dr. Mitchell and the other members of our faculty team have carefully evaluated
both "incident" reports and methods of measuring internal doses. In the cases of
skin or hand contamination, the wounds are immediately cleansed to zero detectable
radiation level. Therefore, these exposures probably do not add anything to the
total body burden as measured by personal dosimeters.

There have been rare instances of radiation workers exposed to Co-60 via
contamination of breathing zone air with a small amount of primary coolant water.
Such events are monitored by counting radiation levels in exposed and potentially
exposed workers with a 3 x 3 inch Nal crystal scintillator and multi-channel
spectro-meter system. This system is designed to detect Co-60 deposited in the
lungs with a minimal detectable activity in the range of four nanocuries. An old
system in use in the early days of the nuclear propulsion program had a minimal
detectable activity #a.the range of slightly less than ten nanocuries.
Requirements today are such that a body burden of ten nanocuries requires
notification of specified authorities. Dr. Mitchell has estimated the maximum
lung dose which could have occurred in those instances in the past where an
individual was exposed to the lowest detectable level of ten nanocuries. Using
data from the Medical Internal Radiation Dose Committee of the Society of Nuclear
Medicine, he has calculated an annual lung dose of 38 millirems, a level which
represents a sufficiently low added burden so that individuals with ten nanocuries
or less on bioassay would not need an adjustment of the dose as measured by TLD or
film dosimetry. We will note those individuals who have had these additional
exposures and if the detectable level is ten nanocuries or above, an assessment of
the added dose can be made.

In summary all data or radiation exposures to shipyard workers in the Navy
nuclear propulsion program have indicated that doses are accurately recorded,
carefully monitored, and are a true reflection of the dose received by the marrow
which makes this population ideal for studies of effects of low-dose radiation.
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Industrial hyaiene data

The measurements of possible toxic substances in the working environment of
the shipyard have not been systematically sampled in all yards or even in a single
yard over time so that no direct assessment of cumulated exposures to other agents
by individuals in the population could be made as has been done for ionizing
radiation. In most yards the measurements of other environmental substances have
been sporadic and usually have arisen as responses to identified medical problems.
In the yards surveyed to date, all but one have extremely limited numbers of
industrial hygiene reports. Thus it will be impossible to determine on an
individual basis exact exposures to such agents as asbestos, lead, nickel or
benzene.

If one has no measurement of individual dose, one method by which to estimate
possible expasure is by the use of job categories, cumuiating total duration of
exposure to the job and specifying the calendar years in which such exposure took
place. This method assumes specific exposures related to job and varying
exposures over time. There may be minimal information on specific exposure
materials or doses to relate to the job classifications. However, this is one of
the standard methods which one can use _to correct for exposure to agents other
than radiation.

Another mechanism for determining exposure to other substances would be to
assume that data from one yard is generally applicable in all yards. This is a
reasonable assumption since work done on Navy vessels would be done by methods and
with materials which meet standard specifications applicable across all
installations. By accumulating information from the industrial hygiene programs
of each yard one can establish profiles of exposures by job. Estimations of doses
of substances by job may also be possible. These data could be expanded further
if the industrial hygiene records from non-nuclear shipyards are also included in
the estimations. DOr. Billings suspects that the Navy industrial hygiene center in
Cincinnati has measurements of substances in addition to those which are available
from the yards themselves. This information will be extremely important if
radiation dose differs by job because exposure to other substances may also differ
by job under those circumstances and precise information on these other exposures
may be needed to separate the effects of radiation and other exposures.

The final mechanism by which assessment of specific levels of exposure could
be made is through tne development of laboratory conditions which simulate those
which existed in specific work categories at certain calendar times. This is a
feasible procedure and is especially applicable in these yards since material use
was rigidly controlled by Navy specifications. This method should be considered
as an additional component to the study but would require substantial support as
would the activities described above.

Medical records

The medical records in the Navy shipyards are retained on site for active
workers but after severance all records are returned to a repository in St. Louis.
The medical records of the private yard accumulated over the past 30 years have
been kept intact on-site. (Note that subsequent to the initial feasibility study
a second private yard had joined the group which had been screened for inclusion
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and this yard also had medical records on-site for the period before anc during
nuclear overhauls.) All medical records include routine screening procedures
which have been required for nuclear workers-regardiess of their level of exposure
as well as the usual physical examinations and other special tests which are
related to other industrial exposures such as chest films for asbestos and blood
tests for lead. They also contain complete information on radiation exposure
which should be used to validate radiation records from other sources. This is
the ‘only official record of dose and should be examined for a sample of all
nuclear workers. One could examine these records in relation to the mortality
experience of employees. These morbidity records might provide useful information
to relate to the mortality data. Such a review can not be done routinely on all
installations' records initially since it is difficult to retrieve the records
from the Navy yards but a sample of the records can be reviewed to determ1ne the
overall value of such data.

Personnel records

For all current workers, the yards have records which include social security
number, birth date, address, name of next-of-kin, and all shipyard jobs and times
held. These would provide excellent resources for both follow-up for morbidity
and other personal variables or for determination of mortality in the future. The
completeness of records for severed workers differ depending on the yard. All
facilities have records dating from the time of nuclear overhaul. These records
have the same type of data as above aithough the address and name of next-of-kin
would represent those listed at the time of employment which is often many years
previously. The completeness of records from early periods before overhaul and
the ease with which a total population might be established varies by yard. In
all cases there are some records which precede the period of overhaul so that
baseline data can be established. In some instances the records go back to World
War [I. In the early periods, social security number was not used as an
identifier. Since the Navy yards have always been on the Civil Service System,
the usual method of follow-up through the Social Security System may not be
adequate for these employees. The Civil Service System does not provide as
complete a method for determining mortality since individuals may withdraw
benefits at the time of severance.

A1l individuals who worked in the shipyard received security clearance.
These records contain several names and addresses of individuals who might know
the whereabouts of workers who have left the yard. These records would provide
another resource for follow-up of mortality and morbidity. These records,
however, have constraints on their use and, although they are being reviewed in
several other studies of radiation effects, it is clear that special ¢learance
would have to be provided to allow the use of such records for purposes other than
those for which they were intended. Such clearance shouid be considered for the
future but filming of such records in the initial phases of the study should not
be attempted until reasonable justification for their use can be established.

Work characteristics

The shipyard population is ideal for a study of the effects of low-dose
radiation because the source of exposure is solely cobalt-60, a material which
" emits only gamma rays with high penetrability. Thus, any measured exposure to
radiation is a true measure of the total body dose. In most work situations,
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employees expased to radiation may have a unique job which includes other risks
common only to radiation work. Although it is recognized that there are many
other hazards which are associated with overhaul and construction of ships, these
risks are common to both nuclear and non-nuclear workers. There is no incentive
pay for radiation work which might provide a selection bias so that the total
population of shipyard workers both nuclear and non-nuclear should be similar in
their work exposures other than radiation. Standardized records on all nuclear
workers are available from all sites.

It should be recognized, however, that these radiation workers have very low
exposures. Therefore, the majority of the workers have under 10 rem lifetime
exposure. This means that if we wish to determine the risk of a rare event such
as leukemia it will be necessary to collect information on as many individuals as
possible from several shipyards in order to develop a stable risk estimate for
each dose level.

ldentification of deaths in shipvards through certificate review

Attention was called to a possible health hazard in the Portsmouth shipyard
through the identification of occupation and industry as listed on death
certificates. As part of the feasibility study, a simiilar examination of altl
death certificates for the states of Maine and New Hampshire was completed to
identify deaths which listed employment in the Navy yard as the industry or in
ship building occupations on the certificate. The causes of deaths were also
searched for mesotheiioma as underlying cause. The latter was not listed as a
cause of death on any certificates but it is possible that the search was not
complete since the teams were concentrating on identification of industry and
occupation.

The study was designed to determine whether the information collected in the
previous study could be duplicated. Secondly, this review could provide important
information regarding the feasibility of using local certificates to identify
shipyard personnel especially in small geographic areas. A total of 2,036 deaths
out of 22,000 identified had occurred among shipyard workers who had worked from
1959 through 1978 during the period of nuclear overhaul. A proportional mortality
analysis indicated excesses of several cancers among the radiation workers but, in
general, the confidence limits for these ratios did not differ when compared to
those for the non-radiation workers. It was apparent that over 90 percent of the
deaths identified musi have occurred in workers who had left empioyment prior to
the time of nuclear overhaul. Therefore, this method of finding deaths among
shipyard workers is not very efficient even in areas where the industry employs a
high percentage of the workforce. Only about one-third of the deaths identified
by the search of certificates were also included in the NIOSH list of deaths. Of
those deaths for whom "shipyard" was listed for employment but which did not match
the shipyard roster, the majority were much older than those who did match
suggesting they had retired before the beginning employment date of the roster.
Further consideration of these methods of identifying deaths should be completed
if one wishes to use these means of finding deaths in the population.
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Summar

These workers provide an ideal population for study of low-dose radiation
effects because they are similar demographically, perform the same tasks and are
exposed to the same occupational hazards as other shipyard employees except for
their potential radiation risk. The workers have a virtually pure exposure to
cobalt-60 which produces only gamma rays with high penetrability, so that we can
expect that measurements of dosimetry, which have been recorded over the past 20
years will accurately reflect the internal dose received by individuals. An added
advantage of this population for study is that all shipyards have implemented the
same general rules for and standards of radiation control during the pertiod of
their operation so that results can be combined for a large number of workers at
various work sites with very low exposures to the same radiation source. Since a
high proportion of this population is still young and has had very low exposure it
may be necessary to continue follow-up of the population for several years in
order to cobtain an accurate assessment of the shape of the dose-response curve for
radiation of humans over the entire dose range from about 50 rem down to zero
expasure.
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Appendix 5. Training Activities

Students and fellows have provided an important resource to this project
by conducting specific projects to address a variety of questions arising from
the overall project. While responsibility for the conduct of the major parts
of the project has always been the responsibility of faculty and senior staff
who constitute the core of the study group, students have made valuable
contributions to the project.

