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Cardiovascular Mortality in Relation to Radioactivity
and Hardness of Local Water Supplies in the USA

ROBERTO MASIRONI 1

Several authors have reported an inverse correlation between death rates from cardio-
vascular diseases and local water hardness, but the significance of such a relationship is
still debated. To investigate further this relationship, another indicator of water quality
was used, namely, the a-radioactivity level of raw river waters in the USA. This indi-
cator also showed a negative correlation with cardiovascular death rates, particularly from
hypertensive heart disease, which was consistent whether the data were analysed by state,
by river basin, by county, or by community. The fact that the negative relationship holds
true for raw river waters indicates that broader environmental and geochemical factors
may be involved. The effects of trace elements present in the soil and in the water on
man's mineral balance, and eventually on the cardiocirculatory function, are discuissed.

Since the initial report by Kobayashi (1957) on
the relationship between the chemical composition of
river waters and death rates from cerebral haemor-
rhage in Japan, several articles have been published
showing inverse relationships between hardness
of local water supplies and mortality rates from
cardiovascular diseases in various countries. The
details of the relationships between water hardness,
mineral content of the water (particularly calcium
and magnesium) and death rates from specific
types of cardiovascular diseases are still unknown,
and some discrepancies have been reported by
various investigators.

In the USA (Schroeder, 1960, 1966) and in the
United Kingdom (Morris et al., 1961; Crawford
et al., 1968) markedly similar associations were
found between water hardness and practically all
types of cardiovascular diseases: coronary heart
disease, cerebrovascular diseases, hypertension, and
" other " heart diseases. The negative correlation
between cardiovascular mortality rates and water
calcium content was good in the United Kingdom
but less significant in the USA. The opposite was
true for magnesium.

In the USA again, Muss (1962) found that the
inverse relationship of water hardness to cardio-
vascular death rates (for 45-64-year-old white
males) followed the linear equation:

1 Scientist, Cardiovascular Diseases, World Health Organ-
ization, Geneva, Switzerland.

Death rates = 905.50- (0.916 x Hardness)
which was significant at the 99.9% level. He also
found that this relationship held true not only
for the country as a whole but even on a local scale
such as in New York City, where cardiovascular
mortality rates in the districts served by hard
water were 10% lower than in the soft-water areas.
On the other hand, Lindeman & Assenzo (1964)
could not find evidence of any negative correlation
between cardiovascular death rates, water hardness,
and the content of calcium and magnesium in
water in Oklahoma counties. In Ireland, Mulcahy
(1964, 1966) did find negative correlations between
water hardness and cardiovascular death rates, but
they failed to reach a statistically significant level.

In Sweden (Bi6rck et al., 1965) only the " other
degenerative heart diseases" (ICD.422) showed
a negative correlation with water hardness. Further-
more, Bostr6m & Wester (1967) showed that,
although in Sweden as a whole an inverse corre-
lation of water hardness to cardiovascular mortality
was indeed present, no definite trends could be
found in the three largest Swedish cities, and that the
relation of death rates to water calcium content
applied to women only. In the Netherlands also
(Biersteker, 1967) associations were found only in
women.

Other contrasting reports on the relationship
of water calcium concentration to cardiovascular
mortality rates are those by Robertson (1968) and
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by Osancova & Hejda (1968) on small population
groups. Comparing areas served by hard, high-
calcium-content waters, and by soft, low-calcium-
content waters, Robertson, in England, found lower
cardiovascular death rates in the high calcium
areas, whereas Osankova & Hejda in Czecho-
slovakia found lower death rates in the low calcium
areas.'
According to Anderson et al. (1969), in Ontario,

water hardness correlates negatively only with
the rate of sudden deaths from ischaemic heart
disease and not with that of non-sudden ones, thus
suggesting an increased susceptibility of the myo-
cardium to lethal arrhythmias among the residents
of soft-water areas. A similar relationship of water
hardness to sudden deaths was detected by Peterson
(1970) in the state of Washington, USA.2 Increased
susceptibility of the myocardium in the soft-water
areas had been postulated also by Crawford &
Crawford (1967), who showed that prevalence of
myocardial scars and " old occlusions " was higher
in Glasgow (soft-water area) than in London (hard-
water area). In their autopsy study these authors
detected no clear-cut relation between prevalence
and extent of atherosclerotic lesions and coronary
stenosis, and water hardness. Lack of association
between atherosclerosis and water hardness was
also reported in a comparative autopsy study from
several cities in the Americas, Asia, South Africa,
and Norway (Strong et al., 1968). In spite of
these discrepancies it seems evident that cardio-
vascular mortality is somehow related to the quality
of drinking-water, although it has not yet been
ascertained which cardiovascular features and
which water components are most closely involved.
Even if sometimes no evidence could be found for
the negative trend, no investigator has disproved its
existence and the consensus of opinion is that
water minerals, and in particular the trace elements,

