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• ABSTRACT

Four misuses of statistics in the interpretation of data of low-level

radiation are reviewed; (1) post-hoc analysis and aggregation of data

leading to faulty conclusions in the reanalysis of genetic effects of the

atomic bomb, and premature conclusions on the Portsmouth Naval Shipyard

data; (2) Inappropriate adjustment for age and ignoring differences between

urban and rural areas leading to potentially spurious Increase in incidence

of cancer at' Rocky Plats; (3) hazard of suamary statistics based on

ill-conditioned individual rates leading to spurious association between

childhood leukemia and fallout in Utah; and (4) the danger of prematurely

published preliminary work with inadequate consideration of epidcniolosical

problems — censored data — leading to inappropriate conclusions, needless

alarm at the Portsmouth Naval Shipyard, and diversion of scarce research

funds.
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1. INTRODUCTION

I will deal with four misuses of statistics in the interpretation of

data on low-level radiation. Before I begin nay I recall a debate I had

tea years ago with Dr, John W. Cofnan at the Anerican Physical Society on

the Biological Significance of Environmental Radiation. Dr. Cofoan, then

at Lawrence Radiation Laboratory* Livemore, was emphasizing that the

Federal Radiation Council guideline permitted the average exposure of U.S.

citizens to reach 170 nilliren per year (Gofman 1971). He estimated the

increase in actual cancer death rates to be expected if every Aaerican was

exposed to 170 area a year; i.e., he took the total population of the

United States, and multiplied it by 170 area. At the tine of this

discussion before the Aaerican Physical Society, ha gave two approaches to

estimating cancer raortality froa this dose: (1) an absolute estimate based

directly on observed radiation-induced cancers and leukenias derived, he

stated, from the data of Court Brown and Doll, Who reported on the increase

in cancer in patients treated with radiotherapy for ankylosing

spondylitis. This, he alleged, on the basis of 10& persons in the U.S.

population, would give 11,200 cancers plus leukemia deaths per year. (2)

He went on to describe cancer incidence, taking into account the variation

and sensitivity to cancer induction as a function of age "based upon best

estimates from worldwide observations." Depending upon the paraaeters he

used, he estimated there could be as aany as 104,000 extra cancer deaths

per year froa 170 area a. year exposure; his most opllaiatlc low estimate

fron this method was 9,400 extra cancer deaths. In the discussion with

Dr. Gofman, I pointed out that as far as I was aware, no one had ever
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been Irradiated by a bureaucratic regulation, acid that the facts were that

nuclear reactors —the alleged possible source of this radiation — were

point sources (Hamilton 1971). At that tine already such sources could not

possibly give more than 5 nilliren a year to anyone remaining 24 hours a

day for 365 days a year on the boundary of such a reactor in the 45* worst

sector, i.e., direction of moat prevailing winds (Hamilton 1971). As this

debate wa3 before the American Physical Society, physicists accepted ay

statement about possible sources of radiation.

I later re-examined Table VI in "Mortality from Cancer and Other

Causes after Radiotheraphy for Ankylosing Spondylitis*1 by Court Brown,

W.M. and Doll, R. in the British Medical Journal, 2, 1327-1332, 1965, fron

which John Cofman alleged r,hat he derived M s risk estimate* Neither Dr.

Francesco Sella, at that tine Secretary of United Nations Scientific

Connie:tee on the Effects of Atomic Radiation, nor myself could trace in

Court Brown and Doll's paper the figures that had been used for making

these estimates. The figures Gofnan used, based upon variation and

sensitivity with age, could not be checked, and the method itself was

incoaprehensible* In fact, using the Court Brown and Doll data, one would

calculate that if the dose mere 170 mrem to a population of 1Q8 people, the

expected excess at equilibrium would be 2,800 cases per year and not the

figure of 11,200 cancers plus leukemias that Gofnan had claimed. In any

event, the argument fchat 1 made about the practical impossibility of every

American receiving 170 arem a year — the alleged regulatory limit — was

clearly correct. Moreover, the risk estimates Cofnan made froa this

implausible scenario, as It turned out, were equally incorrect.
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The statistical Issue here is even if one could have validated the

cedian estimate of Gofaan, how should one use the upper and lower

boundaries of that estimate, derived as it was from a relatively snail

sanple size? Statistical models should mirror reality. The Court Broun

and Doll data ware derived from patients given high doses of radiation at

high dose rates over relatively short periods of tine. This is in stark

contrast to an effect, if any, of 170 mreie given over a year; i.e., a low

dose given at a very low dose rate. The biology is that it is likely that

repair takes place at 170 area a year*

2. REANALYSIS OF "GENETIC EFFECTS OF THE ATOMIC BOMB: A REAPPRAISAL"

Z now want to turn to four examples of the ralsuse of, statistics. 1

shall deal with, these in alphabetical order and hope that this proves

convenient to the flow of criticism. The first is a reanalysis of the work

of William J. Schull, Hasanori Otake and James V. Neel, "Genetic Effects of

the Atonic Bomb: A Reappraisal" published in Science in September 1981.

The reanalysis was by Dr. Irwin D.J. Bross of Roswell Park, Buffalo {Brass

1983). You will not yet have seen this reanalysis since it is made in a

letter to be published in Health Physics. In "Genetic Effects of the

Atomic Bombs: A Reappraisal", Schull &t_ ai. gave data on four indicators

of genetic effects froo studies of childran born to survivors of the atomic

bombings of Hiroshima and Nagasaki. The indicators were: frequency of

untoward pregnancy outcomes (stillbirth, aajor congenital defect, deaths

during first post-natal week); occurrence of deaths in live-born children,

through an average life expectancy of 17 years; frequency of children with

sex chromosome aneuploidy; and frequency of children with nutation
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resulting In an electrophoretic variance. "In no Instance is there a

statistically significant effect of parental exposure."

