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SUMMARY

Chloride is an essential nutrient involved in fluid and electrolyte balance and is required for
normal cellular function. Dietary deficiency of chloride is very uncommon due to the
widespread occurrence of chloride in foods.

Chloride is present in foods as a normal constituent at a low level. It is also added to foods,
mainly as sodium chloride (commonly known as salt) or as mixtures of sodium chloride and
potassium chloride (sometimes referred to as salt substitutes) during processing, cooking and
immediately prior to consumption. The main reasons for the addition of salt during the
processing of foods are for flavour, texture and preservation.

Mean daily chloride intakes of populations in Europe range from about 5-7 g (about 8-11g
salt) and are well in excess of dietary needs (about 2 - 2.5 g chloride/day in adults). The main
source of chloride in the diet is from processed foods (about 70-75% of the total intake), with
about 10-15% from naturally occurring chloride in unprocessed foods and about 10-15% from
discretionary chloride added during cooking and at the table.

The major adverse effect of increased intake of chloride, as sodium chloride, is elevated blood
pressure. Higher blood pressure is an acknowledged risk factor for ischaemic heart disease,
stroke and renal disease which are major causes of morbidity and mortality in Europe. For
groups of individuals there is strong evidence of a dose dependent rise in blood pressure with
increased consumption of chloride as sodium chloride. This is a continuous relationship
which embraces the levels of chloride habitually consumed and it is not possible to determine
a threshold level of habitual chloride consumption below which there is unlikely to be any
adverse effect on blood pressure.

Gastrointestinal symptoms (discomfort, mucosal lesions and sometimes ulceration) have been
seen in healthy subjects taking some forms of potassium chloride supplements (e.g. slow-
release, wax matrix formulations) with doses ranging from about 1 to 4 g chloride per day, or
more, but incidence and severity seem to be more dependent on the formulation than on dose.

Chloride is not carcinogenic but high intakes of sodium chloride can increase the
susceptibility to the carcinogenic effects of carcinogens, such as nitrosamines, and gastric
infection with H. pylori.

The panel concludes that the available data are not sufficient to establish an UL for chloride
from dietary sources.
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There is strong evidence that the current levels of chloride consumption (as sodium chloride)
in European countries contribute to increased blood pressure in the population, which in turn
has been directly related to the development of cardiovascular disease and renal disease. For
this reason, a number of national and international bodies have set targets for a reduction in
the chloride as sodium chloride consumed in the diet.
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BACKGROUND

In 2002, the European Parliament and the Council adopted Directive 2002/46/EC' related to
food supplements containing vitamins and minerals.

In addition, and as announced in its White Paper on Food Safety, the Commission aims to put
forward a proposal for harmonising legislation concerning the addition of vitamins and
minerals to foods.

With a view to provide scientific support to the European Commission’s legislative work in
this field, the Scientific Committee on Food (SCF) issued, from October 2000 to April 2003, a
series of opinions on tolerable upper intake levels of individual vitamins and minerals and
safety factors in relation to their use in fortified foods and food supplements (available on the
Internet at: http://europa.eu.int/comm/food/fs/sc/scf/out80_en.html).

The SCF opinions covered 22 out of the 29 nutrients, which were considered to be within
their mandate for this task. The SCF did not have sufficient time to adopt opinions for the
following vitamins and minerals: vitamin C, chloride, fluoride, iron, phosphorus, potassium
and sodium. In addition, during the decision making process for the adoption of Directive
2000/46/EC on food supplements the Parliament requested that boron, nickel, silicon,
vanadium and tin should be allowed to be used in food supplements. Therefore, the European
Food Safety Authority is asked to provide scientific opinions on the remaining 12 vitamins
and minerals in accordance with the present terms of reference.

TERMS OF REFERENCE

With respect to the outstanding 12 vitamins and minerals, the European Food Safety
Authority is asked 1) to review the upper levels of daily intakes that are unlikely to pose a risk
of adverse health effects; 2) to provide the basis for the establishment of safety factors, where
necessary, which would ensure the safety of fortified foods and food supplements containing
the aforementioned nutrients.

