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. Summary

A comparative study of cancer decath rates. in MNichigan communities with

and without navy bean grain elevators failed to gonfirm an unpublished report's

-~

suppestion of a twelve-fold increase in Hodgkin's disease death vates in a

cemmunity with sueh an elevator. Although death rates for Modgkin's disease

N . ’ j e . :
» and other salected cancers were greater in towns with such elevators from
[

8 . . ]
! 1370 through 1975, none of the rates weré significantly greater than expuected

-

from comparable United States death rates. Secular trends or differences in

migration patterns in death registration, or in demographic characteristics

do rot scom to explain the differcnces betwzen the increased rate of Hodgkin's
discase in the index community ?omﬁhrbd.pé the normal rate in comparable
communities in this study. Either the conditions in ‘the indeg comnunity

differ in other, unknown ways from those in this study's communities, or the

navy beaa elevator has nothing to do with the increased Hodgkin's disegse

death rate in the index community, : .




Inty odm_tlon

In an unpubli;hcd paper, Schwarte, Callen, and Silva have reported a
cluster of 10 Hodgklin's discase (D) cases in a small rural Michigan village
between 1954 and l9}3 (L. The a~é~adju~ted average anuual HD incidence rate
for this pcriod‘was 41.3 cases per 100, 000 population per year (12.2 times
the United States white rate),and the average annual UD death rate was 22.5
deaths per 100,000 per ycar (12.5 times the 1969 U.S. death rate). Because.
some of the cases had'liﬁed nedr the village’; large grain elevator, the
authors postulated thgt chroni¢ exposure to mitogens from grains (particularly
navy béaﬂs) in the elevator might have predisposed the village's residents
to Hodgkin's discase. B .

The present repo;t at:empts to repliéace their ;tudy by investigating
death rates from Hodgkin's disbase and other cancers in other Michigan villages

with and without navy bean %lebators.

?
L[]

Materials and Methods .-

The Michigan Department of Agriculture suppiied a li%c of navy bean
processors and their addresses in a 4 countf area: Bay County, lluron Couﬁty,,
Saginaw Councy; and Tuscola Cdﬁntf. Of the 19 processors listed, 2 were
located in 2 cities with populations of. greater tham 45,000 and the rest in
14 villages with populations of less ‘than 3,000. Only death rates ‘in-the 14
villages were analyzed bccausé the demographic éharac;eriscics of the villages .
more closcly resemble those oﬁ the high incidence "index" village. To agsess
the effect of distance from tﬁe processor on the death rates, these rates. were
calculated both for the villages .alone (group 1) and £or both the villages and
their surrounding townships (group 3).

|
Population matched villafes without navy bean processors but in the same

‘~

%
county served as a‘presumablyl unexposed comparison group. The population
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iatching, based on the 1970 census, was done twice: wﬁtching only to the
smallec populationof the processor villages (group 2), and matching to the
larger population of these villages and their surrounding towuships (group 4).
If the population of any of the villages was unknown, the Popuiation of its
township was u;od instead. All 14 of the processor villagas are represcnted
in both watchings. But scme of the wnon-processor villages in the first
matching.(group 2) are not represented in the sccond matching (group 4) because
the total of thelr owa and the{r.;owuship's pobulation no longer correspond

to the total population of thejr previously matched processor village and its

township. The matching was.doné before the deaths from these communities were
counted. Table 1 lists the communitiés in this study.

The Office of Vital and Health Statistics of thé Michigan Deparcgent of

Public Health supplied a computer list of cancer.deaths from 1970 through 1975

for communities in the study areca. Tor comparison with the results from

the unpublished paper (1) and with United States death rates (2), the following
cancers, listed as the underlying cause of death, were included: Hodggin's
disease, reticulum cell sarcoma, other lymphomas, muitiple mycloma, leukemia,
lung cancer, colonic (excluding'rectal) cancer, pancreatic cancex, urinary
bladder cancer, prostatic canckr, cervical cancer, female breast cancer, and
All cancers., ' .