Dr. Bross used what he described as a "staple and straightforward

statistical approach on the data of Table 3" from Schull et al., which

describes the occurrence of death in live-born children, through an average

life expectancy of 17 years. Or. Bross' "simple and straightforward

statistical approach" for analysis of data In Table 3 of Schull, Otafce and

Keel consisted of a consolidation of the original 5 x 5 table derived

directly froa their Table 3 into a 3 x 3 table. Dr. Bross here chose to

reconstruct all the original data in the • range termed "0-9 cads" by

collapsing all data into one category. The results of this analysis were

sunaarized in Graph 1, labeled "Confidence Intervals for Infant and

Childhood Mortality by Parents Gonadal Dose." This procedure is curious in

the light of the original presentation of these data (occurence of death in

live-born children through an average life expectancy of 17 years), which

gave the data in terms of individuals-not-iri-the-city (NIC), 0, 1-9, 10-99,,

and 100+ rads. He justifies the consolidation by saying it avoids cells

wi;h 5 or fewer deaths; but such a phenomenon did not exist in the original

data except with doses > 100 rads* Moreover, it seens Inconsistent with

the statement that Dr. Bross himself made in his own paper that "the shape

of the dosage response curve in the vicinity of 1 rad is crucial to the

question of whether such exposures represent a serious health hazard." The

aggregation of data by Dr. Bross hides all information about the shape of

the dose-response curve in this range. Mas this aggregation done to

achieve a desired result?
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We have prepared two tables for comparison (SLanilton et al. 1983).

Table 1 is a 5 x 5 table derived directly froa Table 3 of Schull e£ al»

Table 2 is Dr. Bross* 3 x 3 aggregation of these data. Inspection of the

data given in Table 3 of Schull et aJL. for tf:e radiation groups (0,0),

(0,1-9), (1-9,0), and (1-9, 1-9) separately shows an essentially flat

dose-response. In fact, Schull «_t al.'s (0,0) exposure dose is 7.5% as

compared to Dr. Bross' aggregated (0-9, 0-9) value of 7.3%. It is clear

that about 2/3 of the deaths in Dr. Bross' lunped data are actually

contributed by the (0,0) exposure, i.e., 319 deaths. If these were not

included in the 0-9 rad group as Dr. Bross aggregated then, no effect would

be seen. Thus, it appears that Dr. Bross1 consolidation of the original

5 x 5 contingency table given in Schull*s Table 3 into a 3 x 3 table, which

he refers to in his letter, was done as a result of post-hoc examination of

the data and seeing how re-analysis night produce an apparently significant

but nevertheless misleading effect.

Is the not-in-city I NIC] data a legitiaate control? As Schull eit

al. pointed out, and BEIR III (Connietee on the Biological Effects of

Ionizing Radiation 1980) states, p. 155, in discussing the Hiroshima and

Nagasaki data, "there are no true "controls* in the experimental sense, but

the not-in-city (NIC) components of the samples have sane value as a

comparison group and are often used in conjunction with low-dose groups in

making high-dose-low-dose comparisons. The zero-dose group is believed to

be superior to the NIC group as a control group, however, especially in the

early years of follow-up, largely because the NIC group has the

characteristics of an imaigrant population with a different medical history

before 1950." Moreover, as Schull et _al. point out in their paper, this

—5—



indicator, like frequency of untoward pregnancy ovtcome (stillbirth, najor

congenital defect, death during first postnatal weak), is influenced by

socioecononlc status; and they had earlier "found that the uaexposed

control parents (who cane to Hiroshima and Nagasaki after the bombings),"

I.e., the NIC group, clearly differed in several respects from the

Hiroshima and Nagasaki survivors. Therefore, the use of the NIC data as a

control for the (0,0) data to look for effects of very low radiation doses

nakes little sense. Use of. (0,0) as a control for the other points where

both parents were in the city does make sense; then one finds no effects up

to 10 rad.

For further inconsistency in Dr. Bross* analysis: one can look at

one of his own papers to which lie refers (Bross 1980). We do this without

in any way endorsing this paper. Figure 3, on page 62 of that paper, shows

the effects of father's preconception radiation (FPC), mother's

preconception radiation (MPC), intrauteriae radiation (lit), and

combinations of these. If Dr. Bross1 theory was correct -— as he alleges

from his re-analysis of Schull et^ al. — one would expect the coabined FPC

and MPC point, and the combined MPC and IU point, to be elevated and

different from the FPC, MPC and Itf points only. But they showed no

difference. Hence, contrary to what Or. Bross states in his letter, where

both parents had received low doses (FPC & MPC), his own results are

comparable to the data in the Schull jet al. paper and are inconsistent with

his re-analysis of Schull et al.
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3. NIOSH CDC STUDY AND PORTSMOUTH NAVAL SHIPYARD DATA

A second exaaple of post-hoc analysis from the work of Dr. Irwin D.J.

Bross Is a paper by I.D.J. Bross and Deborah L. Driscoll, "Direct Estimates

of Low-Level Radiation Risks of Lung Cancer at Two NRC-Compllant Nuclear

Installations; Why Are the New Risk Estimates 20 to 200 Tines the Old

Official Estimates?", in the Yale Journal of Biology and Medicine, 54,

317-328, 1981. The two NRC-compliant nuclear installations are the

Portsmouth Naval Shipyard (PNS) and the Hanford Plant in Washington State.

As the work of Mancuso, Stewart and Kneale {Mancuso et al., 1977, Kneale et

al., 1978) has been so extensively criticized by others as well as by

myself (Hamilton 1980), I shall confine my remarks here to the conclusions

that Dr. Bross draws from his analysis of the Portsmouth Naval Shipyard

data and give only a few references here (see Gilbert and Harks 1979, 1980;

Hutchison e_£ _al., 1979) to the criticisms of the analysis oJ the Mancuso

Hanford data. The Portsmouth Naval Shipyard, one is reminded, repaired and

built nuclear submarines from about 1959 on. In 1978 Thomas Najarian and

Theodore Colton published a preliminary communication in Lancet — an

English medical journal — May 13, 1978, p. 1018 on "Mortality froa

Leukaemia and Cancer in Shipyard Nuclear Workers." I shall be treating

this as the final example of the misuse of statistics at the end of ay

presentation.