Student projects have included: the problems of analyzing data when
cumulative dose, aging and calendar time are interrelated with cross-sectional
analysis; studies of cancer effects from asbestos other than lung cancer; and

an evaluation of health effects from shipyard exposures other than radiation.
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Appendix 6. Dissertations and Theses

The following is a 1ist of the dissertions and theses that have been
completed during the Study.

1987
Correa-Villasenor, A: A Case-Control Study of Mesothelioma in the
Shipyard Industry, Doctoral Dissertation, 1987
1983

Sternberg AL: The Mortality Experience of American Radiologists.
Masters Thesis, April 1983

Stewart W: The Relationship Between Asbestos Exposure and Lung
Cancer Cell Type. Doctoral Dissertation, November 1983

Yates KP: Assessing Health Effects of Ionizing Radiation.
Masters Thesis, October 1983

Zibulewsky J: Inaccuracies in Death Certificate Occupational
Entries Within a Single Industry and Possible Reasons for their
Cause. Masters Essay, May 1983
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A CASE-CONTROL STUDY OF MESOTHELIOMA IN SHIPYARD INDUSTRIES

Adolfo Correa

A nested case-control study was undertaken to investigate the relationship between
occupational exposures to asbestos and low-level gamma radiation and mesothelioma.
Cases were identified from death certificate reports canvassed on former employees of
eight nuclear shipyards. All cases were diagnosed with mesothelioma between [1960-81.
A stratified random sample of controls was selected from among former shipyard

workers from the same eight yards as the cases. The sampling strata for selecting

controls were defined by shipyard, age, and year of first employment. One hundred
nineteen cases and four hundred fifty-two latency-matched controls were selected.
Living status ascertainment at the time of diagnosis of the case was dctcrx.nincd for
four hundred thirty-three of the controls.

Surveys of shipyard industrial hygienists conducted to assess job-asbestos exposure
profiles were used to construct a proxy indicator of relative intensity of asbestos
exposure associated with eﬁch job. Job histories abstracted from the shipyard person-
nel records on all cases and controls were used in con junction with the relative
exposure intensity indicator to construct cumulative exposure measures for each
asbestos intensity type. Radiation exposure data were obtained from dosimetry
records kept on the cohort of shipyard workers.

Analyses were conducted using the conditional maximum likelihood estimate of the
odds ratio and conditional logistic regression for matched sets. The results from the
analyses revealed a relationship between asbestos exposure and mesothelioma; the
strength of this relationship increased with the intensity and duration of the asbestos
exposure. Exposure to low-level gamma radiation was also associated with an in-

creased risk of mesothelioma. There was no interaction between asbestos and radia-
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tion. Shipyard employment in non-asbestos jobs and male gender were also found to

be associated with mesothelioma.

The results suggest that exposure to‘low-levcl gamma radiation increases the risk of
mesothelioma independent of the effect of asbestos exposure. In addition, the resuits
suggést that other exposures, 'besides asbestos and radiation, may be associated with
mesothelioma. Potential misclassification errors x_'clatcd to the assignment of asbestos
exposure types to job groups, and potential confounding effects from other occupational

exposures limit the-conclusiveness of these findings.
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THE MORTALITY EXPERIENCE OF AMERICAN RADICLOGISTS

Alice Louise Sternberg

THESIS

submitted to the School ¢of Hygiene and Public Health
of The Johns Hopkins University in conformity

with the requirements for the degree of

Master of Science

Baltimore, Maryland

April, 1983
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ABSTRACT

The mortality experience of American radiclogists was
investigated and compared to the mortality experiences of
three other groups of physician specialists: intefnists.
otolaryngologists and ophthalmologists. These specialties
reflect a gradient in chronic occupational exposure to low
levels of ionizing radiation. The data analyzed consisted
of informaticn on 28725 physician specialists. Study entry
dates ranged from January 1, 1929 through December 31, 1S6S.
Vital status was ascertained for each individual as of
December 31, 1974.

The purpose of the study was twofold: €O examine the
mortality experience of the radiclogists in contrast to the
other specialists and to explore methods suitable for analy-
sis of cohort data mortality data collected longitudinally.
sSuch data reéuire control of age effects and calendar time
effects. Five methods were eXxplored: direct adjustment for
age, classical indirect adjustment for age, actuarial life
table, Breslow-~Day indirect adjustment and Cox proportional
hazards model. While each method examines a particular as-
pect of mortality and is informative, the Breslow-Day method~
ology proved to be most flexible, comprehensive and suitable

to analysis of cohort mortality data collected longitudinally.
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Radiclogists in the 1820-1929 and 1930-183% cohorts
of entry were found to have excess risk when mortality
from all causes was examined and to have elevated cancer,
non-cancer, cardiovascular-renal disease and leukemia death
rates as compared to the ophthalmologists. Radioclogists
in the 1940-1949 cohort of entry were not found to be at
excess risk from any of these causes except cancer. No
excess (from all causes or any selected specific cause) was
observed for the radiologists in the 1S50-198% cohort of
entry. These conclusions are consistent with those found

in previgus investigations ©of this data set.
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The Relationship Between Asbestos Expasure
and Lung Cancer Cell Type

by

Walter Francis Stewart

A dissertation submitted to The Johns Hopkins University
in conformity with the requirements for the degree of
Doctor of Philosaphy
Baltimore, Maryland

1983
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ABSTRACT

A nested case-control study was undertaken to investigate the
relationship between asbestos exposure and lung cancer cell type.
Cases were former employees of two Virginia shipyards, and were
identified from the Virginia Tumor Registry. All cases were
diagnosed with lung cancer between 1975-82. A stratified random
sample of contrals was selected from among former shipyard workers
from the same two yards as the cases. The controls were selected
from among former employees who resided in Virginia or died in the

State between 1975-82. The sampling strata for selecting controls

| were defined by age, year, and shipyard of first employment and
race. Two hundred ninety-eight cases, approximately equal
proportions of squamous cell, small cell, large cell, and
adenocarcinomas, and four hundred twelve controls were traced for
telephone interviews.

Job histories were abstracted from shipyard personnel records

on all cases and controls and were the primary source of data used

to derive measures of asbestos exposure. The questionnaire
interview was used to obtain data on demographics, smoking history,
shipyard empioyment history including reported asbestos exposure,
asbestos exposure from work outside the shipyard, occupational
exposure to known lung carcinogens, and history of selected diseases
including lung cancer.

Analyses were conducted using the conditional maximum
Tikelihood estimate of the odds ratio and logistic regression. The

results from the analysis showed that adenocarcinoma had the
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strongest association with asbestos exposure and the only case group
to be associated with a multiplicative interaction effect between
asbestos exposure and smoking. The most significant associations
were found for adenocarcinoma cases employed before 1950.

Strikingly negative dose-response relationships were found for the
other three case groups. The results suggest indirectly that
squamous and small cell cancer may have a shorter latency from
exposure to diagnosis and that proportionately more of these cases
were not captured in this study. Problems which are related to a
calendar time criteria for case ascertaiment, i.e., diagnosis

between 1975-82, limit the conclusiveness of these findings.
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OCCUPATIONAL EXPOSURE TC IONIZING RADIATION:

CAN HEALTH EFFECTS BE ASSESSED DIRECTLY?

Katherine Parker Yates

THESIS

submitted to the School of Hygiene and Public Health
of The Johns Hopkins University in conformity

with the requirements for the degree of

Master of Science

Baltimore, Maryland
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ABSTRACT

Quantification of the magnitude of the risk following
exposure to low doses of ionizing radiation is currently a
matter of some controversy. Studies of occupationally
exposed groups undertaken to validate the current official
risk estimates encounter special design problems due to the
nature of the radiation exposure received by the workers
(i.e., low-level, fractionated) and the (presumably) small
associated cancer risk. Opinions differ over whether direct
risk assessment is feasible due to the large samples needed
for convincing statistical studies.

Three methcds for the analysis of occupational
radiation exposure data are presented and evaluated,
especially in terms of the statistical power to detect
leukemia and lung cancer effects. The traditional
Standardized Mortality Ratio (SMR) method which involves an
external comparison group is compared to two methods

suggested by E. S. Gildert which make use of all of a

‘'worker's dose information and an internal comparison group.

The first internal method (INT) is based on Cox's

proportional hazards model. The second method (M-H) is an
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extension of the Mantel-Haenszel type of analysis using
grouped exposure data and the median dose as the group
score. Four variations of the M~-H type of analysis are
compared: two different dose grouping schemes
(specifically, 12 and 4 dose categories), and whether the
organ dose conversion factor is applied before or after
grouping the recorded doses.

Two numerical methods for adjustment for non-normality
of the usual normal approximations for power are evaluated.
The non-normality of the test statistics is induced by the
highly skewed dcse distribution. The two methods are
Cramer‘'s approximation which uses an Edgeworth series
expansion for the aistribution, and the Pearson system of
frequency curves. In most, but not all, situations the
adjustment made a substantial difference in the power
results with the Pearson method the more reliable of the
two.

Several alternative methods for examining the sample
size/power problem are discussed. These are the use of
confidence limits, the chance that the study will produce
spuriously large relative risks, and the probability of the
study excluding the official risk estimates.

The methods of power calculations presented by Gilbert

are extended toO be appropriate for use at the planning
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stage of a study. Gilbert's power formulas require the use
of workers' death times which are initially unknown. A
method to estimate a worker's length of follow-up by
simulation of death time; is proposed.

The potential of a current study of 40,774 workers in
two private and six naval shipyards exposed to a lifetime
dose of at least 0.5 rem by January 1, 1982 to detect a
radiation effect is presented. The power results are
discussed in relation to the literature review of major
studies deriving risk estimates for low-dose icnizing
radiation exposure.

