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DEPARTMENT OF MATHEMATICS

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 Dakcta. I am
writing more detailed ccmments on Manuso and will
send them shortly. However, I will be away for this
week and they will arrive only next week.

I enclose also a list of times spent on the

project up to last week.

Pl o4

Daniel J. Klei:man
Proteasor of Applied Mathematics

/nt

Enclosures



In this paper cancer deaths and respirateorv cancer deaths
are cormpared hetveen Fall River county and the rest of South
Dakota., Data is presented over a sixteen vear perind. The

following table suwmarizes the results:

Fall River Al
conunty South Da'ota
Resn, cancer deaths 64 2,535
Al! cancer deaths 297 17,136
Mean population 8,0a5 683,740
Resp. cancer rate, SD ===ececcccccccacaa- creee 0.231
(deaths/thousand)
A1l cancer rate, SD it e 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 1u 38.7

The respiratory cancer deviations here are significant by
all statistical standards, The statistical analvsis used in the
paper Involves corputing death rates for each year (death/pen,)
for the county and the state and using an F-test. This is a some-
what obscure procedure but does arrive at the conclusion, whichk
is Inescapahle, that without correction of anv kind there are
significantly more cancer deaths in Fall Niver county over the
past fifteen years than expected from the averall South Dalota

data,
*
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However, the results do not justify any causal conclusinns
for a number of reasens, The mest zlaring error is the failure to
consider the effects of age and sex distribution, All cancer
statistics are adjusted for are and sex because of the larze varia-
tions in cancer death rates within these groups. It is a mistale tr
assume that the pepulation of Fall River has the same distribution
as the State., In fact a check nf the 1970 census shews that Fall
River county's age and sex distributions are marledly atypical,
The relevant data is enclonsed, As exarnles, we note that the median
age in 1970 was 43,5 as cormpared te the state's rmedian of 27.4,
Fall River in fact has the hichest median age in the state, its
closest competitor being Turner County , (32.4 in 1170) The sex
distribution is alse anamolnus: The male tn fermale ratio over. 50
years is 1.3 as compared with the state's n,91, The enclosed
are and sex specific cancer rates from publicly available studies
show Fall River's penulation characteristics will lead to a
considerably higher average cancer rate than the state,

We proceed with a rough recalculation of the expected concer
deaths. lle assume a distribution nf cancer deaths by are and sex

according to the statistics of the Patterns In Cancer Mortality..,.

book. Included are overall cancer deaths and these from respiratory
cancers, It is reasonable to assume that the relative distribution
of deaths as a function of ase and sex did nnt chanse anpreciably
over the time of the study,

Statistics of age and sex distribution af the state and county

as presented in the 1970 census are apnlied ta ponulations of
-



83,740 and 8,755 to get an averase population brealidown by age and

sex in the state and county respeatively,

The figures of 2,335 for respiratory and 17,18f far all cancers
are then anplied in the ohvious way to arrive at a distribution of
death rates in the state hv ame and sex, Apnlying these rates tn
the county and a total population of (8055)=(1F) broken dovn via
the county distribution ve can obtain the distribution of expected
deaths in the county, which we then sum to zet the total expected
cancer deaths, The variance of these exnectatiors is estimated
as the sun of n p (1=p ) where n is the pepulation of one nf the
(age) X (sex) c:a;sifléatinns an; n the enrrespending death rate,
The sum is to be talen over all the'classificntlnns in age and sex,
This estimate of the variance will be ton crnservative, as the p
are themselves estimates, |

The results are rather surpnrising, For all cancers, the
expected mortality is 414 with standard daviation 20, The abserved
mortality of 297 represents a significantly lower death rate, For
respiratory cancers, the expected mortality is Rl with standard
deviation of 8, Thus the ebhserved rertality of A, being well within
one standard deviation, is not significant,.

While the above calculation is a bit crude, it dees provide
a strong argurment that a more careful analysis adjusted for are and
sex distributions will lead to conclusions diffarent from the study
in question,

Other facters which can be mare carefully considered in

internreting the data are:
-
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1. smeliing hahits =-- Respiratorv cancer incidence is highly
dependent on sroling habits; no relative statistics for
the countv are given,

2. pollution natterns =- Certain pnllutants are suspected
as leading to cancer; ‘lhile Fall River is apparently nf
rural character the ahsence of significant sources
should be verified,

3. occupational hazards == The existence af minins operation:
In the nearbv Blach Mills is noted, Nespiratory cancer is
associated with such erplovrment, The existence of other
industrial hazards should be exnlered,

The anarnolous population distribution in the 1970 census
should be explained, Is the ¢nuntv noted “ar hospitals or nursing
homes or as a retirerent arra? 'lhat is the sourece of the preponder=
ance of older men? From where has the recent ponulation increase
heen coming? ''that is its nopulation spectrum?

It would help in distinzuishing the effects nf tailings
from those of other factors hv determining wvhether the deaths
correlate prinarily with occupational, migrational or smolinz
habits or with distance of duelling place from the tailings arong
county residents.