Because Najarian and Colton's publication — rep'orting a five-fold

increased proportional mortality due to leukemia, and a two-fold increase

due to all cancers among PNS workers who had been exposed to relatively low

doses of ionizing radiation while building or repairing nuclear

submarines — had gone unanswered in Lancet for two years, a shorter
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version of the December, 1980 report of the NIOSH CDC Study was published

in Lancet, 1:231-235, January 31, 1981, "Cancer Mortality at a Naval

Shipyard", by R.A. Rinsky, R.D. Zumwalde, R.J. Waxweiler, V.E. Murray, Jr,,

P.J. Landrigan, P.J. Blerbaum, M. Terpiiak, and C. Cox. This is a paper

cited in Appendix XI of Or. Brosa1 Yale paper. The conclusion" of this

paper, echoing the conclusion of the Decenber, 1930 report, stated:

"This study had a greater than 99% probability of

'detecting statistically the five-fold increased risk of

leukemia mortality reported by Najariati and Colton

among radiation-exposed workers at PNS. Further, had

the true relative-risk of death from leukemia of PNS

been 2.2, the likelihod of our having detected such a

risk would still have been 802. However, when we

compared mortality in shipyard workers to death rates

of the United States White raale population, we found no

rates of excess. Also, we found no leukemia excess

when we compared radiation workers at PNS with an

internal control—the non-radiation workers at the sane

shipyard."

The paper, as did the December, 1980 report, cautioned that "an

insufficient number of years nay have elapsed since inital exposure for a

large number of the radiation workers at PNS to permit the oanifestation of

cancers requiring long latency. 20% of PUS radiation workers were first

irradiated only after 1967, and thus had less than 910 years* latency; only

1Z of the radiation workers had 25 or more years* latency."



To avoid inclusion of oany persons who were not genuinely at risk

because of either short latency or insignificant dose, NIOSH stratified the

data by latency and dose and reviewed each of 82 specific causes of death

individually* Dr. Bross was given this information. He then analyzed

lung cancer mortality in the radiation-exposed population only by tun

latency periods, constructed from seven latency periods chosen a_ priori

from the 15 to 20 year group and the 20 and over group. Me sunned the

observed and expected numbers of deaths in each dose category, and then

dichotomized the dose categories again, froa seven categories chosen a

priori into those with under 0.5 rent exposure and those with i reo or core.

Zn reviewing Dr. Bross1 use of this approach, it is important to

consider two pitfalls in post-hoc analysis: the rationale for choosing and

regrouping specific latency and dose categories; and the tiding of these

decisions — before or after knowing -here in the data sets the deaths

occurred.

Or. Bross offered, as reasons for selection of these particular

latency and dose categories, that lung cance? had been identified in past

studies as being radiogenic; that "experience" suggests at least 1 rea is

required to detent effects; and that "experience" suggests that at least 15

years of elapsed tine is required for radiogenic lung cancer to becone

manifest. The crucial question here is the tine and origin of M s

hypothesis. If he established the categories before knowing when the

deaths had occurred, that would be one thing; however, if he first knew

vhere in the data sets the deaths had occurred, and then chose the latency

and dose categories with the deaths already in oind to show patterns of

mortality, then nothing can be said as to the probability or the
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significance of this observation. In fact, Dr. Bross did not even identify

the cause of death as being of interest beforehand.

The NIOSH study looked at 82 causes of death, each with seven latency

categories by seven exposure categories. This is a total of 4,018 separate

dose-by-latency categories without counting the totals. IE one* sets the

acceptable level of statistical significance at 95%, then 52 will appear to

differ significantly by chance alone. In addition t» the simple 4,018

separate dose-by-latency categories, there are innunarable perautations

that can be nade by regrouping the data. It becones obvious that a large

number of ostensibly statistically significant patterns can be identified

which in actuality occurred merely by chance. Without an ja priori

hypothesis, false dose-response relationships can easily be derived.

Based on Dr. Bross1 analysis of January 26, 1981 and discussions at

the meeting on March 17, 1981, NIOSH further investigated the lung cancer

results. The observed and expected lung cancer deaths, using indirectly

adjusted Standardized Mortality Ratios (SHRs), and corresponding 952

confidence intervals based on Fisher's Exact Test, are shown in Table 3 for

radiation workers who had achieved 15 years latency (time after first mrem

of exposure). The confidence intervals of the SMR's substantially

overlap. In fact, all ovetl^n the range 61-289, indicating that the risks

at each dose level are not significantly different.

Dr. Bross made the argument that the dose categories were so fine as

to preclude seeing an effect. To investigate this possibility, the seven

dose categories were combined into just two, and the observed and expected

lung cancer deaths, SMRTs, and confidence intervals were recalculated
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(Table 6). Whatever the cutpoint (0.1, 0.5, 1, or S ren), the confidence

Intervals overlapped.

Note that analyses at latency cutoffs other than 15 years were

unremarkable; no trend was seen for the latency period 10-15 years (see
•l

Figure 1). The finding of only one observed and 1.3 expected cases beyond

20 years of latency precluded meaningful analyses of that latency period at

this time.

In any event, because lung cancer has previously been associated with

exposure to ionizing radiation, NIOSH has ei barked on a case control study

to take into account occupational exposures other than radiation,

particularly asbestos and welding, or other exposures which night have

contributed — a s well as radiation — to any excess lung cancer. At this

' stage, Dr. Bross* conclusions are premature and unwarranted. He completely

disregards that the radiation workers at the Portsmouth Naval Shipyard were

chosen from the most skilled of. the shipyard workers, i.e., those who had

had the longest experience at such activities as welding and applications

of asbestos. The aim of choosing the oost skilled and experienced workers

for radiation work was so that by virtue of their skills they would have to

spend the minimum amount of time operating in a radiation area. This

important fact ensured that radiation workers would in fact have had the

greatest previous exposure to other agents such as asbestos and welding,

both of which are known to induce lung cancer In shipyard workers (Beaumont

-and Weiss 1980, 1981).

For these reasons, until the results- of the case control study are

available, no causal effect relationship between radiation exposure mod the

incidence of lung cancer in these workers can be drawn.
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My next example of misuse of statistics in interpretation of data on

low-level radiation is the work of Dr. Carl J. Johnson, who has presented

and circulated several papers on the subject of his claln of Increased

incidence of cancer in areas with increased plutoniura frora the Rocky Flats

(nuclear weapons) plant. The nost recent version of this work was Carl J.

