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Selenium

Part 1. Overview and Application

1.0 Guideline
The maximum acceptable concentration (MAC) for total selenium in drinking water is

0.05 mg/L (50 pg/L).

2.0 Executive summary

Selenium is a naturally occurring element which is ubiquitous in the environment. It is
generally present in elemental form or in the form of selenide (Se?), selenate (SeO,%), or selenite
(SeO3 %). It is widely distributed in the Earth's crust and is found in trace quantities in most plant
and animal tissues. Selenium is not directly mined, but rather is a by-product of the production of
other metals. Selenium is used in the manufacture of organic chemicals, reducing agents, glass,
paint, ceramic, electronic components, gun bluing agents, nutritional supplements, fertilizers,
metallurgical applications and plumbing (as a replacement for lead).

This guideline technical document reviews and assesses all identified health risks
associated with selenium in drinking water. It assesses new studies and approaches and takes into
consideration the availability of appropriate treatment technology. Based on this review, the
guideline for selenium in drinking water is a maximum acceptable concentration of 0.05 mg/L.

2.1  Health effects

Selenium is an essential trace element in the human diet. It is a component of several
proteins and enzymes in the body that are known to play important roles, including regulation of
thyroid hormones and antioxidant defences. A deficiency in selenium may lead to chronic
diseases such as Keshan disease (characterized by cardiomyopathy) and Kashin-Beck disease
(characterized by rheumatism) and may also be associated with a form of cretinism related to
hypothyroidism. Selenium has minimum daily dose requirements set by international
organizations. Health Canada adopted the recommended daily intake for selenium established by
the Institute of Medicine (2000) which varies between 15 and 55 pg per day as a minimum
selenium intake, depending on the age group. Selenium deficiency is not expected to be a
concern in Canada.

Selenium has been classified by the International Agency for Research on Cancer in
Group 3: not classifiable as to its carcinogenicity to humans. The vast majority of the literature
does not demonstrate an increase in cancer incidence following selenium exposure; a protective
effect has even been suggested. A non-cancer approach was used in this assessment, and the
MAC for selenium in drinking water is based on chronic selenosis symptoms in humans.
Selenosis symptoms resulting from chronic exposure to high levels of selenium are characterized
by hair loss, nail anomalies or loss, skin anomalies, garlic odour of the breath, tooth decay and,
more severely, disturbances of the nervous system. Links have also been found between
selenium exposure and other diseases such as diabetes and glaucoma, but results need to be
confirmed before conclusions can be drawn.
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acid selenocysteine at the catalytic site. Plasma selenium concentrations of 70-90 pg/L are
considered adequate for enzyme function (Institute of Medicine, 2000). Selenium deficiency
leads to malfunctioning of many systems, resulting in inflammation, atherosclerotic diseases and
perhaps an increased prevalence of chronic diseases (Turner and Finch, 1991; Kohrle and
Gartner, 2009).

Preincubation of human endothelial cells for 24 hours with sodium selenite at 5-40
nmol/L provided significant protection against the oxidative e ects of tert-butylhydroperoxide
(Miller et al., 2001). The activities of cytoplasmic glutathione peroxidase (GPX-1), phospholipid
hydroperoxide glutathione peroxidase (GPX-4) and thioredoxin reductase were also each
induced by selenite (Miller et al., 2001). Preincubation with low concentrations of selenite (30
nmol/L) or selenomethionine (10 nmol/L) protected LNCaP prostate cancer cells from oxidative
DNA damage (comet assay) induced by ultraviolet-A or hydrogen peroxide (de Rosa et al.,
2012).

Prevention mechanisms of cancer are incompletely understood. Selenium’s
anticarcinogenic effects are hypothesized to be mediated through multiple mechanisms (Stewart
etal., 1997; Redman et al., 1998; Drake, 2006; Jackson and Combs, 2008; Valdiglesias et al.,
2009). For example, selenium can alter the expression of phase I and 11 detoxifying enzymes,
inhibit adduct formation, induce apoptosis of cancer cell lines and act as an antiproliferative and
antioxidant agent (Lawson and Birt, 1983; McCarty, 1998; Davis et al., 1999; Keck and Finley,
2004; Letavayova et al., 2006; Guan et al., 2009; Jariwalla et al., 2009; Wang et al., 2009).
Selenoproteins are thought to be an important element in cancer protection (Diwadkar-
Navsariwala et al., 2006; Zeng et al., 2009).

