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nuclear shipyard workers study == 

1 Introduction 
1.1 Overview 

An individual may re ceive ionizing radiation from multi ple sourc 

his daily 1 iving including natural background radiation, medical uses, 

es in 

energy 

sources and occupat i onal exposures. An individual ' s exposures vary widely. 

The average annual effective dose equivalent exposure per capita in the U.S. 

is 3.6 mil 1 i sieverts (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 half 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 potent i a1 occupational exposures, their dose represents only a doubl i ng 

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 informat 

effects of continuous exposure to low levels of radiation 

workers i nvol ved in overhaul of nuclear propul sion pl ants 

popul at i on. 

ion on the health 

. The shipyard 

appear to be such a 

Workers in U.S. shipyards involved in the overhaul of nuclear-powered 
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1 Introduction 
1.1 Overview (cont 'd) 

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 (Najari an, 1978). At about the same time, Caldwell reported 

an apparent excess of leukemia among U.S. mil itary 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 leukemia was associated with higher 

exposures to radiation (Rinsky, 1981). However, the concern of scientists as 

well as the pub1 ic 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 



IIP===DSID=P=PD=t=======~====~-----========= nuclear shipyard workers study == 

1 Introduction 
1.1 Overview (cont'd) 

part of the job as is the case for many of the occupational radiation worker 

cohorts. In the shipyard setting, a worker qual i fied to receive occupational 

radiation exposure carries out his usual trade with all its concomitant non- 

radio1 ogical 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 

a1 so receiving intermittent occupational exposure to low-level gamma 

radiation. The shipyard workers not qual ified 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 associated 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 qual ified 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 Carol ina; 

General Dynamics Corporation, Electric Boat Division, Groton, 
Connecticut; 

3 



Mare Is1 and Naval Shipyard, Val lejo, Cal i fornia; 

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 mortal i ty 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 1 arge occupational studies with combined industri a1 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 establ ished, approved and inspected the 

shipyards to ensure that uniform standards for radiation protection were met 

at a1 1 faci 1 i ties. The six Navy yards had very similar procedures for 

monitoring and recording radiation exposures. The two private yards had 

devel oped somewhat different procedures for col 1 ect i ng and recordi ng radi at i on 

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 1 arger 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 

an important 

and s i z e  of the  population, t h i s  group of workers is  

resource f o r  the  study of low dose radia t ion  e f f e c t s .  

The o r  

and a b s t r a c t  

records were 

ig inal  population of shipyard workers was i d e n t i f i e d  by f i lming 

ing every record from each shipyard's personnel f i l e s .  Other 

filmed and abstracted t o  assure the  completeness of  the  database. 

The t o t a l  number of personnel represented by these  records i s  almost 700,000 

as shown in  Table 1.1 .A;  however, many of the  non-nuclear workers in  the  

population d id  not work during the  period when nuclear overhaul s were done. 

These "workers" were not considered t o  be comparable t o  nuclear  workers and 

were excluded from t h e  database. Other exclusions from t h e  o r ig ina l  database 

included females, males who worked less than a year ,  cont:actors who did not 

have a personnel record, m i l i t a r y  and individuals  who did not have s u f f i c i e n t  

ident i fy ing da ta  in  t h e i r  record t o  allow matching t o  t h e  nat ional  automated 

death record systems. Individuals  who were in  the  o r ig ina l  r ad ia t ion  computer 

f i  1 e s  received from the yards, but who had no microfilmed personnel f i l e  

records because of t r ansc r ip t ion  e r r o r s  i n  i d e n t i f i c a t i o n  numbers, missed 

records,  o r  o the r  reasons, were excluded from the  current  ana lys i s .  Many of 

these  individuals  were probably cont rac tors  o r  mil i t a ry .  However, these  

workers have been followed on an individual bas i s  f o r  v i t a l  s t a t u s  so  t h a t  

they may be included in  any f u t u r e  analyses. 

I n i t i a l l y ,  t h e  study was t o  include a l l  nuclear and non-nuclear workers 

employed a t  any time in  each yard during the period of overhaul. The s t a r t  

period o f  t h e  study d i f f e r e d  f o r  each yard because the beginning of  overhaul 

varied by yard from 1957 t o  1967. In order  t o  make t h e  most e f f i c i e n t  use of 
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money and time, the study design was subsequently modified t o  include a l l  

workers with a working 1 ifetime 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-nuclear workers 

such that the r a t io  of non-nuclear to  2 0.5 rem nuclear workers was to  be 

approximately 3 :2. The three sample groups are denoted by NW,,.,, NW,,.,, - and 

NNW, respectively. The l a s t  two samples were selected t o  be comparable t o  the 

total population of 8 . 5  rem nuclear workers in regard t o  the following 

variables: shipyard, birth year, hire year, job hazard index, and interval 

from s t a r t  of employment to  s t a r t  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 t o  be comparable t o  the NW,,., group, but the - 
samples were not individually matched on the five s t ra t i f ica t ion  variables. 

The sampling closely achieved the proposed goal, w i t h  the exception of only a 

few s t r a t a  which were d i f f icu l t  t o  f i l l .  Hence, the exact planned sampling 

ra t io  (3:2) was not achieved. 

The personnel f i l e s  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 a l l  current analysis the population was treated as 

i f  they were white males. This assumption would resul t  in incorrect estimates 

of r i sk  when the mortal i ty  from specific diseases differed by race and when an 

external population was used as a comparison. Internal comparisons would have 

errors i f  nuclear and non-nuclear workers in the sample were not balanced in 

raci a1 di s t r i  b u t  i on. However, comparisons between exposure groups should 
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present  no problem because the  r ac ia l  balance must be equal s ince  the  nuclear  

workers represent  a sing1 e population. 

The power of t h e  current  study sample w i t h  radia t ion  DEs cumulated 

through 1981 and follow-up through December 31, 1981 is  l imi ted ,  i f  the  risk 

as  estimated in  the BEIR I11 repor t  i s  correc t .  The power ca lcu la t ions  used 

an extension of the  Mantel -Haenszel Chi-square (x2) t e s t  t o  d e t e c t  a dose- 

r e l a t e d  t rend i n  death r a t e s  using in ternal  comparisons. The procedures used 

were those suggested by Gi lber t  (Gi lber t ,  1983). Twelve DE groups were used 

and t h e  DE was lagged by two years f o r  leukemia and lymphoma and f i v e  years  

f o r  lung cancer. The r i s k  of death during follow-up was compared t o  1970 U.S. 

white male 1 i f e t a b l e  p robab i l i t i e s .  

Power ca lcu la t ions  showed t h a t  this study sample of  almost 30,000 

nuclear workers with DEs of 0.5 rem o r  more and over 350,000 person-years 

follow-up through 1981 could be expected t o  have a 78 percent chance of 

f inding a r i s k  of  leukemia from radia t ion ,  i f  t he  r i s k s  were a s  l a rge  as  f i v e  

times t h e  1 inea r  model es t imates  in  BEIR I11 (see Section 4.3). 

Since t h i s  population included workers employed in both Navy and pr iva te  

shipyards , f o l  1 ow-up f o r  v i t a l  s t a t u s  required searches through mu1 t i  p ie  

record systems. The sources included the Soci a1 Secur i ty  Admini s t r a t i o n ,  the  

Civil  Service Retired and Active, Health Care Financing Admini s t r a t i o n ,  

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  f o r  a l l  but one yard. The shipyard 

study personnel constructed annual DEs f o r  each worker from or ig ina l  records 

f o r  t h a t  yard so  t h a t  a l l  yards would have s imi la r  r ad ia t ion  information 
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avai 1 able for a1 1 workers. 

During the study, information was coll ected 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 qua1 Sty 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 

cobal t-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 di fferences. The discrepancies often resulted from DEs incorrectly 

assigned to an individual by incorrectly matched identi f ication numbers or 

were the result of temporarily assigned DEs which were later corrected. The 

shipyards have adopted the pol icy 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 

cumul at i ve DEs were reviewed to determine what proportion of these val ues 

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 identicaT to those recorded in medical records. Similar 

accuracy of record-keeping for radiation doses was reported by Rinsky, et a1 

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 tapes has been 

accomplished in several ways. First, the sh 

radiation tapes with cumulative DEs for each 

from 1980 through 1986. Tapes for 1979 were 

tape provided for 1979 through 1982 has been 

ipyards have provided new 

worker for each successive year 

provided by some yards. Each 

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 



Associated U n i v e r s i t i e s  was shared w i t h  Nuclear Shipyard Workers Study. The 

Oak Ridge study team, us ing o ther  resources than the  r a d i a t i o n  tapes, had 

i d e n t i f i e d  1,043 shipyard workers who had received 5 rem o r  more i n  a s i n g l e  

year i n  the  seven yards f o r  which the  study team had gathered complete 

r a d i a t i o n  data  a t  t he  t ime o f  t he  analys is .  The data f o r  t h i s  study der ives 

from t h e  years before 1967 where exposures i n  excess o f  5 rem i n  a year were 

permi t ted up t o  12 rem subject  t o  an accumulated 5(N-18)rem, where N i s  a 

person's age. I n  1967, t h e  Navy reduced the  annual 1 i m i t  t o  5 rem. The 

r a d i a t i o n  f i l e  records received by NSWS s t a f f  were checked t o  conf i rm 

i d e n t i f i c a t i o n  o f  i n d i v i d u a l s  and v e r i f i c a t i o n  o f  t h e i r  annual DEs. This 

procedure cou ld  uncover i nco r rec t  yea r l y  DEs . The d i  screpancies i nd i ca ted  

t h a t  some measured exposure may have been missed i n  1.6 percent o f  NSWS 

populat ion. However, on l y  two (0.2%) workers would have been missed. 

The f i n a l  source o f  i d e n t i f i c a t i o n  was a quest ionnaire which was sent t o  

recent  workers a t  two yards. I n  the  f i r s t  yard, s i x  percent o f  t h e  workers 

sa id  they wore a badge when the  r a d i a t i o n  f i l e  contained no record  o f  the  

i n d i v i d u a l .  The accuracy o f  t h e  answers o f  these workers was v e r i f i e d  by 

telephone in terv iew.  Surpr is ing ly ,  two percent o f  the  workers l i s t e d  as 

nuclear  workers on the  r a d i a t i o n  tapes claimed t h a t  they had no t  worn a f i l m  

badge o r  TLD. The i n i t i a l  responses were confirmed by a second telephone 

c a l l .  The i n v e s t i g a t i o n  o f  t he  reasons f o r  t he  i n c o r r e c t  c l a s s i f i c a t i o n  o f  

nuclear  workers i s  no t  complete fo r  both yards a t  t h i s  t ime. Most o f  t h e  

discrepancies (52%) a r i s e  because the  workers were qua1 i f i e d  f o r  nuclear  work 

a f t e r  t he  c l o s i n g  date f o r  t he  study's cumulative r a d i a t i o n  records. Some 

i n d i v i d u a l s  may a c t u a l l y  have worn a badge i n  another shipyard o r  i n  the  



1 Introduction 
1.1 Overview (cont'd) 

military. Of the 50 records which were reviewed for individuals claiming th 

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 only 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 establ ishment of a population of 

shipyard workers who have been exposed to low levels of gamma radiation as an 

incidental exposure whi 1 e engaged in the overhaul of nuclear propul si on 

11 
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1 In t roduct ion 
1.1 Overview (cont'd) 

systems i n  Navy ships. S imi lar  cont ro l  populations have been selected w i th  

the object ive o f  comparing the mor ta l i t y  experience o f  these nuclear and non- 

nuclear workers. During the per iod o f  t h i s  study, an extensive review o f  the 

accuracy and completeness o f  the rad ia t ion  f i l e s  has been undertaken. Limited 

data have been co l lec ted regarding po ten t ia l  confounding var iables i n  the 

population. Methods o f  evaluating other i ndus t r i  a1 exposures have been 

developed. These steps w i l l  be described i n  the fo l lowing sections. The 

i n i t i a l  analysis o f  the mor ta l i t y  o f  nuclear and non-nuclear workers w i l l  be 

presented. 
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1 Introduction 
1.1 Overview (cont'd) 

Table l . l . A  Derivation of and Notation fo r  Study Sampl ing Frame and Samples fo r  the 
Three Major Compari son Groups: 

(1) Nuclear Program Shipyard Workers with 20.5 rem Cumulative Exposure 
a s  of 1-1-82 (NW, ,J 

( 2 )  Nuclear Program s\lpyard Workers with t o .  5 rem Cumul a t i  ve Exposure 
as  of 1-1-82 (NW,,.,) 

(3) Non-Nucl ea r  Shipyard Workers (NNW) 

Nucl ea r  Program Workers 

Total Cumul a t  i ve Exposure Non-Nucl ear 
Nuclear (1-1-821 Workers 
Workers >0.5 rem t0.5 rem 

No. % ~ o .  % No. % No. % 

Total in 106,851 100% 35,079 100% 71,772 100% 692,612' 100% 
Database 

Excl usions 29,342 27% 7,019 20% 22,323 31% 574, 8W2 83% 

Sampl i ng 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 (Nw>o.5) - (Nw<o.5) (NNW) 

' The beginning t o t a l  in the database used t o  define non-nuclear includes the  e n t i r e  
shipyard population a t  the time of microfilming -- both nuclear program workers and 
non-nucl e a r  program workers. 

O f  the  574,894 records excluded, 404,700 (70%) were fo r  workers t h a t  did not work 
during t he  nuclear overhaul time period o r  worked l e s s  than a year. 



1 Introduction 
1.2 Pilot Study 

A pilot study entitled 

in Shipyard Workers" (DOE 

completed in August, 1978 

Study. 

"Study of Feasibility of Detecting Effects of Low-Dose Radiation 

Report No. DOE/AV/04992, Contract No. DE-AC02-78EV04992) was 

, prior to initiation of the full scale Nuclear Shipyard Workers 

At the time the pilot study was conducted, little 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 

feasi bi 1 i ty of establ i shing an appropriate population of nuclear and non-nucl ear 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 long-term effects of low dose radiation. 

Prel iminary 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. 



2 Methods 

2.1 Sources o f  Data 

The primary task i n  the study was t o  der ive from the t o t a l  database which 

i ncl  udes personnel records, r ad i  a t i  on records, and other records, a sui  tab1 e popul a t  i on 

f o r  study and then t o  select  appropriate groups f o r  comparison. The ob ject ive  was t o  

t r e a t  each worker i n  the database as s i m i l a r l y  as possible despite d i f f e r i n g  sources o f  

information f o r  some groups and t o  l i m i t  the workers i n  the study populat ion t o  those o f  

i n te res t  (male, c i v i l i a n  workers employed a t  l eas t  one year during overhaul i n  the 

shipyards) . Before populations and samples could be defined and c o l l  ected, appropriate 

computerized databases had t o  be constructed from avai 1 able records. 

A personnel database (Per DB) was constructed by micro f i lming employment 

records i n  each o f  the e igh t  shipyards. These microf i lmed records were the primary source 

o f  information on the t o t a l  set  o f  workers a t  any given yard. A t o t a l  o f  728 ree ls  (2,000 

frames per r ee l )  o f  microf i lmed records on 692,612 workers have been col lected, cataloged 

and processed i n t o  the Per DB. 

Table 2.1 .A shows the number o f  workers whose records were microf i lmed and the 

time periods of employment which were covered. The tab le  shows t h a t  personnel records 

from periods p r i o r  t o  nuclear overhaul were microfi lmed. Physical arrangement o f  the 

paper based personnel f i l e s  made it impossible t o  r e l i a b l y  r e s t r i c t  micro f i lming t o  the 

subset o f  workers employed since overhaul began i n  a yard. 

A database, representing a t o t a l  o f  107,976 records o f  presumed nuclear 

workers from a1 1 e i gh t  shipyards, (Nuc DB) was a1 so constructed (see Tab1 e 2.1 .A). (The 

i n i t i a l  database included dupl i ca te  rad ia t ion  records on the same ind iv idua l  w i t h i n  the 

same yard which were immediately corrected.) Construction o f  t h i s  database s tar ted w i th  

the computerized f i l e s  o f  nuclear workers t ha t  were made ava i lab le  by the s i x  Navy Yards. 

A t  the t ime t ha t  nuclear overhauls began i n  each o f  the Navy Yards, they had a requirement 

15 



2 Methods 
2.1 Sources o f  Data (cont 'd)  

t o  r epo r t  t o  t h e  Bureau o f  Medicine and Surgery t h e  r a d i a t i o n  exposure o f  any personnel 

occupat iona l ly  exposed t o  i on i z ing  r a d i a t i o n  a t  l e a s t  annual ly .  When an ind iv idua l  t h a t  

had been occupat iona l ly  exposed dur ing  a ca lendar  y e a r  l e f t  t h e  Shipyard, t h i s  informati  on 

was r epo r t ed  a t  t h e  end o f  t h e  month i n  which they  l e f t .  These were c a l l e d  " s i t u a t i o n a l  

r epo r t s .  " Additional l y ,  a1 1 personnel s t i l l  employed on December 31 t h a t  had received 

occupational exposure t o  ion iz ing  r a d i a t i o n  were repor ted  i n  January of  t h e  fol lowing yea r  

with t h e i r  r a d i a t i o n  exposure information. These were c a l l e d  "annual r e p o r t s " .  Each 

Shipyard r e t a ined  copies  of t h e i r  s i t u a t i o n a l  r e p o r t s  (12 f o r  each yea r )  and t h e i r  annual 

r epo r t s .  In 1979 t h e  Shipyards'  s tandard  computerized exposure information program was 

changed t o  inc lude  a h i s t o r i c a l  f i l e  which c r ea t ed  a computer record f o r  any ind iv idua l  

t h a t  was ever  occupat iona l ly  exposed a t  t h a t  f a c i l  i t y  with personal i d e n t i f y i n g  

information and app rop r i a t e  exposure information f o r  each y e a r  i n  which they  were 

monitored f o r  r a d i a t i o n  exposure. When t h i s  program became avai 1 ab l e ,  each Shipyard 

manually i npu t  t h e  information from t h e  beginning o f  t h e i r  nuc lear  work using t h e  

s i t u a t i o n a l  and annual r e p o r t s  a s  source document. Since t h i s  i n i t i a l  "batch" update of  

t he  f i l e ,  t h e  h i s t o r i c a l  f i l e  had been au tomat ica l ly  updated by t h e  computerized exposure 

records system used by a11 Navy Shipyards.  This  h i s t o r i c a l  f i l e  has been reproduced onto 

magnetic t a p e  and provided t o  [Johns Hopkins], with annual updates.  This  i s  r e f e r r ed  t o  

by t h e  s tudy group a s  t h e  "Shipyard Radiation Tapes". 

The p r i v a t e  Groton Yard provided a computerized f i l e ,  but i n  a d i f f e r e n t  

format from those  provided by t h e  Navy yards .  Appropriate sof tware was developed t o  make 

these  d a t a  c o n s i s t e n t  with t h e  Navy format. The p r i v a t e  Newport News Shipbui lding and 

Drydock Company d i d  no t  have complete h i s t o r i c a l  computerized records  of a1 1 nuclear  

workers who had r a d i a t i o n  exposure a t  any time during t h e  overhaul per iod .  A1 

based records  re1  a t e d  t o  nuc lear  workers a t  t h e  shipyard were microfilmed, and 

1 paper- 

a nuclear  
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2 Methods 
2.1 Sources of Data (cont'd) 

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 fi 1 es from 

many different sources. A major problem due to the inclusion of data from so many sources 

was development of methods for correctly 1 inking records and for identifying and 

el imi nati ng dupl i cate 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 descri bed in Sect ions 2.2 and 2.3. 



2 Methods 
2.1 Sources o f  Data (cont'd) 

Table 2.1 .A Number of Workers i n  the Personnel (Per DB) and Nuclear Workers 
(Nuc DB) Databases by Time Periods Covered 

Total Year 
Total Nucl ear Time period of Nuclear 

Workers Workers Microfilmed Overhaul 
Shipyard in Per DB in Nuc DB Personnel Records Began 

Char1 eston 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 

Tota l  692,612 107,976 



2 Methods 
2.2 Definition of Sampling Frames 

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,,., sample (a - 
selection ratio of 3:2 was chosen in order to arrive at the 

final sample) ; 

NW,,., - A 25 percent stratified sample of nuclear workers with a 

cumulative DE 20.5 rem as of 12/31/1981 ; 

NW,,., - A1 1 nuclear workers with a cumulative DE 20.5 as of - 
12/31/1981. 

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

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

The stratification made the three sample groups, NNW, NW,,.,, and NW,,.,, - 
comparable with respect to five factors: 

Shipyard of employment; 

Age; 

Year of entry into shipyard work; 

Pre-nuclear lag (i .e., duration of sh 

beginning nuclear work) for the NW,,., - 

19 

ipyard work prior to 

and NW,,., groups or a 
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2 Methods 
2.2 Definition of Sampling Frames (cont'd) 

corresponding pseudo duration of pre-nucl ear work for the NNW 

group; and 
? 

An overall job hazard index (see Section 2.8) based on a worker's 

most recent job title. 

Se 

sampl i ng 

lection of these stratified samples required definition of appropriate 

frames from which to sample. In general this involved defining 

subsets of individual s 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 

about the 

1 eted 

frame a record also had to have appropriate identifying information 

individual so that a computerized vital status search could be comp 

through outside agencies. 

On -goi ng editing and updating of the popul at i on i nformat i on 

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,,., 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,,., frame, (and hence included in the NW,,., - - 
sample) provided that an appropriate vital status search could be 

compl eted . 
The proposed sample sizes were increased in anticipation of potential 

deletions from the NW,,., or NNW frames subsequent to their initial definit 

in July, 1983. The three sampling frames were constructed from the Nuc DB 

ion 

and 
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2 Methods 
2.2 Definition of Sampl ing Frames (cont'd) 

Per DB and 11 major exclusion criteria were appl 

databases. To the extent possible, the criteria 

the same sequence to each of the three groups as 

The details of the definition of the sampl 

ed subsequently to the 

were appl ied uniformly and in 

shown in Table 2.2.A. 

ng 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 Sampl ing Frames: NW,., and NW, , - 
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,,-,) , or cumulative DE 9 . 5  rem (NW,,,,) . Computerized records of 1 i fetime - 
DEs of all workers were avail able 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 10.5 rem 

1 ifetime DE could be included in the NW,, , frame. The correct 1 ifetime DE - 
should have appeared in the last shipyard in which an employee worked. In 

addition, any worker who had a 1 i fetime recorded DE of 20.5 rem was incl uded 

in the NW,, , frame for each yard in which the worker was exposed. - 
Although the number was small (a total of 482 NW,,., workers (2%) - 

performed nuclear work in more th'an one yard), it was difficult to determine 
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2.2 D e f i n i t i o n  o f  Sampling Frames (cont'd) 

what decision should be made regarding workers who received rad ia t i on  exposure 

a t  mu l t ip le  shipyards. Samples were selected by yard and ye t  the t o t a l  

population was analyzed as a group. I n  addit ion, each yard was analyzed 

i nd i v i dua l l y  t o  assess the degree o f  var ia t ion.  A worker was not  counted 

twice i n  the t o t a l  analyses. 

A problem exists,  however, o f  inc luding an ind iv idua l  i n  a higher DE 

category i n  the f i r s t  yards i n  which he worked j u s t  because there i s  knowledge 

o f  h i s  rece iv ing rad ia t ion  due t o  subsequent employment i n  another shipyard. 

I f  h i s  second employment was i n  a nuclear f a c i l i t y  other than one o f  the e ight  

shipyards included i n  the study, then there would be no knowledge o f  the added 

exposure t o  r ad ia t i on  i n  the l a t e r  employment. It seemed appropriate t o  

include t h i s  small number o f  ind iv idua ls  a t  t h e i r  known 1 i fe t ime DE when 

se lect ing each shipyard's sample and t o  consider them once f o r  t o t a l  

populat ion analysis. A l l  exposure data f o r  nuclear workers who worked i n  

mu1 t i p l e  shipyards are avai lable so t h a t  any fu tu re  analysis by yard can 

consider these ind iv idua ls  as i f  they had achieved only the dose which was 

cumulated t o  the po in t  o f  severance from tha t  yard as wel l  as t o t a l  dose t o  

the end o f  the study. For the analysis of the combined yards, an ind iv idua l  

was included i n  the f i r s t  yard i n  which he was a nuclear worker a t  h i s  known 

l i f e t i m e  DE. I t  was recognized t h a t  these decisions may have created a 

pos i t i ve  bias but the numbers were small, so the analyses were probably not 

substanti  a1 l y  i n f l  uenced by the presence o f  these workers. 

The cases can be examined t o  see if they represent workers w i th  mu l t ip le  

yard exposures. I n  addit ion, future analyses w i  11 consider hand1 ing the d a t a  

from these few workers i n  d i f f e r e n t  ways such as counting a worker's exposure 
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2 Methods 
2.2 Definition of Sampl ing Frames (cont'd) 

only as i t  re la tes  t o  his f i r s t  place of employment and then following him for 

survival t o  see i f  these changes a l t e r  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  a l l  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 t0.5 rem, the NW,,s, g roup and those with a DE of 20.5 

rem, the NW,,., group. - 
Workers were e l ig ib le  t o  be part of the sampling frame i f  they worked 

for a t  l eas t  one year during the period of nuclear overhaul in one of the 

ion for  follow-up s tar ted a t  a eight yards. This means that  the populat 

different  calendar time in each yard (the 

This decision was necessary since workers 

s t a r t  date of nuclear overhaul). 

who had recorded doses prior t o  the 

period of overhaul of nuclear propulsion vessels would not have exposures 

equivalent t o  those of more recent nuclear workers. Workers during overhaul 

had exposures mainly t o  gamma rays from cobalt-60. Before the overhaul 

period, workers monitored for  radiation were 1 i kely t o  be medical technicians, 

radiographers, instrument repairmen or  other occupational groups exposed to  a 

variety of sources of radiation. 

The radiation f i l e  and personnel f i l e  were matched using social security 

number. Some nuclear workers did not match t o  the personnel record f i l e  

1 security number or because there was 

. Some of these workers were not 

, some were Navy personnel or outside 

e i ther  because they did not have a socia 

no microfilmed personnel record for  them 

c iv i l ian  shipyard employees; for  example 

contractors. Other workers who fai led t o  match t o  the personnel f i l e  were 

recent employees who started work a f t e r  the date of microfilming . Whatever 



2 Methods 
2.2 Definit ion o f  Sampl i ng Frames (cont 'd) 

the reason for  the discrepancy, a nuclear worker without a social security 

number or a microfilmed personnel record was not searched fo r  v i ta l  status.  

This group was included in the nuclear worker population and the i r  vi ta l  

s ta tus  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 i n  the Nuc 

DB, 27 percent were excluded from the sampl ing frame. A large proportion of 

these were omitted because they were recent hires who did not have a personnel 

record a t  the time of microfilming or they were missing a soci a1 security 

number on the personnel f i l e .  

Definit ion o f  the Non-Nucl ear Worker Sampl i ng Frame: NNW 

The non-nuclear workers who were e l ig ib le  for  the sampling frame 

included only males who had worked one year or more i n  the yard during the 

period of nuclear overhaul, who had had a vi ta l  s ta tus  search, and who had 

information in the i r  record related t o  the s t ra t i f ica t ion  variables for  the 

sampl e. 

Table 2.2.A shows that  a large proportion (70%) of the non-nuclear 

in the Per DB were excluded primarily because they had no social 

number or they worked in periods prior to  nuclear overhaul. There 

,718 non-nucl ear workers el igi bl e for  the sampl ing frame. 

workers 

security 

were 117 
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2 Methods 
2.2 Defini t ion of Sampling Frames (cont 'd) 

Race 

The personnel f i l e s  did not contain information on race,  even though the  

rad ia t ion  tapes  from some yards did contain t h a t  data.  Therefore, t h e  

se lec t ion  of an NNW sample s t r a t i f i e d  on this var iable  was impossible. 

For some yards t h i s  was not a problem because the  geographic locat ion  of 

t h e  yard was in  a predominantly white population. From t h e  da ta  ava i l ab le  f o r  

o ther  yards,  the  known r a c i a l  d i s t r i b u t i o n  of nuclear workers appeared t o  

represent  t h e  r ac ia l  composition of  t h e  area.  Therefore, i t  seemed reasonable 

t h a t  the non-nuclear workers were a l s o  s imi la r  t o  the  general population in  

r a c i a l  d i s t r i b u t i o n  and t h a t  s t r a t i f y i n g  on b i r t h  year  and year  of h i r e  should 

produce subsamples which were s imi la r  by race.  This means in te rna l  

comparisons should have been r a c i a l l y  comparable. However, no analys is  by 

race  was possible.  There a r e  some methods by which race  could be c l a s s i f i e d  

f o r  some workers i n  the fu ture .  

Cer ta in ly ,  t h e  comparison of  the  (0.5 rem NW and t h e  20.5 rem NW should 

present  no problem. The workers i n  these two groups were a1 1 se lec ted  t o  be 

i n  t he  nuclear  program. Then the  ca tegor ies  were balanced by yard,  age, h i r e  

d a t e  and job grouping. Comparisons using these  in te rna l  groups which a r e  a l l  

i n  t h e  nuclear  program and balanced by o the r  major c h a r a c t e r i s t i c s  should 

represent  s i m i l a r  race  d i s t r i b u t i o n s  a s  well. Comparisons by dose in  t h e  

group of  20.5 rem NW should have r a c i a l  balance s ince  a l l  workers i n  t h i s  

group s t a r t  i n  t h e  lowest category and simply move t o  o the r  dose groups. 

Methods of determining race  f o r  these  populations has been i d e n t i f i e d  and wi l l  

be used i n  future analyses. 



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

Rationale and Specifications for Exclusion Criteria 

The l i s t  o f  exc lus ion  c r i t e r i a  developed t o  d e f i n e  t h e  s tudy  sampling 

frames from t h e  a v a i l a b l e  da tabases  i s  summarized i n  Table 2.2.A. E s s e n t i a l l y  

two sources  of  d a t a  were used t o  d e f i n e  t h e  members o f  t h e  s tudy  populat ion.  

The computerized f i l e  o f  a l l  personnel records  microfilmed a t  each yard ;  

and 

Shipyard r a d i a t i o n  d a t a  f i l es  obtained from t h e  Navy o r  t h e  p r i v a t e  

yards .  

Both d a t a  f i l e s  included records  f o r  i nd iv idua l s  who d id  no t  f i t  t h e  

s tudy popula t ion  d e f i n i t i o n .  For example, m i l i t a r y  workers, workers w i t h  

exposure on ly  i n  t h e  pre-overhaul time period,  c o n t r a c t o r s ,  and s h o r t  term 

workers were no t  considered t o  be p a r t  of  t h e  s tudy.  Other major exc lus ions  

1 imited t h e  s tudy  t o  male shipyard workers employed a t  l e a s t  one y e a r  during 

the nuc lear  overhaul per iod.  The time period of  nuc lear  overhaul var ied  from 

yard t o  yard ,  t h e  e a r l i e s t  beginning i n  1957. The o t h e r  major exc lus ions  a s  

noted i n  t h e  tab1  e represented sources  of incomplete information on 

i n d i v i d u a l s  which would l i m i t  t h e  inc lus ion  of  t h e i r  d a t a  i n  t h e  ana lys i s .  In 

no ca se  were t h e  exc lus ions  based on measured dose d a t a  o r  any hea l th  e f f e c t s  

va r i ab l e s .  

The personnel mi c rof  i 1 m f i 1 e a s  descr ibed e a r l  i er i ncl uded a1 1 workers ' 

records  a v a i l a b l e  a t  t h e  t ime o f  microfilming. The d a t e s  o f  f i lm ing  var ied  by 

shipyard.  Th i s  f i l e  was the primary source of demographic and job  h i s t o r y  

d a t a  f o r  both nuc lear  and non-nuclear workers. According t o  information from 

t h e  Naval Nucl e a r  Propul s ion  Program, t h e  rad i  a t  i on f i 1 es i ncl uded any person 

who was r equ i r ed  t o  wear a personal dosimeter because they  en t e r ed  a r a d i a t i o n  
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a rea  regardless  of whether they were a shipyard worker, cont rac tor  o r  m i l i t a r y  

personnel . These two f i l e s  (personnel and radia t ion)  were merged t o  define 

the  sampl ing frames. Both f i  1 e s  had t o  undergo considerable processing before 

they could be combined. In most cases,  socia l  secur i ty  numbers were used t o  

1 ink records,  but these  were not always avail  able on both f i l e s .  A we1 1 

defined h ierarchica l  l i s t  of exclusion c r i t e r i a  o r  " f i l t e r s "  f o r  determining 

whether a worker was e l i g i b l e  f o r  a p a r t i c u l a r  study group had t o  be 

developed. A worker had t o  pass through a l l  " f i l t e r s "  before being e l i g i b l e  

f o r  a p a r t i c u l a r  sampling frame. 

The " f i l t e r s "  were applied on a yard by yard bas i s  s ince  da ta  on yards 

were prepared one yard a t  a time. Thus, i f  a worker was employed in  more than 

one shipyard, he had t o  be excluded from a l l  shipyards i n  which he worked in  

order  f o r  him t o  be excluded from the  sampling frame. Also, he was only 

included i n  t h e  individual shipyard sampling frames in  which he was e l i g i b l e .  

This could lead  t o  dupl ica tes ,  so a mechanism was developed t o  ensure t h a t  

workers e l i g i b l e  i n  one o r  more yards were included only once f o r  analys is  

purposes. 

Both t h e  content  and order  of exclusion " f i l t e r s "  was important. The 

f i n a l  ordering was somewhat a r b i t r a r y  but was ar r ived a t  a f t e r  considering: 

Simi 1 a r  treatment of nucl e a r  and non-nuclear workers desp i t e  t h e  

d i f f e r i n g  sources of  d a t a  f o r  t h e  two groups; 

Overall log ica l  order  from t h e  standpoint  of study d e f i n i t i o n ;  and 

Placement of " f i l t e r s "  t h a t  excluded t h e  most workers near  t h e  top t o  

minimize the  size of f i l e s  t o  be processed on subsequent s teps .  
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Preparation of Fi 1 es for Sampl i ng 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 1 ink 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 we1 1 as other i tems 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 1 ink workers' records. Since filming of records was done 

on a yard by yard basis and since social security numbers were not always 

based on avail able, a simple identification system for workers was developed 

serial number of a worker's record on a roll of microfilm. This a1 

unique identification of records on a yard by yard basis. Methods 

identifying dupl icate records on individuals within and among yards 

1 owed 

of 

were 

developed. Once identified, a "key" ID number was assigned to dupl icate 

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 ent ry  and withdrawal, shipyard census 

numbers) chronological l y .  

Though the consol i da t ion  o f  the mu l t i p l e  records f o r  each worker was 

compl ica ted and involved, a t  times, ind iv idua l  ized decisions t o  handle 

discrepant data, the number o f  such cases were r e l a t i v e l y  few. O f  the 102,176 

nuclear workers w i t h  val  i d  soci a1 secur i ty  numbers (Tables 2.2 .A a f t e r  

sequence 3), only 1,112 (1%) workers performed rad ia t ion  work i n  two 

shipyards, and 27 (tl%) were nuclear workers i n  three shipyards. Of the 

467,633 non-nucl ear workers on the microf i lmed personnel f i 1 e, 23,918 (5%) 

worked i n  more than one shipyard. 

D e f i n i t i o n  o f  the  Nuclear Worker (NW, , and NU, ,) Sampl i n g  Frames - 
This sect ion gives the spec i f ica t ions f o r  exclusion c r i t e r i a  used t o  

i d e n t i f y  the two populations o f  nuclear workers: NW,,., (workers w i t h  1 i fetime - 
DE greater than o r  equal t o  0.5 rem as o f  12/31/1981) and NW,,., (workers w i th  

l i f e t i m e  DE less  than 0.5 rem as o f  12/31/1981). 

The steps given below were appl ied sequent ia l ly  i n  the order 1 is ted.  

Apart from step 2 which s p l i t  the Nuc DB i n t o  the two par ts  based on 

cumulative DE, a l l  steps were appl ied t o  both groups i n  the same way and i n  

the same order. The spec i f i c  numbers o f  workers excluded by each f i l t e r  are 

given i n  Table 2 . 2 . A  (Note: the steps l i s t e d  below do not  correspond t o  the 

numbers i n  the  t ab le  since some are simply d e f i n i t i o n  statements). 

Step 1: The nuclear worker database was establ  ished by the presence o f  a 

record on the 1981 rad ia t i on  f i l e s .  

Step 2: The nuclear worker database was d iv ided i n t o  workers w i t h  20.5 
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rem o r  (0.5 rem cumulative DE. The cumulative DE was ca l cu l a t ed  

from a worker's e n t i r e  exposure h i s t o r y  by c o l l a t i n g  t h e  

r a d i  a t  i on record f i 1 es rece ived  from a1 1 sh ipyards  and summing 

each ind iv idua l ' s  DE. 

S tep  3: Nuclear workers not  a c t i v e  i n  t h e  r a d i a t i o n  program dur ing  t h e  

per iod  of  nuc lear  propuls ion p l a n t  overhauls  f o r  each of  t h e  

s tudy  yards  were excluded. The time per iod o f  nuc lear  overhaul 

va r i ed  by shipyard a s  may be seen from t h e  fol lowing 1 i s t  of  

y e a r s  i n  which t h e  f i r s t  nuc lear  overhaul was c a r r i e d  ou t :  

Charleston Naval Shipyard 
General Dynamics Corporation, 

E l e c t r i c  Boat Division 
Mare I sl and Naval Shipyard 
Newport News Shipbui lding 

and Drydock Company 
Norfol k Naval Shipyard 
Pearl Harbor Naval Shipyard 
Portsmouth Naval Shipyard 
Puget Sound Naval Shipyard 

Workers who had only a DE recorded f o r  t h e  per iod p r i o r  t o  work 

a t  t h e  yard were excluded from t h e  sampl ing frame i n  t h i s  s t ep .  

In  some yards ,  a worker with a l l  blank exposures was one who had 

qua1 i f  i ed f o r  t h e  r a d i a t i o n  program but had never performed any 

r a d i a t i o n  work. These workers a r e  d i f f e r e n t  from those  with 

recorded DEs of  zero  who worked i n  r a d i a t i o n  a r e a s  but  never 

rece ived  any r a d i a t i o n  dose above a f i l m  badge o r  TLD's 

d e t e c t a b l e  1 eve1 . Very few workers were excl uded by t h i  s 

c r i t e r i o n ,  and i n  each case ,  t h e  yard was queried about t h e  

worker 's  s t a t u s  before t h e  dec is ion  t o  exclude was made. 

30 
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Step 4: Workers without a valid social security number present on the 

radiation fi 1 e were excluded. An inval id 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 re1 iabl e method of 1 inking 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 soci a1 

security number. 

Very few nuclear workers lacked a social security 

number (191 in the 20.5 group (1%) and 1,659 in the (0.5 group 

(2%)). However, workers in the three study 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. 

Step 5: 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 t h e  same sources a s  t h a t  of t h e  non-nuclear 

group. 

The only p rac t i ca l  way t o  screen out  non-shipyard workers with 

r ad ia t ion  records on f i l e  such a s  v i s i t o r s ,  cont rac tors ,  and 

m i l i t a r y  personnel was t o  match the  r ad ia t ion  records with the  

personnel records. Nuclear workers with records on t h e  1981 

r ad ia t ion  f i l e  but whose employment began a f t e r  t h e  d a t e  of 

microfilming of the personnel records i n  t h e  yard were a1 so 

excluded by t h e  matching in  t h i s  s tep .  The da tes  of microfilming 

by shipyard were as  follows: 

Charleston Naval Shipyard 
General Dynamics Corporation, 

E lec t r i c  Boat Division 
Mare Island Naval Shipyard 
Newport News Shipbuilding 

and Drydock Company 
Norfol k Naval Shipyard 
Pearl Harbor Naval Shipyard 
Portsmouth Naval Shipyard 
Puget Sound Naval Shipyard 

Any workers with e r r o r s  in  t h e i r  socia l  s e c u r i t y  number a s  

recorded on e i t h e r  t h e  r ad ia t ion  f i l e  o r  personnel f i l e  were 

excluded by t h i s  s t ep .  All complete v i t a l  s t a t u s  searches were 

based on the  socia l  secur i ty  number from personnel records.  Even 

though some rad ia t ion  workers could be matched t o  t h e  personnel 

f i l e  on the  bas is  of information o ther  than socia l  secur i ty  

number, the  workers were excluded s ince  they would not have an 

adequate v i t a l  s t a t u s  search through record linkage. 
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Step 6: 

Step 7: 

Workers who did not work a year or more in a t  leas t  one shipyard 

according to  the length of employment as recorded on personnel 

record were excl uded . If there were mu1 t i  p l  e personnel records 

for a given shipyard, the worker was arb i t ra r i ly  considered to  

have worked a t  l eas t  a year. 

Some inconsistencies in the employment data on the personnel 

f i l e  and the radiation f i l e  were discovered although the number 

was very small. For example, of the 803 Groton or Navy workers 

excluded from the 1 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 working more than a year 

based on the radiation f i l e  data. T h i s  amounts to  variations in 

employment records in about 1.8 percent of the 2 0 . 5  rem group. 

Examination of these discrepancies revealed transcription and 

reporting errors on both personnel and radiation f i l e s .  The 

major problem arose from the less  precise determination of length 

of employment on the radiation f i l e s  as provided by the Navy and 

private yards due t o  fa i lure  t o  record the cumulated data on 

months of entry or  withdrawal from the radiation program based on 

days worked. 

Female workers were excluded. The worker's gender was taken from 

the mi crof i lmed personnel f i 1 e. Once again, some di screpanci es 

existed between the radiation f i l e  and the personnel f i l e .  Only 

82 o f  the 124 women excluded from the nuclear workers with 20.5 

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 vita1 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 qua1 ity 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 

excl uded . 
Step 9: Any worker who had incomplete or invalid data for the 

stratification variables used in the sampl ing scheme was 

excl uded . These vari abl es i ncl uded bi rt hyear , year of hi re, 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 20.5 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 inval id i f the 

information was missing or if a worker was born before 1876 
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(worker would be o lder  than 100 years a t  time of microfilming) o r  

a f t e r  1962 (worker would be l e s s  than 18 years a t  time of 

microfilming) . The year  of hi re was considered inval id  i f  i t  was 

recorded as  missing o r  unknown on the  personnel record, o r  i f  

t he re  was no personnel record f o r  t h e  worker in  a shipyard i n  

which the same worker had a radia t ion  record. 

The in terval  from time of h i r e  in  a study shipyard t o  s t a r t  of 

nuclear work in  t h a t  shipyard was added t o  each worker's record. 

This var iable ,  pre-nuclear l ag ,  was developed t o  control  f o r  the  

b ias  which resul ted  because a nuclear worker had t o  survive 1 ong 

enough t o  qua l i fy  f o r  work in  t h e  nuclear program a f t e r  he was 

hired.  During t h a t  in terval  t h e  employee would have worked f o r  

several  years  i n  non-nuclear jobs before enter ing  t h e  nuclear 

program. The va r i ab le  was ca l  cu1 ated as  f o l  1 ows : 

Pre-nucl e a r  1 ag = 

Pre-nucl e a r  1 ag = 

year of  f i r s t  r ad ia t ion  record minus year  

of h i r e  f o r  the  f i r s t  yard worked in the  

nuclear program, 

0 f o r  any addit ional  yards in  which 

radi  a t  ion work was done. 

not be ca lcula ted  i f  e i t h e r  t h e  yea r  of 

i n t o  the  r ad ia t ion  program was inval i d ,  o r  

ing personnel record f o r  t h e  first yard i n  

which nuclear  work occurred. Pre-nucl e a r  1 ag would be negative 

i f  t h e  nuclear  program en t ry  year  was reported a s  e a r l i e r  than 

This va r i ab le  could 

h i r e  o r  year  of  en t ry  

i f  t h e r e  was no match 
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t h e  y e a r  o f  hi  re on t h e  microfilmed personnel record  f o r  a given 

shipyard.  I t  was decided t o  equa te  pre-nuc lear  l a g  t o  ze ro  i n  

t h e s e  cases .  A t o t a l  o f  669 workers i n  t h e  20.5 rem group had 

nega t ive  va lues  f o r  t h i s  va r i ab l e .  These workers' records  were 

l i s t e d  and e d i t e d .  

A sco re  der ived  from t h e  code f o r  each worker's l as t  shipyard 

j o b  was a l s o  appended t o  each worker's record ( s ee  Sec t ion  2.8). 

F i r s t ,  t h e  49 o r i g i n a l  job  c a t e g o r i e s  used t o  c h a r a c t e r i z e  a job  

t i t l e  were recoded t o  a nine po in t  s co re  ( 0  t o  8) i n d i c a t i n g  a 

measure of  ove ra l l  " r i s k "  from a l l  agents  a s soc i a t ed  w i t h  t h e  

job. Seven i n d u s t r i a l  hyg ien i s t s  independently r a t e d  a1 1 job  

t i t l e s .  The first a v a i l a b l e  job  t i t l e  code was used i n  the case  

o f  d u p l i c a t e  records f o r  a given personnel i d e n t i f i c a t i o n  number. 

Only 2 percent  of  the 20.5 group's and 3 percent  o f  the t 0 . 5  

group 's  t o t a l  yard records  d i d  not  match t o  t h e  job  f i l e  a t  t h e  

time of  frame d e f i n i t i o n .  For purposes of  t h e  s t r a t i f i c a t i o n  

v a r i a b l e s ,  t h e  job  v a r i a b l e  f o r  t h e s e  mismatches was considered 

missing.  

A worker was excluded from t h e  sampling frame i f  e i t h e r  

b i r t h y e a r  was inval  i d ,  o r  year  of  h i r e  o r  p re -nuc lear  1 ag were 

i n v a l i d  i n  a l l  yards  i n  which nuc lear  work was performed. Also, 

on a yard by yard bas i s ,  a worker was el i g i  b l e  f o r  a given yard 

i n  which he worked i n  t h e  nuc lear  program only i f  v a l i d  d a t a  f o r  

t h a t  yard e x i s t e d  on a l l  t h r e e  of t h e s e  v a r i a b l e s .  

The r e s u l t s  o f  app l i ca t i on  of the s t e p s  1 i s t e d  above a r e  summarized i n  
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Table 2.2.A. This tab le  shows t ha t  the number derived f o r  the NW,,., sampling - 
frame i s  28,060 and the number derived for  the NW,,-, sampl i ng frame i s  49,449. 

These were derived from an o r i g i na l  database of 106,851 nuclear workers on the 

1981 rad ia t i on  f i l e s  y i e l d i ng  an e l i g i b i l i t y  r a t e  f o r  the current  analysis o f  

73 percent. 

D e f i n i t i o n  of the Non-Nucl ear Worker Sampl i n g  Frame 

The der i va t ion  of a su i tab le  comparison group o f  shipyard workers a t  

each yard who never worked i n  the nuclear program corresponded c lose ly  t o  the 

der i va t ion  o f  the NW,,-, and NW,, , sampling frames. Due t o  imperfect ions i n  - 
the ava i l  able record sources, a p rac t i ca l  select ion algor i thm had t o  be 

developed. This a lgor i thm was s im i l a r  both i n  content and order o f  execution 

t o  the steps used t o  select  the nuclear workers' sampling frame. These steps 

are l i s t e d  below i n  the order i n  which they were ca r r ied  out. The spec i f i c  

numbers o f  workers excluded by each f i l t e r  are given i n  Table 2.2.A. The 

s t a r t i n g  database f o r  the der ivat ion process was the m i  c r o f  i lmed personnel 

f i l e  cons is t ing o f  692,612 records. (Note: the steps 1 i s t e d  below do not  

correspond t o  the numbers i n  the t ab le  since some are d e f i n i t i o n  statements). 

Step 1: A worker had t o  be present i n  the m ic ro f i lm  personnel f i l e  and 

have been a c i v i l i a n  shipyard worker. Non-c iv i l i an  shipyard 

workers' records and those workers w i th  only charge out  cards 

ind ica t ing  assignment t o  another post were excluded. 

Step 2: Workers w i t h  i n v a l i d  o r  missing soc ia l  secur i t y  number on the 

personnel f i 1 e were excl uded. There were 207,160 workers (31%) 

wi thout  a v a l i d  soc ia l  secur i ty  number on t h i s  f i l e .  However, 
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among male workers working a t  l e a s t  one y e a r  during t h e  nuc lear  

overhaul per iod ( t h a t  i s ,  t h e  populat ion def ined  a s  el i g i  b l e  f o r  

s t udy ) ,  t h e  number of  i nval i d  soc i  a1 s e c u r i t y  numbers was reduced 

t o  approximately 24,000 (4%). 

Step  3: Dupl i c a t e  personnel records  were excluded. In gene ra l ,  t h i s  was 

a complicated and d i f f i c u l t  process  s i n c e  r e l i a b l e  unique 

i d e n t i f y i n g  information was o f t en  unavai lable .  For workers w i t h  

s o c i a l  s e c u r i t y  numbers, t h e  process  was more s t r a igh t fo rward .  

The general approach taken was t o  c o l l e c t  records  wi th  the same 

s o c i a l  s e c u r i t y  number and t o  conso l ida t e  mu l t i p l e  records .  A 

s i n g l e  un i f i ed  record f o r  each worker was c r ea t ed .  Some workers 

had a s  many a s  s i x  personnel records when d a t a  from a l l  yards  

were c o l l  a ted .  As descr ibed e a r l  i er, employment hi  s t o r y  d a t a  and 

ya rd  i d e n t i f i e r s  were c o l l a t e d  chronologica l ly  by yard i n  which 

work occurred and s to red  i n  a s i n g l e  record.  

S t ep  4: Workers who d i d  no t  work a t  any s tudy yard a t  any time during t h e  

per iod  o f  nuc lear  overhaul were excluded. As a coro l  i a r y ,  a 

worker was e l i g i b l e  f o r  t h e  sampling frame o f  a given yard only 

i f  he worked during t h e  nuc lear  overhaul per iod i n  t h a t  yard. 

S tep  5: Workers who d id  no t  work a y e a r  o r  more i n  a t  l e a s t  one s tudy 

shipyard were excluded. The c r i t e r i o n  of  du ra t i on  worked was 

appl ied  on a yard by yard bas i s .  Employment d a t a  from dup l i ca t e  

records  wi th in  a yard were no t  added toge the r .  A worker was 

e l i g i b l e  f o r  a given shipyard 's  non-nuclear populat ion i f  he 

worked a t  l e a s t  one Year i n  t h a t  yard a s  ind ica ted  on any one 
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personnel record or i f  there were mu1 t i p l e  personnel records for 

a given shipyard. 

Step 6: Female workers were excluded. 

Step 7: Workers who were ever nuclear workers in any study shipyard were 

excluded from the non-nuclear worker sample in a l l  yards. This 

step was accomplished by matching the 1981 Nuc DB t o  the 

remaining personnel f i l e  on the basis of social security number. 

A comparison with steps 1-8 of the nuclear worker population 

derivation would lead one t o  think that exactly the total  nuclear 

workers remaining a f t e r  step 8 should be the number excluded in 

step 9. However, the set of workers excluded due t o  radiation 

s ta tus  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 c r i t e r i a ,  but not by the 

corresponding non-nucl ear c r i t e r i a  or vi ce-versa. For example, a 

worker may have worked i n  a shipyard during the overhaul period 

even i f  a1 1 nuclear work was done prior t o  overhaul . Or, 

conversely, the personnel f i l e  indicated tha t  the nuclear worker 

was not a shipyard worker or only had a "charge out" card in the 

system. 

Step 8: Workers who did not have a complete vi ta l  s ta tus  search were 

excluded. As indicated for  the nuclear sampling frame, t h i s  

number should be nil but, due t o  ongoing completeness checks, 

records were added a f t e r  the major vi ta l  s ta tus  computerized 
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searches were ini t ia ted.  So, the non-nucl ear workers who 

remained el igible  in the sampling frame up t o  th i s  step were 

matched to  f i l e s  of records actually sent out for vi tal  status 

searches. Workers whose records were not sent had t o  be 

excl uded . 
Step 9: Workers w i t h  missing or invalid data for  the s t ra t i f ica t ion  

variables (birthyear, year of hire, and duration worked) were 

excluded. No workers were excluded for missing data on the job 

t i t l e  r isk score as was described previously for the nuclear 

workers. 

A time variable had t o  be created for non-nuclear workers 

which was comparable t o  the pre-nuclear lag variable for  the 

nuclear workers. The best solution that  could be found for 

defining a variable comparable to  the interval from hire t o  the 

s t a r t  of nuclear work was simply to  calculate duration worked. 

Then, for example, nuclear workers who had a five year 1 ag 

between f i r s t  hire a t  a shipyard and the s t a r t  of nuclear work 

would be considered in the same s t r a t a  as non-nuclear workers 

w i t h  a t  least  f ive years of shipyard work. The use of th i s  

variable i s  discussed in depth in Section 2.3. I t  i s  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 



of  h i r e  o r  dura t ion  worked were inva l id  i n  a l l  ya rds  worked. A 

worker was e l i g i b l e  f o r  a given yard i n  which he worked non- 

nuc lear  only i f  va1 i d  d a t a  f o r  t h a t  yard e x i s t e d  on a1 1 t h r e e  

va r i ab l e s .  

The r e s u l t s  of  app l i ca t ion  of  t h e  s t e p s  l i s t e d  a r e  summarized i n  Table 

2.2.A.  The number der ived  f o r  t h e  NNW sampl ing frame i s  117,718 workers from 

a s t a r t i n g  da tabase  of  692,612 records.  

F 
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2 Methods 
2.2 Def in i t i on  of  Sampling Frames (cont 'd)  

records ,  only yea r s  were used s i n c e  t h e  f u l l  d a t e s  from t h e  

corresponding rad i  a t i  on f i 1 e s  were not  avai 1 abl e . 
On t h i s  b a s i s ,  a worker was excluded from t h e  sampling frame 

f o r  non-nuclear workers i f  e i t h e r  b i r thyea r  was inval  i d ,  o r  yea r  
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Table 2.2.A Appl ication of Exclusion Criteria to the Personnel and 
Nuclear Workers Databases to Define the NU, ,, NU,.,, - and NNW Sampl i ng Frames 

S a m ~ l  ina Frames 

NW,o.s - NW<o.5 NNW 

Exclusion Criteria 
(Appl ied Separately No. % No. % No. % 
to Each Shipyard) 

Workers in Ini ti a1   at abase' 
Total 
Split (0.5 vs. >0.5 rem 
(Cum. DE, 12/3i/81) 

Sequence of Exclusion steps2 
1 No Nuclear Work After 

Overhaul s Began 
Excl uded 
Still Remaining 

2 Non-Civil ian 
Excl uded 
Still Remaining 

3 No Social Security No. 
Excl uded 
Still Remaining 

4 No Record in Per DB 
Excluded 
Still Remaining 

5 Duplicate Record in Per DB 
Excl uded 
Still Remaining 

6 No Employment After 
Overhaul s Began 

Excl uded 
Still Remaining 

7 Employment (1 Year 
Excl uded 
Still Remaining 

(cont 'd )  

Q 
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Table 2.2.A Application of Exclusion Criteria to the Personnel and 
Nuclear Workers Databases to Define the NU,,, NW,.,, 
and NNW Sampl ing Frames (cont 'd) - 

Sam~l i nq Frames 

NNW 

Exclusion Criteria 
(Appl i ed ~ e ~ a r a t e l  No. % No. % No. % 
to Each Shipyard) 

8 Female 
Excl uded 124 
Still Remaining 28,381 

9 Nuclear Worker (in Nuc DB) 
Excl uded - - 
Still Remaining 

10 Incomplete Vital Status 
Ascertainment 

Excl uded 32 
Still Remaining 28,349 

11 Missing Data For Stratification 
(Birthyear, hire year, pre- 
nucl ear 1 ag or duration 
worked) 
Excl uded 289 
Still Remaining 28,060 

Final number excl uded 7,019 

Final Sampl ing Frame 28,060 

' 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. - 

' Denominators for percents are total entering step for "Excluded" and total indicated in 
initial dsrabase for "Still Remaining". A -- indicates that the exclusion step did not 
appl Y 
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The i n i t i a l  s tudy design c a l l e d  f o r  t h e  s tudy of  a l l  workers i n  t h e  

nuc lear  program regard1 ess of  DE and a1 1 non-nucl e a r  workers empl oyed 

during t h e  per iod of nuc lear  overhaul.  The design u l t ima te ly  s p e c i f i e d  a 100 

percent  sample of  t h e  NW,,., - frame (approximately 30,000 workers) and 

s t r a t i f i e d  samples of  approximately 11,000 workers (25%) from t h e  NW,,., frame 

and 44,000 workers (37%) from t h e  NNW frame. This  allowed f o r  roughly 10 

percent more non-nucl e a r  workers than nuc lear  workers i n  t h e  ove ra l l  sample. 

The 10 percent  oversampling was done s i n c e  i t  was expected t h a t  t h e r e  might be 

access ions  i n t o  t h e  nuc lear  sample due t o  ongoing e d i t s  o f  t h e  r a d i a t i o n  da t a .  

Every avai  1 a b l e  NW,,., nuclear  worker with acceptab le  d a t a  was i nc l  uded. The - 
design a l s o  s p e c i f i e d  s t r a t i f i c a t i o n  based on age ( b i r t h y e a r ) ,  s t a r t i n g  y e a r  

of employment, job  hazard index (ca tegor ized  by l a s t  job he ld ) ,  and dura t ion  

o f  employment p r i o r  t o  t h e  s t a r t  of  nuc lear  work ( o r  a corresponding pseudo 

du ra t i on  f o r  t h e  NNW group).  

As descr ibed  e a r l i e r ,  a t o t a l  of  28,060 nuc lear  workers have been 

c u r r e n t l y  i d e n t i f i e d  i n  t h e  NW,,., sampling frame of which 482 workers worked - 
i n  more than  one shipyard. A1 1 of t h e s e  NW,, , workers were followed and - 
analyzed. 

S t r a t i f i c a t i o n  Variables  

The s t r a t i f i e d  sampling schemes f o r  t h e  NW,,-, and NNW groups were based 

on shipyard p lu s  four  add i t i ona l  s t r a t i f i c a t i o n  va r i ab l e s :  

Bi r thyear  (5  groups) ; 

Year of  h i r e  (4  groups) ;  

Overal l  job hazard index (4 groups) ;  and 
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2 Methods 
2.3 Select ion of S t r a t i f i e d  Samples (cont 'd) 

. Interval  from time of h i r e  t o  s t a r t  of nuclear work 

lag)  o r  a corresponding pseudo in terval  f o r  the  NNW 

(pre-nucl e a r  

workers (4 

time groups f o r  NU,,., and s ing le  years  f o r  NNw). 

After  examination of yard by yard and overal l  frequency d i s t r i b u t i o n s ,  

groupings f o r  these  var iables  were defined t o  reduce the  number o f  s t r a t a  

f o r  sampling purposes t o  a l a rge  but manageable number. Combination of  t h e  

grouped var iables  led t o  320 possible s t r a t a .  Birthyear was grouped in to  f i v e  

c lasses :  (1920, 1920-1929, 1930-1939, 1940-1949, 1950+. Four groups were 

defined f o r  year  of hire:  (1950, 1950-1959, 1960-1969, 1970+. A s ing le  d i g i t  

job score  ref1  ec t ing  t h e  overal l  job r i s k  (see sec t ion  2.8) was recoded t o  

t h r e e  job r i s k  exposure groups: low, medium, high. A missing job score was 

coded a s  a sepa ra te  c l a s s  f o r  a t o t a l  of four groups. The missing scores a r e  

genera l ly  associa ted  with job codes which  denote admini s t r a t i  ve/supervisory 

level  pos i t ions  which were not r e l a t ed  t o  any hazard score. A separa te  

ca tegor iza t ion  was considered preferable  t o  simply excluding workers with 

missing information on job t i t l e .  

The four th  s t r a t i f i c a t i o n  var iable  is l e s s  s traightforward than the  

f i r s t  th ree .  I t s  determination d i f fe red  depending on nuclear  worker s t a t u s .  

Nuclear workers, by d e f i n i t i o n ,  must survive from t h e i r  h i r e  d a t e  t o  the  s t a r t  

of r ad ia t ion  work and t h e i r  consequent appearance on the  r ad ia t ion  f i l e s .  

There i s no corresponding guaranteed survival  in terval  f o r  non-nucl e a r  workers 

during which deaths cannot occur. I f  this in terval  f o r  t h e  nuclear  workers i s  

l a r g e  as  i t  might be e spec ia l ly  a t  t h e  beginning of t h e  program, an 

a r t i  fac tual  1 y increased survival  i n  t h e  nuclear  group would result when 

compared with non-nucl e a r  workers. Consequently, f o r  sampl i ng purposes, 

nuclear workers were s t r a t i f i e d  by number of years  worked i n  the f i r s t  
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shipyard before the  s t a r t  of radiat ion work (pre-nuclear 1 ag) . Thi s interval 

equaled zero i n  any subsequent yards in which nuclear work was done a f t e r  the 

f i r s t  yard. S t r a t a  f o r  non-nuclear workers were defined on the  basis  of to ta l  

duration worked (i .e . ,  the  length of time from the year of h i r e  t o  e i t he r  the  

year of withdrawal from the  shipyard or  12/31/81 f o r  current  workers) as long 

or  longer than the  corresponding pre-nuclear lag fo r  nuclear workers. As an 

example, a sample of non-nuclear workers corresponding t o  nuclear workers with 

four years of employment before the  s t a r t  of nuclear work would be drawn from 

non-nuclear workers with a t  l e a s t  four years employment. While t h i s  approach 

a t  1 eas t  pa r t i  a1 l y  corrected f o r  the  a r t i f a c t  mentioned, the sampl ing process 

was complicated by the f a c t  t ha t  some non-nuclear workers were e l i g i b l e  as 

controls f o r  more than one s t r a t a  --a non-nuclear worker with 20 years of 

employment would be e l i g ib l e  fo r  selection i n  20 s t r a t a .  