'In this context it is interesting to note that the city
of Omaha, Nebraska, has a lower death rate from hyper-
tensive heart disease than Winston-Salem, North Carolina
(30 versus 56), while coronary heart disease death rates
are the same in the two cities (333 versus 327); according
to Bierenbaum et al. (1969), Omaha is a hard-water, high-
calcium-content area while Winston-Salem is a soft-water,
low-calcium-content area.

' Peterson, D. R. (1970) Water hardness, arteriosclerotic
heart disease and sudden death. Report to the Council on
Epidemiology. American Heart Association CVD News-
letter No. 88, p. 24.

' However, as will be shown in the Discussion section
of this paper, a negative association between water hardness
and hypertensive heart disease for the South American
cities studied by Strong et al. seems indeed to be present.

may indeed play an important role in cardiovascular
function.'

Within the framework of the World Health
Organization activities on the etiology and patho-
genesis of cardiovascular diseases it was decided
to examine this problem more closely by reviewing
the present knowledge, as well as by elaborating
additional data using water-quality indicators and
epidemiological approaches somewhat different from
those used by the original investigators. If the
relation between water quality and cardiovascular
mortality first envisaged by Schroeder, and variously
interpreted by other authors, was still apparent,
then further studies involving co-ordinated inter-
national investigations might be justified.

METHODS

The statistical investigation was carried out
following several approaches. The death rates
(per 100 000 population) from all cardiovascular
diseases, from hypertensive heart disease, from ar-
teriosclerotic heart disease, and from non-cardio-
vascular causes were correlated with the water
hardness and radioactivity in the 42 states for
which the data were available, and in a number
of counties and communities of the USA variously
matched according to river basin, population size,
and radioactivity of their water supplies. The
relationships of several trace elements to water
hardness and radioactivity, as well as to cardio-
vascular and non-cardiovascular death rates, were
also examined. All values refer to the years 1960-62.
The hardness, radioactivity and trace element

data relating to the raw surface waters of rivers
throughout the USA were taken from the annual
compilation of data on national water quality
published by the US Department of Health, Edu-
cation, and Welfare (1962), and refer to 116 sampling
stations. The values obtained from the sampling
stations located in each state were also averaged
so as to yield mean values for the individual states.
The more detailed water radioactivity data con-
cerning the countries in Illinois and the communi-
ties in Illinois and Iowa were taken from Lucas
& Ilcewicz (1958) and from Petersen et al. (1966).
The cardiovascular and non-cardiovascular death
rates were calculated by using, as appropriate:
(a) the mortality data published by the US Depart-

'More details may be found in a recent review article
on the possible relations of trace elements to cardiovascular
function (Masironi, 1969).
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ment of Health, Education, and Welfare for the
years 1960, 1961, and 1962; 1 (b) the population
data by state, age-group, colour and sex published
by the US Bureau of the Census (1961); (c) the 1960
population data by county and community (all
ages and races, both sexes) published in the World
Almanac (1963).

RESULTS

Cardiovascular mortality in States differing in mean
hardness and radioactivity of their water supplies
An analysis of data for the USA showed that

there was a negative relationship between the
a-radioactivity level in the water supply and the
cardiovascular mortality rates by area. In particu-
lar, the mean death rates from hypertensive heart
disease for the states having more than 2.0 pCi/litre
of a-radioactivity in their water supplies (Kansas,
Colorado, Nebraska, Montana, Nevada, Cali-
fornia, South Dakota, North Dakota, Missouri,
Texas, New Mexico, Arizona) were significantly
lower than those for the states having less than
0.2 pCi/litre of a-radioactivity (Michigan, Virginia,
Pennsylvania, New Jersey, Tennessee, South Carolina,
Alabama, Vermont, Georgia, Massachusetts, Con-
necticut, and Florida) (Table 1). This division of
the states corresponds fairly closely to the upper
and the lower quartiles of the radioactivity frequency
distribution.
The differences in mean death rates from arterio-

sclerotic heart disease (AHD) and from all cardio-
vascular diseases (all-CVD) do not reach a signi-
ficant level, yet they show consistently the same
trend of higher mortality in low radioactivity
states. Death rates from non-cardiovascular
diseases (non-CVD) are lower in the low-radioacti-
vity states but only for the white males in the 45-64
years age-group and not for all ages and races,
and both sexes combined. When the mean a- and
fl-radioactivity and hardness values are correlated
with cardiovascular and non-cardiovascular death
rates the correlation coefficients shown in Table
2 are found.
The table shows that both the a- and fl-radio-

activity values as well as hardness are negatively
correlated with cardiovascular death rates, parti-
cularly with hypertensive heart disease.

