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MASSACHUSETTS INSTITUTE Ofr TECHNOLOGY,

CAMSRIDGE. MASS. 02138
.

OEPARTMENT OF M ATHEM Af tCS

.

January 18, 1977

.

Dr. J. Kastner, Chief
Environmental Standards Branch
Office of Standards Development
United States Nuclear Regulatory

Commission
Washington, D. C. 20555

!

Dear Jake:

I enclose comments on South Dakota. I am
L writing more detailed comments on Manuso and will
| send them shortly. However, I will be away for this
| week and they will arrive only next week.
i

-

I enclose also a-list of times spent on the|
-

| project up to last week.

Sincerely ours,*

| ||- ) ''j(u.
j 04W| {j LW

' ''
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- pf
Daniel J.f 1 itman

| Professo p of Applied Mathematics
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in this paper cancer deaths and respiratory cancer deaths

are compared between Fall River county and the rest of South

Dakota. Data is presented over a sixteen year period. 'The

following table sunnarizes the resul ts:

Tall 7tiver ~A l l
county South Da' ota

Resp. cancer deaths 64 2,335

All cancer deaths 297 17,13G

Hean population 8,905 683,74n

Resp. cancer rate, SD ---------------------- 0.231
(deaths /thousand)

All cancer rate, SD 1.571----------------------

.

Exp. # of cases One Standard Observed
Fall River county Deviation Deviation

Resp. cancer 30.7 5.5 33.3

All cancer 225 15 72

Other cancer 194.3 14 38.7

The respi ratory cancer deviations here are significant by

all statistical standards. The statistical analysis used in the

paper involves computing death rates for each ' year (death / pen. )

for the county and the state and using an F-test. This is a sone-

what obscure procedure but does arrive at the conclusion, which

is inescapable, that without enrrection of any kind there are
,

significantly more cancer deaths in Fall River county over the

past fif teen years- than expected f rom the overall South Dakota

data.
e *
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Howe ve r, the results do not justify any caissal conclusinns

for a number of reasons. The rnst glaring error is the failure to

consider the effects of age and sex distribution. All cancer

statistics are adjusted for age and sex because of the large varia-

tions in cancer death rates within these groups. It is a mistake en

assune that the population of Fall River has the same distribution

as the State. In fact a check of the 1970 census shows that Fall
River county's age and sex distributions are narhedly atypical .

The relevant data is enclosed. As examples, we note that the median

age in 1970 was 43.5 as compared tn the state's radian of 27.4

Fall River in fact has the highest redian age in the state, its

closest competitor being. Turner County (38.4 in 1970) The sex.

distribution is also ananolous: The male tn fera l e r'a t i o ove r. 5 0
years is 1.3 as compared with the state's 0.01. The enclosed

age and sex specific cancer rates from pubilcly available studies

show Fall River's ponulation characteristics will lead to a

considerably higher average cancer rate than the state.

We proceed with a rough recalculation of the expected cancer

deaths. lie assure a distribution of cancer deaths by age and sex

according to the statistics of the Patterns i n Cance r l'ortal i ty. . .

book. Included are overall cancer deaths and those f ron respi ratory

cancers, it is reasonahic to assone that the relative distribution

of deaths as a functinn of ano and sex did nnt channo appreciably

over the time of the study.

Statistics of age anel sex distribution nf the state and county

as presented in the in70 census are apolled to poonlations of
.

.
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683,740 and 3,955 to get an average pnpulation breakdown by age and

sex in the state and county respectively.,

The figures of 2,335 for respiratory and 17,186 for all cancers

are then applied in the nbvious way en arrive at a distribution of

death ra tes in the state by age and sex. Applying these rates tn

the county and a total population of (8055)*(IF) broken dnwn via

the county distribution un can obtain the distribution of expected

deaths in the county, which we then sun to get the total expected

cancer deaths. The variance of these exnectatinrs is estinated
as the sun of n p (1-p ) where n is the population of one of the

I i i I
(age) X (sex) classifications and n the corresponding death rate.

I
The sun is to be tal:en over all the classifications in age and sex.

This estinate of the variance util be too conservative, as the p
i

are themselves estinates.

The results are rathe r surprising. For all cancers, the

expected nortality is 414 with standard deviation 20 The observed

mortality of 297 represents a significantly Inwer death rate. For

respi ratory cancers, the expected nortality is 61 with standard

deviation of 8. Thus the nbserved nortality of 64, being well within

one standard deviation, is not significant.

Ilhile the above calculation is a bit crude, it does provide

a strong argunent that a nore careful analysis adjusted for ace and

sex distributions will Icad to conclusions different from the study

in question.

'

Other factors which can he more carefully considered in

Interpreting the data are:
*

a
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1. snohing habits -- Respiratory cancer incidence is' highly
dependent on smoking habits; no relative statistics for
the county are given.

T

2..po11ution patterns -- Certain pollutants are suspected
as leading to cancer; llhile Fall River is apparently of
rural character the absence of significant sources
shot:1d be verified.,

3. . occupational hazards -- The existence of mining operations
in the nearby Blach flills is noted. Despiratory cancer.Is
associated with such employnent. The existence of other
Industrial hazards should be explored. ..

The ananolonis population distribution in the 1970 census

should be explained..Is the county noted for hospitals or nursing

homes or as a retirenent aren? !! hat is the soitrce of the preponder-

ance of older men? Fron where has the recent population increase

been coming? Mhat is its population spectrum?
,

it would help in distinguishing the effects of tallings

f rom those of other factors by determining whether the deaths

correlate primarily with occupational, migrational or snoi:Ing

habits or with distance of duelling place from the tailings anong
.

county residents.