Except f o r  the large number of s t r a t a  involved, the  use of the  pre- 

nuclear lag variable posed no problems i n  selecting the  NW,,., s t r a t i f i e d  

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 

s t r a t i f i e d  sampling scheme with a maximum of 320 s t r a t a  was used, where 

approximately one NW,,., nuclear worker was chosen for  every three NW,0.5 - 
nuclear workers. 

As noted, the  duration worked variable compl icated the  non-nucl ear  (NNW) 

sample se lect ion.  One s t i l l  s t r a t i f i e d  on the f i r s t  three  variables 

(bir thyear,  year of h i re  and job). However, a modification was made t o  the 

sampling scheme so that  the  non-nuclear worker controls were e l i g ib l e  t o  be 

chosen from as many s t r a t a  as  were relevant whereas each nuclear worker was i n  

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

4 6 
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2.3 Selec t ion  of S t r a t i f i e d  Samples (cont 'd) 

given b i r thyea r ,  year  of h i r e ,  and job who was employed two yea r s  before 

becoming a nuclear  worker was chosen from non-nuclear workers who had t h e  same 

bi r thyear ,  yea r  of h i re ,  and job but were employed two o r  more years .  

The d i s t r i b u t i o n s  of the  s t r a t i f i c a t i o n  var iables  along w i t h  durat ion 

worked f o r  t h e  t o t a l  sampling frame f o r  each group (NW,,.,, NW,,.,, - and NNW) and 

f o r  t h e  corresponding samples t h a t  were se lec ted  a r e  presented in  Tables 2.3.A 

and 2.3.B and in Figures 2.3.A t o  2.3.E. They show marked d i f fe rences  among 

the  sampling frames w i t h  respect  t o  each of these  var iables ,  but very good 

bal ance a f t e r  sample se lec t ion .  

The d i s t r i b u t i o n s  of the  s t r a t i f i c a t i o n  var iables  f o r  individual 

shipyards a r e  not presented. There were yard t o  yard d i f fe rences  in  the  

d i s t r i b u t i o n s  of  t h e  four  s t r a t i f i c a t i o n  var iables .  For example, the  Groton 

shipyard workers in  a l l  t h ree  groups tended t o  be more recen t ly  hired workers 

with fewer yea r s  of  employment. The nuclear workers from Groton tended t o  

qua1 i f y  f o r  nuclear  work a f t e r  only a few years of employment, and the  Groton 

non-nuclear workers tended t o  be younger than those in  o the r  shipyards. On 

the  o the r  hand, Norfolk NW,, workers tended t o  work many years  before - 
becoming nuclear  workers. The Portsmouth workers i n  a1 1 t h r e e  groups tended 

t o  be o lder .  The Puget Sound nuclear workers tended t o  be more recent  h i re s  

and those  i n  t h e  NW,, , group tended t o  be younger than workers i n  the  o ther  

shipyards. 

The samples se lec ted ,  however, were we1 1 balanced from yard t o  yard a s  

r e f l e c t e d  i n  t h e  Tables and Figures f o r  a l l  yards combined. 

Speci f i cat i ons for  the Sampl i ng Pl an 

Both t h e  NW,,., and the  NNW samples were drawn on a yard by yard bas is  a s  
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the necessary data became ava i l  able. Since the samples were selected on a 

yard by yard basis, a worker who worked i n  mu l t i p l e  shipyards was e l i g i b l e  f o r  

sample se lec t ion i n  each yard i n  which he worked. Mu l t i p l e  records were 

el iminated a t  the analysis step, so t ha t  any one worker was included only 

once. 

There was a maximum o f  320 possible s t r a ta  w i t h i n  a shipyard from which 

t o  draw the NW,,., sample. Some s t ra ta  d i d  not  e x i s t  due t o  un l i ke l y  

combinations (e.g., a young worker newly h i red  working 10 o r  more years), 

along w i t h  diminished t o t a l  numbers once the NW,,s, group was broken down by 

ind iv idua l  shipyard. 

Though overa l l  numbers were qu i te  adequate i n  both the NW,,., and the NNW 

sampling frames from which t o  draw the spec i f ied sample size, a t  times 

ind iv idua l  s t r a t a  were not la rge enough t o  select  the numbers required. When 

t h i  s occurred, workers were sel ected ("borrowed") from the next c losest  

stratum o r  s t r a t a  w i th  adequate numbers. This was expected t o  g ive the 

prespeci f i ed  sample s ize and produce d i s t r i bu t i ons  o f  charac te r i s t i cs  f o r  the 

sample c lose t o  those i n  the NW,,., - sample. I n  the NW,, , samples selected, 

t h i s  "borrowing" happened infrequently, and i n  cases where i t  d i d  occur, 

general 1 y only the pre-nucl ear 1 ag v a r i  abl e was affected. "Borrowing" 

occurred f o r  approximately 10 percent of the NNW controls.  Control on 

b i r thyear  was always maintained, and control  on year o f  h i r e  was maintained 

f o r  the NW,,., sample. 
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Selection of the NW, , Sample 
Implementation of the sampling scheme for the NW,,., sample at a 

given shipyard involved the following steps: 

Step 1. The sampling frames for a specified shipyard were determined by 

selecting all eligible nuclear workers in the NW,, , or NW,,., - 
frames for that shipyard. Separate computerized frame files 

were established for NW,, , and NW,,., 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. 

Step 2. Joint stratum distributions for each yard were computed and 

stored in a separate file. A 1 isting of the number of workers 

in each stratum by nuclear group was visually examined to 

assure adequate numbers for selection. 

Step 3. Allocation numbers, n,, were computed for each stratum, i, 

using a proportional a1 1 ocat ion method modified by "borrowing" 

from nearby strata. Ideally the proportion selected from each 

stratum would be: 
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p = (number in NW,,.,)/(number in NW,,.,) - 
= ll,OOO/3O, 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, = 0.37MS 

where N, = number in the NW,., sample for shipyard s, and 

M, = number of NW,,., workers in shipyard s. - 
Step 4. Using the stratum allocation numbers previously computed, the 

first ni workers were drawn from each stratum. Since the frame 

file of NW,,.S 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 a1 1 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 . Mu1 t i pl e records for a 

given worker for the specified shipyard were consolidated. The 

earl iest year of hire and most current non-mi ssing job code 
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2.3 Selection of Strat i f ied Samples (cont'd) 

I were recorded. Time from hire to  withdrawal or the study 

endpoint was calculated t o  ref lect  the worker's total  duration 

I - 
worked in a given shipyard. The f i l e  was sorted by the grouped 

1 s t ra t i f ica t ion  variables, duration worked in sing1 e years, and 

a random number. The reference frame of NW,,., had already been - 
establ i shed. 

Step 2. The nominal stratum counts for the NNW sample were calculated 

as follows. The projected number of non-nuclear controls was 

44,000, so the r a t io  of non-nuclear controls selected to  the 

number in the NW,,-, p - opul a t  i on was : 

This r a t io  worked well in the four shipyards for  which the 

total  number of NNW workers was a t  leas t  three times the 

resulting sample size. In the four yards i n  which satisfactory 

balance was not achieved and excessive borrowing occurred, the 

r a t io  was defined as: 

The proportional allocation method was used t o  calculate the 

nominal number of workers t o  be selected for  the sample by 

stratum using t h i s  ra t io  (p) of non-nuclear t o  nuclear workers. 

The nominal stratum counts for  the NNW sample and the numbers 

avai 1 able for the sample in the non-nucl ear population were 

l i s t ed  and reviewed. 

Step 3. To select the actual sample, a modified s t r a t i f i e d  sampling 
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2.3 Selection o f  Stra t i f ied  Samples (cont'd) 

scheme was used. The modification arose in requiring the non- 

nuclear controls for  a given stratum t o  work a t  l eas t  as long 

as the comparable NW,,-, workers' pre-nuclear 1 ag times, since - 
non-nucl ear workers have no comparable time period during which 

they cannot die.  

The workers i n  each sampling frame (NW,,-, and NNW) were - 
f i r s t  s t r a t i f i ed  on birthyear, year of hire  and job hazard 

index, which will be called a block. Within the block, the 

NW,,., workers were randomly ordered t o  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 (11.47) times the number of 

NW,,., workers. The strategy was to  select the non-nuclear - 
controls for the nuclear workers within each block, beginning 

with the group reflecting the ea r l i e s t  birthyear, earl i e s t  year 

of hire and lowest job hazard index, and then for  each 

succeeding block in order. 

Non-nucl ear control s were randomly selected from a1 1 NNW 

workers in the block with a total  duration greater than or 

equal to  the NW,,., worker's pre-nuclear lag. For example, i f  - 
the NW,, , worker in a given block worked four years before - 
entering nuclear work, then a non-nuclear control was randomly 

selected from a l l  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 f i r s t  

5 2 
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2 Methods 
2.3 Selection of Strat i f ied Samples (cont'd) 

block, then the ent i re  process was repeated for  the next 

birthyear, year of hire and job hazard index grouping. 

A problem arose in those s t ra ta  where the number of non- 

nuclear workers was inadequate to  meet the nominal sample s ize.  

In these cases, the remaining non-nuclear worker controls were 

then selected from the next succeeding stratum or  s t r a t a  

according t o  the pre-nuclear 1 ag value i f  possible until 

adequate numbers were achieved. Controls were selected within 

a block f i r s t .  

A to ta l  of 33,353 NNW workers were selected from the sampling frame of 

117,718 workers. This i s  less  than the projected number of 44,000 workers due 

t o  the change in p used in some yards; however, there are s t i l l  more non- 

nuclear control s than NW,, , workers. - 



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-Nucl ear Work, and Total Duration Worked 

NW10.5 * NWtO.5 * NNW * 
(N=28,542) (N=49,635) (N=119,179) 

Var iable No. % No. % No. % 

B i r thyear  
el920 
1920- 1929 
1930- 1939 
1940- 1949 
1950+ 

Year o f  H i r e  
(1950 
1950- 1959 
1960- 1969 
1970+ 

Job Hazard Index 
Miss ing 
Low 
Med i urn 
High 

Durat ion o f  
Pre-Nucl ear Work 
0- years 
2- years 
5- years 

10- years 
20t  years 

Tota l  Durat ion 
Worked 
1- years 
2- years 
5- years 

10- years 
20+ years 

* Note: The numbers i n  the  group do not correspond t o  Table 2.2.A because 
ed i t ing  o f  t h e  database cont inued even a f te r  sampl i n g  was completed. 
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2 Method- 
2.3 5,iection of S t r a t i f i e d  Samples (cont'd) 

Table 2.3.B Sample D is t r ibu t ions  of Birthyear, Year of Hire, Job Hazard 
Index, Duration of Pre-Nuclear Work, and Total Duration Worked 

Vari abl e 

NW>o .5 NW<o.s NNW 
(N-28, 542) (N=10,462) (N=33,353) 

No. % No. % No. % 

B i  r thyear 
< 1920 5240 
1920-1929 6298 
1930-1939 6486 
1940-1949 8345 
1950+ 2173 

Year o f  H i re  
(1950 5435 
1950- 1959 5977 
1960- 1969 12048 
1970+ 5082 

Job Hazard Index 
Missing 1440 
Low 5038 
Med i urn 13047 
High 9017 

Duration o f  
Pre-Nucl ear work' 
0- years 10685 
2- years 6326 
5- years 4348 

10- years 4272 
20t years 291 1 

Total  Duration 
Worked 
1- years 870 
2- years 2822 
5- years 5554 

10- years 8716 
20t years 10580 

'pseudo pre-nuclear l a g  given f o r  NNW 



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 

(All Yards) 

<1920 1920- 1930- $940- !OW)+  
Birthyear 

POPULATION 

1. 
<I920 1920. 1930- 1- 1 ~ 0 *  

Birthyear 
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 
Sampl es 

Percentage distribution of  year of  hire 

for the study population and the sample 

(All Yords) 

POPULATION 

t: cIwm two. two- tam+ 

Year of hire 

SAMPLE 



2 Methods 
2.3 Selection of Stratified Samples (cont'd) 

Figure 2.3.C Distribution of Job Hazard Index: Populations vs. Stratified 
Sampl es 

Percentage distribution of job hazard index 

for the study population and the sample 

(All Yards) 

0 1 

u t d q  LPI niph 
Job hazard index 

POPULATION 

1. - La Udum 'w 
Job hazard index 

SAMPLE 
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2 Methods 
2.3 Selection of Stratified Samples (cont'd) 

Figure 2.3.0 Distribution of Duration of Pre-Nuclear Work: Populations vs. 
Stratified Samples 

Percentage distribution of duration of  pre-nuclear w o r k  

for t h e  study population and the sample 

(All Yards) 

0 1  .4 

0- 2 - 5. to- 20+ 
Pre-nuclear duration workad 

POPULATION 

L. 
0- 2- 5- 90- 2- 
Pre-nucleor duration worked 

SAMPLE 
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2.3 Selection of Stratified Samples (cont'd) 

Figure 2.3. E Distribution of Total Duration Worked: Populations vs. 
Strati f i ed Sampl es 

Percentage distribution of total duration worked 

for the study population and the sample 

(All Yards) 

t - 2- 5- 10. 20+ 
Totat duration worked 

POPULATION 

L. 
I - 2- 5-  10- 20+ 

Totol duration worked 

SAMPLE 



2 Methods 

2.4 Data Management and Qua1 i ty  Control  

The database management tasks fo r  the  Nuclear Shipyard Workers Study 

are, i n  p r i n c i p l e ,  q u i t e  s t ra igh t fo rward .  They are imp1 i e d  by t h e  key steps 
t" 

o f  t h e  study: 

Establ i sh a popul a t i o n  base by m ic ro f i lm ing  a1 1 avai 1 ab le  personnel 

records a t  each o f  the  e i g h t  shipyards. These records were f i lmed  

i n  succession i n  each yard, bu t  i t  requ i red 18 months t o  complete 

a l l  e i g h t  yards. 

F i l m  other  pe r t i nen t  documents such as i n d u s t r i a l  hygiene reports ,  

se lected medical records, 1 i s t s  o f  workers prepared f o r  speci a1 

purposes, j o b  descr ipt ions,  etc., dur ing  t h e  pe r iod  o f  on-s i  t e  

f i l m i n g  o f  personnel records. These records prov ide  in format ion  

on work exposures o ther  than r a d i a t i o n  and a l so  prov ide  a check on 

t h e  completeness o f  t he  populat ion establ ished v i a  the  personnel 

records. 

Obtain data on recorded r a d i a t i o n  exposures f o r  nuclear  workers. The 

Navy's computerized data system f o r  t h e  Nuclear Propulsion Program 

provides exposure data f o r  workers a t  t he  s i x  Navy yards. The 

Groton yard, which i s  a p r i v a t e  yard, u t i l i z e s  a computerized 

system s i m i l a r  bu t  no t  i d e n t i c a l  t o  the  Navy's system wh i le  

Newport News, a lso  a p r i v a t e  yard, u t i l i z e s  a system which has 

some paper-based components and some computerized components. 

Determine t h e  v i t a l  s ta tus  (death o r  confirmed a1 i v e )  o f  a l l  persons 

i d e n t i f i e d  i n  t h e  study sample. The searches must minimize the  

number w i t h  v i t a l  s ta tus  unknown. 



2 Methods 
2.4 Data Management and Qua1 ity 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. 

intain a file of new workers -- i.e., accessions into the shipyard 

popul at ion 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 qua1 ity and 

descr 

consi stency of a1 1 data collected and processed. 

Define appropriate subgroups of the microfilmed 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 

i bed above is compl ex and involves both manual and computerized 

procedures. 

Data Col 1 ecti on Procedures 

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 

i ncl uded 

Naval sh 

the col 

i pyards) 

lection of all available personnel records (SF-7 cards for 

and any other sources of records which could be used to 
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2.4 Data Management and Qua1 i ty Control (cont 'd) 

val idate the compl eteness of the personnel records. 

To initiate data collection at the shipyards, a visit by the sen 

project staff was scheduled with the shipyard staff who were responsib 

i or 

le for 

the records of interest. A t  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 facil i ties 

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 check1 ist 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 pub1 ication shop to develop our microfilm. Thi s a1 1 owed 

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. 

H i  crof i 1 mi ng 

During the initial visit, calculations were made to determine the total 

number of records to be filmed so that the 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 refil ing 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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2.4 Data Management and Qua1 i ty 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 accompl ish 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 1 ibrary index card for the reel, and creating a 

circulating 1 ibrary 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 minima1 data required to initiate vital status searches. For 
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2 Methods 
2.4 Data Management and Qua1 i ty 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 val idation 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 

base1 ine 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 hand1 ing the data at each step. These procedures divided the 
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extensive microfilm extraction efforts for personnel records into two or more 

passes through the film as described above. A1 though 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 listings 

of previously recorded data resulted in the discovery of many errors of 

omission. 

Computeri zed Data Fi 1 es 

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 util ity programs in applications for the study. 

In the ten years of the study, more than 2,000 computer programs 

involving over 250,000 1 ines 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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2 Methods 
2.4 Data Management and Qua1 ity Control (cont'd) 

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 

compl i cati ng 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 1 isting 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 foll owing 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 F i  1 es 

Typically, the source of internally generated files was either 

microfilmed records or, less frequently, some set of paper documents such as 

questionnaires . A 1 arge clerical staff extracted, coded, and recorded the 
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2.4 Data Management and Quality Control (cont 'd)  

d a t a  onto d a t a  forms designed f o r  each p a r t i c u l a r  appl i c a t i o n .  Each 

appl i c a t i o n  had one o r  more d a t a  forms, and a d e t a i l e d  set of  i n s t r u c t i o n s  

were prepared f o r  each form. 

Coded d a t a  forms were divided i n t o  batches and l o t s  f o r  d a t a  e n t r y  

purposes. The batch size was determined by t h e  number o f  forms t h a t  f i t  

e a s i l y  i n t o  a l a r g e  envelope. Lots were c o l l e c t i o n s  o f  batches,  t h e  s i z e  of  

which va r i ed  depending on t h e  capac i ty  o f  t h e  p a r t i c u l a r  keypunching f i rm  o r  

d a t a  e n t r y  u n i t  being used. 

The batch o r i en t ed  approach was chosen over  more d i r e c t  methods of  d a t a  

e n t r y  f o r  t h r e e  reasons: 

F l e x i b i l i t y :  Many d i f f e r e n t  commercial d a t a  e n t r y  f i rms  

supplemented a small co re ,  "in-house" d a t a  e n t r y  capabi l  i t y  

making i t  easy t o  deal with ebbs and flows i n  demands f o r  rap id  

en t ry ;  

Cost: The computing equipment f o r  a d i r e c t  d a t a  e n t r y  system f o r  

50-60 c l e r k s  was very c o s t l y  a t  t h e  t ime t h e  s tudy s t a r t e d ;  

Convenience: The mechanics o f  reading microf i lm and keying t h e  

d a t a  d i r e c t l y  a r e  d i f f i c u l t .  A c l e r i c a l  recording s t e p  works 

we1 1 with microfilm reading;  and 

Training:  Re la t i ve ly  l a r g e  numbers of  c l e r i c a l  s t a f f  could be 

r e c r u i t e d  and supervised more e a s i l y  than workers with both 

c l e r i c a l  and d i r e c t  d a t a  e n t r y  s k i l l s .  

A l l  d a t a  e n t r y  providers  were requi red  t o  key and v e r i f y  da t a .  The 

media on which t h e  providers  re turned  t h e  keyed d a t a  included punched ca rds ,  

d a t a  d i s k e t t e s  of var ious  formats ,  and magnetic t apes  i n  a v a r i e t y  of  formats.  
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2 Methods 
2.4 Data Management and Qua1 i t y  Control (cont 'd) 

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 

the data entry provider. 

the clerical review 

occasional batch of 100 or more forms was skipped by 

Early discovery of such problems more than justified 

effort. 

Once the data were entered on a computerized f 

were completed, there was an immediate need to be ab 

(additions, corrections, and deletions) to the file. 

performed by senior cl eri cal staff. 

ile and the sight checks 

le to make changes 

These updates were 

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. I 

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 file 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 mill ion 

transactions of a1 1 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: 
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ARCHIVE; 

LINK (links corrections to their target records); 

ASSEMBLE; and 

BACKUP (kept off-site). 

External F i  1 es 

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; 

Val idate the documentation by comparing the record layouts and 

other documents provided with the file to listings and cross- 

tabu1 ati ons; 

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 appl ication programs; these varied depending on 

the nature of the files and their intended use. 

In many cases, the appl ication programs involved integrating the 

external f i 1 e with existing internal files. This process often revealed 

unanticipated problems which were not identified by earl ier 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 Li brary 

As indicated earl ier, 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 1 ibrary in excess of 40,000 

reels for administrative and research users. The physical security of the 

tape 1 ibrary is excellent from the point of view of access 1 imitation, 

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 

are 

exp 

computer "job" creating the tape. Mu1 ti -fi 1 e reels or mu1 ti -vol ume f i 1 es 

supported by TMS. Release of tapes back into the pool is done by means of 

ration dates. Once the expiration date has passed (for a11 files on a 
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tape reel), the tape is automatically returned to th 1001 . However, revi sing 

an expi rati on date requires a cl eri cal procedure that i s 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 1 arge 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 tape 

reel s . 
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Table 2.4.A Major Computerized Data F i l e s  by Source o f  Data Generation 
( In te rna l  o r  External ) 

Data F i l e  
Number o f  Refords 

Source on F i l e  

M i  c r o f  i 1 m Personnel Record 
Census 

Last Job C l a s s i f i c a t i o n  

Measured Radiat ion DE 
(Navy Yards) 

Measured Radiat ion DE 
(Groton Yard) 

Measured Radiat ion DE 
(Newport News) 

Cur ren t l y  Employed Shipyard 
Workers Yearly F i  1 es 
(Navy yards only)  

Master Death Index 
( A l l  deaths) 

Master L i v i n g  Index 

Unknown v i t a l  s ta tus  

Coded Death Cert i f i cate F i  1 e 

Nor fo l k  Yard Health H is to ry  
Quest ionnaire Short Form 
(95% Sample) 

Nor fo l  k Yard Health Hi  s t o r y  
Long Form (5% Sample) 

Char1 eston Health Hi  s t o r y  
Quest ionnaire Short Form 
(100% Sampl e) 

Sample Frame 

INTERNAL 

INTERNAL 

EXTERNAL 

EXTERNAL 

INTERNAL 

EXTERNAL 

INTERNAL 

INTERNAL 

INTERNAL 

INTERNAL 

INTERNAL 

INTERNAL 

INTERNAL 

INTERNAL (72,357) 

(cont 'd) 
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Tab1 e 2.4.A Major Computerized Data F i l es  by Source of Data Generation 
( In terna l  or  External ) (cont'd) 

Data F i l e  Source 
Number o f  Refords 

on F i l e  

Cause o f  Death Val i da t ion  

Social Secur i ty  Administrat ion 
Search 1 Results 

Social Secur i ty  Administrat ion 
Search 2 Results 

Social Secur i ty  Administrat ion 
Search 3 Results 

C i v i l  Service (OPM) Act ive 
Workers Search 1 Results 

C i v i l  Service (OPM) Act ive 
Workers Search 2 Results 

C i v i l  Service (OPM) Ret i red 
Workers Search 1 Results 

C i v i l  Service (OPM) Ret i red 
Workers Search 2 Results 

National Death Index 
Search Results 

Cal i f o r n i  a State Death 
Clearance (CAMLIS) Results 

V i r g i n i a  State Death 
Clearance Resul t s  

V i r g i n i a  Department o f  
Motor Vehicles F i l e  

Analysis f i l e  

INTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

EXTERNAL 

INTERNAL 

 o or i n t e r n a l l y  generated f i l e s ,  t h i s  count represents the number o f  
t ransact ions t o  the f i l e :  addit ions, changes, delet ions.  The number i n  
parentheses represents the t o t a l  ind iv idua l  s. 
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The v i t a l  s ta tus  ascertainment included i n  the  cur rent  ana lys is  o f  the  

Shipyard Study populat ion has re1 i e d  almost exc lus i ve l y  on automated data 

systems which y i e l d  in format ion  about the  cur rent  v i t a l  s ta tus  o f  i n d i v i d u a l  

workers. Several federal  and 1 ocal resources have been u t  i 1 i zed. Federal 

resources i n c l  ude t h e  Social  Secur i ty  Admini s t r a t i  on (SSA) , t h e  C i  v i  1 Service 

Act ive  Record System (CSA), t he  C i v i l  Service Benef ic ia ry  Record System (CSR), 

t he  Health Care Financing Administ rat ion (HCFA) , the  Veterans Admin is t ra t ion  

(VA) and t h e  Nat ional  Death Index (NDI). Local resources inc lude the  shipyard 

personnel records, d i r e c t  review o f  death c e r t i f i c a t e s  i n  New Hampshire and 

Maine, and t h e  hea l th  h i s t o r y  quest ionnaire. I n i t i a l  submissions t o  these 

agencies es tab l ished v i t a l  s ta tus  through d i f f e r e n t  p o i n t s  i n  calendar t ime. 

Add i t iona l  searches were submitted t o  the  SSA, CSA, CSR, and VA i n  order t o  

complete fo l low-up through December 31, 1981. 

Ascertainment o f  v i t a l  s ta tus  o f  t he  shipyard workers i n  t h i s  study 

represents a unique s i t u a t i o n .  The Navy shipyards are covered by the  C i v i l  

Service re t i remen t  system wh i le  t h e  p r i v a t e  yards are covered by t h e  Soci a1 

Secur i ty  re t i rement  system. These two re t i rement  systems do no t  have 

coordinated record  keeping nor  are t h e i r  records mutual l y  excl  usive; thus, i t  

i s  impera t ive  t o  search both systems f o r  a l l  deaths. I n  add i t ion ,  the  

shipyards tend t o  have a r a p i d  turnover o f  workers which makes record keeping 

d i f f i c u l t .  The problem i s  compounded by the  f a c t  t h a t  many i n d i v i d u a l s  have a 

t rade such as carpentry which may be pursued outs ide o f  t he  usual s t ruc tured 

working environment. Thus, i nd i v idua l  s who are no 1 onger a c t i v e l y  employed in 

the  shipyards may be working i n  the  "underground economy" and no t  be paying 

i n t o  any re t i rement  system. Therefore, there  i s  a p a r t i c u l a r  need t o  v e r i f y  



2 Methods 
2.5 V i t a l  Status (cont'd) 

the v i t a l  s tatus o f  ind iv idua ls  who were not i d e n t i f i e d  by any o f  the 

automated systems through d i r e c t  follow-up. 

The resu l t s  o f  searches through these various systems were combined t o  

estab l ish  an ind iv idua l  worker's v i t a l  status. The v i ta1  status f o r  the study 

sample i s :  83 percent a l ive ,  12 percent dead and 5 percent status unknown. 

Select ion o f  the pa r t i cu l a r  records t o  be submitted t o  an agency for  

v i t a l  s tatus ascertainment depended on several considerations: 

The constraints on search population s ize imposed by the agency; 

The t iming o f  the search w i th  respect t o  the study sample select ion; 

and 

The t iming o f  the search w i th  respect t o  the extent  o f  known v i t a l  

s tatus i n  the candidate records. 

Shipyard Study s t a f f  recognized t ha t  the 1 arge number o f  deaths expected 

i n  the Shipyard Study populat ion necessitated ea r l y  i n i t i a t i o n  o f  v i t a l  status 

ascertainment and r e t r i e v a l  o f  death ce r t i f i ca tes .  V i t a l  s tatus ascertainment 

had t o  begin before the study sample had been selected and even before the 

census populat ion was f u l l y  establ ished. As time went on, the study sample 

became more completely i den t i f i ed ,  and the proport ion o f  workers being 

searched who were not  i n  the sample became smaller. The numbers i n  the 

ind iv idua l  searches described below r e f l e c t  the changes i n  the search 

populat ion over time. Shipyard Study s t a f f  a1 so rea l i zed  t h a t  simultaneous 

searching by several sources was necessary since a resource could take as long 

as e igh t  months t o  complete i t s  search. Processing o f  the r e s u l t s  a t  the 

Shipyard Study o f f i c e  could take an addi t ional  two months because o f  the large 

populat ion i n  each search. 
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Soci a1 Security Admini s t r a t i  on (SSA) 

A cont rac t  was executed between the  Johns Hopkins U n i v e r s i t y  and the  

O f f i c e  o f  Enumeration and Earnings Records (OEER) o f  t h e  Socia l  Secur i t y  

Admini s t r a t i o n  (SSA) . SSA repor t s  each i n d i v i d u a l  as deceased, assumed a1 ive, 

o r  s tatus unknown. A worker was c l a s s i f i e d  as deceased by SSA i f  death 

bene f i t s  were being pa id  on the  worker's account, i f  a funera l  d i r e c t o r ' s  

n o t i c e  of t h e  death had been received, o r  i f  a death n o t i c e  had been received 

from t h e  s t a t e  o f  l a s t  residence. A worker was c l a s s i f i e d  as assumed a1 i v e  i f  

earnings had been posted i n  a t  l e a s t  one quarter  on the  worker's account i n  

the Summary Earnings Record (SER) . Ind iv idua ls  could be c l a s s i f i e d  as s ta tus  

unknown f o r  two reasons: i f  s ta tus  could no t  be checked because t h e  spec i f i ed  

soc ia l  s e c u r i t y  number was i n v a l i d  o r  incompatible w i t h  t h e  name on t h e  OEER 

record, o r  i f  the re  was no OEER death r e p o r t  and Social  Secur i ty  taxes had no t  

been p a i d  du r ing  a t  l e a s t  one quar ter  o f  t he  year. 

Matching submitted records t o  the  OEER records proceeded i n  two steps. 

Submitted records were f i r s t  matched against  t h e  records o f  i n d i v i d u a l s  

c u r r e n t l y  paying i n t o  the  system. Non-matches were then searched f o r  cur rent  

payment o f  b e n e f i t s  o r  f o r  a record o f  death. Matching was done on both 

soc ia l  s e c u r i t y  number and l a s t  name. 

I n  November o f  1980, a tape o f  66,978 workers from the  Nor fo l k  and 

Charleston shipyards was submitted t o  SSA f o r  matching against  t he  SSA 

earnings records through 1978. Results were received i n  March, 1981 f o r  

66,856 workers as the i npu t  tape contained 122 dup l i ca te  records on workers. 

Death i n d i c a t i o n s  were recorded f o r  6,242 ind i v idua l  s  (9.3%). Among the  

remaining ind i v idua ls ,  29,584 (44.3%) had pa id  on earnings o r  received 
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b e n e f i t s  i n  1978. Thus, there  was a group o f  s i ze  31,030 (46.4%) f o r  whom no 

v i t a l  s ta tus  in format ion  was a v a i l  able from SSA. 

I n  September o f  1981, a second tape was submitted t o  SSA. Th is  tape 

contained a t o t a l  o f  447,158 workers w i t h  soc ia l  secu r i t y  numbers and l a s t  

names from t h e  remaining yards and a l l  i n d i v i d u a l s  i n  the  f i r s t  search who had 

no t  been i d e n t i f i e d  as deceased. This tape was matched against  SSA earnings 

records through 1979. Results were received i n  A p r i l ,  1982 f o r  447,100 

workers as SSA i d e n t i f i e d  58 dup l i ca te  records on workers on t h e  i npu t  tape. 

Death i n d i c a t i o n s  were found f o r  60,229 workers (13.5%), 259,035 (57.9%) were 

found t o  have pa id  on earnings o r  received benef i ts ,  and 127,836 (28.6%) were 

c l  a s s i f  i e d  as s ta tus  unknown o r  unmatched. 

I n  September o f  1985, a t h i r d  tape was submitted t o  SSA. This tape 

contained records f o r  173,672 workers d i v ided  among 2 groups: 

Shipyard workers i n  t h e  sample w i t h  soc ia l  s e c u r i t y  numbers, l a s t  

names, and unknown v i t a l  status; and 

Rad ia t ion  workers w i thout  a personnel employment reco rd  and w i t h  

known soc ia l  s e c u r i t y  number and 1 as t  name. 

Results were received i n  March, 1986 f o r  173,672 workers. Death i nd i ca t i ons  

were recorded f o r  14,497 i n d i v i d u a l  s (8.3%). Among t h e  remaining workers, 

129,238 (74.4%) had pa id  on earnings o r  received b e n e f i t s  i n  1982. Thus, 

v i t a l  s ta tus  in format ion  was unavai lable f o r  29,937 workers (17.2%). 

I n  December, 1986, t h e  names o f  849 hard t o  t race  workers i n  t h e  study 

sample were submitted t o  t h e  SSA Program Service Centers f o r  v i t a l  s ta tus  

ascertainment. The workers had known soc ia l  s e c u r i t y  number and l a s t  name, 

had been i d e n t i f i e d  as deceased by some source, and had i n s u f f i c i e n t  
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information to obtain death certificates. As a result of this search, 287 

workers (33.8%) were identified as a1 ive 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-disabled shipyard workers in the 

Soci a1 Security beneficiary system are under reported. This di scovery 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 soci a1 security numbers and 

a1 1 ows computerized searching of records with social security numbers. Death 
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information i s  not available from th i s  source, but confirmed l iving s tatus  as 

indicated by current employment s ta tus  i s  available. 

In November of 1980, a tape was sent t o  OPM Active Records Division 

containing the same group of 66,978 Norfolk and Charleston workers as was sent 

t o  SSA. The resul ts  of th i s  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 t o  OPM Active 

Records Division containing the same group of 447,158 shipyard workers 

submitted t o  SSA in September, 1981. A total  of 49,363 workers (11.0%) were 

considered a1 ive since they were actively working as Civil Service employees. 

The s t a t e  of residence for  each active worker was provided. 

In December, 1986, a tape was sent t o  OPM Active Records Division 

containing the names of 3,553 workers. 2,953 of these workers had unknown 

vi tal  s ta tus ;  the names of 300 workers known t o  be al ive and 300 workers known 

t o  be dead were also submitted as a t e s t  of the system. CSA was able to  

identify 1,618 workers (44.6% of those with unknown vi tal  s ta tus)  as alive as 

of September, 1986. A1 1 300 workers known t o  be a1 i ve were confirmed as a1 i ve 

by CSA and none of the known deaths matched t o  the CSA f i l e s .  

C i  vi 1 Servi ce Benef i c i  ary Record System (CSR) 

The th i rd  major system t o  be searched was the OPM Civil Service 

Beneficiary Record System (CSR) . This system ident i f ies  a l l  individuals who 

have re t i red  from federal service and who are claiming retirement benefits. 

Beneficiaries of deceased c iv i l  servants are also in t h i s  system, but 
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are i d e n t i f i e d  separately as surv ivors.  Thus, t h i s  system a1 1 ows 

i d e n t i f i c a t i o n  o f  i n d i v i d u a l s  who are deceased as we l l  as a l i v e .  Search o f  

t h i s  system requ i res  two matches: a match against  t he  CSR cur rent  f i l e s  

( f i l e s  conta in ing in format ion  on annuitants who are c u r r e n t l y  i n  pay s ta tus  o r  

who were i n  pay s ta tus  a t  some t ime i n  the  l a s t  th ree years) and a match 

against a specia l  f i l e  o f  annuitants who d ied  between May, 1973 and May, 1976. 

The search i s  based on soc ia l  secu r i t y  number. The tape o f  t he  66,978 

Norfolk/Charleston workers was sent t o  CSR i n  December, 1980, and r e s u l t s  were 

received i n  May, 1981. This match i d e n t i f i e d  13,620 shipyard workers as c i v i l  

serv ice annuitants; 10,682 (78.4%) o f  these annuitants were a l i ve ,  2,930 

(21.5%) were deceased, and 8 had unknown v i t a l  s tatus.  Ne i ther  geographic 

l o c a t i o n  no r  date o f  death was provided f o r  these matches. The same tape o f  

447,158 workers submitted t o  SSA and CSA was a lso submitted t o  CSR i n  

September, 1981 and resu l ted  i n  50,655 matches; 40,844 (80.6%) o f  these 

annui tants were a l i ve ,  9,755 (19.3%) were deceased, and 56 had unknown v i t a l  

s tatus.  S ta te  o f  residence was provided f o r  each worker i d e n t i f i e d  as 

deceased i n  t h i s  match, bu t  date o f  death was not  given. 

The same tape o f  2,953 workers w i t h  v i t a l  s ta tus  unknown and 600 t e s t  

workers which was submitted t o  CSA i n  December, 1986 was submitted t o  CSR f o r  

v i t a l  s ta tus  ascertainment. CSR i d e n t i f i e d  40 o f  t h e  p rev ious l y  known a1 i v e  

workers as a l i v e  and 83 known deads as deceased; 201 o f  t he  s ta tus  unknowns 

were found t o  be a1 i v e  and 29 of t he  s ta tus  unknowns were found t o  have died. 

Three o f  t h e  workers known t o  be a1 i v e  were i d e n t i f i e d  as deceased by CSR; 

however, t h e  date  o f  death post  dated the  l a s t  known date a l i v e .  Thus, the  

combined C i v i l  Service searches i d e n t i f i e d  1,318 a c t i v e  employees and 201 
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1 i v i n g  annui tants among the  2,953 workers (51.4%) whose v i t a l  s ta tus  was 

unknown f o l l o w i n g  SSA searches. An add i t i ona l  29 were i d e n t i f i e d  as deceased 

so t h a t  a t o t a l  of 1,548 workers (52.4%) who had unknown v i t a l  s ta tus  a f t e r  

o ther  searches were now v e r i f i e d .  

Veterans Admini s t r a t i o n  (VA) 

The Veterans Admin is t ra t ion  (VA) f i l e s  (BIRL System) can be used t o  

i d e n t i f y  t h e  v i t a l  s ta tus  o f  on ly  those veterans who have app l ied  f o r  VA 

b e n e f ~ t s  o r  whose nex t -o f - k in  have received death benef i ts .  Th is  system can 

i d e n t i f y  i n d i v i d u a l s  e i t h e r  by name and soc ia l  s e c u r i t y  number o r  by name and 

b i r thda te .  The number o f  records which may be searched a t  one t ime through 

t h i s  system i s  small because o f  t he  VA's fo rmat t ing  requirements. Copies o f  

death c e r t i f i c a t e s  f o r  a l l  deceased i n d i v i d u a l s  i n  the  BIRLS f i l e  are re ta ined  

by t h e  VA and may be requested i f  a c e r t i f i c a t e  cannot be obtained d i r e c t l y  

from the  s t a t e  v i t a l  records o f f i c e .  The VA provides date o f  death and the  

1 ocat i on o f  t h e  reg iona l  o f f i c e  responsib le f o r  processing t h e  veteran's 

claim. Three f i l e s  o f  shipyard workers were submitted t o  t h e  VA between 

A p r i l ,  1981 and October, 1982, r e s u l t i n g  i n  i d e n t i f i c a t i o n  o f  3,892 workers as 

dec-ased and 39,783 workers as a1 ive. 

The VA's search i n  December, 1986, o f  t h e  2,953 s ta tus  unknown workers 

and 600 t e s t  workers a l so  submitted t o  CSA and CSR r e s u l t e d  i n  

i d e n t i f i c a t i o n  o f  673 s ta tus  unknowns (22.8%) as a l i v e  and 92 s ta tus  unknowns 

(31.0%) as deceased. One hundred workers prev ious ly  known t o  be a l i v e  were 

confirmed as a l i v e ;  107 p rev ious l y  known deaths were confirmed and 4 

p rev ious l y  known a l i v e s  were i d e n t i f i e d  as deceased, w i t h  a date  o f  death 
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subsequent t o  t h e  l a s t  date known a1 ive .  

Heal th Care Financing Admini s t r a t i  on (HCFA) 

The Heal th Care Financing Administ rat ion (HCFA) mainta ins extensive 

records on i n d i v i d u a l s  who have been p a r t  o f  t he  Social  Secur i ty  Medicare 

System and i s  ab le  t o  provide informat ion on v i t a 1  s ta tus  and cur rent  address, 

as wel l  as t o  a s s i s t  i n  the  i d e n t i f i c a t i o n  o f  soc ia l  s e c u r i t y  numbers f o r  

those study subjects whose numbers are unknown, but  who have known dates o f  

b i r t h .  

Two tapes were submitted t o  HCFA i n  February, 1981. The f i r s t  tape 

contained 94,478 records o f  workers aged 65 o r  o lde r  who had soc ia l  secu r i t y  

numbers. Th is  f i l e  resu l ted  i n  i d e n t i f i c a t i o n  o f  3,759 deceased workers and 

47,495 1 i v i n g  workers. The second tape consisted o f  108,844 records o f  

workers aged 65 o r  o lder  w i thout  soc ia l  secu r i t y  numbers, bu t  w i t h  known dates 

o f  b i r t h .  Th is  f i l e  was f i r s t  matched against HCFA f i l e s  f o r  ascertainment o f  

soc ia l  s e c u r i t y  number and then matched against HCFA f i l e s  f o r  address and 

v i t a l  s ta tus  data. This second match i d e n t i f i e d  1,753 workers as deceased and 

18,603 workers as a1 ive.  Date of death and l a s t  known address were provided 

f o r  t h e  workers i d e n t i f i e d  as deceased, and present address was provided f o r  

t he  workers i d e n t i f i e d  as a l i ve .  

M i  c ro f  i lm Personnel Records 

The personnel records microfi lmed by the  Shipyard Study staf f  a t  t he  

s t a r t  of t h e  study a lso contained death information. A f i l e  of 18,466 deaths 

derived from these records was constructed i n  the  course o f  base1 i n e  coding. 
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Date and place o f  death were general ly  avai lable.  

National Death Index (NDI) 

The National Death Index (NDI) was u t i l i z e d  i n  1982 a source 

status ascertainment. This source matches a user's data against a f i l e  of a l l  

deaths i n  the  United States. A t  the time o f  the search f o r  the Shipyard 

Study, death data f o r  the years 1979, 1980, and 1981 were on f i l e  a t  NDI. 

Matches are based on f i r s t  and l a s t  name and month and year o f  b i r t h ,  o r  

f i r s t  and 1 as t  name and soc ia l  secur i ty  number. Name matches can be exact o r  

Soundex matches. (Soundex i s  a l e t t e r  and number probabi l  i t y  t r ans l a t i on  o f  a 

name.) Date o f  death, s ta te  o f  death, and c e r t i f i c a t e  number are provided by 

NDI. One d i f fe rence  between NDI and other sources o f  v i t a l  s ta tus  

ascertainment i s  t h a t  NDI may provide mu l t i p l e  matches f o r  a p a r t i c u l a r  user 

record. The user must review a l l  matches and decide which, i f  any, i s  

correct .  

Three f i l e s  were submitted t o  the NDI i n  May, 1983. The f i r s t  f i l e  

contained the  records f o r  182,078 workers who were male shipyard workers w i th  

a t  l e a s t  one f u l l  year o f  employment a f t e r  1955, and who had no t  been 

i d e n t i f i e d  as deceased by SSA o r  were known t o  have worked i n  1982. The other 

two f i l e s  were " t e s t "  f i l e s  f o r  determining the s e n s i t i v i t y  and s p e c i f i c i t y  of 

the  NDI search. One t e s t  f i l e  contained the records f o r  8,947 workers 

i d e n t i f i e d  as deceased by SSA i n  1979, 1980 o r  1981. The o ther  t e s t  f i l e  

contained 7,456 records o f  workers known t o  have been a l i v e  a t  some t ime i n  

1982. A t o t a l  o f  27,310 matches t o  NDI records resul ted.  On t he  basis o f  the 

assessment o f  the fa l se -pos i t i ve  matches as ind icated by the  matches t o  the 
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"known a l i v e "  t e s t  f i l e ,  a dec is ion  was made t o  r e t a i n  data from t h e  fo l l ow ing  

th ree types o f  matches: 

Exact matches o f  a l l  submitted data ( l a s t  name, f i r s t  name, middle 

i n i t i a l ,  race, sex, month and year o f  b i r t h ,  soc ia l  s e c u r i t y  

number) ; 

Exact soc ia l  secu r i t y  number matches regardless o f  mismatch o f  o ther  

data; and 

Exact (not  Soundex) f i r s t  name, l a s t  name, month and year o f  b i r t h  

matches and no mismatch on soc ia l  s e c u r i t y  number. 

O f  the  27,310 NDI matches, data from 13,119 matches were reta ined;  these 

matches invo lved 12,693 unique Shipyard Study workers (7.0%). O f  these 

matches, 10,936 were t o  a s i n g l e  NDI record. 

Oak Ridge Associated U n i v e r s i t i e s  V i t a l  Records O f f i c e  (ORAU) 

An exchange o f  v i t a l  s ta tus  information f o r  workers i n  both the  Oak 

Ridge Associated U n i v e r s i t i e s  (ORAU) 5 Rem Study and the  Shipyard Study 

r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  of 65 deaths common t o  both s tud ies  and rece ip t  

o f  t h e  death c e r t i f i c a t e s  from the ORAU death c e r t i f i c a t e  r e t r i e v a l  o f f i c e .  

Nat ional  I n s t i t u t e  o f  Occupational Safety and Heal th (NIOSH) 

A p r i n t o u t  o f  the  deaths i d e n t i f i e d  i n  the  Portsmouth Naval Shipyard 

Study conducted by the  Nat ional  I n s t i t u t e  of Occupational Safety and Health 

(NIOSH) was received and keypunched t o  tape. This source r e s u l t e d  i n  

i d e n t i f i c a t i o n  o f  4,933 deaths among workers from the  Portsmouth Shipyard t h a t  

were common t o  the  Shipyard Study. 
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Pi 1 ot Study for Identification of Portsmouth Naval Shipyard Deaths 

As part of the pilot study (see Appendix 4) to determine whether 

information coll ected by Najari an and Col ton (Najari an, 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 Hi story 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 Norfol k shipyard. Telephone fol 1 ow-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. 

Shi pyard 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 a1 ive 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 a1 ive in the period from 1979 

through 1983. 

State o f  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 f i 1 es 

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 avai 1 able. 

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 
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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 dupl icates. 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 o f  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 cert i f i cate) , 83 percent confirmed a1 i ve, 

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 populations had unknown vital 

status which represents a small difference between the three groups. 

Vital status ascertainment in the total group of radiation workers 
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without a personnel employment record i s 9 percent deceased (death confirmed 

by receipt of a death cer t i f ica te) ,  53 percent confirmed a1 ive, 1 percent 

possibly deceased (a t  leas t  one source indicates deceased but no death 

cer t i f ica te  has been received) and 37 percent s ta tus  unknown. The percentages 

for  each category of vi ta l  s ta tus  are essentially the same for  workers with 

>0.5 rem exposure as for  workers with (0.5 rem exposure. Among t h i s  group of - 
workers without personnel records, where information has been obtained on 

vi ta l  s ta tus ,  724 workers are deceased and 4,413 are l iving. This represents 

14.1 percent of the population who are deceased compared t o  10.7 percent in 

the population with records. This probably represents a s l ight ly older age 

and ea r l i e r  time of employment for  those workers with missing records. 

Certi f i cat i  on of  Deaths 

Vital s ta tus  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 i s  t o  cer t i fy  the fact  of death by comparison 

of a copy of an individual's death cer t i f ica te  with study records on the 

individual. Once a death cer t i f ica te  i s  confirmed as matching to  a worker, 

selected information on the cer t i f ica te ,  including causes of death, was coded 

and added t o  the database. Section 2.6 discusses de ta i l s  in coding causes of 

death and in validating the l i s ted  causes using other sources such as hospital 

records and tumor regis t r ies .  

Because of the size of the study population, the staggered return of 

resul ts  from the different vi ta l  status searches, and the delay in 

establishing the study population and sample from the total  database, i t  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 del ays 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 in 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 1 imited 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 

popul ati on should be excl uded. 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 o f  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. All Shipyard Study certificate requests 

were processed by this office. To facilitate their work, a computer-printed 
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card system was developed s p e c i f i c a l l y  f o r  t h i s  p ro jec t .  Three cards were 

p r i n t e d  f o r  each death record. One was sent t o  the  s t a t e  t o  request the  

c e r t i f i c a t e ,  one was kept a t  t he  un ive rs i t y ' s  v i t a l  records u n i t ,  and one was 

kept  a t  the  Shipyard Study o f f i c e .  A l l  d e t a i l s  o f  t h e  request, i n c l u d i n g  the  

date o f  request, t he  s t a t e  contacted, and t h e  r e s u l t s  o f  t h e  request,  were 

recorded on these cards. 

Requests were sent i n  batches as l a r g e  as the  s t a t e  would a l low.  For 

the  s ta tes  w i t h  l a r g e  numbers o f  c e r t i f i c a t e s  f o r  r e t r i e v a l ,  i t proved 

advantageous t o  make speci a1 arrangements t o  f a c i  1 i t a t e  death c e r t i f i c a t e  

re turns .  

Much o f  t h e  r e t r i e v a l  t ime was spent i n  i d e n t i f y i n g  the  c e r t i f i c a t e  

number o f  t h e  des i red  death c e r t i f i c a t e .  Once the  number was known, r e t r i e v a l  

was a mat ter  o f  copying the  c e r t i f i c a t e  and forwarding the  copy t o  the  

Shipyard Study o f f i c e .  Consequently, methods o f  automating i d e n t i f i c a t i o n  o f  

c e r t i f i c a t e  numbers became a h igh  p r i o r i t y  f o r  s ta tes  w i t h  l a r g e  numbers o f  

deaths. For t h e  s ta tes  o f  V i r g i n i a  and Ca l i f o rn ia ,  specia l  arrangements were 

made t o  match t h e  deaths i d e n t i f i e d  i n  those s ta tes  against  computer f i l e s  t o  

obta in  c e r t i f i c a t e  numbers. 

Since both the  Nor fo l k  and Newport News shipyards are i n  the  s t a t e  o f  

V i r g i n i a  and account f o r  47 percent of t he  Shipyard Study populat ion, t he  

Heal th Department i n  V i r g i n i a  was approached t o  determine methods by which 

c e r t i f i c a t e  numbers could be i d e n t i f i e d  and add i t i ona l  deaths might be 

i d e n t i f i e d .  As described e a r l  i e r  i n  t h i s  sect ion, a f t e r  extensive discussions 

w i t h  personnel i n  the  Heal th Department, agreements were reached g i v i n g  the  

Shipyard Study permission t o  reformat the  s ta te 's  death f i l e s  so t h a t  t he  
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shipyard f i l e s  could be matched against them i n  order t o  i d e n t i f y  the 

c e r t i f i c a t e  numbers o f  workers known t o  be deceased. 

The Cal i f o r n i a  Automated Mortal i t y  Linkage Information System (CAMLIS) 

permits matching o f  a  user populat ion t o  the Ca l i fo rn ia  m o r t a l i t y  f i l e s  for  

the purpose o f  i d e n t i f i c a t i o n  o f  death c e r t i f i c a t e  numbers. Arrangements were 

made t o  match the Shipyard Study Ca l i fo rn ia  deaths t o  the CAMLIS f i l e s  and t o  

h i r e  two persons t o  work i n  the Cal i fo rn ia  v i t a l  records o f f i c e  exc lus ive ly  on 

r e t r i e v a l  o f  death c e r t i f i c a t e s  f o r  the Shipyard Study deaths. 

The s ta te  o f  New Hampshire does not  have an automated system for  

i d e n t i f y i n g  c e r t i f i c a t e  numbers. Extensive negotiat ions resu l ted i n  the 

h i r i n g  o f  an ind iv idua l  t o  work i n  t h e i r  v i t a l  records o f f i c e  exc lus ive ly  on 

r e t r i e v a l  o f  Shipyard Study ce r t i f i ca tes .  A two step process was imp1 emented, 

w i t h  manual i d e n t i f i c a t i o n  o f  the c e r t i f i c a t e  numbers f i r s t  from year ly  

indices o f  deaths and then r e t r i e v a l  o f  the ce r t i f i ca tes .  S im i la r  procedures 

were i n s t i t u t e d  i n  the State o f  Connecticut. 

L imi ted use was made o f  the Oak Ridge Associated Un ivers i t i es  (ORAU) 

Death C e r t i f i c a t e  Retr ieval  Off ice.  I n  January, 1984, ORAU agreed t o  car ry  

out a  p i l o t  death c e r t i f i c a t e  search f o r  a  group o f  199 records f o r  which an 

i n i t i a l  response o f  "no record found" had been received from the presumed 

s ta te  o f  death, as i d e n t i f i e d  by Social Securi ty. Their  searches re t r ieved  88 

percent o f  the c e r t i f i c a t e s  requested. 

A t o t a l  o f  36,568 death c e r t i f i c a t e s  were re t r ieved  f o r  the  Shipyard 

Study. Not a l l  o f  the c e r t i f i c a t e s  are f o r  members o f  the study populat ion o r  

sample since c e r t i f i c a t e  r e t r i e v a l  was i n i t i a t e d  i n  1981 and d e f i n i t i o n  o f  the 

study populat ion and sample se lec t ion were not  completed u n t i l  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 certifi 

radiation workers without a personnel employment 

been received for 87 percent of all deaths in thi 

certificates for those without records is a more 

cate retrieval for the 

record. Cert i f i cates have 

s group. Since retrieval of 

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 

re la t ionsh ip  of the informant t o  the deceased, an ind ica t ion  whether an 

autopsy was performed, the underlying cause o f  death, and up t o  three 

cont r ibutory  causes of death selected i n  the order i n  which they were 1 i s t e d  

on the c e r t i f i c a t e .  The abstracted data were then added t o  the death 

c e r t i f i c a t e  ARCHIVE f i l e .  Updates t o  the data management f i l e  f o r  death 

c e r t i f i c a t e  requests were a1 so made. 

A more complete, ob jec t ive  assessment of match qual i t y  was conducted 

a f te r  the c e r t i f i c a t e  data were computerized. Worksheets were produced 

comparing the abstracted data t o  the m ic ro f i lm  census data, and an automated 

evaluat ion o f  the match qual i t y  o f  each o f  the fo l lowing i tems was done: 

surname, Soundexed surname, f i r s t  name and f i r s t  i n i t i a l ,  middle name and 

i n i t i a l  , f i r s t  and middle name cross (reversal),  b i r thdate,  b i r thday (month 

and day), age a t  death, death date, socia l  secur i t y  number, race, and sex. 

Match scores were assigned t o  each o f  these items. The scores were summed t o  

g ive  an overa l l  match pat tern  which correlates w i t h  the qual i t y  o f  the match. 

Discrepancies between the subject ive and ob ject ive  assessments o f  match 

q u a l i t y  were flagged and reviewed f o r  f i n a l  reso lu t ion  o f  the status o f  the 

death c e r t  i f i cate match. 

Data Management for  V i t a l  Status 

Two data systems were set  up t o  manage the v i t a l  s tatus ascertainment 

procedures described i n  ea r l  i e r  sections. The Master Death Index (MDI) system 

was used t o  manage the death information received about a worker and the 

h i s t o r y  o f  requests needed t o  obtain the worker's death c e r t i f i c a t e .  The 
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about workers 

MLI was model1 

vital status. 

Status (cont'd) 

Index (MLI) system was used to manage the information received 

who had been confirmed to be alive by one or more sources. The 

ed on the MDI and served as its complement in the assessment of 

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. All 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 qua1 ity. 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 hi story. 

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 a !ar 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 1 iving 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 living workers, 

screening for dupl icates, re-establ ishment 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. All of the 
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resul  t i  ng records (changed, new, and unchanged) were recorded 

version o f  the MDI. 

I n i t i a t i n g  a death c e r t i f i c a t e  request was general ly  an 

process and involved marking the MDI record t o  r e f l e c t  the ex 

request. Except f o r  the matches i n  V i rg in ia ,  Ca l i fo rn ia ,  New 

Oak Ridge Associated Univers i t ies ,  i n i t i a t i o n  o f  death c e r t i f  

on the  new 

automated 

stence o f  the 

Hampshire and 

cate requests 

included p r i n t i n g  o f  request cards. Three cards were pr in ted:  one f o r  

Shipyard Study use, one f o r  use by the Department o f  Epidemiology v i t a l  

records un i t ,  and one t o  be sent t o  the s ta te  v i t a l  records o f f i c e  w i t h  a 

cover l e t t e r .  A l l  in format ion about a request recorded on the M D I  was 

dupl icated on the  Shipyard Study card. 

Manual i n i t i a t i o n  o f  a death c e r t i f i c a t e  request was handled by 

completion o f  a special form, since a c e r t i f i c a t e  request d i d  not  p r i n t  data 

from a spec i f i c  source, but  data derived from examining a l l  sources o f  

information. The form was completed a f t e r  a review o f  a l l  information, and 

the data were keypunched i n t o  the ARCHIVE system. The ASSEMBLE f i l e  was 

combined w i t h  the current  version o f  the MDI. The per t inent  data were 

recorded i n  f i e l d s  set aside f o r  h i s t o r y  o f  requests, and the c e r t i f i c a t e  

request cards were then pr inted.  

Mass death c e r t i f i c a t e  requests were accompl i shed w i t h  generat i  on o f  

books o f  worksheets containing the numbers o f  the c e r t i f i c a t e s  t o  be 

re t r ieved.  C e r t i f i c a t e  numbers were ava i l  able from the NDI, the V i r g i n i a  

match, and the  CAMLIS match. 

Ed i t s  t o  the MDI  occurred due t o  

standardizat ion o f  source data, o r  from 

incor rec t  formatt ing, i nco r rec t  

updates t o  death c e r t i f i c a t e  requests 
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such as the return of a reque st. When as 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 

a1 ive 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 recorded. 

Most of the sources returned their search results on magnetic tape. If 
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2.5 Vital S t a t u s  (cont 'd)  

t h e  source d i d  not  provide a t ape ,  Shipyard Study s t a f f  arranged t o  have t h e  

d a t a  keypunched t o  tape .  Generally,  t h e  records  f o r  deceased workers and 

1 iv ing  workers were re turned  on t h e  same tape .  The census record  number might 

o r  might not  have been l e f t  i n t a c t .  The f i r s t  processing s t e p  t h u s  cons i s t ed  

of el iminat ing t h e  records  o f  deceased workers, sc reen ing  f o r  dupl i c a t e s ,  re- 

establ ishment  of  t h e  census record number i f  necessary,  and conca tena t ion  of  

t h e  source d a t a  t o  t h e  worker's census record.  The second s t e p  cons i s t ed  of 

re format t ing  t h e  source d a t a  t o  conform with MLI s tandards .  Geographic d a t a  

were recoded using a set o f  s tandard geographic abbrev ia t ions ,  and t h e  d a t a  

regard ing  d a t e s  of  events  were put i n  s tandard format.  When s t anda rd i za t i on  

of  t h e  d a t a  was completed, the source d a t a  were ready f o r  combination w i t h  t h e  

MLI . 
When a source  t a p e  was combined with t h e  c u r r e n t  vers ion  o f  t h e  MLI, 

t h r e e  outcomes were poss ib le .  The source t a p e  could provide more d a t a  on a 

worker p rev ious ly  known t o  be a l i v e ;  t h e  new d a t a  were then recorded i n  t h e  

next  a v a i l  a b l e  source f i e l d .  The source t ape  could provide t h e  f i rs t  

i n d i c a t i o n  o f  l i v i n g  s t a t u s ;  a new MLI record was then c r ea t ed .  F ina l ly ,  t h e  

source  t a p e  might provide no f u r t h e r  d a t a  on a prev ious ly  known 1 iving worker; 

the o r i g i n a l  MLI record was then t r ansmi t t ed  t o  t h e  updated vers ion  of  t h e  MLI 

unchanged. A l l  of the r e s u l t i n g  records (changed, new, and unchanged) were 

recorded on the new version o f  t h e  MLI. 
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2 Methods 
2.5 V i t a l  Status ( c  'd) 

Table 2.5.A V i t a l  Status ~sce r ta inmen t  i n  t h e  Study Sample Groups (NW, - ,, 
NW4-,, NNW) 

Study Sample Groups 
V i t a l  s ta tus  
c l a s s i f i  - NW>o.5 NW<o.5 NNW - 

c a t i o n  
(10/13/87) No. Percent No. Percent No. Percent 

A1 i ve2 24356 85% 8619 82% 27061 81% 

Poss i b l  189 1% 7 1 1% 349 1 % 
deaths 

Status 1200 4% 604 6% 1489 4% 
unknown 

Tota l  28542 100% 10462 100% 33352 100% 

' Death c e r t i f i c a t e  i n  f i l e  (N = 8414) o r  death confirmed bu t  c e r t i f i c a t e  
unobtainable (N = 4). 