Various tests were done on tumour cells demonstrating that oxidative stress is involved in
apoptosis induction. For example, selenite induced a dose-dependent depletion of glutathione
and an increase in apoptosis (cell detachment and DNA fragmentation, measured based on the
TUNEL assay) at concentrations from 1 to 100 umol/L (Stewart et al., 1997). Oxidative stress—
induced apoptosis was also observed in human hormone-dependent prostate adenocarcinoma
cells (LNCaP) and in the Cheng liver cell line exposed to high doses of selenite (Zhong and
Oberley, 2001; Kim et al., 2004; Kandas et al., 2009). Also, apoptosis, through an increased
production of reactive oxygen species and phosphorylation of p53 (induction of apoptosis in
response to DNA damage), mitochondrial depolarization and caspase cleavage were observed in
human leukaemia NB4 cells exposed to selenite (Guan et al., 2009). In fact, selenite and
methylselenol are pro-oxidants involved either directly or indirectly in the oxidation of enzyme
cysteine clusters, such as protein kinase C and glutathione. The direct oxidation of the catalytic
centre of protein kinase C by selenite has been shown to induce apoptosis (Drake, 2006).
Moreover, the reaction of selenite with glutathione produces the selenide anion (CH3Se ), which
may react with oxygen to produce the free radical O, . The increase in production of reactive
oxygen species causes a diminution of the glutathione pool, an increase in DNA damage and
apoptosis (Drake, 2006; Letavayova et al., 2006).

Adding antioxidants to the cell media in vitro has been shown to inhibit cell mammary
tumour cell death induced by selenite (Zhong and Oberley, 2001). Although these are thought to
be beneficial effects, in that they inhibit cancer cell growth, they are supportive of the toxic
oxidative potential of selenium compounds in normal cells (Zhang and Spallholz, 2011).

Randomized trials across a wider range of selenium status would help determine the
optimal levels of selenium intake in the general population to maximize health benefits while
avoiding potential chronic toxic effects. Also, optimal intake for any individual is likely to
depend on polymorphisms in selenoprotein genes, which may also affect the risk of disease,
including coronary heart disease and ischaemic stroke (Alanne et al., 2007; Rayman, 2012).
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Future work in the field examining the effect of selenium supplements on chronic disease should
give attention to the potential interaction between genetic make-up and selenium intake or status.

9.3.2.1 Selenium protection against tumour formation in animals

In several species, selenium has been shown to inhibit the number and size of tumours
induced chemically and to delay their age of onset (Jacobs, 1980; Jacobs and Forst, 1981a;
Ankerst and Sjogren, 1982; Lane and Medina, 1985; Ip et al., 1991, 2000; U.S. EPA, 1991a;
Woutersen et al., 1999; ATSDR, 2003; WHO, 2011).

In order to demonstrate that selenium protects against cancer, inbred female C3H/St
mice, a strain that develops mammary adenocarcinomas at high frequency, were dosed with
various concentrations of selenite in water over a lifetime, accompanied by selenium-rich or
selenium-poor diets. Groups of mice that received selenite at 0.0, 0.1, 0.5 or 1.0 mg/L in water,
with a protein-enriched Wayne diet (selenium concentration of 0.45 mg/kg), had a reduced
tumour incidence and an increase in the age of the mice at tumour appearance (i.e., delayed
tumour onset) in a dose-dependent fashion (Schrauzer et al., 1978). In another study, a group of
mice receiving a low-protein Concord diet (selenium concentration of 0.15 mg/kg) had a
reduction in tumour size, growth rate and malignancy when selenium was added to drinking
water at 0.1, 0.5 or 2.0 mg/L compared with controls (Schrauzer et al., 1978).

Regarding chemically induced tumours, 55-day-old Sprague-Dawley rats were injected
intraperitoneally with the mammary carcinogen methylnitrosourea at 50 mg/kg bw (lIp et al.,
2000). A diet with either a basal level of selenium in the form of selenite (0.1 mg/kg) or a
supplemented diet including methylselenocysteine (3 mg/kg) or the synthetic water-soluble
triphenylselenonium chloride (30 mg/kg) was then administered for 6 weeks. Compared with the
controls receiving the basal diet (0.1 mg/kg as selenite), methylselenocysteine reduced the total
number of mammary premalignant intraductal lesions by 60% (23 lesions versus 57 in the
controls). However, methylselenocysteine had no effect on the proliferation potential of those
premalignant cells, revealed by cell cycle biomarkers (proliferating nuclear antigen, cyclin D1,
replication of DNA). In the methylselenocysteine group, an increase in p27/Kip 1 protein was
observed, which may play a role in tumour prevention, considering the protein’s inhibitory
action on cell cycle transition and its promotion of differentiation. Conversely,
triphenylselenonium chloride (30 mg/kg) reduced the number of larger size lesions and cell
proliferation.