Johnson, "Cancer Incidence In An Area Contaainated With Radionuclides Near

A Nuclear Installation" published in AMBIO, 10, No. 4, 1981.

The claims of Carl Johnson are: (1) increase in total incidences of

cancer in areas with increased plutoniun; and (2) statistically significant

increase of observed cases over expected for some cancers at sons ages.

A first point to be nade is that his paper deals with cancer mortality

from the Denver-Boulder SHSA for the years 1969-1971. This SHSA comprises

six counties: Adans, Arapahoe, Boulder, Denver, Dovglas, and Jefferson.

Dr. Johnson* s areas I through III appear to be the same as the Denver and

Araphoe counties, with a total population of approxinately 600,000* His

control area IV was drawn fron the remaining counties. It is of interest

that in a document produced by OSDHEW, "Mortality Frora Cardiovascular and

Non-Cardiovascular Diseases for U.S. Cities, 1949-1950, 1959-1961,

1969-1971", DHEW Publication No. (NIH) 79-1453 (Feinleib et al., 1979), one

can see that in 1970, as in 1950 and 1960, observed cancer rates for Denver

were slightly below those expected when compared with the entire U.S.

This is a problem that exists in any study based on ecologic association

and is apparent in Dr. Johnson's study. Table 4 also shows a decline in

the observed over expected ratios for cancer in the periods 1949-50,
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1959-61, and 1969-71. This decline was also shown by the age-, race-,

sex-adjusted nortality froa all causes; cardiovascular-renal disease; heart

disease; and non-cardiovascular-renal disease in the periods 1949-50,

1959-61, and 1969-71. This also sheds considerable doubi: on Dr. Johnson's

conclusions.

Another possible explanation of Dr. Johnson's results relies in his

comparison of urban with rural counties, i.e., tils area IV. In rural

counties the cancer rate has been consistently below U.S. averages.

The problem with the first finding, as given in Table 3, is the

obscurity of how he, Dr. Johnson, standardized his nortality rates. This

is crucial to any interpretation or weight one can put on the results in

Table 3, for there is a big difference in the age distribution of the

population between area I, his exposed area, and area IV, M s uaexposed

area. The figures for the population distribution by age, 3-14, 15-44,

45-54, 55-64, 65-74, and 75+, are given in Johnson's Table 5 In this

paper. These are tabulated below and the percentage for each age class

calculated:

• I

IV

Area

Population
Z of Total

Population
% of Total

0-14

48,473
31.1

130,963
30.9

Table

15-44

64,508
41.8

198,073
46.8

5

Age

45-54

17,078
11.4

47,471
11.2

55-64

11,890
7.7

25,615
6.0

65-74

7,179
4.7

13,276
3.1

75+

5,042
3.3

8,448
2.0
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In area I, the area of allegedly high plutoniura exposure, 82 of the

population was over 65 years of age, conpared with only 5.1% over 65 in

area IV, the unexposed control area. In 1970, of 330,730 cancer deaths in

the United States, 185,280 or 56% were over 65 years of age. A 56.9%

increase of the population over 65 frora 5.1% to 3% will produce' a 30.5%

increase in the nonstandardized mortality due to cancer. This difference

in the age distribution of the population between areas I and IV throws

considerable doubt on and could well negate the conclusions drawn by hia

from the data given in Table 3. .

To turn to his second claim — the consistently significant increase

of observed cases over expected cases for soae cancers at some ages as

given in his Tables 4 and 5 — one can calculate right away that there

could be 346 possible statistical associations in both tables. Dr. Johnson

found only 20 statistically significant associations out of 346 possibles.

This number of associations would be expected by chance alone. Another

interesting fact is that the associations found were randomly distributed

at different ages for different diseases and at different doses. Moreover,

they do not show any pattern of increased association with diseases that

normally night be related to plutonium radiation exposure.

In conclusion, one can say that there is no substance to either Dr.

Johnson*s alleged increased total incidence of total cancer in the areas of

increased plutonium or his statistically significant increase of observed

cases over expected cases for some cancers at some ages.
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5. FALL-OUT AND LEUKEMIA. IN UTAH

The third example of the disuse of statistics interpretation of data

on low-level radiation is that of Joseph L. Lyon, Melville ft. Klauber, John

W. Gardner and Xing S. Udall, who in 1979 published "Childhood Leukenias

Associated with Fallout From Nuclear Testing" in the Mew England Journal of

Medicine, 300, p.397-402. At the tine this paper was published there,

Charles E. Land at the National Cancer Institute wrote an editorial (Land

1979) "The Hazards of Fallout Or of Epideniologic Research?" In their

abstract, Lyons et_ al. stated:

"[Continuing concern over the possible carcinogenic

effects of low-level radiation prompted us to study the

population of Utah because of its exposure to fallout

. from 26 nuclear tests between 19S1 and 1968. Certain

rural counties (high-fallout counties) received nost of

the fallout during that period. We reviewed all deaths

from childhood under IS years of age cancers occurring

in the entire State between 1944 and 1975 and assigned

them to a cohort of either high or low exposure,

depending on whether they were under IS between 19S1

and 1958. For reasons unknown, leukemia nortality

among the low-exposure cohort in the high-fallout

counties was about half that of the United States and

the remainder of the States. Mortality increased by

2.44 times (95Z confidence, 1.18 to 5.02) to just

slightly above that of the United States In the
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high-exposure cohort residing in the high-fallout

counties, and was greatest in 10 to 14-year-old

children.' For other childhood cancers, no consistent

pattern was found in relation to fallout exposure. The

increase in leukenia deaths could be due to fallout or "

to some other unexplained factor."