Sources inc lude SSA, SSA-PSC, C i v i l  Service Act ive  and Ret i red  Workers 
f i l e s ,  HCFA, cur rent  worker tape ros ters ,  d i r e c t  fol low-up. 

A t  l e a s t  one source (SSA, SSA-PSC, C i v i l  Service Re t i red  Workers f i l e ,  
HCFA, Veteran's Admini s t ra t i on ,  National Death Index, personnel records, 
Heal th H i s t o r y  Quest ionnaire, NIOSH, o r  State V i t a l  Records) has 
i nd i ca ted  t h e  worker i s  deceased; however, searches t o  date  have not  
y i e l d e d  a death c e r t i f i c a t e .  
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2.5 Vital Status (cont'd) 

Table 2.5.8 Vital Status Ascertainment for Radi ati on Workers Without a 
Personnel Employment Record 

Cumulative Radiation Dose Eauivalent (DE) (rem) 
Vital status - >O. 5 (0.5 
classification 
(10/13/87) No. Percent No. Percent 

Possi blf 29 1 % 76 1% 
deaths 

Status 947 37% 2090 37% 
un known4 

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 20.5 rem have been sent to Civil Service Active and Retired Records 
files, and the Veterans Admini stration. Direct follow-up is 1 imi ted due 
to lack of additional information on these workers such as full -name and 
addresses. 
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2.5 Vital Status (cont'd) 

Table 2.5.C Status of Death Certificate Retrieval for the Study Sample Groups 

Status of 
death Study Sam~l e 
cert i f icate  NW>o.s - NW<0.5 NNW 
retrieval 
(10/13/87) No. Percent No. Percent No. Percent 

Retrieved 2796 94% 1167 94% 4451 93% 

Pending 189 6% 7 1 6% 349 7% 
requests 

Certificate 1 tl% 1 < 1% 2 < 1% 
unob- 
tai nab1 e1 

Total 
possible 
deaths 

' ~ i  etnam war death 
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2.5 V i t a l  Status (cont'd) 

Tab1 e 2.5 .D Status o f  Death Cert i  f i cate Retrieval fo r  Radiation Workers 
Without a Personnel Employment Record 

Status 
o f  death Radiation Dose Eauivalent (DE) (rem) 
c e r t i f i c a t e  - >0.5 t o .  5 
r e t r i e v a l  
(10/13/87) No. Percent No. Percent 
-- 

Retr ieved 219 88% 505 87% 

Pendi ng 2 9 1 2% 7 6 13% 
requests 

Tota l  248 100% 58 1 100% 
possi b l  e 
deaths 
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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 1 i sted 

on the death certificate were reviewed and coded using methods described 

below. Also described are the checks conducted on the val idity of the cause 

of death information provided on the certificates and the methods used to 

determine subclassifications of certain tumors; 1 eukemia, lymphoma, 

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. All 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 Certi f i cate Reports o f  Neoplasms 

Objectives 

The objectives of this component of the project were: 

To verify the diagnosis of neoplasm on a sample of death certificate 

reports 1 i sting specific neopl asms 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 

leukemia (ICD codes 204.0-208.9, 9th revision), lymphoma (ICD 

codes 200.0-203.8, 9th revision) , and mesothel ioma (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 morphological 1y. 

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 

regi stry 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 sel ected for medical r 

retrieval. Tumor reg1 stries and medical records departments of hospitals 

1 isted 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 materi a1 s 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 1 i brarian 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, 

Washington or Virginia as state of death were selected for matching with 

Survei 1 1  ance, 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 

regi stry record, i nformat i on on date of di agnosi s of neopl asms and morphol ogy 

was retrieved from the registry. For matching records diagnostic and 

morphology data derived from turmor registry files were used to supplement 

information obtained from hospital medical records. 
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Ver i  f i c a t  i on and Morphol ogy o f  Cancers 

By the  end o f  1986 the  number o f  death c e r t i f i c a t e  repo r t s  o f  neoplasms 

w i t h  a year o f  death between 1960-1981 received by the  p r o j e c t  included: 65 

repo r t s  o f  leukemia, 103 repo r t s  o f  lymphoma, and 32 repo r t s  o f  mesothelioma 

i n  the  study samples. F ive  hundred and seventy - f i ve  repo r t s  o f  l ung  cancer 

were selected a t  random from the  sampling frame and inc luded i n  t h e  se t  o f  

repor ts  f o r  v e r i  f i c a t i o n  and morphological charac ter iza t ion .  Of t h e  775 death 

c e r t i f i c a t e  r e p o r t s  o f  neoplasms i n  the  se t  f o r  v e r i f i c a t i o n ,  about 88 percent 

i d e n t i f i e d  a hosp i ta l  as the  place o f  death; t he  remainder i d e n t i f i e d  the  

usual p lace o f  residence (home o r  nurs ing home) as the  p lace o f  death (Table 

2.6.Al). A t o t a l  o f  420 hosp i ta l s  o f  death were i d e n t i f i e d .  These hosp i ta l s  

were d i s t r i b u t e d  over 41 states;  however, most o f  them (83%) were loca ted i n  

s ta tes  w i t h  study shipyards. 

The d i s t r i b u t i o n  o f  death c e r t i f i c a t e  repo r t s  by type o f  neoplasm and 

a v a i l  a b i l  i t y  o f  medical record i s  shown on Table 2.6.A. Medical record  

in format ion was obtained on 60 percent (460/775) o f  t h e  death c e r t i f i c a t e  

repo r t s  se lec ted  f o r  v e r i f i c a t i o n .  The y i e l d  was b e t t e r  f o r  lymphomas and 

1 eukemi as (66-73%) than f o r  1 ung cancer and mesothel i oma (57-59%). Reasons 

fo r  i ncornpl e t e  r e t r i e v a l  o f  medical record in fo rmat ion  inc luded no 

i d e n t i f i a b l e  hosp i ta l  o f  death (92), and, among records w i t h  an i d e n t i f i a b l e  

hosp i ta l  o f  death (ZZ3), hosp i ta l  u n w i l l i n g  t o  co l l abo ra te  w i t h  t h e  study, 

medical record  unavai 1 able, 1 ack of hosp i ta l  resources t o  abs t rac t  the  

requested in format ion,  o r  d iagnost ic  in fo rmat ion  unavai lable. 

To asce r ta in  whether t he  death c e r t i f i c a t e  repo r t s  w i t h  a v a i l  ab le 

medical records d i f fe red  from those w i thout  such records, death c e r t i f i c a t e s  
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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 simil ar 

on these characteristics (Table 2.6.B). 

For death certificates reports with avail able 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 

leukemia, 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 mesothel i oma 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 neopl asm. 

Abstracted medical record information was also used to characterize the 

morphology of the val idated neoplasms. Among the 1 eukemi as (Tab1 e 2.6.D) ,  

about half were acute (poorly or non-differentiated) and ha1 f 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 

lymphocyt ic, 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 incl uded mu1 tip1 e 

myeloma (34%), ret i cul um cell sarcoma (20%), and ma1 ignant lymphoma (18%). 
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Since histopathology information for the mesothelioma reports was 

limited, characterization of mesothelioma was based on site alone (Table 

2.6. El). The pleural to peritoneal mesothel ioma ratio was 9: 10, smaller than 

the 2-9:l ratio reported in other studies. 

Within the 320 lung cancer reports with medical record data (Table 

2.6.F)' the most 

(19%), adenocarci 

frequent types included squamous (33%), undi fferenti ated 

noma (l7%), and small cell (14%). Of these, squamous and 

adenocarci noma neopl asms seemed to involve the right 1 ung more frequently than 

the left (right:left = 1.5-2.5:l). 

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 re1 iabl e. 
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2.6 Causes of Death (cont'd) 

Tab1 e 2.6.A Death Certificate Reports of Neoplasia by Medical Record 
avai 1 ability and Type of Neoplasm 

Tumor T v ~ e  
Medi cal 
Record Leukemi a Lymphoma Mesothelioma Lung Total 
Avai 1 abl e 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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Table 2.6.Al Death Certificate Reports of Neoplasia by Type of Neoplasm and 
Place of Death 

Place o f  Leukemia Lymphoma Mesothel ioma Lung Tota l  
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 

Total  65 (100.0) 103 (100.0) 32 (100.0) 575 (100.0) 775 (100.0) 

' Other includes repor ts  o f  ind iv idua ls  who died a t  home 
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Table 2.6.B Death C e r t i f i c a t e  Reports of Neoplasia by Medical Record a v a i l a b i l  i t y ,  
Demographic Charac ter is t i cs  and Type o f  Neopl asm 

Demographic 
charac ter i  s t i c  Ava i l  a b i l  i t v  o f  Medical Record 

and type of Yes No 
neopl asm N % N % 

Tota l  
N % 

Sex 
Ma1 e 460 (100.0) 

Race 
White 393 ( 85.4) 
B l  ac k 46 ( 10.0) 
Other 21 ( 4.6) 

Age a t  Death 
20 - 29 4 ( 0.9) 
30 - 39 15 ( 3.3) 
40 - 49 56 ( 12.2) 
50 - 59 157 ( 34.1) 
60 - 69 169 ( 36.7) 
70 - 79 54 ( 11.7) 
80 - 89 5 ( 1.1) 

Place o f  Death 
S h i p y a r d s t a t e  367 ( 7 9 . 8 )  
Non-Shipyard 93 ( 20.2) 

s t a t e  

Type o f  Neoplasm 
Leukemia 46 ( 10.0) 19 ( 6.0) 65 ( 8.4) 
Lymphoma 68 ( 14.8) 35 ( 11.1) 103 ( 13.3) 
Mesothel ioma 19 ( 4.1) 13 ( 4.1) 32 ( 4.1) 
Lung Cancer 327 ( 71.1) 248 ( 78.7) 575 ( 74.2) 

Tota l  460 (100.0) 315 (100.0) 775 (100.0) 
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Table 2.6.C Agreement Between Death Certificate and Medical Record Diagnoses 

Death Certificate ~ia~nosisl 

Medical 
Record Leukemia Lymphoma Mesothelioma Lung Cancer ~ o t a l ~  
Diagnosis N X N X N X N X N X 

Leukemia 44(93.6) 2 (  2-9) 
3 

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) 

As underlying or contributing cause of .death 
Total includes eight reports with more than one primary neoplasm 



Table 2.6.0 Leukemia Reports by Type and Morphology 

Leukemi a T Y D ~  

A C U ~ ~ / P D '  Chronic Tota l  
Morphol ogy N % N % N % 

Myel ogenous 15 ( 55.6) 5 ( 23.8) 20 ( 41.7) 

Lymphocytic 5 ( 18.5) 8 ( 38.1) 13 ( 27.1) 

Undif ferent iated 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 d i f f e r e n t i a t e d  
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Table 2.6.E Lymphoma Reports by Type and Histopathology 

Hi stopathol ogy 
Lvm~homa t v ~ e  

Hodgkins Non Hodgkins No data Total 

Lymphocyti c predominance 
(paragranul oma) 

Ma1 ignant lymphoma 
(1 ymphosarcoma) 

Poorly differentiated 
lymphocyt ic lymphoma 

"Mixed" lymphoma 
(lymphocytic-hi stiocytic) 

"Histiocytic" lymphoma 
(reti cul um cell sarcoma) 

Undifferentiated lymphoma 

Mu1 t i pl e myel oma 

Other 

No data 

Total 11 56 2 69 
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2.6 Causes o f  Death (cont'd) 

Table 2.6.El Mesothel ioma Reports by S i t e  

S i t e  Number % 

Pleural  9 42.9 

Per i toneal  10 47.6 

other'  2 9 .5  

Total  2 1 100.0 

'other includes t e s t i c u l  a r  and unspecif ied 
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Table 2.6.F Lung Cancer Reports by Side and Morphology 

Side 
N 0 

Morphology Right L e f t  Both Data T o t  a1 

Squamous 58 38 3 7 106 

Adenocar- 3 8 
c i  noma 

Mi xed 2 

Small Cel l  2 3 

Large Cel l  6 

Undi f feren-  27 
t i  ated 

No Data 9 

Total  163 121 
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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-acti vated corrosion products in the primary cool ant 

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 radioactive 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. 

119 
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Thus, t h e  personnel dosimetry program which was c r i t i c a l  t o  accomplishment of 

this study was i n i t i a t e d  a t  d i f f e r e n t  t imes i n  each of  t h e  e i g h t  ya rds  and has 

continued through t h e  presen t  time. 

The d e s c r i p t i o n s  of  r a d i a t i o n  exposure from Naval nuc lear  propuls ion 

p l a n t s  have been der ived from severa l  sources .  These inc lude  two r e p o r t s  

r e l a t e d  t o  t h e  Portsmouth Navy Shipyard (Murray, 1982; Murray, 1983) ; two 

s e r i e s  of  annual r e p o r t s  pub1 ished by t h e  Navy, t h e  "Occupational Radiation 

Exposure Reports 

F a c i l i t i e s " ,  and 

Wastes from U.S. 

the Congressional 

from U.S. Naval Nuclear Propulsion P l an t s  and t h e i r  Support 

the "Envi ronmental Monitoring and Disposal of Radioact ive 

Naval Nucl ear-Powered Ships  and Thei r  Support Faci 1 i t i  e s "  ; 

Hearing regarding t h e  Naval Nucl e a r  Propul si on Program- 1979; 

a Navy r e p o r t  reviewing t h e  United S t a t e s  Naval Nuclear Propulsion Program- 

June 1982; and ex tens ive  d i s cus s ions  with Navy personnel ,  a s  well a s  o n - s i t e  

review by t h e  Shipyard Study S t a f f .  These d a t a  and o t h e r  information and 

personal observa t ion  were used t o  develop t h e  desc r ip t i on  of the con t ro l  

programs. 

Naval nuc lear  powered sh ips  use pressur ized  l i g h t  water r e a c t o r s .  The 

water  c i r c u l a t e s  through a c losed primary piping system t o  t r a n s f e r  hea t  from 

a r e a c t o r  co re  t o  a secondary heat  exchange system which i s  i s o l a t e d  from t h e  

primary coo l ing  water.  Steam generated i n  t h e  secondary system i s  then used 

a s  t h e  power source f o r  t h e  propulsion p l an t .  

Trace amounts of cor ros ion  and wear products from t h e  i n t e r i o r  su r f ace  

i n  the primary system a r e  c a r r i e d  by the coolan t  i n t o  t h e  r e a c t o r  and a r e  

a c t i v a t e d  i n  t h e  r e a c t o r  core  through neutron absorpt ion.  These products  a r e  

then c a r r i e d  throughout t h e  primary cool ing system. In-1 i n e  p u r i f i c a t i o n  
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systems do not completely remove these activation products from .e water. 

Since shipyard workers do not work in the reactor compartment unti 1 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 naval 

reactors are more rigid than for commercial plants because they must withstand 

shock. Therefore, even fission gases are retained within the fuel elements. 

Uranium is also retained within the fuel elements so exposure does not occur. 

Accr ing to the earliest information avail able 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). 

Tab1 e 2.7 .A summarizes the sources of potenti a1 radiation exposure for 

workers involved in the overhaul, repair, and refuel ing of the nuclear powered 

ships. The primary cool ant water contains several short-1 ived radionucl ides. 

These incl ude ni trogen-16, ni trogen-13, fl uorine-18, argon-41, and manganese- 

56. All 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 radionucl ides are long-1 ived 

with half-lives ranging from 1 day to 92 year-s. They include tungsten-187, 

chromium-51, hafnium-181, iron-59, zirconium-95, cobalt-58, tantalum-182, 

manganese-54, iron-55, cobal t-60, and nickel -63 (Murray and Terpi 1 ak, 1983). 
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Of these materials, cobalt-60, with a half-life 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 thermol umi nescent 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 1 ithium 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, 1 ost its integrity. However, trace amounts of urani um, naturally 
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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 natural ly occurring deuteri um 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 a1 so 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 cobalt-60 is the primary concern due 

to its major concentration, long 1 ife, and high-energy gammas. 

Def i ni ti on o f  Nucl ear 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 cobal t-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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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 

hi stories wi 1 1  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 to 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 

(locking 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. 

A1 1 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, 

a1 1 workers received physical s 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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employment or termination in the nuclear program if they had 0.5 rem or more 

in any year. The 1 eve1 of 0.5 rem was selected as the target for examination 

because that is the annual dose permitted for the general pub1 ic (Occupational 

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 

speci a1 revi ew. Thus, a1 1 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 

devel oped, under central oversight and standardized by virtue of common 

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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whole body penet ra t ing  dose was estimated from the  f i l m  dens i t y  under the  

metal shielded p o r t i o n  o f  t he  f i l m .  I n  general, Dupont type 552 f i l m  was used 

t h a t  had a nominal minimum d e t e c t a b i l i t y  o f  about 50 mrem. However, as i s  

ev ident  by review o f  records, values as 1 ow as 15 mrem o r  so were o f t e n  

recorded. Th is  f i l m  was used from about October 1957 t o  November 1961. 

As noted by personnel from the  shipyards, no t  a l l  yards used t h e  same 

f i l m  o r  t he  same badges. About h a l f  t he  yards used the  same type o f  f i l m  and 

f i l m  badge holders. The f i l m s  H and D curves ( t h a t  i s ,  t he  curves which 

re1 ate f i l m  dens i t y  t o  exposure) were usual l y  ca l  i brated w i t h  exposures t o  

cobalt-60 o r  cesium-137 as the  standard but  t h i s  procedure a lso  va r ied  by 

yard. Some gamma r a y  standard sources were r o u t i n e l y  c a l i b r a t e d  a t  t he  

National Bureau o f  Standards (NBS) . I n  other  cases, secondary gamma ray  

standards were used which were t raceable t o  NBS sources. 

From 1961 t o  1968 other  types o f  Dupont f i l m  were used; f o r  example, 

Portsmouth used type SX 233 and Char1 eston used type 556. By 1968, most o f  

t he  shipyards had s h i f t e d  t o  Kodak type 3 which had a minimum detectable dose 

o f  approximately 10 mrem. Exact records of t he  type o f  f i l m  and badges used 

i n  each o f  t h e  shipyards are probably ava i l ab le  if these d e t a i l s  r e l a t e d  t o  

r a d i a t i o n  measurements prove necessary f o r  subsequent review o f  i n d i v i d u a b  

dosimetry in format ion.  

The p o s i t i o n  f o r  wearing the  f i l m  badge was on the  f r o n t  o f  the  t runk,  

outs ide o f  t he  c l o t h i n g  and a t  the  waist  o r  chest. F i lm  badges were sometimes 

worn a t  o the r  l oca t ions  (e.g. head) depending on t h e  l o c a t i o n  of h ighest  

exposure. I n  selected s i t ua t i ons ,  add i t iona l  dosimeters might be worn on the  

ex t remi t ies .  I f  an ind i v idua l  entered a h igh  r a d i a t i o n  area o r  a reac to r  
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compartment, he wore not only a film badge or TLD but a pocket ionization 

chamber as we1 1 (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 film. Thus, any DE corresponding to 0.01 or 0.02 density units on the 

densi tometer 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's, 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 

1 eve1 . 
Film badges were processed every two weeks prior to 1960 and monthly 

thereafter. If the ionization chamber pocket dosimeter reading exceeded 

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 until 1976. All of the yards use TLDs 

containing two chips of calcium fluoride with added manganese except Newpott 

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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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. 

All 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 normal ly present, cobalt -60 i s 

the radi onucl ide of primary concern because it contributes the 1 argest 

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 materi a1 

by a rigorous program of contamination controls including frequent use of 
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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 1 imit is set at 1 x 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 microcuries per mi 11 i 1 i ter, 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 ai rborne 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 mi crocuri es per mi 1 1  i 1 i ter 1 eve1 , 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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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 early years. In 1962, some shipyards 

performed chest counts on their populations with a Geiger-Muell er 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 

identify 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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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 i n 

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 a1 lowable DE for that period. If 

subsequent information became available, the corrected DE was entered into the 

radiation record. In the early years of the program, workers also may have 

received assigned doses when they had worked on ships exposed to fa1 lout from 

radioactive weapons testing . These are re1 ati vely uncommon events. 

Prior to 1957, the annual limit was 15 rem per year. About the time of 

start of overhauls in 1959, the Atomic Energy Commission (AEC) and its 
I 

1 licensees adopted a limit of 1.25 rem per quarter applicable to persons with 
I 

I no prior dose history available. These would have been the standards under 
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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 the 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. 

A1 ternatively, 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 consider 

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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Val idi ty 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 mi scl assification 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 mi scl assi ficati on and 

variation in procedures by yard be investigated as a first step in checking 

the re1 i abi 1 i ty of record- keeping systems. 

The information on individual doses was furnished by the shipyards. 

All 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 suppl ied the hard copy records of each individual 's annual 

radiation DEs and a computer tape of radiation records which represented only 

current workersy 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 

individual 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 

sequenti a1 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 sti 11 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 Popul ati on 

A most c r u c i a l  ques t ion  i s  whether t h e  t o t a l  populat ion of  exposed 

nuc lear  workers has been completely i d e n t i f i e d  and t h e  r i s k  o f  d i s e a s e  noted. 

Three methods have been used t o  a t tempt  t o  confirm t h e  completeness of  t h e  

popul a t  i on. 

The f irst  procedure matched a l l  workers l i s t e d  on t h e  r a d i a t i o n  f i l e  

with personnel f i l e s  from each individual  shipyard.  In theory ,  a l l  t r u e  

shipyard workers 1 i s t e d  on t h e  r a d i a t i o n  f i l e  should have had a personnel f i l e  

record. There were 17,335 workers (16%) on t h e  r a d i a t i o n  f i l e  t h a t  d i d  not  

match t o  a personnel record.  Of t he se ,  8,909 workers were from t h e  Newport 

News yard,  whose r a d i a t i o n  da tabase  had t o  be cons t ruc ted  by s tudy  s t a f f  from 

t h e  yard 's  microf i lm exposure records.  Some ind iv idua l  records  had 

uncorrected problems a t  t h e  t ime of  t h i s  ana lys i s .  I t  i s  pos s ib l e  t h a t  non- 

matching has occurred because t he se  workers were employed by a c o n t r a c t o r  and 

not  by t h e  sh ipyards  d i r e c t l y  o r  t h a t  t h e  records represen ted  v i s i t o r s  o r  

a c t i v e  du ty  mil i t a r y  personnel i n  t h e  yards .  Some of  t h e  nonmatches were due 

t o  e r r o r s  i n  t r a n s c r i b i n g  soc i  a1 s e c u r i t y  numbers ( t h e  matching c r i t e r i o n )  on 

e i t h e r  t h e  personnel o r  r a d i a t i o n  f i les.  I t  i s  a l s o  pos s ib l e ,  however, t h a t  

t h e  personnel f i l e s  of  t he se  i nd iv idua l s  were no t  a v a i l a b l e  a t  t h e  t ime of t h e  

f i lming  of  t h e  records.  Such a s i t u a t i o n  might e x i s t ,  f o r  example, i f  a f i l e  

was under i n v e s t i g a t i o n  and the re fo re  had been pul led  ou t  of  t h e  normal f i l e  

l o c a t i o n .  Although at tempts  were made t o  avoid any such omissions,  i t  was 

of ten  d i f f i c u l t  t o  be su re  t h a t  every s i n g l e  personnel f i l e  had been loca ted  

a t  t h e  t ime of f i lming .  Therefore ,  every individual  with a t  l e a s t  0 .5  rem 

cumulative exposure who had a record on t h e  r a d i a t i o n  f i l e  and f o r  whom we had 



2 Methods 
2.7 Radiation Exposures (cont'd) 

additional identifying information was carefully investigated. 

O f  the total 17,335 records, 4,985 were for workers with a cumulative 

DE 20.5 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, unl i ke 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 f i 1 e. 

The t h i r d  source o f  in format ion  t o  conf i rm the  completeness o f  t he  

exposed populat ion was t h a t  o f  i n d i v i d u a l s  rece iv ing  a recorded DE o f  5 rem o r  

more exposure i n  a s i n g l e  year who had been reported t o  the  Department o f  

Energy (DOE) f a c i l i t y  a t  Oak Ridge. This populat ion was i d e n t i f i e d  by the  

Shipyards and no t  necessar i ly  from the  informat ion gathered f o r  t h e  Shipyard 

Study and inc ludes workers from shipyards as we l l  as DOE f a c i l i t i e s  who have a 

recorded annual DE o f  5 rem o r  more regardless o f  t he  accepted annual 

occupational 1 i m i t  a t  t he  t ime o f  exposure. This populat ion has been fo l lowed 

by Oak Ridge independently o f  t he  Shipyard Study even though 930 o f  t he  

workers i n  t h e i r  study received t h e i r  exposure i n  one o f  seven o f  t h e  

shipyards. Some o f  these i n d i v i d u a l s  were missing from our records, and 

others had no t  received 5 rem i n  any one year according t o  our data. These 

discrepancies are  shown i n  Table 2.7.8 f o r  t he  seven yards f o r  which r a d i a t i o n  

h i s t o r y  data  were ava i l ab le  a t  t he  t ime o f  t he  comparison. As noted i n  t h e  

table,  t he re  were only 15 i n d i v i d u a l s  on the  Oak Ridge l i s t  w i t h  5 rem o r  more 

i n  a s i n g l e  year who were no t  i d e n t i f i e d  w i t h  t h a t  exposure l e v e l  on the  

shipyard's r a d i a t i o n  h i s t o r y  f i l e .  

I n  add i t ion ,  there  were two ind i v idua ls  who were not  i d e n t i f i e d  a t  a l l  

by the  shipyard's r a d i a t i o n  h i s t o r y  f i l e .  This means they were no t  inc luded 

i n  t h e  sample populat ion o f  those w i t h  0.5 rem o r  more exposure. However, 

they may be i n  the  group who have extended f o l l  ow-up (Figure 2.7 .A). These 

missing workers would represent l ess  than 0.2 percent o f  t he  Oak Ridge 

populat ion which was missed i n  the  shipyard study sample. 

We have i d e n t i f i e d  113 ind i v idua ls  w i t h  5 rem o r  more i n  a year who 
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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 wear a film badge, 

dosimeter, or TLD while in the shipyard?" Apparently some people 

misunderstood the question initially 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%). 

the 

ined the 

Further call s to these individual s corrected the misconception about 

meaning of the question relating to wearing a film badge. Many comb 

139 
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f i l m  badge w i t h  an i d e n t i f i c a t i o n  badge issued f o r  s e c u r i t y  purposes. 

However, even a f t e r  c l a r i f i c a t i o n  o f  t h i s  e r ro r ,  there  were s t i l l  some 

i n d i v i d u a l s  who rea f f i rmed  on i n te rv iew  t h a t  they had worn a  r a d i a t i o n  

moni tor ing device although we had no record o f  t h e i r  exposure. 

These d i  screpanci es have been i nves t i ga ted  f u r t h e r  w i t h  the  personnel 

and medical departments a t  Norfo lk ,  and t h e  summation o f  the  r e s u l t s  i s  seen 

i n  Table 2.7.C. Among recent  workers a t  Nor fo lk ,  about 99 out  o f  t h e  

approximately 14,000 contacted repor ted wearing r a d i a t i o n  mon i to r ing  devices 

despi te t h e  f a c t  t h a t  t h e i r  names d i d  no t  appear on a  cu r ren t  r a d i a t i o n  f i l e .  

F i f t y  o f  t he  99 s t i l l  had a  record ava i l ab le  a t  No r fo l k  about t h ree  years 

l a t e r  ( t he  o the r  49 records had apparent ly been sent t o  t he  Federal Records 

Center), and t h e i r  exposure h i s t o r y  could be invest igated.  O f  t he  50 

inves t iga ted ,  26 (52%) had repor ted wearing a  f i l m  badge o r  TLD, b u t  a t  t he  

t ime o f  the  r a d i a t i o n  f i l e  p repara t ion  they had n o t  y e t  been c a l l e d  f o r  a c t i v e  

r a d i a t i o n  work. Therefore, i n d i v i d u a l s  were answering the  quest ion c o r r e c t l y  

and the re  was n o t  actual  discrepancy w i t h  t h e  r a d i a t i o n  f i l e .  

As can be seen from Table 2.7.C, 15 o f  t he  group, o r  30 percent, 

repor ted  working a t  the  Newport News Shipyard and may have received exposure 

there  al though there  was no record  o f  i t a t  Nor fo lk .  There i s  no conf i rmat ion  

o f  t h i s  f a c t .  An add i t i ona l  t h ree  workers had served i n  the  m i l i t a r y ,  and 

there  was no in fo rmat ion  regarding whet her  unreported exposure cou ld  have 

occurred there.  Three others had qua1 i f i e d  f o r  nuclear  work i n  t h e  d i s t a n t  

past, b u t  they had never worked i n  a  r a d i a t i o n  area. There were th ree  who had 

a  r a d i a t i o n  record  i n  t h e i r  medical chart ,  bu t  t h e i r  names were n o t  on the  

r a d i a t i o n  h i s t o r y  f i l e .  Two of these were p o s i t i v e  responses t o  t h e  quest ion 
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because t hey  were badged when they  were s e n t  on d spec ia l  assignment i n  which 

the ind iv idua l  might have been exposed a t  a s i t e  away from the shipyard,  and 

t h e r e  was one missed record.  

Most of t h e  d i s c r epanc i e s  noted above r e s u l t e d  from d i f f e r e n c e s  between 

t h e  s tudy d e f i n i t i o n  of included workers versus  t o t a l  r a d i a t i o n  workers i n  t h e  

yard.  Few e l i g i b l e  workers were missed. From these  d a t a ,  one ou t  of  50 who 

would have been e l i g i b l e  f o r  t h e  sample might have been missed. Almost a l l  nf 

t h e  14,000 workers contac ted  were c o r r e c t l y  c l  a s s i  f i e d  a s  t o  t h e i r  r a d i a t i o n  

h i s t o r y .  

The d a t a  from t h e  hea l th  h i s t o r y  survey i n  Charleston have not  y e t  been 

reviewed f o r  completeness of  i d e n t i f i c a t i o n  o f  r a d i a t i o n  workers. , Problems 

should be l e s s  f r equen t  than i n  Norfolk where confusion a rose  i n  responses  due 

t o  t h e  presence of  two sh ipyards  i n  c l o s e  proximity (Norfolk and Newport News) 

both o f  which were h i r i n g  r a d i a t i o n  workers. 

Prel iminary a n a l y s i s  o f  t h e  d a t a  from t h e  mailed survey o f  r ecen t  

Charleston workers completed i n  1987 ind ica ted  t h a t  about 12 pe rcen t  o f  t h e  

populat ion r epo r t ed  t h a t  they  wore a film badge o r  TLD but their  names d i d  not 

appear on t h e  1985 Charleston r a d i a t i o n  f i l e .  In add i t i on ,  s i x  percent  of  

workers whose names appeared on t h e  r a d i a t i o n  f i l e  claimed t h a t  they  were not  

nuc lear  workers. The r e s u l t s  from both sh ipyards  i nd i ca t ed  t h a t  ques t ion ing  

i n d i v i d u a l s  about r a d i a t i o n  exposure s t a t u s  may y i e l d  r e s u l t s  d i f f e r i n g  from 

documented records .  I t  a1 s o  i n d i c a t e s  t h a t  t h e  ca re fu l  record-  keeping systems 

have managed t o  reduce t h e  number o f  missed r a d i a t i o n  workers t o  a n e g l i g i b l e  

percent ,  i f  Norfolk i s  any example f o r  t h e  o t h e r  ya rds  which s e e m  1 i kely.  
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Cl assi f i cat i  on o f  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 fi 1 es. 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 20.5 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 popul at i on 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 1 ong 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 1 imits of accuracy of the measuring 
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device. As mu1 tiple 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 1 imits 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 read 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 purposes. 

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 qua1 ified 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-nucl ear workers, the reviews indicated that the 

major separation was extremely re1 i abl e based on shipyard records. We wi 11 

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 a1 1 procedures for collecting and recording exposure 

information was conducted to determine the re1 i abi 1 i ty 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 re1 iabil ity 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 i s  obvious t h a t  the  recorded information on r a d i a t i o n  dose 

represents exposure data which are usua l l y  no t  ava i l ab le  f o r  s i m i l a r  types o f  

exposure t o  agents i n  the  workplace. But i t  i s  a lso  important t o  remember 

t h a t  i f  we are t r y i n g  t o  estab' ish r i s k  estimates, t h e  accuracy o f  t h i s  

in format ion  i s  c r u c i a l .  It i s  even more important t h a t  there  i s  no b ias  i n  

the  data which are co l l ec ted  f o r  h igh versus low DEs exposures w i t h i n  t h e  

group. To e s t a b l i s h  dose-response re la t i onsh ips  and t h e  r i s k  per  incremental 

dose, i t  i s  important t o  have accurate measurements. The r a d i a t i o n  f i e l d  i s  

fa r  advanced i n  the  use o f  measured exposures and need no t  r e l y  simply on 

re1 a t i  ve rankings as i n  other  occupational exposures. 

Occupational exposures t o  r a d i a t i o n  are character ized by repeated 

exposures over a per iod  o f  t ime r a t h e r  than t h e  recept ion  o f  a s i n g l e  dose o r  

a few doses i n  a shor t  i n t e r v a l  which i s  t y p i c a l  o f  medical exposure used i n  

the  treatment o f  p a t i e n t s  o r  i n  s i n g l e  environmental o r  accident  exposure such 

as the  t e s t i n g  o f  nuclear  weapons o r  bombings. Therefore i t  was important i n  

t h i s  study t o  t r y  t o  charac ter ize  the  way i n  which t h e  i n d i v i d u a l  workers have 

been r e c e i v i n g  t h e i r  DEs, s ince t h e  e r r o r s  i n  any s i n g l e  reading (which may i n  

i t s e l f  be smal l )  a re  now compounded over repeated measurements f o r  1 ong 

per iods o f  t ime. 

The data  have been va l i da ted  by several means. One was an i n t e r n a l  

comparison i n  which a l l  data from the  ind i v idua l  r a d i a t i o n  f i l e  records by 

years have been compared t o  determine, f i r s t ,  whether any records have 

disappeared from the  tapes o f  i n d i v i d u a l  yards, and second, whether the  t o t a l  

cumulat ive DEs o f  i n d i v i d u a l s  recorded by yard matched the  sum o f  t h e  annual 

DEs. Add i t i ona l l y ,  exposure in format ion  reported i n  q u a r t e r l y  o r  monthly 
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i n t e r v a l s  was abstracted from samples o f  t he  workers' medical records i n  two 

shipyards t o  v a l i d a t e  t h e  annual and cumulative DEs recorded on t h e  

computerized r a d i a t i o n  h i  s t o r y  f i l e s  and t o  examine t h e  p a t t e r n  o f  exposure by 

which workers received t h e i r  1 i f e t i m e  DE. The medical record  i s  considered t o  

be the v a l i d  source o f  a l l  in fo rmat ion  on r a d i a t i o n  exposure. Th is  complete 

val  i d a t i  on o f  i nd i v idua l  records was done f o r  Pearl Harbor and Portsmouth. 

The f i r s t  check on the  correctness o f  DE as we l l  as the  completeness o f  

the  populat ion was done by evaluat ing the  r a d i a t i o n  computer f i l e s  which have 

been received a t  t h e  Shipyard Study o f f i c e  annual ly from the  yards f o r  the  

past  e i g h t  years. E d i t  checks were performed t o  ensure t h a t  t he  annual DEs 

summed t o  the  l i f e t i m e  DE on the  record. The shipyards were quer ied about any 

DE discrepancies, and the  cor rec t ions  were made t o  t h e  f i l e .  

These records were a1 so checked sequenti a1 l y  f o r  de le t ions  o f  e i t h e r  

doses o r  workers from the database. As seen i n  Table 2.7.0, on ly  0.3 percent 

o f  workers and on ly  0.2 percent o f  t he  annual records were deleted from one 

year t o  the  next.  These de le t ions  were no t  c h a r a c t e r i s t i c  o f  any s p e c i f i c  DE 

group. Inves t iga t i ons  revealed adequate explanations f o r  a1 1 but  f i v e  o f  t he  

585 del  e t i ons  (0.9%). For example, m i  1 i t a r y  personnel, v i s i t o r s  o r  

cont rac tors  were removed because they were no t  considered t o  be p a r t  o f  t he  

shipyard nuclear  worker populat ion. Assigned DEs may have been replaced by 

r e a l  doses gathered from outs ide sources f o l l  owing inves t iga t i ons  and updates. 

Also, changes i n  a worker's r a d i a t i o n  program i d e n t i f i e r  were the  cause o f  

many o f  t he  apparent de le t ions  i n  Mare Is land.  

The desc r ip t i on  o f  the  Pearl Harbor r a d i a t i o n  exposure data va l  i dat  i on 

i s  presented i n  Table 2.7.E. The 826 annual r a d i a t i o n  exposure e n t r i e s  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 a l l  individuals a t  

high DE and successively smaller fractions of the total  population of workers 

a t  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 the i r  off icial  medical records and from the computerized 

records (Figure 2.7.B) indicated that there were only two 1 ifetime DE 

discrepancies in the records of a1 1 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 i n  the two systems, 

med i 

was 

radi 

836 

cal charts and computer radiation history f i l e ,  was 0.9996. 

In general, i f  there were missing entries in one of the two systems, i t  

generally when there was a zero or blank dose in ei ther  the medical or the 

ation record. Thus, of the 16 entr ies  which were not present on total  of 

records in both systems (1.9%), 15 of the 16 entr ies  f e l l  in these 

categories (94%) and so would not a l t e r  the DE. For the additional nine 

annual entr ies  i n  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 fo r  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 t o  see i f  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 the i r  doses. In nuclear vessel 

overhaul s ,  unl i ke other occupational exposures, the individual often has 
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occasion t o  enter a r a d i a t i o n  a r ea  and r ece ive  a DE and then no t  r ece ive  

exposure f o r  extended per iods  t h e r e a f t e r .  In o t h e r  popula t ions ,  workers may 

r ece ive  very low DEs on a d a i l y  bas i s .  For Pearl  Harbor, t h e  d a t a  could only 

be examined f o r  q u a r t e r l y  i n t e r v a l s .  For Portsmouth, t h e  d a t a  were repor ted  

f o r  increments of  one month o r  less. 

The d a t a  a s  ind ica ted  on Tables 2.7.E1, 2.7.F and Figures  2.7.C, 2.7.D 

suggest  t h a t  t h e  i nd iv idua l s  who had higher  annual DEs a c t u a l l y  had on t h e  

average a few readings  a t  t h e  high DEs, and many readings which were zero .  

For example, i nd iv idua l s  with an annual DE of  2.0 t o  2.5 rern had 17 percent  of 

t h e i r  q u a r t e r l y  DEs a t  l e v e l s  of  100 t o  499 mil 1 irem, 43 percent  a t  500 t o  999 

mi l l i rem,  29 percent  a t  1 .0  t o  2.0 rem, and 10 percent  a t  2 .0 t  rem. Thus f o r  

i n d i v i d u a l s  with annual DEs o f  2.0 rem, about 40 percent  must have accumulated 

a l l  o r  a t  l e a s t  ha l f  of  t h i s  DE i n  a s i n g l e  qua r t e r .  The remaining population 

accrued t h e  t o t a l  annual DE by adding q u a r t e r l y  DEs of  0.5 t o  1 .0  rem. 

However, a s  shown i n  t h e  proport ional  d i s t r i b u t i o n  o f  DEs, ind iv idua l  s 

who had less than 0.5 rern and 1 t o  2 rern annual DEs tended t o  have a high 

proport ion o f  q u a r t e r l y  DEs which were below 0.5 rem. This  was obviously a 

higher  propor t ion  f o r  t h e  lowest annual DE groups. Also apparent ,  q u a r t e r l y  

DEs i n  t h i s  range became a h igher  proport ion of  t h e  t o t a l  annual DE f o r  

i nd iv idua l s  who had t h e  lowest annual DEs. Note t h a t  those  i nd iv idua l s  with 

annual DEs of  0 t o  0.5 rem and 0.5 t o  1 .0  rern s t i l l  had about t h e  same 

proport ion of t h e i r  DE represented by qua r t e r ly  measures of  0.3 t o  0 .5  rern (55 

t o  65 percent  r e s p e c t i v e l y ) .  In summary, t h e  d a t a  do suggest  t h a t  20 t o  40 

percent o f  t h e  workers received t h e  bulk of t h e i r  annual DE i n  a s i n g l e  

qua r t e r  regard1 e s s  of cumul a t i  ve D E .  
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Similar data were collected from Portsmouth. Of the total of 5,578 

workers who were qua1 ified 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 2.7.6, 2.7.61 and 2.7.62. 

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 ascertainment 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 TLD readings at Portsmouth from 1974 

until the recent year. Each microfilm reel was ordered by month, year, shop, 

and a1 phabeti cal ly by employee name. Approximately 24 reel s of microfilm 

represented one year o f  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 i t  would be pos s ib l e  t o  r econs t ruc t  a person's d a i l y  TLD 

record from t h e s e  d e t a i l e d  d a t a ,  t o  a c t u a l l y  search f o r  ind iv idua l  workers' 

DEs i n  t h i s  way would be extremely d i f f i c u l t  and would l ead  t o  very high e r r o r  

r a t e s  i n  r e c r e a t i n g  t h e  DEs. Thus, because of  the d i f f i c u l t i e s  and t h e  

apparent acceptance o f  the v a l i d i t y  o f  t h e  d a i l y  TLD DEs by t h e  review groups, 

no f u r t h e r  a t tempts  were made t o  r econs t ruc t  t h e  dosimetry based on such 

ex tens ive  da t a .  Thus, a l l  of  t h e  following d iscuss ion  r e l a t e s  t o  f i l m  badge 

readings only.  

Table  2.7.63 and Figure 2.7.E presen t  t h e  r e s u l t s  f o r  t h e  Portsmouth 

r a d i a t i o n  exposure d a t a  va l ida t ion .  The v a l i d a t i o n  and ana lyses  o f  t h e  d a t a  

f o r  p a t t e r n s  o f  increments o f  exposure were performed on a sample o f  269 

workers from t h e  sample of  1,500 workers f o r  which t h e  microfilmed records 

were coded and ex t ens ive ly  ed i t ed .  This  sample included a l l  59 workers with 

30 rem o r  g r e a t e r  l i f e t i m e  exposure and a s t r a t i f i e d  random sample of  t h e  

1,441 i n d i v i d u a l s  with less than 30 rem l i f e t i m e  exposure. 

As noted i n  Table 2.7.62, only t h e  workers i n  t h e  h ighes t  DE ca tegory  

(5' rem) had exposures recorded f o r  almost every month throughout t h e  yea r  a s  

judged by a median of 10 repor ted  exposure months annual ly .  Other workers had 

only 2-3 exposure months per  y e a r  r ega rd l e s s  of  f i n a l  cumulative DE.  The 

h ighes t  group a l s o  had many yea r s  of exposure with an e a r l y  s t a r t  y e a r  and a 

l a t e  t e rmina t ion  i n  t h e  program. One reason t h a t  they may look s o  d i f f e r e n t  

from t h e  group with lower exposures may be t h e  s e l e c t i o n  of  a l l  workers with 

30 rem o r  more i n t o  t h e  5 rem o r  more sample. Thus, t h a t  sample i s  weighted 

with h igher  DE groups. Even workers with 1 t o  5 rem a s  a cumulative DE had 

some y e a r s  wi th  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.El 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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i n t e r v a l s ,  t h e r e  could be up t o  26 "monthly" increments f o r  a yea r .  

Table 2.7.H shows, f o r  each annual dose group, t h e  propor t ion  o f  

"monthly" non-zero doses a s  a percent  of  a l l  "monthly" DEs f o r  each annua 1 D E .  

A t  any annual DE l eve l  g r e a t e r  than 0.5 rem, 7 t o  23 percent  of the "monthly" 

readings have no recorded exposure. The proport ion with ze ro  DEs dec reases  

with increas ing  annual DE a s  might be expected. A t  annual exposures g r e a t e r  

than 1.5 rem, approximately 90 percent  of  t h e  annual DE was comprised of  non- 

zero  "monthly" exposures.  Therefore ,  t h e r e  was no t  a s u b s t a n t i a l  number of  

zero readings f o r  higher  annual DEs. I f  ze ro  DEs represen ted  t r u e  exposures 

a t  very low DE read ings ,  they would not  sum t o  a s i g n i f i c a n t  por t ion  of  t h e  

any annual DE o f  0.5 rem o r  more. As seen on Table 2.7.1, t h e  d i s t r i b u t i o n  o f  

non-zero DEs a t  annual r a d i a t i o n  l e v e l s  o f  0.5 rem t o  0.9 rem i n d i c a t e s  t h a t  

l e s s  than 25 percent  of t h e  DEs a r e  a t  l e v e l s  where t h e r e  might be problems i n  

reading f i l m  accu ra t e ly  (0.02 rem o r  l e s s ) .  For a l l  o t h e r  annual DE l e v e l s ,  

t h e  increment a t  t h e  25 p e r c e n t i l e  should be accu ra t e ly  recorded by f i lm  

badge. 

Tables  2.7.5 through 2.7.M, and Figures 2.7.El and 2.7.F show, f o r  each 

annual D E ,  t h e  frequency of  s p e c i f i c  "monthly" DEs a s  a percent  of  a l l  

"monthly" DEs. As shown i n  Table 2.7.5, i nd iv idua l s  rece iv ing  annual DEs o f  0 

t o  500 mil 1 irem had 59 percent  of t h e i r  monthly readings be1 ow 50 mil 1 i rem and 

15 percent  below 10 mil l i rem.  Only 36 percent  o f  t h e  "monthly" read ings  were 

above 50 millirem. For those  with an annual DE of  500 mi l l i rem o r  more, 

between 2 t o  24 percent  of t h e  "monthly" readings were below 100 mi l l i rem 

depending on t h e  s i z e  of  t h e  annual DE. Thus when workers have recorded 500 

mil l  irem i n  a y e a r ,  less than one percent  of t h e i r  "monthly" DEs have occurred 
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at readings which are  elo ow the minimal detectable level of 8-10 mill irem. 

It is also noteworthy that at the higher annual DE levels, about 10 

percent of the monthly readings were at 1.0 rern or more and the remaining DEs 

between 0.1 rern 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 rern in a year compared with those who had annual 

DEs of 0.5 rern 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 (media~l 

of workers who had 0.5 to 1.0 rern 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 2.7.62). In 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 rern reading level is about one percent. The 14 

percent of monthly doses which are between 0.01 and 0.05 rern are probably not 

affected by the measurement reliability. Therefore, what is reported as the 
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measured dose i s  

level a r t i f i c i a l  

exposures a t  low 

Exposures (cont  'd)  

probably true r ep re sen t a t i on  of badge exposure and not  a 

y cons t ruc ted  through repeated e s t ima te s  of  non-ex is ten t  

l e v e l s .  For workers i n  t h e  lowest cumulative dose t 

c l e a r l y  a s h i f t  t o  readings a t  lower l e v e l s .  S t i l l  only f i v e  percent  

monthly doses a r e  recorded a s  0.001 t o  0.01 rem and 72 percent  o f  t h e  

a r e  i n  t h e  0.01 t o  0.1 rem range where t h e  accuracy o f  f i l m  badge dos 

good. 

e r e  i s  

of  the 

readings 

metry i s  

The next  s t e p  i n  assess ing  the p a t t e r n  of accumulating DE was a 

determinat ion o f  t h e  annual DE l e v e l s  which represented t h e  t o t a l  cumulative 

DE of workers. These d a t a  f o r  t h e  s i x  Navy sh ipyards  a r e  presented i n  Tables 

2.7.N through 2.7.R and i n  Figures  2.7.F3 and 2.7.F4. As can be seen i n  Table 

2.7.4, t h e  h igher  t h e  ove ra l l  DE t h e  g r e a t e r  t h e  number o f  annual increments 

needed t o  reach t h a t  D E .  I t  i s  a1 so  apparent from Table 2.7.R, however, t h a t  

a s ide  from DEs of  4 rem o r  more, t h e  usual number of  yea r s  requi red  t o  reach 

t h e  l i f e t i m e  DE was only fou r  t o  s i x .  For most workers, then ,  t h e  t o t a l  DE 

represen ted  only  fou r  t o  s i x  annual DEs. In a l l  Navy sh ipyards ,  anyone with a 

f i n a l  D E  o f  500 mil 1 irem o r  more received 13 percent  o r  less of  h i s  annual DEs 

a t  l e s s  than 100 mil l i rem (Table 2.7.P). Thus most i nd iv idua l s '  DEs, which 

a r e  represen ted  by t h e  cumulative DE group of 500 mi l l  irem o r  more, were 

rece ived  i n  annual increments of 100 mil 1 irem o r  g r e a t e r .  

These p a t t e r n s  of exposure appear t o  be s i m i l a r  t o  those  a t  Portsmouth. 

Thus, one would expect t h a t  t h e  annual 100 mil l  irem dose i s  represen ted  by a 

few non-zero exposures per  year .  These doses would r ep re sen t  l e v e l s  which a r e  

readable  w i th in  t h e  accuracy of t h e  badge. This  pa t t e rn  o f  exposure again 

emphasizes t h a t  t he se  shipyard workers g e t  t h e i r  exposures i n  s h o r t  i n t e r v a l s  
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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 decl ine 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 receivet The Navy 

developed spec? f ic recommendations regarding the 1 ocation at which to wear the 

dosimetry device as well as procedures for reading of film badges and TLDs 
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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 reasons, the tests of re1 iabil ity (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 we1 1 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 control1 ing for yard of work. This was 

done in selecting the sample for analysis. The samples are matched by yard of 

empl oymen t . 
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 1 aboratory 

conditions which were used for standardizing badges. This could mean that the 
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e r r o r  r a t e  f o r  badges exposed i n  the  f i e l d  might be somewhat d i f f e r e n t  than 

t h e  e r r o r  r a t e  f o r  badges under con t ro l  s i t u a t i o n s  such as those described i n  

t he  labora tory  t e s t s  which w i l l  be discussed l a t e r .  

The shipyards placed a con t ro l  badge a t  several badge racks loca ted 

near the ac tua l  worksi tes. The purpose o f  the  con t ro l  badge was t o  he lp  

co r rec t  f o r  i nc iden ta l ,  non-occupational exposure o f  t h e  f i l m  badge wh i l e  i t  

was no t  being worn and f o r  e f f e c t s  o f  temperature and humidity;  t h e  e f f e c t s  o f  

a l l  o f  these f a c t o r s  could be taken i n t o  account i n  assessing doses prov ided 

the  c o n t r o l  badge was kept i n  a r e a l  i s t i c  environment which approximated t h a t  

i n  which t h e  employee's badge was stored w h i l e  i t was n o t  being worn. 

A l l  DEs represent on l y  t he  exposure a t  t he  sur face o f  t he  body. No 

attempt has been made t o  est imate organs doses based on sur face measures. The 

dec i s ion  was made t o  use the  repor ted  DEs as repor ted  and, i f  any r i s k s  are 

observed then t o  ex t rapo la te  t o  determine organ dose. 

The Rad ia t ion  Dosimetry Advisory Committee (see Appendix 3) addressed 

the  issue o f  t h e  t r u e  dose which was represented by a zero dose on a 

dosimeter. There seemed t o  be a l a c k  o f  consensus about whether a zero o r  

very low dose from a dosimeter reading a c t u a l l y  represented an over- o r  

underestimate o f  a worker's t r u e  exposure. I t  was c l e a r  t h a t  a t  exposures 

below about 1 m i l l i r e m  per  day there  was no way o f  d i s t i n g u i s h i n g  small and 

zero doses us ing  a TLD read d a i l y .  The f i l m  badge might have detected a 

monthly increment o f  10 o r  more m i l  1 i rems which could have represented 0.5 

m i l l  i rem a day i f  workers had been exposed i n  t h i s  way. Therefore an 

i n d i v i d u a l  may have repeatedly  experienced low 1 eve1 s i n  monthly increments 

using t h e  f i l m  badge and d a i l y  increments us ing the  TLD wi thout  t h e  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 qua1 ified 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 1 ow dose 1 eve1 s, 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 radiation 

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 mill irem. This meant that a person with a zero recorded dose, (if one 

determines the maximum exposure they could have received), might have real ly 

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 occasions 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 individual s which represented background level s. 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 unl i kely 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 re1 iabil ity of doses at the 1 ower 

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 

qual i ty control audits as well as information which had been collected by an 

external review group. One external review was conducted by Battell e 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 a1 so conducted qual i ty 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 2.7.6 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 2.7.6. The original results from these tests were 

provided to the Shipyard Study staff. The readings from the various studies 

have been -0mputerized by variables and evaluated for discrepancies. For 

example, the Portsmouth Naval Shipyard received film irradiated by Battel le 

Memorial Institute in Richland in 1966 and evaluated the film density to 
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determine exposure. The exposures ranged from 60 m i l l i r o e n t g e n  t o  1,000 

m i l l i r o e n t g e n  and radium daughter gamma rays were apparent ly  t h e  type o f  

r a d i a t i o n  from the  source. 

I n  general,  t he  Portsmouth Shipyard repor ted exposures read h igher  than 

the  actual  exposure l e v e l ,  and there  was remarkable consistency i n  t he  excess 

l e v e l s  which were repor ted  f o r  s p e c i f i c  doses. O f  t he  s i x  DEs a t  500 

m i l l  irem, f o r  example, the  shipyard read f o u r  out  o f  t he  s i x  a t  554 m i l l i r e m  

and two a t  542 m i l l i r e m .  For those i n  which the  exposure was 240 m i l l i r e m ,  

the  DE i n  f i v e  out  o f  s i x  samples was 260 m i l l i r em,  and on l y  one o f  t h e  

samples was read as 252 m i l l i r e m .  Thus the  techn ic ian  performance was 

remarkably cons is ten t .  

The p ropo r t i ona l  e r r o r  was h igher  a t  lower DEs such as those a t  60 

m i l l i r e m ,  i n  which case the  e r r o r  was about 16 percent compared t o  known , 

exposures a t  1,000 m i l l i r em,  where the  e r r o r  was on ly  about 9 percent.  But 

the  absolute e r r o r  l e v e l  was h ighest  f o r  h igh  doses. As repor ted  by B a t t e l l e ,  

t he  Portsmouth performance was very good i n  r e l a t i o n  t o  o ther  non-shipyard 

groups tested.  I n  28 f i lms ,  20 were read w i t h i n  + l o  percent and a l l  28 w i t h i n  

+20 percent  o f  t he  exposure value. - 

I n t e r n a l  aud i t  checks were done rou t i ne l y ,  and summary repo r t s  have 

been prov ided f o r  the  years 1966, 1967, and 1968. The term "aud i t  check" has 

been used by t h e  shipyards t o  re fe r  t o  evaluat ion o f  t he  performance o f  

r a d i o l o g i c a l  technic ians i n  reading f i l m  badges and TLDs fo l low ing a known 

gamma r a y  dose. The yards var ied  i n  the  number of samples which were 

submitted fo r  t h i s  aud i t  check. I n  add i t ion ,  Portsmouth produced the  f i l m  

badge a u d i t  checks fo r  1975-79. At  t h i s  t ime the  Navy had d iscont inued using 
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2.7 Radiation Exposures (cont 'd) 

film badges for the nuclear propul sion workers a1 though 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 proficiency 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.Hl 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. I and 2.7.5 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 
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badge audits ,  which compared del ivered and measured doses a t  1,000 mil 1 irem or  

l e s s  and a t  g rea te r  than 1,000 millirem, indicated an almost perfect  

corre la t ion of 0.99 and 0.96 f o r  each dose group, respectively.  The 

difference in the  means f o r  the  lower dose group was minus  2.96 mi 11 irem, and 

the  difference f o r  the  higher dose group was minus 68.19 millirem. The actual 

mean percent e r r o r  was much smaller than the  acceptable standard f o r  both dose 

l eve l s ,  being 0.2 percent f o r  the low dose (Figure 2.7.H2) and minus 4.57 

percent (Figure 2.7.H) f o r  the high dose measurements. 

The data in Table 2.7.U examine the exact e r ro r  r a t e s  f o r  the  ear ly  and 

l a t e  periods of badge readings. In the ear ly  period, the  overall e r ro r  r a t e  

was minus 1.2 percent and in the  l a t e r  period, i t  was plus 4.5 percent. The 

absolute var ia t ion in the e r ro r ,  however, was large  in the  ea r ly  period. The 

yards involved in the  t es t ing  in the  two periods di f fered.  

Table 2.7.Ul displays the e r ro rs  in measured doses based on the  actual 

dose level  f o r  a l l  doses. These data indicate t ha t  the percent e r ro r  and the  

absolute e r r o r  became la rger  with increasing dose. The e r ro r  changed sign and 

became negative a t  higher doses. However, the  sample i s  small and so these 

e r ro rs  might d i f f e r  with a large  number of measurements. Thus,  although there  

was a tendency t o  read low a t  high doses, the measurements a t  low doses (which 

i s  the  important range f o r  t h i s  study) were actual ly  higher than the  t r ue  

dose. In general,  however, the readings are  accurate, indicating t ha t  

measurements recorded in t h i s  study should be very re1 iable.  

The overall e r ro r  r a t e s  were extremely small and the corre la t ions  were 

excel lent .  However, both the  e r ro r  ra tes  and the  absolute measured change 

differed by dose. Thus, the  s i ze  of the e r ro r  in a t o t a l  dose would depend on 



2 Methods 
2.7 Radiation Exposures (cont 'd) 

whether that dose had been accumulated 

relatively large doses. The other cons 

vari at ion in errors at each dose 1 eve1 . 

in many small increments or in a few 

ideration would be the degree of 

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 0 

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 

mil 1 irem and six at approximately 0 mill irem, 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. All 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 potenti a1 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 avail able 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, Char1 eston, and Puget . 
The results of these comparisons done by the University of Michigan are 

shown in Figures 2.7.1, 2.7.5, 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. I and 

2.7.5 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 low 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 fil 

upward. The error and the level of the reading may a1 

fact that some of the yards read the dosimeter daily, 

m is biased slightly 

so be influenced by the 

one read it weekly, and 
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one mor :hly. 

One o f  t he  yards which wa. not inves t iga ted was Newport News, which 

uses a d i f f e r e n t  type o f  TLD w i t h  l i t h i u m  f l u o r i d e .  Var ia t ions  i n  dosimetry 

by yards have no t  been invest iga ted a t  t h i s  t ime but  there  should be few 

d i f fe rences because o f  t he  standardizat ion o f  a l l  procedures i n  t h e  yards. 

Newport News was a lso  the  yard t h a t  read TLDs monthly. Since t h e  samples were 

1 va r iab le  t o  t r y  t o  selected by yard, the  analyses considered yard as a contro 

account f o r  any p o t e n t i a l  d i f ferences.  

I n  summary, the  r a d i a t i o n  programs i n  the  shipyards 

designed and monitored w i t h  cen t ra l  oversight.  Procedures 

are c a r e f u l l y  

f o r  qua1 i t y  cont ro l  

are i n  p lace and review o f  i n t e r n a l  and external  checks o f  t h e  re1 i a b i l  i t y  o f  

the  measurements i n d i c a t e  t h a t  the  reported doses should represent the  

exposures c lose ly .  The consistency o f  major procedures across yards makes i t  

poss ib le  t o  combine the  data t o  increase populat ion. Therefore, t he  shipyard 

workers represent an important popul a t i  on f o r  the  study o f  r a d i a t i o n  e f fec ts .  
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Table 2.7.A Sources of Potential Radiation Exposure at Portsmouth Naval 
Shipyard 

Activity Internal Exposure External Exposure 

Overhaul , repai r, Corrosion and Corrosion and 
refuel i ng of activation products activation 
nuclear submarines [including cobal t-601, products [including 

tritium, carbon-14 cobalt -601 
Fission products Neutrons 

Fi ssi on products 

Non-destructive 
testing 
(industri a1 
radiography) 

Radium in remote past, Cobalt -60, 
cobal t-60, iridium-192 iridium-192 

X-ray 

From: Murray WE, Terpilak MS "The Radiological Control Program of the Portsmouth Naval 
Shipyard", April 1983 

[Edi tori a1 change] 
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Table 2 . 7 . 8  
Results o f  Radiat ion Record Matching Between the  NSWS and the  Oak Ridge Associated 
U n i v e r s i t i e s  (OARU) 5-rem Study 

- - 

Tota l  Workers 
I d e n t i f i e d  By Both 
>5 rem 

in-a Year by NSWS Only Only Di  f ference 
 hi pyard' E i t h e r  Study 25 rem (5 rem OARU NSWS OARU-NSWS 

Char1 eston 

Groton 

Mare I s 1  and 

Nor fo l k  

Pearl Harbor 

Portsmouth 

Puget Sound 

Tota l  

' Data f o r  t h e  Newport News Shipyard was n o t  ava i l ab le  a t  t h e  t ime o f  the  
comparison. 
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Table 2.7.C 
Investigation of 99 Sel f -Reported Radiation Workers Who Had No Computer Record 
Indicating Radiation Work at the Norfolk Naval Shipyard (3/25/85) 

A t o t a l  o f  99 ou t  of  14,387 interviewed repor ted  wearing a f i l m  badge o r  TLD, but 
were not  on t h e  computerized f i l e  of  r a d i a t i o n  workers 

A t o t a l  of  67 workers ou t  of  t h e  99 workers contacted by te lephone follow-up s t i l l  
repor ted  wearing a f i l m  badge o r  TLD 

Of t h e  67, 50 had a medical record a t  Norfolk 
16 d i d  not  have a medical record presen t  

1 was mi ssed in  pul l  i ng medical records 

A review of  
mi s c l  a s s  

For t h e  67 workers,  t h e i r  employment s t a t u s  i s  a s  fol lows:  
s t i l l  employed 
terminated (of  which 4 s t i l l  had a medical record p re sen t )  
unknown 

50 ava i l  ab l e  medical records  r e s u l t e d  i n  t h e  fol lowing 
i f i c a t i o n :  

expl ana t i  ons f o r  

- The worker i s  qua1 i f i e d  t o  work r a d i a t i o n  a t  Norfolk and he was 
o r  a f t e r  1982. This  i s  a d e f i n i t i o n a l  problem of  t iming a s  t h e  
d e f i n e s  t h e  nuc lear  worker population on t h e  b a s i s  of  dose r e c e  
Total  i n  t h i s  group = 26. 

exposed i n  1982 
Shipyard Study 

ived through 1981. 