An increase in activity of the antioxidant enzyme glutathione peroxidase can be involved
in preventing cancer and other chronic diseases (Nogueira and Rocha, 2011). Both organic and
inorganic selenium (selenite) have increased glutathione peroxidase activities and blood
selenium concentrations in six female rhesus monkeys exposed to 0.25-0.5 pg/mL for 11 months
(Butler et al., 1990).

In conclusion, selenium has not been shown to be carcinogenic in animal studies. Alkali
disease is the most common manifestation from chronic exposure to selenium in large animals,
such as cattle, steer and pigs (Zhang and Spallholz, 2011).

9.3.3 Comparison between the effects of organic and inorganic selenium species

Most of the available epidemiological literature is on exposure to organic species of
selenium naturally present in food, rather than to the inorganic species. Detailed studies on the
mechanistic differences between inorganic and organic selenium species are scarce. Although
detailed studies in which animals are exposed to inorganic species exist, more confidence is
placed in the human data on exposure to organic selenium, as explained below.
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The current body of evidence suggests that organic and inorganic selenium species
generally have similar health effects and share some metabolic pathways in humans. As such,
both organic and inorganic selenium compounds are metabolized to selenide and incorporated
into selenoproteins (Gromadzinska et al., 2008; Rayman, 2012). Preincubation with low
concentrations of selenite (30-500 nmol/L) or selenomethionine (10 nmol/L) protected
microglial or LNCaP prostate cancer cells from oxidative DNA damage (comet assay) induced
by ultraviolet-A, phthalates or hydrogen peroxide (Dalla Puppa et al., 2007; Erkekoglu et al.,
2011; de Rosa et al., 2012). Selenite and selenomethionine did not have a significant effect in
terms of change in body weight, tumour weight, apoptosis induction or tumour angiogenesis
when administered orally at 3 mg/kg bw in athymic mice that had been injected with a xenograft
of epithelial cancer cells, whereas methylseleninic acid decreased cancer growth (Li et al., 2008).

The speciation and metabolism differences between inorganic and organic forms of
selenium have recently been highlighted in a review (Weekley and Harris, 2013). Although both
forms can be metabolized to a common metabolite (selenide), they differ in their reduction
pathways. Studies on cancer cell apoptosis have shown that selenite reduction is associated with
an increase in reactive oxygen species (ROS) production at high level of exposure, while organic
selenium follows more complex schemes of trans-sulfuration and methylation involving many
lyases. All dietary forms of selenium have been shown to generate a variety of ROS and to
increase radical scavenging activity (antioxidant selenoproteins). The authors suggest that more
information is needed to understand the biological relevance of the differences in metabolism
pathways, although their focus is on disease prevention and/or treatment.

Organic and inorganic species increase glutathione peroxidase activity and reduce levels
of reactive oxygen species in vitro and in vivo when administered orally to experimental animals
or humans (Thomson et al., 1982; Pehrson et al., 1999; Dorea, 2002; Kaur et al., 2005; Xia et al.,
2005; Gromadzinska et al., 2008; Abedelahi et al., 2010). Moreover, Keshan disease was
prevented in Chinese individuals supplemented with selenite (Yang, 1984; Cheng and Qian,
1990).

In addition, both organic and inorganic selenium species deplete thiol compounds such as
glutathione and induce oxidative stress and selenosis symptoms in vitro and in vivo in humans
and experimental animals at high doses (O’Toole and Raisbeck, 1995; Reid et al., 2004; Griffiths
et al., 2006; Forceville, 2007; MacFarquhar et al., 2010; Kitajima et al., 2012; Misra et al., 2012).
Both selenite and selenomethionine at 1 umol/L interfered with the reactive oxygen species—
induced cascade of phosphorylation in muscle cells in response to insulin (Pinto et al., 2011).
However, as described in Section 9.2, some differences in effects have also been observed
between inorganic and organic selenium species. These could differently affect genetic
expression, as demonstrated by the variations in gene expression levels (measured in the
gastrocnemius muscle, cerebral cortex and liver with the microarray assay) induced in mice by
adding 1 pg/kg bw of selenite, selenomethionine or selenium-enriched yeast to food for 100 days
(Barger et al., 2012). However, mechanistic studies documenting the differences between the
effects of selenium species are lacking, and no definitive conclusions can be drawn at the present
time.