The M-H method with recorded doses first groupede. then
converted to organ dcses is the preferable method for this
data set. The method uses an internal comparison group, and
simultaneously controls for age and time effects. Power is
superior to the SMR method and comparable to the INT method.
Grouping helps to alleviate the skewness problem and
simplifies calculations. The use of Pearson curves is a
more appropriate method than Cramer's approximation when the
skewness and kurtosis of the test statistic are large,
though pover results are comparable when the test statistic
is nearly normal.

The power calculations indicate that there is very

little chance of the shipyard study detecting an effect at
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the level of the official risk estimates. However, if the
true radiation risk of leukemia is 5 to 10 times higher than
the official estimates as indicated by several studies,

there is a very good chance of the study detecting the risk.

390




Z=zzxmzzzx=x= nUC]ear Shipyard worker‘s Study ==

NACCURACIZS Il DEATH CERTIFICATE OCCUPATIONAL EITRIES

oy: JOSEPY ZIBULEWSKY

for: COMPLETION OF THE MHS DEGREE Iil EPIDEMIOLCGY

DR. GENEVIEVE MATANOSKI - THESIS ADVISOR
DR. CAROL NEWILL -~ ACADEMIC ADVISOR

391




R R S E RS EIZARTETETTERNR nuc]ear shipyard workers study ==

—rmm AR AT AN ey ’ -
SITDCDUCTICN ANT DURPOST

Zpidemiclogists rely heavily on death certificates zs a
source of 1iaformaticn, both for observational studies and
population-based =zortality surveillance. Consequently, much
study has been devoted to the cause of death entry on death
certificates (1-10). This has resulted in a better
understanding of the factors involved in the accuracy of
this entry, as well as accuracy rates for specific causes of
death.

The occupaticnal epidemiologist, however, zust also be
concerned with the accuracy of the occupational listing on
death certificates. Although diseases of occupational

etiologies hzve been recognized £or centuries, large scale
cpidemiologic studies of worker populatiorns are a
developmert of only the past <faw decades, zaralleliag an
increased empanasis on worker cafety. Consequently, the
nuober of studies examining the gccuracy of the occupational
entry on death certificates are few. This is unfortunatea,
since ¢this entry 1is sometimes a factor for imclusion of
subjects of a particular occupation into a study.

An early study, published in 1956 by Buechley, et al.
(11}, interviewed lung cancer patients and controls 1ia
California to obtain detailed work histories. The subjects
were then followed until death, and their death certificates
obtained to determinme accuracy. ‘hen "usual occupation”, as
defined by each work history, was used as the comparison
criteria, agreement occurred in 52% of the certificates,
overall. However, when last occupation was used, agreement
rose to 705 (using a three-digit occupational title code).
The accuracy for trades and professionals was betweer eighty
anc ninety percent, but for non-farm labor it was only 697.
One interesting Ziadimg of this study was thzt almost tiice
2s many c=isclassifications on ceath certificates were in
socioeconomiczlly nigher occupations than lower, thus
demonstrating the so called "deification of occupation”
effect. A more recent study by Wigle, et al. (12) examined
the occupational information of 3039 Canadian men who died
of cancer as the underlying cause. These men comprised part
of a 450,000 person cohort, who completed an occupational
survey questionnaire a number of years earlier. Orly 797 of
the certificates even had occupational entries. Overall
conccrdance of deach certificzte and survey occupations for
the 3039 workers wcs 444. {hen the workers' individuzl

‘occupations vyere groupec into 13 broad occupational

divisions (e.3. farpers, nanagers, srofessionals}),
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concordznce was Zound 1a 86X of amer wiho cieé oo Les
re2rs oid ond 207 of older men. agreement of occupational
division was 3reszter for lasorers (573), then for c-aftzcen
(47%), or professionals (33%), quite the cprosite results of
3uechley, et al. Concordance on individual occupation
exceecded 75% for ‘'well-defined, stable occupations”,
indicated in the ;aper as bus drivers, plumbers znd sheet
metal workers, but was lower in managers, auditors and farm
workers.

oo -
i

The focus of both these studies terded to te very troad,
using worker populatioms that include =multiple industries.
This presents a problem ia terms of how tc cuniforzmly
classify occupaticus which mzy be defineé differently zcross
induscries. Death certificate @isclassification errTars xmay
have been recorded merely due to semantic diffarances in
occupational definitioms, especially since the vworkers
provided their own cccupational histories. Secondly, the
studies defined their worker populations according to a non-
oceupational <Izctor, anamely czncer patients or deaths.
However, it is not known if cause of death influences
occupatiornal accuracy con the death <certificate. Tinally,
ané most importamtly, the studies used worik histories
conpleted by the workers, themseives, with no verification
using company records. They also obtained these histories a
number of - years prior to workers' deaths, z2néd so the
occuzation on the history may not be the occupation a worker
was involved in at the time of his retirement or death. In
fact, Wwigle et al. (12) noted that concordance fell from
68%, when histories were obtained within three yezrs of
death, to only 48X when obtained sixk or more vyezrs from
death. The resuit of these study design problems is that it
becomes inpossible to know which death certificate
misclassifications were artifactual, due to the <design of
tae studies, aad which were acrual misclassificatiomns.

The purpose of this study was o attempt to eliminate
these problems by: 1) Usiag only workers of a siagle
industry, specifically those of a rnavy shipyard, znd 2)
ootaining work histories directly (from t2e industry's
personnel records, which were complete up to the time of
retirement or death for each worker included in the study.
In addition to determining the overall accuracy of the
occupational entry on death certificates, a naumber of
factors which might have eifected this accuracy were
exanined. Specific hypotheses tested were:

1. ‘tould professionals have hizher accuracy rates than
] tracdes/cratts or laborers, 23 was fournc in the
study by Seuchley, et al. (11).
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2. Zces zcsuzasy  iacrazse itk  imereasing length cof
empLoy=en: in o ilndustroy, or with increzsinag

b3
lengzz of empleoyment in tie last position held ia
raar incuscry?

3. Does aczuracy go down as the worker's age at death
increases, as Wigle et al. found, or synonomously,
does 2z lorger period of retirement before death
reduce accuracy?

4. Is accuracy effected by the death <certificate
izforzansz; specifically, do spouses give better
inforzacion than other sources?

Finally, inaccurzze records were examined to determine if
the cdeath certificate entry consisted of an occupation of .
higher socio-economic status than the worker's actua
occupation; in cther words, was there a '"deification of
oceupation'. :

To test these hvpotheses, data were used on employees of
the Portsmouti llaval Shipyard (PNS) in iew Ezmpshire. These
data consist of sersonnel records as well . as death
certificates listing PHS as the cdeceased workers' industry.
These cdzta were originally collected £for use in a large
study of low-level radiation exposure in nuclear shipyard
workers, being conducted by Dr. Genmevieve latanoski, and
described further in the next sectiom.
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STUDY FOPUTATION AND METHODS

The Portsmouta Yard is one of the cldest shipyards 1in the
United States, beinz established in the 1600's. It is also
the Shipyard with the longest history of nuclear work, with
the first nuclear submarine being commissioned there in 1958
(13). 3y 1977 sizty-three nuclear submarines had teen
censtruczed, overhauled cr repaired at the facility. & case
of leukemia occurring in a worker at PNS prompted a study,
published iz 1678 >y liajarian and Coltomn (1&),  <«hich
demoastrated a significantly greater than expected mortality
risk from leukemia for those workers invelved in radiatiomn-

raistad jobs. dowever, death certificate ascertainment was
incompletea, sincea only =z ross—-sectional search of
certificates in tiree states was cage. In adéicien,

radiation exposures were obtained by next-of-kin interviews,
with no verification ZIrcm the Shipyard. Ia order to impreove
cn these methodological problems, IOSE czrried out 3 study,
sublished 1in 1981, wmich showeé no 1increzsed risk of
mortalicy for any cause in PNS workers exposed to low levels
of radiation (13). To ascertain cdeatns, NIOSH first
obtained a list from the ilavy of all PNS workers employed at
the Shipyard from January 1, 1952 to August 15, 1977. The
starting date was chosen Decause complete personnel records
existed only since then. Death certificates were collected
longitudinally wusing this list, thus attaining better
ascertainment than did iajarian and Ccltonm. I0SE also
received & computer printout from PNS of individual znnual
radiation exposures, ZIrom which they were adble to calculate
each worker's total external radiation dose, thus providiag
a more accurate way to zToup workers on this factor.

Decause of such contradictory information available on

. the chronic health effect of low level radiatiom in humans,
the Shipyard Study was initiated by Dr. 1ilztamoski in 1§73.
The cverall zia of the Study is to determine the leukogeric,
carcincgenic, and cther possible inealth effects associated
with repeated exposure to low-levels of radiation, and to
evaluate current standards on radiation exposure. The study
population consists of nearly 700,000 workers from eight
United States nuclear snipyards, who have been involved in
the overhaul of nuclear ships over the past 15 to 25 years.
Data on the workers include personnel records, radiatiom
exposures, preliminary data from a questionnaire concerning
scoking and medical histories, and vital status. For the
purposes of this stucy on death certificates, data wvere used

.

only from the Pcrtsmouth lavy Shnipyard.
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lthouyn the Shipyard Study Protocol is  lengtizy and
Ce:ui-EQ. ects of it are most pertinent ic tiis stucy

twe o3t
on ceacn gcarcilicztas: Tae collecrion of personnel records
and death certificates of PNS vworkers. Dr. litanoski was
able tc obtain the persounnel records of PIS employees, on

micrcfilm, originally collected bty the UIOSE study. In

order tc obtain death certificates of PNS workers, a cross-—
sectional examination was made of all death <certificates
from the states of Maine and llew Eampshire. This was dorne
to repeat the method of death certificate ascertainment used
in the study by Najarian and Coltom (l4). Only certificates

wnica  listed industry as '"PNS", Mlavy Yard", or
"Shisbuildiag" were abstractec. As with Uajarian and

Colton, this cross-sectional search identified cnly atout
one-third of the ceaths which were 1included in the KIOSH
list of dezths. Dr. l!latanoski: is currently obraining the
remainder of the death <certificates DDy a . longitudinal
search, as did IIOSH.

in the gresent analysis of the accuracy of deat

certificacre occupational entries, the 1initial scudy
sopulation consisted of those workers (male and female), for
whom there existed a personnel -record on microfilm and an
abstracted death certificate indicating PNS as the industry.
This initizl conort consisted of 3556 workers. Subjects who
left the Shipyard to seek other enmployment were e:cluded
from further study, since they would mot have hzd complete
and verifiable work nistories. These workers could have
been considered as wisclassified, . since cthey left the
Shipyard to seek other employment, but still hadé PHS 3s
their death certificate industrial listing. However, for
the purposes ol this study, they were not included. Taus,
only workers wiho died while still employed, or who retired
from PNS were included for study. This left a fizal study
population of 1964 deceased workers.