- The worker worked a t  another  yard (u sua l ly  Newport News) and was poss ib ly  exposed 
i n  t h a t  yard .  No record of  exposure i s  p resen t  i n  t h e  Norfolk medical record and 
t h e  Shipyard Study da tabase  f o r  Newport News was not  complete a t  the time of 
review. Total  i n  t h i s  group = 15. 

- Worker was a r ad i a t i on  worker i n  Norfolk and was exposed i n  Norfolk - -poss ib ly  
missed because record was a spec ia l  assignment o r  an e d i t  (missing record)  
problem. Total i n  t h i s  group = 3. 

- The worker i s  qua l i f i ed  t o  work r a d i a t i o n  i n  Norfolk but he has never been 
exposed. Total  i n  t h i s  group = 3. 

- The worker was poss ib ly  exposed in  t h e  m i l i t a r y  (Army, Air  Force, Navy) but t he re  
was no record  and he has no t  been exposed a t  Norfolk. Total i n  t h i s  group = 3. 
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Table 2.7.D Comparison o f  1981 and 1982 Cumulative Radiat ion Databases f o r  Missing 
Workers and Missing Annual Workers 

Annual 
Workers Workers Annual Records 
i n  1981 Missing Records Miss ing Adequate 

Radiat ion from 1982 i n  1981 from 1982 Expl anat i on 
 hi pyard' Database Database Database Database o f  Missing 

Char1 eston 6,551 1 36, 097 4 4 

Groton 25,777 [ UAl 109,199 [UAl [UAl 

Mare I s 1  and 12,768 137 69,104 538 538 

Newport News [UAl [UAI [UAl [UAl l uAl 

Nor fo l k  7,901 9 32,946 2 9 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 

Tota l  55,980 148 287,963 585 580 
(100%) (< 1%) (100%) (c 1%) 

' Data from Groton and Newport News Shipyard databases had n o t  been received a t  
t h e  t ime t h i s  t a b l e  was created. 
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Table 2.7.E 
Description and Results of the Pearl Harbor Radiation Exposure Data Val i dati on 

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

The sample was s t r a t i f i ed  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 
cumul ative 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 in i t i a l  request. ) 

A1 1 Form DDll4l's (Form DD1141 records occupational exposure t o  ionizing 
radiation) were microfilmed for each worker in the sample. In addition a l l  
documents pertaining to  empl oyment medical exams and previous exposure were 
filmed. 

The data on microfilm were coded and validated independently. 

A cumulative l i f e  DE was computed for each worker in the sample by summing the 
annual DEs reported in the worker's medical record. 

The medical records f i l e ,  containing 826 annual entr ies  for the 84 workers in 
the sample, was matched to  the Pearl Harbor radiation exposure f i l e s  on soci a1 
security number and year of exposure. 

All workers matched to  the radiation f i l e .  A total  of 836 annual entr ies  were 
output from the match, of which 820 entries were present in both the radiation 
and medical f i l e s .  A total  of 2482 quarterly DE entr ies  were included in 
these annual doses. Six annual entr ies  were present in the medical b u t  n o t  
radiation f i l e .  Of these, the medical record reported a zero D E  for  that  year 
for  four entr ies ,  and a blank DE for the year for two entr ies .  Ten annual 
en t r ies  were present in the radiation b u t  not the medical f i l e .  Of these, the 
radiation record reported a zero annual DE for one entry, a blank DE for  eight 
entr ies ,  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 b u t  n o t  
noted in the radiation f i l e .  

(cont'd) 
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Table 2.7.E Descr ip t ion  and Results o f  t h e  Pearl Harbor Radiat ion Exposure Data 
Val i d a t i  on (cont ' d) 

Each annual DE and each worker's l i f e t i m e  cumulative DE were compared from the 
medical and r a d i a t i o n  f i l e s .  Discrepancies occurred i n  n ine  (1%) o f  t he  
annual DEs i n  seven (8%) o f  the  worker's records. The average d i f f e rence  
between the  r a d i a t i o n  and medical annual DEs was 0.14 rem h igher  on the  
r a d i a t i o n  f i l e .  On seven records, the  discrepancies were due t o  one annual DE 
being a recorded zero versus a blank DE ( e i t h e r  recorded o r  due t o  missing 
records).  Two records had actual DE d i f fe rences - one o f  1.720 rems and other  
o f  0.450 rem. This resu l ted  i n  discrepancies i n  the  cumulat ive l i f e t i m e  DE o f  
two (2%) o f  the  workers. 

One o f  t h e  annual DE discrepancies i s  1 i k e l y  due t o  a number reversal  i n  
coding on the  r a d i a t i o n  f i l e .  The medical records reported a DE o f  2.830 
rems, wh i l e  the  r a d i a t i o n  records reported 2.380 rems. 
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Table 2.7.El Supary S ta t i s t i c s  for Non-Zero Quarterly DE Increments by Annual 
DE in 84 Pearl Harbor Radiation Workers 

Quarterly Dose Increments (rems) 
Annual NO. of3 

D E Quarterly Percenti 1 es 
Group DEs in Each 
(reins) Annual DE Group Mean Med i an S D ~  25 75 

' DE information abstracted from the worker's medical record. 
SD = Sample Standard Deviation. 
For example, for  annual doses of 0.0  t o  0.5 rem, there were 1347 quarterly dose 
reports . 
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Table 2.7.F 
Average Percent of Annual DE by Size of Quarterly incrementsi in 84 Pearl 
Harbor Radiation Workers 

No. of 
Annual Quarterly Per-ent of Annual DE 

DE DEs in each Q u a r t e . 1 ~  Increments (rems) 
Group Annual 
(rems) DE Group 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0t 

' DE information abstracted from the worker's medical record. 
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Table 2.7.6 
Strategy for Selecting Records for Microfilming at Portsmouth Naval Shipyard 

Cumul a t  i ye Intended Actual 
DE Group Total ' Workers Sampl e Sample s i z e 2  

(0.5 
0.5-0.9 
1 .O-4.9 

5.0-9.9 
10.0-19.9 
20.0-29.9 

>3 0 - 

Total 

' Of t h e  t o t a l  workers with cumulative DE 10.5 rem (4O83), 605 (15%) only worked i n  
t h e  yard a f t e r  1974. These workers were excluded from t h e  sample o f  r a d i a t i o n  
val i d a t i o n .  Only workers employed a t  l e a s t  one y e a r  during yea r s  o f  f i l m  badge 
use,  1959-1974, a r e  included. 

The intended sample s i z e  was not  always achieved because no t  a1 1 medical records 
a r e  kept o n s i t e  (Federal Records Center s t o r ed  records  were r e c a l l e d  but some 
could no t  be 1 ocated)  . 
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Table 2.7.61 Description of the Portsmouth Naval Shipyard Radiation Exposure Data 
Val i dat i on 

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 avai 1 able. 

- The 001141 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 DD114l'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 a1 1 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 t0.5-4.9 rem 
group and a 100 percent sample of the workers with cumulative DEs 25 rem were 
identified. The total number of individuals in the two samples = 1500. 

Analyses of DE validation against the annual radiation exposure tapes for the 
edited sample of 269 workers has been completed and presented in Tab1 e 2.7.62 
2.7.63. 

of 

and 

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 lifetime exposure and all workers with 230 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 
150 workers have been coded and extensively edited. A third stratified random 
sample of 266 workers has been coded but not edited. 

Analyses of the data for patterns of increments of exposure and DE accumulation 
have been completed and are presented in tables and figures that follow. A 
"monthly" increment was defined as a recorded period of exposure t45 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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Tab1 e 2.7.62 Charac ter iza t ion  o f  Worker's Exposure i n  t h e  Portsmouth Val i d a t i  on 
Sampl e 

A1 1 F ina l  Dose G r o u ~  (rems) 
Descr ip t ion  Workers 0.0- 0.5- 1.0- 5t 

Number o f  Workers 

Tota l  Number o f  Annual Records 

Tota l  Number o f  Reported 
Periods o f  Exposure: 

Medi an I n t e r v a l  (days) 
Mean I n t e r v a l  (days) 
SD o f  I n t e r v a l  (days) 

Number o f  Reported Periods o f  
Exposure f o r  Given Year: 

Medi an 
Mean 

Median Number o f  Annual Records 
Per Worker 

Median Dura t ion  Worked i n  
Radiat ion Program 

Median Year o f  Entry I n t o  
Radiat ion Program 

Median Year o f  Last Reported 
Exposure 

269 

3357 

26,345 

30.0 
32.2 
35.1 

9 
7.8 

13 

13 y r s  

1960 

1973 

3 1 

132 

367 

30.0 
56.3 
91.5 

2 
2.8 

3 

4 y r s  

1961 

1968 

6 6 16 

8 8 16 y r s  

1963 1962 1959 

1970 1969 1976 
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2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.63 Results fo r  Portsmouth Naval Shipyard Radiation Exposure Data 
Val i dat  i on 

The exposure data recorded on the  medical Form DD1141 was compared t o  the data 
recorded on the annual 1982 radiation exposure f i l e  f o r  a sample of 269 workers 
receiving some exposure a t  Portsmouth pr ior  t o  1974. 

The sample included a1 1 59 workers with a 1 ifetime exposure of 230 rems and a 
random sample s t r a t i f i e d  by cumulative DE (210 workers). 

All workers matched t o  the radiat ion f i l e .  A t o t a l  of 3,087 annual records were 
output from the  match, of which 3,065 were present i n  both the  medical and the 
radiat ion f i l e s .  Sixteen annual records were present in the  medical but not the 
radiat ion f i l e .  Of these,  the medical reported a zero or blank DE f o r  t ha t  year 
fo r  fourteen records. There was one pr ior  exposure record ( X X )  on the  medical 
f i l e  but not the radiat ion f i l e  which contained an assigned exposure of 11.250 
rem tha t  could not be verif ied.  Six annual records were present in the  radiation 
f i l e  but not the  medical f i l e .  Of these,  the  radiat ion record reported a zero or 
blank DE f o r  four records. There was one pr ior  exposure ( X X )  on the  radiation 
f i l e  but not the  medical. 

For 62 workers (23%), there were annual records with zero exposure reported on 
the OD1141 but no corresponding radiation report .  After consultation with Mr. 
Keith Dinger, i t  was noted t ha t  f o r  1957-58 and 1963-66, zero exposures were not 
required t o  be reported on the  NAVMED annual exposure f i l e .  These differences 
between reported blank and zero DEs were not counted as  discrepancies. 

Each annual DE reported on the  radiat ion f i l e  was compared t o  the  sum of a l l  
period exposures reported in the  medical record fo r  a given year. There were a 
to ta l  of 35 workers (13%) w i t h  a t  l e a s t  one annual DE discrepancy between the two 
sources occurring in t h e i r  exposure history and a to ta l  of 54 annual records (2%) 
with discrepant DEs. The number of discrepancies fo r  these workers ranged from 1 
t o  6, with 12 of the  workers (4%) having more than one annual DE discrepancy in 
t h e i r  exposure hi story.  The average difference between the radiat ion and medical 
annual DEs f o r  those records with discrepancies was 0.503 rem higher on the 
radiat ion f i l e ,  with an overall difference of 0.009 rem higher on the  radiation 
f i l e .  The difference was predominately due t o  a p r io r  exposure assignment of 36 
rem on the radiation f i l e  which was changed t o  zero on the  medical but not on the 
radiat ion f i l e .  Discrepancies were determined t o  be due t o  coding e r rors  
( reversals ,  double counting of DEs, assigned DEs not get t ing corrected a f t e r  
previous employer report  received) on the  radiat ion f i l e  f o r  14 of the workers. 

(cont ' d) 



2 Methods 
2.7 Radiation Exposures (cont 'd) 

Tab1 e 2.7 .G3 Results for Portsmouth Naval Shipyard Radi ati on Exposure Data 
Val idation (cont'd) 

Each worker's l ifetime cumulative DE was compared from the medical and radiation 
files. There were discrepancies in the lifetime DE for 22 workers (PA). 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 1 ifetime 
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. 



2 Methods 
2.7 Radi a t ion Exposures (cont'd) 

Tab1 e 2.7.H Number o f  periods' Reporting Zero and Non-Zero Exposure by Annual DE 
Group for  a Sample of 269 Portsmouth Radiation Workers 

Annual 
D E Non - Zero Zero Total 

Group DEs DEs DEs 
(rem) No. % No. % No. 

0.0- 
0.5- 
1.0- 
1.5- 
2.0- 
2.5- 
3.0- 
4.0- 
5.0+ 

Total 

' Period = exposure reported in an increment (45 days. 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.1 Sumnary Statistics for Non-Zero Monthly Dose ~~uivalent' Increments by 
Annual DE for 269 Portsmouth Radiation Workers 

Annual 
D E 

Group 
(rems ) 

Monthly DE 1ncrements2 (rems) 

No. of Percent i 1 es 
Monthly 
DEs Mean Med i an SD 2 5 75 

' Dose equivalent data from the worker's medical record. 
Monthly increment = €45 days. 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.3 Percent of Annual DE' by Size Of Monthly 1ncrements2 for 269 Portsmouth 
Radi ati on Workers 

Annual Percent of Annual DE 
D E No. of Monthly Increments (rems) 
Group Annual 
(reins) DEs 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0t NM5 

' DE data from the worker's medical record. 
Monthly increment = <45 days. 
NM = Period of exposure not reported in months. 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.K Number of Reported Non-Zero Monthly DES' Sumned to Reach Annual DE for 
269 Portsmouth Radi ati on Workers 

Annual Number of Monthly 1ncrements3 Summed 
D E No. of 
Group Annyal Percent i 1 es 
( rems) DEs Mean Medi an SD 25 75 

0.5- 

1 .o- 

1.5- 

2.0- 

2.5- 

3.0- 

4.0- 

5.0+ 

Total 

' DE data abstracted from the worker's medical record 
A total of 581 zero annual DEs are not included in this table 
Monthly increment = a reporting period of ~ 4 5  days 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Tab1 e 2.7. L Number of Monthly periods' Reporting Zero and Non-Zero Dose ~ ~ u i  val ent2 
by Cumulative DE for 269 Portsmouth Radiation Workers 

DE for Monthlv Period 
Cumul at i ve Total 
DE Group Monthlv DEs Non-Zero Zero 

( rems ) No. % No. % No. % 

Total 26116 100% 19016 73% 7100 27% 

Monthly period = t45 days 
DE data abstracted from the worker's medical record. 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.M Sumnary Statistics for Non-Zero Monthly Dose Equivalent' 
Increments by Cumul ati ve DE for 269 Portsmouth Radi at i on Workers 

Cumul a t  i ve No. o f 2  Monthly DE Increments (rems) Percent i 1 es 
DE Group Monthly 

(rems) DEs Mean Median SD 25 75 

' DE data abstracted from the worker's medical record. ' Monthly increment = t 4 5  days. 



2 Methods 
2.7 Radiation Exposures (cont 'd) 

Table 2.7.Ml Average Percent of Cumulative Dose ~~uivalent' by Size of Monthly 
Increments for 269 Portsmouth Radiation Workers 

Final Percent of Cumulative DE 
D E Monthly Increments (rems) 
Group No. of2 
(Rems) Workers 0.001- 0.01- 0.05- 0.1- 0.5- 1.0- 2.0+ NM' 

' DE information abstracted from the worker's medical record. 
Four workers had a final DE of zero and are not included in this table. 
NM = Period of exposure not reported in "months" (intervals (45 days). 



2 Methods 
2.7 Radi a t i  on Exposures (cont 'd) 

Table 2.7.M2 Number o f  Reported Non-Zero Monthly DEs Summed t o  Reach Final 
Cumul a t  i ve DE fo r  269 Portsmouth Radi a t  i on Workers 

Final  
D E 
Group 
( Rems ) 

Number o f  Monthly lncrements2 Summed 

No. of,  
Workers Mean Med i an 

Percent i 1 es 

(0) 0.0- 27 2.8 2 2.2 1 5 

(1) 0.5- 3 0 8.7 8 6.9 4 12 

(2) 1.0- 3 1 17.3 11 19.7 3 2 3 

(3) 5.0t 177 47.1 4 6 28.9 2 4 7 2 

Total 265 34.8 28 30.5 6 5 9 

' Two workers had a f i n a l  DE o f  zero and are not included i n  t h i s  t ab le .  ' Monthly increment = a report ing period o f  t 4 5  days. 



2 Methods 
2.7 Radiat ion Exposures (cont 'd) 

Table 2.7.N Summary S t a t i  s t i c s  f o r  Non-Zero Annual Dose ~ ~ u i v a l  ent' Increments 
f o r  Navy Radi a t i  on Workers 

Annual DE Increments (Rems) 
No. o f  Percenti  1 es 

Sh i pyard DEs Mean Median SD 25 75 90 9 9 
Annual 

Charleston 18239 0.835 0.319 1.188 0.057 1.14 2.48 5.02 

Mare I s land  29866 0.845 0.373 1.174 0.078 1.15 2.44 4.57 

Nor fo l  k 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 

' L imi ted  t o  Radiat ion workers w i t h  a cumulative DE o f  a t  l e a s t  0.5 rem by January 
1, 1982. A l l  annual DEs on these workers which were not  zero represents the  
basis used f o r  c a l c u l a t i n g  the  other  t a b l e  values. 

* Excludes t h e  p r i v a t e  yards, Groton and Newport News 



2 Methods 
2.7 Radiation Exposures (cont  'd)  

Table 2.7.0 
Sumnary Statistics for Non-Zero Annual Dose ~ ~ u i v a l  ent' Increments by Cumul ati ve 
DE Group for Navy Radiation Workers 

Annual DE Increments (Rems) 
Cum. 
D E No. o f  
Group Annufl Percent i  1 es 
(rems) DEs Mean Median SD 25 75 90 99 

0.5- 

1 .o- 

1.5- 

2.0- 

2.5- 

3.0- 

4.0- 

5. Ot 

Total ' 
' Limited t o  Radiat ion workers with a t  l e a s t  0.5 rem cumulative DE by January 1, 

1982. A l l  annual DEs on t h e s e  workers which were not  ze ro  r e p r e s e n t s  t h e  bas i s  
used f o r  c a l c u l a t i n g  t h e  o t h e r  t a b l e  values .  

Includes only t h e  Navy Shipyards - -  Charleston,  Mare I s l and ,  Norfolk, Pearl 
Harbor, Portsmouth, and Puget Sound 



2 Methods 
2.7 Radiat ion Exposures (cont 'd)  

Table 2.7.P 
Percent of Cumulative Dose Equivalent' by S i z e  of Annual Increments f o r  Navy 
Radi a t  i on Workers 

Cum.  
D E Percent of  Final DE 
Group No. of  Annual Increments (rems) 
(rems) Workers 0.001- 0.01- 0.05- 0.1- 0.5- 1 .O- 2.0+ 

1 Limited t o  Radiation workers with a t  l e a s t  0.5 rem cumulative DE by January 1, 
1982 

2 Incl udes only t h e  Navy Shipyards - -  Charleston, Mare Is1 and, Norfol k, 
Pearl Harbor, Portsmouth, and Puget Sound 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Table 2.7.4 
Number o f  Non-Zero Annual Dose ~ ~ u i v a l e n t '  S m e d  f o r  Cumulative DE for  Navy 
Radiation Workers 

Number of Non-Zero Annual Increments Summed 
Cum. 
DE 
Group No. of2 Percent i 1 es  
(rems) Workers Mean Median Mode SD 2 5 75 90 99 

Tot a1 19932 6.7  6 3 4.3 3 9 13 19 

1 Limited to radiation workers with at least 0 . 5  rem cumulative DE by January 1, 
1982 

2 Includes only the Navy Shipyards - -  Charleston, Mare Island, Norfolk, 
Pearl Harbor, Portsmouth, and Puget Sound 



2 Methods 
2.7 Radiat ion Exposures (cont 'd) 

Table 2.7.R 
Years Requi red  t o  Accumul a te  Cumul a t i v e  Dose ~ q u i  va l  ent' for  Navy Radiat ion 
Workers 

Years t o  Cumulative Dose 
Cum. 
DE 
Group No. o f 2  Percent i 1 es 
(rems) Workers Mean Median Mode SD 25 75 90 99 

Total  19932 7.6 7 2 5.4 3 11 15 22 

1 L imi ted  t o  Radiat ion workers w i t h  a t  l e a s t  0.5 rem cumulat ive DE by January 1, 
1982 

2 Includes on ly  t h e  Navy Shipyards --  Charleston, Mare I s 1  and, Nor fo l  k, 
Pearl Harbor, Portsmouth, and Puget Sound 



2 Methods 
2.7 Radiation Exposures (cont 'd) 

Table 2.7.S 
Summary Statistics for Non-Zero Annual Dose ~~uivalent' Increments by Time 
Period (Film Badge Versus TLD) 

Annual DE Increments IRems) 
Time No.pf Percent i 1 es 
period2 DEs Mean Med i an SD 25 75 90 99 

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

Time period (1973 corresponds to use o f  film badges primarily, 1973-74 is a 
transitional period, and >I974 corresponds to use of TLDs primarily 

3 Includes only the Navy Shipyards - -  Charleston, Mare Island, Norfolk, 
Pearl Harbor, Portsmouth, and Puget Sound 



2 Methods 
2.7 Radiation Exposures (cont 'd) 

Table 2.7.T 
Sources o f  the Audit Check Film Data and TLD Intercomparison Data. 

Type of Review 
Dosimeter Yard Years Group 

Film ~ a d ~ e '  Char1 eston 

Groton 

Mare Is1 and 

Newport News 

Norfolk 

Pearl Harbor 

Portsmouth 

TLD 

Puget Sound 

Internal 

Internal 

Internal 

Internal 

Internal 

Internal 

Battell e 
Internal 

Internal 

Char1 eston 1978-82 U. of Michigan 

Portsmouth 1978-82 U. of Michigan 

Puget Sound 1978-82 U. of Michigan 

Results of the film processing checks were provided by the Navy for 
the given yards and years. These were independent checks performed 
without the know1 edge of the photodosimetri s t .  
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2 Methods 
2.7 Radi ati on Exposures (cont 'd) 

Table 2.7.U 
Dosimetry Audits: Sumnary Statistics for Film Badge Audit Tests of 
Known Radiation Below 1,000 m r m  by Time Period of Test 

Time Period of Audit Test 

Total 
Before 1975 
1969 and after 

Delivered Dose (mrem) 

N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Max 

Percent Error 
N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Max 

Technical Error (sigma) 
N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Hax 



2 Methods 
2.7 Radiation Exposures (cont 'd)  

Table 2.7.Ul Dosimetry Audits: Sumnary Statistics for Film Badge 
Audit Tests of Known Radiation Doses at A1 1 Dose Levels 

True Radiation Dose 
100 - 500 - 

400 500 5000 

Delivered Dose (mrern) 
N 
Mean 
S.D. 
SE Mean 

Kin 
l/4 
Median 
3/4 
Max 

Percent Error 
N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Max 

Technical Error (sigma) 
N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Max 



2 Methods 
2.7 Radiation Exposures (cont 'd )  

Table 2.7.V Dosimetry Audits: Sumnary Stat ist ics for A l l  TLD Tests by 
Actual Radiation Dose 

Actual Radiation Dose (mrems) 
100 - 500- 

<lo0 500 5000 SOOO+ 

Delivered Dose (mrem) 
N 
Hean 
S.D. 
SE Mean 

Kin 
1/4 
Median 
3/4 
Max 

Percent Error 
N 
Mean 
S.D. 
SE Mean 

Min 
1/4 
Median 
3/4 
Max 

Technical Error (sigma) 
N 31 45 2 6 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 
1/4 
Median 
3/4 
Max 



2 Methods 
2.7 Radiation Exposures (cont 'd)  

Figure 2.7.A Fol lowup Status of Radiation Workers Excluding Newport 
News With No Matching Personnel Record 

Radiation Workan 
with No Matching 
Personnel Record 

N = 8,426 

I 
I 

I 

Cum. DE Cum. DE 
<O.S ram 20.5 rem 

N = 5,807 N = 2,619 

No Attempt 
to 

Follow-up 

Not Followed-up 

N = 400 



2 Methods 
2.7 Radiation Exposures (cont 'd)  

Figure 2.7 .B Compari son of Cumul ati ve Doses: Computer1 zed Radi ati on 
Records vs. Medical Record, in 84 Pearl Harbor Radiation 
Workers 

NOTE: Itoaus wc;~r~~rc.d III r c w  I t  r ~ u w ; ~ t c * l  t o  ;III In tcaer )  . Tur Jam. d l s c r c p a ~ ~ c  l r s  uccurrcd 
Iac~ucclt t11c I 1 1 1 . c  I- h s ~ !  r q w r t ~ . t l  ill ~ I IC  1?dici11 ver(ius the r ~ t l l ~ t 1 1 1 1 1  expasc~re records. 
Ttw ;lvc.r.ll:c. $1 i l l t.rtwc-v 181 c1nm11.11 ivv  O~ISV i s  0.635  rum 11 I ~ l ~ r r  IIII t lw  r.1J10t Iw recnrtls; 
V IW,  .,,.* *..I 0 ,  i . . o s  + S*..I I &,  I + w #  i.  I t  1J1)96. ..*.-.-. 



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 

Fino! Dose Cr0uD 
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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 Radi at i on Workers 

Finol Dose Crouo 
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2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7. E Compari son o f  Cumul ati ve Doses: Computerized Radi ati on 
Records vs . Medical Record, in 269 Portsmouth Radiation 
Workers 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7.El 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.Fl Average Percent of Cumulative DE by Size of nonthly 
Increments for 269 Portsmouth Radiation Workers 

c u r L . L i *  D o n  G r o u p  
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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 

CllrrLtivm Don Croup 
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2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7. F3 Average Percent o f  Cumulative DE by Size o f  Annual Dose 
Increments for Navy Shipyard Radiation Workers with a t  
Least 0.5 Rem Cumulative DE 

3.00 1 - 0.01 - 0.05- 0.1- 0.5- 1 .o- 2.0+ 

Size of annual dose increments (rem) 
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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 Radiat ion Exposures (cont'd) 

Figure 2.7.6 Dosimetry Audits: Number o f  Tests by Shipyard 

No. of Tests by Yard 
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Note: Dosimetry audits represent only those tes ts  r e a d i l y  ava i l ab le  
for i n i t i a l  review. 
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2 Methods 
2.7 Radiation Exposures (cont'd)  

Figure 2.7.H Dosimetry Audits: Number o f  Tests by Year and Whether 
fo r  Film Badge or TLD 

Dotimatry Audits 
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2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7.Hl Dosimetry Audits: Percent Error of Actual Versus 
Measured Radiation Doses at >lo00 mrem Using Film Badge 
(Internal ) 
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2 Methods 
2.7 Radiation Exposures (cont ' d )  

Fi gure 2.7 .HZ Dosimetry Audits: Percent Error of Actual Versus 
Measured Radiation Doses at <lo00 mrem Using Film Badge 
(Internal ) 

A C N I L  EXPOSURE mmm 



2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7.1 Dosimetry Audits: Percent Error of Actual Versus 
Measured Radiation Doses at >lo00 mrem Using TLD (U. o f  
Michigan) 

ACTUAL EXPOSURE 



2 Methods 
2.7 Radiation Exposures (cont 'd )  

Figure 2.7.5 Dosimetry Audits: Percent Error o f  Actual Versus 
Measured Radiation Doses at <lo00 mrem Using TLD (U. of 
Mi chi gan) 

ACTUAL EXPOSURE mmm 
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2 Methods 
2.7 Radiation Exposures (cont 'd) 

Figure 2.7.K Dosimetry Audits: Measured Dose vs. Actual Dose a t  <lo00 
mrem Using Film Badge 

0 100 200 300 400 SO0 600 700 800 900 1000 
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2 Methods 
2.7 Radiation Exposures (cont'd) 

Figure 2.7.L Dosimetry Audits: Measured Dose vs. Actual Dose at )iooo 
mrem Using Film Badge 

ACTUAL EXPOSURE 

N *  100 r * 0.96 3 = 0.97 ( thru  origin)  



2 Methods 
2.7 Radiation Exposures (cont 'd) 

Figure 2.7.M Dosimetry Audits: Measured Dose vs. Actual Dose at <lo00 
mrem Using TLD 

ACTUAL EXPOSURE 
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2 Methods 
2.7 Radiation Exposures (cont 'd) 

Figure 2.7.N Dosimetry Audits: Measured Dose vs. Actual Dose 
mrem Using TLD 
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The sh i  pyard occupat ions he1 d by nucl e a r  and non-nucl e a r  workers 

may r ep re sen t  an important confounding v a r i a b l e  when cons ider ing  the 

po ten t i a l  cancer  r i s k s  from r a d i a t i o n .  I t  was no t  p r a c t i c a l  t o  match 

nuclear  and non-nuclear workers on s p e c i f i c  shipyard occupat ions.  

However, an e f f o r t  was made t o  cont ro l  f o r  t h e  r i s k s  from occupat ions 

using a general  c l a s s i f i c a t i o n  scheme c a l l e d  t h e  job  hazard index. In 

add i t i on ,  s p e c i f i c  job  t i t l e s  were examined w i t h  regard t o  s p e c i f i c  

exposures.  The methods used t o  ass ign  s p e c i f i c  exposure s co re s  t o  job 

t i t l e s  a r e  descr ibed  i n  Sec t ion  2.9. 

In t h i s  s ec t i on ,  we desc r ibe  t h e  assembly o f  t h e  occupat ional  

t i t l e  c a t a l o g  which was used f o r  coding occupational information from 

personnel records ,  t h e  d a t a  coded, t h e  coding procedure,  the v a l i d i t y  of 

using t h e  l a s t  job t i t l e  held a s  a marker of  a worker 's  shipyard 

occupat ional  h i s t o r y ,  and t h e  development of  the general  job  hazard 

index which was used f o r  s t r a t i f y i n g  nuc lear  and non-nuclear workers 

f o r  sampl ing.  

Occupational Title Catal og (OTC) 

The Occupational T i t l e  Catalog (OTC) i s  t h e  manual f o r  numeric 

coding o f  job  t i t l es .  Essen t i a l l y ,  i t  i s  a complete r o s t e r  of a l l  job 

t i t l e s  and t h e  v a r i a t i o n s  i n  t h e i r  form which have been used by t h e  

e i g h t  shipyards.  Each t i t l e  in  t h e  OTC has an a s soc i a t ed  two d i g i t  

numeric code; this  code r ep re sen t s  a somewhat homogeneous c l u s t e r  of  job 

t i t l e s  according t o  t a s k s .  

The OTC was i n i t i a l l y  assembled from t i t l e s  a b s t r a c t e d  from 
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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 l ist 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 2.8.8. 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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codes and assoc ia ted  job  t i t l e s  a r e  d i sp layed  i n  Table 2.8.C. 

The 1 a s t  job t i t l e  o f  each male employed during t h e  nuc l ea r  

overhaul per iod (yard s p e c i f i c )  and who had a soc i a l  s e c u r i t y  number 

recorded on h i s  personnel record was coded. The advantages and 

disadvantages o f  coding t h e  l a s t  job  t i t l e  a r e  descr ibed  below. 

Compar i son o f  Occupational Ti t l  es : Last ,  Longest He1 d , A1 1 

Several  op t ions  were considered f o r  coding job  t i t l e s :  a l l  

t i t l e s ,  job  t i t l e  held l onges t ,  l a s t  job t i t l e  held.  Coding a l l  job 

t i  t l  e s  was des i  rab l  e because t h e  worker's compl e t e  exposure hi s t o r y  

could be p r o f i l e d .  A worker could then be included with any group in  

which he had spent  t ime. Any d e f i n i t i o n  f o r  t h e  t ime dur ing  employment 

when t h e  job  was held could a l s o  be used t o  c h a r a c t e r i z e  t h e  worker. 

The major disadvantages of such an endeavor were t h e  enormous amount o f  

r e sou rces  requi red ,  t h e  l a r g e  volume of  d a t a  generated,  and t h e  

t echn ica l  d i f f i c u l t i e s  i n  coding a1 1 job  t i t l e s .  The resources  requi red  

t o  code a l l  job  t i t l e s  on t h i s  l a r g e  t a r g e t  populat ion which was def ined 

before  sample s e l e c t i o n  exceeded t h e  funds avai  1 ab le .  Second, t h e  

dec i s ion  r u l e s  f o r  i den t i fy ing  changes i n  job t i t l e s  a r e  complex, 

l i m i t i n g  t h i s  a c t i v i t y  t o  highly s k i l l e d  coders  only.  As a s u b s t i t u t e  

f o r  complete work h i s t o r y  we considered coding only t h e  j ob  t i t l e  held 

l onges t .  While t h i s  would be t h e  bes t  s i n g l e  job  t i t l e  t o  use a s  a 

marker of  complete shipyard work h i s t o r y ,  t h e  t a s k  of  i d e n t i f y i n g  t h e  

job  t i t l e  held longes t  i s  a l s o  complex and time consuming, and i n  our 

exper ience ,  i s  done with a high r a t e  of  coding e r r o r s .  In c o n t r a s t ,  
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coding t h e  job  t i t l e  held l a s t  i s  r e l a t i v e l y  easy. Thus, we opted f o r  

coding l a s t  job  t i t l e  a s  a proxy f o r  complete work h i s t o r y  a t  t h e  

shipyard and decided t o  r e se rve  t h e  very l a b o r  i n t ens ive  t a s k  of  coding 

a1 1 job t i t l e s  f o r  subsequent case-control  s t u d i e s  o r  case-cohort  

s t u d i e s .  

The primary concern i n  using t h e  l a s t  job t i t l e  was t h a t  i t  may 

not ,  i n  f a c t ,  be a v a l i d  marker f o r  t h e  i nd iv idua l ' s  complete work 

exposure h i s t o r y .  Thus, t o  examine t h e  r e l a t i o n s h i p  between l a s t  job 

and t h e  i nd iv idua l ' s  work exposure h i s t o r y ,  a l l  job  t i t l e s  were 

abs t r ac t ed  on a random sample of  2,070 records .  Last job  t i t l e  could be 

considered a v a l i d  marker of  complete work h i s t o r y  i f  a high proport ion 

of  an i nd iv idua l ' s  employment i n  t h e  shipyards (e.g. ,  >80%) has been 

spent  i n  work i d e n t i f i e d  by t h e  l a s t  job. For example, t h e  l a s t  job  

t i t l e  i s  a v a l i d  marker i n  those  workers who hold t h e  same t r a d e  (e .g . ,  

welder) but may change t h e i r  shop o r  p r e f i x  (appren t ice ,  journeyman, 

e t c . )  dur ing  t h e i r  tenure. 

A comparison o f  t h e  composite proport ion o f  person-time 

represen ted  by t h e  l a s t  job  t i t l e  (versus  t h e  t o t a l  person-time 

employed) i s  d i sp layed  i n  Figure 2.8.A f o r  t h e  major job  ca t ego r i e s .  

With few except ions  t h e  l a s t  job  t i t l e  i n  t h i s  s tudy  popula t ion  i s  a 

h igh ly  v a l i d  marker o f  complete work h i s t o r y  and s i m i l a r  t o  t h e  job  

t i t l e  held l onges t  (F igure  2.8.8). This  i s  no t  s u r p r i s i n g ,  given t h a t  

most o f  t h e  workers a t  t h e  shipyard a r e  tradesmen who a r e  inves ted  in  

t h e i r  t r a d e  by v i r t u e  of  t h e  time spent  i n  t r a i n i n g  and s o  a r e  un l ike ly  

t o  change t r a d e s .  
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Last job title was not a valid marker for three categories: 

1 aborer (23), engi neman (09), and not specified (99). Laborers compri se 

a numerically large proportion of the workforce, but a much small er 

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 

low. 

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 ident i fy whether differences exi sted between the 

groups. As shown in Table 2.8.C1, few jobs occurred with high frequency 

even though job titles had been combined to limit 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. All other 

occupational codes occurred in 4 percent or 1 ess of the employees. 

Nuclear workers are more 1 i kely to hold jobs as engineers and 

pi pef i tters than non-nucl ear workers. The nuclear worker is a1 so more 

1 i kely to be a boi 1 ermaker, electronics mechanic, electrician, physical 

science technician, pipecoverer, insulator, and rigger a1 though absolute 
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differences for these jobs are less than for engineers and pipefi t ters .  

The non-nuclear workers are clearly more 1 i kely to  be 1 aborers, 

sh ipf i t te rs ,  welders, and t o  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 ski 11 

ranks within the i r  jobs or trades in their  l a s t  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 the i r  advancement into high sk i l l  

categories compared t o  non-nuclear workers. As can be seen, over half 

of the jobs have no prefix. This may ref lect  the fact  tha t  non-trade 

jobs have no sk i l l  rank. 

A further analysis of the date of entry into l a s t  job indicates 

that  nuclear workers entered the l a s t  job a t  a l a t e r  date than non- 

nuclear workers. This suggests that  nuclear workers have remained in 

the workforce longer than non-nuclear workers. I f ,  however, we remove 

the individuals who must have been working in the early years of 

overhaul because they entered the l a s t  job before 1954, the distribution 

of dates of entry are more similar in the two groups but the nuclear 

workers s t i l l  enter the l a s t  job a t  l a t e r  dates, probably due to  long 

periods of empl oyment . 

Potenti a1 1 y Hazardous Jobs : Job Hazard Index 

I t  was not feasible to  s t r a t i fy  the nuclear and non-nuclear 

workers for  the 49 specific occupational t i t l e s  as well as the other 
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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 a1 ternative, occupational titles were cl ustered 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 mu1 tip1 e 

scores for a category if they be1 ieved the jobs included were not 

homogeneous in exposure. The scoring def i ni ti ons read as fol 1 ows : 

0: insignificant or no exposure 

1-2: minimal or low and infrequent exposure 

3-4: low and occasional exposure 

5-6: low to moderate exposure at frequent intervals or 
occasional exposures at high 1 eve1 s 

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 

but the extent hygienists had some experience with work 

and time of that experience varied. 

Most job groupings received a sing 

in shipyards, 

le rank from a 1 1  respondents. 
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The j o b  categories which were included i n  "high", "medium" and "low" 

rankings f o r  subsequent sampl i n g  purposes are shown i n  Tables 2.8.0. 

Because some t i t l e s  had wide d i f fe rences i n  the  scores, out1 i e r s  were 

removed and a score was given t o  the  jobs. The scores were grouped i n t o  

high, 5-8; medium, 2-4; and low, 0-1 f o r  sampling purposes w i t h  the  

f o u r t h  category a "missing" score. The score was simply t o  be used t o  

separate admin is t ra t ive  and non-hazardous types o f  jobs from those w i t h  

p o t e n t i a l  exposures i n  order t o  provide a general balance between 

nuclear  and non-nuclear workers i n  the  sample. Since a l l  workers have a 

l a s t  job, i t  was poss ib le  t o  c l a s s i f y  the  m a j o r i t y  o f  t h e  populat ion by 

hazard scores f o r  sampl i n g  purposes. 

As can be seen i n  the  Table 2.8.D, i n  general, jobs such as 

welder, pipecoverer, boilermaker, f i r e f i g h t e r ,  etc., were ranked a t  

h ighest  p o t e n t i  a1 exposure because o f  agents associ ated w i t h  the  work. 

As might be surmised from t h i s  j ob  grouping, the  presumed hazardous 

exposures f o r  jobs w i t h i n  a group are no t  consistent .  Categories such 

as machinist,  mechanic, and s h i p f i t t e r  were c l a s s i f i e d  as intermediate 

i n  rank. Medical personnel and stockroom workers as w e l l  as t h e  

admin is t ra tors  and engineers are a t  low r i s k .  Since engineers are 

common among nuclear  workers, the  sampling scheme which balances hazard 

index might balance engineers i n  nuclear workers w i t h  admin i s t ra t i ve  

jobs i n  non-nuclear workers. While t h i s  may no t  be a p e r f e c t  balance o f  

p o t e n t i a l  hazards, i t would be an important f i r s t  step i n  c rea t ing  

sample groups t h a t  have s imi  1 a r  general occupational hazards. It would 

c e r t a i n l y  d i s t i n g u i s h  b lue  c o l l a r  from whi te  c o l l a r  workers and balance 
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the nuclear and non-nuclear groups a t  least in terms of these general 

categories. 
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Table 2.8.A 
Occupational Ti tl e Groups (49 Categories) for the Occupational Title 
Catal og 

Code 

88 
0 1 
02 

0 3 
0 4 

05 
06 
07 
08 
0 9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
2 1 
22 
2 3 
24 

Occupational Ti tl e Group Code Occupational Title Group 

Administrative 25 Machi ni st/mai ntenance/mari ne 
Aircraft workers 2 6 Marine engineer 
Air conditioning equipment 27 Mechanic 
mechanic 28 Medical group 
Boi 1 ermaker 2 9 Motor vehicle operator 
Crane operator 

Electrician 3 0 Nucl ear engineeri ng 
Electronics mechanic 3 1 Oi 1 er 
El ectropl ater 32 Painter 
Engineer 3 3 Physical science technician 
Engi neman 3 4 Pipe coverer & insulator 

Facilities & public works 35 Pi pef i tter 
Firefighter 36 Pl umber 
Forgers 3 7 Rigger 
Foundry molder 38 Ropema ker 
Galvanizer 3 9 Sandbl aster 

Gas detection monitor 40 Sawsmi th 
Gas plant operator 4 1 Sheetmetal mechanic 
Guards & pol ice 42 Shipfitter 
Heavy mobile equipment mechanic 43 Stockman 
Industri a1 hygiene 44 Student/summer aide 

Industrial test lab 
Instrument mechanic 
Joiner 
Laborer 
Loft m a n  

45 Tank & equipment cleaner 
46 Upholsterer 
47 We1 der 
99 Not speci f ied 
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Tab1 e 2.8.B Prefix Codes for Shipyard Occupations 

Prefix 
Code Prefix description 

Apprentice 
He1 per/Trai nee/Ai de/Learner 
Worker/Limi ted/Repai rer/Instal 1 er/Handyman 
Journeyman 
Juni or/Assi stant/Under 

Instructor/Training Leader/Training Instructor 
Leader/Snapper/Head/Chi ef 
Foreman/Leadingman/Supervisory/Asso. Supervisory/Senior/ 
Superintendent/Associate 
General Foreman/Quarterman/Chief Quarterman/Senior Supervisory 
Inspector Shipboard/Inspector Surveillance 

Inspector Other 
Planning & Estimating 
Production Shop Pl anni ng/Producti on 
Quality Assurance/Control/Quality Inspector Division/Quality 
Analyst 
Ship Progressman 

Ship Scheduler 
Ship Surveyor 
Ship Systems/Ship 
Shop Analyst & Schedul er/Product i on Schedul er/Schedul er 
Shop Planner 

Test Speci a1 i st/Systems Test/Shi p Test/Test Technician 
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I Table 2.8.C Job Titles Most Frequently Associated with Shops and Series Codes 

Shop or Series Code 
Associated Job Titles 

I 

Part A. Shops 
0 1 Shipyard Commander's Office 

Administrative Jobs 

02 Transportation Shops 
Crane Operator, Electrician, Engineer, Engineman, Heavy Mobi 1 e Equipment 

Mechanic, Laborer, Mechanic, Motor Vehicle Operator, Oiler 

03 Utilities Shop 
Boilermaker, Electrician, Instrument Mechanic, Laborer, Pipefitter, 

Pl umber 

0 5 Radio1 ogical Control Office 
Physical Science Technician 

0 6 Central Tool Room 
Air Conditioning/Refrigeration Equipment Mechanic, Electrician, 

Electronics Mechanic, Laborer, Machini st/Maintenance/Marine, Oi 1 er, 
Sawsmi th 

07 Maintenance Shop 
Air Condi t ioning/Refrigeration Equipment Mechanic, Electrician, Joiner, 

Laborer, Machi ni st/Maintenance/Mari ne, Marine Engineer, Mechanic, 
Motor Vehicle Operator, Painter, Pipe Coverer & Insulator, 
Pipef i tter, Plumber, Rigger, Sheetmetal Mechanic 

0 9 Safety Office 
Industrial Hygiene/Heal th & Safety 

10 Data Processing Office 
Administrative Jobs 

11 Shipfitter's Shop 
Forgers, Loftsman, Shipfitter 

12 Ship Management Officers 
[No titles given] 

13 Qua1 i ty Assurance Office 
Electrician 

(cont 'd) 
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Table 2.8.C Job Titles Most Frequently Associated w i t h  Shops and Series Codes 
(cont 'd) 

Shop or Series Code 
Associated Job Titles 

Part A. Shops (cont'd) 
Management Engineering Office 

Engineer 

Industri a1 Re1 ations Off ice 
Administrative Jobs 

Sheetmetal Shop 
Electropl ater, Sheetmetal Mechanic 

Combat Systems Office 
[No t i t les  given] 

Pl anni ng Department 
[No t i t les  given] 

Planning & Estimating Div. 
[No t i t les  given] 

Forge Shop 
Forgers 

Design Division 
[No t i t les  given] 

[Shop name unknown] 
Gas Detection Monitor 

Welding Shop 
Gas Pl ant Operator, We1 der 

[Shop name unknown] 
Gal van i zer 

Product ion Department 
Electrici an 

Inside Machine Shop 
Electropl ater, Instrument Mechanic, Machini st/Ma 

Nuclear Engineering Department 
Engineer , Nucl ear Engineering 
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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) 
Non-Nuclear Inspection Div. 

[No titles given] 

Laboratories Division 
Industrial Test Laboratory, Physical Science Technician 

Non-Destructive Test Division 
[No titles given] 

Weapons Shop 
[No titles given] 

Outside Machine Shop 
Machi ni st/Mai ntenance/Mari ne, Mechanic 

Nuclear Inspection Division 
Physical Science Technici an 

Public Works Department 
[No titles given] 

Boiler Shop 
Bo i 1 ermaker 

Public Works - Shop Division 
[No titles given] 

Pending Disability Retirement 
[No titles given] 

Supply Department 
Laborer, Stockman 

Electrical Shop 
Electrician, Instrument Mechanic 

Pipe Shop 
Air Conditioning/Refrigeration Equipment Mechanic, Pipe Coverer & 

Insul ator, Pipef i tter, Plumber 

(cont'd) 
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Table 2.8.C Job T i t l e s  Most Frequently Associated with Shops and Series Codes 
(cont'd) 

Shop or Series Code 
Associated Job Titles 

Part A. Shops (cont'd) 
Comptrol 1 er Department 

Admini strative Jobs 

[Shop name unknown] 
Administrative Jobs 

Woodworking Shop 
Joiner 

[Shop name unknown] 
Administrative Jobs 

Electronics Shop 
Electronics Mechanic 

[Shop name unknown] 
Electronics Mechanic 

[Shop name unknown] 
Medical Group 

Paint Shop 
Laborer, Painter, Sandblaster, Tank and Equipment Cleaner 

Riggers and Laborers Shop 
Laborer, Rigger, Tank and Equipment Cleaner, Uphol sterer 

[Shop name unknown] 
Medical Group 

Severance Pay 
Administrative Job 

Administrative Department 
Administrative Job 

[Shop name unknown] 
Foundry Mol der , Joiner 

[Shop name unknown] 
Firefighter (cont 'd) 
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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. 
8 3  

9 1 

9 2 

93 

94 

95 

9 7 

99 

Part B. 
105 

lo6 

133 

134.3; Qua1 i ty Assurance 
134.4 

150 Industrial Hygiene (Safety Director) 

185 Industri a1 Hygiene (Safety Director) 

200 Planning 

Shops (cont'd) 
[Shop name unknown] 

Guards/Pol ice 

Youth Opportunity 
Student/Summer Aid 

Structural Shop Group 
[No titles given] 

Mechanical Shop Group 
Mechanic 

[Shop name unknown] 
Jo i ner 

El ectrical/El ectroni c Shop Group 
[No titles given] 

Service Shop Group 
[No titles given] 

Temporary Service Group 
Electrician, Student/Summer Aid 

Series Codes 
Radi at i on Heal th 

Safety Director 

Head of non-nuclear inspection 

(cont ' d) 
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Table 2.8.C Job T i t l e s  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 Pub1 ic Works 

500 Supply 

600 Comptrol 1 er 

700 Naval Regional Medical Center (NRMC) 

730 Industri a1 Hygiene 

800 Administrative Dept. 

2300 Nucl ear 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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Table 2.8.Cl Frequency Distribution of Last Occupational Title Codes for 
Norfolk, Portsmouth, Charleston and Newport News Shipyard Workers 
by Radiation Status 

Total. Xuelear Uorkers Xoa4uelear Uorkera 
Job T i t l e  I :  N t N t 

Boi le runer  1554 
Crana Operacor 811 
Z l e e t r i e i m  11029 
Elec t rmics  H8ch.nic 294 1 
Llectropiatar 232 
Eatineer 10193 
Engin- 311 
t a c r l i t i e r  1 Public Oorka 294 1 
Firef lgnrer  LO7 
Forgers 154 
Founar~ Solder 1671 
Caivanazer 23 
Gas Detrecion Hwicor 73 
Caa Plant Operator 53 
C u r d s  6 Police 1026 
U ~ S W  nobile  quip n e c b a i c  554 
Iaduacrial Kygieoe 146 
Industr ia l  Test Lab 469 
Inrcrumant Xeeh.nrc 457 
:o:nar L9b8 
Laborer 6320 
Lof ttnvn 180 
Mack t n i s t  19305 
b r i n e  Engineer 205 
nechansc 662 
Medical Group 108 
Hotor Vehicle Operacor 1436 
Nuclear Engineer 28OL 
Oiler  302 
Princer 3982 
Physical Scieace TeehntcUn 879 
Pipe Coverer 1 Inauiacor 1658 
Pipef i t c e r  10572 
Plunoar 169 
Rigger 5977 
lopamaker I 
Slodblarcor St7 
S a v l r t t h  17 
S h a r r u c a l  Xechaoic 5743 
Shipf i c t e r  11820 
s r o c h n  27f3 
S u a a r ~  Scudem 761 
Tank b Equip. C1un.r 568 
Upholeterer 183 
h l d e r  12654 
M a i n i r t r a c t t e  5217 
Not Specified 14122 

r o t a  1500ss 

A w c h a r  worker l a  defined la these t a b u l ~ c i o a s  a s  .at i aa l r i ao l r l  vbo u c c f u s  
Co chr Radlacioa Tap- ( 1 9 8 0  for a l l  yards oa tho basla of r aoe-1 aacor i r l  
ncpbar. 
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2.8 Shipyard Occupations (cont 'd)  

Table 2.8.C2 Frequency Dist r ibut ion o f  Last Job Pref ix for Norfolk, Portsmouth, 
Char1 eston and Newport News Shipyard Workers by Radiation Status 

Pre f ix  
To ta l  Nuclear Workers Non-Nuclear Workers 

N X N X N X 

(01) Apprentice 
(02) Helpers 
(03) Workers 
( 04 ) Journeymen 
(05) Assis tan ts  
(06) In s t ruc to r s  
(07) Leaders 
(08) Foremen 
(09) General Foremen 
(10) Inspectors  Shipboard 
(11) Inspec tors  Other 
(12) Planners & Estimators 
(13) Production Shop Planners 
(14) Q u a l i t y  Assurance & Control 
(15) Ship Progressmen 
(16) Ship Schedulers 
(17) Ship Surveyors 
(18). Ship Systems & Structures  
(19) Shop Analysts & Schedulers 
(20) Shop Planners 
(21) Test  Spec ia l i s t s  

Kc ? r e f i x  

Total  150055 

* A nuclear worker-is defined i n  these  tabula t ions  a s  any individual  who 
matches co the D d i a t i o n  Tapes (1981) f o r  a l l  pards on the  bas is  of a 
s o c i a l  s ecu r i ty  number. 
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2.8 Shipyard Occupations (cont'd) 

Table 2.8.D Job Hazard Index by the 49 Job T i t l e  Groups 

Hazard Exposure Score (1 to  9)  
( N  = 7 Industrial Hvqienist Raters) 

Med i an Range 
Job Hazard Job 

Index Category 

H I G H  We1 der 
Pipe coverer & insulator 
Sand b l  aster  
Painter 
Firefighter 

El ectropl a te r  
Tank & equipment cleaner 
Boi 1 ermaker 
Pi pef i t t e r  
Foundry Molder 

MEDIUM Laborer 
Pl umber 
Shipfi t ter  
Heavy mobile equipment 

mechanic 
Gal van i zer 

Crane operator 
Machini st/maintenance/ 

marine 
Industrial t e s t  lab 
Joiner 
Air cond. equip. mechanic 

Mechanic 
Ropema ker 
Electronics mechanic 
Engi neman 
Sheetmetal mechanic 

Loftsman 
Motor vehi cl e operator 
Electrician 
Forger 
Nuclear engineering 

Gas detection monitor 
Aircraft workers 
Oi 1 e r  
Gas plant operator 

1 - 5  
0 - 4  
0 - 4  
0 - 5  

(cont ' d )  
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2.8 Shipyard Occupations (cont'd) 

Table 2.8.D Job Hazard Index by the 49 Job Title Groups (cont'd) 

Job Hazard Job 
Index Category 

Hazard Exposure Score (1 to 9) 
(N = 7 Industrial Hvsienist Raters) 

Medi an Range 

LOW Facilities & public works 
Instrument mechanic 
Marine engineer 
Physical science 

technician 
Student/summer aide 

Stockman 
Medical group 
Rigger 
Industrial hygiene 
Upholsterer 

Guards & pol ice 
Sawsmi th 
Administrative 
Engineer 
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2.8 Shipyard Occupations (cont 'd)  

Figure 2.8.A Person-Years by  Job T i t l e  and Last  Job 
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2.8 Shipyard Occupations (cont 'd)  

Figure 2.8.B Person-Years by Job Title and Longest Job 
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The risks from exposure to low-level radiation in the shipyards cannot 

be adequately assessed unless occupational exposures to other potenti a1 ly 

confounding chemical or physical agents are a1 so 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 lung 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; chromi um and chromium compounds; 

soots, tars, and oils; vinyl chloride; nickel and nickel compounds; 

polynucl ear aromatic hydrocarbons (PAHs) ; epi chl orohydrin; and some exposures 

common to the rubber manufacturing industry. Re1 atively infrequent exposures 

were not considered since the attributable risk would be low. Also, exposures 

limited 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 combust ion, were not considered. 

Asbestos, benzene, chromi um, and nickel were determined to be substances 

of primary interest for exposure assessment. Asbestos is the most significant 

and ubiquitous exposure of those identified and has received the most 



2 Methods 
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 a1 so was associated 

with exposure to other potenti a1 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 sol vents, and welding fumes. Re1 i abl e 

individual or environmental data on exposure to these substances were 

generally not available from the shipyard. As a substitute, the job titles 

to these which each worker held were used as a proxy measure of exposure 

substances. 

Two major activities were directed to assigning exposure 

title. 

of its 

jobs w 

cancer 

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 sol vent, and welding fume exposures associated with each job 

As noted, special attention has been devoted to asbestos both because 

ubiquity in the yard, the high frequency of nuclear workers who were in 

ith suspected asbestos exposure, and the relatively high risk of lung 

associated with asbestos especially in smokers. 
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2.9 Potent i  a1 Hazards Other Than Radiat ion (cont'd) 

The o r i g i n a l  49 occupational t i t l e  categories, cons is t i ng  o f  anywhere 

from a s i n g l e  t o  several j o b  t i t l e s ,  were considered t o  represent jobs 

associated w i t h  general l y  s i m i l a r  work tasks. However, exposures such as 

absestos might no t  be s im i la r .  I n  order t o  resolve t h i s  problem, j o b  t i t l e s  

w i t h i n  the  categor ies were regrouped i n t o  subcategories such t h a t  the  j o b  

t i t l e s  w i t h i n  t h a t  group had p o t e n t i a l  exposures t o  s i m i l a r  substances and, 

therefore, could be c a l l e d  synonyms o f  each other .  These subcategories have 

been r e f e r r e d  t o  as synonym groups. The o r i g i n a l  49 j ob  categor ies were 

expanded t o  183 synonym groups. 

Asbestos Exposure 

To assess exposures by a job, a group o f  i n d u s t r i a l  hyg ien is ts  who had 

worked i n  one o r  more o f  t he  shipyards was assembled. These shipyard 

i n d u s t r i a l  hyg ien is t s  were surveyed i n  two phases t o  ob ta in  in format ion  on the 

asbestos l e v e l  associated w i t h  each j o b  t i t l e .  I n  the  f i r s t  phase, a workshop 

was held. The f i r s t  ob jec t i ve  o f  t h e  workshop was a process ob jec t ive ,  i.e., 

t o  t e s t  methods o f  ob ta in ing  expert  opin ion on shipyard workpl ace exposures, 

us ing quest ionnaires and group discussions; t he  second and prime o b j e c t i v e  was 

t o  begin c o l l  e c t i n g  in format ion  t o  determine t h e  asbestos exposure associated 

w i t h  each j o b  t i t l e .  The workshop was successful i n  developing a survey 

s t ra tegy  which was both f e a s i b l e  and amenable t o  i n d u s t r i a l  hyg ien is ts .  I n  

the  second phase, a l a r g e  group o f  cur rent  and former i n d u s t r i a l  hyg ien is ts  

from the e i g h t  shipyards were surveyed using a modi f ied quest ionnaire.  

I n d u s t r i a l  hyg ien is t s  were f i r s t  c a l l e d  and i n v i t e d  t o  p a r t i c i p a t e  i n  the  

survey. I f  they agreed, a l e t t e r  was sent exp la in ing  the  purpose o f  t he  
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2.9 Potential Hazards Other Than Radiation (cont'd) 

survey in greater detail. Enclosed with the letter 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 1 eve1 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 j o b  

description is, but are not familiar with all the job tasks. 

You know genera1 ly what the responsi bi 1 i ties of individual s 

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 oenerally the work that 
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2.9 Potenti a1 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 industrial 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 appl ication or instal 1 ation of asbestos-containing 

products, removal/ripout activities, and cl ean-up/housekeeping tasks. The 

following definitions for types of exposure were used: 

Direct - Denotes certain or probable asbestos exposure through direct 

hand1 ing o f  asbestos-containing materials, or performance of 

tasks with asbestos. This classification considered 

exposures that occurred as part of usual work done on a 

reqular 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 directly 

handling the substance. This can be due to work which 

requires proximity to other workers who are install ing or 
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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 

1 i kely 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 re1 ative level of (di rect/indi rect) exposure for a1 1 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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On the  average, how many days per week would an ind i v idua l  w i t h  t h i s  j o b  t i t l e  

experience d i r e c t  o r  i n d i r e c t  exposure t o  asbestos? This quest ion was 

considered separately f o r  each d i r e c t  exposure task. Days per week may range 

from l e s s  than one ( t l )  t o  f i v e .  

Hours per day on exposed days was a lso addressed. How many hours per 

day, on the  average (on the  days when exposure occurred) was the re  exposure t o  

asbestos? Hours per day may range from less  than one ( t l )  t o  e igh t .  

(5) F i n a l l y ,  an i n q u i r y  was made regarding changes i n  exposure. 

Spec i f i c  questions were asked t o  determine whether the  l e v e l  o f  d i r e c t  o r  

i n d i r e c t  asbestos exposure associated w i t h  a j ob  t i t l e  decreased substant i  a1 l y  

(one exposure category o r  more, e.g., from very h igh  t o  h igh  o r  from medium t o  

low) du r ing  the  t ime the  i n d u s t r i a l  hyg ien is t  worked i n  t h e  shipyard. The 

i n d u s t r i a l  hyg ien is t  was asked i f  exposure had decreased. Possible responses 

inc luded NO, DON'T KNOW, and YES. I f  YES, t he  i n d u s t r i a l  hyg ien is t  was asked 

t o  est imate the  year t h a t  t h i s  decrease i n  exposure took place. I f  there was 

more than one substant ia l  exposure decrease, t h e  i n d u s t r i a l  hyg ien is t  was 

asked t o  provide in format ion  f o r  t he  f i r s t  o f  these exposure reduct ions.  

F i n a l l y ,  t h e  i n d u s t r i a l  hyg ien is t  was asked t o  describe t h e  l e v e l  t o  which 

exposure decreased. 