10.0 Classification and assessment

Selenium has been classified by the International Agency for Research on Cancer in
Group 3: not classifiable as to its carcinogenicity to humans (IARC, 1975). The vast majority of
epidemiological and animal studies do not demonstrate an increase in cancer incidence following
a wide range of chronic exposures to selenium via food or supplements; a protective effect has
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even been suggested (Harr et al., 1967; Klein et al., 2003; Longtin, 2003; WHO, 2011; Ferguson
etal., 2012).

Selenium is an essential nutrient and a component of several proteins and enzymes in the
body that are known to play important roles, including regulation of thyroid hormones and
antioxidant defences (Institute of Medicine, 2000; Otten et al., 2006). A deficiency in selenium
may lead to chronic diseases such as Keshan disease (characterized by cardiomyopathy) and
Kashin-Beck disease (characterized by rheumatism) (Yang, 1984) and may also be associated
with a form of cretinism related to hypothyroidism (Spallholz, 2001; WHO and FAQ, 2004; Xia
et al., 2005). In order to protect the Canadian population from the aforementioned diseases,
Health Canada adopted the RDA for selenium established by the Institute of Medicine (2000).
These recommended daily intakes vary between 15 and 55 pg of selenium per day, depending on
the age group. Selenium deficiency is not likely to be a concern in Canada, as the estimates from
the Canadian TDS (2005-2011) show that the Canadian population meets the Institute of
Medicine’s recommended daily intake from food, which represents the main source of selenium.

Selenium toxicity generally occurs when exposure levels are much higher than the
recommended daily intakes. Selenosis symptoms resulting from chronic exposure to high levels
of selenium are characterized by hair loss, nail anomalies or loss, skin anomalies, garlic odour of
the breath, tooth decay and, more severely, disturbances of the nervous system.

The studies of Yang and colleagues focus on the symptoms of selenosis in a Chinese
population (Enshi County) exposed to high levels of selenium (Yang et al., 1989a,b) and the
follow-up of five recovered sensitive individuals from the same population (Yang and Zhou,
1994). The source of selenium was mainly food (plant based) (Yang et al., 1983). The level of
intake was classified as low, medium or high and estimated through questionnaire distribution
and measurements of selenium in food items. Selenosis symptoms were classified according to
their severity (Yang et al., 1989b). Symptoms were not present in individuals with a blood
selenium concentration of 1000 pg/L or below. Blood selenium levels in the range of 1000
2000 pg/L induced symptoms in up to 35% of individuals, whereas blood selenium
concentrations in the range of 2000-3300 pg/L or higher induced symptoms in 45% of
individuals. Symptoms were mainly (97% of the time) present in adults. Persistent selenosis
symptoms were observed in five Chinese individuals with blood selenium concentrations ranging
between 1054 and 1854 ug/L. The authors calculated that a blood selenium concentration of
1054 pg/L corresponded to an intake of 910 pg/day and identified these as the minimum blood
selenium concentration and selenium intake causing toxicity, respectively. The authors also
indicated that the maximum daily safe intake of selenium was 750-850 ug/day.

After their diet was improved, those same five patients participated in a follow-up study
(Yang and Zhou, 1994). By 1992, their symptoms had disappeared, and their blood selenium
concentrations had dropped from an average of 1346 ug/L to 968 ug/L, the latter representing a
mean intake of 819 pg/day, which was identified as the NOAEL by the authors. After taking into
account interindividual variations, the authors identified a safe maximum daily intake of 400
pg/day (corresponding to a blood selenium concentration of 0.559 mg/L).

Although the key studies of Yang and colleagues (Yang et al., 1989a,b; Yang and Zhou,
1994) have some limitations, they provide qualitative and quantitative information useful for the
dose—response assessment and risk characterization of selenium associated with high levels of
intake. The absence of symptoms in other populations with high dietary levels of selenium
exposure is supportive of the use of the NOAEL identified by Yang and colleagues and the
Institute of Medicine (Otten et al., 2006) as a basis for the risk assessment. Findings from the
studies by Longnecker et al. (1991) and Lemire et al. (2012), also performed in areas with high
levels of selenium, confirm the findings from the studies by Yang and colleagues, as selenosis
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symptoms were not observed at exposure levels up to 724 pg/day and blood selenium
concentrations up to 1500 pg/L, respectively. The UL derived by the Institute of Medicine is
based on the adult subpopulation, as selenosis is a chronic health effect and no selenosis
symptoms were observed in children in the Chinese, Venezuelan or Amazonian studies (Institute
of Medicine, 2000). The Institute of Medicine (2000) stated that there is no known seleniferous
area in Canada or the United States with recognized cases of selenosis.