Since the data used in the study was from a larzer set
of statistics drawn from the entire state it should not be much
trouble to perform suzh an unadjusted test on other ceunties
with similar characteristics in population (e.g. Turner) or
reglon, Large significant nositive deviations in cancer death
rates in these counties would male the resnlts of the study in
question much less extraordinary,

Finallv, since there are only 50 or so resplratory cases

it might be possible to ascertain the case historles at rmodest
-
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cost. It would not be unreasonable in mv opinion to as! the
licensee, as a condition of licensing to investigate if the living
patterns of these cases point to tailings as a source of danger

or to alternatives,

To sum up, it appears that a more careful aze 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 mapned out for determining anv effect of
the tailings. In truth, it is hard to see hew Fall River county
deaths would reflect the effects of lmv=level radiation verv
sensitivelv and one suspects that other factors, most netahly dern-
nraphy, will have effects that dvarf those of the source in

question,
*
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Teble 20. Age by Race and Sex: 1970
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Cancer Mortality Among Whides, 1950-69, by County
All Malignont Neoplasms

Percentile ranking of counties acer, rding to magnitude of the age-adjusted
rates or the number of deuths

S ———— et e A il W

Rates No. of Deaths

Per entile Males Females Males Females
10th 120.68 95.71 08 a1
20th 130.64 103.11 109 84
30th 18717 108.06 149 122
40th 427 112.28 196 161
a0th 147.92 116.33 254 210
60th 153.07 120.15 325 282
70th 158.48 124.95 436 379
8uth 166.56 129.69 637 564
90th 178.06 136.32 1357 1228
Range 44.58-218.62 37.08-373.14 2-157396 1-139313
Total U.S. 174.04 130.10 2572035 2253282

Number of counties with no deaths: Males 0 Females 0

Number of counties by mapping category

No. of Counties

Category Males Females !
Signif. high, in highest decile 158 145 {
Signif. high, not in highest decile 0 14
In highest decile, not signif. 148 161 H
Not signif. ditferent from U.S. 822 1444 ¢
Signif, lower than U.S. 1928 1292 i
¥
Age-specific rates (per 100,000), U.S. whites
1
!
- ! g
s Males S 10000.0 g ALL MAL IGNANT NECPLASHMS
MALES
0- 1 11.27 9.60 F = == — FEMNALES
5- 9 9.07 7.04 1000.0 -
10-14 6.75 5.35 E
15-19 9.34 6.12 !
20-24 11.25 7.39
25.20 14.52 12.75 e
30-3 ¢ 20.72 28.39
35-55 33.60 48,72
40-4 4 62. U'P 89.30 10.0 s
45-40 116.1 114.60 E
50- Ol 214.1 214.00 =
55-00 $58. m 292,52 C
60-t.4 539.4 387.33 108 :
65-1.9 8799 50530 h
70-71 1052.62 66:3.23 F ;
75-84 1454.51 35.09 0.1" 5 . IIS s 2'5 . ':S . 415 . 5‘5 : 6l5 '7; - BISJ s
- 1798, 231.15 3 i
85 793.98 1231.15 ACE IN YERRS :
G&
-
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Cancer Mortality Among Whites, 1950-69, by County
Trachea, Bronchus & Lung
Percentile ranking of counties necordinge ‘o magnitude of the age-adjusted
rates or the number of deaths

Rates No. of Deaths

Percentile Males Females Males Females
10th 17.46 2.34 12 2
20th 21.37 3.32 20 3
30th 24.30 4.01 o 5
40th 27.05 4.51 3  §
80th 29.59 5.07 48 9
60th 2.3 5.61 62 12
T70th 35.05 6.16 89 17
80th 38.52 6.88 158 2
90th 43.34 g2.02 297 55
Range 0.00-85,81 0.00-25.88 0-35506 0-7385
Total U.8. 37.98 6.29 371206 108326

Number of counties with no deaths: Males T

Females 123

Number of counties by mapping category

No. of Counties

Category Males Females
Signif. high, in highest decile 174 42
Signif. ligh, not in highest decile 44 47
In highest decile, not signif, 132 264
Not signif, different from U.S. 1167 2052
Signif. lower than U.S. 1539 651

Age-specific rates (per 100,000), U.8. 'vhites

Age Males Females 1000 iCD 162. 183

0- 4 0.08 0.06 = e

5- 9 0.03 0.02 100.0 FRICES e
10-14 0.04 0.03 B
15-19 0.08 0.06 -

20-24 0.22 0.11 Py

25-29 0.51 23 :

30-34 1.95 0.74 /.

35-39 5.67 2.06 i

40-44 15.04 172 1.0 / y

45-49 33.43 3.39 '

50-54 66.66 12.50 /,

55-39 113.21 15.84 /'

60-64 167.49 21.08 01 E /,

65-69 206.52 25.71 N\

70-74 219.25 31.87 o

75-84 191.28 38.62 0.0 bl b b b b b b 1 1 1 1 1 1.
854 120.82 S38.74 S 1S 25 35 45 S5 65 75 85.

AGE [N YEARS

81