396




P P T e ey T T T T e = nuc]ear Sh‘ipyar‘d workers StUdy ==
METHCDS AND ANALYSIS

The following information was abstracted from the personnel
records and death «certificates of the 1864 workers, coded
and placed onto computer tape for the analysis:

1. Soecial Securicty  Number and Full Hare: For
identification purgoses.

2. Date af 3irta zné Date ¢cf Death (from  death
certificates)
3. Llast Mlaior 2'S Qceupationmal Title Code: All

occupationzl codes wused in thls study were the sime as
those originzily developed for the Shipyard Study. The-
occupational title ccmsists of & two-digit code that
pertains to zn actual occupatiom, such as eleccriciaam,
machinisc, carpenter, etc. To establishn these coces, all
jobo tities available from all persounnel recorés were
initially recorded and computerized. After purging the
lists of duplicates and abbreviations, several decisions
were macde with the advice of personnel <Irom the iorfolk
and Charlescon Shipyards, and Dr. Charles 3illings,
Associate Professor of CEaviroamental EHealth Science,
which allowed the total number of unique codes to be
reduced to abdbout S50. In general, these 50 codes
consisted of an amalgamation of all titles waich were
associated wicth similar radiation exposures, and which
represeated the same jobs at different times during the
period of time the vyard was involved in nuclear wori.
The last DPMNS occupation title code refers to the last
title code wnich the employee held prior to retirement
(or death) from the yard. Last occupation was coded
because a previous study (l1) showed that deach
certificate entries are more apt to be last occupatiorn,
rather than usual occupation (as the instruction on the
death certificate reads).

It should be noted that different occupation titles
often involve similar skills and respomsibilities. For
this reason a number of these related titles may bte
included under one occupation title code. For example,
carperter, joiner, patternmaker and shipwright all come
under the ccde "22". If a person's work history at PNS
consisted of these four positionms, tien he would have
beer coced as a "22" for his entire employment at the

Shipyard.
4. Last B2US Occupgtion Prefjx Code:  Prefizes include
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aggrencics, aelper, Ioreman, gquarzerTan, etc. These zre

oL unicues  occupations, but rather ranks  within
occupat:ions, and =avy Dbe used to cpproximate socio-
economic status (for example foremar =zsachinist cr helper
eleccrician). They may also be used ¢to roughly rank
vorikers according to radiatiom exposure, since those
workers of a nigher prefix usually are involved iz less
"hands-on" comstruction, and consequently less radiation
exposure. 7Iiae last prefix code refers to the last prefix
the worker held while in his last major PNS occupation
(not necessarily the highest prefix).

S. Death Cerzificate Usual Occuparion Code: It was
possible in almost every case to use the codes developed
from cthe personnel records for the death <certificate
occupation entry (both prefix-and title). Separate codes
wvere deveiopes for the following entries: "retirec",
"snipyard worker'", "federal employee", and fcr those
entries wnich were blank.

6. Starrinz :=nd Endinz Dates of PIS Emclovment: These
dates were used to estimate the length cf PU'S emplovment.
Tuis was an estimate because many work histories showed
excused leaves of absence for short periods of time
(about one or two years or less). tlovever, winere a
worker left the Shipyard for ten years or rcore, the
starcing date afcer his return . from the absernce was usec
(most often a long absence such as this occurreg very
early in a worker's PHS  career, before the worker was
established in any one cccupation).

7. Startinz snd Zoding Dares of Last 2MS Occupation: These

were used o0 estimate the length of employment 1in this
positcion.

8. Death Certificate Informant Code: A two~digit code for
each of the following categories was developed: spouse,
other relative, non-relative, medical or other records,
not listed, and unable to determine from information
ziven.

Once the coded data were validated, the following
analysis was carried our:

l. Frequency distributions were run to determine:

a. The number 2nd types of PNS occupstismal titles and
prefiies used in the study, and the proportion of
ecployees in each group (Tables ! and 2).

o. The pumber of workers without a death certificat
occupational listizy, or with a generalized
listing, suck as "saipvaré worker".

¢. The proportion of workers whose occupations were
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531Ziad cm  their death cersificztes wnen

2¢ ¢ thielr zersonnel records. Tuils vwzs done

tiz only, prerix only, and for title and
grelixn combined.

d. The crude proportion of death certificate
cccupational accuracy for each of sixz factors: age
of worker at death, length of total PNS employment,
length of last position employment, time from
retirezent to death, death certificate informant,

and occupational type. To obtain the last
variable, all of the occupational titles were
grouped into three classes: laborers,

crafts/trades, and professionals (Table 1l). For
the purposes of this and all subsequent analysis,
records with PN occupational title codes
indiczting "administrative" or 'zeneral" work were
excluded, since these groups contained workers from
all three occupational types, and could not e
separatad on the basis of their codes. - This left
1320 records for the remainder of the analysis.

2. In crder to deterxzine the adjusted effect of the adbove
siz indepencdent variables, a logistic regression was
run, using agreement of personnel record and death
cerctificate occupational title as thke outcome variable.
vultiple linear regression was not used cue to its
assumption of normality for the ocutcome variable. Since
a preliminary analiysis of the data showed age at death
te be signiZicantly correlated to duration of retirement
(Spearman R=0.7374; p<0.001), only age at death was used
in the regression.

3. Finaily, the list of workers misclassified by title was
e:ilamineé ¢to see what patterm, if any, the cdeath
certificate misclassifications took (e.g. was there any
"yp-gradiang" of occupation). The same occupatiomal
groupings were used as in the logistic regression. As

- with the regression, those persons with PNS codes
indicating "administrative" or ''general" work were
excluded. Occupational prefixes were unot locked at in
this part of the znalysis teccuse only about one=-quarter
of the workers (23.3X) had prefizes on their PUS
personnel records, and of these less thar cne-quzarter
appeared cn their death certificates (15.92).
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RESULTS

Tallies of the proportion of vworkers in each  PUNS
occupational title z2nd prefix encountered in this study are
in Tables 1 amd 2, respectively. The four largest title
3Jroups. were nactinists, pipefitters, shipfitters, and
electricians. Over three-quarters of the workers had no
prefixes on their persomnel records. The death certificate
icformant was credominantly the spouse (Table 3). The
average age of the workers at death was 64.7, with 2 range
of 20-93 years acnd a mode of 67 vezrs. The average length
of total PHS emplcyment was 23.4 years, with a range of less
than one vear =:to 53 yesrs, and a mode of 24 vyears. The
average length of last position employment was similar,
being 13.6 years, with a range of less than one year to 53
vears, and a mode of 23 years. Finally, the average time
from retirement o cdeath was 5.9 vears, with the largest
gToup of workers dyimg while still employed, or within siz
months of rerirsment (29.5%).

The crude, overall proporrion of 2greement betwcern
personnel record and death certificate occupational titles
was 75.82. Tor occupationzl prefixes it was 83.6X. For
those workers agreeing on both prefix and title it was
55.4%. orkers Secring no occupatiocnal entry on the death
certificste comprised 7.2% of the study group, while 6.9%
had an entry of "shipyard or naval yard worker", and 2.1Z%

were listed as ''retireg”. The crude proportioms of
agreement for the six independent variables studied appear
in Table 4. In brief, there was no relationship between

length of total PES employment, length of retirement, or age
of worker, and accuracy. However, professionals had higher
accuracy than either trades/crafts or laborers (p<.001),
and leagth of last position employment was positively
related to accuracy {3 <.001). 1In additionr, higher accuracy
was gchieved when the cdeath <certificate informant wzs the
spouse, than for other sources (p < .0l).

The results of the initial logistic regression model were
seeningly contradictory (Table 5). They showed no
significant association between . agresment . on  death
certificate occupation and age of - worhar.. . at: desth,
occupational type, or death certificate-informant. .--Lemgth
of last position employment - showed .o ..significant positive
association om adjustment, but langeh of - totsk PIS
enploynment showed a significant negative. .trecd. This casult
was izitially considered to be cus ta- tie Righ cegree of
correlation between the two gsignificans Sfactors, sad a
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simpie regression runm  Setween tle two showec a significznt
cositive reliationship (Spearman 3=0.6792; p<0.0Cl). CTecause
of this eautreme correlation, two nev logistic regressiomns
wvere run, <2zch with cne of the two <factors removed. The
regression run with length of last position emplovment left
in still snowed 1t to have a significant positive
relationship to death certificate agreement (Tabie 6).
However, the regression using only lengtin of total PNS
employment still revealed a negative relationship, although
this time not a significanc omne (Table 7). Again, no other
factors tested in either model were significant. Despite
the obvious positive significance of length of last position
employment on zgreement, there was some concern as to why
total PINS ecplovment was still negatively related to
agreement, especially since the two factors were so closely
related. Ore theory that proved correct was tihat as total
PMNS employment went up, the proportion of the exployment
that was due toc the worker's last rositiom went down. Since
last position edployment was significantly related to
agreement, then as total PNS employment went up, agreement
would go cowm. A simple regression run between zroportion
£ total PNS emplovment due to last position, and total PES
enployzent showed the two to have a significant negative
correlation (Spearman R= =0.2522; p<0.001).

