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Abstract 
Many chronic degenerative diseases have been linked to high intake of various 
trace and heavy metals. The presence of these compounds in drinking water 
may be a significant contributing factor to total dietary intake and deposition, 
resulting in the propagation of a disease cascade. Dairy farm families residing 
in rural Ontario completed a survey pertaining to the health status of the in-
dividuals living on-farm. Water samples were also collected at each location 
and analyzed for mineral content. Out of 200 surveys delivered to farms, 134 
were returned, which formed a study group comprised of 218 adult and 230 
children participants. Taking into consideration several factors, such as ge-
netics, environment and diet, the data were analyzed for correlations between 
heavy metal and mineral status and the prevalence of neurodegenerative dis-
eases. The findings from this study suggest phosphorus, potassium and mag-
nesium concentrations may play a role in the development of neurodegenera-
tive diseases. Total hardness and pH of water may also have an impact on the 
development of these diseases. 
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1. Introduction 

The prevalence of a variety of chronic disease states is on the rise, with investiga-
tion into the causes of these conditions becoming a priority in human health re-
search. Conditions such as Multiple Sclerosis, Parkinson’s Disease, Alzheimer’s 
Disease, Amytrophic Lateral Sclerosis (Lou Gehrig’s Disease), Huntington’s dis-
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ease, and Creutzfeldt-Jakob Disease are of concern in today’s society, with over 
260,000 cases reported in Canada in 2012 [1] [2]. In particular, Alzheimer’s has 
been observed to have the most extreme increase in occurrence over the years, 
with approximately 42% of the reported cases representing those individuals in 
Canada that have been diagnosed with the disease or Alzheimer-related demen-
tia states [1] [2]. 

Although researchers have confirmed an underlying genetic component for 
many of the health disorders seen today–including those pertaining to the cen-
tral nervous system (CNS) focus has shifted to studying any existing environ-
mental factors that may also play an important role. Lately, strong links have 
been noted between minerals in the soil and water, and the development of 
chronic degenerative conditions [3] [4] [5] [6]. Ions of trace and heavy metals 
such as iron, manganese, aluminum, mercury, lead, copper, chromium and 
cadmium have been linked to the initiation of numerous neurodegenerative dis-
orders [1] [7] [8]. Iron especially has received attention with regards to Parkin-
son’s, Alzheimer’s and multiple sclerosis; researchers have localized the ion’s 
accumulation to regions of the brain that have been recognized to undergo dete-
rioration in these disease states [9] [10]. Peripheral and central nervous system 
regions which are notably affected include the spinal motor neurons for ALS, the 
cortex, basal forebrain, brain stem, and hippocampus in Alzhemier’s, the cortex, 
substantia nigra, and locus ceruleus for Parkinson’s, and the cortex, basal ganglia 
and striatum for Huntington’s disease [11]. The number of other metal types 
that pose an increased risk are characteristic to each disorder; zinc, mercury, 
aluminum, and copper also appear to be involved in Alzheimer’s, manganese, 
lead and copper in Parkinson’s, lead and copper in ALS, and copper in Huntin-
gon’s [11] [12]. 

Existing research dictates that multiple interwoven factors, such as genetics, 
environment and diet influence an individual’s health status and the expression 
of a disease state [3] [4] [5] [6]. Abnormalities at the genetic level have been 
proven to be largely influential in disorders of the brain like Parkinson’s, Alz-
heimer’s and Multiple Sclerosis [9] [10]. However, this does not discount the 
important role that heavy metals can play during the manifestation of these dis-
orders; studies have pinpointed various malfunctioning metal ion carriers that 
appear to be involved. While many suggest that oxidative damage caused by 
metals can, in fact, influence proteins at the genetic level thereby affecting the 
expression and functioning of metal carriers, others argue that metal accumula-
tion occurs possibly secondary to these physiological errors [11] [12]. Regardless 
of the mechanism, we believe heavy metal accumulation to be a an important 
player in chronic disease states, contributing largely to the progression and ex-
tent of neuronal degeneration in conditions like Parkinson’s, Alzheimer’s, Mul-
tiple Sclerosis and others. Furthermore, following analysis of our data we expect 
to see a correlation between disease prevalence and water quality; areas showing 
water contaminated with particularly high concentrations of heavy metals 
should present greater numbers of diagnosed individuals. 
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At present, approximately ninety percent of Ontario’s rural residents rely on 
groundwater as their main water source, which is accessed through wells [13]. 
The relationship between the mineral composition of water and the underlying 
regional geology thus cannot be ignored when considering the relationship be-
tween minerals and disease status. On average, adults consume 1200 mL of water 
daily [14], and the minerals obtained through this intake must not be dis-
counted. 