1 These data refer to: diseases of the cardiovascular
system (I.C.D., 1955 revision: 330-334, 400-468), arterio-
sclerotic heart disease (I.C.D. 420), and hypertensive
heart disease (I.C.D. 440-443).

TABLE 1
MEAN CARDIOVASCULAR AND

NON-CARDIOVASCULAR DEATH RATES (1962)
IN STATES WITH HIGH AND WITH LOW

a-RADIOACTIVITY IN THEIR WATER SUPPLIES

Cause of a-radioactivity a-radioactivity %) bdeaus a r<0.2 pCi/litre >2.0 pCi/litre Difference (
death a (12 states) (12 states) (B-A)x 100/A

(A) (B)

White males, 45-64 years of age

HHD 27.9 16.3 -41 *

AHD 559.8 540.5 - 3

All CVD 739.5 704.7 - 5

Non-CVD 619.8 700.0 +13

Al lages and races, both sexes

HHD 36.8 21.2 -42

AHD 280.5 239.0 -15

All CVD 522.9 440.2 -16

Non-CVD 437.2 425.2 - 3

a The following abbreviations are used throughout the text:
AHD = arteriosclerotic heart disease
HHD = hypertensive heart disease
All CVD = all cardiovascular diseases
Non-CVD = deaths from non-cardiovascular diseases.
b * = Difference significant at P<0.001.

TABLE 2
CORRELATION COEFFICIENTS BETWEEN

CARDIOVASCULAR AND NON-CARDIOVASCULAR
DEATH RATES (1962) AND WATER RADIOACTIVITY

AND HARDNESS IN 42 STATES

Water AII-CVD a AHD HHD a Non-CVD

All ages and races, both sexes

a-radio-
activity -0.18 -0.13 -0.39 * 0.01

P-radio-
activity -0.18 -0.18 -0.34 * 0.13

Hardness -0.19 -0.11 -0.44 * 0.03

White males, 45-64 years of age

a-radio-
activity -0.20 -0.15 -0.42** 0.13

P-radio-
activity -0.36 * -0.28 -0.52*** 0.05

Hardness -0.17 -0.11 -0.43** 0.21

a *P<0.05; **P<0.01; ***P<0.001.
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The correlation coefficients between a-radio-
activity, ,-radioactivity, and water hardness are
reported in Table 3. The table shows that the
only strong correlation, both on a state basis and
on a sampling station basis, is the one between
a-radioactivity and water hardness; the apparently
high correlation between s-radioactivity and water
hardness by state is probably spurious, since it
becomes much weaker when considered on a station
basis. Alpha-radioactivity and ,B-radioactivity always
correlate very weakly between themselves.
The relationships between water hardness, a-radio-

activity, and cardiovascular death rates were further
tested in order to see whether the same trend would
be maintained when the data were elaborated in
different geographic and demographic arrangements.
The statistical analyses were therefore carried out
on a river-basin basis, on a county basis, and on a
community basis. As shown in the following sections,
in spite of the different approaches the results
always revealed the same trend: death rates from
cardiovascular disease, and especially from hyper-
tensive heart disease, were lower in the areas served
by waters that had higher levels of a-radioactivity
and of hardness.
Cardiovascular mortality in counties located along

rivers differing in levels of a-radioactivity in the
water
Four rivers were particularly suitable for this

kind of investigation: Colorado, Missouri, Columbia
and Ohio. The a-radioactivity along each river
was quite constant and averaged 6.0 pCi/litre
(range: 3.7-7.1) for the Colorado river, 3.01 pCi/
litre (2.4-3.3) for the Missouri, 0.40 pCi/litre
(0.01-0.80) for the Columbia, and 0.25 pCi/litre
(0.07-0.50) for the Ohio. The radioactivity values