It should be emphasized that, although they were not
statistically sigmnificant 1in any of the regression =odels,
the adjusted rates for death certificate informant and
occupationail type demonstrated the same positive
relationship to accuracy as did their crude rates.

The examination of misclassified occupational titles to
determine if any pattern existed im the misclassifications
wvas largely negative in its findings (Table 2). There were
431 misclassifications out of the 1830 workers studied in
this part of the analysis. In a cross-tabulation of the
three occupational types (laborers, trades, professionmals),
25 misclassifications were of a higher category, and 24 of a
lower ore. The remainder showec no change, or had listings
suck as "shipyard worker", "retired", or no listirz at all.

401




R S S RN E S AR EE TR XRRES nuc]ear Shipyard workers study ==
DISCUSSION

Thae results of this study, in terms of overail agreement
between last occupation and death certificate occupational
entry, are sinmilar to those of Buecnley et al. (1l1). This
similarity is inceresting in light of the design problems of
Suechley's study that were rnoted ian the Iatroduccionm.
Hlowever, 1t also indicates that occupational entry accuracy
aas not improved carkedly over the tpast 25 years. The low
asgreement Soumd by Vigle et al. (12) could be due to the
fact that Cazadian death certificates were studied. In
terms of the six variables nypothesized to effect accuracy,
crude rates indicated that professionals, spouse informauts,
and longer langths of last position employment vere
positively rzlatac tc zccuracy. However, oaly tha length of
last sosition enployment remainec  significant  after
icjustzent -y logistic regression. The =negative findings -
corcarniaz any cossible "up-grading" of occupation are not
surpgrising, since cnly three cccupationzl types were usec.
2uechly et al. (l1), who did find such an "up=-gradiagz", used
ten occupaticnal types, which was possible since his study
copulation was not restricted to cny one industry.

One factor that was not examined, whick might have kzad an
effect on accuracy was the total number of positions held by
a worker wnile at 2PNS. The loager a person worked at his
last position (significant for accuracy), then the fewer
total positions e may have held. Tuis factor may be more
important in similar studies involving less stable worker
populations, or in ones involving wmultiple industries, where
a worker wmay 5e =more likely to skip from incdustry to
industry, possibly changing occupations along the way.

One findinz of interest from this study was that about
taree~-quartars of those workers with PLS prefix codes had
none listed cn their death certificates. In additiom,
crude, overall accuracy fell from about 755 to 632 when
prefix and title were used in the comparison. This preserts
a problem for studies attempting to use such prefixes as
estimates of radiation exposure or socio-econcmic status, as
in the Shipyzrd Study. It also does not indicate 2 high
cegree of sophisticatiom in death certificate 1listings, a
fact that would tend to dimirish the effectiveness of
Toutinely coding amd storimg occupational information from
death certificates in order o set up a nationwide <dcota
vzse, 3s has.been suggested (15). Ore survey c¢f state
practicaes regarding the codinz aad storage of such
information found that eleven statas routinely code
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znd  siz heve

-

oceupaticn, saven Toutinely cods  industry,
:oded occupation and/or incdustzy om a lizited tasis 716).
In light cf the fizcdizgs of this, and previous studies, :zhe
cost of the csding and storing the cccsupationzsl arctries on
death certificates rway be fzr gzrester than the benefir to
epidemiologists, wno would use information whicki is adbout
25% incorrect, and wiich is not as specific as it couid be.
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X1 ]
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ko et det e

i: oCCUPLTIONAL TITLES EUCOUNTENED TREI: TUE
BERSCINTTI NZCOLDS OF PORICIDUTE 1IAVAL SUIPTAZD

ZMPLOYEZS (ii=1964)

Occupational Type Proportion of Workers

and Title with Designated Title

LABCRERS

Industrial cleaner/Component cleaner......... ce.e.0.4%
Laborer........ Y 9 |
Stociman/ arenouUSemaAb.ccserccncscsssacsacsasaccsesled
Truck Driver/llobile equipment cperatClfec.eeceecec...l.4

= $.6%
ToALDSS/CaATTS
Airczait worker/attendant..... Y o I 844
Alr conditiocer/refrigerator mechaniC.cecescececns 0.3

Automotive/Reavy mobile equipment mechanic........0.4
Blacksmith/FOTE@ i eccesresevecccsoseccscasccossensle?
B01lCGrmakerecevecovasarscascnsscssscsccccscacsssasslal
Carzentar/Joiner/Saipwright/Boatbuilder...........5.6
Crane operator/Bridge crane Operator.....ceeseesssl.0
Electrician/Vireman.ccceeo.. P 7.
Electronics/2adio mechaniCecececescosecescceeoennsle
Electroplater/Buffer-polisher/Scaler-puffer.......0.

£ O W

Engineman........ eeesesssassasssesssssesssssasssscded
Facilities/Public WOrKS.eeseocsscsnososcsscassssssleb
Firefighcer ...... .....'...........'......l..Q..'..O.a

Furnaceman/Foundry wolder/Foundry melter..........C.6
Gas plant operator/Gas maker...ceoeeecececcnscsesasl.2
GUArd/POliCBeesscscecssensssasccassssssccccccennsslds?
Instrument zechanic/Gyrocompass mechanic..........0.2
loftsman....eeees R o .
Hachinist/Toolmaker/Cutter and grinder...ceeese..+22.5
HECNANIC et eeeenvscssocoscosnsnsrassssrssonccsasasssleb
Oilerececrncnoncnnne P o IO
Painter.ceeess citeetscesascananns O 1P
Physical Science TechniciaReuiceceeeencecceesensses0.1
Pipe coverer and inSulafor.e.ccececccccecscccanessss0.b
Pipefitter/Coppersmithicceccescccccasccccananneaslle2
PluUmbe@rccecerccacesocncsancossscsoscsssscssonssseelad
RigZer ceecsesasosnsasssscosssssassscsssaccsncsoneded
ROPeMAKeTL . cceeesssesscerssscsscsssosasssscssacsseslel
Sandblaster...cccecesccsccccsvaccssasccnssoscessnseled
SaWSMithReeceecescerssaccocscsasarsssascscsccssssncedol
Sheetzetzal cechanic/worker.ceieesccecnsscacacesaasal
Shipficter/Priller/Caulker~chipper/Riveter.......10.3
sailﬁak‘to-aoc.0;0-0...-.00--Qoooloooooonoo.oooooocul

Helderooonuo-..-....ooc.0..'0-‘......00-'.00.0.0--5.4

£7.2%
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ToZLs 1 (come'd)

Occupational Type Proportion of Workers
and Title with Designated Title
PROFESSIQULALS

Chemist/Technologistecesacasssessssccssssssnnneneesla2il
Engineers (general, marine, nuclear, other).......3.8
Industrial hygienist/Industrial safety officer....0.l
ledical officer (optomotrist).scecccs.. ceeresseass 0.1

' G.2%
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CIABLE 2. OCCUPATIONAL PREFIXES ENCOUNTERED FRCOM

SHIPVARD EMPLOYEES (N=1964)

_ Proportion of workers
Prefix with designated Prefix

o personnel record prefieeceececeeccecsoncceesslB.23

Apprentice...... ceecanan cetsaressseans cesecsacans
delper/Trainee/Alde/learner..cceeeeccecnnoccases
"orker/Limitec/Repairer/Installer/Handyman.......

.
.

Junior/Assistant/Under.ccecaccaana tarecenctantans .
Instructor/Training leacder/Training izstructor...
Lzader/Snapper/Beadecescacesasn ceesssscssrscennsasls

Foreman/Leaaingman/Supervisor/Asso. Supervisor...
General Foreman/Quarterman/Caief Quartersafe.....
Inspector snipdoardecscecsscrscvenvecencssnssnnca
IS TeCIOT OLR@Tcerevensvansssasencsasesvansssoonns
Planner & eSCilaLOT.coscavesanscsssssssosssccasnen
Production SNOP planner...ccoveececcccccncsccanes
Ship STOGrCSSEAN.cccssrvsosssoncscsssnsssssnassone
Ship schneduler..c.iciesersnconnscnsnacsocssncaansns

.

COOODOONFHFRNWOOO O KO
] - L) . .
DA R 0 O U e N O W

SNID S/STERS.ccsenosssessoscsccsccesccssasccasens .
Shop analyst & scheduler..... P 1 )
Shop placner..cceeceece [ seveestseseseoras .