! Directive 2002/46/EC of the European Parliament and of the Council on the approximation of the laws of the
Member States relating to food supplements. OJ L 183. 12.7.2002, p. 51.
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ASSESSMENT
1. INTRODUCTION

Chloride is found widely in nature and as a normal constituent of foods, generally as salts of
sodium (NaCl) or potassium (KCI). Chloride is also added to food mainly as sodium chloride
(commonly known as salt (1 mmol is equivalent to 35.5 mg chloride and approximates 58 mg
sodium chloride) or mixtures of sodium chloride and potassium chloride (sometimes referred
to as salt substitutes). Other chloride salts may be added, generally at lower amount, to food
for nutritional or technological purpose, e.g. magnesium chloride. Ammonium chloride is
permitted to be added to certain foods (e.g. liquorice) as an additive. In drinking water, the
guide level of chloride is 25 mg/L (Council Directive 80/778/EC). Chloride is an essential
dietary constituent and a dietary inadequacy leads to serious consequence. Chloride is present
in biological systems as the main anion in the extracellular space, acting to maintain
extracellular volume, and ionic balance. It crosses cell membranes and is involved in the
regulation of osmotic pressure, water balance and acid-base balance.

It is sometimes difficult to differentiate the effects of the chloride moiety in chloride salts
such as NaCl and KCl from that of the sodium or potassium moiety on physiology and
metabolism. Therefore this Opinion should be read in conjunction with the Panel’s Opinions
on the tolerable upper level of sodium (NDA, 2005a) and potassium (NDA, 2005b).

2. NUTRITIONAL BACKGROUND, FUNCTION, METABOLISM AND INTAKE
2.1 Food levels and dietary intake

Chloride is found in plant and animal based foods in association with monovalent counter
cations, mainly sodium and potassium. It is added as salt (NaCl or NaCl/KCl mixtures) to
foods during processing, cooking and immediately prior to consumption. The main reasons
for the addition of salt during the processing of foods are for taste, texture and preservation.

The chloride content of natural foods varies from around 0.1 to 3 mmol/100g, with fruit
containing 0.1 mmol/100g, vegetables, 0.3 mmol/100g and meat fish or eggs 3.0 mmol/100g.
The chloride content of processed foods may be much higher; bread 20 mmol/100g; cheese,
30 mmol/100g; salted butter, 40 mmol/100g; and lean raw bacon, 80 mmol/100g.

The assessment of the dietary consumption of chloride in individuals and populations is
difficult because of the variable extent to which discretionary additions of salt contribute to
the total. The use of dietary assessment methods to determine intake are likely to provide
variable underestimates. The most accurate determinations of chloride consumption are
derived from measurements of the excretion in urine over 24 hours, although care has to be
taken to ensure the completeness of the urine collection (Bingham and Cummings, 1985;
Bingham et al., 1988).

The main source of chloride in the diet is from salt (NaCl) or (to a lesser extent) salt
substitutes (NaCl/KCl mixtures) added during the processing and manufacture of foods (about
70-75% of the total intake) and added to food during cooking and at the table. Naturally
occurring chloride in unprocessed foods contributes about 15% of total chloride intake.
Discretionary sources of sodium chloride or sodium chloride/potassium chloride mixtures
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added during cooking and at table comprise about 10 to 15% of total chloride intake
(Sanchez-Castillo et al., 1987). The main sources of chloride from foods in the diet are from
cereals and cereal products, particularly bread, and meat and meat products (SACN, 2003).
Other sources of chloride are from vegetables.