The population and the demographic charactéristicg 6f the study coﬁmunities
are taken from the 1970 censusl(g) and from census estim;tes for 197§.(ﬁ); The *

average population at risk in fthese communities:over the 6-year study perxiod

is the arithmetic mean of theil mid-year population estimates, lincarly interpolated

between 1970 and 1975. Bccausk both processor {exposed) and non-~processor
.

(uncxposed) communities were ﬂore than 98% white, only white rates were cal-
!

culated. The community pcrccﬁtagcs of whites and of males in 1970 was pre-

¢ 1
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Y gumed to vemaln constant and independent of one another over the study perviod.

Demographic charactueristies of the exposed and unexposed communities

were dompared-by the t-test fpr matched pairs (5). Crude cancer death rates
were compared by using a binopial proportions medel (6). Confidence limits
for the ratio of an observed to an expected number of deaths are calculated

)

by assuming a Poisson distribution (7).

Resules . .

Table 2 compares the demcgraphic characteristics of Michigan comminities
with aand without navy bean cievators.. No statistically significant differcnces
béCwécn the watched commuﬁit@ps occur with respect to total population, number
of males, number of whites, percentage of total poéulacion 65 years old or
clder, agd per capita income. The meaian age of those in group 1 villagc§

with elevators is 1.4 years greater than that of those in group 2 villages
without elevators (p<0.05), probably xeflching a smaller percantagc of the
total population less than 18, years old in tHe former (40, S/) than in the
latter (42.5%). This signifiéant difference does not occur in the comparison
of the more populous study groups 3 and 4 (L.e., villages and their surr;ﬁnding
toynships). ‘

Table 3 compares the average annual crude death rates among whité; from
1970 through 1975 for all cancers and s¢1ecce& cancers in Michigan communities
with and without navy bean elevators. The 1969:Unitea States. white death’
rates are included in the last column‘as a comparison (2). In general, the
crude death rates in these Likhigan communities are similar to or lower th&n
the U.S. rates. The death rates of group 1l communities are significantly

greater than those of group 2 comnunities for all cancers, Hodgkin's disecase,
. |

lung cancer, and pancreatic c%ncet. The death rates of group 3 communities are

]
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Discussion
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significantly greater than those of group 4 communities for all cancoers,
pancceatic cancer, and female $rcast cancer. Thé only cancers with con-
sistently greater death ratas under both cosparisens are all cancers and
pancreatic cancer. Even these death ratues ave comparable té the U.S. rates.

Differences in the age composition of the matched comnmunitles aad tﬁe

. s

counsistently lower crude rntes:in the unexposed (groups 2 and 4) communities
comp;red to the U.S. rates might explain the significant differences in death
rates obscrved in table 3. Tables 4A and 4B‘cpmpare the observed numbet of
deaths in the study communitigs to that expected by applying 1969 United StaCc;
white age group specific deatd rates to the populétions in each age group
in the study communities. These comparisons are, therefore, between cach
study comnunity’ and the Qnitcd Séatcs, rather than betwcen the communities .
theémselves. None of the comuwynity rates are signifi;angly greatér than the
U.8. rates. Some diffexences between thé crude rates appear due to relatively
low rates in the unexposed groups (e.g., the differences in rates gor.Hodgkinfs
disease and all cancers betwebn groups l‘and.Z and.for pancrecatic cgncer and
2ll cancers between groups 3 and 4). These rclaéiwcly low rates in the un-
cxposed groups Jo not occur and thus cannot e#plain otheridiffeécnces between
aﬁe crude rates of exposed and uucxposed groups (e.g., the differences in
rates for luag and pancreatic cancer in groups 1 and ZZand for breast ‘cancer
in g:oups‘3 ﬁnd 4?. Significantly fcwér denthé from lung cancer than expected
occurred in groups 3 and 4, and fewer deaths from cerfiEaI cancer in group

3.

.

This study did not confjirm the significantly increased death rate from

llodgkin's disecase in Michigah communitics with navy bean elevators, as postulated

|



o
e

i€

©oag,

-k omm g
.