Data reported by i n d u s t r i a l  hyg ien is ts  on t h e  number o f  hours per week 

o f  d i r e c t  o r  i n d i r e c t  exposure were reviewed. I n  a number o f  instances, the  

number o f  hours per  week was zero o r  n e g l i g i b l e  i n d i c a t i n g  i n c i d e n t a l  

exposure. These j o b  t i t l e s  were c l a s s i f i e d  as having n e g l i g i b l e  exposure. 

I n d u s t r i  a1 hyg ien is ts  d i d  no t  cons is ten t l y  agree on whether d i r e c t  o r  

i n d i r e c t  exposure was associated w i t h  s p e c i f i c  synonym groups no r  on the  l e v e l  
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o r  amount o f  t ime exposed. I n  the  absence o f  complete agreement, c r i t e r i a  

were establ ished t o  decide on the  asbestos exposure l e v e l  associated w i t h  

synonym groups. The c r i t e r i a  were designed t o  minimize "contamination" o f  the  

"no exposure" group w i t h  j o b  t i t l e s  which had some exposure. That i s ,  we 

minimized f a l s e  negative e r r o r s  i n  the  no exposure group a t  t h e  cos t  o f  

i nc lud ing  some j o b  t i t l e s  which a c t u a l l y  had no exposure i n  the  lower exposure 

categories, i .e., f a l s e  p o s i t i v e  er rors .  The reason f o r  t h i s  approach was t o  

es tab l i sh  an exposure f r e e  reference group. This was l i k e l y  t o  r e s u l t  i n  a 

small d i f f e r e n t i a l  c l a s s i f i c a t i o n  e r r o r  t h a t  was, f o r  t he  most pa r t ,  1 im i ted  

t o  the group w i t h  lowest exposure. 

The f o l l o w i n g  c r i t e r i a  were used t o  def ine  whether d i r e c t  o r  i n d i r e c t  

asbestos exposure was associated w i t h  a j o b  t i t l e .  

Strong Agreement - no exposure was def ined as No:Yes vote r a t i o  o f  

3 : l  o r  greater .  Pos i t i ve  exposure was def ined 

as a vote r a t i o  o f  1:l (No:Yes) o r  less ;  t h a t  

Weak Agreement - 

i s ,  more than 50 percent o f  those v o t i n g  yes o r  

no a c t u a l l y  voted yes. 

1 im i ted  t o  p o s i t i v e  exposure f o r  vote r a t i o s  

greater  than 1:l (No:Yes) bu t  l e s s  than 3:1, 

i .e., t he  no votes outnumbered the  yes votes. 

Possib le Agreement - the  vote r a t i o s  f o r  d i r e c t  and i n d i r e c t  exposure 

were each greater  than o r  equal t o  3 : l  (No:Yes) 

bu t  the  combined vote was 1:l o r  l ess .  A1 1 o f  

these job  t i t l e s  were def ined as having i n d i r e c t  

exposure. 
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Insufficient Data - no respondents who were knowledgeable about the 

job title. 

The concordance among i ndustri a1 hygi eni sts 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 deci sions for direct exposure and 

6 8  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 f o r  job titles with 

sufficient data, 32 percent of the job titles are defined as having no 
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associated exposure, 57 percent as low o r  low-moderate, t he  1 

moderate exposure o r  greater .  

v~orkers 

percent 

study == 

as 

The f i n a l  dec is ion  f o r  each j o b  t i t l e  i s  d isplayed i n  Table 2.9.8 and 

incorporates in format ion  obtained from i n d u s t r i a l  hyg ien is ts  r e l a t e d  t o  the  

amount o f  t ime exposed. I n  general, i f  a j o b  t i t l e  was c l a s s i f i e d  as having 

associated asbestos exposure, but  t h e  l e v e l  was def ined as n e g l i g i b l e ,  t he  

exposure was considered t o  be inc iden ta l .  

At present, t he  data on exposure t o  asbestos have been reviewed. Data 

on other substances have no t  y e t  been considered. Asbestos l e v e l s  by j ob  have 

not  been used i n  t h e  analyses t o  date t o  con t ro l  f o r  confounding. However, 

Figure 2.9.A ind i ca tes  t h e  general plans f o r  using estimated exposures t o  

asisgn t o  i n d i v i d u a l  s i n  f u t u r e  analyses. 
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Table 2.9.A Job Groups by I n d e s t r i  a1 ~ ~ ~ i e n i s t '  Asbestos Exposure Assessment 
Concordance Level 

I n d u s t r i  a1 
Hyg ien is t  Job Grouos 
Concordance Number Percent 

Yes 48 33.1 

No know1 edge 4 1 28.3 

Tot a1 145 100.0 

I n d u s t r i a l  hyg ien is ts  from fou r  shipyards 

Concordance on a j o b  group exposure was def ined as agreement between a t  
l e a s t  th ree o f  the  f i v e  i n d u s t r i a l  hyg ien is ts  
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Tab1 e 2.9. B Job T i t l e  and Asbestos Exposure Category 

Code Job Title 
Asbestos 

Category Exposure 

05-002 Armature Winders 
05-061 Electrician, Ship Progressman 
06-029 Fire Control Mechanic 
06 - 040 Radio Mechanic (Layer-out) 
08-000 Architect 

Engineering Draftsman Mechanic 
Industri a1 Engineer 
Pl ant Engi neer 
Tracer 
Ordinance Man (Inert Material s) 

Ordinance Equipment Worker 
Eng i neman 
Maintenance 
Staff Supervisor Yard Operations 
Production Materi a1 Control 1 er 

Foundry Chipper 
Molder 
Guard 
Security Clerk 
Chemist 

Metal 1 urgi st 
Instrument Mechanic 
Instrument Maker 
Carpenter 
Boatbuilder 

Rubber Worker 
Shipwright 
Loft m a n  
Equipment Repairer (Machini st Marine) 
Equipment Speci a1 i st (Electrical ) 

25-025 Equipment Specialist (Missiles) 
25-049 Machine Installation 
25-056 Machinist Maintenance 
26-000 Engineer (Marine) 
27-000 Mechanic 

(cont 'd) 
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Tab1 e 2.9. B Job Title and Asbestos Exposure Category (cont'd) 

Code Job Title 
Asbestos 

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 

Truck Driver 
Angl esmi th 
Hull Outfitting 
Puncher & Shearer 
Rivet Heater 

Riveter 
Shipfitter Layer-out 
Equipment Clerk 
Storeworker 
Industrial Cleaner 

Steel Fabrication 
We1 der Engineer 
Lead Bonder 
Accounting Cl eark 
Budget Officer 

Job Printer 
Office Clerk 
Photocopy Equipment Operator 
Systems Development Specialist 
Production Controller 

Production Controller Ships 
Production Dispatcher 
Production Speci a1 i st 
Production Superintendent 
Ship Scheduler 

Ship Shed 
Ship Surveyor 
Shop Superintendent 
Snapper 
Supervi sory Planner & Estimator 

(cont'd) 



2 Methods 
2.9 Potenti a1 Hazards Other Than Radiation (cont 'd) 

Tab1 e 2.9.0 Job Title and Asbestos Exposure Category (cont 'd) 

Code Job Title 
Asbestos 

Category Exposure 

Technician 
Senior Test Operator 
Ship Superintendent 
Test man 
Air Condi tioning/Refrigeration (Equipment 

Mechanic) 

Crane Operator 
Operating Engineer 
Electrical Systems Inspector (Ships) 
Electrician 
Electrician (Power Plant) 

Planner & Estimator (Electrician) 
Electronics Mechanic (Shipboard Systems) 
Electronics Technician 
Bl ueprinting Machine Operator 
Boiler Plant Operator 

Handyman 
Janitor 
Planning & Estimating (Public Works) 
Production Control 1 er (Shipbuilding) 
Maintenance Laborer 

Fire Communication Operator 
Bl acksmi th 
Foundry 
Furnace man 
Furnance man, Foundry 

Inspector (Metals) C 
Tank Tester 
Laborer 
Machinist 
Marine Equipment Mechanic 

Ship Maintenance Mechanic 
Ship Repairer Supervisor 
Mechanical Systems Inspector (Ships) 
Shipbuilding Inspector (Mechanic) 
Nuclear Engineer 

2 
2 
2 
2 
2 

(cont 'd) 
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2 Methods 
2.9 Potenti  a1 Hazards Other Than Radiation (cont 'd)  

Table 2.9.8 Job T i t l e  and Asbestos Exposure Category (cont'd) 

Code Job T i t l e  
Asbestos 

Category Exposure 

O i  1 e r  
Painter 
Painter C l  eaner 
Coppersmith 
Inspector (Ship's P i  ping Systems) 

Rigger 
Laborer (Rigger o r  Yard Rigger) 
Sandblaster 
Sheetmetal Mechanic 
Sheetmetal Worker 

S h i p f i t t e r  
Caul ker & Chipper 
D r i  1 1 e r  
Planner & Estimator ( S h i p f i t t e r )  
Pneumatic Tool s Operator 

S h i p f i t t e r  Loftsman 
Sh ip f i  t t i n g  Inspector 
Gas Cutter & Burner 
General He1 per 
He1 per Trainer 

Inspector 
Lead i ngman 
P l  anner & Estimator 
Service Shop General 
Electronics Mechanic 

Indus t r ia l  Hygienist 
Machinist Marine 
P ipe f i  t t e r  
We1 der 
We1 der Combination 

Welder E l e c t r i c  
Bo i 1 erma ker 

(General ) 
Foreman 

Heavy Mobile Equipment Mechanic 
Automotive Mechanic 
Pipe Coverer & Insu la tor  

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
3 

3 
3 
3 
3 
3 

3 
4 
4 
4 
4 

(cont 'd) 
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2.9 Potenti a1 Hazards Other Than Radiation (cont 'd)  

Tab1 e 2.9. B Job T i t l e  and Asbestos Exposure Category (cont9d) 

Code Job T i t l e  
Asbestos 

Category Exposure 

36-000 Pl  umber 
47-036 We1 der (Speci a1 ) 



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 

I 

[ Job-Exposure-Time 1 Matrix 
I: JET I 

Cum. Asbestos Exposure 
CAE (1, 1 / 2  life, lag) 



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 1 imited number of questions regarding use of a radiation badge, 

smoking habits, employment in multiple study shipyards, and demographic 

characteristics. The form included a simple return mailer. Three successive 

mai 1 ings of the identical form occurred for a1 1 nonrespondents who remained 

after previous attempted contacts. The overall response rate for a1 1 mai 1 ings 

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 Methods 
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 2.10.8. Again, telephone follow-up of the remaining population of 

workers brought the cumulative percent response to 69 percent of the original 

sampl e. 

The second survey of the current (1985) Charleston workers used the 

short form and long form questionnaires with a different survey scheme. All 

workers were mailed the short form questionnaire and a five percent random 

sample of these same workers was selected for a telephone interview using the 

long form. The workers received three mailings of the short form 

questionnaire but there was no telephone fol 1 owup 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 



2 Methods 
2.10 Personal C h a r a c t e r i s t i c s  and Exposures Outside t h e  Shipyard (cont  'd )  

e l d e r l y  wives were r e l u c t a n t  about g iv ing  information regard ing  t h e i r  shipyard 

but 

r ad  

worker husbands. This  behavior may i n d i c a t e  t h e  r ecen t  dea th  o f  t h e  spouse 

t h i s  has no t  been confirmed. 

Workers were asked t o  s e l f - r e p o r t  whether they  were c e r t i f i e d  t o  work 

i a t i o n  a r ea s  by i n d i c a t i n g  whether they  had worn e i t h e r  a f i l m  badge o r  a 

dosimeter.  There was confusion regarding t h e  term "badge", and many workers 

who were not  l i s t e d  on t h e  r a d i a t i o n  t ape  ind ica ted  t h a t  t hey  wore a badge. 

As ind ica ted  i n  t h e  d i s cus s ion  o f  v a l i d a t i o n  of  r a d i a t i o n  dose,  most of  t he se  

i nd iv idua l s  had mi s in t e rp re t ed  t h e  ques t ion  and were i n c o r r e c t l y  c l a s s i f i e d .  

In a l l  of  t h e  ana lyses ,  workers were c l a s s i f i e d  a s  nuc lear  o r  non-nuclear 

based on t h e i r  i nc lu s ion  on t h e  r a d i a t i o n  tapes ,  not  on t h e i r  response t o  t h e  

survey ques t ion .  The results could d i f f e r  depending on whether nuc l ea r  

workers were ca tegor ized  by sel f-cl a s s i f i c a t i o n  o r  by r a d i a t i o n  record  f i  1 es. 

Sometimes respondents  d i d  no t  appear on t h e  shipyard da tabase  fol lowing 

t h e  match f o r  nuc l ea r  and non-nuclear worker s t a t u s .  This  s i t u a t i o n  occurred 

because some employees on t h e  current employment t ape  had been h i r ed  a f t e r  t h e  

records  were c o l l e c t e d  f o r  t h e  s tudy o r  they had changed t h e i r  c l a s s i f i c a t i o n .  

I f  a respondent d i d  no t  appear on t h e  da tabase  with t h e  c l a s s i f i c a t i o n  a s  

des igna ted  i n  t h e  da tabase  he was no t  included i n  t h e  c u r r e n t  a n a l y s i s  o f  t h e  

survey. Thus although 10,944 re turned  the s h o r t  and 496 t h e  long forms 

(Tables 2.10.A and 2.10.B)' only 8,812 records  a r e  a v a i l a b l e  f o r  a n a l y s i s  of  

demographic c h a r a c t e r i s t i c s  f o r  a1 1 surveyed (Table 2.10.0. ) and only  404 

provided d e t a i  1 ed answers (Tab1 e 2.10. I ) .  



2 Methods 
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 in 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 example, the two populations differ by age which would be control led 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 (Tab1 e 2.10 .Dl). 

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 

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 



2 Methods 
2.10 Personal C h a r a c t e r i s t i c s  and Exposures Outside t h e  Shipyard (cont  'd )  

s tudy sample. The survey ind ica ted  t h a t  nuc lear  workers a r e  g e n e r a l l y  simi 1 a r  

t o  non-nuclear workers i n  educat ional  l e v e l s ,  but nuc lear  worker have a ~ 
s l i g h t l y  h igher  p r o b a b i l i t y  o f  having earned advanced degrees  than do t h e  non- 

nuc l ea r  workers. The o r i g i n a l  s tudy sample d i d  no t  cont ro l  f o r  educat ion 

a1 though the job  hazard index may have p a r t i a l l y  ad jus ted  f o r  d i f f e r e n c e s  i n  

this f a c t o r .  The s tudy sample included only males and balanced t h e  nuc lear  

and non-nuclear workers by age and job  hazard index. Information on r ace  was 

not  a v a i l a b l e  on shipyard personnel records  f o r  a l l  yards  although f o r  some 

ya rds  t h e  ove ra l l  r a c i a l  d i s t r i b u t i o n  could be i n f e r r ed .  Balancing the 

samples by time of  h i r e  and job  may have p a r t i a l l y  con t ro l l ed  f o r  t h i s  

v a r i a b l e  i n  sh ipyards  which  employed a proport ion o f  black workers. As noted 

i n  s e c t i o n  2.2,  although r a c e  may s t i l l  have r e s u l t e d  i n  some confounding i n  

comparing NW and NNW groups, i t  could no t  have been a problem i n  comparing 

subse t s  i n  t h e  NW group. Nuclear workers do not  smoke d i f f e r e n t l y  than non- 

nuc lear  workers a f t e r  co r r ec t i ng  f o r  age. The only observed d i f f e r e n c e  i s  

t h a t  t h o s e  nuc l ea r  workers who have ever  smoked c i g a r e t t e s  a r e  more l i k e l y  t o  

have d iscont inued  smoking cu r r en t ly .  

The s h o r t  ques t ionna i re  included items about shipyard exposure t o  

asbes tos .  As shown i n  Table 2.10.F, t h e  nuc lear  workers repor ted  a high 

p r o b a b i l i t y  o f  d i r e c t  exposure t o  asbes tos  probably because of  t h e  s p e c i f i c  

t r a d e s  i n  which they worked. Among nuc lear  workers, 63 percent  r epo r t ed  

d i r e c t  exposure compared t o  49 percent  i n  non-nuclear workers d e s p i t e  t h e  

adjustment.  Both groups had a high frequency o f  repor ted  exposures.  This  

exposure will be an important confounding v a r i a b l e  i n  t h e  eva lua t ion  of t h e  

r i s k  of  lung cancer  from r a d i a t i o n .  
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2 Methods 
2.10 Personal C h a r a c t e r i s t i c s  and Exposures Outside t h e  Shipyard (cont 'd)  

As shown i n  Table 2.10.6, nuc lear  workers were more l i k e l y  t o  have 

worked in  o t h e r  nuc lear  shipyards than were non-nuclear workers. This  might 

be expected because o f  t h e  spec i a l i zed  s k i l l s  o f  t h i s  group. Approximately 

one percent  of  t hose  surveyed ind ica ted  they had not  worked i n  t h e  yard from 

which t h e  record  o r ig ina t ed .  I t  i s  pos s ib l e  t h a t  t h e s e  a r e  i nd iv idua l s  who 

were h i r ed  but never repor ted  f o r  work, were con t r ac to r s ,  o r  t h a t  we contacted 

t h e  wrong person. 

F ina l ly ,  a l l  workers answering t h e  s h o r t  survey form were asked about 

t h e  presence o f  c e r t a i n  d i s e a s e s  t h a t  a r e  known t o  be a s soc i a t ed  with 

r a d i a t i o n ,  such a s  leukemia, lung cancer ,  and myeloma. As repor ted  i n  Table 

2.10.H, t h e r e  were no d i f f e r e n c e s  between t h e  two groups with r e spec t  t o  t h e  

age-adjusted prevalence of  t h e  d i s ea se s  covered by t h e  survey. Since none of  

t h e s e  ca se s  a r e  confirmed, i t  i s  d i f f i c u l t  t o  p lace  much weight on t h e  

r e s u l t s .  When sel f - repor ted  r a t h e r  than recorded exposure t o  r a d i a t i o n  was 

used a s  a marker f o r  nuc lear  work, the prevalence of  leukemia was repor ted ly  

h igher  among nuc lear  workers. This  again sugges ts  p o t e n t i a l  b i a s  from s e l f -  

repor ted  r a d i a t i o n  exposure v i a  t h e  ques t ionna i re .  

The long survey quer ied  t h e  workers a s  t o  o t h e r  i n d u s t r i e s  i n  which they 

might have been employed. These d a t a  r e l a t e d  t o  jobs have no t  been age- 

ad jus t ed  but  such adjustment will probably not  change t h e s e  observa t ions  

s u b s t a n t i a l l y .  Workers exposed t o  r a d i a t i o n  i n  t h e  sh ipyards  were more l i k e l y  

than non-nuclear workers t o  have exposure t o  r a d i a t i o n  o u t s i d e  t h e  shipyard,  

t o  have worked a t  mu l t i p l e  sh ipyards  and t o  have had t h e i r  r a d i a t i o n  exposure 

i n  t h e  Navy o r  t h e  power i ndus t ry  ( s ee  Table 2.10. I ) .  As previous 

Table 2.10.F, whi le  i n  t h e  sh ipyards  they were more l i k e l y  t o  have 

l y  shown 

asbes tos  



........................................... ........................................... nuclear shipyard workers study == 

2 Methods 
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont 'd) 

exposure compared to workers not exposed to radiation. Table 2.10.5 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 

1 eukemi a, 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 2.10.1) 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 di agnoswti c purposes as compared to non-nucl ear 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 di fferences 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 

266 
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont 'd) 

jobs which are common among the nuclear workers. These data w i l l  be examined 

further i n  regard t o  t h e i r  influence on the analysis. The results emphasize 

the importance o f  considering other workplace exposures i n  analysis. 



2 Methods 
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont'd) 

Table 2.10.A Response to the Short Form Health Survey Questionnaire by 
Recent (1980) Norfol k Naval Shi pyard Workers 

Number of Cumul at i ve 
Total Completed Percent Percent 
Sought Questionnaires Response Response 

First Mailing 13676 5245 
(12-30-81) 

Second Mai 1 i ng 8006 2533 
(02- 12-82) 

Third Mail ing 51 58 859 
(03-31 -82) 

Telephone & Other 4330 2307 
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2 Methods 
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont'd) 

Table 2.10.0 Response to the Long Form Health Survey Questionnaire by 
Recent (1980) Norfol k Naval Shi pyard Workers 

Number o f  Cumul a t  i ve 
Total  Completed Percent Percent 
Sought Questionnaires Response Response 

F i r s t  Mai 1 i ng 719 211 2 9% 29% 
(01-29-82) 

Second Mai 1 i ng 476 100 
(03-25-82) 

Th i rd  Mai 1 i ng 364 44 
(05-03-82) 

Telephone & Other 320 141 
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont'd) 

Table 2.10.C Current (03/01/87) Response to the Health Survey Questionnaire 
by Recent (1985) Char1 eston Naval Shipyard Workers 

Number of Cumul a t  i ve 
Total Compl e t ed Number of Percent Percent 
Sought Questionnaires Refusal s Response Response 

First Mai 1 ing 9346 3636 179 4 1% 41% 
(Short form) 

Second Mai 1 i ng 553 1 1607 9 9 18% 59% 
(Short form) 

Third Mailing 3825 784 123 10% 69% 
(Short form) 

Tel ephone 2918 784 3 6 9% 78% 
(Long form) 



2 Methods 
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont'd) 

Table 2.10.0 Age Distribution of Respondents to the Norfolk Health Survey 
Quest i onnai re (Short + Long) 

Nuclear Worker Status 
Age Total  Nuclear Non-Nucl ear  

Var iable Group No. % No. % No. % 

I tem (1) 
Age 18-25 308 3% 
i n  26-35 2920 33% 
1982 36-45 2175 25% 

46-55 1738 20% 
56-65 1500 17% 
>65 158 2% 
NR, ~ n k '  13 (1% 

*Total  8812 100% 

'NR, Unk - Age not  recorded o r  l i s t e d  as unknown 

* Total  represents those respondents who matched wi th  the  o r i g i n a l  database. 



2 Methods 
2.10 Personal Characteristics and Exposures Outside the Shipyard (cont 'd)  

Table 2.10.Dl Demographic Characteristics of Respondents to the Norfol k Health 
Survey Quest i onnai re (Short + Long) 

- -  - -- 

Nuclear Worker Status 
Nuclear Non-Nucl ear  

Total  Age ad j .  r a t e  Age a d j .  r a t e  
Vari  able  No. % per  1000 per  1000 

I tem (3)  
Sex Ma1 es 

Females 
NR 
Tota l  

I tem (4 )  
Race/Ethnic White 

Group Bl ack 
Other 
NR 
Total  

I tem (5)  
Education (12 

12 
12t 

NR, Unk 
Tota l  

NR= No record 



2 Methods 
2.10 Personal Charac ter is t i cs  and Exposures Outside t h e  Shipyard (cont ' d )  

Tab1 e 2.10. E Smoking Character i  s t i c s  o f  Respondents t o  t h e  Nor fo l  k Heal th Survey 
Quest i  onnai r e  (Short + Long) 

Nuclear Worker Status 
Nucl ear Non-Nucl ear 

Tota l  Age ad j .  r a t e  Age ad j .  r a t e  
Var iable No. % per  1000 per  1000 

I tem (6) 
Ever Smoked No 
100 Ciga- Yes 
r e t t e s  N R 

Tota l  

I tem (6a) 
Age F i r s t  (15 
Smoked 15-19 

20t  
Un k 
Tota l  

I tem (6b) 
Amount t 1 0  

Smoked 10-19 
(# o f  20-39 

c iga re t tes  40-59 
Per day) 60 t  

Un k 
Tota l  

I tem (6c) 
Current No 

Smoker Yes 
NR, Un k 
Tot a1 

I tem (7) 
Pipe Smoker No 

Yes 
N R 
Tota l  

I tem (8) 
Cigar Smoker No 

Yes 
N R 
Tota l  
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2.10 Personal Characteri stics and Exposures Outside the Shipyard (cont 'd) 

Table 2.10.F Asbestos Exposure of Respondents to the Norfolk Health Survey 
Questionnaire (Short + Long) 

Nuclear Worker Status 
Tota l  Nuclear Non-Nucl ear 

Var iable No. % Age adj.  r a t e  Age ad j  . r a t e  
per  1000 per  1000 

I tem (12) 
Workedwi th No 2474 28% 208 
Asbestos i n  Yes 4755 54% 63 1 
Shipyard Around i t  684 877 75 

Don't know 788 9% 75 
N R 11 1 1% 11 
Total  8812 100% N/A 

I tem (13) 
Worked w i t h  No 6526 74% 764 723 
Asbestos Yes 1332 15% 142 159 
Outside Around 92 1 % 9 11 
o f Don't know 667 8% 6 2 85 
Shipyard NR 195 2% 23 22 

Tota l  8812 100% N/A N/A 

NR = No record  
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont 'd)  

Table 2.10.6 Shipyards Worked as Reported by Respondents to Norfolk Health Survey 
Questi onnai re (Short + Long) 

Vari  able  

Nuclear Worker Status 
Total  Nuclear Non-Nucl ear  

No. % Age a d j .  r a t e  Age a d j .  r a t e  
per  1000 per 1000 

Item (14) 
Shipyards Norfol  k  5578 63% 581 
Worked i n  Nor fo lk  + 1 2429 28% 319 

Norfol  k + 2 663 8% 86 
Never Nor fo lk  50 1 % 5 
N R 92 1% 9 
Total  8812 100% 

NR = no record 
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2.10 Personal Character ist ics and Exposures Outside the  Shipyard (cont 'd) 

Table 2.10.H Medical Conditions Reported by Respondents t o  the Nor fo lk  
Heal thSurvey Quest i onnai r e  (Short + Long) 

Nuclear Worker Status 
Total Nuclear Non-Nucl ear 

Vari able No. % Age adj. r a t e  Age adj .  r a t e  
per 1000 per 1000 

Item (15) 
Reported Leu kemi a 
Heal t h  Lung Cancer 
~ o n d i  t i  ons' Myeloma 

Other Cancer 
Heart Disease 
Chronic Lung 

Disease 
Other 
None 
N R 
Total 

Could repor t  more than one 



2 Methods 
2.10 Personal Character ist ics and Exposures Outside the Shipyard (cont'd) 

Table 2.10.1 Indust r ies  Worked i n  Other Than Shipyards as Reported by Respondents 
t o  the Nor fo lk  Health Survey Questionnaire (Long) 

Survey/ 
Variable 

Nucl ear Worker Status 
Total Nucl ear Non-Nucl ear 

No. % No. % No. % 

Item (17) 
Radiation Yes 
Exposure No 
Outside the NR, Unk 
Shipyard *Total 
Industry 

Item (19) 
Indust r ies  Agr icu l ture  
Worked Asb. Manu. 

Auto. Serv. 
Chemical 
Construction 
Mining 
Petroleum 
Rubber 
Smelting 
Tanni ng 
Tex t i l e  
Wood Treat. 
None o f  these 
N R 

*Total 

NR = No record 

* Total represents those repsondents who matched w i th  the o r i g i na l  database. 
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2.10 Personal Characteristics and Exposures Outside the Shipyard (cont 'd) 

Table 2.10.5 Exposure to Specific Chemicals as Reported by Respondents to the 
Norfol k Health Survey Questionnaire (Long) 

Nuclear Worker Status 
Survey/ Tota l  Nuclear Non-Nucl ear 
Var iable No. % No. % No. % 

Item(21) 
Job Arsenic 
Exposures Asbestos 

Benzene 
Chromi urn 
Coal, t a r ,  e tc .  
Dye s t u f f  
Gr inding dust 
Leather dust 
Mineral dust 
S i l i c a  dust 
Wood dust 
Other dust 
M, C, F o i l s 1  
Nickel  
Pest ic ides  
None o f  these 
NR, Unk 
Tota l  

' ~ i n e r a l  , Cu t t i ng  o r  Fuel O i l  
NR = No record 
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2 Methods 
2.10 Personal Characteristics and Exposures Outside the Sh i pyard (cont ' d) 

Table 2.10.K Medical Exposures Reported by Respondents to 
Survey Questionnaire (Long) 

the Norfolk Health 

Survey/ 
Variable 

Nuclear Worker Status 
Total Nuclear Non-Nuclear 

No. % No. % No. % 

Item (23) Never 
Dental <1 in 5 yrs. 
x - rays 1 in 2-5 yrs. 

1 per yt. 
>1 per yr. 
NR, Unk 
Total 

Item (23) Never 
Chest <1 in 5 yrs. 
x-rays 1 in 2 - 5  yrs. 

1 per yr. 
>l per yr. 
NR, Unk 
Total 

Item (24) Yes 
Other No 
Health NR, Unk 
X-rays Total 

Item (25) 
Radioisotope Yes 
exposure No 

Nnk 
Total 

Item(26) Yes 
Radiation No 
treatment Unk 

Total 



2 Methods 
2.11 S t a t i s t i c a l  Methods 

Several d i f f e r e n t  s t a t i s t i c a l  ana lyses  w i l l  be conducted using t h e  d a t a  

s e t .  For each a n a l y s i s ,  t h e  fol lowing outcomes a r e  considered sepa ra t e ly :  

death from leukemia, dea th  from lymphoma, dea th  from mesothelioma, dea th  from 

lung cancer ,  and t o t a l  mor t a l i t y .  Leukemia i s  used throughout t h i s  s e c t i o n  a s  

t h e  outcome f o r  i  11 u s t r a t i v e  purposes.  

External Compar i son 

When t h e  d i s e a s e  experience from t h e  s tandard  populat ion i s  a v a i l a b l e ,  

i t  i s  of i n t e r e s t  t o  compare t h e  death r a t e  o f  t h e  r a d i a t i o n  workers with t h a t  

o f  t he  s tandard  populat ion.  A formal s e t  up can be descr ibed  a s  fo l lows .  

Denote by ui t h e  observa t ion  time f o r  t h e  i t h  r a d i a t i o n  worker. Let ai ( u )  
* 

be t h e  i t h  worker 's  r i s k  of dying from leukemia a t  t ime u and l e t  ' i ( u )  be 

t h e  corresponding r i s k  f o r  a worker from the s tandard populat ion who sha re s  

t h e  same demographic information (age,  sex,  race ,  ca lendar  t ime, and, i f  

necessary,  t h e  geographic l oca t ion  of t h e  shipyard)  a s  t h e  i t h  r a d i a t i o n  

worker. The f o l l  owing model 

Xi ( u )  = exp ( p )  k i  ( u )  

expresses  t h e  r i s k  f o r  a group of  nuc lear  workers a s  a simple mu l t i p l e ,  

exp(b) ,  of  t h e  r i s k  i n  t h e  s tandard populat ion.  This m u l t i p l i e r  i s  known a s  

t h e  s tandard ized  m o r t a l i t y  r a t i o  (SMR = exp(b) ) ,  f o r  t h e  p a r t i c u l a r  group of  

I 
nuclear  workers.  I t  should be noted t h a t  t h e  only unknown parameter i n  

model (1)  i s  exp(b) ;  t h e r e f o r e ,  t h e  usual maximum l ike l ihood  approach can be 

used t o  make inferences  on t h e  SMR (Breslow, 1977, 1978). 

I One major drawback of  model (1) i s  t h a t  t h e  v a r i a t i o n s  among workers i n  

d a t e  and age a t  f i r s t  employment, job c l a s s i f i c a t i o n ,  du ra t i on  of  employment 
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2 Methods 
2.11 S t a t i s t i c a l  Methods (cont 'd) 

p r i o r  t o  en t ry ,  shipyards worked, and more important ly ,  amount o f  r a d i a t i o n  

exposure, a re  no t  taken i n t o  account. Two approaches are poss ib le  t o  inc lude 

such in fo rmat ion  i n  a model. One i s  t o  f u r t h e r  d i v i d e  workers i n t o  s t r a t a  and 

compute a separate SMR f o r  each stratum provided t h a t  comparable data f o r  the  

external  comparison group are avai 1 abl e. Another approach i s  t o  rep1 ace 

exp(b) i n  (1) by 
(2) 

exp (p'zi) ,.. - 
where zi represents the  ava i l ab le  in fo rmat ion  from the  i t h  worker. While 

these two approaches are h e l p f u l  i n  co r rec t i ng  the  problems noted above, a 

ser ious problem posed by most occupational s tudies s t i l l  remains. That i s ,  

exposure and f o l l  ow-up per iods over1 ap; consequently, cumulat ive exposures are 

genera l l y  g rea tes t  f o r  those longest  i n  t he  study and underest imation o f  the 

SMRs w i l l  be the  r e s u l t  when data are analyzed by cumulat ive exposure 

(Enter1 ine, 1976). To be more spec i f i c ,  should a worker who accumulated 10 

rem over t h e  course o f  a working career, bu t  who has had o n l y  5 o f  those rem 

i n  t h e  10 years j u s t  p r i o r  t o  the  diagnosis o f  lung cancer, be t rea ted  the  

same as an i n d i v i d u a l  who received 10 rem 10 years ago and developed the  

cancer 10 years a f t e r  h i s  l a s t  exposure? I f  10 rem were assigned t o  the  f i r s t  

worker, t h e  SMR f o r  t h e  10 rem DE category w i l l  be underestimated. 

A more appropr iate approach i s  t o  use the  " t ime dependent" concept 

in t roduced by Cox (1972) and t o  replace the  z i  i n  (2)  by zi (u). 

Conceptually, a worker may con t r i bu te  person-years t o  several exposure groups 

bu t  w i l l  c o n t r i b u t e  an event (o r  be censored) i n  o n l y  one group. 



2 Methods 
2.11 Statistical Methods (cont'd) 

Internal Comparison 

There are a number of obvious deficiencies in the external comparison 

approach, the most prominent of which is the so called "healthy worker 

effect. " The avai 1 abi 1 i ty of a reasonably 1 arge population of non-nucl ear 

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 foll ow-up interval s and exposure periods may eventually 1 ead to 

insol uble 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 inferenti a1 discrepancies between the two approaches would 

have to be resolved. 



2 Methods 
2.11 S t a t i s t i c a l  Methods (cont 'd)  

Denote by t the  age a t  the t ime o f  death from leukemia. The model we 

propose i s  

where k ( t ,  k )  denotes the  leukemia death r a t e  a t  age t. The i n d i c a t o r  

va r i ab le  k  i s  used here t o  i n d i c a t e  the  l e v e l  o f  s t r a t i f i e d  va r iab les  ( b i r t h  

year, j o b  c l a s s i f i c a t i o n ,  t ime o f  f i r s t  h i r e  i n  yard, etc . )  t o  which the  

worker be1 ongs. The covar i  ates Z (  - t l  k)  i n c l  ude the  exposure var iab les  and 

some o ther  p o t e n t i a l l y  confounding var iab les  which may o r  may n o t  depend on 

time. The q u a n t i t y  e x ~ { ~ h ( t , k ) I  - - i s  then the  r i s k  o f  Z r e l a t i v e  t o  0 a t  

* 
t ime t. F i n a l l y ,  ( t l k )  i s  the  death r a t e  when z = 0 - 9 i .e., t he  death r a t e  

f o r  non- rad ia t ion  workers, which i s  unknown and needs t o  be est imated as we l l .  

To est imate the  parameter pkys ,  - the  workers who d ied  from leukemia are 

i d e n t i f i e d .  For each such death, a  r i s k  se t  i s  formed c o n s i s t i n g  o f  a l l  

workers who are a l i v e  and under observat ion a t  the  same age and who belong t o  

the  same l e v e l  o f  s t r a t i f i e d  var iab les  as the  corresponding case(s).  A 

comparison i s  then made between the  covar iates o f  cases and t h e  covar ia tes  o f  

those a1 i v e  i n  t he  same r i s k  set .  I n  us ing du ra t i on  o f  fo l low-up as the  t ime 

var iab le ,  t h e  pe r iod  from e n t r y  i n t o  r a d i a t i o n  work o r  t he  comparable dummy 

v a r i a b l e  f o r  non-nuclear workers t o  the  t ime o f  death w i l l  be used t o  form the  

r i s k  s e t  ins tead o f  age a t  death. 

Two d i f f e r e n t  analyses w i l l  be considered i n  t he  study. One i s  simply 

t o  t r e a t  t h e  exposure v a r i a b l e  as a  dichotomous var iab le ,  i . e., one, i f  

exposed t o  r a d i a t i o n  and zero, i f  otherwise. Note t h a t  t he  score t e s t  f o r  

t e s t i n g  the  r a d i a t i o n  e f f e c t  o f  t h i s  model, based on the  p a r t i a l  l i k e l i h o o d  
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2.11 Statistical Methods (cont'd) 

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 a1 ive. 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 foll owing "case-cohort" (hi s 

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 di agnostics can be addressed. 

Goodness-of-fit 

The following two implicit assumptions are essential to the Cox 

proportional hazards model . First , the covari ates act mu1 t i pl i cat i vely 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 + FZ, 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. 

Out1 i er 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 5 independent of t, then, for each k, the cumulative hazard 

transformation: 
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2.11 Statistical Methods (cont 'd) 

has the  u n i t  exponential  d i s t r i b u t i o n .  So by p l o t t i n g  

where - B k  and fi  are t h e  estimates o f  Pk - and H against  expected order  

s t a t i s t i c s  provides a  check o f  t he  assumed model (3). More important ly ,  any 

observat ion which i s  f a r  from the  approximate s t r a i g h t  l i n e  may be an o u t l i e r .  

However, there  are two drawbacks t o  the  above approach. F i r s t ,  as pointed out  

by Lagakos and Schoenfeld (1981), t h e  d i s t r i b u t i o n  o f  e,, which approximates 

(4) ,  departs substant i  a1 l y  from the  presumed d i s t r i b u t i o n .  Second, the  

extension o f  t h e  above work t o  t ime dependent s i t u a t i o n s  i s  n o t  c l e a r .  

Recently, a  d i f f e r e n t  approach by examining the  " in f luence"  o f  each data p o i n t  

on t h e  es t imat ion  of parameters has been worked out  by Storer  and Crowley 

(1985) which can be used t o  address the  above problems. 

Model speci f i cation 

One of t h e  s t a t i s t i c a l  issues i n  the  va r iab le  se lec t i on  i s  t o  decide 

whether a  v a r i a b l e  should be included i n  the  model and whether a  quadrat ic  

form, f o r  example, i s  more appropr iate f o r  t he  covar ia te  already i n  the  model. 

Lagakos and Schoenfel d  (1981) defined, fo r  each ind i v idua l ,  t he  res idua l  under 

the  Cox model and showed t h a t  the  expectations o f  these newly def ined 

res idua ls  are approximately one and hence are independent o f  t h e  f i t t e d  

covar i  ates. Therefore, p l o t t i n g  the  ordered res idua ls  against  t h e  ordered 

covar i  ates should provide useful graphical  evaluat ion o f  covar i  ates, e i  t h e r  

i n c l  uded o r  omi t t ed .  

A quest ion of i n t e r e s t  t o  a  c e r t a i n  degree i s  whether a  va r iab le  should 
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2.11 S t a t i s t i c a l  Methods (cont 'd) 

be t r e a t e d  as a cova r ia te  and put  i n t o  the  exponent o f  the  r i s k  func t i on  o r  

should i t  be used as a s t r a t i f i c a t i o n  var iab le .  The former approach w i l l  

enable us t o  make statements about t he  e f f e c t  o f  t h a t  va r i ab le  on the  outcome, 

death from leukemia. However, we are forced i n  t he  meantime t o  make a much 

st ronger s t r u c t u r a l  assumption on t h a t  va r i ab le  than the  1 a t t e r  approach does. 

Kay (1977) and Andersen (1982) o f f e r  ways t o  make the  c o r r e c t  decis ion.  

Recently, more a t t e n t i o n  has been g iven t o  the  model l ing o f  the  temporal 

nature o f  t h e  excess m o r t a l i t y .  This  may be appropr iate f o r  t h e  s tud ies  i n  

which the  fo l low-up pe r iod  i s  long o r  the  m o r t a l i t y  excess from the  agent 

occurs w i t h i n  a r e l a t  

Andersen (1984) 

i ve ly  narrow 1 atency . 
proposed the  f o l  1 owi ng model 

* 
ili(u) = li(u) v(u)exp(PfZi(u)) 

(6 1 
- - 

where Ai(u) i s  t he  same as i n  (1) and m(u) i s  an unknown under ly ing  excess 

m o r t a l i t y ,  i.e., t he  excess m o r t a l i t y  a t  u f o r  an i n d i v i d u a l  e'z(u) = 0. 

Thus, the  covar ia tes  z ( u )  are assumed t o  have a m u l t i p l i c a t i v e  e f f e c t  on the  

excess m o r t a l i t y .  I t should be pointed out  t h a t  t h e  model (2)  i s  t he  specia l  

case m(u) = 1 o f  (6). It assumes constant excess m o r t a l i t y  across t ime and i s  

f u l l y  parametr ic.  Model (6) i s  more f l e x i b l e  s ince i t  does n o t  r e q u i r e  

s p e c i f i c a t i o n  o f  t he  under ly ing  excess m o r t a l i t y .  

No a d d i t i o n a l  computational problem w i l l  occur f o r  (6) s ince  i t  can be 

* 
Thus t h e  l o g  Xi(=) enters  i n t o  the  m o r t a l i t y  func t ions  as a time-dependent 
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covariate with a known regression coefficient equal to 1. Consequently, any 

computing package hand1 ing 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 

A(u; t) = w(t) + f(d) - p ( u ;  2; d), - - (8) 

where $ is a vector containing exposure information and 5 is a vector of 

nonexposure covariates. 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. 

A1 1 the analyses we described above will be preceded by some prel iminary 

analyses, namely, by grouping the data so that the elementary contingency 

table analyses can take place (Holford, 1980; Berry, 1983; Pierce, et a1 . , 
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 exposure as a function o f  time 

will be undertaken. The results will be used for descriptive purposes and 

might play a role in specification of the radiation variable in the regression 
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model s . 
If any statistically significant dose-response relationships are 

detected, they will be compared with existing estimates (BEIR 111, for 

example) for consistency . 
Avai 1 able statistical software have been used where possible incl udi ng 

GLIM, SAS and BMDP. Other commercial software from the University of 

Washington which will be used include: 

COXREG - Internal compari son with mu1 ti pl i cati ve model s 

EPICOX - External comparisons with mu1 tip1 icative models (SMR's) 

PECAN - Conditional logistic regression models for matched data sets 

(includes diagnostics for Cox's model, logistic regression 

model s) . 
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 mesothel ioma will be examined for each group in the sample, 20.5 rem 

workers, (0.5 rem workers, and non-nuclear workers. The group of 20.5 rem 

workers was also examined by dose within the group using a 1 ife 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 not added to 

the total cumulative dose. 



3 Resu l t s  
3.1 C h a r a c t e r i s t i c s  o f  Population f o r  Analysis  and Total  Moral i t y  

The i n i t i a l  sample was s e l e c t e d  t o  include a l l  workers with 20.5 rem DE 

accumulated by January 1 ,  1982 and a proport ion of  t hose  with <0.5 rem 

accumulated t o  t h e  same d a t e .  The add i t i on  of  t h e  sample of  non-nuclear 

sampl e workers r e s u l t e d  i n  an o r i g i n a l  sample of  72,357. However, a f t e r  

s e l e c t i o n ,  39 workers were de l e t ed  due t o  e d i t s  which r e s u l t e d  i n  

sample of 72,318. As shown i n  Table 3.1.A., 603 add i t i ona l  d e l e t  

a t r u e  

ions  occurred 

f o r  t h e  c u r r e n t  a n a l y s i s  because of  i n t e rya rd  d u p l i c a t e s .  Thus, t h e  s t a r t  

population was 71,715 a s  ind ica ted  by t h e  groups i n  Pa r t  A of  Table  3.1.8. 

Another 985 workers were excluded i n  subsequent s t e p s  due t o  i n c o r r e c t  o r  

missing v a r i a b l e s  (766),  apparent unreasonable ages a t  s t a r t  of  empl oyment 

s t a r t  o f  follow-up (44) ,  and missing d a t e s  of  dea ths  (167). The t o t a l  

populat ion inc ludes  70,730 workers f o r  a n a l y s i s  i n  Pa r t  B, Table 3.1 .B. 

Workers who belonged t o  t h e  (0.5 rem group en t e r ed  follow-up a t  t h e  t ime 

o f  e n t r y  i n t o  t h e  r a d i a t i o n  monitoring program. This  was represen ted  a s  t h e  

t ime when t h e  worker received t h e  f i r s t  dosimeter  reading even i f  t h a t  reading 

was zero .  Nuclear workers i n  t h e  group with DEs of  0.5 rem o r  g r e a t e r  d i d  not 

f o l l  ow-up u n t i l  a t  l e a s t  0 .5  rem had been reached a s  t h e  t o t a l  accumulated DE 

a t  t h e  end o f  t h a t  year .  I f  any worker had a recorded y e a r  o f  e n t r y  before  

nuc l ea r  overhaul ,  t h e  yea r  of  s t a r t  of  follow-up was equated t o  t h e  yea r  

overhaul began. Non-nuclear workers were s e l ec t ed  i n i t i a l l y  t o  be s i m i l a r  t o  

t h e  workers with DEs of 0.5 rem o r  more i n  regard t o  t h e  t o t a l  du ra t i on  worked 

p r i o r  t o  t h e  y e a r s  of s t a r t  of  nuc lear  work f o r  t h e  NW,,., group. In each - 
s t ra tum,  t h e  non-nuclear worker had t o  have worked a t  l e a s t  a s  long o r  longer  

than t h e  20.5 rem nuc lear  workers t o  whom they  were compared by t h e  year  when 

t h e  nuc lear  worker had s t a r t e d  nuc lear  work. The two groups were s e l e c t e d  t o  
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be s i m i l a r  on t h e  d i s t r i b u t i o n  of  t imes worked before  the s t a r t  of  t h e  NW,,., - 
group in  t h e  nuclear  program. A dummy v a r i a b l e  was en te red  i n t o  t h e  record of 

t h e  non-nuclear workers s e l e c t e d  in  each s t ra tum which represen ted  the t imes 

of e n t r y  of nuc lear  workers i n t o  r a d i a t i o n  work. This  s t a r t  t ime represented 

t h e  s t a r t  of f o l  1 ow-up f o r  non-nucl e a r  workers. 

The age d i s t r i b u t i o n s  of  t h e  non-nuclear workers and t0.5 rem groups 

have a h igher  proport ion of  workers under the age 25 and over  55 o r  60 a t  

e n t r y  i n t o  follow-up than would be expected compared t o  t h e  20.5 rem group and 

weighted by t h e  sampling r a t i o .  These d i s t r i b u t i o n s  a r e  shown i n  Table 

3.1.Al. However, i n  gene ra l ,  t h e  balance i s  good. Some of  the d i f f e r e n c e  i s  

due t o  t h e  requi red  de lay  i n  s t a r t  of  follow-up f o r  t h e  20.5 rem group u n t i l  

they had met t h e  minimum c r i t e r i o n  of  dose. Based on t h e  median ages of  e n t r y  

i n t o  follow-up, t h e  median time i n t e r v a l  t o  accumulate 0.5 rem must be 0.7 

yea r s .  

The s t a r t  o f  major nuc lear  overhaul var ied  by sh ipyard ,  beginning i n  

1957 with Groton and ending with Puget Sound i n  1967. The median ca lendar  

y e a r  o f  e n t r y  i n t o  follow-up r e f l e c t s  t h e  s t a r t  of  overhaul f o r  t h e  combined 

yards .  The ongoing populat ion was e s t ab l i shed  from t h a t  time forward. Table 

3.1.AZ i n d i c a t e s  t h a t  t h e  major proport ion o f  t h e  nuc lear  worker populat ion 

en te red  follow-up i n  1965-1969 with t h e  median y e a r  being 1967.0 f o r  the (0.5 

rem and 1968.1 f o r  t h e  20.5 rem group. Only h a l f  o f  the populat ion has been 

followed f o r  13 y e a r s  o r  more (median length  of  follow-up 13 y e a r s ) .  Even 

t h i s  follow-up i s  a re1 a t i v e l y  s h o r t  per iod i n  which t o  expect  development of  

many so l  i d  tumors. 
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The d i s t r i b u t i o n  of  dea ths  by age group and ca lendar  t ime i n d i c a t e s  

major d i f f e r e n c e s  i n  both of  t h e s e  v a r i a b l e s  by sample groups (Table 3.1.A3). 

The dea ths  a r e  in f requent  i n  t h e  f i r s t  decade p r imar i l y  due t o  t h e  

es tab l i shment  o f  t h e  i n i t i a l  cohort  during t h a t  per iod.  In t h i s  per iod ,  a s  in  

a l l  subsequent t ime i n t e r v a l s ,  t h e  number of  dea ths  i s  much g r e a t e r  i n  t h e  

non-nuclear worker group than i n  t h e  20.5 rem group and exceeds t h e  expected 

excess  due t o  t h e  over-sampl ing f r a c t i o n  i n  t h e  non-nuclear worker group. 

This  d i f f e r e n c e  a l s o  occurs  d e s p i t e  t h e  f a c t  t h a t  t h e  groups a r e  balanced by 

age. Deaths i n  t h e  1975-1981 per iod r ep re sen t  a l a r g e r  proport ion of a l l  

dea ths  among t h e  20.5 rem populat ion than i n  t h e  o t h e r  groups (Table 3 .1  .A3). 

S e l e c t i v e  f a c t o r s  which lead  t o  t h e  accumulation o f  higher  doses  o f  r a d i a t i o n  

and longer  su rv iva l  have probably r e s u l t e d  i n  fewer dea ths  i n  t h e  20.5 rem 

group d e s p i t e  t h e  s l i g h t l y  o l d e r  median age of  t h a t  group compared t o  the 

o t h e r  groups a t  s t a r t  of  follow-up. 

The m o r t a l i t y  of  each group i s  d i sp layed  in  t h e  t a b l e s  f o r  s e c t i o n s  3.1- 

3.5.  The ana lyses  i n  each o f  t h e s e  s ec t i ons  inc lude  crude a l l  cause m o r t a l i t y  

r a t e s  and dea th  r a t e s  f o r  t h e  fol lowing s p e c i f i c  causes: leukemia, lymphatic 

and hematopoi e t  i c cancer ,  1 ung cancer  and mesothel i oma. These same causes  

have been analyzed and ad jus ted  f o r  age and ca lendar  t ime using an i n d i r e c t  

adjustment with U.S. white male r a t e s  a s  t h e  s tandard.  

A t o t a l  920,907 person-years  was used i n  t h e  a n a l y s i s  with 38.7 percent  

of t h e s e  person-years  d i s t r i b u t e d  i n  t h e  20.5 rem group, 15.2 percent  i n  t h e  

~ 0 . 5  rem group and 46.2 percent  i n  t h e  non-nuclear worker group. The worker's 

person-years  were c r ed i t ed  from e n t r y  i n t o  follow-up with 1/2 yea r  counted f o r  

both t h e  y e a r  of e n t r y  and t h e  year  of death and a f u l l  y e a r  f o r  any o t h e r  
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per iod of  observa t ion  a f t e r  en t ry .  The only except ion was f o r  workers who 

en te red  and d ied  i n  t h e  same per iod,  i n  which case  they  were c r e d i t e d  with 1/3 

yea r .  As s t a t e d  prev ious ly ,  t h e  y e a r  of  e n t r y  o f  t h e  20.5 rem group 

r ep re sen t s  t h e  f i r s t  y e a r  i n  which they have accumulated a DE o f  0.5 rein o r  

g r e a t e r .  As seen i n  Table 3.1 .B . ,  t h e  ove ra l l  crude dea th  r a t e s  f o r  workers 

i n  both nuc lear  groups a r e  lower than i n  t h e  non-nuclear worker group and t h e  

lowest r a t e  i s  f o r  the workers in  t h e  10 .5  rem group. The ad jus ted  SMRs shown 

i n  t h e  l a s t  l i n e  of t h e  t a b l e  i n d i c a t e  t h a t  nuc lear  workers have s i g n i f i c a n t l y  

lower death r a t e s  than those  of  t h e  U.S. white  male populat ion whereas t h e  

non-nuclear worker group has a r a t i o  s i m i l a r  t o  t h a t  of  t h e  s tandard  

populat ion.  The m o r t a l i t y  r a t i o  of  0.76 f o r  t h e  20.5 rem group probably 

r e p r e s e n t s  no t  only t h e  usual hea l thy  worker s e l e c t i o n  b i a s  found i n  

occupat ional  popul a t i o n s  but a1 so  an add i t i ona l  s e l e c t i o n  b i a s  which occurs  a t  

e n t r y  of  t h e  worker i n t o  r a d i a t i o n  work and occurs  again when t h e  workers a r e  

s e l e c t e d  by t h e  f a c t  t h a t  they  have reached 2 0.5 rem o r  more. 

Tables  3.1.C and 3.1.Cl examine t h e  r i s k s  o f  m o r t a l i t y  i n  t h e  t h r e e  

groups with t h e  10.5 rem group divided according t o  cumulative DE i n t o  t h r e e  

(Table 3.1.C) o r  f o u r  s epa ra t e  subgroups (Table 3.1.Cl). The crude r a t e s  in  

Pa r t  A i n d i c a t e  t h a t  t h e  dea th  r a t e s  decrease  with i nc reas ing  DE. Since both 

age and su rv iva l  t ime may be c o r r e l a t e d  with increas ing  DEs, f o r  t h e s e  

ana lyses ,  t h e  workers' person-years a r e  no t  just accumulated i n  a s i n g l e  dose 

group but  a r e  d i s t r i b u t e d  ac ros s  a l l  DE groups t o  which t h e  worker belonged a s  

he accumulated t h e  f i n a l  dose.  This  i s  des igna ted  a s  a "time-dependent" 

ana lys i s .  The t 0 . 5  rem group and the non-nuclear worker group were handled a s  

ind iv idua l  groups. Using time-dependent ana lyses  and age and ca l enda r  t ime 
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adjustment o f  ra tes ,  there  i s  s t i l l  a  dec l i ne  i n  t he  h ighes t  DE subgroup 

whether t h a t  subgroup i s  5.0' rem o r  i s  10.0' rem. Th is  decl i n e  i n  m o r t a l i t y  

may represent su rv i va l  b ias  even w i t h  f i n e r  subdiv is ions o f  dose groups. That 

i s ,  the i n d i v i d u a l  who cont inues t o  accumulate dose must cont inue t o  surv ive.  

The i n d i v i d u a l  who d ies  may terminate work p r i o r  t o  death and thus stop adding 

dose. Thus, t h e  hea l thy  person cont inues t o  work and accumulate dose; the  

unhealthy person cannot work and so w i l l  no t  rece ive  a dose and may soon d ie .  

I n  t he  case o f  a chronic  disease, t he  dose needed t o  cause t h e  disease 

may occur several years before the  c l i n i c a l  onset o f  disease and these may be 

add i t i ona l  years before death, t he  outcome used i n  t h i s  study. I n  order  t o  

account f o r  t he  l a t e n t  per iod  before the  disease i s  manifest,  f o u r  " l a g  

per iods"  have been used. These per iods represent se lected t ime i n t e r v a l  s 

before death when no add i t i ona l  dose has been added t o  the  cumulated DE. Any 

DE occu r r i ng  i n  t h a t  per iod  i s  omitted. These DE reduct ions are imposed on 

both the  diseased and non-diseased subjects i n  a l l  groups. This  adjustment 

would be expected t o  improve the  problem o f  su rv i va l  b ias  as we l l .  However, 

t he  number o f  cases i s  a lso  reduced by lagging. Any case occur r ing  w i t h i n  the  

l a g  pe r iod  i s  omit ted. 

I n  comparing r a t i o s ,  t he  0.5 - 0.999 rem group was used as a comparison. 

That group represents a l l  workers who no t  on ly  reached t h a t  l e v e l  bu t  any o f  

t he  h igher  dose groups as we l l  ; thus, the  0.5 - 0.999 rem subgroup inc luded 

a l l  t h e  popu la t ion  i n  t he  20.5 rem group. The < 0.5 rem group have the  same 

s e l e c t i v e  f a c t o r s  o f  enro l lment  i n  t he  r a d i a t i o n  program as the  h igher  l e v e l  
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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 mortal i ty with dose. The NNW 

group was not selected for nuclear work and was viewed as representing the 

mortal i ty of a1 1 shipyard workers. 

As seen foll owing "1 agging" , the standardized mortal i ty 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 t0.5 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 10.5 

rem group, only 20 percent remain. The small numbers at these long 1 ag period 

represent the limited follow-up which still exists i n  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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Table  3.1.A Derivat ion o f  Analysis  Subset 

S t a r t i n g  populat ion:  a l l  members of  NW, NW,, and NNW s tudy 
sample from t h e  s i x  Navy yards:  ~ h a r f e s t o n ;  bfare Is1 and, Norfol k, 
Pear l  Harbor, Portsmouth and Puget Sound (N = 49,809) and t h e  2 
p r i v a t e  yards:  Groton (N=13,725) and Newport News (N = 8,784) 
t o t a l l i n g  72,318 workers. A t o t a l  o f  39 workers were d e l e t e d  from 
t h e  o r i g i n a l  sample (N = 72,357) due t o  e d i t s  from t h e  sh ipyards .  

Exclude 603 in t e r -ya rd  d u p l i c a t e s  (N = 71,715) 

Exclude workers no longer  e l i g i b l e  f o r  i nc lu s ion  i n  sampling frame 
due t o  e d i t s  a s  follows: 62 workers no longer  i n  sampled dose 
group,98 non- shipyard workers, 94 workers working less than 1 y e a r  
i n  t h e  shipyard,  250 women, and 262 workers with missing d a t a  f o r  
the s t r a t i f i c a t i o n  v a r i a b l e s  (N = 70,949) 

Exclude workers due t o  un l ike ly  o r  i nva l id  d a t a  a s  fol lows:  44 
workers less than 16 o r  g r e a t e r  than 80 yea r s  o f  age a t  e n t r y  i n t o  
t h e  r a d i a t i o n  program, 8 workers l e s s  than 18 o r  g r e a t e r  than 91 
y e a r s  of  age a t  death o r  with yea r  of  dea th  less t h e  y e a r  of  e n t r y  
i n t o  follow-up (N = 70,897) 

Exclude 167 workers with unknown d a t e  of  dea th ;  no t  a l l  d a t e s  of 
dea th  have been confirmed by c e r t i f i c a t e  review (N = 70,730) 

I d e n t i f y  cumulative r a d i a t i o n  exposure a s  of  1/1/82: 

32,510 workers a r e  non-nucl e a r  
10,348 workers have (0.5 rein exposure 
18,788 workers have 20.5-4.9 rem exposure 
9,084 workers have 25.0 rem exposure 

Person-years accumul a t i  on: each worker r ece ives  c r e d i t  f o r  1/2 y e a r  
of observa t ion  during t h e  e n t r y  yea r  and yea r  of  dea th ,  and 1 f u l l  
y e a r  of observat ion otherwise;  workers who e n t e r  and e x i t  during 
t h e  same yea r  received c r e d i t  f o r  1/3 yea r  o f  observa t ion .  Person- 
y e a r s  a r e  counted from year  of e n t r y  i n t o  follow-up t o  y e a r  of  
dea th  o r  1981. Year of  e n t r y  i n t o  follow-up i s  def ined  as :  year  
of  e n t r y  i n t o  shipyard ad jus ted  f o r  minimum dura t ion  worked f o r  
NNW, y ea r  of  e n t r y  i n t o  r a d i a t i o n  program f o r  NW,,.?, and yea r  o f  
e n t r y  i n t o  r a d i a t i o n  program o r  yea r  0 .5  rem l i f e t i m e  exposure 
rece ived  f o r  NW,,-S. Addi t iona l ly ,  i f  any y e a r  of  e n t r y  i s  before  
nuc lear  overhaut i n  t h e  shipyard,  i t  i s  equated t o  t h e  y e a r  
overhaul began. 

