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l. INTRODUCTION

Low mineral intakes from foods and water are common in many parts of the world. Today,
sub- clinical deficiencies of iron, zinc and calcium prevail in the developed and developing world.
Although dozens of geographical studies have been conducted on minerals in drinking water and
their relationships to various diseases, the daily intake and the status of deficiency as well as their
health consequence are still largely unknown. Furthermore, mineral bioavailability may change
due to different stage of growth and ageing. In this chapter the health implication of low mineral
content in drinking water in different age groups and gender from various parts of the world is
assessed. Studies from Asia, North America, Europe, Africa and Australia were reviewed with
regard to minerals in drinking water and the health effects reported.

Il.  STUDIES IN ASIA

Soft water is commonly consumed in most parts of Asia. The levels of calcium, magnesium
and zinc in drinking water are usually low. Several epidemiological investigations on the possible
associations between the risk of esophageal, gastric, rectal and colon cancers and minerals in
drinking water, in particular hardness have been reported in Taiwan. These case-control studies
showed excess risk of several types of cancers in relation to the use of soft water. In one of their
studies, Yang and his colleagues reported a 42% excess risk of mortality from esophageal cancer
in relation to the use of soft water (1). For rectal cancer the odds ratio were 1.24 and 1.38
respectively, for exposure to moderately hard water and soft water compared with the use of hard
water (2). The same group of researchers also showed that there was a significant negative
relationship between drinking water hardness and colon cancer mortality, with odds ratio of 1.22
and 1.46, respectively, for exposure to moderately hard water and soft water compared with the
use of hard water (3). Their earlier study also showed a significant negative relationship between
drinking water hardness and gastric cancer mortality. The odds ratios were 1.16 and 1.65
respectively, for exposure to moderately hard water and soft water compared with the use of hard
water (4).

In view of the limited data available from the Asian region on the daily intake of
nutritionally essential trace elements, a recent study was undertaken to estimate the daily dietary
intake and organ content of some selected trace elements. Nine Asian countries - Bangladesh,
China, India, Indonesia, Japan, South Korea, Pakistan, Philippines, and Vietnam--which
represented more than 50% of the world's population, participated in this study. Analysis of about
700 diet samples was carried out for four common (calcium, potassium, magnesium, and sodium)
and eight trace (chromium, cobalt, copper, iron, iodine, manganese, selenium, and zinc) elements.
These samples consisted of total cooked foods, market basket and 225 staple foods. The
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maximum inter-country variation was observed for iodine intake (factor of more than 45), being
highest for Japan and lowest for Pakistan. For iron, an important trace element, the variation
between the intakes was a factor of four being lowest for Vietnam and highest for Pakistan (5).
Overall data suggest that the intake of minerals from diet varied tremendously and residents in
many of the studied countries have low intakes of various essential minerals.

A number of studies carried out in several Asian countries have shown negative correlations
between coronary mortality and the presence of trace elements in water supplies. A cross-
sectional survey was conducted in 20 randomly selected streets in North India to determine the
association of magnesium with risk of coronary artery disease (CAD). The results suggest that
magnesium intake and serum magnesium were inversely correlated with CAD. The odds ratio for
dietary magnesium intake indicates a higher prevalence of CAD at lower intakes of magnesium in
both rural (0.67) and urban (0.72) subjects. Multivariate regression analysis showed that serum
and dietary magnesium, but not hypertension, were significantly associated with CAD (6,7). Data
on water hardness throughout Taiwan have been collected to examine the ecological correlation
between deaths from coronary disease (1981-1990) and total hardness in drinking water. Analysis
demonstrates a significant negative association between drinking water hardness and coronary
mortality. After adjustment for the urbanization index, coronary mortality in municipalities with
soft water was estimated to be 9.6% higher than that in municipalities with hard water. The
weighted multivariate-adjusted regression coefficient indicated a decrease of 0.053 in
standardized mortality ratios (SMRs) for every 100 mg/L increase in total hardness in drinking
water after allowing for the urbanization condition (8). The same group of researchers further
examined specifically whether calcium and magnesium in drinking water are protective against
cerebrovascular disease and the general finding suggests that there was a significant protective
effect of magnesium intake from drinking water on the risk of cerebrovascular disease (9).