.

in an unpublished asccount of a Hodgkin's disease cluster in another Michlgan
|

.
»

cormunity (thie index village) with such au elevator (1). Although the
todgkin’s discase crude death vate for villages with elevators was significantly
greater than that for villages without clevators, this difference did not
persist vhen th; rates for a larger, more populous arvrea around the villages
were calculated. Rather, the death ratés for Hoagkinis discase were cither
comparagle to or lower than U.S. death rates. The observed significant
difference in rates may have occurred because ;f a lack of-dcaths in viilages
without elevators rather than an excess of éeaths in villages with elevatprs.
Differential wmigration might explain why the villages with navy Lean
elevators ia this study had.Hodgkin“s disease death rates comparable to the

U.S. rates while the index village had much higher rates. Death rates in

the study villages might not reflect incident cases of Nodgkin's discase as

{ - - : -
well because cases migrated elsewhere to die more olten then cases in the

index village. Although. impossible to test directly, such differential

migration secms unlikely because the annual emigration percentage (appendix A)

-

“In the stud§ afea is less than that of the co&nty of the index village. Census

data does not detail this.inéormatién for cach of the study communities ox the
index village, but éhis percentage can be calculatéd foxr the 4 county study
area (excluding its 2 1arge.citics) ané_the cobﬁty of the index village
(appendix A). The annual cmigration?percentagé is 2.2%Z in the study qréa and
4.3% in cﬁe county of the in%ex village, é.diﬁfcrcnce opposite to that expected
1f the emigration of incidcn& cases had resulécd in a lirger loss of deaths .

"

from the stu&y area than froh the index village.

Differential death registration might also explain why the villages with
navy bean elevators had Hodg#in's discase death rates much less than that of
the index village. Alth0u3£ again impossible to test directly, one indirect
mecasure of less than adequaﬁe death registration is the percentage of deaths
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;scribcd to symptoms and othev ill-dcfiucd conditionS'(IpDA 780-796). A
much larger bérccn;ggc in the study arca Sompured to that in theviudex
village might indicate that some lodgkin's discase deaths m{ght have been
missed in the study aveas. Fog the period, 1970-1974, this percentage in
the study areas'yas 0.36%, while that in the county of the.indcx village was
0.28%, a statistically insigniﬂicant difference (p>0.05, by differcnce in
binomial proportions test) (9-13).

Demographic differences or secular changes mlght alsa explaiﬁ the dif-
ferences in llodgkin's disease dca;h rates. The population of the index
village .is smaller than the m;an po?ulation of this paper's study groups
(table 1), but the age diétribdaion and the percentage of males and whites
are similar. The 1969 per capita income is larger in the index village, bué'
this gap nuarrvows by 1974. The study pcrioé for the index village, 1954-1973,
differs from that of ‘the prescnt study, 197071975. Periods of high lodgkin's

disease activity might have preceded the present study period. - Two obscr-

vations make this less likely. Your of the 9 cases with a definite date of

onset in the index village have had onsets since 1970; 2 of the 5 deaﬁhs'in this
group have occurred since 1970.1 Twenty-one' lHodgkin's discase deaths occurred
in the 4-county study4areaf(excgéding;tﬁe 2 iarge cities) from 1964 through
1969, while 28 occurred there from 1970 through 1975. WNeither observation
suggests periods of heighténcd discase activity bﬁfo?e 19%0, though this may

be difficult to detect in a rarF discase like Hodekin's discase.

|
If these reasons cannot ac#oun: for the 10--fold difference in Hodgkin's -

{
+

discasc death rates. between the index village and the study villages with navy

bean elevators, ecither the relc?ant conditions around the elevator in the
i . . -
index village differ from thoselaround the elevators, in the study villagzes,

or the prescnce of the elevator!in the index village has mothing to do with

the Hodgkin's disease cluster there. It is now impossible to distinguish these

!

i
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hypothieses because the relevant conditlons are unknown. Until they beconme
tnown or another willage with such a cluster is discovereé, liow large a
visk factor residence in a coprmunity with a navy bean eleyator is will remain
mookt. .