Total  person-years observed = 920,907 

(cont 'd)  
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Tab1 e 3.1 .A Der i va t i on  o f  Analys is  Subset (cont 'd) 

Data items inc luded i n  the  ana lys is  subset include: (1) soc ia l  
s e c u r i t y  number (2 )  ya rd  (3) date o f  b i r t h  (4) year o f  e n t r y  i n t o  
ya rd  (5) year o f  en t r y  i n t o  " r a d i a t i o n  program" (6) year o f  e n t r y  
i n t o  fo l low-up (7) du ra t i on  worked i n  shipyard (8) grouped j o b  
hazard index (9) v i t a l  s ta tus  i n d i c a t o r  (10) date o f  death (11) 
death c e r t i f i c a t e  cause o f  death - ICD-9 (12) cause o f  death - 
medical abs t rac ts  (13) annual exposure i n  m i l l  i rem f o r  each year  o f  
fol low-up (14) cumulat ive exposure i n  m i l l i r e m  f o r  each year  o f  
f o l  low-up (15) p r i o r  exposure i n  m i l  1 i rem 
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Table 3.1.Al Population by Age at Time of Entry into Foll owup by Dose 
Equivalent Group 

Ages - > 0.5 rem < 0.5 rem NNW 

25-29 

30-34 

35-39 

40-44 

45-49 

50 - 54 

55-59 

60-64 

65-69 

70+ 

Total 

Median age 
at entry 
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Table 3.1.A2 Population by Year of Entry Into Followup by Dose 
Equi val ent Group 

Calendar - > 0.5 Rem < 0.5 Rem NNW 
Year Start 

Foll owup 

Total 27,872 

Median year 
o f  entry 1968.1 
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Tab1 e 3.1 .A3 Deaths by Age and Year o f  Death fo r  Each Dose Equivalent Group 

Aae G r o u ~  (Years) 
DE Group by 

t40 40-49 50-59 60-69 70+ Death Year Tot a1 

NNW 1955-64 4 1 3 1 7 1 58 22 223 

Total 5 9 5 5 118 80 2 5 337 

> 0.5 NW 1965-74 - 109 17 1 33 1 205 36 852 

< 0.5 NW 1965-74 5 5 77 126 116 32 406 

NNW 1965 - 74 192 297 458 445 210 1,602 

Total 3 56 545 915 766 278 2,860 

NNW 1975-81 154 242 493 514 5 17 1,920 

Total 266 424 1,005 1,212 829 3,736 
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Table 3.1.B Deaths From A1 1 Causes, Person-Years and Death ~ a t e s '  
f o r  NNW, NW, , and NW, , - 

NW>0.5 - NW<o.5 NNW 

Part  A. A l l  Workers Sampled 

Workers i n  sample 28,089 10,413 33,213 

Tota l  deaths 2,797 1,168 4,453 

Part  B. Workers fe lected f o r  
Analysis 

Workers i n  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 

S M R ~  0.76 0.81 1.00 
(95% c.I.)~ (0.73, 0.79) (0.76, 0.86) (0.97, 1.03) 

' Rates ca l  cu l  ated per  1,000 person-years. 

See Table 3.1.A f o r  d e r i v a t i o n  o f  ana lys is  subset. 

Adjusted f o r  deaths excluded from analys is  due t o  unknown date  o f  death. 

Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment 
us ing age-calendar t ime s p e c i f i c  ra tes  f o r  U.S. wh i te  males. 

C. I. = 95% Confidence I n t e r v a l s  
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Table 3.1.C A11 Cause Mortality for NNW, NU,-,, and 3 Recorded DE ~ r o u ~ s '  Within 
NW>0-5 - 

0.5- 1 .O- 5.0t NW<o.5 NNW 

Part A. Unadjusted 
Workers 5,431 
Person-Years 69,489 
Deatbs 454 
Rate per  1,000 6.7 

Par t  B. ~ d j u s t e d ~  
SMR 0.72 
R e l a t i v e R i s k  1.00 
(95% C.I.) 

Par t  C. Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 430 
SMR 0.70 
R e l a t i v e  R isk  1.00 
(95% C.I.) 

Lag: 5 years 
Deaths 385 
SMR 0.72 
Re la t i ve  R isk  1.00 
(95% C.I.) 

Lag: 10 years 
Deaths 280 
SMR 0.76 
Re la t i ve  R isk  1.00 
(95% C.I.) 

Lag: 15 years 
Deaths 145 
SMR 0.83 
R e l a t i v e  R isk  1.00 

318 9 2 270 898 
0.94 0.79 0.90 1.02 
1.13 0.95 1.08 1 .23 

(95% C.I.) (0.93,1.39) (0.72,1.24) (0.88,1.34) (1.03,1.47) 

' DE groups f o r  the  NW,,. are t ime dependent, ie. ,  a worker cou ld  con t r i bu te  
person-years t o  e d  o f  the  3 dose groups. 

Adjusted f o r  deaths excluded from ana lys is  due t o  unknown date o f  death. 
Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment 

us ing  age-calendar t ime s p e c i f i c  ra tes  f o r  U.S. whi te males. 



c l e a r  shipyard workers study == 

3.1 Characteristics of Population for Analysis and Total Mortality (cont 'd)  

Table 3 .1 .C l  A l l  Cause Mor t a l i t y  f o r  NNW, NWaS5 and 4 Recorded DE ~ r o u ~ s l  
Within NWSO - 

0 . 5 -  1 . 0 -  5 .0 -  lo+ NW<o. 5 h i  

P a r t  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 4  54 1 ,110  367 284 9 7 3 3,745 
 ate^ pe r  1 ,000  6 . 7  6 .6  5 .9  5 .8  7 . 1  9  . O  

P a r t  B .  ~ d j u s t e d ~  
SMR 0.72 0.79 0.76 0.72 0 . 8 1  1.00 
Re la t i ve  Risk 1 . 0 0  1 .10  1 .06  1.00 1 .13  1 .39  
(95% C . I . )  (0 .98 ,1 .23)  (0 .92 ,1 .22 )  ( 0 . 8 6 , 1 . 1 6 )  (1 .01,1.26)  (1 .26.1.53)  

P a r t  C .  Adjusted 
With Time Lags 
Lag: 2  y e a r s  

Deaths 430 
SMR 0.70 
Re la t i ve  Risk  1 .00  
(95% C . I . )  

Lag: 5 yea r s  
Deaths 385 945 308 231 812 2,991 
S MR 0.72 0.78 0.83 0 . 8 1  0.83 1.00 
Re la t i ve  Risk  1.00 1.08 1 .15  1 .13  1.15 1 .39  
(95% C . I . )  (0 .96,1.22)  (0 .99,1.34)  (0 .95 ,1 .33)  (1.02,1.30) (1.24,1.55) 

Lag: 10 y e a r s  
Deachs 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 y e a r s  
Deaths 14  5 318 64 28 270 898 
SMR 0.83 0.94 0.79 0.84 0.90 1.02 
Re la t i ve  Risk  1 . 0 0  1.13 0 .95  1 . 0 1  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 f o r  t h e  NW,o.5 are t i m e  dependent,  i e . ,  a worker cou ld  c o n t r i b u t e  person-years  
t o  each o f  t h e  3 a o s e  groups. 

Adjusted f o r  d e a t h s  excluded from a n a l y s i s  due t o  unknown date of dea th .  
Adjusted f o r  age and ca l enda r  t i m e  w i t h  t h e  i n d i r e c t  method o f  adjustment  u s ing  age- 

ca lendar  t i m e  s p e c i f i c  rates f o r  U.S. whi te  males. 



3 Resul ts  
3.2 M o r t a l i t y  from Leukemia 

The ana lys is  o f  m o r t a l i t y  from leukemia has fo l lowed the  same methods as 

described f o r  t o t a l  m o r t a l i t y .  The crude death r a t e s  per  100,000 workers are 

h ighest  f o r  t h e  non-nuclear worker group (7.36) bu t  w i t h  a s i m i l a r  r a t e  f o r  

t h e  20.5 rem group (6.40) and a very 1 ow r a t e  f o r  t h e  <0.5 rem group (3 .O7). 

I n d i r e c t  s tandard iza t ion  o f  t he  r a t e s  by age and calendar t ime cause s p e c i f i c  

ra tes  f o r  U.S. wh i te  males i nd i ca tes  t h a t  t he  leukemia m o r t a l i t y  r a t e s  f o r  a l l  

groups are lower than the  death r a t e  f o r  t h a t  disease i n  t he  general 

populat ion.  The SMR f o r  t he  NU,,., g roup i s  remarkably low being on l y  

42 percent o f  t h e  m o r t a l i t y  i n  the  general populat ion.  However, none o f  these 

r a t i o s  are s i g n i f i c a n t l y  d i f f e r e n t  from those o f  t he  general popu la t ion  o f  

U.S. wh i te  males. 

When the  adjusted death r a t i o s  f o r  leukemia are examined by DE 

subgroups, i n  t he  20.5 rem group, t he  SMR fo r  the  group a t  0.5-0.9 rem i s  

c lose  t o  t h a t  o f  the  (0.5 rem group and very low, about 40 percent  o f  the  r a t e  

f o r  t h e  general populat ion.  The SMR i s  h igher  f o r  t he  DE subgroup o f  

1.0-4.9 rem, b u t  there  i s  no i n d i c a t i o n  o f  a dose-response, and t h e  SMRs are 

s i m i l a r  t o  t h a t  o f  t he  general populat ion and the  non-nuclear worker group. 

Lagging t h e  dose f o r  two years increased the  SMR f o r  t he  DE group o f  

1 .O-4.9 rern p a r t l y  because one o f  the  cases which had p rev ious l y  been inc luded 

a t  5 rem now f e l l  i n t o  the  lower dose l e v e l  two years before. However, t he  

SMR i s  s t i l l  n o t  s i g n i f i c a n t l y  h igher  than the  comparison r a t e s  and the re  i s  

no dose-response based on the  adjusted SMRs. 

Leukemia was the cause o f  major i n t e r e s t  because o f  t he  recognized r i s k  

o f  t h i s  disease w i t h  r a d i a t i o n .  The number o f  cases are few a t  present and 

although the re  i s  a sharp r i s e  i n  the  SMR between the  DE o f  0.5-0.9 rem and 



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. All types of leukemia 

have been included in this analysis both in the cases and in the comparison 

standard population. Future analyses wi 11 remove chronic lymphocytic 1 eukem 

from the causes since it is not associated with exposure to radiation. 

However, the specific types of leukemia have not been identified for all cas 

at the time o f  this report. 



3 Results  
3.2 Mortality from Leukemia (cont 'd)  

Table 3.2.A Deaths from Leukemia, Person-Years, and Death Rates for NNW, 
b . 5  3 and "W,,.s - 

NW,, , NW,, , NNW - 

Workers 27,872 10,348 32,510 

Person-Years 356,091 139,746 425,070 

Deaths (~eukemi  a') 2 1 4 29 

Death   ate* 
Per 100,000 

S M R ~  
(95% C.I.)  

-- -- 

' Defined a s  ICD-9 codes 204-208 

Adjusted f o r  dea ths  excluded from ana lys i s  due t o  unknown d a t e  o r  cause 
of  dea th .  

I n d i r e c t l y  adjusted f o r  age-calendar time using U.S. white male age- 
ca lendar  time s p e c i f i c  r a t e s .  



3 Results 
3.2 M o r t a l i t y  from Leukemia (cont 'd)  

Table 3.2.B Leukemia M o r t a l i t y  f o r  NNW, NW, ,, and 3 Recorded DE Woupsl 
Wi th in  NW,,., - 

NU,,., - (rem) 

0.5- 1.0- 5.0+ NW,, , NNW 

Part A. Unadjusted 
Workers 
Person-Years 
Deatps (Leukemia) 
Rate Per 100,000 

Part  B. ~ d j u s t e d ~  
SMR 
Re la t i ve  Risk 
(95% C.I.) 

Par t  C. Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 
SMR 
Re la t i ve  Risk 
(95% C.I.) 

Lag: 5 years 
Deaths 0 10 5 2 2 4 
SMR 0.00 1.12 0.96 0.26 1.02 
Re la t i ve  Risk - - - - - 
(95% C . I . )  - - - - 

Lag: 10 years 
Deaths 0 5 3 2 17 
SMR - 0.82 0.99 0.38 1.09 
Re la t i ve  Risk - - - - - 
(95% C.I.) - - - - 

Lag: 15 years 
Deaths 1 2 0 0 6 
SMR 0.76 0.74 0 0 0.85 
Re la t i ve  Risk 1 .OO 0.97 0 0 1.11 
(95% C.I.) (0.1,57.4) - - (0.1,51.4) 

1 DE groups f o r  NW, ., are t ime dependent 
Adjusted f o r  d e a t h  excluded from analys is  due t o  unknown date o r  cause o f  death 

3 Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment using age- 
calendar t ime s p e c i f i c  ra tes  f o r  U.S. whi te males 



3 Resu l ts  
3.2 Mortal i ty from Leukemia (cont 'd)  

Tab1 e 3.2.81 Leukemia Mortal i t y  for NNW, NW, ,, and 4 Recorded DE ~ r o u ~ s '  Within NW, , - 

NW,,., - (rem) 

0.5- 1 .O- 5.0- lot NW<o.s NNW 
- 

Pa r t  A. Unadjusted 
Workers 5,431 13,357 4,846 4,238 10,348 32,510 

69,489 172,531 63,819 50,253 139,746 425,070 Person-Years 
Deatps (Leukemia) 2 12 4 3 4 2 9 
Rate Per 100,000 3.12 7.55 6.80 6.48 3.07 7.36 

Par t  B. ~ d j u s t e d ~  
SMR 
Re1 a t i v e  R i sk  
(95% C.I.) 

Par t  C. Ad jus ted  
With Time Lags 
Lag: 2 years  

Deaths 
SMR 
R e l a t i v e  R i s k  
(95% C . I . )  

Lag: 5 years  
Deaths 
SMR 
R e l a t i v e  R i s k  
(95% C.I.) 

Lag: 10 years  
Deaths 
SMR 
R e l a t i v e  R i s k  
(95% C.I.) 

Lag: 15 years  
Deaths 
SMR 
R e l a t i v e  R isk  
(95% C.I.) 

' DE groups f o r  NW, -, are  t ime dependent 
Adjusted f o r  d e a t t s  excluded f rom ana l ys i s  due t o  unknown da te  o r  
cause o f  dea th  
Adjusted f o r  age and ca lendar  t ime  w i t h  t h e  i n d i r e c t  method o f  

adjustment u s i n g  age-calendar t ime  s p e c i f i c  r a t e s  f o r  U.S. w h i t e  males 



3 Results 
3.3 Mortal i ty from Lymphatic and Hematopoi eti c Cancer 

A1 1 lymphatic and hematopoietic cancer (LHC) mortal i ty rates include ICD 

codes 200-208. Lymphosarcoma, Hodgkin's disease, non-Hodgkin's lymphoma, 

mu1 tiple myeloma and 1 eukemi a 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 20.5 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 1 eukemia mortal i ty. 

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 20.5 rern group (15.24 deaths/100,000), and finqlly the 

t0.5 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,, , is 1.6 times higher - 
than for the NW,, , group, but only because of the unusually low rate of 
leukemia in the NW,,., group. 

When the adjusted death rate for the 10.5 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 NU,,., 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 



3 Results 
3.3 Mortal i ty from Lymphatic and Hematopoietic Cancer (cont ' d) 

slightly higher SMR of 1.08 in the group 5.0-9.9 rern. 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 1 ~ w  ratios occur in the 

highest DE subgroup. No dose-response is demonstrated. 



3 Results 
3.3 Mortal i ty 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,-,, and NW,0-5 - 

NNW 

Workers 27,872 10,348 32,510 

Person-Years 356,091 139,746 425,070 

Deaths ( ~ ~ m ~ h o m a ' )  5 0 13 84 

Death   ate' 
Per 100,000 

S M R ~  
(95% C.I.) 

Defined as ICD-9 codes 200-208 

* Adjusted f o r  deaths excluded from analys is  due t o  unknown date o r  cause o f  death. 

I n d i r e c t l y  adjusted f o r  age-calendar t ime using U.S. wh i te  male age-calendar t ime 
s p e c i f i c  ra tes .  



3 Results 
3.3 Mortal i ty from Lymphatic and Hematopoietic Cancers (cont 'd) 

Table 3.3.B Lymphatic and Hematopoietic Cancer Mprtality for 
NNW, NW ,-,, and 3 Recorded DE Groups Within NW ,,-, - 

0.5- 1 .O- 5. O t  NW,, = NNW 

Par t  A. Unadjusted 
Workers 5,431 13,357 
Person-Years 69,489 172,531 
Deatbs (Lymphoma) 4 29 
Rate Per 100,000 6.25 18.25 

Par t  B. ~ d j u s t e d ~  
SMR 0.31 1 .OO 
Re la t ive  Risk 1 .OO 3.23 
(95% C . I . )  (1.1,12.6) 

Part C. Adjusted 
With Time Lass 
Lag: 2 years 

Deaths 4 30 
SMR 
R e l a t i v e  Risk 
(9577 C.I.) 

Lag: 5 years 
Deaths 
SMR 
R e l a t i v e  Risk 
(95% C.I.) 

Lag: 10 years 
Deaths , 

SMR 
Re la t i ve  Risk 

(95% C . I . )  

Lag: 15 years 
Deaths 
SMR 
Re1 a t  i ve R i  sk 
(95% C . I . )  

1 DE groups f o r  NW, -, are t ime dependent 
Adjusted f o r  d e a t h  excluded from analys is  due t o  unknown date o r  cause of 

death 
Adjusted age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment 

us ing  age-cal endar t ime s p e c i f i c  ra tes  f o r  U. S. wh i te  ma1 es 
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3 .3  M o r t a l i t y  from Lymphatic and Hematopoietic Cancers 

Table 3.3.81 Lymphatic and Hemafopoietic Cancer M o r t a l i t y  f o r  NNW, NW,-,, and 4 
Recorded DE Groups Wi th in  NW,,., - 

0.5- 1.0- 5.0- l o t  NW<o.5 NNW 

Part  A. Unadjusted 
Workers 
Person-Years 
Deates (Lymphoma) 
Rate Per 100,000 

Par t  B. ~ d j u s t e d ~  
SMR 
Re la t ive  Risk 
(95% C.I.) 

Par t  C. Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 
SMR 
Re la t ive  Risk 
(95% C.I.) 

Lag: 5 years 
Deaths 
SMR 
Re la t ive  R isk  
(95% C . I . )  

Lag: 10 years 
Deaths 
SMR 
Re1 a t  i ve Risk 
(95% C . I . )  

Lag: 15 years 
Deaths 
SMR 
Re la t i ve  Risk 
(95% C.I.) 

' DE groups f o r  NW, ., are t ime dependent * Adjusted f o r  d e a l i s  excluded from analys is  due t o  unknown date o r  cause o f  
death 
Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment 
us ing age-calendar t ime s p e c i f i c  ra tes  f o r  U.S. wh i te  males 



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 

hospi ta1 review confirmed the diagnosis of pleural or peritoneal mesothel ioma 

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, 20.5 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 mortal ity ratios that are higher than the incidence standard of 

U.S. white males (20.5 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 popul at i on. 

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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3.4 Morta l  i t y  from Mesothel i oma 

compared t o  the  general populat ion 

o f  change i n  the  r a t i o s  on the  basis  o f  r a d i a t i o n  exposure. As seen i n  Tables 

3.4.0 and 3.4.01, there  i s  an increase i n  r i s k  w i t h  an increase i n  r a d i a t i o n  

exposure bu t  as i n  previous comparisons, t he  SMR decreases i n  t h e  h ighest  dose 

group o f  10' rem. I n  t h i s  case, u n l i k e  the  previous analyses of o ther  types 

o f  cancer, comparing the  SMRs f o r  t he  h igher  dose groups t o  the  subgroup w i t h  

0.5-0.9 rem does n o t  i n d i c a t e  as l a r g e  a r e l a t i v e  increase as f o r  o ther  

cancers, bu t  t he  increase over U.S. expected ra tes  i s  h igh  f o r  a l l  groups. 

Lagging the  dose causes the  SMRs t o  increase f o r  many DE subgroups 

w i t h i n  the  NW,,., rem group but  d i d  no t  show much increase f o r  those i n  the  - 
NW,,., rem group. The non-nuclear worker group a l so  had a s l i g h t  increase i n  

t h e  SMR w i t h  lagging.  The h ighest  SMR occurs a f t e r  15 years l a g  i n  t he  5.0- 

9.9 rem group, bu t  t he  numbers are very small a t  t h a t  l a g  per iod.  

These h igh  SMRs are d i f f i c u l t  t o  a t t r i b u t e  t o  r a d i a t i o n  because o f  the  

known s t rong assoc ia t ion  between mesothelioma and asbestos. The nuclear  

workers appear t o  have had more exposure t o  asbestos as judged by t h e i r  jobs. 

I n  add i t ion ,  t h e  h igher  SMR f o r  mesothelioma i n  the  NW,,., group which has 

e s s e n t i a l l y  no r a d i a t i o n  when compared t o  the  non-nuclear worker group would 

suggest t h a t  t h e  workers selected t o  do nuclear  work had more asbestos 

exposure. The increase i n  SMR wi th  increase i n  r a d i a t i o n  might  be confounded 

by an i nc reas ing  exposure t o  asbestos. Future e f f o r t s  w i l l  at tempt t o  

document t h a t  t h e  nuclear  workers a c t u a l l y  d i d  have more asbestos exposure 

than non-nuclear workers. The i n i t i a l  sample was balanced by " j o b  hazard 

index" t o  ensure the  comparab i l i t y  o f  t he  groups i n  regard t o  b l u e  versus 

wh i te  c o l l a r  work. However, t h i s  does n o t  balance the  groups i n  regard t o  
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3.4  Mortal i ty  from Mesothel ioma (cont 'd) 

s p e c i f i c  exposures t o  hazardous agents such as asbestos. The d i s t r i b u t i o n  o f  

jobs among nuclear  workers suggested t h a t  they he ld  more jobs w i t h  p o t e n t i a l  

asbestos exposure. It w i l l  now be necessary t o  conf i rm t h a t  these jobs have 

h igh  asbestos exposure and then determine the  dose o f  asbestos by group. 

Doses can be est imated f o r  each worker from the  j o b  h i s t o r y .  These ind i v idua l  

dose l e v e l s  can be used t o  ad jus t  t he  r a d i a t i o n  data t o  see whether the  

apparent r a d i a t i o n  e f f e c t  disappears when adjusted f o r  asbestos. 



3 Results 
3.4 Mortal i t y  from Mesothel ioma (cont 'd) 

Table 3.4.A Deaths from Mesothel ioma, Person-Years, and Death Rates f o r  NNW, 
NW4.5' and NW>L5 - 

NW,, , - NW,, , NNW 

Workers 27,872 10,348 32,510 

Person-Years 356,091 139,746 425,070 
Deaths (Mesothel ioma') 18 8 10 

Death  ate^ 5.49 6.14 2.54 
Per 100,000 

S M R ~  
(95% C . I . )  

' Defined as ICD-9 codes 158,163 

* Adjusted f o r  deaths excluded from analys is  due t o  unknown d a t e  o r  cause of 
death . 

Ind i rec t ly  adjusted f o r  age-calendar time using U.S. white male age- 
calendar time s p e c i f i c  r a t e s .  
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3.4 M o r t a l i t y  from Mesothelioma (cont 'd) 

Table 3.4.8 Mesothel ioma M o r t a l i t y  f o r  NNW, NU,-,, and 3 Recorded DE ~ r o u ~ s '  
Within NU, , - 

NW,,., - (rem) 

0.5- 1.0- 5.0+ NW,, , NNW 

Par t  A. Unadjusted 
Workers 
Person-Years 
Deatbs (Meso. ) 
Rate Per 100,000 

Par t  B. ~ d j u s t e d ~  
SMR 
Re la t i ve  Risk 
(95% C.I.) 

Par t  C. Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 
SMR 
Re1 a t  i ve R i  sk 
(95% C . I . )  

Lag: 5 years 
Deaths 
SMR 
R e l a t i v e  R isk  
(95% C . I . )  

Lag: 10 years 
Deaths 
SMR 
Re1 a t i v e  Risk 
(95% C.I.) 

Lag: 15 years 
Deaths 
SMR 
Re la t i ve  Risk 

(95% C.I.) (0.2,92.9) (0.2,167.4) (0.1,66.8) (0.1,40.1) 
1 DE groups f o r  NW, are t ime dependent * Adjusted f o r  deatk: excluded from analys is  due t o  unknown date o r  cause o f  death 

Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  adjustment us ing age- 
calendar t ime s p e c i f i c  ra tes  fo r  U.S. wh i te  males 



3 Results 
3.4 M o r t a l i t y  from Mesothelioma (cont 'd) 

Table 3.4.81 Mesothelioma M o r t a l i t y  for  NNW, NW,,. and 4 Recorded DE ~ r o u ~ s '  Wi th in  
NU,-5 - 

0.5- 1 .O- 5.0- 1 O+ 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 
Deatps (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. ~ d j u s t e d ~  
SMR 
Re la t i ve  R isk  
(95% C . I . )  

Par t  C. Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 
SMR 
Re la t i ve  R isk  
(95% C.1.) 

Lag: 5 years 
Deaths 
SMR 
Re1 a t  i ve R i  s k 
(95% C.I.) 

Lag: 10 years 
Deaths 
SMR 
Re1 a t  i ve R i  s k 
(95% C . I . )  

Lag: 15 years 
Deaths 
SMR 
Re la t i ve  R isk  
(95% C.I.) 

' DE groups f o r  NW, -, are t ime dependent. 
* Adjusted f o r  dea t t s  excluded from ana lys is  due t o  unknown date o r  cause o f  death. 

Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  
adjustment us ing  age-calendar t ime s p e c i f i c  r a t e s  f o r  U.S. wh i te  ma1 es. 
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3 Resul ts  
3.5 Morta l  i t y  from Lung Cancer 

The m o r t a l i t y  from lung cancer f o l l ows  a d i f f e r e n t  p a t t e r n  than t h a t  o f  

e i t h e r  mesothel i oma o r  1 eukemi a. This cancer was examined because 1 ung t i s s u e  

i s  known t o  be s e n s i t i v e  t o  the  e f f e c t s  o f  r a d i a t i o n .  However, asbestos i s  

a lso  associated w i t h  the  r i s k  o f  lung cancer and t h i s  r i s k  i s  espec ia l l y  h igh  

among asbestos-exposed smokers. This  study t o  date can on ly  p rov ide  

in fo rmat ion  f o r  i n d i v i d u a l s  on the  exposure t o  rad ia t i on .  However, t he  h igh  

r i s k  o f  mesothelioma conf irms t h a t  one can expect r i s k s  associated w i t h  

asbestos. 

As shown i n  Table 3.5.A. t he  lung cancer crude m o r t a l i t y  r a t e s  are 

h ighest  i n  t h e  NNW group and lowest i n  the  20.5 rem nuclear  worker group. The 

age and calendar t ime standardized m o r t a l i t y  r a t i o s  f o r  t he  th ree  groups 

i n d i c a t e  t h a t  a1 1 th ree  groups have small excess r i s k s  o f  1 ung cancer compared 

t o  the  general populat ion, b u t  on ly  t he  r i s k  f o r  t he  NNW group i s  

s i g n i f i c a n t l y  h igher  than t h e  death r a t e  f o r  wh i te  males i n  t he  general 

popu la t ion  (SMR = 1.15; 95% C . I . :  1.02-1.29). 

The age and calendar t ime adjusted SMRs f o r  t he  var ious DE subgroups 

w i t h i n  t h e  10.5 NW category i n d i c a t e  t h a t  t he  r a t i o s  increase w i t h  increas ing  

DE 1 eve1 s (Tab1 es 3.5. B and 3.5.81). There i s  no decrease i n  t h e  SMR f o r  t he  

h ighest  DE l e v e l  whether t he re  are  th ree  o r  f o u r  subgroups. Th is  i s  very 

d i f f e r e n t  from t h e  r e l a t i o n s h i p  o f  SMR and dose as described f o r  t he  diseases 

discussed prev ious ly .  The subgroups a t  l e v e l s  o f  5.0 and 10.0 rem have SMRs 

which are  h igher  than the  r a t i o s  o f  e i t h e r  the  NNW o r  the  NW,,., groups. For 

o ther  deaths, t he re  was always a drop i n  SMR f o r  t he  h ighest  dose subgroup. 

The SMRs f o r  d i f f e r e n t  lagg ing  per iods i n d i c a t e  t h a t  t he  r a t i o s  are 

h igher  than those o f  NNW and NW,,., g roups f o r  t h e  DE categor ies o f  5' and 10' 
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3 Results 
3.5 Mortal  i t y  from Lung Cancer (cont 'd) 

rem fo r  the  2 and 5 year l a g  periods a t  l eas t .  For a l l  l a g  per iods above 5 

years the  h ighest  r i s k  among the  DE subgroups s h i f t s  w i t h  peak r a t i o s  being at  

5.0-9.9 rem f o r  the  10 year l a g  and a t  1.0-4.9 rem f o r  the  15 years. Thus, a 

5 year l a g  i s  the  l a s t  per iod  i n  which there i s  a dose response and an 

increase i n  the  SMRs produced by the  lagging adjustment. With t h e  f i v e  year 

l a g  analys is  i n  the  four subgroups, the  h ighest  SMR i s  1.40 i n  t h e  group w i t h  

10' rem compared t o  0.95 f o r  the  subgroup 0.5-0.9 rem. 

As w i t h  mesothel ioma, lung cancer i s  known t o  be associated w i t h  

asbestos. The f a c t  t h a t  asbestos has been present i n  the  shipyards and the  

f a c t  t h a t  these workers have an increased r i s k  o f  mesothelioma suggest t h a t  

asbestos and not  r a d i a t i o n  may be associated w i t h  the  r i s k .  Even the  recen t l y  

employed nuclear  workers who received the  quest ionnaires i nd i ca ted  t h a t  they 

had exposure t o  asbestos more o f ten  than NNW workers. A NIOSH case-control  

study o f  l ung  cancer a t  t he  Portsmouth Naval Shipyard (Rinsky e t  a1 , 1988) 

i nd i ca ted  i n i t i a l l y  a s i g n i f i c a n t  r i s k  from r a d i a t i o n  i n  t h e  dose group 1.0- 

4.9 rem. However, co r rec t i ng  f o r  asbestos and welding exposure decreased the  

apparent assoc ia t ion  between 1 ung cancer and rad ia t i on .  A s i m i l a r  s i t u a t i o n  

i s  l i k e l y  t o  e x i s t  here. It would be important t o  show whether an increasing 

DE f o r  r a d i a t i o n  i s  r e l a t e d  t o  an increase i n  the  estimated asbestos exposure 

dose. I f  so, then co r rec t i ng  f o r  asbestos exposure may e l im ina te  the  apparent 

associat ion between r a d i a t i o n  and 1 ung cancer i n  t h i s  populat ion.  



3 Results 
3.5 Mortal i t y  from Lung Cancer (cont 'd) 

Table 3.5.A Deaths from Lung Cancer, Person-Years, and Death Rates for NNW, 
" 'W4.5~ and NW,,., - 

NW>o., - NW<o.5 NNW 

Workers 
Person-Years 

Deaths (Lung cancer') 237 98 306 

Death   ate' 
Per 100,000 

S M R ~  
(95% C.I . )  

' Defined as ICD-9 codes 162 
* 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. 



3 Results 
3.5 Mortal i t y  from Lung Cancer (cont 'd)  

0.5- 1.0- 5.0+ N W < ~ .  5 NNW 

Part  A.  Unadjusted 
Workers 5,431 13,357 
Person-Years 69,489 172,531 
Deaths (Lung Can.) 4 6 109 
 ate^ Per 100.000 71.86 68.58 

Part  8. hdjusted3 
SMR 0.95 1.03 
Relative Risk 1.00 1.08 
(95% C.I.) (0.8.1.6) 

Part  C .  Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 43 104 
SMR 0.91 1.02 
Relative Risk 1.00 1 . 1 2  
(95% C.I.) (0.8,1.6) 

Lag: 5 years 
Deaths G 1 9 3 
SMR . 0.95 1.00 
Relative Risk 1-00 1.05 
(95% C.I.) (0.7,1.6) 

Lag: 10 years 
Deaths 
SMR 
Relative Risk 
(95% C.I.) 

Lag: 15 years 
Deaths 
SMR 
Relative Risk 
(95% C.I.) 

-- 

I DE groups fo r  NW20.5 are  time dependent 
Adjusted f o r  deaths excluded from analysis  due t o  unknown da te  o r  cause 

of death 
Adjusted f o r  age and calendar time with the i nd i r ec t  method of adjustment 

using age-calendar time spec i f i c  r a t e s  for  U.S. white males 



3 Results 
3.5 Mortal i t y  from Lung Cancer (cont ' d) 

Table 3.5.61 Lung Cancer Mortality for NNU, NW,.,, and 4 Recorded DE 6roups1 
Within NU,,., - 

NW,,., - @em) 

0 .5 -  1 .O- 5 .0 -  1 O t  NW,, , NNW 

Par t  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 
Deatps (Lung Can .) 46 109 43 39 98 306 
Rate Per 100,000 

Par t  B. ~ d j u s t e d ~  
SMR 
Re la t ive  Risk 
(95% C.I . )  

Part  C .  Adjusted 
With Time Lags 
Lag: 2 years 

Deaths 
SMR 
Re la t i ve  R isk  
(95% C . I . )  

Lag: 5 years 
Deaths 
SMR 
Re la t i ve  R isk  
(95% C . I . )  

Lag: 10 years 
Deaths 
SMR 
Re la t i ve  Risk 
(95% C . I . )  

Lag: 15 years 
Deaths 
SMR 
Re1 a t  i ve R i  sk 
(95% C . I . )  ( 0 . 7 , 2 . 4 )  ( 0 . 3 , 2 . 2 )  ( 0 . 1 , 2 . 3 )  ( 0 . 6 , Z . l )  ( 0 . 6 , 1 . 8 )  ' DE groups f o r  NW, ., are t ime dependent. 

Adjusted fo r  d e a t i s  excluded from analys is  due t o  unknown 
date o r  cause o f  death. 
Adjusted f o r  age and calendar t ime w i t h  the  i n d i r e c t  method o f  
adjustment us ing  age-calendar t ime s p e c i f i c  ra tes  f o r  U.S. whi te males. 



3 Results 
3.6 M o r t a l i t y  from Other Causes o f  Death 

To determine whether there  were any o ther  s p e c i f i c  causes o f  death which 

might be o f  i n t e r e s t  f o r  f u r t h e r  study, each o f  t he  th ree  sample groups as 

we l l  as the  t o t a l  study group were screened f o r  any o ther  cause o f  death which 

might be i n  excess i n  these shipyard workers compared t o  the  general 

popul a t  ion .  The software package developed by Richard Monson (Monson, 1974) 

was used t o  ca l cu la te  the  age and calendar t ime adjusted m o r t a l i t y  r a t i o s  t o  

screen f o r  causes o f  poss ib le  i n t e r e s t .  Tables 3.6.A. - 3.6.0. d i s p l a y  the  

data. 

The a1 1 cause morta l  i t y  r a t i o  f o r  the  NW,,., group i s  lower than t h a t  o f  - 
the  NNW group p r i m a r i l y  because o f  a lower m o r t a l i t y  from card iovascular  and 

c i r c u l a t o r y  system disease. However, t he  r a t i o s  f o r  these diseases i n d i c a t e  

death r a t e s  i n  t he  shipyard workers which are below those o f  t he  U.S. 

populat ion.  Cancers o f  the  r e s p i r a t o r y  system are s l i g h t l y  h igh  bu t  o n l y  

s i g n i f i c a n t l y  h igh  i n  t he  NNW group a t  a p 10.05. Several cancers o f  the  

d i g e s t i v e  organs have SMRs above 1.00 such as esophageal cancer. Among the  

d i g e s t i v e  cancers, l i v e r  cancer shows the  h ighest  excess f o r  t h i s  cancer among 

t h e  20.5 rem group w i t h  an SMR o f  1.61 bu t  i t  i s  n o t  s i g n i f i c a n t  a t  p ~ 0 . 0 5 .  

The SMR f o r  bladder cancer i n  t he  group 20.5 rem i s  1.30 bu t  t h i s  SMR i s  a lso  

n o t  s i g n i f i c a n t  a t  p 50.05. Except f o r  these two cancer s i t e s  t h e r e  are no 

SMRs r e l a t e d  t o  o the r  causes o f  death among workers i n  t he  20.5 rem group 

except those c u r r e n t l y  under s c r u t i n y  which appear t o  be s u f f i c i e n t l y  h igh  t o  

warrant extensive examination. 
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3 Results 
3.6 Mortal 1 ty from Other Causes of Death (cont'd) 

Table 3.6.A Deaths from Other Causes of Death and SMR's for All Shipyard 

Uor kers 

J ALL CAUSES OF D t A r n  

1 ALL MALIGNANT NCOPLASYS 

2 ALL IHPCCTIVE AN0 PARASITIC J ISEASE 

9  ALL -U11tLIcULOSIS 

1.0 CANCER OF BUCCAL CAVITY AN0 PMARVNX 

49 CANCELI OF OIGESTIVE ORWNS AN0 P E l l l O N E U Y  1 1 9 2 5 -  A P P 9 0 X I Y A l € I  

5 0  CANCER YF cS0PrAGUS 1 , 9 2 5 -  a P D ~ O X I Y A l E )  

5 1  ZANCELI 7F '-OYACM 

5 3  CANLEP OF -ARC€ 1NrEST:ME 1 , 9 1 5 -  r D D n O x I Y A l E 1  

5 4  c m c e a  OF w c r u u  1 1 9 2 5 -  AOPIOXIYA~E) 

' 5 5  A L L  CANCER OF LIVER 1 1 9 2 5 -  APPPOI IYATEI  1970, - DI IYARV ONLv 

5 7  CANCER OF OANCREAS ( 9 2 5 -  APCROXIYAlE) 

6 0  CANCELI OF =ESPIRATOLIV SVSTEY 1192S-  APPLIOXIYAlE) 

6 1  CAMCELI nc -AIVMX I 1 9 2 5 -  , 9 3 0 -  A P ~ R O X I Y A ~ ~ )  

5 1  A L L  CANCER OF LUNG - = n l m A n v  AND SECOOALIV 1 1 9 2 5 -  ,920-  APPROXIYATEI 

?O CANCER OF YONt 1 , 9 2 5 -  , 9 1 0 -  , 9 4 5 -  ~ D L R O X I Y A T E I  

' 7  CANCER OF ;*In 

885 CANCER OF DPOSTATC ( 1 9 2 5 -  APDROXIYATCI 

186 C A N C t I  Of rEST1S (OTMCR GENITAL OLIGAIS 1 9 1 s - 4 9 1 1  1925-  1930- APPROXIY 

1 0 8  CANCER OF BLAOOER 1 1 9 2 5 -  A P D R O X I ~ A T C )  

' 8 9  CANCEI OF *IONEV 1 1 9 2 5 -  APPROXIMATE) 

' 9 0  CANCER OF E v t  ( 19SO- 1969 ONLv l 

' 9 1  CANCER OF  PAIN ANO o r n E a  CENTRAL NERVOUS SVSTEM I , 9 2 5 -  ADCIOXIYA~EI 

3 3  CANCEI OF T* rROlO ! 1 9 5 0 - 1 9 6 9  ONLY) 

.30 L~*DUOSARCOYA AN0 ~ETICULOSARCOYA 11950-1969 ONLY1 

: ? t  ~ODGXIN s ~ I S ~ A S L  ( 1 9 4 0 -  1 9 4 s -  a o e n o a r u r E 1  

'a4 L E U I E Y I A  .NO ALEUUEYIA 

:08 CANCLLI OP r ) lnLR L v Y D ~ A T I C  TISSUE 0 9 5 0 - 1 9 6 9  ONLV) 

J a s e n v E o  WPECTED o a s t E x P  LL UL cni SO 

6 9 3 3  7 7 3 4 . 9 0  0 . 9 0  0.1111 0.92 83.03 

I 7 2 4  ' 6 7 1 . 1 3  9.03 0.911 1  . O I  I . 6 4  

3 9  59.75 0 . 6 5  3 . 4 6  0 . 8 0  6 .86  

7  21.58 3 . 3 2  0 . 1 3  0 . 6 7  3 . 1 9  

rr 53.64 3 . 8 2  0 . 6 0  1.10 I . I 6  

4 3 5  1 1 9 . 2 0  ' . 0 A  3 . 9 4  I .  14 0 . 5 6  

SO 3 9 . 9 3  . 2 5  3 . 9 3  I . 6 S  2.29 

a 4  6 6 . 9 2  2 6  ! . o o  1 5 s  I II 

21 ' 4 1 . 4 5  J . 8 6  1 71 1 . 0 2  2 . 9 1  

~3 4 2 . 4 9  3  I 1.73 ! . 3 6  3 .00  

3 5  2 8 . 5 4  . 2 3  3 .85  1 7 1  ' . 2 5  

8 5  911.25 3 . 9 6  3 . 7 7  1 . 7 9  J . 0 9  

5 9 2  6 2 6 . 7 4  . I0 1 . 0 2  I .  19 6 .69  

17 24.77 5 . 6 9  5 . 4 0  I .  1 0  2. I 3  

6 4 1  3 9 5 . 8 4  . o a  3 . 9 9  ) .  I 6  1 .35  

4  7 . 2 1  0 . 5 6  0 .  I 5  I . 4 2  I . 0 2  

32 37.09 2 . 8 6  0 . 5 0  1 .22  3 . 5 7  

9 5  7 9 . 4 3  I . 2 0  0 . 9 7  I ,411 2.(16 

B 1 1 . 3 6  0 . 7 0  0 . 3 0  1 .30 0 .72  

4 1  3 9 . 5 3  I 0 4  0 . 7 4  I .A1 0.02 

4 5  43.119 . 0 3  0 . 7 s  1  . 3 7  0.01 

0  1 . 3 2  0 . 0 0  J . 0 0  2.77 3 .51  

5 5  5 8 . 8 1  5 . 9 3  3 . 7 0  1 . 2 2  3 .  I 9  

5  3 .  19 : 5 7  9 . 5 1  3 . 6 6  0 . 5 4  

27 3 4 . 4 7  3 .  78 0 . 5 2  I .  I 4  I . A 1  

I 8  2 1 . 0 0  I .  8 6  13.51 1 . 3 5  3.30 

5 4  65.03 3 . 8 3  3 . 6 2  I . O I  7 70 

4 s  45.115 J. 9 6  0 .72  I . 3 1  0 . 0 0  

i 

(cont 'd)  



3 Results 
3.6 Mortality from Other Causes of Death (cont'd) 

Table 3.6.A Deaths from Other Causes of Death and SMRSs for A1 1 Shipyard 

Workers (cont'd) 

2 0 9  A L L  LVICIOCOIETIC CANCER 1 4 7  168 .2s  0 . 8 7  0 . 7 4  I . 0 3  2 - 9 6  

OENIGN ~EOPLASYS I e 

ALLERCIC.E~WCRI~E.YCIAOOLIC.L(UTR~~~O~AL DISEASES ( 1 9 5 0 - 1 9 6 9  ONLVI 9 1 

O I A O t T C S  Y C L L I T U S  7 2 

ALL OISEASES O r  BLOOO AMO B L O O O - F O R ~ ~ N G  ORGAMS ( 1 9 2 5 - , 1 9 3 0 -  A P P R O I I Y  1 4  

~ ~ M I A L . P S V C ~ N C U ~ O T I C . A N O  PERSONALITV OISOROERS ( 1 9 5 0 - 1 9 6 9  O N L V l  44 

A L L  D ISEASES O f  NERVOUS SYSTEM AN0 SENSE ORGAMS 4 5  

A L L  D I S E A S E S  3F CIRCULAIORV SVSTEY 1 0 1 2  

C ~ ~ O M I C  D ~ J Y A T I C  H E A ~ T  DISEASE( 1 9 2 s -  A P D R O ~ I M A ~ ~ I  7 4 

A( ITERl0SCLEROTIC -€ART DISEASE.1NCLUOING CMO 1 1 9 2 5 -  A P 9 R O X I Y A l E I  2 2 0 1  

ALL ..SCULAR LESIONS i ) ~  -t is 3 1 6  

ALL  Q E S P I ~ A ~ O ~ V  OISEASES I I ~ Z S - .  1 9 3 0 -  APPROXIYAIE) 1 2 5  

ALL P*CYMIA ( 1 9 2 s -  1 9 3 0 -  APPROXIYAICI 1 1 2  

E N m V S C u  1 1 9 5 0 - .  1 9 5 5  A U p M X t Y A r E J  7 0  

a s r t m ~  I 1 9 2 5 -  1930-  APOROXIIIIEI ' 3 

~ L L  OISEASES OF OIGESTIVE SVSTEM 3 4 9  

ULL u A S r m I C  ANO OUOOENAL ULCER 2 7 

5 7 -  C~RRIOSIS OF LIVER 

5 8 0  .LL 31SEASCS Of GENITO-URlNARV SVSTEY 

5 8 2  CMROMIC II~RPLTIS 

' 0 9  A L L  O I S E A S I S  OF ?*I! S K I N  AN0 CELLULAR T l S S U E  

739 ALL OISEASCS OF TWC a m t s  r ro  ORGANS oc Y)VEIENI 

' 9 9  SVYPfOYS.SCMIL ITV. . *O  I L L  OCCINCO C 0 W l l t O N S  

8 0 0  ALL t r r e R m m  CAUSES or  o t A i n  

d O l  A L L  ACCIDCMlS  

9 1 0  tmron VCWICLE r c c I o t M r s  

3 5 9  S U I C l O E  

' 0 l A L  R t S I D U A L  

C A m c L I  R C S I W A L  



3 Results 
3.6 Mortality from Other Causes of Death (cont'd) 

Tab1 e 3.6.8 Deaths from Other Causes of Death and SMRss for NU, , - 

- 0 T A L  CCRSONS = 2 7 8 7 2 .  ExPCCTED M W E R S  B A S E 0  ON UOLITAL ITV  RATES FOR U Y  

O lSCRVEO E X C t C T E O  

3 ALL CAUSES OC OLAT*  

.LL YALLGNANT UEOCLASYS 

2 A L L  I W C C T l V C  A M  P A R 4 S I T I C  J I S E A S L  

3 A L L  - l J8ERCULOSIS  

$ 4 0  cmcrn o r  BUCCAL C ~ v l T v  AND a w a n v w r  

4 9  CANLER OC D I C C S T I V C  ORGANS A h 0  DERITONEUY 1 1 9 2 5 -  a P P R O X I Y A T E )  

5 0  CANCER 0C ESOP+lAl&S ( 1 9 2 5 -  A D D R O X I Y A I C I  

5 '  ZANLER OF ; lCYACM 

+ J  c A u c E a  irr .ARGE i r r E S T l , l E  I 1 9 2 s -  .DDROXIYAIE I 

5 r  CANCER CF i E C - U Y  ' 9 2 5 -  rODROXIYATE1  

3 5  ALL ;ANCCR OC - [ V C R  ( 1 9 2 5 -  A P P O O x I Y A T E l  ,970.  - 3mIYARV ONLV 

' 5 7  CANCER JC D A M C ~ C A S  , 1 0 2 5 -  r P o n O x l r ~ l C 1  

6 0  CAlrCER Of O t S P l R A T O R V  SVSTEY 1 ' 9 2 5 -  L P R R O X I Y . T E I  

6 1  CANCER or  i r R v N a  ( 1 9 2 5 - .  ' 9 3 0 -  r o R R O x I w A l E 1  

6 2  ALL C A N C C I  OC LUNG - P R I Y A n V  AN0 SECONOARV ( 1 9 2 5 -  ' 9 3 0 -  ~ P C ~ O X I Y A T E I  

' 7 0  C A n c t n  11; a o w t  ( 1 9 2 5 -  , 9 3 0 -  1 9 4 5 -  ADRROXIYATCI 

I ?  CANCER OC $ < I N  
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4 Discussion 
4.1 Summary o f  Findings 

The study o f  hea l th  e f f e c t s  o f  low-dose r a d i a t i o n  i n  shipyard worker 

repo r t s  analyses using standardized m o r t a l i t y  r a t i o s  (SMRs) and an external  

comparison. The data are presented i n  two ways: the  t o t a l  experience o f  a l l  

i n d i v i d u a l s  i s  analyzed according t o  the  dose category which i n d i v i d u a l s  

reached e i t h e r  a t  t he  t ime o f  t he  death o r  a t  t he  end o f  t h e  study pe r iod  o r  

the  experience o f  i n d i v i d u a l s  i s  counted i n  each dose category i n  which 

i nd i v idua ls  cont r ibu ted person-years o f  fo l low-up dur ing  the  course o f  t he  

study. The f i r s t  type o f  ana lys is  i s  r e f e r r e d  t o  as "ca tegor ica l "  analyses 

and the  second, "time-dependent" analys is .  The analyses represent the  r e s u l t s  

from data ava i l ab le  a t  t he  end o f  the  cont rac t  and inc lude death in format ion  

co l  l e c t e d  through December, 1981. 

The SMRs from the ca tegor ica l  analys is  i n  which the  i n d i v i d u a l  remains 

i n  t h e  same group throughout fo l low-up (Table 4.1.A) i n d i c a t e  t h a t  t he  r i s k s  

o f  death i n  t h e  NNW group o f  shipyard wcrkers are s i m i l a r  t o  t h a t  of the  

general popu la t ion  but  the  r i s k s  o f  t o t a l  m o r t a l i t y  i n  both groups o f  nuclear  

workers are lower than the  U.S. ra te .  The a l l  cause m o r t a l i t y  i s  h ighest  fo r  

t he  NNW group and lowest f o r  t he  NW,,., which c e r t a i n l y  does no t  suggest t h a t  - 
r a d i a t i o n  causes a  genera1 r i s k  o f  death. I n  fac t ,  i n  t h e  NW,,., group, the  - 
m o r t a l i t y  i s  o n l y  76 percent o f  t h a t  o f  t he  general populat ion and i s  

s i g n i f i c a n t l y  lower than would be expected. 

The SMRs f o r  leukemia and a l l  lymphatic and hematopoietic cancers (LHC) 

i n d i c a t e  r i s k s  o f  these diseases among nuclear workers which are below those 

of t h e  general populat ion.  The SMR o f  1.10 f o r  t he  NNW group ind i ca tes  t h a t  

t he  observed deaths are s i m i l a r  i n  number t o  those expected based on 

populat ion ra tes .  The on ly  unusual fea ture  o f  t he  data i s  the  f a c t  t ha t ,  
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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,,., 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 NW,,., - 
group than in the NW,,., 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 a11 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 NW,,., - g roup than the NNW group, whether the two 

nuclear groups, NW,,., and NW ,,.,, - are similar so that they can be compared in 

this way, whether a11 comparisons should be made to the 0.5-0.9 DE group 

within the NW,, , g - roup 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 

foll ow-up. Further consideration of the choice of compari sons is warranted. 

Selective factors which a1 lowed workers to be enrol led 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 ,,., , NW ,,., ,, - and NNW, were 

balanced in the initial sample to provide comparabil ity on basic demographic 

characteristics to make between group comparisons appropriate. However, none 
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4 Discussion 
4.1 Summary o f  Findings (cont'd) 

of the  comparisons will be perfect  on a l l  variab 

ear  shipyard workers study == 

es .  I f  those variables are 

re la ted  t o  differences in disease  then they could be confounding fac tors  which 

influence the  r e su l t s .  The two nuclear worker groups might be heal th ier  than 

the  NNW group because they were selected and examined f o r  entry in to  the  

radiat ion program. This might explain the  low mortal i ty from leukemia in the 

NW<o.5 rem and the  lowest DE category in the  NW,,., - groups. These workers in the 

higher DE categories who have had longer work times a f t e r  the  i n i t i a l  

selection in to  the  program may have higher mortal i ty simply because the  

"healthy worker e f fec t"  from select ion i s  gradually diminishing with time and 

the  SMR i s  r i s i ng .  That does not seem t o  be a reasonable explanation fo r  the  

observation s ince  a1 1 cause mortal i t y  (Tab1 e s  3.1 .A-3.1. B) , cardiovascular - 

mortali ty (Tables 3.6.B-3.6.D) and lung cancer mortal i ty (Tables 3.5.A-3.5.B) 

actual ly  show higher mortal i t y  r a t e s  in the  NW,,., ,, than in the  NW,,., ,,. - 
I t  i s  s t i l l  possible t ha t  se lect ion fac tors  fo r  entry in to  the  radiat ion 

program ac t  d i f fe ren t ly  fo r  d i f f e r en t  diseases.  The NNW group i s  probably not 

a good comparison population s ince  they have not experienced the  unknown 

may not be 

d i  sease 

"se lec t ive  fac tors"  which en te r  workers i n  the  program. They a l so  

s imilar  r ac i a l l y  t o  the nuclear group and t ha t  may be an important 

fac to r .  The best comparison may be the  time-dependent analysis  us 

within t he  NWrOe5 rern - divided in to  DE groups. However, even t ha t  i s  

ing workers 

not a 

perfect  comparison. The higher DE groups a re  1 i kely t o  be s l  ight ly  older 

s ince  they have accumulated more time and age as  they accumulated higher 

doses. They a l so  are more 1 i kely t o  be blue co l l a r  workers who have jobs w i t h  

g rea te r  l ikelihood of exposure than engineers and radiation health workers who 

are a l so  in the  program. None of these differences can explain why leukemia 

and lymphatic and hematopoietic cancer mortal i t y  show no dose response but 
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4 Discussion 
4.1 Summary o f  Findings (cont 'd) 

r a t h e r  an increase i n  r a t i o  i n  the  DE group 1.0-4.9 rem u n l i k e  the  dose 

response seen i n  1 ung cancer and mesothel ioma mortal  i t y  r a t i o s .  Fur ther  

f o l l o w  up i n  t he  groups w i t h  h igher  r a d i a t i o n  doses and d i f f e r e n t  analyses 

which w i l l  account f o r  o ther  confounding var iab les  such as jobs may help 

reso lve  these i ssues. 

The r i s k  o f  lung cancer i n  the ca tegor ica l  analys is  i s  s i g n i f i c a n t l y  

h igher  (pt0.05) i n  t he  non-nucl ear worker group compared 

populat ion and i s  s l i g h t l y  bu t  no t  s i g n i f i c a n t l y  h igher  i 

groups compared t o  the  general popul a t  ion. Examining a1 l 

not  suggest t h a t  the  r i s k  i s  increased more i n  t he  r a d i a t  

t o  t he  general 

n the  two r a d i a t i o n  

th ree  groups does 

i o n  exposed groups 

compared t o  NNW. Since lung cancer i s  known t o  be associated w i t h  asbestos 

which was used as i n s u l a t i o n  mater ia l  i n  t he  past i n  shipyards, t he  SMRs were 

ca l cu la ted  f o r  mesothel iomas s ince t h i s  cancer cou ld  serve as a b i o l o g i c a l  

marker f o r  t h e  presence o f  asbestos exposure i n  t he  populat ion.  A l l  groups 

showed very h igh  SMRs f o r  t h i s  cancer w i t h  about a f i v e - f o l d  h igher  r i s k  among 

both nuc lear  worker groups and a 2 .4- fo ld  h igher  r i s k  i n  t h e  NNW group 

compared t o  the  general populat ion,  It i s  l i k e l y  t h a t  some o f  the  excess o f  

mesothel ioma morta l  i t y  i s  due t o  b e t t e r  d iagnosis  o f  t he  disease i n  shipyard 

workers w i t h  suspected asbestos exposure than i n  a general populat ion.  Since 

most o f  t he  cases have been confirmed by hosp i ta l  record review, i f  d iagnost ic  

b ias  had caused some o f  t he  apparent excess o f  t h i s  disease, i t  would no t  be 

because o f  over-d iagnosis  o f  the  disease among shipyard workers bu t  r a t h e r  

under-diagnosis i n  t h e  general populat ion. Even i n  t h i s  s i t u a t i o n ,  t he  number 

o f  ac tua l  cases o f  mesothelioma i n  workers was small i n  absolute terms (36 

cases among 70,730 workers i n  t he  sample) i n d i c a t i n g  t h a t  t he  disease i s  s t i l l  

comparat ively ra re .  The important p o i n t  i n  regard t o  the  r a d i a t i o n  data i s  



4 Discussion 
4.1 Summary o f  F indings (cont 'd) 

n o t  t h a t  t he re  may be a h igher  death r a t e  from mesothel ioma among shipyard 

workers compared t o  U.S. males bu t  t he re  should be no d i f f e rences  i n  SMRs 

among the  th ree  groups o f  workers. The f a c t  t h a t  both nuc lear  worker groups 

have h igher  SMRs f o r  mesothel ioma than t h e  NNW group suggests t h a t  t h e  jobs o f  

workers i n  t he  r a d i a t i o n  program may have invo lved more exposure t o  asbestos 

than o ther  jobs  i n  t he  shipyard. I f  asbestos and n o t  r a d i a t i o n  i s  t h e  reason 

f o r  the excess i n  mesothelioma i n  t h e  nuclear  groups, then some o f  t h e  lung 

cancer excess may a lso  be due t o  asbestos. Therefore, before drawing any 

conclusions about t he  apparent increase i n  lung cancer w i t h  increas ing  

r a d i a t i o n  dose i t w i l l  be necessary t o  determine whether asbestos i s  

confounding t h i s  observat ion. 

The ca tego r i ca l  analyses s u f f e r  from a b ias  which has been noted before, 

namely t h a t  t h e  group who reach the  h igher  DE l e v e l  o f  0.5 rem o r  more might 

have been fo rced  t o  surv ive  longer than workers a t  lower DE l e v e l s  o r  those 

w i thout  any r a d i a t i o n  because they had t o  be hea l thy  enough t o  l i v e  and t o  ge t  

t o  t he  h igher  DE l eve l s .  I f  t h i s  does create an ana lys is  problem, then we 

might expect t h e  SMR t o  be cons i s ten t l y  lowest i n  t he  h ighes t  DE group. That 

i s ,  s e l e c t i o n  o f  t he  popu la t ion  t o  work i n  the  r a d i a t i o n  program would cause 

t h a t  group t o  have lower m o r t a l i t y  than t h e  NNW group, and those reaching the  

h igher  DE i n  t h e  r a d i a t i o n  program would have even lower m o r t a l i t y .  This  i s  

the  p a t t e r n  seen f o r  the  a l l  cause m o r t a l i t y  i n  Table 4.1.A. and f o r  l ung  

cancer b u t  n o t  f o r  the  o ther  diseases. Leukemia and LHC m o r t a l i t y  r a t i o s  are 

h igher  i n  t h e  NW,,., g - roup r a t h e r  than the  NW,,., rem group. The mesothel ioma 

m o r t a l i t y  r a t i o s  are s i m i l a r  i n  both o f  the  r a d i a t i o n  groups and are  about two 

times h igher  than the  r a t i o  i n  t he  NNW group. Thus, t he  pa t te rns  o f  m o r t a l i t y  

r i s k  are n o t  t h e  same f o r  a l l  f o u r  diseases and a l l  cause morta l  i t y .  Only a l l  
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4 Discussion 
4.1 Summary o f  Findings (cont 'd)  

cause SMR and 1 ung cancer SMR f i t  the  expected pat te rn .  Since those causes 

have the  l a r g e s t  number o f  deaths, the  v a r i a t i o n  i n  p a t t e r n  f o r  t he  o ther  

causes o f  death may we l l  be due t o  the  small number o f  deaths. I t  i s  a lso  

poss ib le  t h a t  o ther  c h a r a c t e r i s t i c s  o r  exposures i n  the  workers have caused 

the  d i f fe rences.  

Many methods o f  ana lys is  e x i s t  by which we might examine the  e f f e c t s  o f  

r a d i a t i o n  w i t h i n  the  NW,,., rem DE group. However, a t  present, on ly  an - 
ana lys is  us ing  standardized m o r t a l i t y  r a t i o s  w i t h  t ime dependency o f  person- 

years has been attempted. This  method places an i n d i v i d u a l ' s  person-years i n  

fol low-up i n t o  the  appropr iate DE l e v e l s  f o r  each age and calendar t ime 

per iod.  The summary o f  t he  r e s u l t s  o f  t h i s  method o f  ana lys is  w i thout  any 

lagging, as shown i n  Table 4.1.B, i nd i ca tes  tha t ,  i n  general, subd iv id ing  the  

NW,,., group i n t o  th ree  o r  f o u r  l e v e l s  separates the  popu la t ion  i n t o  a low 0.5- - 
0.9 rem subgroup which has a SMR s i m i l a r  t o  o r  lower than t h a t  o f  the  NW,,., 

f o r  a l l  f o u r  disease categor ies as we l l  as the  t o t a l  causes o f  death. The 

r a t i o s  are  genera l l y  h igher  a t  t h e  1.0-4.9 rem subgroup than t h e  r a t i o s  a t  the  

1 owest DE 1 eve1 . For DE groups above 1 .O-4.9 rem, the  SMRs compared t o  the  

0.5-0.9 rem group are u s u a l l y  higher.  However, f o r  no disease except lung 

cancer i s  t he re  a progressive increase i n  t he  SMR w i t h  each successively  

h igher  DE group; t h a t  i s ,  t he re  i s  no t rend  o f  inc reas ing  r i s k  w i t h  increasing 

dose f o r  t h e  o the r  causes. Usua l ly  the  h ighest  DE l e v e l  has a lower SMR than 

t h a t  f o r  t h e  preceding dose category. This  may simply r e f l e c t  v a r i a b i l i t y  due 

t o  small numbers. The category o f  1.0-4.9 rem usua l l y  has t h e  h ighest  number 

o f  cases which may make the  SMRs more s tab le  i n  t h i s  subgroup. A t  present, 

however, w i thou t  a dose response i t  i s  hard t o  associate an exposure w i t h  a 

disease. There cou ld  be several f a c t o r s  which make i t  d i f f i c u l t  t o  assess 
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4 Discussion 
4.1 Sumnary o f  Findings (cont'd) 

whether there i s  a dose-response from r a d i a t i o n  f o r  these diseases. There i s  

l i k e l y  t o  be confounding from asbestos exposure f o r  those workers w i t h  

mesothel ioma and lung cancer, and the  e f f o r t  t o  c o l l e c t  exposure est imates f o r  

t h a t  substance must be completed so t h a t  m u l t i v a r i a t e  ana lys is  can be 

completed t o  evaluate t h i s  confounding var iab le .  There i s  a lso  t h e  

possi b i l  i t y  t h a t  i n d i v i d u a l s  accumulate add i t i ona l  DEs o f  r a d i a t i o n  dur ing  a 

per iod when t h e  cancer i s  present but  has no t  y e t  become c l i n i c a l l y  mani fest .  