Some epidemiological studies and clinical trials have reported associations between high
selenium exposure and potential adverse health effects. The results of the NPC trial (Stranges et
al., 2007) and the SELECT trial (Klein, 2009; Lippman et al., 2009) suggest a potential
association between selenium intake and diabetes risk in a selenium-replete population, such as
the one in the United States. A few epidemiological studies have also found an association
between selenium exposure and other diseases, such as ALS (Vinceti et al., 2010) and glaucoma
(Bruhn et al., 2009). Although these endpoints are important and might be linked to selenium
intake, the generalizability of their results to the Canadian population is questionable and limited.
These studies would also need to control for many biases and confounding factors involved in
the development of these diseases (Health Canada, 2012b; Thayer et al., 2012). Trials designed
to measure the effects of selenium exposure on specific diseases have to be conducted before
conclusions can be drawn.

The UL, which is the highest level of nutrient intake that is likely to pose no risk of
adverse health effects for almost all individuals in the general population, was calculated by the
Institute of Medicine (IOM, 2000) as follows:

UL = NCLAI\:EL
_ 800 ug/day
2
= 400 pg/day
where:

e 800 pg/day is the NOAEL (rounded by IOM, 2000) established by Yang and co-workers
(Yang et al., 1989a,b; Yang and Zhou, 1994);

e 2 s the uncertainty factor chosen by IOM (2000) to protect sensitive individuals. IOM
explains their selection of this non-conventional uncertainty factor based on the need for
an uncertainty factor higher than 1 to account for the non-severe nature of the toxic effect
and the fact that it may not be readily reversible.

Health Canada (2010Db) has adopted IOM’s UL of 400 pg of selenium per day. According
to IOM (2000), there is no evidence indicating an increased sensitivity to selenium toxicity for
any age group.

Using this UL, the health-based value (HBV) for selenium in drinking water is derived as
follows:

HBYV = 0.4 mg/day x 0.20
1.5 L/day
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= 0.053 mg/L (~50 pg/L)

e 0.4 mg/day is the UL, as derived by IOM (2000);

e 0.20 is the default allocation factor for drinking water; it is used as a “floor value,” since
drinking water is not a major source of exposure to selenium, and there is evidence of the
widespread presence of selenium in one of the other media (i.e., food) (Krishnan and
Carrier, 2013); and

e 1.5 L/day is the daily volume of water consumed by an adult.

10.1 International considerations

The U.S. EPA’s Integrated Risk Information System has classified selenium as not
classifiable as to its carcinogenicity in humans (class D) based on inadequate human data and
inadequate evidence of carcinogenicity in animals (U.S. EPA, 1991a). As an exception for
selenium compounds, selenium sulphide and selenium disulphide are classified by the U.S. EPA
as class B2: probable human carcinogens based on sufficient animal data and inadequate human
data, based on a comprehensive gavage study in mice and rats (NCI and NTP, 1980; U.S. EPA,
1991b). As these compounds are not soluble in water (ATSDR, 2003) and as the primary routes
of exposure to these compounds are dermal and inhalation, they are not relevant to the risk
assessment for selenium in drinking water.

Other organizations have set guidelines or regulations pertaining to the concentration of
selenium in drinking water based on either the Chinese (Yang and Zhou, 1994) or the American
(Longnecker et al., 1991) population studies or directly on the Institute of Medicine’s UL of
0.4 mg/day (which is based on the Chinese population studies).

The current U.S. EPA maximum contaminant level (MCL) for selenium is 50 pg/L,
which, for this particular compound, equals the maximum contaminant level goal (MCLG),
“because analytical methods or treatment technology do not pose any limitation” (U.S. EPA,
2012). The MCLG (U.S. EPA, 1991a) was based on the Chinese data from Yang et al. (1989a,b).
As part of its 6-year review, the U.S. EPA (2012) determined that the “MCL and MCLG for
selenium are still protective of human health.”