1.  Hypertension

Hypertension is a complex, heterogeneous disorder whose exact etiology is unknown. The
difficulty in ascribing an independent role to a single dietary constituent in blood pressure
regulation may be due to interactions among nutrients that influence blood pressure. Several
clinical, experimental and epidemiologic studies have supported the role of magnesium in
hypertension, whereas a few studies negate this role. Magnesium deficiency can predispose to
increased contractility of the arteries and its excess can modulate smooth muscle contractility
caused by bradykinin, angiotensin II, serotonin, prostaglandins and catecholamines. The possible
association of magnesium and hypertension was examined in a cross-sectional survey in two
randomly selected villages in North India; the overall findings suggest that intake of magnesium,
and also serum magnesium levels were inversely associated with the risk of hypertension (7).

2. Cognitive Function

The relation between trace element levels in drinking water and cognitive function was
investigated in a population-based study of elderly residents (n = 1,016) in rural China. There was
a significant quadratic effect for calcium and a significant zinc-cadmium interaction. Cognitive
function increased with calcium level up to a certain point and then decreased as calcium in water
continued to increase. In contrast, zinc showed a positive relation with cognitive function at low
cadmium levels but a negative relation at high levels (10).

3. Fluoride

A large scale epidemiological study was conducted among 45,725 children in India exposed
to high intake of endemic fluoride in the drinking water since their birth. Children with adequate
(dietary calcium > 800 mg/d) and inadequate (dietary calcium < 300 mg/d) calcium nutrition and
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with comparable intakes of fluoride (mean 9.5 +/- 1.9 mg/d) were compared. The toxic-effects of
fluoride were severe and more complex and the incidence of metabolic bone disease (rickets,
osteoporosis, and PTH bone disease) and bony leg deformities (genu valgum, genu varum,
bowing, rotational and wind-swept) was greater (>90%) in children with calcium deficiency as
compared to <25% in children with adequate calcium who largely had the osteosclerotic form of
skeletal fluorosis with minimal secondary hyperparathyroidism. The findings suggest that
children with calcium deficiency rickets reported in the literature should be re-investigated for
possible fluoride interactions. Drinking water supply with fluoride <0.5 ppm and improvement of
calcium nutrition provide protection against the toxic effects of fluoride and are recommended as
the cost effective and practical public health measures for the prevention and control of endemic
fluorosis (11).

4.  Low Birth Weight

Magnesium is required in higher quantities, during the phase of rapid growth in children. Its
level in the ground water in Kerala, India is low and is believed to cause magnesium deficiency,
especially in children from the lower socio-economic groups who also suffer from nutritional
insufficiency. Nair and colleagues (12) compared the serum and erythrocyte magnesium levels of
school children from high and low socio-economic classes. The results showed that serum and
erythrocyte magnesium levels were significantly lower in both boys and girls from low socio-
economic groups who also consumed ground water and had lower body mass indices.

A few previous studies have looked at the relationship between pregnancy outcome and
magnesium nutritional intake and found that magnesium supplementation could have beneficial
effects on prenatal outcome. One study (13) examined the relationship between the levels of
magnesium in drinking water and the risk of delivering a child of very low birth weight (birth
weight less than 1500 g; VLBW). The study population comprised 1,781 women residing in 252
municipalities in Taiwan who had a first parity singleton birth during a five-year period, for
whom complete information on maternal age, education, gestational age, birth weight, and sex of
the baby were available. The results showed that there was a significant trend toward a decreased
risk of having a child of VLBW with increasing magnesium levels in drinking water (14). It was
hypothesized that calcium supplementation can reduce smooth muscle contractibility and tone and
that this effect can be clinically manifested by a reduction in blood pressure and a reduction in the
incidence of premature delivery. A study similar to that on magnesium was also conducted on the
relationship between the levels of calcium in drinking water and the risk of delivering a child of
very low birth weight (VLBW) in Taiwan. The study population comprised 1781 women residing
in 252 municipalities in Taiwan who had a first-parity singlet birth between January 1, 1993 and
December 31, 1997 and for whom complete information on maternal age, education, gestational
age, birth weight, and sex of the baby were available. The results suggest a significant protective
effect of calcium intake from drinking water on the risk of delivering a VLBW baby (14).