2.2 Nutritional requirements and recommendations

Chloride is an essential nutrient. The SCF did not establish a Population Reference Intake for
chloride but concluded that the requirements should match those for sodium (on a molar
basis), i.e. 25 - 150 mmol/day (SCF, 1993). The US Institute of Medicine established an
Adequate Intake (AI) for chloride at a level equivalent on a molar basis to that of sodium,
since almost all dietary chloride comes with the sodium added during processing or
consumption of foods (FNB, 2004). The Al for chloride for younger adults is 2.3 g/day (65
mmol/day), and for older adults and the elderly 2.0 and 1.8 g per day respectively.

For most populations, the habitual levels of chloride consumption greatly exceed the
physiological requirements, and there are few data which determine the minimal levels of
chloride consumption required to maintain health in people who have adapted to low levels of
chloride consumption over long periods of time.

2.3 Function, uptake, distribution and elimination

Dietary chloride is virtually completely absorbed along the length of the intestine. The total
body chloride averages about 33 mmol/kg body weight (1.2 g/kg) in a normal adult male
(Pike and Brown). Chloride is found in small amounts in a bound form related to connective
tissue. Less than 15% of the body’s content of chloride is located within cells. The chloride
content of blood and the extracellular space is not related to dietary intake but is influenced by
intake/plasma concentrations of other electrolytes. The ready transfer of chloride in exchange
for bicarbonate between erythrocytes and plasma and in the gastrointestinal tract and renal
collecting tubule is an important aspect of the control of blood pH.

The important role played by chloride in the control of electrolyte and acid base equilibria has
been well characterised and chloride deficiency is most likely the consequence of an increase
in losses, although dietary deficiencies have been described in infants consuming a
commercial formula deficient in chloride (Rodriguez-Soriano et al., 1983). Chloride is
essential for the formation of hydrochloric acid in the stomach, and hence is involved in the
non-specific protection from food borne pathogens. It has generally been considered that
chloride readily crosses cell membranes, although the permeability of some smooth muscle,
such as vascular smooth muscle, is less than has been assumed. In vascular smooth muscle the
active transport of chloride is energetically expensive and appears to be tightly regulated,
playing a fundamental role in contraction, an observation of direct relevance to the
development of high blood pressure (Chipperfield and Harper, 2000).

Experimental studies have shown that the chloride moiety makes a specific contribution to the
effects of sodium chloride on blood pressure, by modulation of renal regulatory systems and
plasma renin activity in the rat (Kirchner, 1978; Abboud et al., 1979), dog (Kotchen et al.,
1980; Kotchen et al., 1983.), and in the human (Julian et al., 1982; Tomita et al., 1990). There
are also specific effects on angiotensin II and aldosterone (Koletsky et al., 1981; Sato et al.,
1991; Imig et al., 1993). Dietary loading with sodium chloride leads to positive chloride
balance, expanded extracellular volume and increased renal vascular resistance (Passmore et
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al., 1985; Tomita et al., 1990). Chloride is rate limiting for the transport of sodium and
chloride in the thin ascending loop of Henle, because of the differences in the affinities of
sodium and chloride for the cotransporters. Thus the availability of chloride has a determinant
effect on the release of renin (Kotchen et al., 1987).

Chloride is lost from the body in sweat (20-80 mmol/day) and other secretions, in stool (5-10
mmol/day) and in urine (1-500 mmol/day).

3. HAZARD IDENTIFICATION

There is evidence that prolonged consumption of excessive chloride as sodium chloride
contributes to an elevated blood pressure, which is a risk factor for cardiovascular disease and
renal disease (NDA, 2005a). Available evidence indicates that both chloride and sodium
contribute to this effect.

In three selective breeds of rats which are especially prone to develop high blood pressure
when exposed to dietary salt, chronic selective loading with either sodium or chloride has
been found not to induce hypertension (Kotchen et al., 1983; Kurtz and Morris, 1983;
Whitescarver et al., 1984; Kurtz and Morris, 1985; Whitescarver et al., 1986; Passmore and
Jimenez, 1990; Reddy and Kotchen 1992; Imig et al., 1993; Kadota et al., 1993; Kunes et al.,
2004).