TABLE 3

CORRELATION COEFFICIENTS BETWEEN
a-RADIOACTIVITY, $-RADIOACTIVITY AND

WATER HARDNESS BY STATE AND
BY SAMPLING STATION

Correlation By state a By station a

a-radioactivity to hardness 0.86 * 0.80

P-radioactivity to hardness 0.78 * 0.13

a-radioactivity to
P-radioactivity 0.13 0.13

a *P60.001.

for each river were obtained from 5, 8, 6 and 7
sampling stations, respectively. The stretch of the
Colorado river that is included between the northern-
most and the southernmost sampling stations passes
through, or borders, 12 counties (total population
1176 900) in 5 states; the studied part of the
Missouri touches 58 counties (population 2 130 152)
in 5 states; that of the Columbia, 22 counties
(population 1 054 000) in 2 states; and that of the
Ohio, 47 counties (population 3 007 524) in 4 states.
By comparing the mean cardiovascular death rates
of these four groups of counties the results shown
in Table 4 are obtained.

TABLE 4
MEAN CARDIOVASCULAR AND

NON-CARDIOVASCULAR DEATH RATES PER YEAR
(1960-62, ALL AGES AND RACES, BOTH SEXES)

IN POPULATIONS LIVING ALONG RIVERS
WITH DIFFERENT MEAN a-RADIOACTIVITY LEVELS

Death rates per 100 000
Rivers a-radioactivityR (pCi/litre) AHD HHD Non-

Ohio 0.25 (0.07-0.50) 303.1 39.7 454.e

Columbia 0.40 (0.01-0.80) 303.1 33.3 448.0

Missouri 3.01 (2.4-3.3) 275.8 28.3 460.3

Colorado 6.00 (3.7-7.1) 228.1 23.3 440.1

The table clearly shows that as the a-radioactivity
level for the four rivers increases, the AHD and the
hypertensive heart disease (HHD) death rates of
the four population groups decrease. In particular,
the populations living along the Colorado (highest
radioactivity) experience a 25% lower AHD death
rate and a 41 % lower HHD death rate than the
populations living along the Ohio river (lowest
radioactivity). These differences are significant
at P<0.001. The non-cardiovascular death rates
remain practically the same.
When the various counties belonging to the four

river basins are matched according to population
size so as to eliminate a possible influence on cardio-
vascular mortality due to differences in urbani-
zation and in population density, the trend, shown
in Table 4, i.e., lower cardiovascular mortality
corresponding to higher a-radioactivity, is still
present (Table 5); here again, the non-cardiovascular
death rates show no trend.
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TABLE 5

MEAN ANNUAL CARDIOVASCULAR AND
NON-CARDIOVASCULAR DEATH RATES

(1960-2, ALL AGES AND RACES, BOTH SEXES)
IN MATCHED USA COUNTIES ALONG RIVERS
WITH DIFFERENT LEVELS OF a-RADIOACTIVITY

IN THE WATERa

Ohio and Missouri and
Columbia rivers Colorado rivers

combined combined

Cause Mean M Difference (%)
of death radioactivity a vity (-A) °10/A

(rang
C/ite 4.5 pCI/litre

0.010.80 (range 2.4-7.1)
(A)

Counties with less than 10 000 people

(10 counties) (25 counties)

AHD 343.7 260.0 -24

HHD 40.5 29.7 -27

Non-CVD 511.1 479.2 - 6

10 000-50 000 people

(36 counties) (33 counties)

AHD 308.3 296.3 - 4

HHD 30.0 26.2 -13

Non-CVD 426.1 451.5 + 6

50 000-100 000 people

(13 counties) (6 counties)

AHD 315.3 232.8 -26

HHD 32.0 28.7 -10

Non-CVD 426.0 340.5 -20

100 000-500 000 people

(2 counties) (4 counties)

AHD 342.8 278.0 -19

HHD 48.2 26.9 -44

Non-CVD 454.1 456.9 + 1

More than 500 000 people

(3 counties) (2 counties)

AHD 313.9 227.1 -28

HHD 42.6 22.4 -47

Non-CVD 483.3 375.9 -22

a As the number of counties is small, those associated with
the two rivers having high radioactivity, and those associated
with the two rivers having low radioactivity, have been pooled
together.