I11. STUDIES IN PAN-AMERICA

Iron deficiency and related anemia are common in the developing world. Dutra-de-Oliveira
and deAlmeida (15) evaluated the feasibility of iron fortification of domestic drinking water to
prevent and control iron deficiency and iron-deficiency anemia. Twenty-one families representing
88 persons, including children, were selected to participate in this study. Iron-fortified drinking
water increased hemoglobin. No significant changes in hemoglobin and ferritin were found in the
placebo group after 4 months.
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IV. STUDIES IN AFRICA

Similar to Latin America, relatively few studies have been conducted in Africa on minerals
and water consumption. The mortality rates for acute myocardial infarction and ischemic heart
disease (IHD) of white males and females in South Africa were noted to be much higher than
those in the USA, Australia, England and Wales when individuals in the 15- to 64-year age group
are considered. Magnesium levels in the drinking water of 12 South African districts and deaths
due to IHD were assessed in white residents in the South Africa and a significant negative
correlation was found between these two variables (16). An increased incidence of sudden death
associated with ischemic heart disease has been found in some areas in South Africa which soil
and drinking water lack magnesium. It was demonstrated experimentally that reduction of the
plasma magnesium level is associated with arterial spasm (17).

V. STUDIES IN NORTH AMERICA

The US diet is low in magnesium, and with modern water systems, very little is ingested in
the drinking water (18). Of major concern of this low intake of magnesium is the association
between cardiovascular problems, such as myocardial infarction, hypertension, congestive heart
failure, and hypomagnesaemia. In addition, evidence is mounting regarding the relationship
between both types I and type II Diabetes Mellitus, and magnesium deficit.

Turner et al (19) determined the nutrient intake from food across trimesters for middle-to
upper-income pregnant women compared with estimated average requirements (EAR) to
determine whether food intake exceeded the tolerable upper intake level (UL) for any nutrient.
The findings suggest probabilities of usual nutrient intake from food being less than the EAR
were highest for iron (0.91), magnesium (0.53), zinc (0.31), vitamin B6 (0.21), selenium (0.20),
and vitamin C (0.12). In contrast, women were not at risk of exceeding the UL from food intake
for any nutrient studied. These data provide evidence that the study participants did not consume
adequate amounts of iron from food to meet the needs of pregnancy, and therefore the authors
recommended iron supplementation for this population.

Annual mortality rates for 1968 of six types of cardiovascular diseases among persons over
45 years of age in 24 Texas communities were compared with respective community drinking
water and urine metal levels of calcium, magnesium, potassium, lithium, strontium, and silicon.
Numerous inverse correlations were found between mortality rates and the levels of various
metals in both drinking water and urine. Positive correlations were also observed between several
of the mortality rates and the ratio of the concentration of sodium to that of the other metals in
both water and urine. Mean community urinary levels of lithium, magnesium, strontium, and
silicon showed a direct correlation to the levels of exposure via the drinking water. The results of
this study suggest that calcium, magnesium, lithium strontium, and silicon may protect against
cardiovascular mortality; possibly, by competing with sodium and potassium for transport in the
intestinal lumen, increasing excretion of sodium, or other mechanism (20). Another investigation
was conducted in 1980 to evaluate the association of cardiovascular diseases and drinking water
constituents. A sample of 4200 adults was randomly selected from 35 geographic areas to
represent the civilian noninstitutionalized population of the contiguous United States. Each
participant was interviewed and given a thorough physical examination and a tap water grab
sample was collected from each participant's residence and analyzed for 80 inorganic chemical
constituents. Hardness and calcium appeared to follow the normal trend of negative associations
with the mortality rates for most groups of cardiovascular diseases, whereas the area means for
copper and lead were positively associated. Zinc and cadmium associations were examined, but

64



the range of constituent levels in the sampled drinking waters was too small for meaningful
interpretation of the results (21).

Bloom and Peric-Golia (22) searched for evidence of myocyte calcification in hearts of
patients found to have AMI at autopsy in Salt Lake City, a region with a low myocardial infection
death rate, and Washington, DC, a region with a high myocardial infection death rate. The basis
of this difference in myocyte calcification is unknown, but it may be related to the fact that the
Salt Lake City drinking water contains a higher level of magnesium, which is known to protect
against soft tissue calcification, than does that of Washington, DC. This finding is consistent with
the apparent protection that dietary magnesium exerts against myocardial infarction death.