Investigations into the relationship between minerals in drinking water on 
dairy farms in Ontario, and the health status of the individuals residing on those 
farms were carried out during this study. The purpose of the study is to deter-
mine whether water mineral concentrations are associated with disease preva-
lence. Information regarding the health of dairy farm families was obtained 
through a survey, and water samples were collected at each farm location so that 
mineral intake through drinking water could be statistically linked to disease 
prevalence.  

2. Methods 
2.1. Study Population 

A cross-sectional survey was conducted in rural areas of western, central, and 
eastern province of Ontario, Canada. All participants were residing on dairy 
farms and were asked to consent to the completion of a written survey, returned 
by mail in an envelope provided by the researchers. Of the 200 surveys that were 
delivered to the dairy farmers, 134 surveys (67%) were completed and returned. 
Through the 134 surveys returned, information was gathered on 218 adults and 
230 children on dairy farms across the province of Ontario. 

The surveys, as well as the consent form, were approved by the University of 
Guelph Research Ethics Committee HS-098, and participants were asked to pro-
vide written informed consent on behalf of themselves and their children. 

2.2. Water Sampling 

Water samples were collected from all 200 farms as part of a larger study, while 
researchers were on farm conducting interviews with the farm family. Samples 
were taken directly from faucets that the family used for drinking and meal 
preparation, in 500 mL bottles supplied by Agri-Food Laboratories in Guelph, 
Ontario. The water samples were taken to Agri-Food Laboratories, where a 
complete mineral analysis (pH, nitrate nitrogen, phosphorus, potassium, mag-
nesium, calcium, chloride, sulphate, total salt, bicarbonate sodium, total dis-
solved solids, total hardness, zinc, manganese, copper, iron, boron and silicon) 
was performed on each sample by inductively coupled mass spectrometry.  

2.3. Questionnaire Contents 

The questions posed in the survey were designed to assess the health of dairy 
farm residents in relation to water chemical quality. Questions considered the 
influence of both environmental and genetic factors on the health status of these 



A. R. Richer et al. 
 

884 

individuals. The prevalence of various diseases, as well as chronic conditions and 
diagnosed disabilities were assessed through the survey. Questions pertained to 
both adults and children of the farm families, with a small number of questions 
specifically directed towards assessing the learning capabilities of children. Dur-
ing an on-farm visit with the participants, an interview was conducted and in-
formation was obtained regarding the ages of both adults and children living on 
each farm. 

Questions regarding the on-farm water source, the consumption of water 
on-farm, the frequency of purchase of bottled water, and the colour, odour, and 
clarity of the water were also asked in the survey. 

2.4. Statistical Analysis 

The following statistical methods were used in the analysis of data pertaining to 
the water sample test results and health survey results: 

A series of t-tests/Wilcoxon tests (geographical location vs. water mineral 
concentrations, disease prevalence vs. water mineral concentrations, total num-
ber of reported illnesses vs. geographical location), and chi-square tests/Fisher’s 
exact tests (geographical location vs. disease prevalence) were carried out. All 
analyses were conducted using The SAS System v. 9.1.3. 

Water mineral concentrations and pH were recorded in their appropriate 
units. Disease prevalence was recorded as a count (i.e. the number of respon-
dents at each location reporting a specific pre-determined subcategory of illness; 
neurological disease, cancer, respiratory conditions, cardiovascular disease, gas-
trointestinal disease, or skin disorders). Since very few respondents reported any 
of these conditions and even fewer respondents reported multiple occurrences 
either within or across subcategories, these outcomes were converted to binary 
events (i.e. presence vs. absence of a particular subtype of disease). Additionally, 
the presence of “any disease” (defined as the presence of at least one of the 
aforementioned disease categories) and the total number of diseases reported 
(defined as the sum of the counts across each of the individual disease subcate-
gories) were investigated. 