Cardiovascular mortality in counties of Illinois served
by waters of different a-radioactivity levels
Lucas & Ilcewicz (1958) published the values of

226Ra content of 159 municipal water sources in
51 Illinois counties. These data proved to be useful
for ascertaining whether the inverse relationship
between the a-radioactivity level in water and cardio-
vascular mortality held true also among the various
Illinois counties. Only those counties where the 226fRa
level had been analysed in at least 3 stations were
used in the present investigation. Out of the 51
counties surveyed by Lucas & Ilcewicz, 14 met
this requirement and were grouped according to
their high (>2.0 pCi/litre) or low (<0.5 pCi/litre)
mean 222Ra content in water (6 and 8 counties
respectively). The mean cardiovascular and non-
cardiovascular death rates in the 2 sets of counties
are shown in Table 6.

TABLE 6
MEAN ANNUAL CARDIOVASCULAR AND
NON-CARDIOVASCULAR DEATH RATES

(1960-62, ALL AGES AND RACES, BOTH SEXES)
IN ILLINOIS COUNTIES SERVED BYWATERS

WITH HIGH OR LOW 1'"Ra CONTENT

2"'Ra content
Cause of death >2.0 pCi/litre <0.5 pCi/litre

(6 counties) (8 counties)

HHD 36.0 42.6

AHD 386.2 406.0

Non-CVD 448.0 448.1

Although the differences in cardiovascular death
rates between counties with high and low 226Ra
levels are not statistically significant (0.1<P<0.2),
probably because of the small number of counties
considered, the negative trend is still present: the
counties with water supplies containing high
levels of 226Ra experienced lower death rates from
HHD and, to a lesser extent, from AHD than the
counties with low levels of 22fRa in the water. Non-
cardiovascular death rates were the same in both
groups of counties.
Cardiovascular mortality in matched communities
of Illinois and Iowa served by waters of different
a-radioactivity levels
Petersen et al. (1966) reported on the 226Ra content

of the water of a great many communities in Illinois
and Iowa, in relation to death rates from bone
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cancer. They grouped the communities according
to the high (>3.0 pCi/litre) or low (<1.0 pCi/litre)
226Ra content of their water, and then matched them
according to specified criteria: 68 communities in
Illinois and 22 in Iowa were matched. Details
of these communities were obtained (Petersen,
personal communication) but cardiovascular mor-
tality data could be obtained for only 30 matched
communities in Illinois and 9 in Iowa. Among
these communities the high-radioactivity areas
showed lower cardiovascular death rates than low-
radioactivity areas, while the non-cardiovascular
death rates did not differ (Table 7).
The differences in cardiovascular mortality be-

tween the two groups of communities were rather
small and did not reach a statistically significant

TABLE 7

MEAN ANNUAL DEATH RATES (1960-1962,
ALL AGES AND RACES, BOTH SEXES)

IN 30 MATCHED COMMUNITIES OF ILLINOIS AND
9 IN IOWA SERVED BYWATERS

WITH HIGH OR LOW 22'Ra CONTENT

"I'Ra content
Cause of death >3.0 pCi/litre <1.0 pCi/litre

(20 communities) (19 communities)

HHD 29.0 32.3

AHD 289.9 294.7

Non-CVD 397.2 395.7

level. The number of the communities and the size
of the populations were, however, small and this
prevented the use of the best statistical approach.
Nevertheless, a negative trend between water radio-
activity and cardiovascular death rates is once more

suggested.
Cardiovascular mortality in relation to the concen-

tration of trace elements in water

The approximate values of the trace element
content of river waters in the USA is given in reports
of the National Water Quality Network (US Depart-
ment of Health, Education, and Welfare, 1962) and
these have been examined to see if there was a

relationship between trace element concentrations,
a-radioactivity and hardness of river waters, and
cardiovascular death rates of the adjacent states.
The statistical evaluation shows that trace element
concentrations correlate positively with water hard-
ness and radioactivity, both on a sampling station
basis and on a state basis (Tables 8 and 9). The
strength of the correlations varies over a wide range.

All elements except copper correlate negatively
and fairly strongly with HHD but rather weakly
with AHD and all-CVD. The correlations with
non-CVD are always positive and weak (Table 9).
Of the elements in this table fluorine has the

highest coefficient of correlation with HHD, copper
has the only positive, and the weakest, correlation
with HHD, AHD, all-CVD, and non-CVD, and
iron is the only element to show the same degree
of correlation with all types of cardiovascular
diseases.

