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       Abstract 
Evidence is accumulating to support the view 

that variations in cancer incidence are often 
related to permanent characteristics of the 
physical environment, namely its climate, 
geology, soils and water supply. This study 
explores possible links between Canadian 
mortality from cancers of the digestive tract and 
certain aspects of drinking water quality. 
Pearsons correlation suggest that the levels of 
chromium, cadmium, copper or zinc found in 
Canadian potable water have little, if any, 
influence on carcinogenesis. In contrast, repeated 
negative correlations were found to occur, at the 
national and provincial level, between mortality 
from cancers of the digestive tract and calcium, 
magnesium and lithium levels in drinking water. 
As a consequence, water hardness is also in-
versely correlated with these diseases. Similar 
associations have been noted elsewhere. The 
biological and medical literature suggests 
various reasons why elevated levels of these bulk 
and trace elements in drinking water might 
reduce cancer incidence. Calcium, for example, 
has been found to influence terminal 
differentiation in rat esophageal epithelial cells 
and may also convert fatty acids and free bile to 
insoluble soaps in the human colon. The roles of 
magnesium and lithium in reducing cancer 
mortality, if any, are less clearly understood. 

Introduction 
In 198-1, an extremely comprehensive 

overview of the epidemiology of cancer was 
undertaken by Doll and Peto.1 After extensive 
analysis of the available data, these authors 
concluded that since there is no rapid increase in 
the probability of an individual of a given age 
developing most specific types of cancer, then 
current United 
1. & 2.  P.O. Box 1700, University of Victoria, Victoria, 
B.C. V8W 2Y2. 

States mortality is far more likely to be due to 
"long-established aspects of the American life-
style and environment" than it is to "various 
aspects of the modern environment that were 
much less widespread half a century ago". Doll 
and Peto1 claim the epidemiological evidence 
suggests that, with the exception of tobacco-
related lung cancer, the causes of such diseases 
are generally traditional, not modern. This is an 
extremely significant finding given the enormous 
amount of time and effort directed towards the 
carcinogenic risk assessment of man-made 
chemicals and the relative neglect of naturally 
occurring environmental variables. 

Doll and Peto,1 however, are not alone in 
believing that variations in cancer incidence are 
related to permanent characteristics of the 
physical environment. Various other authors, for 
example, have suggested that many cancers are 
common in areas of selenium deficient soils.2 3 
Similarly, the occurrence of breast cancer in the 
United States has been linked to environmental 
iodine deficiency.4 In addition, a study of 
stomach cancer incidence in West Devon, 
England, found it to be most common amongst 
those drinking highly mineralized, soft 
groundwater from Devonian rocks.5 Legon6 and 
Stocks and Davies7 also noted elevated stomach 
cancer amongst those inhabitants of North Wales 
and Cheshire who lived in areas of highly organic 
soils. The two latter research workers suggested 
positive correlations between stomach cancer 
incidence and soil concentrations of zinc, 
chromium and cobalt. In addition, Kmet and 
Mahboubi8 considered that the incidence rates of 
esophageal cancer in northern Iran tended to 
reflect variations in the salinity of the soils, which 
in turn were largely due to differences in 
precipitation. Marjanen9 argued that soil 
manganese appeared to be a significant cancer 
preventative in Fin- 
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land; while high levels of zinc and copper 
seemed associated with elevated cancer 
mortality. Water hardness has also been linked to 
reduced stomach cancer mortality in sixty-one 
county boroughs in England and Wales.10 While 
Kendrick11 noted numerous statistically 
significant negative correlations between cancer 
incidence in New Zealand and drinking water 
pH, hardness and silica content. 

In 1986, Foster,12 a co-author of this paper, 
published in excess of 13,000 correlations 
between the distribution of 219 environmental 
variables and mortality from 66 specific cancers 
or groups of cancers in the United States. Results 
tended to suggest that cancers are most common 
in populations exposed to both industrial 
carcinogens and dietary bulk and trace element 
imbalances. The latter generally seem to reflect 
elevated or depressed local levels of various 
trace and bulk elements, such as sodium, 
potassium, calcium, magnesium, selenium, 
iodine, strontium and manganese in soils and 
drinking water supplies. The organ at risk seems 
to vary with the imbalance involved and also 
with the presence of certain selenium antago-
nists, especially mercury, in the environment.12 13 
Evidence was presented that some elements may 
both protect against and promote cancer. 
Calcium, for example, appears to reduce 
mortality from cancers of the mouth and 
esophagus, whilst simultaneously increasing it 
for cancer of the liver.12 Similarly, sodium may 
be beneficial in depressing the incidence of skin 
cancer, yet at high levels it seems linked to 
elevated death rates from cancer of the 
stomach.12 