In both humans and experimental animals, dietary induced magnesium deficiency is
correlated with insulin resistance. A study was performed to determine whether dietary
magnesium intake is associated with insulin sensitivity or blood pressure in a sample of
nondiabetic, young adult black Americans. The authors (23) examined dietary calcium,
potassium, and sodium intake of young adults and who had been followed longitudinally. Nutrient
intake was assessed by obtaining a 24-hour recall interview of dietary intake. There was a
significant negative correlation of total dietary magnesium intake with the sum of insulin levels
measured during an oral glucose tolerance test. The results suggest a possible role for dietary
magnesium in insulin resistance Lower levels of dietary and serum magnesium have been
associated with an increased prevalence of hypertension, insulin resistance, and diabetes. Studies
suggest a greater prevalence of occult magnesium deficiency among African-Americans
compared to other populations. This increased prevalence of hypomagnesaemia may contribute to
increased insulin resistance leading to accelerated atherosclerosis and premature death (24).

Schwartz and colleagues (25) conducted a study to assess the impact of water hardness on
urinary stone formation. Patients who form calcium stones (n = 4833) were identified
geographically by their zip codes. Water hardness information from distinct geographic public
water supplies was obtained, and 24-hour urine chemistries were evaluated. The calcium and
magnesium levels in the drinking water were analyzed as independent variables. The results
indicated that the number of total lifetime stone episodes was similar between patients residing in
areas with soft public water and hard public water. Patients consuming the softest water decile
formed 3.4 lifetime stones and those who consumed the hardest water developed 3.0 lifetime
stones (P=0.0017). The 24-hour urine calcium, magnesium, and citrate levels increased directly
with drinking water hardness, and no significant change was found in urinary oxalate, uric acid,
pH, or volume. The impact of water hardness on urinary stone formation remains unclear, despite
a weak correlation between water hardness and urinary calcium, magnesium, and citrate
excretion. Tap water, however, can affect urinary electrolytes in patients who form calcium stones
(25).

VI. STUDIES IN EUROPE

The role of water hardness as a risk factor for cardiovascular disease has been widely
investigated and evaluated with regard to regional differences in Europe. Water constituents like
magnesium, calcium, etc. were found to be usually negatively associated with cardiovascular
diseases in a study of more than 600 water supply areas in the Federal Republic of Germany (26).
To study the influence of drinking water composition on the risk of myocardial infarction a study
was conducted in 1983 on men 30-64 years of age who had been discharged with a first acute
myocardial infarction (AMI) in a hospital in Finland. Results were consistent with the hypothesis
that both low fluoride and a low Mg intake are conducive to atherosclerosis leading to AMI (27).
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Ischemic heart disease (IHD) is a major public health problem in most industrialized countries. In
the death rates from IHD, marked differences exist between various countries and also between
different areas of individual countries. Unfavorable dietary factors appear to play an important
role in the etiology of IHD, and thus differences in dietary habits and the quality of food may be
mainly responsible for the geographic differences in the prevalence of IHD. Reduced intakes of
potassium and magnesium may increase the death rate from IHD by predisposing the heart to fatal
arrhythmias, and also by other mechanisms. The likelihood of magnesium deficiency also appears
to be influenced by the area of residence. Karppanen (28) claimed that the higher-than-average
death rates from [HD in the North Karala area in eastern Finland and in some other areas with
exceptionally high death rates from this disease may be at least partly due to the very low levels
of magnesium in the soil and drinking water. He concluded that electrolyte disturbances have
important implications in the etiology and pathogenesis of IHD. Leoni et al (29) studied the
pattern of mortality resulting from cardiovascular diseases, ischemic heart diseases, and
cerebrovascular diseases in the region of Abruzzo, Italy, which has a population of 594,323.
These variables were then correlated with mortality rate and water hardness. An inverse
correlation was observed between drinking water hardness and mortality due to cardiovascular
disease, for individuals aged 45-64 yr. The incidence of sudden cardiac death among the
population of the Media Valle del Serchio area in Italy, which made up of 35,000 residents, was
found to be twice that of the European average (9 per 10,000 in the examined year). The high
incidence of sudden cardiac death among the residents correlated with water that was of very low
total hardness (30).