1£ 1nfoémntion on death rates ov ingident cases in these study communities
is veadily available,'it would be worthwhile to expand this study. Otherwvise,

effort should be spent elscwhere,

.
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Appendix A

The number of emigvants over a time period
census data (3,8,14) and yearly mortality over

annual caigration percentage 1s Jdefived as the

by the baseline population aqd by the duration

can be approximated from

.

.-

that period (9 3;__50 The

number of ecmigrants divided

in years of the study peried.

For the period, 1965-1970, thlis may be expressed as follows: -

E = P65(all) + I -D ~P70(>5)
ZE = E [5 . P65(allY/ ) o
Where E = number of emigrants, 1965-~1970
P65(all) = 1965 total population
I = number of lmm;grantg 1965-1970
D = number of deaths,  1965-1970

P70(>5) = 1970 populatién 5 .years old and older

ZE = Annual emigration percentage

The 1965 total population is estimated here as the arithmetic mecan of

.

the 1950 population (14) and éhe 1970 populatioﬁ (3). The number of immigrants

over the period, 1965-1970, is the nupber of persons who lived in a different
{ .

county in 1965 from their residence in 1970 .(8).

Because the above estimate

of the total 1965 90pulat10n is based on an Aprll 1 datc, the nunber of deaths

between April 1, 1965, and April 1, 1970, is defined hcrc as the sum of the

following: two—thirds of the ;965 deaths (15),

the 1966 deaths (16), the 1967

deaths (17), che 1968 deaths (18), the 1969 deaths (__), and one-third of the

A970 deaths (9). -The 1970 population 5 years old and older is.available from

census data (8). The rtable below lists these values for ‘the & co&nty study

arca (exeluding its 2 large cities) and for the

14

county. of the index village.

- v—.———— — — v T vory .. —
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Value ! A-County Study Area  Index County
)
' 1265 Total Population 251,034 38,129
Imuniprvants, 1965-1970 37,465 7,306
Duivths, 1965-1970 10,085 ~.. 1,872
1970 population, > S y.b. 250,381 35,442
Emigrants, 1965-1970 28,033 - 8,121
Aanual Enlgeation Percentage 2.2% 4.3%
R
3
!
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Table 1

Villages and Townships by Study Croupl

Croup 2

Beaver Twp
Garfield Twp

Harbor Be=ch & Sand
B ea Ch T.’p

Uﬁly
McKinley Twp &
Chandler Twp

Paris Twp & Sigel
Twp

Owendale, Brookfield
Twp, & Gran? Twp

Thomas Twp

Blumfield Twp

James Twp & Swan
Creek Twp ’

Fremont Twp & St.

Charles

Birch Run

Millingvon

Ellington Twp I

Croup 3

Auburn and Williams
Twp

Pinconning & Pin-
conning Twp

Bad Axe, Colfax Twp.
& Verona Twp

~

Elkton & Oliver Twp

Pigeon & Winsor Twp

Ruth & Sherwman Twp

Sebewzing & Sebewaing
Twp

Carrollton & Carrolltoﬁ
Twp . -

Gera, Fraunkenmuth, &
Frankenmuth Twp
Freeland & Tittaba-—

WasseeTwp

.Hemiock:& Richland

Twp

Merrill & Jonesfield
Twp

" Reese & Denmark Twp

Fairgrove & Fairgrove
Twp

14

Sroup 4 -

Beaver pr &
Xawkawlin Twp

Fraser Twp

Kinde, Pt. Hope,
Bloomfield Twp,
Dwight Twp, Gore T
Hume Twp, Huron Tw
Lincoln Twp, Meade
Twp, & Rubicon Twp

Ubly & Bingman Twp
Harbor Beach
Paris Twp & Sigel Tw
Owendale, Brookfield
Twp, Crant Twp, &
Fairhaven Twp.
Thowas - Twp
Blunfield Twp &
Taymouth Twp

James Twp & Swan Cre
Twp

' Fremont Twp & St.