In order to uncover any potential correlation between the incidence of neuro-
logical disease the survey participants and mineral content of drinking water in 
corresponding regions a logistic regression model was applied to the data set. 
Since major effect may relate to several factors, including characteristics of each 
person (age, sex), farm water supply (mineral content, age of well), specific wa-
tershed and the dairy herd on the farm (incidence of conditions among the 
herd), we ensured that these effects were accounted for and chose to model them 
by means of fixed effects.  

The following formula was applied to the data set: 

( )log it Betaijk i jY X u v= ∗ + +  

where Yijk represents the health status of participants (i-th family, j-th farm, k-th 
person), X is a matrix of the regression matrix, which includes all predictors of 
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the model (age, sex, herd size), and Beta is a vector of the unknown effects of the 
predictors for the occurrence of neurological diseases in humans. The ui repre-
sents any uncorrelated random effects, which signal family effects that could be 
related to lifestyle (i.e. do individuals drink tap water, coffee, tea or not so much) 
or to genetics. We have assumed that families are independent; although there 
may be few related through marriage, the sample size would likely be too small 
to investigate this further with the data we have collected for the present study. 
The vj represents a second random effect that would model environmental ef-
fects due to farm location. Even if several wells tap the same aquifer, the drink-
ing water would still exhibit variation in its mineral content. Thus, we have cho-
sen to model the local variation in water mineral content via spatially correlated 
random effects. We would expect to see a spatial effect, whereby nearby farms 
are more similar than those further away. 

3. Results 

Disease Incidence vs. Water Mineral Concentrations 
A summary of the water mineral concentrations stratified by disease incidence 

is provided in Table 1. Water mineral concentrations are summarized by their 
median, minimum, and maximum values due to the skewed nature of their dis-
tributions. Associations between water mineral concentrations and disease inci-
dence were tested through a series of Wilcoxon tests. The pH is summarized by 
its mean and standard deviation and associations between pH and disease inci-
dence are determined through a series of t-tests.  

Table 1 finds evidence to suggest that phosphorus, potassium, and magne-
sium concentrations are significantly higher in farms reporting incidence of 
neurological disease than among farms in which this type of illness is absent. 
Total hardness is also marginally higher in farms with reports of neurological 
disease, but this finding did not quite reach statistical significance. pH is signifi-
cantly lower in farms reporting neurological disease than in those in which neu-
rological disease is absent. 
 
Table 1. Water mineral concentrations versus neurological disease incidence. 

Characteristic 
Neurological disease Statistical  

significancea Absent Present 

Number of cases n = 118 n = 16 n/a 

pH (mean +/− SD) 7.56 +/− 0.25 7.39 +/− 0.23 p = 0.0141 

Total hardness (ppmb) 238.11 (1.00, 2659.81) 322.49 (79.31, 1993.42) p = 0.0843 

Phosphorus (ppmb) 0.10 (0.10, 2.62) 0.10 (0.10, 1.44) p = 0.0211 

Potassium (ppmb) 0.10 (0.10, 29.18) 1.74 (0.10, 25.53) p = 0.0146 

Magnesium (ppmb) 22.41 (0.10, 454.40) 30.84 (9.22, 224.85) p = 0.0381 

Manganese (ppmb) 0.01 (0.01, 1.68) 0.02 (0.01, 0.12) p = 0.3861 

Iron (ppmb) 0.12 (0.01, 3.81) 0.07 (0.01, 0.73) p = 0.5546 

aSignificant effects (P < 0.05) are indicated in bold. bppm = parts per million. 
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4. Discussion  

In this study, we examined water mineral content and health status of individu-
als living on farm from a variety of properties in rural Ontario. Our results sug-
gest that mineral composition in drinking water on farms in Ontario may affect 
the prevalence of disease. Since many chronic degenerative diseases have been 
linked to high intake of various trace and heavy metals, the presence of these 
compounds in drinking water may be a significant contributing factor to intake 
and deposition, results in the propagation of a disease cascade.  