Figure 2 then reproduces Figure 1 front the Lyon et_ al> paper, which

showed adjusted leukenia oortality rates per 100,000 population for

high-exposure and low-exposure cohorts for counties with high and low

fallout* Tables 7 to 10 reproduce the distribution of leukemia cases,

person-years and age-specific mortality rates by three age classes and

exposure, for the three periods "pre-exposure" (control 1, 1944-50),

"exposed" (1951-58), and "post-exposure" (control 2, 1959-75), plus the

combined control, In Table 7 in the cohort stales in Northern Utah; Table 8

in cohort females in Northern Utah; Table 9 in cohort males in Southern

Utah; and Table 10, cohort females in Southern Utah. It should be noted

* that Northern Utah is the urban area and the so-called low-fallout

counties. Southern Utah is the rural area and so-called high-fallout

counties. Also, Lyon has two control groups, "pre-exposure" control 1 in

the period 1944-5'J and "post-exposure** control 2 in the period 1959-75, and

one exposed group in each of these, cohort 1951—1958. His observations

were made by combining "pre-exposure" control 1 for the period 1944-50 with

"post-exposure" control 2 1959-75. Examination in detail of these tables

show that this consolidation was unjustified. Thus in Table 1 in males 0-4

in Northern Utah, there was a definite decreasing trend ia the leukemia

rate going from 1944-50 through 1951-58 through 1959-75. This trend was a
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two-fold decline in leukeaia between the pre- and post-exposure periods.

On the other hand, in the age group 5-9, the trend was reversed, there

being apparently an increase from the first period 1944-50 through to the

third period 1959-75, with almost a doubling in the "pre-** and

"post-exposure" groups. As there were zero cases in the control in the

"pre-exposure" period 1944-50 in the Northern Utah naies 10-14, it is

impossible to say what the trend was in that age group.

In fenales in Northern Utah again in the 0-4 age group, one notes a

declining trend going from "pre-exposure" 1944-50 through the "exposed

group" 1951-58 to the "post-exposure" control group 1959-75. Again in the

5-9 year age group there was a slight increase in the second two groups but

certainly nothing distinctive between the "pre-" and "post-exposure"

controls and the "exposed". Zn the third group, 10-14, there is definitely

no distinction to be drawn between the rates in the three periods

"pre-exposure" 1944-50, "exposed" 1951-53, and "post-exposure" 1959-75.

One can already draw the conclusion that in Northern Utah females there was

no association between exposure and leukenia when one looks at age- and

tine-specific rates.

If we now turn to the high-exposure counties in Southern Utah, we note

that in the nales age 0-4 in this cohort, there was again a decline in the

Incidence in the rate of leukemia in going from "pre-exposure"1944-50

through "exposed" 1951-58 to "post-*xposure" 1959-75 and that clearly the

numbers are very small and. that one cannot justifiably add up the two

control "pre-exposure" and "post-exposure" periods and compare then with

the alleged "exposed" 1951-1958. In the 5-9 year old age group the results

appear to be equivocal; there does not appear to be any definite tread but
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again the numbers are extremely snail. In the 10-14 year age group one

notes that there were no male cases in either "pre-exposure" control group

i In the period 1944-50 or In the "post-exposure" control group 2 1959-75,

and this is the age group at which Or. Lyon and his colleagues alleged that

the effects were the greatest. _A priori they must be the greatest because

we have zero controls.

If one turns to the final cohort — fetaales in Southern Utah, the

high-fallout counties — one sees that there were no cases in the 0-4 age

group in the first "pre-exposure" control period 1944-50 and that

conparison of the "exposed group" 1951-53 to the second "post-exposure"

control 1959-75 demonstrates an increase. In the 5-9 year old group the

nuabeirs were again extremely small but there seems to be . no significant

difference between the "exposed" and "post-exposure" control group 2

1959-75. One can only achieve a difference if one combines the two "pre-"

and "post exposure" control periods. Again, one notes that as far as

females in Southern Utah were concerned, in age group 10-14 there was a.

single case in "pre-exposure" control group 1; no case in "post-exposure"

control group 2, i.e., 0. Thus Dr. Lyon's analysis in the high-exposure

counties is based on 0 nales in the control groups and only a single case

in the females, and yet this is the age group in which he claims the effect

was "greatest".

Based on this reexamination of the original data, it is apparent that

there was no- statistically significant association between leukeaia and

fallout among children 0-4 years of age in either Southern or Northern

Utah. Indeed, the "high-exposure" children (0-4) in both Southern and

Northern Utah have a mortality rate that is either about equal to one of
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either "pre-" or "post-exposure" control period or intermediate between the

two. A note general point seeos to be feline in leukeaia mortality aoong

children 0-4 years of age during 1944-75, with the "high exposure" rate

less than "pre-exposure" 1944-50 rate but greater than the "post-exposure"

1959-73 leukeaia mortality rate.

Aaong five to nine-year-old children, there seems to be no consistent

pattern indicating an association between leukeaia mortality and failoct.

The association was limited solely to children 10-14 years of age and the

resulting association is probably an artifact resulting from insufficient

leukemia cases to establish adequate control in "pre-" and "post-exposure

periods" and a study methodology which nay bias the results in favor of the

researchers' hypothesis. Lyon &t_ al. should have reported that in this

controls for Southern Utah males 10-14 years of age (1944-50 and 1959-75)

there were no leukemia cases on which to establish a valid control

mortality rate. T*e control-mortality rate used by Lyoa was (0), although

the national rate was 2.4 cases (100,000). This is not a valid measure of

reality and implies that if radiation were not present in Utah, taales age

10-14 would not die of leukemia. Among Utah females in Southern counties,

the total control was established on the basis of one case in the

"pre-exposure" 1944-50 control cohort!

Lyon thus did not address three serious problems: (1) inconsistent

age-specific association; (2) aberrant control rates; (3) truncated cohort

controls. These problems have lead to the anomalous and weak

data-mortality rates for children ages 10-14 being overwhelmingly important

in Lyon's analysis, exemplifying the validity of the Tukey-Mosteller

dictum, "One number cannot honestly do the work of many," i.e., that use of
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a single suomary statistic — which nay itself be valid — nay conceal

insufficiency of data (Mosteller and Tukey 1977). A problem in reality is

that a single misused statistic can needlessly alarm the parents of

children ages 0-9. Certainly the topic of childhood leukemia requires

further research but it Is clear that Lyon's results nay be a •spurious

association. These patterns in childhood leukemia need to be investigated

for other locations before He can place any credence on the association

between fallout and childhood leukemia.