Data Collection and Analysis 
There is considerable evidence in the 

literature, therefore, that cancer mortality rates 
may be influenced by various naturally occurring 
elements in both soils and drinking water. This 
study seeks to explore some of these possible 
relationships in Canada, namely those between 
cancers of the digestive tract and drinking water. 
To conduct such an analysis effectively, it is 
necessary to have environmental and medical 
data which relates to both the same spatial units 
and time periods. Fortunately, medical data was 
readily available. Variations in the Canadian 
death rate from cancers of the digestive tract, 

that is for the tongue, mouth and pharynx; 
stomach, large intestine and rectum are 
illustrated in the Mortality Atlas of Canada, 
Volume 1: Cancer14 produced jointly by Health 
and Welfare Canada and Statistics Canada. This 
volume was published in 1980 and shows the 
spatial distribution of cancer mortality, by census 
division, during the period 1966 to 1976. Maps 
of sixteen cancers, or groups of cancers, are 
provided, together with an appendix of age stan-
dardized mortality rates, calculated by the direct 
method, using the 1971 Canadian population as 
standard. Data from this appendix, for both 
sexes, was abstracted for use in the current 
study. It consisted of mortality rates for five 
cancer categories related to the digestive tract; 
namely those of the tongue, mouth and pharynx; 
stomach, large intestine, rectum and colorectal 
cancer. 

To explore the possibility that Canadian 
regional variations in mortality from cancers of 
the digestive tract were due, in part, to water 
quality differences, it was necessary to use 
hydrological data, also collected during the 
period 1966 to 1976, in any analysis. 
Fortunately, in 1970, a group of research 
workers from the University of Ottawa and 
Health and Welfare Canada began to explore the 
possibility of the existence of significant links 
between the chemical content of drinking water 
and cardiovascular health.15 To achieve this 
objective they undertook a nation-wide sampling 
of drinking water. This was collected from five 
hundred and twenty-six communities, with 
populations of at least 1,000, between June 1970 
and December 1972, generally during the winter 
of 1971. One-hundred and fifty-two of these 
locations were then re-sampled at random to 
gauge seasonal fluctuations. In addition, all 
settlements with a water hardness of over one-
hundred parts per million and cities with 
populations greater than 100,000 were sampled 
again in 1972 in greater detail. All information 
collected from November 1970 to December 
1972 was then collated and published.15 This 
data bank included details of water hardness and 
the total calcium, magnesium, lithium, copper, 
zinc, chromium and cadmium content of the 
drinking water of the 
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communities involved. However, during 
laboratory analysis,   Neri and  his colleagues15  
had  established  the  levels of some elements, 
especially magnesium and lithium, more 
frequently than others. The magnitude of the 
sampling effort, its national scope and the time 
period involved meant that this survey 
represented an ideal source of water quality 
information. Permission was kindly received 
from Dr. L. C. Neri16 to rework this data bank to 
determine whether there were any significant 
links between these measured water quality par-
ameters and cancer mortality rates. Since the 
location of each water supply had been identified 
by latitude and longitude, it was possible to 
establish from which census division it had been 
taken. The age standardized mortality rates for 
various cancers of the digestive tract were also 
known for each  of these  census divisions.14 As a 
result, Pearsons correlation could be used to 
establish the strength of the associations between 
those two groups of variables. The remainder of  
this  paper seeks  to describe and discuss the 
correlations between these data sets. It should be 
pointed out, however, that because of the nature 
of the water sampling procedure and variations in 
size of census divisions, some of the latter had 
far more complete water quality data than others. 
Two methods of analysis were, therefore, 
attempted. In the first, all water quality data, in 
the form provided by Neri and his associates,15 
was utilized in the correlations. In the second, an 
arithmetic mean was calculated for each water 
quality parameter, for every census division for 
which such data was available. This mean was 
then used to represent this parameter when 
calculating Pearsons correlation coefficients. 
Whilst these two approaches resulted in minor 
variations in the strength and statistical 
significance of correlations, both methods 
identified the same major trends. For this reason 
only the results obtained using the first method 
of analysis will be presented in the paper. 

Results 
There is little evidence of statistically 

significant (p = 0.01) correlations between 
mortality from cancer of the digestive system and 
levels of metals in Canadian drinking water. 