TABLE 8

CORRELATION COEFFICIENTS OF 19 TRACE ELEMENTS TO WATER
RADIOACTIVITY AND HARDNESS, IN 116 SAMPLING STATIONS

characteristic Bi Sb Sn Co Cd Cr V Ni Mo

Hardness 0.95 0.95 0.94 0.94 0.93 0.93 0.92 0.92 0.91

a-radioactivity 0.79 0.76 0.68 0.68 0.73 0.69 0.70 0.67 0.67

Zn Pb B Mn F Be AAg Ba Fe Cu

Hardness 0.90 0.87 0.85 0.65 0.57 0.56 0.45 0.44 0.30 0.21

a-radioactivity 0.59 0.62 0.57 0.53 0.46 0.17 0.25 0.27 0.26 0.11
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DISCUSSION

The results obtained in the present investigation
confirm and supplement those obtained by other
authors and lend support to the hypothesis that
geographical differences in death rates from cardio-
vascular diseases may be related to the quality of
local water supplies. It is worth noting that the
findings are in agreement in spite of the fact that
the previous investigators analysed finished waters,
whereas the data used in the present work refer to
raw river-waters, before processing for domestic
use. River-waters, rather than tap-waters, may pro-
vide a better indicator of the geochemical environ-
ment.

Regardless of how the data were correlated in
the present work, i.e., by state, by county, by com-
munity, or by river basin, by comparing mean
values for groups of states and counties, or by
correlating the individual values, the same trend
always appeared: the areas served by waters higher
in a-radioactivity (and in hardness) showed lower
death rates from cardiovascular diseases and in
particular from hypertensive heart disease.

There is also some evidence that the relation of
water quality to hypertension may indeed hold
true not only in the USA but also in other countries.
For instance, in Rotorua, New Zealand, the water
is extremely soft and the incidence of hypertension
and vascular diseases is very high.' In Kampala,
Uganda, the water is also soft and hypertension
is also very prevalent, but there is practically no
atherosclerosis.2 Comparison of water hardness data
for the South American cities studied by Strong
et al. (1968) with the cardiovascular and non-
cardiovascular death rates for the same cities
(Puffer & Griffith, 1967) also shows the same
pattern of lower HHD death rates in the hard
water areas; the death rates from AHD, from
degenerative heart disease (ICD. 421-422),
and from non-CVD do not follow this trend
(Table 10).
The present findings are in agreement with the

hypothesis proposed by Schroeder (1969) that hyper-
tension may be the common factor that could, direct-

1 Personal communication from Dr I. Prior, Director,
Medical Unit, Wellington Hospital, Wellington, New Zea-
land.

2Personal communication from Professor A. G. Shaper,
formerly WHO Research Professor, Department of Medicine,
Makerere University College Medical School, Kampala,
Uganda.
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TABLE 10
CARDIOVASCULAR AND NON-CARDIOVASCULAR DEATH RATES (1964) IN

SOUTH AMERICAN CITIES DIFFERING IN WATER HARDNESS

Characteristic |Call |So |Bogta Mean Lima Santiago Caracas Mean Difference (%)
Paulo Bo oa (A) (B) (B-A)x 100O/A

Hardness 42 37 20 33 223 220 122 188 -

HHD

males 32.6 28.0 23.2 27.9 26.4 12.1 12.8 17.1 -39

females 30.8 35.0 33.2 33.0 21.1 13.5 15.8 16.8 -49

AHD

males 54.7 95.0 78.0 75.9 60.6 77.4 98.5 78.8 + 4

females 20.5 40.6 46.4 35.8 22.4 36.7 38.2 32.4 - 9

Degenerative heart disease

males 5.1 15.9 17.4 12.8 12.2 8.2 36.4 18.9 +47

females 5.2 13.1 17.6 12.0 7.3 5.4 17.0 9.9 -17

Non-CVD

males 436.5 364.6 460.6 420.6 449.7 770.6 420.0 547.7 +30

females 361.2 236.5 402.1 333.3 342.5 388.5 267.5 332.8 0

ly or indirectly, influence various cardiovascular con-
ditions such as atherosclerosis, cerebral haemor-
rhage, myocardial susceptibility to arrhythmias, etc.
in an unfavourable direction.