6. THE ORIGINAL REPORT ON THE PORTSMOUTH NAVAL SHIPYARD

My final exaople of the aisuse of statistics in the interpretation of

.data on low-level radiation is a paper that I have already mentioned in

connection with Dr. Bross, namely Dr. Thomas Najarlan and Or* Theodore

Colton (Najarian and Colton 1978) on "Mortality from Leukaemia and Cancer

' in Shipyard Nuclear Workers." A review of death certificates in New

Hampshire, Maine and Massachusetts for 1959-77 yielded a total of 1,722

deaths Initially identified as former workers at the Portsmouth Naval

Shipyard. On this list of 1,722 deaths the next of kin were contacted for

only 592. When aext of kins* response to the question about radiation or

wearing a radiation badge was "yes" or "probably yes", the deceased was

classified as a nuclear worker; if the answer was "no" or "do not know",

the worker was classified as non-nuclear. The numbers were 146 and 446

r espec tively .

"Since there were no deaths among nuclear workers at age SO and

above, we restricted our analysis to those under 80. This

reduced the number of deaths among non-nuclear workers to 379."
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Table 11 is taken froa Table 2 froa their paper on observed and expected

cancer deaths anong nuclear and non-nuclear workers by type of cancer. It

can be seen that with U.S. age-specific proportional cancer mortality for

white sales as standard, the observed/expected ratio of leukemia deaths was

5.62 (6 observed, 1.1 expected). Among the 146 former nuclear workers, for

all cancer deaths, the observed/expected ratio was 1.78. Among non-nuclear

workers Najarian and Colton found no statistically significant increase in

proportional mortality from either leukemia or frozs all cancers.

So one has a sample based on 592 observations out of 1,722 deaths, and

only where a valid next-of-kin could be identified and found to be

cooperative could analysis be undertaken. Classification then was based on

recollection with no clear distinction between different kinds of

referents. It is clear that associations drawn froa such observations are

fraught with uncertainties. Tine trend shows difficulty in reference Isee

Najarian and Colton Table III]. For the period 1965-69, only 382 of

cancers were looked up, yet there were 100 cancers. The older the death

the harder it was to get a referent. The 1959-64 follow-up had the least

percent of next-of-kin contacted, only 11.42. Thus for 392 of the total

* cancers, follow-up was only 11.4 to 38Z. The Najarian and Colton paper

affords an example of the effects of raisclassificaMon which can take place

in any study where there is a problem of ascertainment. As I have already

indicated, these observations were proved to be incorrect by the NIOSH

extended study.

Besides these uncertainties Najarian and Colton themselves also listed

some inadequacies in their • survey. It was an analysis of deaths only; no

information was available on the total population at risk. There could be
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a bias in the infornatioa supplied by relatives. They had no inforaation

on how long workers worked at the shipyard, how long nuclear workers were

exposed to radiation, and the aaoun£s of radiation they received.

Consideration was not given to other toxic agents, such as asbestos,

snoking, or industrial solvents, which could have acted alone or

synergistically with radiation to cause the apparent excess deaths froa

cancar and leukemia*

There were other inadequacies in this survey. To exclude some of the

effects of other carcinogens, one oust show that cancer frequencies

increase with increasing radiation exposure, but knowledge of the lifetiae

accumulated doses of the former employees was not available. More

iaportantly, if the radiation work at PNS began only in 1959, it is

unlikely that changes In ovsrall cancer frequency Induced by radiation

would appear before at least 10 years after exposure, or after S years for

leukemia, these being roughly miniiaum latent periods for cancer induction.

The data given in Najarian and Colton could be divided into deaths during

the periods froa 1959-69, when radiation effects would not be expected to

appear, and 1970-77, when effects might be expected. In 585 death

certificates of persons who died between 1959-69, 24.6% had cancer listed

as the cause of death. Considering the 33 radiation-exposed workers who

died during this period, 13 or 39.4% of the deaths were recorded as due to

cancer. In 865 death certificates 1970-77, 25.72 had cancer as the cause

of death; hence there was no significant difference between the percentage

of cancer deaths between the two periods for all workers. For the 113

radiation-exposed workers, 43 or 38.12 of deaths in the later period where

due to cancer — no nore than In the earlier period (39.4%).
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1959-69
1970-77

All
Deaths

585
865

1,450

Cancer
Deaths

144
222
366

Z
Cancer
Deaths

24.6
25.7

Radiation

All
Deaths

33
113

Exposed

Cancer
Deaths

13
• 43

7.
Cancer
Deaths

39.4
38.1

The absence of any apparent latent period effect casts doubt on

conclusions about the contribution of radiation to the curiously high

numbers of cancer deaths anong the radiation workers.

NIOSU also made available to Drs. Najarian and ColCon radiation

exposure data supplied by the U.S» Navy. On February 2, 1979, at a

symposium sponsored by the Johns Hopkins School of Public Health,

Baltimore, Maryland, Drs. Najarian and Colton introduced these radiation

exposures into their PNS Study. At this tine, they announced that in

contrast with the original Lancet data, where 6 leukemia deaths were

observed instead of 1.1 expected, it was found that two of the cases of

leukemia had no history of radiation exposure. One had less Lhan 0.1 rets,

which is what one receives after one year's natural background. One

received 15 rem, one 5 rera, and one "not remembered** — probably less than

5 rem. The number of leukenias was now 3 instead of 1.1 expected. For all

cancers the new data were:
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Exposure

Less than 0.1 reia
Frora 0.1 to 0.99
Creater than 1
No exposure

Nuaber

64
50
49
358

Observed

17
16
19
92

Cancers

Expected

13.5
10.5
10.2
7.49

Ratio

1.26
1.53
1.58
1.24

Chi-square test shows no significant difference in the ratio

among the exposed levels at p - 0.10. Cochran's chi-square test for a

linear regression, which considers that the ratios increase in the expected

direction showed no statistical significance at p *• 0.05.