The California Office of Environmental Health Hazard Assessment (OEHHA, 2010)
established a public health goal (PHG) of 30 pg/L for selenium in drinking water. The
calculation of this PHG considered the NOAEL (0.015 mg/kg bw per day) for toxic non-cancer
effects (hair loss and nail damage) observed in Chinese population studies. California’s current
standard (MCL) for selenium is 50 pg/L, which was adopted by the California Department of
Health Services in 1994. It is based on the 1991 U.S. EPA rule.

The World Health Organization (WHO, 2011) established a provisional drinking water
guideline value of 40 ug/L based on the Institute of Medicine’s UL of 0.4 mg/day, an allocation
factor of 20% and a consumption of 2 L of drinking water per day. The provisional designation
was based on uncertainties inherent in the scientific database. It was noted that a drinking-water
guideline for selenium would be unnecessary for most Member States and that achieving a
proper balance between recommended intakes and undesirable intakes was essential to consider
in establishing the guideline value.

The Australian drinking water guideline for selenium is 10 pg/L (NHMRC and NRMMC,
2011) based on the absence of effects associated with an average selenium intake of 0.24 mg/day
by individuals living in a high-selenium region of South Dakota and eastern Wyoming over a 2-
year period (Longnecker et al., 1991). The guideline value was based on a 10% allocation factor
and assuming a 70 kg adult drinking 2 L of water per day.
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11.0 Rationale

Selenium is an essential nutrient that is naturally occurring and found mostly in the
Earth’s crust. The main sources of selenium in the environment include coal-fired power plants
and mining and refining of metals. Selenium is used in a wide range of industries to produce
glass and electronic materials and to replace lead in plumbing. Canadians are mainly exposed to
selenium through the consumption of food and nutritional supplements. Other organizations,
such as the Institute of Medicine, have established daily recommended intakes for selenium, but
selenium deficiency is not considered to be a concern in Canada. Exposure data do not indicate
significant levels of selenium in Canadian drinking water supplies.

The International Agency for Research on Cancer has determined that selenium is not
classifiable as to its carcinogenicity to humans. A protective effect against cancer has even been
suggested. Selenium toxicity or selenosis can occur at exposure levels much higher than the
recommended daily intake. The maximum acceptable concentration (MAC) for selenium in
drinking water is based on chronic selenosis symptoms, such as hair loss, nail anomalies or loss,
skin anomalies and garlic odour of the breath. These symptoms have been observed in adults,
and there is no evidence of an increased sensitivity to selenium toxicity in any other subgroup of
the population.

A MAC of 0.05 mg/L (50 pg/L) is established for total selenium in drinking water. This
MAC is achievable by available treatment technology and measurable by available analytical
methods. As part of its ongoing guideline review process, Health Canada will continue to
monitor new research in this area and recommend any change to the guideline that it deems
necessary.
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Appendix A: List of acronyms

8-OHdG
ALS
ANSI
BAT

bw

Cl

CSA
DNA
EBCT
EPA
EPIC
gpm
HBV
HR
LDso
MAC
MCL
MCLG
MDL
ND
NHANES
NOAEL
NPC
NSF
NTP

OR
PHG
POL
RDA
RO

RR

SCC
SELECT
SEM
SMR
TDI
TDS
TUNEL

UF
UL

8-hydroxy-2'-deoxyguanosine
amyotrophic lateral sclerosis

American National Standards Institute
best available technology

body weight

confidence interval

Canadian Standards Association
deoxyribonucleic acid

empty bed contact time

Environmental Protection Agency (U.S.)
European Prospective Investigation into Cancer and Nutrition
gallons per minute

health-based value

hazard ratio

median lethal dose

maximum acceptable concentration
maximum contaminant level (U.S.)
maximum contaminant level goal (U.S.)
method detection limit

not detected

National Health and Nutrition Examination Survey (U.S.)
no-observed-adverse-effect level
Nutritional Prevention of Cancer

NSF International

National Toxicology Program (U.S.)
odds ratio

public health goal (U.S.)

practical quantification limit
recommended dietary allowance

reverse 0Smosis

relative risk

Standards Council of Canada

Selenium and Vitamin E Cancer Prevention Trial
standard error of the mean

standardized mortality ratio

tolerable daily intake

Total Diet Study

terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end

labelling
uncertainty factor
tolerable upper intake level

Guidelines for Canadian Drinking Water Quality: Guideline Technical Document

76