The relation between death from acute myocardial infarction and the level of magnesium in
drinking water was examined using mortality registers and a case-control design. The study area
comprised 17 municipalities in the southern part of Sweden that have different magnesium levels
in the drinking water. The odds ratios for death from acute myocardial infarction in the groups
were inversely related to the amount of magnesium in drinking water. For the group with the
highest levels of magnesium in drinking water, the odds ratio adjusted for age and calcium level
was 0.65. There was no such relation for calcium. For the magnesium/calcium quotient, the odds
ratio was lower only for the group with the highest quotient. Magnesium in drinking water
correlated as an important protective factor for death from acute myocardial infarction among
males (31).

To examine whether higher concentrations of magnesium in drinking water supplies are
associated with lower mortality from acute myocardial infarction a geographical study using
13,794 census enumeration districts was studied. Water constituent concentrations (magnesium,
calcium, fluoride, lead) were measured according to water supply zones in North England. The
relative risk of mortality from acute myocardial infarction for a quadrupling of magnesium
concentrations in drinking water (for example, 20 mg/l vs 5 mg/l) was 1.01. There was no
evidence of a protective effect for acute myocardial infarction even among age, sex, and
deprivation groups that were likely to be relatively magnesium deficient. For ischemic heart
disease mortality, however, there was an apparent protective effect of magnesium and calcium
(with calcium predominating in the joint model), but these were no longer significant when the
geographical trends were incorporated. The authors suggested that there was no evidence of an
association between magnesium concentrations in drinking water supplies and mortality from
acute myocardial infarction. The main finding of this study does not support the hypothesis that
magnesium is the key water factor in relation to mortality from heart disease (32). In another case-
control study, Rubenowitz and his colleagues investigated the levels of magnesium and calcium in
drinking water and death from acute myocardial infarction among women. The study population
encompassed 16 municipalities in southern Sweden. Cases were women who had died from acute
myocardial infarction between the ages of 50 and 69 years during 1982-1993 (N = 378), and
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controls were women who had died from cancer (N = 1,368). The results suggest that magnesium
and calcium in drinking water are important protective factors for death from acute myocardial
infarction among women (33). Rubenowitz et al (34) further investigated the importance of
magnesium and calcium in drinking water in relation to morbidity and mortality from acute
myocardial infarction. Cases were men and women 50-74 years of age living in 18 Swedish
municipalities who had suffered an acute myocardial infarction some time between October 1,
1994, and June 30, 1996. They classified subjects by quartile of water magnesium or calcium
levels. The risk of death was 7.6% lower in the quartile with high magnesium levels (> or = 8.3
mg/liter). The odds ratio for death from acute myocardial infarction in relation to water
magnesium was 0.64 for the highest quartile relative to the three lower ones. Multivariate
analyses showed that other risk factors were not important confounders. These data suggested that
magnesium in drinking water is associated with lower mortality from acute myocardial infarction
(34).

Drinking water could be an important source of calcium in the elderly particularly because
of increased needs and decreased consumption of dairy products. Information about all deaths
(14,311) occurring in 69 parishes of the South-West of France for a seven—year study period from
1990 t01996) were investigated. A significant relationship was observed between calcium and
cardiovascular mortality with a relative risk, RR: 0.90 for non-cerebrovascular causes and RR:
0.86 for cerebrovascular. There was a protective correlational effect of magnesium concentrations
between 4 and 11 mg/l with a RR: 0.92 for non-cerebrovascular and RR: 0. 7 for cerebrovascular
mortality, as compared to concentrations lower than 4 mg/l. These findings suggest a potential
protective dose-effect relation between calcium in drinking water and some CVD. However, for
magnesium, a U-shape effect is possible, especially for cerebrovascular mortality (35).

A study was performed to evaluate the relation between calcium and magnesium in drinking
water and diet and risk factors for cardiovascular disease in individuals living in hard and soft
water areas with considerable differences in cardiovascular mortality in Sweden. Intake of
magnesium and calcium was calculated from the diet questionnaire with special consideration to
the use of local water. Household water samples were analyzed for magnesium and calcium. No
correlation was seen with magnesium content in household water to any of the risk factors.
Magnesium in diet was positively correlated to diastolic blood pressure (DBP). This study of
individuals living in soft and hard water areas showed significant correlations between the content
of calcium in water and major cardiovascular risk factors. Regression analyses indicated that
calcium content in water could be a factor in the complexity of relationships and importance of
cardiovascular risk factors. However, based on these results the authors were unable to conclude
any definite causal relation and suggest that further research is needed (36).