A tentative list* of chemical and physical agents probably present at

the Portsnouth Naval Shipyard during the past 25 years includes:

Acetone Chlorinated Oiphenyls

Alcohols Chlorinated Naphthalenes

Amines Chromic Acid

Annonia Chromium

Amaonium Hydroxide Coal Tar Volatiles

Aayl Acetates Epichlorohydrin

Antimony Oxide Ethyl Acetate

Asbestos Ethyienedianine

Benzene Fibrous Glass

1, 3, Butadiene Fluorides

Cadoiua Fungicides

Carbon Monoxide Hydrogen Chloride

•Personal coiaciunication: R.O. Zutawalde
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Carbon Tetrachlori.de Hydrogen Cyanide

Infrared light Sodiun Hydroxide

Lead Titanium Oxide

Methyl Ethyl Ketone Toluene

Methyl Isobutyl Ketone Triehloroethylene

Mineral Wool Tri Sodiun Phosphate

Nickel Turpentine

Phenols Ultra Violet Light

Polyvinyl Chloride Hood Preservatives

Radiofrequency (Microwave) Xylene

Silica (Quartz) Zinc Chroraate

Conparison with Table 12, taken frota Table 25? "Cooaon Occupational

Carcinogens from Health and Work in America: A Chart Book", American Public

Health Association, Washington, D.C., 1975, underscores the difficulty in

assessing the effects of low levels of radiation in this worker population*

In any event, the NIOSH extended study has so far clearly excluded the

association of leukenia and low-level radiation at the Portsmouth Naval

Shipyard. The Najarian and Colton study, despite its caveats, exemplifies

inadequately funded, prematurely published preliminary work; with inadequate

consideration of the epideraiological problem. It needlessly alaroed

workers at the Portsmouth Naval Shipyard and eisehwere,' and led to the

unecessarily hasty implementation of large unprofitable epideaiological

studies on shipyard workers* with diversion of scarce research funds froa

other important energy-pollutant-related epidemiology.

-25-



7. CONCLUSION

In conclusion, I consider these misuses of statistics la the

interpretation of data on low-level radiation as no less than appalling.
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Table 1. 5 x 5 Table, (Table 3 of Schull, et,al.)

(Note: 95% Confidence Intervals in Parentheses)

M

0

T

H

E

R

Dose Range

(rads)

NIC

0

1-9

10-99

100+

NIC

1,060

17,112

6.2Z

(5.8-6.6)

623

9,648

6.57.

204

3,530

5.8Z

216

3,580

6.0Z

i4.
642

6.9Z

F

0

189

2,952

6.4Z

319

4,264

7.5Z

(6.7-8.3)

831

5.72

(4.2-7.4)

i§.
642

5.97.

±
101

4.OX

A T H E R

i
1-9

59

1,021

5.8%

il
897

7.52

(5.8-9.4)

63

819

7.7Z

(6.0-9.7)

2£
239

e.or.

41

12. 2Z

10-99

60

1,156

5.22

Is.
932

7.0%

36

472

7-67.

M
523

6.3Z

29

13.82

100*

523

5.72

22

448

4.92

11
117

11.12

2
127

5.5Z

43

9.3Z



Table

NIC

2. Bross' Grouping, 3

P A T H

0-9

x 3

E R

10+

NIC 1.060 248

H 17.112 3,973

1.* 6.2Z 3. 6.2Z

0

T 0-9 JJ27 ^96

13,178 6,811

H 2. 6.3Z 5. 7.3Z

E 10+ jHiO 66

R 4,222 1,023

4. 6.2Z 7. 6.SZ

1

6.

1

8.

9.

90

,679

5.4Z

140

,949

7.11

722

6.7%

•Numbers correspond to order in which Bross plotted his points.



Table 3. Lung Cancer Standardized Mortality Ratios by Dose

After 15 Years Latency

Dose 957.

(rea) Obs. Exp. SMR CI

13-341

1-289

37-525

60-354

61-569

58-820

0.001

0.030

0.100

0.500

1.000

5.00

15.00

2

1

0

3

6

4

3

1.85

1.93

3.62

1.67

3.69

1.80

1.07

108

52

0

180

163

222

280



Table 4. Deaths and Death Ratios By Cause And Census Period (Denver)

Cause

Total

CV-Renal

Heart

Mbn CV-R

Cancer

Observed

Expected

Obs/Exp

Observed

Expected

Obs/Exp

Observed

Expected

Obs/Exp

Observed

Expected

Obs/Exp

Observed

Expected

Obs/Exp

1949-50

8520.0

8087.5

1.053

4285.0

4499.3

0.952

3070.0

3197.6

0.960

4235.0

3588.2

1.180

1242.0

1293.9

0.960

1959-61

15530.0

15651.9

0.992

7680.0

8849.9

0.868

5265.0

6241.3

0.844

7850.0

6802.1

1.154

2328.0

2442.2

0^953

1969-71

15916.0

17550.8

0.907

7805.0

10270.8

0.760

5642.0

7134.2

0.791

8111.0

7280.0

1.114

2488.0

2641.9

0.942

CV » cardiovascular

R » renal



Table 6. Luog Cancer Standardized Mortality Ratios

by Dose After 15 Years Latency

(Dose Categories Regrouped into Two Categories)

Dose

(reo)

<0.1

20.1

<0.5

20.5

<1.0

2i.o

<5.0

25.0

Obs.

3

16

3

16

6

13

12

7

Exp.

3.78

11.85

7.40

8.23

9.07

6.56

12.76

2.87

SMR

79

135

41

194

66

193

94

244

95Z

Cl

16-232

77-219

8-119

110-316

24-144

105-319

49-164

98-502



Tible 7. Distribution of LeuteoU Cues, Person Years arri ifce Specific HjrtaUty Rates

by Three Age Classes and Exposure

Cohort: Males - Jfcrthem Utah

Control Z Exposed Control II

(1944-50) (1951-53) (1959-75) Cabined Control

Berson Berson ftetson Pterson

Age Cases Years Rate* Cases Years Bate* Cases Years Ra&e* Cases Years Rate*

16 219,983 7.27 25 484,373 5.16 28 803,048 3.49 44 1,023,036 4.30

5-9 4 177,796 2.25 22 673,064 3.27 23 531,074 4.33 27 7C,870 3.81

10-14 0 156,088 — 26 821,733 3.16 3 274,266 1.09 3 430,354 0.70

AU 20 553,872 — 73 1,979,170 — 54 1,603,338 — 74 2,162,250 —

specific leukemia oortality rate expressed La cases per 100,000 caiputed firon the respective observed cases

and person years of cohort experience.