Since the data used in the study was from a larger set

of statistics drawn from the entire state it should not he much
trouble to perform such an unadjusted test on other counties

with similar characteristics in population (e.g. Turner) or ~

region. Large significant nositive deviations in cancer death

rates in these counties would naho the results of the study in

question much less extraordinary.

Finally, since there are only 50 or so respiratory cases

it night be possible to ascertain the case histories at nodest
.
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cost. It would not be unreasonable in ny opinion to ask the
! '

_ licensee, as a condition of licensing to investigate if the living

patterns of t!ese cases point to tailings as a source of danger

or to alternatives.

To sun up, it appears that a more careful age and sex

adjusted analysis will yield results different than those arrived

at in the study. If this.is not satisfactory, further areas of

investigation have been manned out for determining any effect of

the tallings. In truth, i t is hard to see how Fall River county

deaths would reflect the effects of lou-Invel radiation very

sensitively and one suspects that other factors, nost notably dero-
g ra p h y, will have effects that dwarf those of the source in
question.
.

.
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Cancer Mortality Ainong Whites, 19~20-69, by County
All Malignv.nt Neoplasms<

Percentile ranking of counties acci,rding to magnitude of the age-adjusted
rates or the number of deaths

Rates No. of Deaths
Pen entile Males Females Males Females -

10th 120.63 95.71 G8 51
20th 130.G4 103.11 109 84
30th 107.17 108.06 149 123
40th 142.78 112.2S 190 161
50th 147.92 116.33 254 210
G0th 153.07 120.15 ' 325 282
70th- 158.48 124.95 43G 379

*80th 166.50 '129.00 637 564
90th 178.06 130.32 1357 1228 .|
Range 44.58-248.62 37.G8-373.44 2-15739G 1-139313 )
Total U.S. 174.04 130.10 2572035 2253289

.

Number of counties with no deaths: Males 0 Females 0
|

Number of counties by mapping category | . _ _

No. of Counties I

f.
-Caterrory Males Females

Signif. high, in highest decita 153 145
Signif. high not in highest decile 0 14

. ;
L

In highest decile, not signif. 148 101 gNot signif. ditferent from U.S. 822 1444 i

|
Signif. Iower than U.S. 1928 1292

___

Age-specific rates (per 100,000), U.S. whites
.

!

Age Males Females
10000 0

='5
ALL MALIGNANT NEOPLRSMS

: MALES
I ---- FEMALES0. I 11.27 9.GG

59 9.07 7.04 1000.0 ; ,~
,

10-14 G.75 5.35 5 ,-
'

15-19 9.34 G.12 : '

20-21 11.25 7.30 -
100 025-29 14.52 12.75 g ,-

30 31 20.7'' 25.3 9 5 ,'
35-39 33.G0 48.72 -

40-1i 62.09 89.30 ,'
10.0['45-49 116.16 114.60 ''

50-51 214.10 214.00 -

55-59 358.95 292.52
_

60-G4 559.4G 387.33 1.0 -

$ !
G5-t'.9 787.99 505.00 -

i70-74 1052.02 GG3.23 -

|75 54 1454.51 935.09 01
, , , , , , , , , , , , , , ,,

f ' 15 25 '* 5 45 55 65 75 85+ I85 :- 1798.98 1231.la
icEINYERRS |
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Cancer Mortality Ainong Whites, 1930-69, by County
! Trachea. liremchus & Lungi'

Percentile ranking of counties according to magnitude of the age-adjusted
rates or the number of deaths

, Rates No. of DeathsPercentile 3fales Females 3fales Females
.

1
: 10th 17.46 2.34 12 21 20th 21.37 3.32 20 3[ 30th 24.30 4.01 2'~ 540th 27.05 4.54 E 750th ~20.50 5.07 48 0
,

2 60th 32.30 5.G1 G2 12; 70th 35.05 G.1G SD 17; 80th 38.52 G.88 138 2G|. 00th 43.34 8.02 207 55Range 0.00-85.81 0.00-35.88 0-35506 0-7385Total U.S. 37.08 6.20 571226 10832G
;

| Number of counties with no deaths: Males 7 Females 123

Number of cotmties by mapping category4

kreas
es y Category No. of Countics

3fa!cs Femaler
] Signif. high, in highest decile

174 42i Signif. high. not in highest decile
44 47i In highest decile, not signif.

132 2040 Not signif. different from U.S.
Signif. lower than U.S. 1167 2052.

1530 651

Age-specific rates (per 100,000), U.S. whites

i

,

1000 0 - ICD 162. 153Age 3fales Females 5
:
- - MALES0- 4 0.08 0.06 -

-- - FEMALES5- 0 0.03 0.02 100.0 s
10-14 0.04 0.03 5
15-10 0.08 0.06 : '--'

20-24 0.22 0.11 '
-

25-20 0.51 0.23 IU'U .

i '

30-34 1.05 0.74 5 ,'
-

35-39 5.67 2.0G -

/40-44 15.04 4.72 10 3 e
45-40 33.43 8.30 : '
50-54 GG.GG 12.50
55-50 110.21 1G.84

~
,'

>-
60-G4 167.40 21.08 U1

?. ,'
G5-60 20G.52 25.71 :'
70-74 210.25 31.87 : ' . ' -
75-84 101.28 38.62 ' ' ' ' ' ' ' ' ' ' ' '0.01 ' ' ' ' '.'85-t- 120.83 38.74 5 15 25 35 45 ss ss 75 es

AGE IN YEARS
I

!

81