While this generalization is true for both males 
and females, a few minor exceptions should be 
noted. The analysis, for example, established a 
low, yet still significant negative correlation (r = 
-0.06377, p = 0.0029) in females between cancer 
of the tongue, mouth and pharynx and 
concentrations of copper in drinking water at the 
national level. A positive low, yet significant, 
correlation (r = 0.08921, p = 0.0001) was also 
discovered between this element and cancer of 
the stomach, in the same sex. No further 
national correlations between any other female 
digestive tract cancers and chromium, cadmium, 
copper or zinc drinking water concentrations 
were found to be significant at the 0.01 level. 
Similarly, there were no statistically significant 
associations between digestive tract cancers and 
chromium or cadmium in males at the national 
scale. There was, however, a relatively low, yet 
significant positive correlation (r = 0.11170, p = 
0.0001) between copper levels and cancer of the 
stomach. A weak negative correlation (r =-
0.07011, p = 0.0009) was also noted between 
mortality from cancer of the rectum and levels 
of zinc in drinking water. In contrast, the 
analysis established repeated significant 
negative correlations between the hardness and 
lithium, calcium and  magnesium content of 
water and cancers of the tongue, mouth and 
pharynx; stomach, large intestine, rectum and 
colorectal cancer (Table 1). Although some 
exceptions can be seen to this generalization in 
this table, many negative associations seem 
present at both national and provincial scales. 
To illustrate, in males, there appears to be a 
repetitive negative correlation between drinking 
water magnesium levels and cancer of the 
tongue, mouth and pharynx. This can be seen for 
Canada as a whole (r = -0.30440, p = 0.0001) 
but also in British Columbia (r = -0.52745,  p =  
0.0001);  Alberta (r =  -0.25901, p = 0.0001); 
Saskatchewan (r = -0.17338, p = 0.0283); 
Manitoba (r = -0-44400,  p = 0.0001);  Ontario 
(r = -0.22669, p = 0.0001); Quebec (r = -
0.15014, p = 0.0004; New Brunswick (r = -
0.32619, p = 0.0008); and Newfoundland (r = -
.14339, p = 0.2045). The only exception to this  
inverse relationship proved  to be Nova Scotia (r 
= 0.17906, p = 0.0248). No 
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Table 1 
Pearson Correlation Coefficients Between Cancers of the Digestive Tract and 

the Hardness and Calcium, Magnesium and Lithium Content of Drinking Water 

 
62 



                                                                                                Water Quality and Cancer of the Digestive Tract 

                                                                Table 1 (cont'd.) 

63



Journal of Orthomolecular Medicine        Vol. 4, No. 2, 1989 

                                                             Table 1 (cont'd.) 

 

64



Water Quality and Cancer of the Digestive Tract 

analysis could be undertaken for Prince Edward 
Island because of the very limited water quality 
data available from that province. 

As can be seen in Table 1 the strongest 
negative correlations, at the national level, are 
between colorectal cancer and magnesium in both 
males (r = -0.34463, p = 0.0001) and females (r = 
-0.29142, p = 0.0001). In addition, with one 
exception, all correlations between digestive 
cancer mortality and water hardness, lithium, 
calcium and magnesium content are negative, for 
both males and females, at the national scale. 
However, it should be noted that the strength of 
the correlations appear generally higher for males 
than for females. Similarly, the strongest negative 
correlations tend to be with magnesium followed 
in declining order by those with hardness, 
calcium and lithium. To illustrate, in Canadian 
males, cancer of the large intestine the 
correlations, all significant at the 0.0001 level, 
are as follows: magnesium (r = -0.34180), 
hardness (r = -0.29368), calcium (r = -0.26297) 
and lithium (r =-0.21742). 

While such correlations, in and by themselves, 
can never prove causal relationships, these results 
are highly suggestive. Interpretation, however, is 
complicated by the fact that these four water 
quality parameters are themselves strongly 
positively correlated. In Canadian water supplies, 
for example, lithium content correlated at the 
0.0001 level with magnesium (r = 0.58691), 
calcium (r = 0.74801), and hardness (r = 
0.70111). Similarly there are marked positive 
correlations, at the same level of significance, 
between magnesium and both calcium (r = 
0.68321) and water hardness (r = 0.83200). There 
is also a very strong positive link between 
calcium and water hardness (r = 0.93448). These 
correlations reflect geological realities. Water 
flowing over or through sedimentary rocks, as in 
the Canadian Rockies, tend to be hard and 
relatively enriched in these three elements. In 
contrast, soft water, from igneous or 
metamorphic aquifers or drainage basins, as, for 
example from the Canadian Shield, is relatively 
deficient in these three substances.17 

While colinearity complicates interpretation, it 
nevertheless seems pertinent to 
explore the literature for further evidence that 

mortality from cancer of the digestive tract may 
be influenced by levels of calcium, magnesium 
and lithium in drinking water supplies. 