Charles

Brady Twp & Oakley

Arbela Twp

Gilford fup & Wisner

Twp

iroup 1 consists of villages with nayy bean elevators; Group 2, of villages (or townships)
sithout such elevators matched by their 1970 total populations with those in group 1;

1avy bean elevators and their surrou
dgh those in group 3.

|

;voup 3, of group 1 villages and the%r surrounding townships; Group 4,
1
1

of villages without

ding townships matched by their 1970 total population



Table 3

Average Anneal Crude D&ath Rates -for Sclected Cancers in
Michigan Cowraunities with and without Navy Bean Klevators,
1970-1975, whites oaly

Cancer
ltlodgkin's Discase
Reticulum Cell Sarcoma
Other Lywphoma
Multiple Myecleoma
Leukenia
Lung
Colon (Excl. Rectum)
Yancreas
Urinary Bladder
Prostate (male)

Cervix (female) .

" Breast (female)

Ali Cancers

lsee footnote to table L

|
——————
0

v e

1
._Study Croups .

1969
U.S. White

Group L Group 2 Group 3 Group 4 Death Rate

2,0%
.

2.0
3.9
2.3
5.9

o

23.2%
12.8
9.7%
3.9
19.0
1.0
27.2

146, 8%

*p < 0.05 by one-tailed test |

———— e

0.0

. 0.9

2,8

2.3
7.0
14.1
14.1
3.8
3.3
12.2
0.9
‘18.7

105.2

1.2
1.6
2.5
1.6
6.5
18.3
12.4
7.4%
3.7
17.6
0.6
31.2%

135.1*

0.6
0.6

2.5

2.8

4.3
17.9
14.5

4.0

3.4
11.1

2.5

21.0

105.8

1.8
1.3
3.6
2.0
7.6
31.3
i8.0
9.0‘
4.4
16.6
6.0
29.1

163.5

16
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Table 2

Demographic Charvacteristics of Hichigan Communities
With and Without NWavy Bean Elevatorst

-

teen

Study Groug§}

Index Index

Characteristic Cloup 1 Group 2 Croxp 3 Group 4 Village Towunship

Mean Population (1970) . hk3n 2379 "3685 3650 1257 2996
Mean Populatien (1975, est.) 2578 2701 . 4054 * 4084 . 1352 3135
ﬁNumhcr of Males (1970) ' 1145 1188 1816 1830 612+ 1458
Numher of Whites (1970) 2286 2372 364z 3635 1253+ 2986
"Median Age (1970) 26.0% 24,6 25.8 25.1 26,2+ '54.2
% < 18 yrs. old (1970) 40.54 _42.s 40.2 42.0  40.1+ 40.1
Z> 65 yrs . old (1970) . 8.4 7.4 8.7 .. 1.7 9.2+ 9.2
Per Crpita Income (1969) 2754 2555 2683 2521 3634 2476
Per Capita Income (1974, Est.) 4195 3877 4136 3741 4289 3698

" ’SOnrces: References 2 and 3 |

- 2C.auE 1 consists of wvillages wigh navy bezn clevators "Crbun 2, of villages (or
vy Lkunbhmp‘) without such elevaLovs matched by their 1970 total populations with those
‘ ir group 1; Croup 3, of group 1 v1llagcs and their surrounding towaships; Group 4,
03 villages without navy bean eluvatoxs and their surrounding townships matched by
C\n1r01970 total populations with those in group 3.

m—

% Significantly different statistically (p < 0.05) by matched pairs t-test.

+ Estimated from values in township

¢

]
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Table 4A

Obscerved and Expected Nuabers of Deaths for Selected Cancers

! Aund All Cancers AmongiVWidites 1o Michigan Communitics With
! and Without MNayy Bean Elevators, 1970-19754
v Group 1 e _GTOMP_2
Canecar 085 EAP KRR CONF. LIMITE®  ONS ™ EXP  RK, CONF, nhrrsT
lodgkin's Disecase 4 3.211.2 (0.4-3.7) 0 3.2 0.0 +
Adticulunm Cell Sarcoma 4 2.3 1.7 (0.4-3.7) 2 2.3. 0.9 (0.3-8.3)
Jther Lymphomﬁs é 6.4 1. 2 (0.5-2.3) . 6 6.3 0.9 (0.5-2.7)
Witiple Mycloma 5 3.4 1. 5 (0.4=3.1) 5 3.3 1.5 (0.4-3.1)

¢ Luckemia 12 13.8 0.9 (0.6-1.9) 1s 13.7 1.1 (0.6-1.8).