)
(=]
(@]
O
Ea]
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TABLE 3: DEATH CERTIFICATE INFORMANT AS LISTIL SN

JHE DEATH CERTIFICATES OF FOITSMCUTH NAVAL SHIDPVARD
EMPLCYEES (N=1%44)

Proportion of Death Certificates

Informant : Listing Designated Informant
SPOUSZ....... teesercssenacan 64.7%

CTHIR XELATIVE......e0ev.e..17.4%

CCULT NOT B3E DETERUINED.....7.9%

(EDICAL RECORIS..ceusevaeseasb.9%

O =RELATIVE . eveeenseoeneesl.32

UOT LISTEDeeecrvnccnenoosses0.68%
100.0%
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TABLE 4: CRUDE RATES OF AGREEMENT BETWEEN PNS

VARIABLE

CERTITICATE TITLE BY SIX VARIABLES

(Total N for each variable = 1830)

CRUDE RATE OF
CLASS AGREEMENT (%)

Age (in years) 1. 20-50 (n=192) 74.5
2. 51-60 (u=375) 75.5
3. 61-70 (a=651) 78.5
4. 71-80 (n=512) 76.2
5. 81+ (n=100) 72.0

Length of Total 1. less than 1 to 5
PNS Employment (u=90) 77.8
(in years) 2. 6-15 (n=303) 75.6
3. 16=25 (a=753) 75.8
4. 26+ (n=684) 77.3

Length of Last 1. less than 1 to §
PNS Position (n=170) 62.9
Employment 2. 6-15 (u=584) 69.6
(in years) 3. 16=25 (n=653) 80.8
4, 26+ (n=423) 83.2

Time from 1. Death while employed

Retirement to or within 6 months-of’
Death (in years) retirement (n=535) 77.1
2. 6 mo.~5 yrs. (n=449) 76.7
3. 6-10 yrs. (n=428) 77.3
4, ll+ yrs. (n=418) 74.4
PNS Occupational 1. Laborers (n=169) 60.9
Type 2. Trades/Crafts (n=1581) 77.7
3. Professionals (n=80) 85.0
Death Certificate 1. Spouse (n=1192) 78.4
Informant 2. All Others (n=638) 72.7

==m=ss===sss=====zaxz=x flUClear shipyard workers study ==

AND DEATH

TEST FOR SIGNIFICANT

TREND IN CRUDE RAIE

S=0.014
(p> .40)

$=0.065
(p > .40)

S=6.416 *
(p< .00L)

S=Q.756
(p>.20)

S=5.014 *
(p ¢<.001)

Sm=2.44 * -
(p <.01)

# Based on a test for linear trends in proportions from Armitage (17).

* Significant trend
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TacLs 3 MISCLASSTSICATION EY OCCUPATIONAL TUPE 02
=dtzbe o == =xuosadodVeidil leow JO2

CETECTICK OF "UP-GRADING" GF OCCUPRATICE

ISCLASSIFIZD Ci DEATH
CERTIFICATE AS: BNS OCCUPATIONAL TYPE
Laborer Irade Profess Totals
Laborer: S 19 0 24
Trade: 19 66 5 SC
Professional: 0 6 2 8
Aczinistrative: 6 4 ¢ 10
"Retired",or
"Suipyard worker": 25 144 3 172
Title not listed: 11 1s 2 a7

Totals: 66 353 12 431
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Appendix 7. Presentations and Publications

The following is a list of the presentations and publications that have
been completed during the Study.

1988

Block G, Matanoski GM, Seltser R, Mitchell T: Cancer Morbidity and
Mortality in Phosphate Workers. Accepted for publication, JNCI,
1988

Harvey EB, Boice JD, Matanoski G, Fraumini JF Jr: Incidence of
Childhood Cancer in Twins. Submitted for publication, American J
Epidemioloqy, 1988

Matanoski, GM: Issues in the Measurement of Exposure. In:
Epidemiology and Health Risk Assessment (Gordis L. ed.)
Section III: Refining Epidemologic Approaches to Assessment of
Exposure. Measures in the Total Environment. Oxford University
Press, pp. 107-119, 1988

Matanoski GM: Screening and monitoring for susceptibility and
health. Submitted for publication as part of monograph to be
published by Oxford University Press

Stewart W, Hunting K: Mortality Odds Ratio, Proportionate Mortality
Ratio and Healthy Worker Effect. American J Ind Med. 14:345-353,
1988

1987

Johnston ES, Matanoski GM: SMR Estimations in "Prevalent" Cohorts
and "Incident" Cohorts. La Medicina del Lavoro 78(4): pp.
263-271, 1987

Matanoski GM: The Naval Shipyard Worker Study. Paper presented at
the Conference on Radiation and Health, American Statistical
Association, Berkeley Springs, W. Virginia, July 13-17, 1987

Matanoski, GM: Screening and monitoring for susceptibility and
health: new techniques for assessing exposure and Response.
Conference on Research in Work, Health and Productivity,
October 1987

Matanoski GM, Sternberg A, Elliott EA: Does Radiation Exposure
Produce a Protective Effect Among Radiologists? Health Physics,
Volume 52, No. 5, pp. 637-643, 1987

Stewart W, Tonascia JA, Matanoski GM: The Validity of Work Histories

" Reported from Live Respondents. J Occupational Med.,
October, 1987 '
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Appendix 7. Presentations and Publications (cont’d)

1986

Matanoski GM: Health Statistics Among Women at Nuclear Facilities.
Presentation at the Center for the Advancement of Radiation
Education and Research (CARER). Symposium on Radiation and Women,
Baltimore, Maryland, 1986

Matanoski GM: Health Statistics Among Women at Nuclear Facilities.
National Council on Radiation Protection and Measurements,
National Academy of Sciences, Washington, D.C., April 1986

1985

Fink N, Stewart W, Matanoski GM, Billings C: Development of an
Exposure Index in an Epidemiologic Study of Shipyard Workers.
Paper presented at the American Industrial Hygiene Conference, Las
Vegas, Nevada, May 1985

Matanoski GM: Is There a Protective Effect from Radiation in
Radiologists? Paper presented at the Conference on Radiation
Hormesis, Oakland, CA, August 1985

Matanoki GM: Latency, an Issue in Assessing Occupational Risks.
Paper presented at the Fourth International Symposium,
Epidemiology in Occupational Health, Como, Italy, September 1985

Matanoski GM: Issues in the Measurement of Exposure. Conference on
Epidemiology and Health Risk Assessment, May 1985

1984

Fink N, Stewart W, Tonascia J, Matanoski GM: Assessment of
Questionnaires Used for Deriving Estimates of Occupational
Exposures. Paper presented at the annual meeting of the Society
for Epidemiologic Research, Houston, Texas, June 1984

Matanoski GM: How to Tell a Random Distribution from an Epidemic.
Presented at Toxics and the News: An Environmental Issues
Conference for Journalists, Princeton, N.J., May 18-20, 1984

Matanoski GM, Sartwell P, Elliott E, Tonascia J, Sternberg A: Cancer
Risks in Radiologists and Radiation Workers. In: Boice JD Jr,
Fraumeni JF Jr (eds), Radiation Carcinogenesis: Epidemiology and
Biological Significance -Progress in Cancer Research and Therapy,
Volume 26, New York, New York, Raven Press, pp. 83-96, 1984

Stewart W, Matanoski GM: The Relationship Between Asbestos Exposure
and Lung Cancer Cell Type. Paper presented at the annual meeting
of the Society for Epidemiologic Research, Houston, Texas, June
1984
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1983

Block G, Matanoski GM, Seltser RS: A Method for Estimating Year of
Birth Using Social Security Numbers. Am J Epidemiol
118-377-95, 1983

Fink N, Tonascia J, Matanoski GM, Sternberg A, Stewart W: The Impact
of SSA Policies on Occupational Studies. Paper presented at the
annual meeting of the Society of Epidemiology Resarch, Winnipeg,
Canada, June 1983

Matanoski, GM: Role of Tumor Registrars in Epidemiology. Presented
at Epidemiology for Tumor Registrars, Tumor Registry Training
Program, Yale University, New Haven, Connecticut, June 1983

Stewart W, Matanoski GM, Tonascia J, Fink N: The Effect of Using
Living and Dead Controls on Measures of Risk in Case-Control
Studies. Paper presented at the annual meeting of the Society for
Epidemiologic Research, Winnipeg, Canada, June 1983

1982

Matanoski GM: Occupational Exposures to Radiation in Populations of
Radiologists, Atomic Energy Workers & Nuclear Shipyard Workers.
Paper presented at the NCI Conference on Radiation Carcinogenesis
and published in the meeting’s proceedings, May 1982

Sandler DP, Comstock GW, Matanoski GM: Neoplasm Following Childhood
Radium Irradiation of the Nasopharynx. JNCI, 68:3, January 1982

1981

Matanoski GM: Risk of Cancer Associated with Occupational Exposure
in Radiologists and Other Radiation Workers. Proceedings of the
1980 Internation Symposium on Cancer, September 14-18, 1980.
Cancer - Achievements, Challenges and Prospects for the 1980,
Volume 1:241-254, Grune and Stratton, 1981
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Appendix 8. Glossary of Terms and Abbreviations

AEC - Atomic Energy Commission

census file - NSWS computer file corresponding to microfilmed personnel
records; one record per personnel record

CSA - Civil Service Active

CSR - Civil Service Retired

CAMLIS - California Automated Mortality Linkage Information System
DE - Dose equivalent

DOE - Department of Energy

DD1141 - exposure data recording form used by the U.S. Navy
HCFA - Health Care Financing Administration

ICD-9 - Ninth Revision of International Classification of Disease
ID - identifier

ISD - Information Systems Division of the Johns Hopkins Hospital
JHMI - Johns Hopkins Medical Institutions

JHU - Johns Hopkins University

JT - job title

MDI - Master Death Index

MLI - Master Living Index

NBS - National Bureau of Standards

NCHS - National Center for Health Statistics

NDI - National Death Index

NIOSH - National Institute of Occupational Safety and Health
NNW - non-nuclear worker study sample

NSWS - Nuclear Shipyard Workers Study

Nuc DB - nuclear workers database
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Appendix 8. Glossary of Terms and Abbreviations (cont’d)

NW,; 5 - study sample of nuclear workers with cumulative 1ifetime exposure >0.5
T rem as of 12/31/81

NW 5 - study sample of nuclear workers with cumulative Tifetime exposure <0.5
rem as of 12/31/87

OEER - Office of Enumeration and Earnings Records
OPM - Office of Personnel Management

ORAU - 0Oak Ridge Associated Universities

OT - occupational title

OTC - Occupational Title Catalog

Per DB - personnel database; comprised of employment records from all eight
yards under study yard-reel-seq. no.