Discussion 

Cancer of the mouth, tongue and esophagus 
Cancer of the upper digestive tract, including 

that of the esophagus, is relatively uncommon in 
North America and indeed western Europe.18 
Nevertheless, esophageal cancer is overall one 
of the most common global cancers. A salient 
feature of this disease includes its very low rates 
amongst females in many populations, even if 
mortality amongst males is high. Elevated 
incidence, for example, occurs amongst South 
African and North American black males. It is 
also very common in India and China amongst 
migrant Chinese.18 Of particular interest to 
geographers is the central Asian esophageal 
cancer belt which includes northern Sinkiang in 
China; Kazakhstan, Uzbekistan and 
Turkmenistan in the Soviet Union, the north-
east of Iran and northern Afghanistan. In Europe 
there are also elevated mortality rates in north-
east Italy and in some of the cantons of Brittany 
and Normandy in France.18 

It has been established in Europe that alcohol 
and tobacco use are major agents in the etiology 
of cancers of the mouth and esophagus.19 
Furthermore, the risk associated with heavy 
consumption of both alcohol and tobacco is 
extreme, people drinking in excess of 120 grams 
of ethanol per day and smoking more than 30 
grams of tobacco being at 150-fold greater risk 
of developing cancer of the esophagus than 
individuals who drink less than 40 grams of 
ethanol and smoke fewer than 9 grams of 
tobacco.19 This probably accounts for the low 
rates in women who rarely smoke and drink in 
such large quantities. However, as Day18 points 
out differences in alcohol and tobacco 
consumption are not responsible for the marked 
variation in mortality from esophageal cancer 
within Brittany or Normandy, nor can they ac-
count for the extremely high death rates in 
China, Soviet Central Asia and northern 
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Iran.20 It is of interest, however, that tobacco 
smoke is known to be antagonistic with calcium, 
while alcohol has a similar relationship with 
magnesium.21 

Clearly, more than direct tobacco and alcohol 
consumption are involved in the etiology of 
cancer of the upper digestive tract. Indeed, there 
is a growing belief that micro-nutrient 
deficiencies or imbalances may provide a 
unifying explanation for the epidemiology of 
cancer of the esophagus.22 Foster12 has argued 
elsewhere that the distribution of esophageal 
cancer in Brittany and Normandy is largely a 
reflection of water hardness, mortality being 
depressed in areas with drinking water that is 
derived from the Carboniferous Limestone. In 
Italy, the highest rates of cancer of the esophagus 
occur on northern Palaeozoic rocks, whilst the 
lowest mortality is found in the south, on the 
Cretaceous Chalk. It is further argued by Foster12 

that the great central Asian esophageal cancer 
belt coincides with aeolian, sandy soils that are 
highly saline and deficient in calcium and 
magnesium. 

The preceding Canadian analyses appear to 
provide additional support for the hypothesis that 
cancers of the upper digestive tract are most 
common in soft water areas. Why is uncertain. It 
may simply be that hard waters, rich in 
magnesium, calcium and lithium, tend to 
maintain an alkaline tract, reducing the 
carcinogenic effects of the acidity of tobacco, 
alcoholic drinks and other irritants. Alternatively, 
selenium, which is thought to be protective 
against certain digestive tract cancers23 is known 
to be more soluble in alkaline water.2 3 It is 
possible, therefore, that a more alkaline diet 
simply elevates selenium absorption. However, 
there appears to be more involved than this, since 
animal studies indicate a significant link between 
calcium and the terminal differentiation of 
esophageal epithelial cells. Babcock and his 
colleague,24 for example, found it impossible to 
achieve the clonal growth and serial propagation 
of rat esophageal epithelial cells without 
reducing the calcium concentration of their 
serum-containing medium by a factor of ten. 
Calcium levels of 0.3 mM or higher were found 
to cause the cells to statify and undergo terminal 
differentiation, making them of less value in the 

study of carcino-genesis. Clearly, therefore, in 
rats the amount of calcium in serum influences 
the development of esophageal epithelial cells. If 
this process also occurs in humans then low 
mortality rates for cancer of the upper digestive 
tract in hard water areas becomes more 
explicable. 