This per iod  o f  add i t i ona l  accumulated r a d i a t i o n  dose i s  no t  needed t o  produce 

disease. 

To i n v e s t i g a t e  whether t h i s  l a t t e r  s i t u a t i o n  i s  i n f l uenc ing  t h e  dose- 

response curves, t he  DE was lagged by several d i f f e r e n t  t ime i n t e r v a l s  and the  

r a t i o s  reca lcu la ted.  With t h i s  procedure, some cases are l o s t  and some are 

now inc luded i n  d i f f e r e n t  DE subgroups. The procedure tends t o  increase the  

r a t i o s  i n  t h e  1.0-4.9 and 5.0-9.9 rem subgroups but  the  DE category of 10.0 

rem remains low. The number o f  cases i n  any s p e c i f i c  DE group i s  small . In 

general, w i t h  the  exception o f  leukemia m o r t a l i t y ,  t he  SMRs are h igher  w i t h  a 

ten  year l a g  pe r iod  as compared t o  shor ter  l a g  periods. F i f t e e n  year lags  

were a l so  used i n  analyses but  the  populat ion has not  been fo l lowed long 

enough t o  prov ide  s u f f i c i e n t  cases f o r  analys is  using t h i s  long a l a g  per iod.  

From t h e  data, i t  would appear t h a t  t he  f i v e  year l a g  per iod  produces s tab le  

and cons is tent  resu l t s .  While the  SMRs are increased by lagg ing f o r  t en  

years, there  i s  marked v a r i a b i l i t y  o f  t he  r a t e s  because o f  t he  reduced numbers 

of cases i n  t h e  subgroups. 

The th ree  groups i n  the  sample were screened t o  see i f  any o ther  r i s k s  

of s p e c i f i c  diseases appeared which might deserve f u r t h e r  study. The U.S. 

whi te male popu la t ion  was used as comparison. That ana lys is  suggests t h a t  
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4 Discussion 
4.1 Summary o f  Findings (cont'd) 

there are no statistically significant excesses of cancers in this population 

with the exception of lung cancer in the NNW group and mesotheliomas. 

Evaluation of low doses of radiation using the methods described in this 

report is limited by the fact that, if there is an effect 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 

control led 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,, , group or the 0.5-0.9 rem group is used for 
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4 Discussion 
4.1 Summary o f  F indings (cont 'd)  

comparison, then a1 1 dose groups 1.0 rem and above i n  the  NW,,., group have - 
higher  mortal  i t y  r a t e s  than the  NW,,., group f o r  bo th  leukemia and a1 1 

lymphatic hematopoi e t  i c neopl asms. There i s  no cons i s ten t  dose response w i t h  

r a d i a t i o n  which would suggest t h a t  r a d i a t i o n  i s  n o t  t he  f a c t o r  associated w i t h  

the  increase. Therefore, f u r t h e r  i n v e s t i g a t i o n  must be focused on whether 

va r i a t i ons  i n  jobs  o r  o ther  sh ipyard exposures o r  non- job r e l a t e d  r i s k  f a c t o r s  

may be i n f l u e n c i n g  t h e  r i s k  o f  disease among t h e  nuc lear  workers. The SMRs 

are very s e n s i t i v e  t o  any changes, such as lagging,  due t o  small numbers, so 

these w i t h i n  group observat ions may simply represent  chance v a r i a t i o n s .  



4 Discussion 
4.1 Summary of Findings (cont'd) 

Table 4.1 .A Mortal i ty from Selected Causes for NNW, NW, ,, and NW,,-,: Summary 
of Standardized Mortal i ty Ratios - 

NW>o.s NW<o.!i NNW 
Cause SMR (95% c.I.) SMR (95% c.I.) SMR (95% c.I.) 

All Causes 0.76 (0.73,0.79) 0.81 (0.76, 0.86) 1.00 (0.97,1.03) 

Leukemia 0.91 (0.56,1.39) 0.42 (0.11, 1.07) 0.97 (0.65,1.39) 

LHC 0.82 (0.61,1.08) 0.53 (0.28, 0.91) 1.10 (0.88,1.37) 

Mesothel i oma 5.11 (3.03,8.08) 5.75(2.48,11.33) 2.41 (1.16,4.43) 

Lung Cancer 1.07 (0.94,1.21) 1.11 (0.90, 1.35) 1.15(1.02,1.29) 



4 Discussion 
4.1 Summary of Findings (cont'd) 

Table 4.1 .B Mortality from Selected Causes for NNW, NW, ,, and Recorded Dose 
Equivalent Groups within the NW, ,: Sumnary o f  Standardized Mortal i ty - Ratios 

Cause 0.5- , 1.0- 5.0- 10' NW<o., NNW 

No l a g  

All causes 
Leukemi a 
LHC 
Mesothel ioma 
Lung Cancer 

5 Year Lag 
A l l  causes 
Leu kemi a 
LHC 
Mesothel ioma 
Lung Cancer 

10 Year Lag 
All causes 
Leu kemi a 
LHC 
Mesothel i oma 
Lung Cancer 



4 Discussion 
4.2 S t a t i s t i c a l  Power o f  t h e  Study 

This sec t i on  presents the  s t a t i s t i c a l  power be study f o r  de tec t ing  

r a d i a t i o n  e f f e c t s  o f  var ious s izes as i t  was ca lcu la ted  p r i o r  t o  t he  s t a r t  of 

t he  study. Estimates o f  the  bene f i t s  o f  add i t i ona l  fo l low-up on the  study 

popu la t ion  are  a l so  presented. The Shipyard Study has l ess  than a 20 percent 

chance o f  de tec t i ng  an excess r i s k  of leukemia a t  t he  l e v e l  o f  the  BEIR I 1 1  

r e p o r t  estimates. (BEIR I 1 1  est imates were those ava i l ab le  throughout t h e  

study.) I t  i s  l i k e l y  t h a t  the  study would de tec t  an excess r i s k  o f  leukemia 

i f  the  BEIR I11 est imates were low by a f a c t o r  o f  f i v e .  There would be a ga in  

i n  t he  power o f  t he  study t o  de tec t  leukemia e f f e c t s  o f  approximately 10 

percent f o r  excess r i s k s  a t  t he  l e v e l  o f  two t o  f i v e  t imes BEIR 111, i f  the re  

were s i x  a d d i t i o n a l  years o f  fo l low-up.  

S t a t i s t i c a l  power o f  the  study was determined us ing the  ana lys is  subset 

described i n  Sect ion 3.1. This  subset inc ludes a l l  nuclear  workers w i t h  20.5 

rem l i f e t i m e  DE as o f  January 1, 1982 and samples o f  t he  remaining nuclear and 

non-nuclear workers. A l l  workers were f i r s t  screened using t h e  study 

popu la t ion  c r i t e r i a  f o r  i n c l u s i o n  (see Sect ion 2.2), t h a t  i s ,  male c i v i l i a n  

shipyard employees who worked a t  l e a s t  one year  i n  t h e  shipyard du r ing  the  

nuclear  overhaul t ime per iod.  Add i t iona l  e d i t s  were appl i e d  be fore  a r r i v i n g  

a t  t he  subset used f o r  analys is .  

The numbers o f  workers, person-years, and deaths by se lec ted  causes 

among a1 1 workers and t h e  NW,,., workers by shipyard as used i n  a f i n a l  power - 
c a l c u l a t i o n  are  g iven i n  Tables 4.2.A and 4.2.8. There were a t o t a l  o f  70,898 

workers i n  t h e  sample subset, o f  whom 27,938 workers had accumulated a 

l i f e t i m e  DE o f  20.5 rem by January 1, 1982. There were a t o t a l  o f  7,101 

deaths among a l l  workers i n  the  sample subset, o f  which 54 were due t o  

leukemia and 641 were due t o  lung cancer. For 168 workers, t h e  f a c t  o f  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 l agged 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 111 risk estimates and multiples of 

these estimates up to a 40-fold increase over the BEIR I11 figures. It seemed 

most appropriate to express the alternative excess risks as multiples of the 

BEIR 111 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 (x*) 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 a1 l ows for simul taneous control of age, 

interval since onset of exposure, and other confounders as well as time- 

dependent DE accumul at ion. Grouping exposures he1 ped to a1 1 evi ate the probl em 

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 S t a t i s t i c a l  Power o f  t h e  Study (cont 'd) 

us ing each worker's actual  DEs. 

The power formulas f o r  t h i s  method have been presented by E.S. G i l b e r t  

i n  "An Evaluat ion of Several Methods f o r  Assessing the  E f f e c t s  o f  Occupational 

Exposure t o  Radiat ion"  (G i l be r t ,  1983). The twelve dose categor ies used were 

(1, I-, 5-, l o - ,  15-, 20-, 25-, 30-, 35-, 40-, 45-, and 50t  rems (Darby and 

Reissland, 1981). Each nuclear  worker's accumulated r a d i a t i o n  DE f o r  each 

year  o f  the  worker's fo l low-up per iod  lagged by two o r  f i v e  years was grouped 

i n t o  the  appropr iate dose category. The median DE was used as the  group 

score. The median DE was reduced by 21 percent t o  approximate t h e  DE t o  each 

organ. 

The l eng th  o f  fo l low-up was determined f o r  each worker from t ime o f  

e n t r y  i n t o  fo l low-up as de f ined i n  Table 4.2.C t o  January 1, 1982 o r  t o  t he  

worker's death t ime. The l eng th  o f  fo l low-up f o r  the  extended pe r iod  o f  

fo l low-up was ca l cu la ted  t o  January 1, 1988 o r  the  worker's death t ime. Since 

the  ac tua l  death t imes were unavai lable from December 31, 1981 t o  December 31, 

1987, a random death t ime based on 1970 U.S. wh i te  male 1 i f e  t a b l e  

p r o b a b i l i t i e s  was simulated f o r  each worker s t i l l  a l i v e  on December 31, 1981. 

It was assumed t h a t  no add i t i ona l  r a d i a t i o n  was received by t h e  nuclear  

workers a f t e r  December 31, 1981. 

The analyses were c o n t r o l l e d  f o r  age ( i n  5-year i n t e r v a l s )  and l eng th  o f  

t ime s ince e n t r y  i n t o  fol low-up. For t he  power ca lcu la t ions ,  a l i n e a r  r i s k  

model was chosen, where the  spontaneous r i s k  o f  dy ing was g iven by the  1970 

U.S. white-male age-cause-specif ic death r a t e s  ( i n  5-year i n t e r v a l s )  . A 

method descr ibed by Cramer (Cramer, 1946) was used t o  determine the  power. 

The method ad jus ts  the  normal approximation f o r  non-normal i ty o f  t he  t e s t  

s t a t i s t i c  due t o  t h e  h i g h l y  skewed dose d i s t r i b u t i o n  us ing t h e  t h i r d  and 
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4 Discussion 
4.2 Statistical Power o f  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 I11 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 I11 using the linear 

dose response model. If the excess risk is 10 to 20 times BEIR I11 (linear 

model), then the Shipyard Study would most certainly detect a risk. If the 

BEIR I11 risk estimates are too low 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 I11 and lung cancer risks less 

than 10 times BEIR I 1 1  would not be detectable. LHC risks greater than 10 

times BEIR 111, and lung cancer risks greater than 20 times BEIR I11 have an 

excel 1 ent 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 I11 (linear model) was increased by 14 percent with this 
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4 Discussion 
4.2 S t a t i s t i c a l  Power o f  t h e  Study (cont 'd) 

add i t iona l  fo l low-up.  There i s  a 92 percent chance t h a t  the  study would 

detec t  a leukemia e f f e c t  a t  t h i s  l e v e l .  

The power t o  detec t  LHC and lung cancer e f f e c t s  was a lso  increased by 10 

t o  20 percent f o r  an excess r i s k  o f  5 t o  10 times BEIR I11 f o r  LHC and 5 t o  15 

times BEIR I11 f o r  lung cancer. LHC r i s k s  greater  than 10 times BEIR I11 and 

lung cancer r i s k s  greater  than 15 times BEIR I11 would almost c e r t a i n l y  be 

detected w i t h  s i x  add i t i ona l  years o f  fol low-up. 

The BEIR I11 repo r t  d i d  not  spec i fy  an expected l e v e l  o f  r i s k  due t o  

1 ow-1 eve1 r a d i a t i o n  on mesothel ioma. There were 36 mesothel ioma deaths 

occurr ing i n  t h i s  study populat ion compared t o  9.08 expected deaths using U.S. 

whi te male age-calendar t ime s p e c i f i c  rates.  This g ives an SMR o f  4 w i t h  

confidence l i m i t s  o f  2.80 t o  5.54. I f  fo l low-up was extended fo r  s i x  more 

years and t h e  l e v e l  o f  mesothelioma r i s k  remained constant, then there  would 

be an expected 72 deaths occurr ing. This would reduce t h e  w id th  o f  t he  

confidence l i m i t s  t o  3.13 t o  5.04. 

The main conclusions regarding the  Shipyard Study power are: 

There i s  almost no chance o f  de tec t ing  leukemia r i s k  equal t o  the  
BEIR I11 extrapolat ions;  

Leukemia r i s k s  as l a rge  as 10 times t h e  BEIR I11 r i s k  est imates would 
almost c e r t a i n l y  be found; 

Some usefu l  in fo rmat ion  w i l l  be provided by t h e  study i f  actual  r i s k s  
are 5 t o  10 times t h e  BEIR I11 estimates; 

There would be a ga in  o f  10 t o  20 percent i n  the  power o f  t h e  study 
t o  detec t  r a d i a t i o n  e f f e c t s  a t  t he  l e v e l  o f  5 t o  15 t imes the  BEIR 
I11 estimates; and 

Leukemia r i s k s  as l a r g e  as 3 t o  5 t imes the  BEIR I11 r i s k  estimates 
would almost c e r t a i n l y  be found i f  the  fo l low-up pe r iod  was 
extended t o  January 1, 1988, and the  cur rent  assumptions hold. 



4 Discussion 
4.2 Stat ist ical  Power o f  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 IlIC thelioma Lung 

Charleston 6,716 80,986 666 0 5 2 7 5 

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 8 1 

Norfolk 6,941 84,939 664 9 2 0 6 73 

Pearl Harbor 5,767 81,634 49 1 5 14 3 4 2 

Portsmouth 7,897 112,973 1,223 8 24 3 111 

Puget Sound 7,882 74,761 3 94 7 13 3 3 3 

All yards' 70,898 922,438 7,101 5 4 147 3 6 641 

' Of 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 U C ,  
39 mesothelioma, anrf 690 lung cancer deaths. 



4 Discussion 
4.2 Statistical Power o f  the Study (cont 'd)  

Table 4.2.8 Numbers of Person-Years and Deaths from Selected Causes Among the 

w > ~ .  - 5 Workers by Yard 

Number of Number of Deaths 

Person- Meso - 
Shipyard NW>0.5 Years Total Leukemia M C  thelioma Lung - 

Charles ton 2 , 5 9 7  3 2 , 2 4 8  179  0  0  1 3  1 

Groton 4 ,  801  6 7 , 8 3 4  4 3 9  3  7  2  4 0  

Mare Island 4 , 7 7 1  5 7 , 5 8 0  375  3  8  Lr 3  1  

Newport News 3 , 0 4 9  3 9 , 5 9 6  2 4 4  2  4 5 3  1 

Norfolk 2 , 3 9 1  3 0 , 5 5 5  1 8 1  2 6 3 2 1 

Pearl Harbor 2 , 8 3 0  4 0 , 7 2 8  206 3  6 2 16 

Portsmouth 4 , 0 2 9  5 6 , 1 0 4  532  5 1 5  0  58 

Puget Sound 3 , 4 7 0  3 2 , 0 9 3  1 2 5  3  4 1  9 

A l l  yards' 2 7 , 9 3 8  3 5 6 , 4 3 8  2 , 2 8 1  2 1 50 18 237 

' Of the 2 , 2 8 1  total deaths, 1 5 8  deaths were missing a cause of death. Using a simple 
expansion estimate, there would be an expected total of 2 3  leukemia, 54 U C .  
19 mesothelioma, and 255  lung cancer deaths. 



Table 4.2.C Summary of t h e  Assumptions and Model Specifications Used t o  
Determine Power 

Age a t  Entry Calculation: 

Year of entry - Year of b i r th  f o r  workers born in the  20th century. 

Year of entry - Year of b i r th  + 100 fo r  workers born in t he  19th 
century . 

Death Times: 

Used actual death times f o r  workers dying before January 1,  1982. 

Generated using the  conditional method of follow-up fo r  the  power of 
t he  study with an extended period of follow-up fo r  workers a1 ive 
as  of the  study end - -  December 31, 1981. A worker was a t  r i s k  of 
"random death" a f t e r  the  study end - -  December 31, 1981. 

Year of Entry Into Follow-up: 

Year of entry in to  shipyard adjusted fo r  minimum duration worked fo r  
NNW. 

Year of entry in to  radiat ion program f o r  NW,,.,. 

Year of entry in to  radiat ion program o r  year 0.5 rem l i  
accumulated fo r  NW,,.,. - 
I f  any year of entry was before nuclear overhaul began 

shipyard, i t  was equated t o  the  year overhaul began. 

Length of Fo1 low-Up Calculation: 

fetime dose 

in  the  

Calculation from year of entry in to  follow-up t o  January 1,  1982 or  
actual death time. 

For t he  168 workers w i t h  f a c t  of but no date  of death, t he  length of 
follow-up was calculated from year of entry in to  follow-up t o  
estimated death time. 

Calculation from year of entry in to  follow-up t o  January 1,  1988 o r  
t o  actual death time i f  death before 1982, o r  simulated death time 
f o r  power of the  study with an extended period of follow-up. 

(cont'd) 



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 mu1 tip1 ied by 
0.79 to approximate the dose to the organs. 

6. Dose Lag: 

A worker's dose by year of follow-up was lagged by two years for 
leukemia and LHC cancers. 

A worker's dose by year of follow-up was lagged by five years for 
1 ung 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 intervals. 

8. Ri sk Projection Model : 

Used the additive linear risk model which states that risk during a 
particular time interval is 

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) 



Table 4.2.C Summary of the Assumptions and Model Specifications Used to 
Determine Power (cont ' d) 

10. Excess Risk: 

Multiples of the BEIR I11 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 
foll ow-up. 

The BEIR I11 risk estimates used for leukemia were as fo llows: 

- 2.2 deaths per mil 1 ion person-years per rem (based 
dose-response model ) . 

- 1 death per million person-years per rem (based on 
quadratic dose-response model ) . 

on a linear 

a 1 inear- 

The BEIR I11 risk estimate used for lung cancer and LHC was 2 deaths 
per mill ion person-years per rem (based on a 1 inear dose-response 
model ) . 

11. Power Probabil i ty Calculation: 

Power was determined using the normal approximation of the test 
statistic adjusted for non-normality of the test statistic by 
Cramer7s method. 

12. Type I Error: 

A one-sided test with type I error = 0.05 was used. 



4 Discussion 
4.2 Statistical Power of the Study (cont'd) 

Table 4.2.D 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, 1981a 

Assumed Leukemia LHC 
Radi at i on Leukemi a (Linear Cancer Lung Cancer 
Effects (Linear) Quadratic) (Li near) (Linear) 

No Effect 0.05 0.05 0.05 0.05 
*BEIR 1 1 1 ~  0.16 0.09 0.10 0.07 

a The lag periods used were: 2 years for leukemia and lymphatic cancer; 5 years 
for lung cancer. 

The BEIR I11 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 mi 1 1  ion persons per 
rem per year; 2 lung cancer deaths per million persons per rem per year. 



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 Radi at i on Effects on the Occurrence o f  Leukemi a and Lung 
Cancer Based on Foll ow-up Through December 31, 1987a 

Assumed Leukemi a LHC 
Radi at i on Leukemi a (Linear Cancer Lung Cancer 
Effects (Linear) Quadratic) (Linear) (Linear) 

No Effect 
*BEIR 1 1 1 ~  
2*BEIR I11 
5*BEIR I11 
10fBEIR I11 
15*BEIR I11 
20fBEIR I11 
30*BEIR I11 
40*BEIR I11 

a The lag periods used were: 2 years for leukemia and LHC cancer; 5 years for lung 
cancer. 

The BEIR I11 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 rein per year; 2 lung cancer 
deaths per mil 1 ion persons per rem per year. 



5 Conclusion 
5.1 Recomnendat i ons 

The shipyard nucl ear w ork er popul at i 

individuals exposed to low documented DEs 

on represents a large number of 

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. Therefore this is an ideal population in which to examine the risks of 

ionizing radiation in which confounding variables could be controlled. 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 mortal i ty in this 

group is necessary. Also, additional information could be gained from further 

analysis of the currently avai 1 able data. Therefore, the following 

recommendations are made: 

1. Analyze further the current file using other analytic methods such as 

direct internal comparisons and other model ing of expected effects 

of radiation. 

2. Adjust data regarding risks of lung cancer and mesothel ioma 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 follow-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 



5 Conclusion 
5.1 Recomnendati ons (cont 'd) 

NW>0.5 - g roup 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,, , group. In - 
this step, the sample of NW,, , g roup should be expanded to 
represent more than a 10 percent sample because they appear to 

be the population most comparable to the NW,,., 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 factors in 

analyzing the radi ati on-exposed workers. 

5. Utilize the additional data collected on confounding variables 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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welders and e l e c t r i c i a n s .  

7. Examine several disease which appear t o  be somewhat h igh  i n  sh 

workers such as asthma and cancers o f  esophagus, stomach, 1 

p ros ta te  and kidney. While most o f  these do no t  show a 

i pyard 

i ver, 

s i g n i f i c a n t l y  h igh  SMR compared t o  the  expected deaths f o r  the  

general populat ion, t he  r a t i o s  are h igh  enough t o  warrant f u r t h e r  

review. 

8. Continue fo l low-up o f  the  expanded and updated sample described i n  4 

above. Many o f  these workers w i l l  be i n  t h e  o r i g i n a l  sample and 

some w i l l  represent new workers who have j o ined  t h e  popu la t ion  o r  

reached DE l e v e l s  o f  the  NW,,., group a f t e r  1979 and add i t i ona l  - 
non-nuclear workers. This  sample w i  11 represent  an add i t i ona l  ten  

years o f  experience i n  the  r a d i a t i o n  program which w i l l  

s u b s t a n t i a l l y  increase the  exposed populat ion.  I n  add i t ion ,  i t  

w i l l  represent  fo l low-up o f  the  populat ion through a t  l e a s t  1987 

o r  1988 represent ing an add i t i ona l  s i x  o r  seven years o f  m o r t a l i t y  

experience. 

9. Plans should be developed f o r  continuous fo l low-up o f  t h i s  va luable 

popu la t ion  i n t o  t h e  fu tu re .  



5 Conclusion 

5.2 Fur ther  Studies 

1. Reanalysis o f  cu r ren t  and updated database us ing several o the r  methods 

i n c l u d i n g  those which assume s p e c i f i c  models o f  r a d i a t i o n  e f f e c t s .  

2. Nested case-contro l  s tud ies  o f  mesothelioma, l ung  cancer, and poss ib l y  

o ther  cancers t o  evaluate both i n t e r r e l a t e d  and independent e f f e c t s  

o f  r a d i a t i o n  and o ther  shipyard exposures. 

3. Expansion o f  t he  shipyard sample t o  inc lude the  add i t i ona l  nuclear  

workers w i t h  t h e i r  exposures t o  date and expanded samples o f  NW,,., 

and NNW groups w i t h  fo l low-up o f  t he  t o t a l  popu la t ion  a t  l e a s t  

through 1987. 

4. Analys is  o f  da ta  t o  assess p o t e n t i a l  r i s k s  associated w i t h  o the r  jobs 

among shipyard workers based on l a s t  j o b  held. 

5. Eva lua t ion  o f  poss ib le  shipyard exposures which may be associated w i t h  

some o f  t he  o ther  diseases which had SMRs above 1.00 us ing  the  nested 

case-contro l  approach. 

6. An assessment o f  t he  impact t h a t  measurement v a r i a b i l i t y  has on low dose 

exposures t o  r a d i a t i o n .  This  w i l l  i nc lude the  assessment o f  qua1 i t y  

o f  repor ted  DEs o f  i nd i v idua ls .  

7. Assessment o f  the  accuracy o f  death c e r t i f i c a t e  eva lua t ion  o f  m o r t a l i t y  

versus m o r t a l i t y  experience based on confirmed causes o f  deaths from 

h o s p i t a l  records and cancer r e g i s t r y  reviews. 

8. I n v e s t i g a t i o n  i n t o  the  use of t he  c o l l e c t e d  m o r t a l i t y  data f o r  t h i s  

popul a t  i on. 

9. Fol low-up of a sample of t he  populat ion o f  a c t i v e  and terminated workers 

and cases o f  lung cancers t o  determine the  impact o f  smoking on the  
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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 list 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 responsibil ity for the conduct of the research. 

Present Members: 

Dr. Genevieve M. Matanoski, 
Principal Investigator 
Professor 
Epi demi 01 ogy 

Dr. He1 en Abbey 
Professor 
Biostatistics 

Dr. Charles Bi 1 1  ings 
Associate Professor 
Environmental Health Sciences 

Dr. Adolfo Correa 
Assistant Professor 
Epi demi 01 ogy 

Ms. Nancy Fink 
Research Associate 
Epi demi 01 ogy 

Dr. Katherine Hunting 
Post Doctoral Fell ow 
Epidemiol ogy 

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 Fell ow 
Ep i demi 01 ogy 

Mr. Bruce Sanders 
Research Associate 
Heal th Pol icy and Management 

Ms. A1 ice Sternberg 
Biostatistician 
Epidemiology 

Dr. Walter Stewart 
Assistant Professor 
Epidemiol ogy 

Dr. James Tonascia 
Professor 
Biostatistics 

Ms. Katherine Yates 
Biostatistician 
Epi demi 01 ogy 



Appendix 2. Techni cal Advi sory 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 be1 ieved to be important and which were included in the 
group are: radiation biology and radiation physics, medicine, genetics, 
industrial hygiene, epidemiology and biostati stics. A1 so, we be1 ieved 
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. 

Panel 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 
accumul ati ng know1 edge 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 method01 ogy in longitudinal studies. 

The TAP shall be requested to provide advice based on its review, 
analysis and recommendations, and has no legal responsi bi 1 i ty 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 
1 east twice a year during the next three years of the study. 



Appendix 2. Technical Advisory Panel (cont'd) 

A 1 ist of members who have served on the TAP is as follows: 

Dr. Arthur Upton, Chairman 
Professor and Chairman 
Department of Envi ronmental 
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 
Physi cs 

Medical Physics Division 
University of Wisconsin 

Dr. Carter Deniston (Resigned 
November, 1983) 

Professor of General and Medical 
Genetics 

University of Wisconsin 

Dr. Merrill Ei senbud 
Professor 
Environmental Medicine 
New York University Medical 
Center 

Dr. Philip Enterline 
Professor and Chairman 
Department of Bi ostati sti cs 
University of Pittsburgh 
Graduate School of Pub1 ic Health 

Dr. Phil ip Sartwell 
Professor Emeritus 
Department of Epidemiology 
The Johns Hopkins University 

Dr. Roy Shore 
Associate Professor 
Department of Environmental 
Medicine 

New York University Medical 
Center 



Appendix 3. Radiation Dosimetry Advisory Comnittee 

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, Maryl and 

Dr. Donald E. Barber 
University of Minnesota 
Minneapolis, Minnesota 

Cdr. William McC. Beckner 
National Council on Radiation Protection 
Bethesda, Maryl and 

Dr. John Cameron 
University of Wisconsin 
Madison, Wisconsin 

Dr. Margarete Ehrlich 
Nat i cnal Bureau of Standards 
Washington, DC 

The RDAC committee met on April 3, 1986 in Washington D.C. 

The Radi ati on Dosimetry Advisory Committee (RDAC) was charged with 

evaluating the val idi ty (accuracy, precision and re1 iabil ity) of radiation 

dose estimates for the shipyard radiation workers. They were to review 

informati on 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 whether 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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Appendix 3. Radiat ion Dosimetry Advisory Committee 

o f  10 mR f o r  f i l m  badge and 1 mR f o r  TLD. 

Spec i f i c  Quest ions Addressed by RDAC 

Procedures 

1. What are the  p o t e n t i a l  f ac to rs  which could confound the  
recorded dose? 

2 .  What were the  recommended procedures f o r  badge and f i l m  
placement? 

3. What was the  s e n s i t i v i t y  o f  each device? (Minimal 
detectable exposure?) 

4. Are there  d i f f e r e n t  ra tes  o f  dose accumulation f o r  per iods 
i n  which f i l m  badge (pre 1974) versus TLD (post 1974) was 
used? 

5. Were there 
received a 
not  proper 

Qua1 i t y  Control  

any accidents o r  i nc iden ts  where a worker 
s i g n i f i c a n t  i n t e r n a l  o r  external  dose t h a t  was 

l y  recorded? 

1. Describe the  standardizat ion procedures used t o  establ  i sh 
the  H t D curves a t  t he  i n i t i a t i o n  o f  t he  Radiat ion Control  
Program. When and how have these procedures changed? 

2.  What data e x i s t  concerning standardizat ion o f  types o f  f i l m  
used i n  badges? Were there  changes i n  recorded dose from 
one type o f  f i l m  t o  another? 

3. What are/were the  s p e c i f i c  procedures f o r  q u a l i t y  cont ro l  o f  
f i 1 m badge/TLD readings? 

4. What were t h e  methods used f o r  s tandardiz ing 
photodensitometer operator 's readings? Operator 
v a r i a b i l  i t y ?  

5 .  Describe t h e  threshold f o r  incrementing t h e  TLD reader 
scale . 

Advice from RDAC 

1. Provide recommendations on the  r e l i a b i l i t y  o f  dose data 
based on 1 eve1 , dose rate,  c o l l  e c t i  on period, and methods o 
measurement used dur ing  per iod  o f  dose accumul a t i  on. 

2.  Suggest f u r t h e r  in format ion which may be needed t o  es tab l i sh  
the  r e l i a b i l i t y  o f  t he  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 re1 ated to the 

data were gathered from individuals directly involved with 

radiation program. 

issues. Additiona 

the shipyard 



Study of  F e a s i b i l i t y  of Detec t ing  
Effects of Low-Dose Rad ia t i on  i n  Shipyard Workers 

In t roduc t ion  

There is  very  l i t t l e  in format ion  a v a i l a b l e  on the ch ron ic  h e a l t h  effects from 
regea ted  low-level doses of r a d i a t i o n .  The c u r r e n t  s t anda rds  a r e  based p r imar i l y  
on a  few o r  s i n g l e  l a r g e  doses  o f  r a d i a t i o n  o r  a risk o f  exposure based on 
p e r s i s t e n c e  of  i n t e r n a l - e a i t t e r s  o f  r a d i a t i o n .  These s t anda rds  have n o t  been 
adequate ly  eva lua ted  i n  view o f  the p r e s e n t  occupat iona l  s i t u a t i o n  i n  which t h e  
exposed worker rece ives  annual doses  o f  5 rern o r  l e s s  throughout  his working l i f e .  
Therefore  the major i ty  of workers may be  exposed t o  1  i fe - t ime doses  well below 50 
rern. Despi te  t h i s ,  r ego r t s  by Mancuso (Heal th  Phys i c s ,  1977) and Najar ian 
( ~ a n c e t ,  1978) have suggested t h a t  t h e s e  workers may have an increased  r i s k  o f  
c e r t a i n  cancers .  In view o f  these s u g g e s t i o n s  and t h e  pauc i ty  of information 
about  t h e  cance r  r i s k  a t  low doses  o f  r a d i a t i o n ,  i t  i s  impera t ive  t o  examine t h e  
risks of  popula t ions  under t o d a y ' s  exposu re  l e v e l s .  

The o b j e c t i v e s  o f  this s tudy  were t o  examine the adequacy o f  determining 
r a d i a t i o n  exposure doszs i n  sh ipya rd  workers ,  the procedures  used i n  the r a d i a t i o n  
con t ro l  programs, and :he f z z s i b i l i t y  c f  e s t a b l i s h i n g  an app rop r i a t e  popula t ion  of 
nuc l ea r  and non-nucle5r sh ipyard  workzrs f o r  long- t t rm s t u d i e s  o f  low-level 
r a d i a t i o n .  

The a v a i l a b i l i t y  c i  r eco rds  and t h e  methods of  popula t ion  i d e n t i f i c a t i o n  and 
o f  measurement of r3d i a t i on  dose were determined du r ing  i n i t i a l  v is i ts  t o  the 
y a r d s .  Personnel ,  i n d u s t r i a l  hyg iene ,  r a d i a t i o n  and medical records  were examined 
f o r  s u i t a b i l i t y ,  c m p l e f e n e s s  and accuracy .  I t  was necessary  t o  a s s u r e  t h a t  no 
p o s s i b l e  e r r o r s  o r  omissicns i n  personnel  and r a d i a t i o n  records  e x i s t e d  i n  o r d e r  
t h a t  the f i n a l  da t a  w j 7 1  have val i d ' t y .  

Pre i iminary  investiqa:icns on the methods o f  follcw-up in  t h e  Portsmouth 
popula t ion  and t h e  t 'ze  r equ i rod  f o r  e3ch procedure were a l s o  undertaken i n  o r d e r  
t o  have a b e t t e r  e s t i n a t t  of the t o t a l  c o s t  f o r  a long term s tudy .  

Assessment of the a v a i l a b i l i t y  o f  i n fo rma t ion  on sh ioya rds  

Radia t ion  d a t a  

Un t i l  t h e  advent  o f  n u c l e a r  powered naval v e s s e l s ,  the p r i n c i p a l  r a d i a t i o n  
exposures  t o  sh ipyard  workers had be% from (1) roentgen-ray and gamna-ray sources  
used i n  i n d u s t r i a l  radiography;  ( 2 )  d i a g n o s t i c  (medica l )  roentgen r ays  i n  t hose  
c a s e s  where t h e  shipyard d i s p e n s a r y  was under t h e  a u s p i c e s  of  t h e  sh ipyard  
r a d i a t i o n  con t ro l  program, r a t h e r  t h a n  o f  the medical department;  ( 3 )  radium, 
radon, and thei r  daughter  p roduc t s  found  i n  a s s o c i a t i o n  w i t h  luminous d i a l s  
fo rmer ly  used i n  c locks ,  compasses,  o t h e r  i n s t rumen t s  and guides  f o r  i l l u m i n a t i n g  
passageways i n  darkened s h i p s ;  and ( 4 )  gamma ray  sou rces  used i n  c a l i b r a t i o n  of 
r a d i a c  equipment (RADIAC i s  an acronym f o r  " r a d i a t i o n  d e t e c t i o n ,  i d e n t i f i c a t i o n  
and computa t ion") .  

These f o u r  subgroups o f  workers  a r e  inc luded  i n  the t o t a l  popula t ion  o f  
n u c l e a r  workers. Some o f  t h e s e  groups,  e s p e c i a l l y  i n  t h e  e a r l y  y e a r s ,  have had 
as s igned  doses  f o r  b r i e f  p e r i o d s  where exposures  were n o t  adequa te ly  i d e n t i f i e d .  
The technique  f o r  e s t i m a t i o n  o f  bo th  i n t e r n a l  a s  well a s  e x t e r n a l  r a d i a t i o n  



exposure,  the r e l i a b i l i t y  of the f i l m  badge system used p r i o r  t o  the 1 9 % ' ~  and 
the c h a r a c t e r i s t i c s  of t h e  r a d i a t i o n  worke r ' s  exposures  were such t h a t  a high 
degree  of  r e l i a b i l i t y  can no t  be placed on dose e s t i m a t e s  f o r  t h e s e  groups. The 
accuracy and conservat ism involved i n  t h e  Navy procedures  were probably much 
b e t t e r  than those  used i n  o t h e r  popu la t i ons  i n  the same time per iods .  In some 
cases  workers were assigned the maximum dose a l l owab le  f o r  t h a t  per iod.  In o t h e r  
i n s t a n c e s ,  doses  were assigned t o  workers based on h i s t o r i c a l  d a t a  r e l a t e d  t o  
s i m i l a r  exposures i n  occupat ions o r  t h e r a p e u t i c s .  A11 doses  which have been 
ass igned  by t h e s e  method do n o t  have the same v a l i d i t y  a s  measurements der ived  
under  the c u r r e n t  program and, t h e r e f o r e ,  such doses  w i l l  be eva lua t ed  s e p a r a t e l y  
from those  measured under the c u r r e n t  n u c l e a r  program guide1 ines .  These 
gu ide l ines  have been i n  e f f e c t  s i n c e  the beginning of the Navy n u c l e a r  propuls ion 
program. 

The group of shipyard workers who a r e  involved i n  the Navy's nuc l ea r  
propuls ion program a r e  exposed almost  e x c l u s i v e l y  t o  who1 e-body p e n e t r a t i n g  
r a d i a t i o n  from gamma rays w i t h  we1 1 documented exposures  and c o n s t a n t  s u r v e i l  l ance  
of working condi t ions .  There s t i l l  e x i s t  a few subgroups,  the  rad iographers  and 
r ad i ac  workers ,  whose exposure i s  a t y p i c a l  of the n u c l e a r  r a d i a t i o n  workers. 
These two groups ( t h e  rad iographers  and r ad i ac  workers)  have exposures of a 
s i m i l a r  na tu re  t o  t he  nuc l ea r  r a d i a t i o n  workers s i n c e  t hey  a r e  exposed t o  
p r imar i l y  high energy pene t r a t i ng  r a d i a t i o n .  For purposes  of the s tudy ,  however, 
they could be included i n  t h e  popula t ion  but  t hey  should be eva lua ted  s e g a r a t e l y  
by job. 

A review of t h e  procedures and r eco rds  which i d e n t i f i e d  exposures  i n  t h e  
e a r l y  days of the program suggested t h a t  the system f o r  documentation of  workers '  
exposures  has always operated a s  e f f i c i e n t l y  a s  i t  does no t ,  Dr. Mi t che l l ,  who 
has  had exper ience  w i t h  the Navy's system f o r  c a l i b r a t i o n  o f  dos ime t r i c  film 
es t ima ted  t h a t  t h e  r e l i a b i l i t y  of the f i lm badge dos imet ry  system i n  use  i n  the 
e a r l y  per iod  ( 1 9 5 0 ' s )  should lead  t o  an accuracy o f  215% i n  recorded doses.  The 
f i l m s  were read a t  monthly i n t e r v a l s .  In  t hose  c a s e s  where a f i l m  badge was l o s t  
o r  rendered u n r e l i a b l e  f o r  measurement of  r a d i a t i o n  dose ,  the methods t h a t  have 
been used f o r  a s se s s ing  r a d i a t i o n  exposure  appear  reasonable  and n e i t h e r  o v e r l y  
conse rva t ive  nor  l i b e r a l .  They have included e s t i m a t e s  of  dose from measurements 
of o t h e r  i n d i v i d u a l s  w i t h  s i m i l a r  work exposures  and from pocket i o n i z a t i o n  
chambers. Dr. Mi t che l l ,  a f t e r  e v a l u a t i n g  these methods, concluded t h a t  t h i s  type  
of  e s t ima ted  dose has s u f f i c i e n t  accuracy  t o  be added t o  the measured dose. (This  
method f o r  e s t i m a t i o a  d i f f e r s  from the ass igned  doses  desc r ibed  previously.)  

S ince  1974 t h e  Navy has  changed t o  a d a i l y  TLD (thermoluminescent dos imeter )  
system f o r  measuring r a d i a t i o n  dose which should be an even more r e l i a b l e  method 
o f  record ing  dose than f i lm badge r ead ings .  Despi te  r i g i d  s t a n d a r d i z a t i o n  of a1 1 
procedures  these measurements a r e  a l s o  s u b j e c t  t o  e r r o r s  a s  shown by the Navy's 
q u a l i t y  con t ro l  records.  A TLD removed from s e r v i c e  and t e s t e d  may read a s  much 
a s  15: below a s tandard  adminis te red  r a d i a t i o n  exposure o f  75 mi l l i rem.  In  
sumnary both methods have some v a r i a b i l f t y  i n  the measurements of  r a d i a t i o n  dose 
bu t  we can add toge the r  the rem c a l c u l a t e d  from each method wi th  t h e  e x p e c t a t i o n  
t h a t  the r e s u l t s  wi l l  n o t  be t o o  wide ly  d i s c r e p a n t  from the e a r l i e r  t o  the l a t e r  
t ime  per iods .  The only problem which was n o t  r e so lved  i n  the f e a s i b i l i t y  s tudy  was 
t h e  d i f f e r e n c e s  which would a r i s e  from readings  i n  e a r l y  pe r iods  which cumulated 
t h e  dose f o r  a t o t a l  month and the d a i l y  dose read  by the TLD which t h e o r e t i c a l l y  
could miss a very low dose when t h e  l e v e l s  on a d a i l y  b a s i s  were below t h e  
s e n s i t i v i t y  l e v e l  of t h e  dosimeter .  The Navy has  accumulated d a t a  on t h e  
magnitude of t h i s  problem a t  the time of t h e  convers ion  between the systems. We 
w i l l  review t h i s  information subsequent ly .  



Cobalt-60 i s  the major source of exposure t o  ionizing radiation among 
shipyard workers. The exposure only occurs in overhaul of ships since the 
mechanism by which radioactive material i s  introduced into the general systems of 
the ship i s  througn the corrosion of s teel  and the flaking off of small par t ic les  
which are carried by the primary heat exchange water into the reactor proper and 
subsequently o u t  into the external c i r c u i t s  of the compartment. The cobalt-60, 
present in very low quantit ies in the water, i s  a pure source of gama rays w i t h  
high energy penetrating radiation. The half-value layer for a narrow beam of 
Co-60 gamma rays i s  approximately four  inches in water. Therefore, the externally 
measured dose of radiation i s  an accurate measure of internal dose to  the marrow 
and other s i t e s .  The other principal gama emitters found i n  these activated 
corrosion products have shorter half 1 ives than the 5.3 year Co-60 (Co-58 
T-l/2=71.3 days; Fe-59 T-1/2=45.6 days; Cr-51, T-1/2=17.8 days). These l a t t e r  
material s bui ld u p  t o  an equil i brium 1 eve1 where t h e i r  ra te  of decay equals their 
ra te  of fornation. (Equilibrium is  reached i n  about six months for  Cr-51, i n  nine 
months f o r  Fe-59, and in about a year f o r  Co-58). Cobalt-60 ac t iv i ty  would 
continue to  grow and would never reach equilibrium du r ing  the estimated period of 
time between reactor overhauls since i t  would take about 30 years t o  reach tha t  
s t a t e .  Consequently the re la t ive  contribution of the other radionuclides t o  the 
total  radiation exposure compared t o  Co-60 decreases the longer the reactor i s  in 
operation. Therefore, the monitoring of primary water f o r  Co-60 i s  a valid 
measure of the source of  total  radiation. 

Questions have frequently been raised about the appropriateness of the usual 
methods of measureTent to detect problems of accidental and internal exposures. 
Dr. Mitchell and the other members of our facul ty team have carefully evaluated 
both "incident" reports and methods of measuring internal doses. In the cases of 
skin o r  hand contamination, the wounds are  immediately cleansed to  zero detectable 
radiation level. Thereiore, these exposures probably do not add anything t o  t h e  
total  body burden as measured by personal dosimeters. 

There have been rare instances of radiation workers exposed t o  Co-60 via 
contaminztion of breathing zone a i r  w i t h  a small amount of primary coolant water. 
Such events are  monitored by counting radiation levels i n  exposed and potentially 
exposed workers w i t h  a 3 x 3 inch NaI crystal  s c i n t i l l a t o r  and multi-channel 
spectro-meter system. This system i s  designed t o  detect Co-60 deposited i n  the 
lungs w i t h  a minimal detectable a c t i v i t y  i n  the range of four nanocuries. An old 
system i n  use in the early days of the  nuclear propulsion program had a minimal 
detectable ac t iv i ty  &the range of s l igh t ly  l e s s  than ten nanocuries. 
Requirements today are such tha t  a body burden of ten nanocuries requires 
notification of specified au thor i t ies .  Dr. Mitchell has estimated the maximum 
lung dose which could have occurred i n  those instances i n  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 mill irems, a level which 
represents a suff ic ient ly  low added burden so t h a t  individuals w i t h  ten nanocuries 
o r  1 ess 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 i f  the detectable level i s  ten nanocuries o r  above, an assessment of 
the added dose can be made. 

In sumnary a11 data or  radiation exposures t o  shipyard workers in the Navy 
nuclear propulsion program have indicated t h a t  doses a re  accurately recorded, 
carefully monitored, and are  a t rue  ref lect ion of the dose received by the marrow 
which makes t h i s  population ideal f o r  studies of effects  of low-dose radiation. 



Industrial hyaiene d a t a  

The measurements o f  possible toxic substances i n  the working environment of 
the shipyard have n o t  been systematically sampled in a l l  yards or even in a single 
yard over time so that no direct assessment of cumulated exposures t o  other agents 
by individuals i n  the population could be made as has been done for  ionizing 
r a d i a t i o n .  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 t o  date, a1 1 b u t  one have extremely 1 imited numbers of 
industrial hygiene reports. Thus i t  will  be impossible to determine on an 
individual basis exact exposures t o  such agents as asbestos, lead, nickel or  
benzene. 

I f  one has no measurement of individual dose, one method by which to estimate 
possible exposure is  by the use of job categories, cumulating total duration of 
exposure t o  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 t o  relate t o  the job classifications. However, th is  i s  one o f  
the standard methods which one can use . t o  correct f o r  exposure t o  agents other 
t h a n  raaiation. 

Another mechanisn for  determining exposure t o  other substances would be t o  
assume t h a t  data f r ~ m  one yard i s  generally applicable i n  a71 yards. This i s  a 
reasonable assumption since work done on Navy vessels would be done by methods and 
w i t h  materials whicn meet standard specifications applicable across a l l  
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 j o b  may also be possible. These data could be expanded further 
i f  the  industrial hygiene records from non-nuclear shipyards are also included in 
the estimations. Dr. Billings suspects that the Navy industrial hygiene center in 
Cincinnati has measurements of substances in addition t o  those which are available 
from the yards thenselves. This information will be extremely important i f  
radiation dose diff2rs by j o b  because exposure t o  other substances may also differ  
by j o b  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 i s  through tne development of laboratory conditions which simulate those 
which existed in specific work categories a t  certain calendar times. This is  a 
feasible procedure and i s  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 b u t  would require substantial support as 
would the activities described above. 

Medical records 

The medical records in the Navy shipyards are retained on s i t e  fo r  active 
workers b u t  a f ter  severance a l l  records are returned to a repository i n  S t .  Louis. 
The medical records of the private yard accumulated over the past 30 years have 
been kept intact on-site. (Note tha t  subsequent to the in i t i a l  feas ibi l i ty  study 
a second private yard had joined the group which had been screened for  inclusion 



and th is  yard also had medical records on-site fo r  the period before anc during 
nuclear overhauls. ) A 1  1 medical records incl ode routine screening proceiures 
which have been required for  nuclear workers~regardless of the i r  level of exposure 
as well as the usual physical examinations and other special tes t s  which are 
related to  other industrial exposures such as chest films fo r  asbestos and blood 
t e s t s  f o r  lead. They also contain complete information on radiation exposure 
which should be used t o  validate radiation records from other sources. T h i s  i s  
the'only of f ic ia l  record of dose and should be examined f o r  a sample of a l l  
nuclear workers. One could examine these records i n  relation to  the mortality 
experience of employees. These morbidity records might  provide useful information 
to  re la te  to  the mortality data. Such a review can not be done routinely on a l l  
ins ta l la t ions '  records i n i t i a l l y  since i t  i s  d i f f i c u l t  to  retr ieve the records 
from the Navy yards b u t  a  sample of the records can be reviewed t o  determine the 
overall value of such data. 

Personnel records 

For a l l  current workers, the yards have records which include social security 
number, bir th  date, address, name of next-of-kin, and a l l  shipyard jobs and times 
held, These would provide excellent resources f o r  both follow-up fo r  morbidity 
and other personal variables or f o r  determination of mortality in the future. The 
completeness o f  rocoras for  severed workers d i f f e r  depending on the yard. All 
f a c i l i t i e s  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 l i s ted  a t  the time of employment which i s  often many years 
previously. The completeness of records from early periods before overhaul and 
the ease w i t h  which a total  population might be established varies by yard. In 
a11 cases there are some records which precede the period of overhaul so tha t  
base1 ine data can be established. In some instances the records go back t o  World 
War 11. I n  the early periods, social security number was not used as an 
ident i f ie r .  Sinco 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 fo r  these employees. The Civil Service System does not provide as 
complete a method for  determining mortality since individuals may withdraw 
benefits a t  the time of severance. 

A1 1 individuals who worked i n  t he  shipyard received security clearance. 
These records contain several names and addresses of individuals who might know 
the whereabouts of warkers who have l e f t  the yard. These records would provide 
another resource fo r  fol low-up of mortal i  ty  and morbidity. These records, 
however, have constraints on the i r  use and, although they are  being reviewed i n  
several other studies of radiation ef fec ts ,  i t  i s  c l ea r  tha t  special clearance 
would have to  be provided to  allow the use of such records f o r  purposes other than 
those f o r  which they were intended. Such clearance should be considered fo r  the 
future b u t  filming of such records in the i n i t i a l  phases of the study should not 
be attempted until  reasonable jus t i f ica t ion  f o r  t h e i r  use can be established. 

Work character is t ics  

The shipyard population i s  ideal f o r  a study of the e f fec ts  of low-dose 
radiation because the source of exposure is solely cobalt-60, a material which 
emits only gama rays w i t h  high penetrabili ty.  T h u s ,  any measured exposure to  
radiation i s  a t rue measure of the to t a l  body dose. In most work situations,  



employees exposed t o  radiation may have a unique job which includes other r i sks  
common only to  radiation work. A1 though i t  i s  recognized tha t  there a re  many 
other hazards which are associated w i t h  overhaul and construction of ships, these 
r isks  are comon t o  both nuclear and non-nuclear workers. There i s  no incentive 
pay f o r  radiation work which might provide a selection bias so tha t  the total  
population of shipyard workers both nuclear and non-nuclear should be similar i n  
t h e i r  work exposures other than radiation. Standardized records on a l l  nuclear 
work'ers are available from a l l  s i t e s .  

I t  should be recognized, however, t h a t  these radiation workers have very low 
exposures. Therefore, the majority of the workers have under 10 rem l i fet ime 
exposure. This means that  i f  we wish t o  determine the r i sk  of a rare  event such 
as leukemia i t  will be necessary t o  co l l ec t  information on as many individuals as 
possible from several shipyards in order t o  develop a s tab le  risk estimate fo r  
each dose 1 eve1 . 
Identification of deaths i n  shipyards through c e r t i f i c a t e  review 

Attention was called t o  a possible health hazard i n  the Portsmouth shipyard 
through the identification of occupation and industry as l i s t ed  on death 
cer t i f ica tes .  As part of the f e a s i b i l i t y  study, a s imilar  examination of a l l  
death ce r t i f i ca t e s  for  the s t a t e s  of Maine and New Hampshire was completed t o  
identffy deaths which l i s t ed  employment in the Navy yard as the industry or  in 
ship building occupations on the c e r t i f i c a t e .  The causes of deaths were also 
searched f o r  mesotheiioma as underlying cause. The l a t t e r  was not l i s t e d  as a 
cause of death on any ce r t i f i ca t e s  b u t  i t  i s  possible tha t  the search was not 
complete since the teams were concentrating on ident i f icat ion of industry and 
occupation. 

The study was designed to  determine whether the information collected i n  the 
previous study could be duplicated. Secondly, this review could provide important 
information regarding the f e a s i b i l i t y  of using local ce r t i f i ca t e s  to  identify 
shipyard personnel especially i n  small geographic areas. A total  of 2,036 deaths 
o u t  of 22,000 identified had occurred among shipyard workers who had worked from 
1959 t h r o u g h  1978 during the period of nuclear overhaul. A proportional mortal i t y  
analysis indicated excesses of several cancers among the radiation workers b u t ,  in 
general, the confidence l imi ts  f o r  these ra t ios  did not d i f f e r  when compared t o  
those f o r  the non-radiation workers. I t  was apparent tha t  over 90 percent of the 
deaths identified mu& have occurred i n  workers who had l e f t  employment pr ior  t o  
the time of nuclear overhaul. Therefore, this method of finding deaths among 
shipyard workers i s  not very e f f i c i e n t  even i n  areas where the industry employs a 
high percentage of the workforce. Only about one-third of the deaths ident i f ied 
by the search of cer t i f ica tes  were a l so  included i n  the NIOSH l i s t  of deaths. O f  
those deaths fo r  whom "shipyard" was l i s t e d  f o r  employment b u t  which did not match 
the shipyard roster ,  the majority were much older than those who d i d  match 
suggesting they had ret i red before the  beginning employment date of the roster .  
Further consideration of these methods of identifying deaths should be completed 
i f  one wishes to use these means of finding deaths in the population. 



These workers provide a n  ideal  population f o r  study of low-dose rad ia t ion  
e f f e c t s  because they a r e  s i m i l a r  demographically, perform the same tasks and are 
exposed t o  the same occupational hazards a s  o t h e r  shipyard employees except fo r  
their  po ten t i a l  radia t ion  risk. The workers have a v i r t u a l l y  pure exposure t o  
cobalt-60 which produces only gamna rays  w i t h  h i g h  p e n e t r a b i l i t y ,  s o  t h a t  we can 
expect  t h a t  measurements of dosimetry, which have been recorded o v e r  the pas t  20 
yea r s  will accura te ly  reflect the i n t e r n a l  dose received by individuals ,  An added 
advantage of this population f o r  s tudy i s  t h a t  a l l  sh ipyards  have Implemented the 
same general ru les  f o r  and standards of  r ad ia t ion  cont ro l  during t h e  peA& of 
their opera t ion  so t h a t  r e s u l t s  can be combined f o r  a l a r g e  number of warkers a t  
various work s i t e s  w i t h  very low exposures t o  the same r a d i a t i o n  source, Sfnce a 
high proportion o f  this population is  s t i l l  young and has had very low exposure i t  
nay be necessary t o  continue follow-up of the populat ion f o r  several  years i n  
o rde r  t o  obta in  an accura te  assessment of the shape of t h e  dose-respoma curve f o r  
r a d i a t i o n  of humans over the e n t i  re dose range from about 50 rem down t o  zero 
exposure. 



Students  and fe l lows  have provided an important resource  t o  t h i s  p r o j e c t  

by conducting s p e c i f i c  p r o j e c t s  t o  address  a v a r i e t y  o f  ques t i ons  a r i s i n g  from 

t h e  ove ra l l  p r o j e c t .  While r e s p o n s i b i l i t y  f o r  t h e  conduct o f  t h e  major p a r t s  

o f  t h e  p r o j e c t  has always been t h e  r e s p o n s i b i l i t y  o f  f a c u l t y  and s e n i o r  s t a f f  

who c o n s t i t u t e  t h e  co re  of t h e  s tudy group, s t uden t s  have made va luab le  

con t r ibu t ions  t o  t h e  p r o j e c t .  

Student  p r o j e c t s  have included: t h e  problems o f  analyzing d a t a  when 

cumulative dose ,  aging and ca lendar  t ime a r e  i n t e r r e l a t e d  with c ros s - sec t iona l  

ana lys i s ;  s t u d i e s  of  cancer  e f f e c t s  from asbes tos  o t h e r  than lung cancer;  and 

an eva lua t ion  of  hea l th  e f f e c t s  from shipyard exposures o t h e r  than r a d i a t i o n .  



Appendix 6. D i sse r ta t i ons  and Theses 

The f o l l o w i n g  i s  a 1 i s t  o f  the  d i sse r t i ons  and theses t h a t  have been 
completed du r ing  the  Study. 
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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 a t  the time of diagnosis of the case was determined 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 each job. Job histories abstracted from the shipyard person- 

nel records on all cases and controls were used in conjunction with the relative 

exposure intensity indicator to construct cumulative exposure measure~.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 iikelihood 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 a n  in- 

creased risk of mesothelioma. There was no interaction between asbestos and radia- 



tion. Shipyard empioyment i n  non-asbestos jobs and  male gender were also found to 

be associated with mesothelioma. 

The results suggest that exposure to low-level gamma radiation increases the risk of 

mesothelioma independent of the effect  of asbestos exposure. In addition, the results 

suggest that  other exposures. besides asbestos and radiation, may be associated with 

mesothelioma. Potentla1 misciassification errors related to the assignment of asbestos 

exposure types to job groups, and potential confounding effects  f rom other occupational 

exposures limit the-conclusiveness of these findings. 
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ABSTRACT 

The mortality experience of American radiologists was 

rnvestzgated and compared to the mortality experaences of 

three other groups of pnysaclan specaalists: rnternasts, 

otolaryngologasts and 0phthalmOlOglStS. These specralties 

reflect a gradlent an chronac occupational exposure to low 

levels of rontztng tadration. The data anaLyzed cons~sted 

of anformatron on 29725 physaclan SpeCtaliStS. Study entry 

dates ranged from January 1, 1929 through December 31, 1969. 

Vital status was ascertaaned for each indivadual as of 

December 31, 1974. 

The purpose of the study was twofold: to examzne the 

mortality experzence of the radiologasts an contrast to the 

other specaalists and to explore methods suitable for analy- 

s ~ s  of Cohort data mortaltty data collected longatudinally. 

Such data requzre control of age effects and calendar tame 

effects. Five methods were explored: direct adjustment for 

age, classical indirect adjustment for age, actuarial life 

table, Breslow-Day xndirecz adjustment and Cox proportional 

hazards model. While each method examines a particular as- 

pect of mortality and is informative, the Braslow-Day method- 

ology proved to be most flexfble, comprenensive and suitable 

to analysis of conort mortality data collected longitu4imUy. 



Radiologists in the 1920-1929 and 1930-1939 cohorts 

of entry were found to have excess task 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 ophtha;Lmologzsts. Radiologzsts 

rn the 1940-1949 cohort of entry were not found to be at 

excess rrsk from any of these causes except cancer. NO 

excess (from all causes or any selected specafic cause) was 

observed far the radtologtsts in the 1950-1959 Cohort of 

entry. These conclustons are constscent with those found 

Ln prevlous tnvestagatzons of this data set. 
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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 controls 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 ni nety-ei ght 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 employment hi story i nc1 uding reported asbestos exposure, 

asbestos exposure from work outside the shipyard, occupational 

exposure to known lung carcinogens, and history of selected diseases 

i ncl udi ng 1 ung cancer. 

Analyses were conducted using the conditional maximum 

1 ikel ihood estimate of the odds ratio and logistic regression. The 

results from the analysis showed that adenocarcinoma had the 

384 



strongest  assoc ia t ion  w i t h  asbestos exposure and the  o n l y  case group 

t o  be associated w i t h  a mu1 t i p 1  i c a t i v e  i n t e r a c t i o n  e f fec t  between 

asbestos exposure and smoking. The most s i g n i f i c a n t  associat ions 

were found fo r  adenocarcinoma cases employed before 1950. 

S t r i k i n g l y  negat ive dose-response r e l a t i o n s h i p s  were found f o r  t he  

o the r  th ree case groups. The r e s u l t s  suggest i n d i r e c t l y  t h a t  

squamous and small c e l l  cancer may have a sho r te r  la tency  from 

exposure t o  diagnosis and t h a t  p r o p o r t i o n a t e l y  more of these cases 

were no t  captured i n  t h i s  study. Problems which are  r e l a t e d  t o  a 

calendar t ime c r i t e r i a  f o r  case ascertaiment, i.e., d iagnosis 

between 1975-82, l i m i t  the  conclusiveness o f  these f indings.  
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ABSTRACT 

Quantification of t h e  magnitude of t h e  r l S k  following 

exposure t o  low doses of ion iz ing  rad ia t ron  a s  cu r ren t ly  a 

matter  of some controversy. S tudies  of occupationally 

exposed groups undertaken t o  v a l i d a t e  tne  cu r ren t  o f f i c i a l  

rask  estimates encounter specla1  d e s ~ g n  problems due t o  t h e  

na ture  of the  r a d i a t i o n  exposure receaved by t h e  workers 

(i-e., low-level, f r a c t i o n a t e d )  and t h e  (presumably) small 

assocrated cancer r r sk .  Opinions differ over whether d i r e c t  

risk assessment i s  f e a s i b l e  due t o  t h e  large samples needed 

f o r  convanczng s t a tLs taca1  s tud ies .  