Calcium and magnesium deficiencies in particular have been considered as risk factors for
elderly people and have been implicated in the aging process. Their deficiencies in the elderly can
occur due to inadequate nutrient intakes from food and water, multiple drug use, or altered
gastrointestinal function. It is not known to what extent suboptimal intakes of trace elements such
as calcium and magnesium may affect the aging process; however, magnesium-deficient
conditions have been associated with neuromuscular and cardiovascular disorders, endocrine
disturbances and insulin resistance. Data presented in a review by Costello and Moser-Veillon
suggest that there was a decreased availability of magnesium in the food supply, lower intakes of
magnesium by elderly people, and widespread supplementation practices (37).

Gullestad et al (38) studied magnesium status among healthy elderly subjects. A study was
thus carried out on 36 healthy elderly subjects and their magnesium status was assessed by serum
Mg, basal urinary Mg output, and with a Mg loading test, and compared with 53 healthy younger
subjects. Their dietary intake was assessed by a quantified food frequency questionnaire. Basal
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urinary Mg excretion was 3.3 +/- 1.1 mmol/day and 24-hour Mg retention after a Mg load was 28
+/- 16% compared to 6 +/- 11% in younger controls, suggesting Mg deficiency in the elderly.
Their study also found a significant sub-clinical Mg deficit, not detected by serum Mg, in many
healthy elderly subjects. The data further indicated that Mg supplementation improved Mg status
and renal function.

A study aimed to examine the relationship between nitrate, zinc and magnesium in drinking
water and the risk of childhood-onset Type 1 diabetes mellitus was conducted by Zhao et al. (39)
in the far south-west of England. Five hundred and seventeen children, aged 0-15 years,
diagnosed with Type 1 diabetes mellitus between 1975 and 1996, were identified for inclusion in
the study. Poisson regression analyses showed that only zinc and magnesium were significant
factors. The data suggest that the incidence rate of childhood diabetes is significantly lower when
the concentrations of zinc and magnesium in the domestic drinking water are in the range 22.27-
27.00 microgram/l, 0.76) and greater than 2.61 mg/l, 0.72; respectively. Their findings suggest
evidence of a possible association between zinc and magnesium in the domestic drinking water
and childhood diabetes. However, these possible protective effects of zinc and magnesium in
domestic drinking water warrant further confirmation (39).

The role of calcium in the formation of kidney stones is controversial. Both amount and
timing of dietary calcium intake influence the recurrence of renal calcium stones. Bellizzi et al
(40) evaluated whether the hardness of drinking water modified the risk for calcium stones. The
urinary levels of calcium, oxalate and citrate, i.e., the main urinary risk factors for calcium stones,
were measured in 18 patients with idiopathic nephrolithiasis, in a double-blind randomized,
crossover fashion. As compared with both tap and soft water, hard water was associated with a
significant (50%) increase of the urinary calcium concentration in the absence of changes of
oxalate excretion; the calcium-citrate index revealed a significant three fold increase during
ingestion of hard water as compared with respect to soft water. This study suggests that, in the
preventive approach to calcium nephrolithiasis, the intake of soft water is may be preferable to
hard water, since it was associated with a lower risk for recurrence of calcium stones (40).

VIl. STUDIES IN THE WESTERN PACIFIC REGION

An attempt was made to determine whether an association existed between hardness of
water and certain cardiovascular diseases in primitive population groups who drink untreated
water collected directly from rivers. Blood pressure was measured in persons living in villages
along the banks of the Wogupmeri River in New Guinea. The water was analyzed for calcium
content. Trace element concentrations were also determined in toenails from the same subjects to
see whether a correlation existed (41). Calcium content of the river water decreased as the river
flows downstream, while blood pressure of the villagers living along this river increased. The
trace element analysis of toenails revealed strong correlations between aluminum and vanadium.
The concentrations of these two elements decrease with age. This association was present in both
sexes, in adults and in children. A similarly strong correlation also existed between these two
elements in staple food. This investigation tended to confirm the findings of earlier studies
indicating an apparently beneficial effect of relatively hard water on cardiovascular parameters.