Any effects of selective loading with dietary chloride without sodium have been attributed in
part to direct effects on acidosis or indirect effects of acidosis on potassium or calcium
(Kotchen et al., 1988). Boegehold and Kotchen (1989) conclude that the observations indicate
that the concomitant provision of a high intake of both sodium and chloride in the diet is
required for the expression of experimental salt-sensitive hypertension.

As early as 1929, it was reported that a diet high in sodium bicarbonate did not have the same
effect on raising blood pressure as sodium chloride (Berghoff and Geraci, 1929). This has
been confirmed by others (Morgan, 1982; Kurt and Morris, 1983; Luft et al., 1990). The
effect of sodium chloride on blood pressure has not been seen with sodium phosphate (Shore
et al., 1988), or sodium citrate (Kurtz et al., 1987; Tomita et al., 1990; Sato et al., 1991).
Similarly, when the chloride ion is taken without sodium the effects on blood pressure are less
evident (Grollman et al., 1945; Dole et al., 1950). Thus, the findings from human studies
support the evidence from animal investigations that both sodium and chloride are required
for the effects of salt on blood pressure to be manifest. The evidence would suggest that
changes in blood volume underlie these effects (Tomita et al., 1990), which are closely related
to alterations in the set point for renal salt and water homeostasis. Recent molecular studies
implicate a specific role for the anion exchanger pendrin, and its expression in the kidney
(Quentin et al., 2004).

Adverse changes in heart function and peripheral nerve symptoms associated with high to
very high doses of potassium chloride from salt substitutes or supplements (KCI) (4.4-6.2
Cl/day, or more, in addition to diet) have been described, usually in subjects with impaired
renal function, but occasionally in healthy adults (NDA, 2005b). These effects are mediated
by hyperkalaemia and thus appear to be attributable to potassium intake rather than chloride.
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Controlled studies show that gastrointestinal symptoms (ranging in severity from discomfort
to mucosal erosion and ulceration) can occur in healthy subjects taking some forms of
potassium chloride supplements, e.g. slow release, wax-matrix formulations, with doses
ranging from 24 to 120 mmol/day (0.9-4.3 g/day) or more, but incidence and severity seem to
be more dependent on the formulation than on dose (NDA, 2005b). It is not possible to
distinguish between the possible contributions of chloride and potassium to these effects.

4. DOSE-RESPONSE ASSESSMENT

Higher blood pressure is an acknowledged risk factor for ischaemic heart disease, stroke and
renal disease. For groups of individuals there is strong evidence of a dose response
relationship between increased consumption of chloride as sodium chloride and higher levels
of systolic, diastolic and mean blood pressure (Sacks et al., 2001). The effect of sodium on
blood pressure is linked to that of chloride and he adverse effect on blood pressure associated
with increasing salt intake appears to be attributable to both sodium and chloride (NDA,
2005a).

Gastrointestinal symptoms (ranging in severity from discomfort to mucosal erosion and
ulceration) can occur in healthy subjects taking some forms of potassium chloride
supplements, e.g. slow release, wax-matrix formulations, with doses ranging from 24 to 120
mmol/day (0.9 to 4.3 g chloride) or more (NDA, 2005b). The extent to which chloride, as
distinct from potassium, contributes to these symptoms is not clear.

CONCLUSIONS AND RECOMMENDATIONS
1. DERIVATION OF A TOLERABLE UPPER INTAKE LEVEL (UL)

The available data are not sufficient to establish an upper level for chloride from dietary
sources.

2. RISK CHARACTERISATION

The habitual intake of chloride (mainly as sodium chloride) for populations across Europe is
high and exceeds the amounts required for normal function. The current levels of chloride
consumption as sodium chloride have been associated directly with a greater likelihood of
increased blood pressure, which in turn has been directly related to the development of
cardiovascular disease and renal disease.

For these reasons, national and international bodies have set targets for a reduction in the
sodium chloride consumed in the diet (SACN, 2003; FNB, 2004; WHO, 2003 and 2004).
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