Concerning the trace elements, there is evidence
that Cr, V, Zn, Mn, F, Cd, and Cu may play a
role in cardiovascular function (for references see
Masironi, 1969). It has been suggested that the
first four elements may exert beneficial effects by
preventing, reducing, or reversing atherosclerosis,
while fluorine may prevent calcification of the
arteries. The relation between Mn, V, and F to
AHD death rates in 45-64-year-old white males
was studied by Schroeder (1960, 1966) and he found
negative correlations for V and F, but a positive
one for Mn.
Cadmium deserves special discussion. Schroeder

(1965, 1967), Perry & Schroeder (1955), and Perry
(1969) have repeatedly reported that Cd may be
involved in hypertension. An important role in
the development of this disease is played by the
ratio Cd/Zn in the kidneys. Hypertensive patients
and laboratory animals have indeed a high (>0.35)
Cd/Zn ratio (Schroeder et al., 1967); Schroeder
et al., 1968). This hypothesis, however, was ques-
tioned by Morgan (1969) who found no differences
in tissue Cd or Zn concentrations, nor in the molar

Cd/Zn ratio in hypertensive subjects as compared
with controls.

Schroeder (1960, 1966) could not report consis-
tent data on Cd content of water supplies in the
USA, although he found that cadmium may be
extracted from the water pipes by soft water. Craw.
ford et al. (1968) found the same Cd concentration
in soft and hard waters in England, and Bostr6m &
Wester (1967) in Sweden found no significant
amounts of trace elements derived from water-
pipes in tap-waters. The relation between the Cd
content of drinking-water and hypertensive heart
disease is therefore still under discussion.
The data presented in this investigation show a

positive correlation of Cd with water radioactivity
and hardness, and a negative one with HHD, AHD,
and all-CVD. Cd is always associated with Zn
and, according to the data of the US Department
of Health, Education, and Welfare (1962), the ratio
of Cd to Zn in water is constantly about 0.1; since
Zn may counteract the hypertensive effects of Cd
(Schroeder & Buckman, 1967; Schroeder et al.,
1968a) this may be the reason why Cd concentration
in water fails to show a positive correlation with
HHD death rates.
Copper is a lipid peroxidation catalyst, and is

suspected of exerting an atherogenic effect (Harman,
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1963, 1966, 1968). Hard waters contain less copper
than soft waters (Harman, 1965; Schroeder, 1966)
and the results of this study show that the corre-
lation between copper concentration and water
hardness is extremely weak.
The inverse relationship of water a-radioactivity

to cardiovascular mortality, similar to that first
observed by Schroeder for water hardness, suggests
that both radioactivity and hardness are simply
indicators of some unknown " water factor ", which
in turn may influence the cardiovascular function.
These indicators probably reflect different combi-
nations of both major and trace elements, either
abundant or lacking in the geological formations
penetrated by the waters. Sauer et al. (1966) have
already pointed out that, in the USA, cardiovascular
disease death rates show a high degree of asso-
ciation with the type of soil. Another, preliminary
investigation (Masironi, unpublished data) shows
that cardiovascular mortality rates in the USA
seem to be associated with the type of soil, being
highest in areas where podzols and grey-brown
podzols predominate, lower in the areas where red-
yellow podzols or gley predominate, and lowest
in areas where the soils are arid or semi-arid. The
non-cardiovascular death rates do not show any
trend associated with type of soil.
The factors underlying these associations be-

tween soil types and cardiovascular diseases are
unknown. Sauer et al. (1966) hypothesized that there
may be trace elements in some of the soils which
are either protective or harmful to cardiovascular
function. The hypothesis that trace elements in
the soils might play a beneficial role is supported by
Shacklette et al. (1970) who found that in Georgia,
USA, lower cardiovascular death rates occur in
areas where the soils, being derived from igneous
and metamorphic rocks, are richer in minor ele-

ments; on the other hand, higher cardiovascular
death rates occur in areas where the soils, being
derived from extensively weathered and leached,
unconsolidated rocks, are deficient in mineral
content. Also the data reported here in Table 1
are consistent with the hypothesis of element
leaching. Of the 12 states having low water radio-
activity and hardness and high cardiovascular
mortality rates, 10 are on or near a seacoast where
rainfall is relatively high (thus explaining the water
softness) and they are therefore likely to have
areas of trace element deficiency, probably due to
leaching by rains. On the other hand, of the 12
states with high water radioactivity and hardness
and low cardiovascular mortality, 10 are in the
interior of the USA, mainly in the great plains and
Rocky Mountains where rainfall is relatively low.
This confirms the preliminary findings reported
above of low CVD death rates associated with arid
soils.
The fact that consistent trends have been demon-

strated by analysing data obtained by various
investigators following different geographical
and demographic approaches, and using different
geochemical indicators, indicates that such
trends cannot be simply a matter of statistical
chance.