Power - the probability of rejecting the null hypothesis when it is false
QF - quality factor

rad - a unit of absorbed dose of ionizing radiation equal to an energy of
100 ergs per gram of irradiated material

RDAC - Radiation Dosimetry Advisory Committee

rem -the dosage of an ionizing aradiation that will cause the same biological
effect as one roentigen of X-ray or gamma-ray dosage

SAS - Stastical Analysis System
SEER - Surveillance, Epidemiology and End Results (tumor registry)

SER - summary earnings record

SMR - standardized mortality ratio
SSA - Social Security Administration
TLD - thermoluminescent dosimeter
TMS - Tape Management System

VA - Veterans Administration

VRO - vital records office
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Appendix 9. Literature Cited

Andersen JA: Robust inference using logistic models. Bull Int Inst Statist,
1982.

Andersen JA: Regression and ordered categorical variables (with discussion).
J Royal Statist Soc (B) 46:1-30, 1984.

Berry G: The analysiS of mortality by the subject-years methods.Biometrics
39:173-184, 1983.

Breslow NE: Some statistical models useful in the study of occupational
mortality. In: Environmental Health, Quantitative Methods. AS Whittemore
(Ed). Philadelphia, SIAM, 1977.

Breslow NE: The proportional hazards model: applications in epidemiology.
Communications in Statistics-Theory and Methods A7:315-332, 1978.

Breslow NE, Lubin JH, Marek P and Langholz B: Multipticative models and
cohort analysis. J Am Statist Assoc 381:1-12, 1983.

Caldwell GG, Kelley DB, Heath CW: Leukemia among participants in military
maneuvers at a nuclear bomb test: a preliminary report. JAMA
244:1575-1578, 1980.

Clayton DG: A model for association in bivariate life tables and its
application in epidemiological studies of familial tendency in chronic
disease incidence. Biometrika 65,1:141-151, 1978.

Congressional Report: Naval Nuclear Propulsion Program - 1979: Hearing on
H.R. 2603 Department of Energy Authorization Legislation (National Security
Programs) for Fiscal Year 1980. March 1, 1979.

Cox DR: Regression models and 1ife tables (with discussion). J Royal Statist
Soc (B) 34:187-220, 1972.

Cramer H: Mathematical Methods of Statistics. Princeton, New Jersey,
Princeton University Press, 1946, p. 227-231.

Crowley J and Hu M: Covariance analysis of heart transplant survival data.
J Am Statist Assoc 72:27-36, 1977.

Darby SC and Reissland JA: Low levels of ionizing radiation and cancer - are
we understanding the risk? J Royal Statist Soc (A) 144:298-331, 1981.

Enterline PE: Pitfalls in epidemiological research: an examination
of the asbestos literature. J Occ Med 18:150-156, 1976.

Environmental Report: U.S. Navy Report: Environmental Monitoring and
Disposal of Radioactive Wastes from U.S. Naval Nuclear-Powered Ships and
Their Support Facilities. Report NT-79-1, 1979.
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Kay R: Proportional hazard regression models and the analysis of censored
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Appendix 10. Medical Record Abstract Form

THE JOHNS HOPKINS UNIVERSITY Occup { and Envr 4
Scboot vy Hygiene and Public Health Epraemoiogy Program
Department of EpidemnioQy Room 5028
645 North \Woife Street ® 301-955-8183
Balstwmore Marviand 21205 ® 301-955-3483
\ J
MEDICAL RECORD ABSTRACT

PURPOSE

' The purpose ot this meaical recors abstract 1s to obtain intormanon from a meaical file of the panent usted on the
next page 0 oraer to:

! 1. Vaicate me aiagnosis of specific mailgnant wmors or other NGOPIASMS as reportad ON the deam i
certhcate. ang

2. Descnbe the Mistoiogical charactenstucs of Such tUMOrs Of Neodiasms on the basis of the avaianie
mecal hia intormaton.

—

ORGANIZATION

The apstract {orm iS Siviced Nto INree Major Sections. accoroing to the type of nionMmaton 10 e aDsiracteq:

e

I. General intormauon (Page 1)
1. Diagnosuc Informanon (Pages 2. 3 & 4)

1. Tumer intormanon (Pages 5. 6 & T

L

\
1
! INSTRUCTIONS

1. Ploass compiete eacn nem.

2. Ifrequestec INfOTMADON 1S NOt avanable 1n the meaical file piease check or wnts “no data”™ of “not avasiadle”
for that tem.

3. Please print ieqidly of type responses 10 e requestsd Nnformaton in order to mMinmze arfficulties n
nmerpretaton.

4. Once e torm 13 cOMDIeted. please raturmn 10 The Johns Hopiuns University in the enciosed el
30OPESeq DOSIA0S DAIC SNVEIONS.

424




nuclear shipyard workers study ==

Appendix 10. Medical Record Abstract Form (cont’d)

I—

T Panent

LN“:‘

{. GENERAL INFORMATION

(Last, First, Miacie)
b. Date of Birth (MONUVORY/YOR!): | _ ° e e e
¢. Date ot Death (montvdayiyean: . _ - — — - — —

d. Social Secunty No.:

e. Sex: [JMae

f. ®:

rersgn Lompletng s Anstract.

2 Name:

S

(Last. First. Middie)

5. Job Title:

\,
{
,

i

e —————

|
Ethnicity: (check one)
= Caucasan

“ Biacx T~ AsiarvPacthic isiancer

] Amencan inciarvAlaskan Natve . Other (specrty

— Hispamc SurnamesOngin

Py

sative b eiow-lin Contact

J

b. ISpouse T SonvDaugnhter

O Other tspectly:

 Brother/Sister

¢. Address:

d. City:
g ®:

1. Jo Cooe:
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Appendix 10. Medical Record Abstract Form (cont’d)

Stugy No

1. DIAGNOSTIC INFORMATION
|

TUMOR No.1 TUMOR No.2 TUMOR No. 3

@ Name of Dagnosing Physician and Address of Place (hosmital. chirie or otice) wners (1aanasis was conhrmeqa

i a TUMOR No. 1:
i Jnciuce Ceit Tvoe)

e e A

1. Name of Physician:

Last. First. Miadie)
2. Pltace where Diagnosis Mage:

a. Name:

b. Aqdress:

z. City: 3 State: . e ZpCode:

2. TUMOR No. 2:

sInciuce Catl Typen

* Name of Phvsician:

(Last, First. Midaie)
2. Place where Diagnosis Mace:

3. Name:

0. Agarass:

¢. City: a State: . 8. Zp Codge:

c. TUMOR No. 3:

inciuoe Cail Type)

1. Name ot Physician:

{Last. First. Miodie)
2. Place where Diagnosis Mace:

a. Name:

b. Adqgress:

c. City: d Sae: e 2pCooe:
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Appendix 10. Medical Record Abstract Form (cont’d)

Study No.
—
: iIl. DIAGNOSTIC INFORMATION (cont'd.) !
£=7 o
. 9 Name anc Address ot Patents Private Phys.cian it difterent than those in Hem 8
2. Name:
- {Last. First, Miadie)
b. Address:
c. City: d. State .00 Coce
\ —
~<

St Methods ot Lhaunosis
ONE OR MORE LABORATORY METHODS OR SURGICAL PROCEDURES MAY BE USED TO ARRIVE AT A DIAGNOSIS
OF A TUMOR. POSSIBLE DIAGNOSTIC METHODS INCLUDE THE FOLLOWING:

Autoosy = Maugnancy found at SUTOCSY
! HiISI0IOgY - NCIUORS MICTDSCOOIC GIaGNOSIS MEOe ON DIOBSY OF MBSECTIOnN | SDECHY DIODSY Onty OF reSecDon;
gy = NEMAIONC fINANgs
Cyronogy = of sputm, WRSINGS, DieUrit Of DORTONSE i, N0 omers.
X-ray = INCILOeE LOSIive X-r3y finowngs

CATScan = 'ncwoes posamve CAT scan finongs
Clirncst = NOt mecroscoocaily confinmed. Diagnoss mace by paiDBDON. SUIGICE! XDIOTBEON. Or SINEY Clirucal

fmangs
Smamvwmmmmmm. e.g. lIver SCRNS. Drasn SCANS. SNUIOSCOOC

Orocecures
SOR EACH TUMOR LISTZD IN ITEM 7. CHECK ALL APPROPRIATE METHODS OF DIAGNOSIS WHICH :

RESULTED IN A POSITIVE FINDING.

Dther =

a. TUMOR No. 1:
(inctuce Ceii Type)
1. Metnoad(s) of Diagnosis: (check ail that apoly)
~ Autoosy [ Hematology ] CAT Scan
= Histoogy~Bioasy Only J Cytology JJ Clinicas
T Histology—Resecnon O X-ray Z Other

2. Resuns/Comments (Geecnbe results fOr each method used):
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Appendix 10. Medical Record Abstract Form (cont’d)

Study No.
{ i. DIAGNOSTIC INFORMATION (cont'd.) 1
b. TUMOR No. 2:
{inciuce Call Type)
1. Method(s) of Diagnosis: (check alt that apply)
T Autopsy T Hematology O CAT Scan
[ Histology-8ioosy Onty — Cytology 3 Clinicay
O Histotogy-Resecnon  X-ray Z Other
2 ResutwCormnments (descrnbe resuits for aach method used):
|
|
! |
! '
]
|
i !
! |
| l
i & TUMOR No. 3: !
; (Inciuae Cat Tvpe |
¢ i
| 1. Methoor(s) of Diagnosis: (cnecx ai that appty) ;
2 Autoosy — Hematoiogy — CAT Scan
. Mistology=8ioosy Onty — Cytology — Clincal
— Histology—Resecton — X-ray ~ Other
2. Assutw/Comments (Jescrbe resurts {or ¢acn memoa usec): !
. _J
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Appendix 10. Medical Record Abstract Form (cont’d)

; ill. TUMOR INFORMATION - ;

Comutete this tem ot LEUKEMIA s present (specily morphotoqgy including subtype) i

FIAST. check the SOx 8. D or C. that reflects whether the /SuKerma 1$ acule 10r ooy Oifferennated) or chrome.
or ¥ MOrPNOIOGY 13 NOt SVEanIe.