Tbbie 8. Distribution of I*tikenfa Cases, Person Years and Age Specific Mortality Sates

by Three ige Classes and Exposure

Cohort: Feoales - Jbrttem Utah

Control I Exposed Control II

(1944-50) (1951-58) (1959-75) CaabJLned Control

Itecson Eterson itecson Bsrson

Cases Years Rate* Cases Years Bate* Cases Years Race* Cases Years Sate*

0-4 14 214,926 6.51 29 470,571 6.16 30 769,826 3.90 44 984,752 4.47

5-9 6 170,605 3.51 28 646,056 4.33 22 510,290 4.31 28 680,895 4.11

10-14 4 156,594 2.55 22 803,104 2.74 6 264,504 2.27 10 421,093 2.37

ALL 24 542,125 — 79 1,919,731 — 58 1,544,620 ^- 82 2,0B5,745 —

spec i f i c leukenia mortal ity rate expressed i n cases per 100,000 coopmced Scon the respective observed cases

and person years of cohort experience.



Table 9. Distribution of Lafteaia Cases, Person Ifears and Age Specific Mortality Rates

by Three 4ge Classes and Exposure

Cohort: Mdes - Southern

Control I Bqposed Control II

(1944-30) (1951-53) (1959-75) Cabined Control

Person ftersoci Rjrson Parson

tg/z Cases Years Bate* Cases Years Fate* Cases Ifears Bate* Cases Years Kate*

O-k 4 62,978 6.35 6 92,914 6.46 1 115,000 0.87 5 177,978 2.81

5-9 1 55,958 1.79 4 128,438 3.11 2 74,588 2.68 3 130,546 2.30

10-14 0 49,845 — 6 151,435 3.% 0 40,172 — 0 90,017 —

All 5 168,781 — 16 372,787 — 3 229,760 — 8 398,541 —

*Age specific leukemia nortality rate expressed in cases per 100,000 coaputel frcn die respective observed cases

and person years of cdtart experience.



10. DLstrtbutton of LeukmLa Cases, Person Years and Age Specific Mortality Rates

by Three Age Classes and Exposure

Cohort: finales - Southern Utah

Control X Exposed Control XI (l%4-50)

(1951-53) (1959-75) Cbdblned Control

Iterson ferson Iferson Bsrson

Cases Years Rate* Cases Years Rate* Cases Tfears Bate* Cases tears Ease*

0-4 0 59,214 *— 2 85,518 2.31 4 109,675 3.65 4 168,889 2.37

5-9 1 53,696 1.86 6 121,302 4.95 3 71,828 4.18 4 125,524 3.19

10-14 1 48,486 2.06 8 143,924 5.56 0 39,645 — 1 88,131 1.13

All 2 161,396 — 16 351,744. — 7 221,143 — 9 362,544 —

Ages

*Age specific lei*eala mortality rate expressed in cases per 100,000 computed fron die respective observed cases

and person years of cohort experience.



Table li

Nuclear Non-Nuclear

Malignancy 0 E O/E 0 E O/E

Leukaemia 6 1.1 5.62 2 2.8 0.71

Other neoplasms of lymphatic

and haematopoietic tissues

All other malignant neoplasms

Total 56 31.5 1.78 88 79.7 1.10

4

46

1

28

.8

.6

2.26

1.61

6

80

4.3

72.6

1

1

.41

.10



table 12. Common Occupational Carcinogens

Agent Organ Affected Occupation

Wood

Leather

Iron oxide

Nickel

Arsenic

Chroaium

Asbestos

Petroleum, petroleum
coke, creosote, shale,
and mineral o i l s

Mustard gas

Vinyl chloride
Bis-chloroaethyl ether,
chloromethyl methyl
ether

Isopropyl oil
Coal soot, coal tar,
other products of coal
combustion

Benzene

Nasal cavity and sinuses

Nasal cavity and
sinuses; urinary bladder

Lung; larynx

Nasal sinuses; lung

Stein; lung; liver

Nasal cavity and
sinuses; lung; larynx

Lung (pleural and
peritoneal oesothelioma)

Nasal cavity; larynx;
lung; skin; scrotum

Larynx; lung; trachea;
bronchi

liver; brain
Lung

Nasal cavity
Lung; larynx; skin;
scrotum; urinary bladder

Bone marrow

Auramine, ben»idine,
alpha-Naphthylamine
magenta, 4-Aainodipheayl,
4-Nitrodiphenyl

Urinary bladder

Woodworkers
Leather and shoe workers

Iron ore oiners; metal grinders and

polishers silver finishers; iron

foundry workers
Nickel smelters, raixers, and
roasters; electrolysis workers

Miners; smelters; insecticide makers
and sprayers; tanners; chemical
workers; o i l refiuars; vintners

Chroaiuni producers, processors, and
users; acetylene and aniline workers;
bleachers; glass, pottery, and
licioleun workers; battery makers

Miners; millers; textiLe, Insulation,
and shipyard workers

Contact with lubricating, cooling,
paraffin or wax fuel o i l s or coke;
rubber f i l lers; retort workers;
textile weavers; diesel Jst testers

Mustard gas workers

Plastic workers
Chemical workers

Isopropyl oil producers
Gashouse workers, stokers, and
producers; asphalt, coal tar, and
pitch workers, coke oven workers;
miners; still cleaners

Explosives, benzene, or rubber
ceaent workers; distillers, dye
users; painters; shoeoakers

Dyestuffs manufacturers and users;
rubber workers (presscaen, filteraen,
laborers); textile dyers; paint
manufacturers

Source: National Cancer Institute



LEGENDS

Figure 1. Relative risk of lung cancer for the latency periods 10-15 and

- 15-20 years.

Figure 2. Adjusted leukemia nortality rate, per 100,000 population, for

high-exposure and low-exposure cohorts for counties with high

and low fallout*
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