Stomach cancer 
The world geography of cancer of the stomach 

has recently been reviewed by Coggon and 
Acheson.25 These authors concluded that the 
incidence of this disease was particularly high in 
Japan, China, Columbia, Brazil, Yugoslavia, 
Hawaii and Finland and low in Senegal, India, 
Canada, the United States and Australia. In both 
men and women, there is more than a 20-fold 
difference between the highest rate, found at the 
Miyagi, Japan registry and the lowest, recorded 
at Dakar, Senegal. As Foster12 previously pointed 
out, it is of considerable interest that the highest 
incidence is found in Japan. Japanese water is 
known to be almost universally soft, the average 
hardness being less than 40 ppm, compared to 
the United States with a mean hardness of 
municipal water of 139 ppm.26 In contrast, the 
Senegalese are thought to drink the world's 
hardest water, which may often contain as much 
as 3.5 grams per litre of calcium and magne-
sium.27 

In addition to the major international 
differences in the incidence of and mortality 
from stomach cancer, significant geographical 
variations also occur within countries.25 The high 
incidence of stomach cancer in North Wales, for 
example, has been known for at least 50 years.28 
Foster12 has suggested that in England and 
Wales, as elsewhere, stomach cancer incidence is 
particularly elevated where the water is soft and 
either it, or the diet, is also highly saline. Support 
for the view that elevated salt intake also plays a 
significant causal role has come from Japan29 and 
Columbia30 where positive correlations have 
been established between the use of salt in food 
and variations in local stomach cancer mortality. 

It has also been suggested that N-nitroso 
compounds may play a role in the pathogenesis 
of stomach cancer.31 However attempts to 
correlate mortality with levels of 
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nitrate in public water supplies have yielded 
inconsistent results.32 33 

Coggon and Acheson25 concluded that "of all 
the dietary relationships which have been 
investigated a harmful effect of salt and a 
protective action of fresh fruit and vegetables are 
perhaps most likely to influence the geographical 
distribution of stomach cancer". While this may 
well be true, the effects of these variables in 
Canada41 and elsewhere appears more pro-
nounced when the drinking water is soft. Why is 
as yet unclear. 

Colorectal cancer 
There is growing evidence to suggest a link 

between high fat diets and cancer of the colon.34 
It is thought that an elevated fat intake may 
increase the secretion of bile acids, which are 
needed to help digest fat. These acids are thought 
to alter the bacterial population in the large 
bowel, increasing the conversion of primary bile 
acids to secondary ones. These in turn may 
promote lesions that are already present in the 
bowel, so encouraging carcinogenesis.35 It has 
been suggested that calcium may convert fatty 
acids and free bile in the colon to insoluble soaps, 
so reducing this postulated carcinogen process.36 

A possible link between reduced mortality 
from colorectal cancer and elevated calcium 
intake has also been noted in Scandinavia. Here 
Teppo and Saxen37 established that the incidence 
of colorectal cancer was inversely correlated with 
milk consumption. A similar relationship was 
noted in Seventh-Day Adventists by Phillips.38 
This link was further confirmed by a prospective 
study of diet and health, conducted at the 
Western Electric Company Hawthorne Works in 
Chicago from 1959 to 1979. The initial study 
group consisted of 2,107 white men, of which 49 
eventually suffered from colorectal cancer. 
Analysis of data confirmed that those who 
subsequently developed such a malignancy 
tended to eat diets that were low in both calcium 
and vitamin D.36 More recently, Lipkin and 
Newmark39 gave a daily supplement of 1.25 
grams of calcium carbonate to ten individuals 
who ate fatty diets and were considered at high 
risk from colon cancer because of their family 
histories. Within 2 to 4 months the colon linings 
of 

these patients showed greatly reduced epithelial 
cell proliferation, similar to that observed in low 
risk subjects. 

While the present analysis appears to confirm 
that elevated calcium intake may reduce 
mortality from colorectal cancer, it should be 
pointed out that the negative correlations shown 
in Table 1 appear more significant for 
magnesium, at both national and provincial 
levels. In Newfoundland, for example, while the 
negative relationship between male colorectal 
cancer and calcium is marked (r = -0.57518, p = 
0.0026), it is less impressive than that between 
this cancer and magnesium (r = -0.69628, p = 
0.0001). Whether magnesium plays a similar 
and perhaps even more effective role than 
calcium in reducing the significance of bile or in 
mitigating epithelial cell proliferation is 
uncertain. Even less is known of the importance, 
if any, of lithium in reducing the incidence of 
colorectal cancer.40 
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