Further investigations, co-ordinated at an inter-
national level, would seem to be justified: (a) to
confirm the relation between the water quality
(as affected by the geochemical environment) and
hypertension and other cardiovascular diseases;
(b) if this is confirmed, to determine which factors
(probably the trace elements) play the most impor-
tant role, and to determine their mechanism of
action; and (c) to work out appropriate preventive
measures of public health interest, particularly as
regards treatment of drinking-water.
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RESUME

RELATION ENTRE LA MORTALITE PAR MALADIES CARDIO-VASCULAIRES ET LES CARACTERISTIQUES
LOCALES DE RADIOACTIVITE ET DE DURETE DE L'EAU AUX ETATS-UNIS D'AMERIQUE

I1 semble qu'il y ait une correlation negative entre la
durete de l'eau et les taux de mortalite par maladies
cardio-vasculaires. Des enquetes menees dans plusieurs
pays durant les dix dernieres annees montrent, avec des
degres variables de signification statistique, que la mor-
talite due a differents types d'affections cardio-vasculaires
est plus faible dans les regions approvisionnmes en eau
dure que dans celles qui disposent d'eau douce. On ignore
encore la nature de cette relation car, jusqu'a present,
les composants les plus directement en cause, pour cha-
cun des termes du rapport, n'ont pas ete identifies. De
toute evidence, la durete de l'eau n'est qu'un indicateur
d'un ou plusieurs facteurs, encore inconnus, qui par leur
presence ou leur absence dans une eau donnee exerce-
raient une influence favorable ou nocive sur la fonction
cardio-vasculaire. I1 est tres probable qu'au nombre de
ces facteurs figure la teneur de l'eau en sels mineraux et,
plus precisement, en oligo-elements.

Les oligo-elements jouent un r6le important dans beau-
coup de fonctions physiologiques; c'est tres probable-
ment le cas en ce qui regarde la fonction cardio-circula-
toire, bien que les modalites de cette influence ne soient
pas elucidees. Certains oligo-elements, comme le chrome,
le vanadium, le zinc et le manganese, semblent assurer
une certaine protection contre les affections cardio-
vasculaires, alors que d'autres, comme le cuivre et le
cadmium, ont apparemment une action nocive et favo-
risent l'apparition de l'ath6rosclerose et de l'hypertension.
Dans les presentes investigations, on a tenu compte

non seulement de la durete, mais aussi d'un autre indi-
cateur de la qualite de l'eau, la radioactivite a des cours
d'eau des Etats-Unis. Ici encore, on discerne une corre-
lation negative entre la radioactivite a et la mortalite due

aux troubles cardio-vasculaires, en particulier l'hyper-
tension associee a une affection cardiaque. Ce rapport
est manifeste que les donnees soient analysees par etat,
par bassin fluvial, par comte ou a l'echelon d'une collec-
tivite. Dans toutes les regions limitees ou traversees par
des cours d'eau a forte radioactivite a, les taux de mor-
talite par maladies cardio-vasculaires sont moins eleves
que dans les territoires oii les eaux sont moins radio-
actives. On ne note par contre aucune relation uniforme
entre la radioactivite a et la mortalite d'origine non
cardio-vasculaire.

Cette relation frappante entre la mortalite par maladies
cardio-vasculaires et la qualite de l'eau, qu'il s'agisse de
l'eau de boisson ou d'eaux non traitees qui ne sont pas
livrees telles quelles a la consommation, implique que
l'etude du probleme doit etre etendue eventuellement aux
facteurs de milieu et aux facteurs geochimiques. I1 ressort
en effet d'observations preliminaires que, aux Etats-Unis
du moins, il existe un rapport entre le taux de mortalite
par maladies cardio-vasculaires et le type de sol. Ici
encore, la nature de la relation reste inconnue, mais il est
evident que les substances chimiques et les oligo-elements
presents, en plus ou moins grande abondance, dans les
sols peuvent etre incorpores a la chaine alimentaire de
l'homme par l'intermediaire de l'eau et influer sur
l'equilibre mineral de l'organisme humain.
De nouvelles recherches, a l'echelon international,

s'imposent. Elles devraient avoir pour objectif de confir-
mer la relation entre la qualit6 de l'eau (determin6e par
le milieu geochimique) et les affections cardio-vasculaires,
d'etablir les principaux facteurs en cause (oligo-elements ?)
et le mecanisme de leur action, et d'elaborer 6ventuelle-
ment des mesures preventives.
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