Three methcds f o r  t h e  a n a l y s i s  of occupational  

r ad ia t ron  exposure d a t a  are presented and evaluated ,  

e spec ra l ly  an terms of t h e  statistical power t o  betect 

leukernla and lung cancer e f f e c t s -  The t r a d i t i o n a l  

Standardized Morta l i ty  Rat io  (SMI) method which involves  an 

external comparison group i s  compareb t o  two methocls 

suggested by E. S. Gilbert which make use of a l l  of a 

worlsr's dose information and an i n t e r n a l  cormpatison group- 

The first i n t e t n a l  method (INTI i s  birsod on Cox's 

p r o p o r t i o w  hazards model. Tne Second method &-I?) is an 



extenslon of the Hantel-Haenszel type of analysls uszng 

grouped exposure data and the median dose as the group 

score. Four varrations of the l4-H type of analysis are 

compared: two different dose grouprng schemes 

(specxfacally, 12 and 4 dose categories), and whether the 

organ dose conversion factor is applied before or after 

grouplng the recorded doses. 

nJo numerical methods for adjustment for non-normality 

of the usual normal approxamataons for power are evaluated, 

The non-normal~ty of the test statistics 1s induced by the 

highly skewed dose distribution. The two methods are 

Cramer's approximation whfch uses an Edgeworth series 

eKpansaon for the distribution, and the Pearson system of 

frequency curves. In most, but not all, situations the 

adjustment made a substantral difference tn the power 

results wrtn the Pearson method the more reliable of the 

two. 

Several alternative methoCs for exarmning the sample 

sxze/power problem are discussed. These are the use of 

confidence l m t s ,  the chance that the study wall produce 

spuriously large relative risks, and the probability of the 

study excluding the official risk estimates. 

The methods of power calculations present.4 ~y Gilbert 

are emended to be appropriate for use at the plrnnirrq 



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 follov-up by 

simulation of death times is proposed. 

The potential of a current study of 40,774 vorkers in 

two prlvate and six naval shipyards exposed to a lifetime 

dose of at least 0.5 rem by January 1, 1982 to detect a 

radiatLon effect is presen-d. The power results are 

discussed Ln relation to the literature review of major 

studies dertving risk estimates for lovdose ionizing 

radiatton exposure. 

The M-H method with recorded doses first groupedethen 

converted to organ doses 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 

superaor to the SHR method and comparable to the INT method. 

Grouprng helps to alleviate the skewness problem and 

simplifies calculations. The use of Pearson curves is a 

more approprtate method than Crameres approximation when the 

skewness and kurtosis of the test statistic are large, 

though power results are comparable when the test statistfc 

is nearly notmal. 

The power calculations indicate that there is vary 

little chance of the  hipy yard study det8cting an effect at 



the level of the officaal risk estimates. However, if the 

true radaataon rlsk of leukemaa is 5 to 10 tirDeS higher than 

the o f f i c ~ a l  estimates as indicated by several studies, 

there is a very good chance of the study detecting the risk, 



nuclear shipyard workers study == 
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Z? iden io log i s t  s  r e l y  h e a v i l y  on dea th  c e r t i f i c i i t c s  a s  3 

source of i n i o r , a t i o c ,  bo th  f o r  o b s e r v a t i o n a l  s t u d i e s  and 
population-based = o r t a l i t y  s u r v e i l l a n c e .  Consequently,  m c h  
s tudy  53s been cevoted t o  t h e  cause of dea th  e n t r y  on dea th  
c e r t i f i c a t e s  ( 1-10 1 . T h i s  has  r e s u l t e d  in  a b e t t e r  
understanding of t ke  f a c t o r s  involvec  i n  t h e  accuracy of 
t h i s  e n t r y ,  a s  c e l l  a s  accuracy  r a t e s  f o r  s p e c i f i c  csuses  of 
dea th  . 

The occupacional  e p i d e m i o l o g i s t ,  kowever, xast a l s o  be 
concerned wi th  the accuracy of t h e  occopar iona l  l i s t i n g  on 
deatk c e r t i f i c a t e s .  Although d i s e a s e s  of occups t iona i  
e t i o l o g i e s  htve been r e c o g i i z e d  for c e n t u r i e s ,  l a r g e  s c a l e  
c ~ i c e s i o l o g i c  s t u d i e s  of vo rke r  p o p u l a t i o r , ~  a r e  a 
d e v e l o w e t t  of only t h e  p a s t  few decades,  ; a t a l l c l i n g  an  
F x t e z s e d  emphasis on v o r k e r  s a f e t y .  Consequect ly,  t k e  
nllnber of s t u d i e s  c x s r i n i n g  t h e  acccracg  of t h e  occupational 
c c t r y  on dea th  certificates a r e  few. T5is i s  u r f a r t c n s t e ,  
s i n c e  t h i s  encry is sozaetises a  f a c t o r  f o r  i n c l u s i o n  of 
s u b j e c r s  of a p a r t i c u l a r  o c c u p a t i o r  i n t o  a s tudy.  

An e a r l y  s t s d y ,  publ i shed  i n  1956 by Buechley, e t  31. 
( 11) , i n t e r ~ i e w e a  Lung cancer  p a t i e n t s  and c o n t r o l s  i n  
C a l i f o r n i a  t o  obcain d e t a i l e d  work h i s t o r i e s .  The s u b j e c t s  
were then fo l loved  u n t i l  d e a t h ,  and t h e i r  dea th  c e r t i f i c a t e s  

I( ob ta ined  :o t e t e r c i a e  accuracy.  :?hen u s u a l  occu?at  ion", a s  
aef ined  by each vork h i s t o r y ,  was used a s  t h e  comparison 
c r i t e r i a ,  a g e e r e c t  occurred. i n  52: of t h e  c e r t i f i c s t e s ,  
o v e r a l l .  Bowever, when last occupat ion  was used,  agreenent  
r o s e  t o  70: ( ~ s i a g  a t h r e e - d i g i t  occupa t ionz l  t i t l e  code) .  
Tie accuracy f o r  trades and p r o f e s s i o n a l s  was betweec e igh ry  
tzc n ine ty  ? e r c c a t ,  but f o r  aon-fa= l abo r  it was only  6 9 2 .  
Oce i ~ t e r e s t i n g  f i i id icg  or' t h i s  s tudy ttas t k t  a i m s t  t:;ice 
2s zany t i s c l a s s F F i c a t i o n s  on desch c e r t i f i c a t e s  were i n  
s o c i o e c o r i o n i c ~ l  l y  h igher  o c c q a t i o c s  t kan  lower,  t b u s  
demonstrat ing t h e  so c a l l e d  " i i e i f i cz t ion  of occupat ion" 
e f f e c t .  A more r ecen t  s tudy  by Wigle, e t  a l .  (12) examined 
t h e  occupat iona l  i n f o m ~ t i o n  of 3039 Canadian men wno tied 
of cancer  a s  t he  under ly ing  cause.  Thes/e men comprised p z r t  
of a 450,000 person cohor t ,  who completed an  occupa t iona l  
survey ques t ionna i r e  a number of y e a r s  e a r l i e r .  Only 79% of 
t h e  c e r t i f i c a t e s  even had o c c u p a t i o ~ l  e n t r i e s .  Overall 
corcordance of dea th  c r r t i f i c z t e  and survey occupa t ions  f o r  
t h e  3039 workers vts  44;. Chen t h e  workers '  i n d i v i d u z l  
occupa t iocs  Vere grouped i n t o  13 broad occ t tpa t ion r l  
d i v i s i o n s  !e.p. f a n r e r s ,  nanagers ,  ? r o f e s s i o n a l s ) ,  



. - concorc;zzcs t : ~ ;  ,=L;C(; i x  26:; o i  7 e t  viio c i e c  2; L G ~  j :;.zt t:; . --, ;.ears oia cr.2 ZL., o f  o i a e t  z e z .  Agrecrr.er.t of occcnat iona i  
a l v i s i o n  :;as ::=zttr f a r  l a b o r e r s  ( 5 7 Z ) ,  i n c n  I c r  c r= i : zen  

- - C I  (47Z), o r  p r o f e s s r o n s l s  :,J,.), q c i t e  t he  c p ~ o s i t e  r e s u l t s  o l  
Zuec t ley ,  e t  al. Concordance on ind iv idua  1 occupct ion  
exceeccd 7 5 2  f o r  "vell-dcf ined ,  s t a b l e  occupat ions",  
i n d i c a t e d  i n  tile ;aper a s  bus d r i v e r s ,  2Lurcbers a d  sheer  
p e t a l  workers,  but rtas lower i n  m n a g e r s ,  a u d i t o r s  and fzrz 
workers.  

The focus of both t h e s e  s t u d i e s  tecded t o  t e  very  k iaad ,  
u s ing  vorker  ?opu la t ions  t h t t  i z c lude  = u l t i ? l e  i z d u s t r i e s .  
Th i s  F rc sen t s  a problem in  t e r n s  of how :o c n i f o r d y  
c l a s s i f y  o c c u p a t i ~ n s  vhich nzy b e  def ined  d i f f c r e n z l y  t c z o s s  
i n t u s t r i e s  . 3eath  c e r t i 2 i c a t ~  S i s c l a s s i f  i c a z i o n  c r a r s  =ay 
hzve beeo recorded c e r e l y  due t o  s e n a n t i c  d i f f z t e c c e s  in 
occupa t iona l  d e f i n i t i o n s ,  e s p e c i a l l y  s i n c e  t e  cor!:ers 
7rovideO t h e i r  o m  c c c u ~ a t i o n a l  h i s t o r i e s .  Secocdly,  :he 
s t u a i e s  a e f i a e c  t h e i r  worker ~ o p u l a t i o n s  a c c o r a i a g  t o  a ROC- 

o c c u p z t i o n ~ l  f = c t o r ,  nsmely czncer  p a t i c c t s  o r  Gcaths. 
Zowevcr, i: is not !cow= i f  cause of dea th  i z f l u e n c e s  
occupa r ioca l  accuracy cn t h e  dea th  c e r t i f i c a t e .  F i n a l l y ,  
ariC zest iLlportantly,  t h e  s t u d i e s  usea  stork h i s t o r i e s  . -. conple ted  by cne workers ,  themseives,  with no - ~ e r r z r c a t i o n  
us ing  corpaay recorGs. They a l s o  ob ta ioec  t k e s e  t i s t o r i e s  a  
n ~ b e r  of years  p r i o r  t o  workers '  d e a t h s ,  and so the  
o c c u ~ a t i o n  on t h e  h i s t o r y  cay not  be t h e  o c c q a t i o c  a vorker  
was involved i n  a t  t h e  t i n e  of h i s  r e t i t w e n t  o r  dea th .  In 
f a c t ,  Yigle  e t  a l .  ( 12 )  noted  t h a t  concorcance f e l l  frool 
68:. when h i s t o r i e s  were o o t a i n e c  w i t h i n  t h r e e  yeo r s  of 
dea th ,  t o  only  when ob ta ined  s i x  o r  n o t e  y e t r s  f ro= 
death.  The r e s u i t  of t h e s e  s tudy  design problens  is  t h a t  it 
uecones i n p o s s i b l e  t o  know which dea th  c e r t i f i c a t e  
s i s c l a s s i f i c a t i o n s  were a r t i f a c t u s l ,  due t o  t h e  ' des ign  of 
t h e  s t u d i e s ,  and which were a c t u a l  n i s c l a s s i f i c a t i o n s .  

The pur?ose cf t h i s  s tudy :r,s t o  r t t e E p t  t o  e l i d n o t e  
t h e s e  p rob lecs  by: 1 )  L'sing only  riorkars or' a s:-- . . 4 2  

i o d u s t t y ,  s p e c i f i c a l l y  chose of a  cavy sh ipya ra ,  a d  2: 
o b t z i n i n g  work h i s t o r i e s  d i r e c t l y  f r o n  t t e  k a u s t r 7 ' s  
personnel  records ,  which were complete up t o  t h e  t h e  of 
r e t i r e m e n t  o r  dea th  f o r  each worker inc luded  in the study. 
Ia a d d i t i o n  t o  d e t e r n i n i n p  t h e  o v e r a l l  accuracy  of t h e  
occupa t iona l  e n t r y  on dea th  c e r t i f i c a t e s ,  o  nuuber of 
f a c t o r s  which n i g h t  have e f f e c t e d  this acce racy  were 
exmziaed. S p e c i f i c  hypotheses t e s t e d  were: 

1. !buld p r o Z e s r i o r u l s  have h ighe r  accuracy  rates than  
I t r a d e s / c r o Z t s  o r  l s b o r e r s ,  ts was ioutd i n  t h e  

stccy 5p Zeuciiley , ec d. (11). 



Does ac=xr=cy go down a s  t k e  worke r ' s  age z t  a e z t h  
i c c r e a s e s ,  a s  Wigle e t  a l .  found, o r  s g r o n o ~ o u s l y ,  
does 2 locger  pe r iod  of r e t i r e s l en t  be fo re  dea th  
reduce accuracy? 

Is accurzcy e f f e c t e d  by t h e  dea th  c e r t i f i c a t e  
FZFOT-JC: ; s p e c i f i c a l l y ,  do spouses g ive  b e t c e r  
i s f  o-tioc than  o t h e r  sources?  

PinalLy , Laacc:txe r eco rds  v e r c  e x m i n e d  t o  d e t e r r i c e  i f  
t h e  dea th  c e r t i f i c a t e  e n t r y  c o c s i s t e d  of an occopat ion  of 
h ighe r  soc=o-econonic s t a t u s  t h c  t h e  worker ' s  acc-*- , -a 1 
occupat ion;  i3 c t h e r  words, vas  t h e r e  a " d e i l i c a t i o c  of 
O C C U ; ~ ~  i o t "  . 

To t e s t  :Sese hp?otheses ,  data were used on employees of 
:be Ports=outh Xaval Shipyard (PWS) i n  i:ew E x p s h i r e .  These 
d a t a  c o n s i s t  of personre1  r eco rds  as w e l l .  z s  dea th  
certificates L i s t i n g  ?SS a s  t h e  deceased workers '  i a d c s t r g .  
TSese l z t a  were o r i g i n a l l y  c o l l e c t e d  f o r  use  ic a l a r g e  
s tudy  o i  low-level r a d i a t i o n  exposure i n  n u c l e a r  sh igyz ra  
workers ,  being concucted by D r .  Genevieve !k t anosk i  ,. and 
d e s c t i b e a  f u r t h e r  i n  t h e  next  s ec t ion .  



TLe P o r t s t o u t h  Y ~ r a  i s  one of t he  c l a e s t  s h i ~ y a r d s  i n  t he  
C~.iteG S t a t e s ,  being e s t a b l i s h e d  i n  t h e  1600 ' s .  It is a l s o  
t h e  Shipyora c r c h  t h e  longes t  h i s t o r y  of nuc lea r  work, wi th  
t h e  f i r s t  c u c l e a r  s u b ~ z r i n e  be ing  conniss ionea  t k e r e  ir 195 8 
( 1 3 ) .  3y 1977 s i x ' / - t h r e e  c u c l e a r  submarines had keen 
ccnstrac:ei ,  overhauled o r  r e ~ a i r e d  a t  t h e  f a c i l i t y .  A case  
or' l eukenia  occu r r ing  ii. a vo rke r  a t  PSS proaptea  a stu&y, 
~ u b l i s h e d  it lS78 5;. i Is jzrLsn and Colton ( 1 4 1 ,  ::hick 
cenonstra:ec! a srgniflczr.::7 g r a a t e r  t h a  e::pectet s;.or:;litj. 
r i s k  Fro= l e c k e m ~ a  f o r  chose wor_l;ers r n v c l v c t  i n  r a a i a t i o z -  -. r a i s t z d  jobs.  zowever, dea th  c c r t i f i c z t t  z s c e r r a i m e n t  vas  
i a c o ~ p i e t z  , s inca  only  z cro ss -sec t  i o c a l  sczrck  of 
c e r t i f i c a r e s  12 t h r e e  sts:es was rode.  I n  add ic i cn ,  
r ad i ac ron  esposures  were o o t a i c e d  by next-of-kin in t e rv i ews .  - .  
v i t h  zo o e r x r c a t i o n  i r o n  t h e  Shipyard. I:I o r d e r  t o  I=;tcve 
cn  tkese  = e r ~ o c o l o ~ i c a l  ?tobLs~*,s,  :?IOSE c z r r i e d  out  s s t c e ,  
2ubLishec in  1981, - h i c k  shcwec co inc reesea  r i s k  of 
m r t a l i t y  f o r  zny csuse  i n  P I 3  workers exposed t o  Low Levels 
of r a d i a t i o n  (13 ) .  To a s c e r t a i n  dea ths ,  LiIOSfi f i r s t  
ob t a ined  a  l i s t  f ro= t k e  Zavy o i  a l l  P!?S workers employed a t  
t h e  Shipyard from January 1, 1952  t o  August 15,  1 9 7 7 .  The 
s t a r t i n s  d a t e  was chosen because complete ~ e r s o n n e i  r eco ras  
e x i s t e d  only  s i n c e  then. 3ea th  c e r t i f i c a t e s  were c o l l e c t e d  
l o n g i t u d i n a l l y  us ing  t h i s  l i s t ,  thus  a t t a i n i n g  b e t t e r  
ascerca innenc  than  &a L a j a r i a n  and Cclton. X O S E  a l s o  
r ece ived  3 coxzputer ; r i n t o t x  from PKS of i a d i v i d u a l  annual  
r a d i a t i o n  e:r?osures, i r o n  wkic& tney were a b l e  t o  c j l c u l a t c  
each worker ' s  t o t a l  e::ternol r a d i a t i o n  dose,  t h u s  providislg 
a c o r e  s c c u t a t e  way t o  group workers  on t h i s  f a c t o r .  

3ecsusc of such c o n t r a d i c t o r y  informat ion  a v a i l a b l e  on 
t h e  ckronic  h e a l t h  e f f e c t  of Low l e v e i  r a a i c t i o a  in humans, 
t h e  Shipyard Study w s s  i n i t i a t e d  by D r .  % t a c o s k i  i n  1975. 
The cvera l :  ;in of t h e  Stue; is t o  a e t e r z k i e  t h e  leuko&.eric, 
c ~ r c i s o ~ e ~ i c ,  and c t k e r  p o s s i j l e  k e a l t h  e f f e c t s  a s s o c i a t e d  
w i t h  r epes red  e:cposure co low-levels of r a d i a t i o n ,  zcG t o  
e v a l u a t e  c u r r e c t  s t anda rds  on r a d i a t i o n  exposure. The s tudy 
popu la t ion  c o n s i s t s  of n e a r l y  700,000 workers from e i g h t  
United S t a t e s  nuc lea r  sh ipya rds ,  wno have beta involved  i n  
the overhaul  of n u c l e a r  s h i p s  ove r  t h e  p a s t  15  t o  25  years .  
Data on t h e  worker s inc lude  personnel  r eco rds ,  r z d i a t i o n  
exposures ,  p re l imina ry  d a t a  f r a o  a  q u e s t i o n n a i r e  concerning 
s r o k i a g  and medical  h i s t o r i e s ,  and v i t a l  s t a t u s .  For t h e  
purposes of t h i s  s tucy  on d e a t h  c e r t i f i c a t e s ,  d a t a  vet. used 
only  fram t h e  Pcrt=outh Xavy Shipyard. 



A ! ~ ~ o c ~ s  : z z  Ski?:rcra SrcOy Protocol  is  Les5rty z2c  
ce ta i lec i .  LVG s t e c t s  of ic a r e  c o s t  ~ e r c i a e c t  :o c k i s  stzcj-  

. - 
on Gear: ; = t : ~ z i = z t e s :  The c o l l e c t i o c  ~f p e r s o n r e i  r eco ras  - .  . . 
and dea th  c e r t r r z c z c z s  or' ?::S t jorkets .  D r .  . ~ t z n o s i ; i  t ~ a s  
a b i e  zr; ~ L t a i ;  t ne  personnel  r eco rds  OF PYS employees, on 
m i c r c f i h ,  or igLr=al ly c o l l e c t e d  by the  i:IOSE stud.;. I n  
o r d e r  t c  o b t a i n  dea th  certificates o i  P!!S vorkezs ,  3 cross-  
s e c t i o n z l  e : ~ n i n a t i o a  was nade of a l l  d e t t h  c e r t i f i c a t e s  
from t h e  s t a t e s  o l  flaine and Kew Eaapshire .  This  w s s  doze 
t o  r e p e a t  t h e  nethod of dea th  c e r t i f i c a t e  ascer ta inrcent  used 
i n  t h e  s tudy by E a j a r i a n  and Col ton  (14 ) .  Only c e r t i f i c a t e s  
which Lis ted  i n d ~ s t r ]  a s  "P'S" ttr -. s Javy 'lard", o r  
" S h i ~ b o i i J F ~ g "  iiere a b s t r a c t e t .  A s  w i th  i k j a r i a n  and 
Colton,  t h i s  c r o s s - s e c t i o n a l  s ea rch  i d e n t i f i e d  cnLy a t o u t  
one- th i rd  of t he  c e a t h s  which v e r e  included i n  t k e  XIOSB 
List or̂  dea ths .  D r .  Xatanoski ;  i s  c u r r e n t l y  o b t a i n i n g  t h e  
r e n a i r i c r  of e c e a t h  c e r t i f i c a t e s  by n iongi:ucinal 
s ea rch ,  a s  d i d  KIOS'2. 

i n  t h e  przsent  a n a l y s i s  of t h e  accuracy of dea th  
c e r t i f l c a t a  occupa t iona l  e n t r i e s ,  t h e  i n i t i a l  s tcdg  
?opu lac ioc  c o n s i s t e c  of t hose  workers (male and female; ,  Eor' 
vnom t h e r e  e x i s t c a  a  personnel  - record on n i c r o f i l n  and an  
a b s t r a c t e d  dea th  c e r t i f i c a t e  i n d i c a t i n g  PKS as t h e  i ndus t ry .  
Tinis i n i t i t i  cohor t  c o n s i s t e d  OF 3556 workers. Sub jec t s  who 
l e f t  t n e  Shipyard t o  s eek  o t h e r  e o p l o y m e ~ t  were e::cluded 
frm f u r t h e r  s tudy ,  s i n c e  they  woula not  have h t a  complete 
aaa  v e r i f i a b l e  work h i s t o r i e s .  These workers could  have 
been cons idered  a s  n i s c l a s s i f i s d ,  s i n c e  they l e f t  t h e  
Shipyard  t o  seek o t h e r  enployiaent, but  s t i l l  had PMS a s  
t h e i r  dea th  c e r t i f i c a t e  i n d u s t r i a l  l i s t i n g .  Bowever, f o r  
t h e  purposes of  t h i s  s tudy ,  they  were not included.  E lus ,  
on ly  workers wiio d ied  wh i l e  s t i l l  enpioyed, o r  who ret i rec!  
from 1 3  were rncluded f o r  s tudy.  Th i s  l e f t  a f i c a l  s tudy 
popu la t ioc  of 1964 deceased workers.  



".. ~ n e  f o l l o v i c g  i z i o r z t i o n  was a b s t r a c t e d  f r o n  t h e  personnel  
r eco rds  and death c e r t i f i c a t e s  of t h e  1964 workers ,  coded 
acd placed onto ccmputer t ape  f o r  t h e  a n z l y s i s :  

F u l l  :?acg: I .  S o c i a l  Securit-7 Rumber jnd For 
i d e n t i f i c a t i o c  purposes.  

2 .  Dste 3F 3Ltth znc Date cf Death (from aea th  
c e r t i f i c a t e s j  

3 

3 .  :LaJot ?!;S Occc3arional  T i t l e  Code: A l l  
occup~t ron; i  coces usea i n  t h i s  s tudy were t h e  sene as  
those o t r g i t z i l g  aeveloped f o r  t h e  Shi?yard Study. The 
occcpa t iona l  t F c l s  c c n s i s t s  of c tvo-d ig i t  coae t h a t  
p e r t a i n s  :3 zn ac:ual occupat ion ,  such a s  e l e c t r i c i a n ,  
n a c h r z i s t ,  c a r ? e n t e r ,  e t c .  To e s t a b l i s h  t h e s e  coces,  a11 
job t i t i e s  a v a i l a b l e  f r o n  a l l  personnel  r eco rds  v e r e  
i n i t i a l l y  recorded and conputzr ized .  A f t e r  purging :he 
l is ts  of d c ? l i c = t e s  and a b b r e v i a t i o n s ,  s e v e r a l  dec i s ions  
were mace :rich t h e  advice  o i  personnel  from t h e  i io r io lk  
and Chzr les ton  Shipyards ,  and D r .  C3ar les  S i l l i n g s ,  
Assoc ia te  P ro fe s so r  of b v i r o n r i e n t a l  Bea l th  Science,  
wnich ailowed t h e  t o t a l  a m b e r  of unique codes t o  be 
reduced t a  t bou t  50. I n  gene ra l ,  t h e s e  50 codes 
c o n s i s t e d  of an a m l a a m a t i o n  of a l l  t i t l e s  wnich were 
z s s o c i a t e c  v i ~ h  s i m i i a r  r a c i a t i o n  exposures ,  and wnich 
r ep rese rcec  the sane jobs a t  d i f f e r e n t  t imes  dur ing  the  
pe r iod  of t i a e  t h e  yard  was involved i n  c u c l e a r  work. 
The Last ?2S occupat ion  t i t l e  code r e f e r s  t o  t h e  l a s t  
t i t l e  code wnich t h e  enployee he ld  ~ r i o r  t o  r e t i r e m e n t  
( o r  dea th )  from t h e  para.  Last occcpa t ion  was coded 
because a previous  s tudy  (11)  shoved t h a t  dea th  
c e r t i f i c a t e  e n t r i e s  a r e  more a p t  t o  be Last occupat ion ,  
r a t h e r  t b a c  c s u t l  occupat ion  (as t h e  i n s t r u c t i o n  on the  
c c a t h  c e r t i f i c a t e  r e a d s ) .  

It should be noted  t h a t  a i f  f  e r e n t  occupa t iog  t i t l e s  
o f t e n  involve s i m i l a r  s k i l l s  and r e s p o n s i b i l i t i e s .  For 
t h i s  reason a nuaber  of t h e s e  r e l a t e d  t i t l e s  c;iy be 
inc luded  under one occupa t ion  t i t l e  code. For u s p l e ,  
c a r p e n t e r ,  j o i n e r ,  p a t t e t n n a k e r  and r h i p v r i g h t  a l l  come 
under t h e  ccde "22". If o pe r son ' s  work h i s t o r y  a t  PNS 
c o n s i s t e d  of t h e s e  f o u r  p o s i t i o n s ,  t hen  he would have 
beer. coced a s  a "22" f o r  h i s  e n t i r e  a q l o - p e n t  a t  the  
Shippard. 

4. Last P!TS Occuoation Pr- Coda: ?ref i u s  inc lude  



. . z= ; r s t t  i ~ 1 ,  . 1 e ~ ~ 2 r ,  Forecan, qua::cr-a, e t c .  %ese a r c  
t o t  . ;r , icca occupat  Lvns , but  r a t h e r  ranks  ithi hi:: 
o c c u ; ~ t l s t s ,  and zag  be used t o  ;?pros ina te  socio- 
econorric s c a t u s  ( f a r  example Forenan = s c n i n i s t  cr he lpe r  
e l e c t r i c i a n ) .  They m y  a l s o  be used t o  roughly rznk 
voricers according t o  r a a i s t  i o n  exposure,  s i n c e  those  
workers of a  n ighe r  p r e f i x  u s u a l l y  a r e  involved i n  l e s s  
"hands-on" c ~ u s t r u c t  i o n ,  and consequent 1;. Less r a d i a t i o n  
exposure. The last p r e f i x  code r e f e r s  t o  t h e  l a s t   refix 
the  worker he ld  wh i l e  i n  h i s  l a s t  ~ a j o r  PETS occupat iou  
( n o t  n e c e s s a r i l y  t h e  h i g h e s t  p r e f i x ) .  

5 .  Death C e r z i f i c a t e  Usual Occuoation Code: It v a s  
possibLe i n  al;;ost every  c a s e  t o  use the  codes developed 
from t h e  personce l  t e c o r d s  f o r  t h e  d e s t h  c e r t i f i c a t e  
occupat ion  e n t r y  ( b o t h  p r e f i x l a n d  t i t l e ) .  Sepa ra t e  codes 
v e r e  Jeveioped f o r  t h e  fo l l cwing  e n t r i e s :  " r e t i r e d " ,  
I'si-~ipyara ::orkerW, " f e d e r a l  enployee", and f c r  those  
e c t r i e s  vh icn  were blank. 

6 .  S t a r c k q  scd Zcdinq Dates a E==Loment: These 
Cates  vero, csed  t o  e s t i n a t e  t h e  Length cf PfS ctployment.  
Th i s  was an e s t i n a t e  because =any work h i s t o r i e s  shoved 
excused leaves  02 absence f o r  s h o r t  pe r iods  of t i n e  
(about  one o r  two y e a r s  o r  l e s s ) .  Zovever, h e r e  3 

vo rke r  l e f t  :he Shipyard f o r  t e n  y e a r s  o r  c o r e ,  t h e  
s t a r r i n g  tt:e ar 'cer h i s  r e t u r n  f r w  the  absecce vas  tlsec 
( ~ 0 s :  o f t e n  a long absence  such a s  t h i s  o c c a r r e ~  ve ry  
e a r l y  i n  a worker ' s PHs c a r e e r ,  b e f o r e  t h e  was 
e s t a o l i s n e a  i z  any one o c c ~ p a t i o n ) .  

7 .  Ctar:Fnq acd Etain-, Dates or' Last  ?!!S Occucotion: i h e s e  
v e r e  usec :o estizimte t h e  l eng th  of enployment ic t h i s  
position. 

8. Death C s t t i f i c a t e  Informant Code: A two-digi t  code f o r  
each of t n e  fo l lowing  c a t e g o r i e s  w a s  developed: spouse, 
ocher  r e i a t i v e ,  n o n - r e l a t i v e ,  medical o r  o t h e r  r eco rds ,  
no t  l i s t e d ,  and cnab le  t o  determine from i n i o r r t i o n  
~ i v e n .  

Once t h e  coded d a t a  were v a l i d a t e d ,  t h e  fo l lowing  
a n a l y s i s  was c a r r i e d  our:  

1. Frequency d i s t r i b u t i o n s  were run  t o  determine:  
a. The n u b e r  and types of PRS occupa t iona l  t i t l e s  and 

p r e f i x e s  used i n  t h e  s tudy ,  and t h e  p ropor t ion  of 
ecployees ic each group (Tables 1 and 2 ) .  

0.  rho n u d e r  of workers  wi thout  a death c e r t i f i c o : ~  
occu?a i iona l  L i s t i a g ,  o r  with a g e n e r a l i z e d  
l i s t i n g ,  suck as "shipyare vorker".  

c.  Tha propor t ion  of w r h r s  whom occupat ions  were 
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L C  c z  :?2ir cie8tk C~~:LZ:C;:CS 71'I:ec 
cc-apzzea := i k e i r  ;ersor.ceL recorus .  :is 1:;s Ccne 
f o r  t l : :~  on ly ,  prer'i;: on ly ,  and f o r  t i t l e  end - .  
;re: L:: cozkizec.  

d. T3e ctude ? r o p o r t i o n  of death c e r t i f i c a t e  
o c c c p a t ~ o n ~ l  accuracy f o r  each of s i z  f a c t o r s :  3ge 
of worker a t  dea th ,  l eng th  of t o t a l  PIS e q l o ~ p e n t ,  
l ength  of l a s t  p o s i t  i o n  e q l o y n e c t  , tine from 
r e t i r e s e n t  t o  dea th ,  dea th  c e r t i f i c a t e  i n i o m a n t ,  
and occupatLonal type.  To o b t a i n  t h e  l a s t  
v a r i a b l e ,  a l l  of t h e  occupa t iona l  t i t l e s  were 
grouped i n t o  t h r e e  c l a s s e s  : l a b o r e r s ,  
c r a i = s /  t r a d e s ,  ard ; r o f e s s i o n a l s   able 1). For 
the  p u q o s e s  of t h i s  and 311 subseqcect  ~ c a l y s i s ,  
records  wi th  ?!!S occupa t iona l  t i t  l e  codes 
i n d i c a c ~ n g  " a & i n i s t r a t i v e l '  o r  "general"  vortc were 
cxc l  aaea ,  s i n c e  t h e s e  groups c o n t a i c e t  vo rke r s  from 
a l l  t h r ee  occupi i t ional  ty?es ,  and c o a l a  not 5e 
separacad on the  b a s i s  o i  t k e i r  codes. This  Left  
1230 records  f o r  t he  r e n a i z d e r  of t h e  a n a l y s i s .  

2.  I n  c r a e r  t o  d e t e ~ i n e  t k e  a i j u s t e d  e f f e c t  of t h e  iibove 
s i z  iade?endent v z r i a b l e s ,  a  l o g i s t i c  r e g r e s s i o n  ires 
r u ~ ,  us ing  agreenent  of personnel  record  and dea th  
c e r t i l i c a t e  occupa t iona l  c i t l e  a s  t k e  outcone v a r i z b l e .  
X u l t i ? l e  LLrrear r e g r e s s i o n  tras no t  used cue t o  i t s  
assurzptioa o l  n o m a l i t 7  f o r  t h e  outcome v a r i a b l e .  S ince  
a p r e l i n i n a r y  a n a i g s i s  of t h e  d a t a  snowed age a t  dea th  
t o  be s i g z i i l c a n t l y  c o r r e l a t e d  t o  d u r a t i o n  of ret i reznent  
(Speamzn 34.7874; F0.001), o n l y  age a t  dea th  w a s  used 
i n  t h e  regress ion .  

F i n a i l y ,  :be List OF wor!cers ~ i s c l a s s i f i e a  by t i i l e  was 
e :za~inec  t o  s e e  what p a t t e r n ,  ir' any, :he c e a t h  
c e r t i f i c a t e  n i s c l a s s i f i c a t i o n s  took (e.g.  wzs t h e r e  any 
I* up-graaing" of occupa t ion ) .  The saae  o c c c p a t i o n a l  
groupings were used a s  i n  t h e  Log i s t i c  r eg re s s ion .  A s  
wi th  t b e  r e g r e s s i o n ,  t h o s e  persons  w i t h  PITS codes 

I* i n d i m t i n ;  " a d n k a i s t r a t i v e "  o r  genera l"  work were 
excluded. Occupat ional  p r e f i x e s  were no t  looked a t  i n  
t k i s  p a r t  of t h e  a n s l y s i s  beczuse only  about  o se -qu t r t e r  
of t he  vo rke r s  (23.8:) had " r e f i z e s  on t h e i r  PITS 
personnel  r eco rds ,  and of t h e s e  l e s s  t tac c n e - q w r t e r  
appeared cn  t h e i r  dea th  c e r t i f i c a t e s  (15.9%). 



RESULTS 

T a l l i e s  o f  tbe ? topor t ion of votkers  ia each P!!S 
occu?ational t i t l e  cnd yre f ix  encountered in t h i s  study a r e  
i n  Tables 1 3 t d  2 ,  respect ively .  The four l c rgcs t  t i t l e  
groups were a a c i i n i s t s ,  pipef i t t e r s  , s h i p f i t t e r s  , and 
e l e c t r i c i a n s .  Over three-quarters of the  workers had no 
pref ixes  on t h e i r  personcel records. ?he death c e r t i f i c a t e  
irfosxixzt WGS ;reconinantly t ke  spouse (Table 3 ) .  The 
average age ot' the  t-or!:ers a t  Ceatb xzs'  6 6 . 7 ,  with t ranze 
of 20-93 years zed a ztode of 67 yezrs. The average length 
or' t o t a l  ?!.IS e s p l c - ~ e n t  was 23.4-+ears, with a range of l e s s  
than one year :a 53 years ,  and a aode of 24 years. The 
average length of lase  pos i t ion  mployment was s imi la r ,  
being 13.6 ;rears, ;rich a range of l e s s  thim one year to  53 
years,  znd 3 zoae of 23 years. F ina l ly ,  the  average t i n e  
from re t i renesc  to ceath wss 3.9 years ,  with t ke  l a rges t  
group of workers dying while s t i l l -  employed, o r  wi th in-s ix  
nonths of r e r i r smxx  (19.5Z). 

The crude, overa l l  proportion of azreenent between 
p e r s o n ~ e l  recor i  and death c e r t i f i c a t e  occupational t i t l e s  
was 75.82. For occcpztionzl  pref ixes  it was 33.6:. For 
chase v o r k r s  agreeing on both ? re f& & t i t l e  it v a t  
55.4:. Yorkers :ezring no occupational  e a t q  on t h e  death 
c c r t i f i c z t e  cot?rised 7.2: of t he  study group, while 6.92 
had zn encry of "shipyard o r  naval pard vorker", and 2.1: 
vere  Listed as  " re t i re t " .  The crude proportions of 
agreement f o r  the  s i x  independent va r i ab l e s  s tudied appear 
in Tiable I. In b r i e f ,  the re  was no r e l a t i onsh ip  between 
Length of t o t a l  ?t?S employment, length of r e t i r euen t ,  o r  age 
of worker, and iacccracy. Bowever, profess ionals  had higher 
accuracy rhzn e i t h e r  t r a d e s / c r a f t s  o r  laborers  ( p  4 .001), 
and length of l a s t  pos i t ion  enp loynn t  was pos i t i ve ly  
r e l a t e d  to accxacy  (-,(.001). In a d d i t i o t ,  h i ~ h e r  accuracy 
was tckieved viien the  death c e r t i f i c a t e  i n f o m n t  : ~ t s  the 
s?ouse, thzn f ~ r  otker  sources (34.01). 

T5e r e s u l t s  of the  i n i t i a l  l o g i s t i c  regress ion sode l  were 
t e e n i a ~ l y  contradictory (Table 5 1. They shoved no 
s ig r r i i i c j n t  assoc ia t ion  btwean . a g r m  on death 
c e r t i f i c a t e  occupati~lt an$. QC. . YOLLLTi, at - d u f b ,  
occupatiorrjl  type, o r  death c u t i f  i c a t t  iafarcrt~* ,.r --th 
of f o r t  po r i t i oo  mploymmc - shourdra -aipSicrat positive 
~ s r o c i a t i o a  ou adjurtnent, h a  b l f h  & to+.k , PES 
enployaent sh-d a s i m i f  icaat nega t iva  ~ m t d ,  Z&iA -tlrsuk 
was i E i t i i L i y  considered t o  be &m sac- +Ge high Clgree of 
co t r e lo t i on  between the  two r i m i f  fectoa+. and 8 



sispia ie;rCSSLot!. rur, 'r;et::eer, the  tvo silowec a si;nific:nt 
;OSLCF'TC ~ O ~ Z C L S T ; S ; ~ ~ ?  <Spear .sr .  1=0 . & 7 9 2 ;  p<G .;GI). &cause 
o f  t h ~ s  s::tze=e c o r r e l a t i o n ,  t?:o -el: Log i s t i c  r e - r e s s ions  
x e r e  r m ,  ~ E C C  v i t h  m e  of t h e  tvo f a c t o r s  renoved. The 
r eg res s ion  run v i t h  Length of l a s t  p o s i t  ion  ecploynent  l e f t  
i n  s t i l l  snowed i t  t o  have 3 s i g n i l i c z n t  p o s i t i v e  
r e l a t i o n s h i p  to  dea th  c e r t i f  i c z t e  agreemect ( t a b i e  6 1. 
Xowever, the  r e g r e s s i o n  us ing  on ly  l eng th  of t o t a l  PNS 
employment s t i l l  revea led  a  nega t ive  r e l a t i o n s h i p ,  a l though 
t h i s  t i n e  not a s i g n i f i c a n t  one (Table  7). Again, no o t h e r  
f a c t o r s  t e s t e d  i n  e i t h e r  nodel  were s i g n i f  i c z c t .  Despi te  
t h e  obvious p o s i t i v e  s i g n i f i c a n c e  of l eng th  of last p o s i t i o n  
e n p l o p e n t  on :greeEent, t h e r e  was some cocce t c  a s  t o  vhy 
t o t a l  P:!S e c p l o y e n t  w t s  s t i l l  n e g a t i v e l y  ralztec! t o  
a g r e e c e n t ,  e s p e c i a l l y  s i n c e  t h e  two f a c t o r s  were so  c l o s e l y  
r e l a t e d .  Oce theory t h a t  proved c o r r e c t  G-as t k a t  a s  t o t a l  - 
?:!S ezploycenr  vent  ap ,  t he  p ropor t ion  02 t k e  ezqloycent  
t h a t  WGS due :o the  worker ' s  l a s t  ~ o s i t L o n  vent  aovr.. Since 
Lost ? o s i t i o n  ezployzent  vns s i g c i f  i c o n t l y  r e l a t e d  t o  
agreemect ,  then a s  t o t a l  PITS e q l o p e n t  s e c t  up, agreenent  
would go cotm. -4 simple r e g r e s s i o n  run  be tveec  ;roporcior? 
of t o t a l  P3S en?lo:rcent due t o  l a s t  p o s i t i o n ,  and t o t a l  PSS 
enp loy ten t  showed t k e  txo t o  have z s i g n i f  i c t ~ t  negs t ive  
c o r r e l a t i o n  (Spearzan R= 4 .2522 ;  p 4 . 0 0 1 ) .  

I: should bc ezt?nssized t h a t ,  a l t h o u g t  they <;era c o t  
s t a t i s t i c ~ l l y  s i g n i f i c a n t  i n  any of t h e  r e g r e s s i o n  z o d e l s ,  
t h e  a d j u s t e d  r s t e s  f o r  dea th  c e r t i f i c a t e  i n i o n z a n t  and 
occupat iona i  type denons t r a t ed  t h e  same ~ o s i t i v e  
r e l a t i o n s h i p  t o  accuracy a s  d i d  t h e i r  crude r a t e s .  

The examination of  isc classified occupa t iona l  t i t l e s  t o  
de t e n i n e  ii any p a t t e r n  e x i s t e d  i n  t h e  rn i sc l a s s i f  i c a t  i ons  
was l a r a e l p  nega t ive  in  i t s  f i n d i n g s  (Table  2 ) .  There were 
431 s i s c l a s s i f i c a t i o n s  o u t  of t h e  1&30 workers s t u d i e d  i n  
t h i s  p a r t  of t he  a n a l y s i s .  I n  a  c r o s s - t a b u l a t i o n  of t he  
t h r e e  occupa t iona l  t ypes  ( l a b o r e r s ,  t r a d e s ,  ? r o f e s s i o r a l s ) ,  
25 m i s c l a s s i i i c a t i o n s  were of a  h ighe r  c s t ego ry ,  arc 24 of 3 

lower oce. The r ena inde r  showed 30 cnacge, o r  haci l i s t i n g s  
9 1  such ss sh i?ysrd  worker", " r e t i r e d " ,  o r  no l i s t i a g  a t  a l l .  
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DISCUSSION 

The r e s u l t s  of ch i s  s tudy,  i n  tersls of o v e r a i l  agreenent 
between Last occupation and death c e r t i f i c s t e  occupat iosa l  
e c t r y ,  a r e  sinilar t o  those of S u c h l e y  e t  a l .  (11) .  This  
s i rn i i a r i ty  is i a c e r e s t i n g  i n  l i g h t  oi t h e  design problens of 
~ u e c h l e p ' s  s::dy t h a t  were co ted  ia tke  In t rocucr ion .  
Zovever, it 3 1 ~ 0  i n a i c s t e s  t h s t  occupational  e n t r y  accuracy 
~ Z S  cot  inproved carkedly  over cbe Fas t  25 years.  Tire low 
sgrecment iscria '3y Iligle e t  a t .  (12) could be Cue t o  t h e  
f a c t  t h a t  Cazsaiao death c e r t i f i c a t e s  were s tudied .  In 
t e r n s  of the  six v z r i a b l e s  hypo t -es ized  t o  e f f e c t  accuracy,  

. . .  crude races  r c c ~ c a t e d  t k a t  prolassLoraAs, spouse i n f o r z a t s ,  
and Longer k n g t h s  or' l a s t  7 o s i t i o n  emplognent ve re  
~ o s i t i v e l y  r t i s ~ s c  r c  zccuracg. Xovever, only t h z  lengtk of 
Last ? o s i r  Loc en?Lopent  renaiaei s i g n i f i c a n t  a f t e r  
z t j u s t ~ e n t  by l o g i s t i c  regress ion .  The n e g i t i v e  fizdi=,s 
c o c c s t z k ~ ~  say 2ossibLe "up-grading" of occupa t io r  a r e  no t  
sur ; r i s ing ,  s ince  only t h r e e  cccupzt ioncl  types  were txiec. 
Suechly e t  a i .  (111, who did  find such an "up-grtdia;", usea  
t e n  occupationsf types ,  t h i c k  was poss ib le  s ince  h i s  stud;. 
;opulc t ioc  wzs not r e s t r i c t e d  t o  cny one industry.  

One f a c t o r  tka t  was not  examined, which might have ktd an  
e f f e c t  on acccracy was the  t o t a l  number of p o s i t i o n s  held by 
a woriar  v n i i e  st PZS. The longer a  person worked a t  h i s  
l a s t  p o s i t  ion ( s i a n i f  i c z n t  f o r  accuracy),  tken tke  fewer 
t o t a l  pos i t ions  he m y  have held.  TSis f a c t o r  mag be nore  
inpor tan t  ia s i o i l a r  s t u d i e s  iavolving l e s s  s t a b l e  worker 
popula t ions ,  o r  i n  ones involving m u l t i p l e  i rx ius t r i e s ,  where 
a worker izay 3e xore  l i k e l y  t o  sk ip  fran indust ry  t o  
indus t ry ,  ~ o s s i b l y  changing occupations along t h e  way. 

One f ind ing  of i n t e r e s t  f r o n  t k i s  study was t b a t  about 
three-gcartsrs  of those workers v i t h  ?XS p r e f i x  codes had 
cone l i s r e d  cn t k e i r  death c e r t i f i c a t e s .  I n  addit iori ,  
c x d e ,  o v e r a l l  accuracy f e l l  f r o u  about 7% t o  63: when 
p r e f i x  and t i t l e  were used i n  the  conparison. Th i s  p r e s e c t s  
a p r o b l e ~  f o r  s t u d i e s  a t t e n p t i a g  t o  use  such p r e f i x e s  as 
es t ima tes  of r a d i a t i o n  exposure o r  socio-economic s t a t u s ,  a s  
i n  t h e  Shipytrd Study. It a l s o  Goes not  i n d i c a t e  3 h igh  
cegrce  of s o p h i s t i c a t i o n  i n  death  c e r t i f i c a t e  l i s t i n g s ,  a  
f a c t  t h a t  would tend t o  d i 3 k i s h  the  t f f e c t i v e c e s s  of 
r o u t i n e l y  codiag and s t o r i n g  occcpo t ionr l  informtion  fro^ 
death ccr t iF ic ; tes  io order  t o  set up a u a t i o r n i d r  & ta  
k s e ,  2s k t - b e e n  s u g ~ e s t c d  (15). Oee survey of r t t t e  
p r a c t i c e s  regaruiag  t h e  c o d i r s  sad s t o r a s e  of such 
iaf o r n a t i o n  fs\;nG t b a t  eleven s t a t o r  r o u t i n a l y  code 



. . . . 
~ c c u ~ s r i c n ,  scver: rcct:ze,:; =ace L S L C S ~ ~ ; ' ,  zr.d si:: kt - ra  
zoaed occcpa t~or .  x c l s r  i i . t u s ~ t 7  on a L k i t e c  k s i s  116) .  - .  - .  . 
I n  Ligkt c: x e  z r t c x g s  of this, and previous  s t u a i a s ,  c t e  
c o s t  of t h e  c s d i s g  cca s t o r i n g  t h e  cccc?atLoccL z r t r i e s  on 
c e a t h  c e r t i f i c a t e s  cay b e  fzr g r e a t e r  than t k e  b e n e f i t  t o  
e p i d e n i o l o g i s t s  , vho would cse inf o r n a t i o n  which i s  about 
25% i n c o r r e c t ,  and w h i c h  i s  no t  as s p e c i f i c  a s  i t  couid be. 
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Occupational Type 
and T i t l e  

Proportion of Workers 
with D e s i g n a t e d  Title 

Industrial cieacer/Component cleaner .............. 0.4: 
h h r e r  ........................................... 4.1 
Stociman/!.arenousenan ............................. 2.7 
Truc!; Dr iver/:lobi lc equipment cperatcr ............ 1. 4 

s 6.5I 

Airczzf: ::ork~r/at=~ndant ......................... 0.1: 
Air conci~iaaer/ rezrigerator mechanic ............. 0. 3 
XutwotivefE;eavy rzooile equipent zechanic ........ 9.4 
Slacks-, ith/Forger ................................. 0.7 ....................................... 3oilcmaker a . 2  ........... C~r~ectar/Joinsr/Ship~fight/Boatbuilder 5.6 
Crane operaror/aridse crane operator .............. 1.0 
Slectrician/~lirenar ................................ 7.3 
Eleccronics/SaGio mechanic ........................ 1.0 ....... SlecrroplaterlBufferpolisher/Scaler-buffer 0 . 4  ......................................... Engineman 0.8 ........................... Pacilities/Public works 1.6 . . .  ....................................... F~rertghter 0.4 
rurnacenao/Pouacr7 c;olaer/Fou~Cry cielter .......... 0.6 
Gas plant operator1Gas uker ...................... 0.2 ...................................... .. Guard/Police 0 7 .......... Instr~tlent ~echanic/Gyroconpass nechanic 0.2 
L.oftn;lan .......................................... 0.3 
~&chinist/Toolnaker/Cutter and grinder ........... 22.5 .......................................... :kchanic 0.6 ............................................. Oiler 0.3 

........................................... Painter 1.5 ....................... Physical Sciecce Techniciarr 0.1 ........................ Pipe coverer and insulator 0.4 
Pipefitter/Coppersmith ........................... 10.2 ........................................... P l a e r  0.3 
Rigger ............................................ 3.3 ........................................ Upem~LCer .O.l ....................................... Sandblaster 0.5 
Savmnith ... ....................................... 0.1 
Sheet=et=l rscchmic/worker ........................ 2.9 ....... Shipfit~er/Criller/Caulker-ckipper/Rivete= 1 0.3 
Sai-br ...............................*....... 0.1 
... 
J elder ............................................ 5.4 

67.2% 
.. 404 



Occupational Type 
and Title 

Proportion of Workers 
with Designated Title 

Chemist/Technologist... ........................... 0.2: 
Ergineers (general, arine, nuclear, other). ...... 3 . 8  
Industrial hggienist/Industrial safety officer.. . .!I. 1 . - 

Xedicaf officer (opromotrist) .....................= 
4.2; 



Prefix 
Proport ion of workers 
with designated Prefix 

30 personnel record prefix ...................... 76.2: 

-ipprectice.......................................G.2 
~3el?er/TrzFzee/hidelLearner ...................... G.9 
!!orker/Li~i:ec/3e~airer/Ins~iler/H~na~~n.. .... .O. 1 
Junior/Xssistant/Under ........................... 0.1 
izst~~c:sr/Tz;icing leacer/?raining izstructor.. .0.2 
Lsader/Snsppcr/Seaa .............................. 9.1 
Forenan/Leaaingxan/Supetvisor/Asso. Scpervisor ... 3.5 
General ?orenan/CuarteraanlChief Cuzrter~ca ...... 2.4 
Inspector shipboard .............................. 1.4 
Ins~ector otker..................................l.O 
?Lamer d estinator.,............................2.1 

n ?roduc:iot snop ?lamer .......................... 0.0 
Ski? ;rogrcssc;an .....*........................... 0.4 
Ship scheGuler...................................O.l ..................................... Shi? sysrens 0.2 
Shop acalysc 6 scheduler ......................... 0.5 ..................................... Shop pLacret 0.9 

100. OX 



TABLE 3 : DEATH CERTIFICATE INFORMANT & LISTIE 9 
THE DEATH CERTIFICATES 3 f  TOSTSKLTH NAVAL SHIPYARE -- 

EULCYEES (W=l?54i 

Inf onnant 
Proportion of Death Certificates 

L i s t  in% Designated Inf omant 

..................... SPOUSE. 6 4 . 7 2  



TABLE 4 : C X D E  RATES OF AGREEMENT BETWEEN PNS AND DEATH 
CERTIFICATE TITLE BY SIX VARULBLES 
(Total N for each variable = 1830) 

VARIABLE 

;Ige ( in years) 

Length of Total 
PNS Employment 
( i n  years) 

Length of Last 
PNS Posi  t i o n  
Employment 
( i n  years) 

Time from 
Retirement t o  
Death (in years) 

PNS Occupational 
Type 

Death Certificate 
Lnformant 

1. less than 1 t o  5 
(n-90 

2. 6-15 (n-303 
3 .  16-25 (n-753) 
4. 26+ (n-6'84) 

1. less than 1 t o  5 
(n-170) 

2. 6-15 (0-584) 
3. 16-25 (11-653) 
4. 26t (n-423) 

I .  Death while employed 
or within 6 months- of' 
retirement (n-535) 

2. 6 mag-5 yrs. (n-449) 
3 .  6-10 yrs. (n-428) 
4. 11+ yrs.  (1114 18 ) 

1. Laborers (n-169) 
2. Trades/Crafts (a-1581) 
3. Professionals (n-80) 

1 .  Spouse (11-1192) 
2. AU Others (11-638) 

# Baaed on a test for linear trends in proportions from kmitage (17). 

* Significant trend 



VARIABLE 

Age ( i n  years)  

Length of To ta l  
PNS Employment 
( i n  years)  

Length of Last  
PNS Posi t ion  
Eorployment 
( in  years)  

PNS Occupational 
Type 

Death C e r t i f i c a t e  
In€ 0-t 

TABLE 5 : RESULTS OF I N  I 'S IAL I.OGISTIC REGRESSION ADJUSTING RATES OF 
ACREEMENT FOR FIVE INDEPENDENT VARIABLES (Total  N = i 8 3 o i  

1. l e s s  than 1 t o  5 
(11.190) 

2. 6-15 (11~303) 
3. 16-25 (n=753) 
4. 26 t  ( ~ 6 8 4 )  

CRUDE RATE OF AD.JUSTED RATE OF 
C L A S S  - AGREEMENT ( X )  AGREEMENT (%) 

1. less than 1 t o  5 
(n.1170) 

2. 6-15 ( ~ 5 8 4 )  
3. 16-25 (115653) 
4. 26+ ( ~ 4 2 3 )  

1. Laborers (n= 169) 
2. Tradee/Crafts (11~1581) 
3. Profeseionale (n=80) 

1. Spouse (n=1192) 
2. Al% Others (n=638)# 

* Signif icant  a t  .05 Level 

I Includee o the r  r e l a t i v e ,  non-relat ive,  medical records,  not l i s t e d  
and unable t o  determine 

F-RATIO FOR 
EACH VARIABLE 
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IESCLASSIFIZ3 C;; 3WTd 
CERTIFICATE &: 

Laborer : 

Trade : 

?rofessional: 

Xkinis:rztive: 

"RetiredW,or 

It*. oaigyard worker" : 2 5 144 3 172 

Title n o t  listed: 1 1  ? 14  2 127 

Laborer Trade Profess To t a l g  

5 1 9  0 24 

19 6 6 5 FC 

0 6 +? n - 0 

6 4 C 10 

Totals : 
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Appendix 8. Glossary of Terms and Abbreviations 

AEC - Atomic Energy Commission 

census f i l e - NSWS computer f i 1 e corresponding to mi crof i 1 med 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 



Appendix 8. G l  ossary o f  Terms and Abbrevi a t i  ons (cont 'd) 

NW,,., - study sample of nuclear workers with cumulative lifetime exposure 20.5 
- rem as of 12/31/81 

NW,., - study sample of nuclear workers with cumulative 1 ifetime exposure (0.5 
rem as of 12/31/87 

OEER - Office of Enumeration and Earnings Records 

OPM - Office of Personnel Management 

ORAU - Oak 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 

QF - quality factor 

r a d  - a unit of absorbed dose of ionizing radiation equal 
100 ergs per gram of irradiated material 

RDAC - Radiation Dosimetry Advisory Committee 

when it is false 

to an energy of 

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 - Survei 11 ance, 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 11. Modified Table 2 -84 :  Job T i t l e s  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 Mobi 1 e 

Equipment Mechanic, Laborer, Mechanic, Motor Vehi cl e Operator, 
Oi 1 er 

03 Utilities Shop 
Boilermaker, Electrician, Instrument Mechanic, Laborer, Pipefitter, 

Pl umber 

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/Mari ne, Marine Engineer, 
Mechanic, Motor Vehicle Operator, Painter, Pipe Coverer & 
Insulator, Pipefi tter, Plumber, Rigger, Sheetmetal Mechanic 

09 Safety Office 
Industri a1 Hygiene/Heal th & Safety Speci a1 i sts 

10 Data Processing Office 
Administrative Jobs 

11 Shipfitter's Shop 
Forgers, Loftsman, Shipfitter 

12 Ship Management Officers 
[No titles given] 

13 Qua1 i ty Assurance Off ice 
Electrician, Chemist, Metallurgists, Inspectors (Metals, Electrical), 

Engineers, Administrative jobs 
(cont 'd) 



nuclear shipyard workers study == 

Appendix 11. Modified Tab1 e 2-8-C: Job Titles Most Frequently Associated 
with Shops and Series Codes (Char1 eston, South Carol ina) 
(cont' d) 

Shop or Series Code 
Associated Job Titles 

Part A. Shops (cont'd) 
14 Management Engineering Office 

Engineer, Administrative jobs 

15 Industrial Relations Office 
Administrative Jobs 

17 Sheetmetal Shop 
Electropl ater, Sheetmetal Mechanic 

19 Combat Systems Office 
Engineers/Electronic Technicians 

20 Planning Department 
Production Control 1 ers, Engineers 

22 Planning & Estimating Div. 
Production Control 1 ers, Engineers 

23 Forge Shop 
Forgers 

24 Design Division 
Engineers, Naval Architects 

25 [Shop name unknown - Currently Shop 991 
Gas Detection Monitor 

26 We1 di ng Shop 
Gas Pl ant Operator, Welder 

27 [Shop name unknown] 
Gal van i zer 

30 Production Department 
Administrative jobs, Engineers 

31 Inside Machine Shop 
Electroplater, Instrument Mechanic, Machinist/Maintenance/Marine 

32 Nuclear Engineering Department 
Engineer, Nuclear Engineering, Nuclear Engineering Technicians 

(cont ' d )  



Appendix 11. Modified Table 2 -84 :  Job T i t l e s  Most Frequently Associated 
wi th  Shops and Series Codes (Charleston, South Carol ina) 
(cont'd) 

Shop or Series Code 
Associated Job Titles 

Part A. Shops (cont'd) 
33 Non-Nuclear Inspecti on Div. 

Inspectors, Training Special i sts 

34 Laboratories Division 
Industrial Test Laboratory, Physical Science Technician 

35 Non-Destructive Test Division 
Radiographers 

36 Weapons Shop 
[No t i t l e s  given] 

38 Outside Machine Shop 
Machini st/Maintenance/Marine, Mechanic 

39 Nuclear Inspection Division 
Physical Science Technician, Engineers 

40 Public Works Department 
Engineers, Administrative jobs 

41 Boiler Shop 
Boi 1 ermaker 

45 Public Works - Shop Division 
Administrative jobs 

46 Fending Disability Retirement 
Any job title 

50 Supply Department 
Laborer, Stockman, Procurement Special i sts, Contract Administrators, 

Administrative jobs 

51 Electrical Shop 
Electrician, Instrument Mechanic 

56 Pipe Shop 
Air Condi t ioning/Refrigeration Equipment Mechanic, Pipe Coverer & 

Insulator, Pipefi tter, Plumber 

(cont'd) 

.ri- 



Appendix 11. Modified Table 2-8-C: Job Titles Most Frequently Associated 
with Shops and Series Codes (Char1 eston, South Carol ina) 
(cont 'd) 

Shop or Series Code 
Associated Job Titles 

Part A. Shops (cont'd) 
60 Comptrol 1 er 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 Faci 1 i ty 
Electronics Mechanic 

70 Medi ca1 Department 
Physicians, Nurses, Administrative jobs, Medical Technicians 

71 Paint Shop 
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 311 
Foundry Molder, Joiner 

82 Fire Department 
Firefighter (cont 'd) 



Appendix 11. Modified Table 2 - 8 4 :  Job T i t l e s  Most Frequently Associated 
wi th  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/Pol ice/Admi ni strative 

91 Youth Opportunity 
Student/Summer Aid 

92 Structural Shop Group - Shops 11, 17, and 26 
[ T i t l e s  above] 

93 Mechanical Shop Group - Shops 31, 38, and 56 
Mechanic 

94 [Shop name unknown - Currently Shop 64 (woodworking shop)] 
Joiner 

95 Electrical/Electronic Shop Group - Shops 51, 67, and 68 
[ T i t l e s  above] 

97 Service Shop Group - Shops 06, 64, 71, 72, and 99 
[T i  tl es above] 

99 Temporary Service Group 
Electrician, Student/Summer Aid 

Part B. Series Codes 
105 Radio1 ogical Control Off ice 

106 Occupational Safety & Health Office 

133 Non-nuclear Inspection Division 

134.3; Radiochemistry & Water Chemistry Branch 
134.4 Metal 1 urgi cal Branch 

150 Industrial Relationsoffice 

185 Safety Division (Currently part of Shop 106) 

200 Pl anni ng Department 
(cont' d) 



Appendix 11. Modified Tab1 e 2-84: Job Titles Most Frequently Associated 
with Shops and Series Codes (Char1 eston, South Carol i na) 
(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 Pub1 ic Works Department 

500 Supply Department 

600 Comptroller Department 

700 Formerly Medical Department 

730 Industrial Hygiene Division 

800 Administrative Department 

2300 Nuclear Engineering Department 