In the present study, increased mineral concentrations in drinking water in-
crease the incidence of neurological disease suggest that environmental factors 
affect the CNS. Increased levels of phosphorus, potassium and magnesium were 
associated with an increased prevalence of neurodegenerative diseases. Previous 
studies found when comparing clusters against metal concentrations in rural re-
gions those regions containing individuals with greater incidence of mental re-
tardation or delayed development were also found to contain higher concentra-
tions of heavy metals [4] [5]. Oyoo-Okoth et al. (2013) also found geologically 
enriched environments to be a contributor to high metal exposure in children; 
soil, water and locally grown food were all considered contaminated mediums 
through which exposure had likely occurred.  

As with any condition, certain populations and individuals are more suscepti-
ble to the consequences of heavy metal exposure; due to the risks of transpla-
cental transfer and the physiology of younger persons, pregnant women and 
children are particularly susceptible [5] [6] [15] [16]. More recently, research has 
indicated that child developmental disorders such as autism may have an 
auto-immune component associated with excess dietary iron [17]. Others have 
linked high lead exposure with behavioural and cognitive issues in children [18] 
[19] [20] [21]. Correlations have been recently noted for geographical areas of 
greater heavy metal load and the incidence of mental retardation and develop-
mental delay in individuals living in these areas [4]. Recent studies have indi-
cated higher heavy metal exposure in more industrialized areas that are heavily 
populated [5] [16]; however, exposure from particular sources, such as environ-
mental soil and ground water, may actually be greater for individuals residing in 
rural regions [4] [6]. 

Metal ions contribute to the development of diseases through the role they 
play in free radical formation and oxidative damage, which ultimately leads to 
tissue degeneration [8] [15]. Reactive oxygen species can be deleterious to essen-
tial proteins, causing denaturation. Damage to the ubiquitin-proteasome system 
can also occur, resulting in aggregation and accumulation of defective proteins 
due to lack of protein clearance [11] [22]. Free radical formation occurs at a 
greater rate in certain areas of the brain, making these regions more susceptible 
to damage ensued by the processes that take place, like the Fenton reaction [9] 
[23]. Metal exposure can cause genetic damage, as well as influence reactivation 
or silencing of gene expression [11] [24]. Metals can also cause damage via non- 
oxidative means, by binding to DNA and forming adducts [11] [24]. 
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Padhye (2003) argues that the incidence of Autism in today’s society is a result 
of excess dietary exposure to metals such as iron in early childhood; there ap-
pears to be a relationship between the enhanced iron fortification of infant foods 
in certain countries, and the increase in childhood disorders within those areas. 
Iron accumulation in the brain has been associated with symptoms like hyperac-
tivity, attention deficit, depression and anxiety [17]. Recently, a number of stud-
ies have indicated that there may be an auto-immune component influencing 
autism pathogenesis [25] [26] [27]. Padhye (2003) suggests that iron acts as an 
immune system modulator, whereby higher than usual concentrations of the 
metal result in a hyperactive immune response which can lead to auto-immune 
disorders. Furthermore, physical symptoms such as gastro-intestinal issues, ab-
normal liver values, dermatitis, and asthma, which are typically displayed by au-
tism patients, may in fact be due to a hyperactive immune response to iron 
overload in the associated tissues [17]. Nataf et al. (2006) found superior levels of 
various biomarkers indicative of environmental toxicity in the urine of autistic 
children; in particular, a molecular indicator of heavy metal overload called pre-
coproporphyrin was higher when compared to control. Nataf et al. (2006) re-
ported a considerable reduction in these biomarkers for the group of autistic 
children that was supplemented with dimercaptosuccinic acid (DMSA)–a heavy 
metal chelator [28]. 

5. Conclusion 

The results of our study display a potential trend, linking water mineral accu-
mulation to the development of neurodegenerative disorders. Based on latest re-
search relating the two, it is likely that heavy metal accumulation occurs as a 
secondary effect and contributes largely to the progression and extent of neu-
ronal degeneration in affected individuals. These results further stress the influ-
ence of environmental factors, as they pertain to drinking water quality, on the 
long-term health of humans. Not only are the microbial components of drinking 
water important, but also the chemical composition. Future studies comparing 
national data on neurodegenerative disease prevalence by province and region to 
mineral rock deposit profiles from corresponding regions of Canada would be 
useful. 
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