VIll. CONCLUSION

This chapter has highlighted some recent studies on minerals in drinking water and their
relationship with various diseases. Most of these studies were conducted in Europe, Asia and the
US and the common minerals studied were calcium and/or magnesium. Among various diseases
studied, the cardiovascular system attracted the most attention. The relationship between the
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cardiovascular mortality and the mineral content of drinking water was first described by
Kobayashi (42) in Japan and Schoeder (43) in the US. Since then many studies have shown an
inverse relationship between cardiovascular disease (CVD) and the water hardness, especially the
magnesium content of the drinking water. Most of the investigations before 1980 were with
ecological design and geographical areas defined. Often, the mineral content of drinking water
was determined at the time of study after the time of the CVD events and thus the results could
not reflect the exact quality of water the persons have ingested before their death or were exposed
to. Furthermore, in most of these earlier studies the relationship between CVD mortality and
drinking water hardness was tested by simple regression analysis, without considering potential
confounding factors.

Based on epidemiological and clinical observations Marier and Neri (44) carried out a study
in 1985 to quantify the effect of waterborne magnesium on human mortality/morbidity in several
regions of the world. A consistent pattern emerged, indicating a global phenomenon that
waterborne magnesium could play an important role in protecting against cardiovascular trauma
and other ailments. The finding also attests to the inadequate magnesium status, especially of
those who reside in ultra-soft-water areas. A more recent comprehensive review was conducted
by Sauvant and Pepin (45) and arrived with a similar conclusion. The authors however cautioned
that although there is a relationship between drinking water and CVD mortality, based on over 30
ecological and geographical investigations, its causality is still not proven, but there are many
supporting arguments. Although there appears to be a close association of magnesium and
cardiovascular disease, it seems unlikely that this relationship can only be attributed to a
deficiency of calcium and magnesium in drinking water, because only 10-20% of the total daily
intake of calcium and magnesium is derived from drinking water, unless that marginal
contribution were significant to deficient diets. In some geographical areas, the magnesium
content of drinking water may provide 20-40% of a person’s daily requirement. For example, a
liter of water with 100 mg/liter of magnesium could make up 25% or more of the daily
magnesium requirement of 300 — 400 mg per day. A liter of water that is low in magnesium (<10
mg /liter) provides less than 3% of the daily requirement. It is true that the contribution of
magnesium in water to the total intake may be small, compared to the amount ingested in food.
On the other hand, the speciation of magnesium could explain its high bioavailability from water,
rather than from food (46). Because of this the magnesium supplementation of drinking water has
been suggested to reduce the incidence of some types of cardiovascular disease (47).

Calcium is found predominently in milk, milk products and in hard water. The
bioavailability of this mineral in water is believed to be at least as high as that of milk and milk
products (48). Finnish women, with the highest daily consumption of calcium (1,300 mg/day) had
the lowest frequency of fractures. In comparison, Japanese women, with the lowest calcium intake
(400 mg/day) had the greatest frequency of fractures (49). Significant subgroups in most
European populations have intake below the RDAs — below 10 to 40% of the RDA in zinc, iron,
calcium and magnesium (50). The intake of calcium either from diet or water among Asians are
known to be low because of soft water supply, dietary habits and cost. Recent studies have shown
that the intakes of calcium, zinc, magnesium, potassium and other essential minerals were
insufficient, and are a traditional problem in the Chinese diet (51).

A study conducted by Haring et al (52) investigated changes in the mineral composition of
food when cooked in waters of different hardness. The most significant differences were found for
calcium; the concentration of this element in potatoes and vegetables usually increased when
cooked in hard-water, while a decrease was noted when soft water was used.This finding suggests
that water used for cooking could indirectly affect the dietary intake of various trace elements
(52).
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Several studies have been conducted in Asia focusing on use of soft water and cancers, in
particular in southern Taiwan. This region is supplied by both soft and hard water. The authors
reported excess risks of several types of gastrointestinal cancers including esophageal, gastric,
pancreatic colon and rectum (1-4). Based on empirical material from the Polish Cancer Registry a
recent study in Poland also suggested the hypothesis that there is a possible association between
drinking water composition and an increase of liver cancer (53), although the status of hepatitis
and exposure to hepatotoxicants have not been investigated. Consumption of soft waters,
especially those low in calcium and magnesium, has also been associated with very low birth
weight, suggesting that the use of water with low mineral content many affect fetal growth
(13,14). However, no other similar studies have been conducted in other parts of the world.
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