, Lung 47 55.6 0.9 (0.8-1.4) 30 53.9 0.6 (0.7-1.5)
Cqloa (excl. rectum) 26 31.0 0.8 (0.7-1.5) 30 29.7 1.0 (o.7-1l5)

" pancreas 20" 15.5 :1.3 (0.6-1.6) 8 14.9 0.5 (0.5-2.32)
Yrdnery Bladder 8 7.5 1.1 (0.5-2.3) 7 7.1 1.0 (0.5-2.5)
Prostate (Male) 19 13.9 1.4 (0.6-1.7) 13 13.1 1.0 (0.6-1.9)
Cervix (Female) 1 5.4, 0;2 (0.2-39.5) 1 5.4 0.2 (0.2-39.5)
Breast (Female) 28 26.1 1.1 (0.7-1.5) 20 25.5 0.8 (0.6-1.6)
‘Al Cancers 298 286.3 1.0 (0.9-1.1) 224 278.8 0.8  (0.9-1.1)%
AOBé = Oﬁservad; exp = egpected, rr = relative risk = obs/exp |

+ 'The probability of observing no ﬁeaths when 3.2 deaths were expected is 0.04 under
the Poisson distribution.

®These are confidence limits for ‘the ratlo of a ?oisson variable to its expectation
(see reference 7) )

*significantly different (p < 0.025) from expected . .
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: iu Table 4B

Observed and Zzpected Numbers of Deaths for Selected Cancers
and All Canzers Awong Whltes Lo Michigan Communities With
"~ and Without Rivy Bean Elevators, 1970-19754

-
4

Gloup 3 _ ___Group &4 i
Cancer . OBS ¥¥P ' RR CONF. LIMITS® ~ ~0BS EXP KK CONF. LIHITS”

tiodgkin's Discase L 5.2 0.8 (0.4-3.7) - 2 5.0 0.4 (0.3-8.3)
thiculum‘CcLl Sarcoma 5 3.8 1.3 (0.4-3.1) 2 3.6 0.6 -(0.3-8.3)
Ocher L;rmphomas 8 10.4 0.8 (0.5-2.3) 8 9.8 0.8 (0.5-2.3)
Multiple Myeloma s 5.6l 0.9 (0.4-3.1), .~ 9 5.2 1.7 (0.5-2.2) -
Leukenia . 21 22.3 0.9 (0.7-1.6) . 14 21.3 0.7 (0.6-1.8)
Lung 59 88.7 0.7 (0.8-1.3)% 58 83.7 0.7 (0.8-1.3)%
Colon (excl. rectunm) 40 50.4, 0.8 (0.7-1.4) <47 46.6 1.0 (0.8-1:4)

" rPancress , 24 25.11 1.0 (0.7-1.6) 13 23.3 0.6 (0.6—1.9)*
Urinary Bladder 12 12.2 1.0 (0'6—119) 11 11.2 1.0 (0.6-2.0)

5 P;osta:e (Male) ' 28 22.3“ 1.2 (0.7-1.5) 18 20.9 0.9 (0.6—1.7).

L' Cervix (fewmale) 1 8.7 0.1 (0.2-39.5)* 4 8.2 0.5 (0.4-3.7)

* Breast (female) S1 42,0 1.2 (0.8-1.3) . 3% 39.3 0.9  (0.7-1.4)
A}l Cancers 435 46?..9i

10.9 (0.9-1.1) 343 434.2 0.8 (0.9-1.1)%
1 . -
AOBS Oboerved Exp = Expected; RR = Relative Risk = obs/exp
’These are confldcnce limits for the ratio of a Poisson variable to its expectation
(see reference 7).
* Significantly differeat (p < 0.025) from e\pccted