- SECOND. f morphology s avaiadie:
= 1 Checke box 1. 2, of 3, tNat refiects wnether the /euITIE IS MysIogenous. lymphocync or undiffersnatec.

- Z Checx the bax i the shaded area (hat reflects the appropnate subtype.

~ & [JACUTE OR POORLY DIFFERENTIATED LEUKEMIA

1. (J Mysiogenous 2. Z Lymphocytic

a~
|

1. = Myeiogenous 2. .~ Lympnocvnc
a:h:gou::crl._ 58 cali—CLL “=Tcel—ClL .
| SPRE nageve—CML_— aprogymonocyic - Siympromaced
| ctre o ey coemme” D
m:*:_ - ’__‘:: am __ ) ] i

¢ JLEUKEMIA MORPHOLOGY NOT AVAILABLE

Comments:
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Appendix 10. Medical Record Abstract Form (cont’d)

Studty No.

. TUMOR INFORMATION (cont'd.)

12 Comptete tis item it LYMPHOMA 15 present (indicate histopathology inclucding subtype):

FIRST. check the bax 4. D. Of C Lhat Neflacts whether the lympNOMa is HOOGKINS Or NON-HOGQKINS. of If NSOnaN-
Glogy 18 not avaiavie. .

1. Check the box numberea 1 through 9 that reflects the appropriale cell type.

|
SECOND. if histopathology s avariabie: }
. !

2 Check the bax withm the Shacea area that reflects NG PPIOCNate sudtypes. i

a ] HODGKINS LYMPHOMA

1. (J lympnocytic Drecominance (paragranuioma) i
- 2. Z mixed ceiiulanty
3. Z lympnocyte dectenon (HOOQKIN'S sarcomal
4. 7 noaular scierosis

w

. Z other

5. Z NON-HODGKINS LYMPHOMA

1. Z maignant tymphoma. iympnhocync 2. Z poony oifferennated iympnocvic ympnoma

= well differentated lymphoCytc (ympnosarcoma)  — nodular. | diffuse  — no data

Z lymphobiastic tvmphosarcoma

3. _ "mixeqc” 'vmponoma (ivmpnocytc-mstiocytic) 4. 7 “hishocvie  F/mEnoma rencuium sen sarcomay
~ noawar Z attuse Znocam Z nocular Z aittuse T 70 cata
5. Z unaifferennatea ivmonoma 3. ZZ muiuple myeioma

T monomorpiuc (Burtt's lymphomaT
} P e IR —— it

-

7. Z Walaenstroms macrogiooulinemia 8. Z maugnant nistnocviosis

9. Z aother:

C. — LYMPHOMA HISTOPATHOLCGY NOT AVAILABLE

i o/, S
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Appendix 10. Medical Record Abstract Form (cont’d)

Stuay No

. TUMOR INFOAMATION (cont'd.) I

13 Comptete ims tem it MESOTHELIOMA s present (specity site. extension. nistology ang type)

1

14 Complete this tem if LUNG CANCER s present (indicate iocatan and ceil type):

a. Locamon: T ngmung Clefttung [ no aata
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Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated
with Shops and Series Codes (Charleston, South Carolina)

Shop or Series Code
Associated Job Titles

Part A. Shops
01 Shipyard Commander’s Office
Administrative Jobs

02 Transportation Shops
Crane Operator, Electrician, Engineer, Engineman, Heavy Mobile
Equipment Mechanic, Laborer, Mechanic, Motor Vehicle Operator,
Oiler

03 Utilities Shop

Boilermaker, Electrician, Instrument Mechanic, Laborer, Pipefitter,
Plumber

05 Radiological Control Office
Physical Science Technician, Health Physicist, Nuclear Engineer

06 Central Tool Room
Air Conditioning/Refrigeration Equipment Mechanic, Electrician,
Electronics Mechanic, Laborer, Machinist/Maintenance/Marine,
Oiler, Sawsmith

07 Maintenance Shop
Air Conditioning/Refrigeration Equipment Mechanic, Electrician,
Joiner, Laborer, Machinist/Maintenance/Marine, Marine Engineer,
Mechanic, Motor Vehicle Operator, Painter, Pipe Coverer &
Insulator, Pipefitter, Plumber, Rigger, Sheetmetal Mechanic

09 Safety Office
Industrial Hygiene/Health & Safety Specialists

10 Data Processing Office
Administrative Jobs

11 Shipfitter’s Shop
Forgers, Loftsman, Shipfitter

12 Ship Management Officers
[No titles given]

13 Quality Assurance Office
Electrician, Chemist, Metallurgists, Inspectors (Metals, Electrical},
Engineers, Administrative jobs
(cont’d)
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with Shops and Series Codes (Charleston, South Carolina)
(cont’d)

Shop

or Series Code
Associated Job Titles

Part
14

15

17

19

20

22

23

24

25

26

27

30

31

32

A. Shops (cont’d)
Management Engineering Office
Engineer, Administrative jobs

Industrial Relations Office
Administrative Jobs

Sheetmetal Shop
Electroplater, Sheetmetal Mechanic

Combat Systems Office
Engineers/Electronic Technicians

Planning Department
Production Controllers, Engineers

Planning & Estimating Div.
Production Controllers, Engineers

Forge Shop
Forgers

Design Division
Engineers, Naval Architects

[Shop name unknown - Currently Shop 99]
Gas Detection Monitor

Welding Shop
Gas Plant Operator, Welder

[Shop name unknown]
Galvanizer

Production Department
Administrative jobs, Engineers

Inside Machine Shop
Electroplater, Instrument Mechanic, Machinist/Maintenance/Marine

Nuclear Engineering Department
Engineer, Nuclear Engineering, Nuclear Engineering Technicians( )
. cont’
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Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated

with Shops and Series Codes (Charleston, South Carolina)
(cont’d)

Shop or Series Code

Associated Job Titles

Part A. Shops (cont’d)
33

34

35

36

38

39

40

a1

45

46

50

51

56

Non-Nuclear Inspection Div.
Inspectors, Training Specialists

Laboratories Division
Industrial Test Laboratory, Physical Science Technician

Non-Destructive Test Division
Radiographers

Weapons Shop
[No titles given]

Outside Machine Shop
Machinist/Maintenance/Marine, Mechanic

Nuclear Inspection Division
Physical Science Technician, Engineers

Public Works Department
Engineers, Administrative jobs

Boiler Shop
Boilermaker

Public Works - Shop Division
Administrative jobs

Pending Disability Retirement
Any job title

Supply Department
Laborer, Stockman, Procurement Specialists, Contract Administrators,
Administrative jobs

Electrical Shop
Electrician, Instrument Mechanic

Pipe Shop

Air Conditioning/Refrigeration Equipment Mechanic, Pipe Coverer &
Insulator, Pipefitter, Plumber

(cont’d)
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Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated
with Shops and Series Codes (Charleston, South Carolina)
(cont’d)

Shop or Series Code
Associated Job Titles

Part A. Shops (cont’d)
60 Comptroller Department
Administrative Jobs

62 [Shop name unknown]
Administrative Jobs

64 Woodworking Shop
Joiner, Insulators, Woodworkers, Fabric workers

66 [Shop name unknown]
Administrative Jobs

67 Electronics Shop
Electronics Mechanic

68 Module Maintenance Facility
Electronics Mechanic

70 Medical Department
Physicians, Nurses, Administrative jobs, Medical Technicians

71 Paint Shop v
Laborer, Painter, Sandblaster, Tank and Equipment Cleaner

72 Riggers and Laborers Shop
Laborer, Rigger, Tank and Equipment Cleaner, Upholsterer

75 Medical Department (formerly Industrial Hygiene Division & Radiation
Health Division combined - called Industrial Hygiene Division)
Industrial Hygienists, Health Physicians

77 Severance Pay
Administrative Job

80 Administrative Department
Administrative Job

81 [Shop name unknown - Currently Shop 31}
Foundry Molder, Joiner

82 Fire Department
Firefighter : (cont’d)
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Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated
with Shops and Series Codes (Charleston, South Carolina)
(cont’d)

Shop or Series Code
Associated Job Titles

Part A. Shops (cont’d)
83 Security Division
Guards/Police/Administrative

91 Youth Opportunity
Student/Summer Aid

92 Structural Shop Group - Shops 11, 17, and 26
[Titles above]

93 Mechanical Shop Group - Shops 31, 38, and 56
Mechanic

84 {[Shop name unknown - Currently Shop 64 (woodworking shop)]
Joiner

95 Electrical/Electronic Shop Group - Shops 51, 67, and 68
[Titles above]

97 Service Shop Group - Shops 06, 64, 71, 72, and 99
[Titles above]

99 Temporary Service Group
Electrician, Student/Summer Aid
Part B. Series Codes
105 Radiological Control Office
106 Occupational Safety & Health Office

133 Non-nuclear Inspection Division

134.3; Radiochemistry & Water Chemistry Branch
134.4 Metallurgical Branch

150 Industrial Relations Office
185 Safety Division (Currently part of Shop 106)

200 Planning Department

(cont’d)
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Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated
with Shops and Series Codes (Charleston, South Carolina)
(cont’d)

Shop or Series Code
Associated Job Titles

Part B. Series Codes (cont’d)
(240 Design Division)

280 Planning (Question about this series code)
400 Public Works Department
500 Supply Department

600 Comptro]ler Department

700 Formerly Medical Department
730 Industrial Hygiene Division
800 Administrative Department

2300 Nuclear Engineering Department
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