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Neglected importance of
cumulative exposure to
phosphorus in drinking
water and food products
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Abstract
Using a risk assessment approach possible health risks from different
chemicals or other environmental stressors could be assessed. The method is
widely used for regulatory risk assessment of chemicals. Although the method
gives good results in the field of public and environmental health risk
assessment, the approach has several flaws and unknowns, since disregarded
real exposure scenarios could sometimes also lead to wrong assumptions.
Using the risk assessment approach in the case of phosphate additives we will
present weather added phosphorus in food and drinking water, presenting
some concerns for human health. In recent years in developed countries,
according to recent studies, intake of phosphorus and consequently phosphorus
serum levels are increasing. Besides naturally present phosphates in food,
predominantly pre-processed food and also processed (chemically softened)
drinking water is a source of additional phosphate intake. The main reason for
drinking water chemical softening is primarily prevention of the equipment; the
health effect of such treatment is underestimated and neglected.
Although phosphorus is an essential element, according to latest researches
blood vessel calcification and hormonal de-regulation as health effect of high
phosphorus concentration are reported. Any kind of increased intake of
phosphorus is therefore not needed and in fact it could actually present an
additional health threat. Therefore it is necessary that a holistic approach of
risk assessment is used in the context of realistic exposure scenarios of
simultaneous exposure to cocktail of various pollutants, their degradation
products, and inclusion of potential causal links and indirect impacts of
evaluated chemicals on health.
According to the presented facts health risk in the case of sodium
polyphosphate as drinking water softeners is insufficiently investigated and
consequently, the risk might be underestimated.
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Introduction
Understanding the risk for human health on the field of environmental
and public health, mainly due to increasing environmental pollution with
different chemicals, is essential to implement appropriate steps to ensure the health of the general population. Often there is not just one
“answer” or one “approach” to the question of the risk assessment of
substances in the environment [1]. Individuals (and the population) are
exposed to various harmful factors in the environment, from which each
of them could affect their health differently.
Most of the available information and data on the toxicological endpoints are, unfortunately, available only for one selected chemicals. This
lack of information is followed by the traditional approach in risk assessment, which consequently focuses on the assessment of a single
chemical, while ignoring the real exposure conditions (co-exposure to a
cocktail of different compounds, their interaction and possible synergism or multiplicative effects, the effect of degradation by-products,
side effects, and other). This is especially the case in the term of regulatory toxicology and registration of chemicals. Therefore need for a more
holistic approach in human health risk assessment of chemicals is
needed. Cumulative risk assessment as a tool for analyzing information
to examine, characterize and possibly quantify combined threats from
multiple environmental stressors [2-4] is one of the answers to these
needs. Several studies confirm that exposure to multi-component chemical mixtures pose one common pattern, regardless of the specific
chemicals, exposed organism or biological endpoint is observed: toxicity
of a chemical “cocktail” is higher than the individual toxic effect of individual observed chemical compound. Same effect can be observed
when low, individually non-toxic concentrations of chemicals can result
in a sever toxicity, if they co-occur in a mixture. Unfortunately, there are
rare studies [5] that take into account the real scenarios and environmentally relevant conditions (low concentrations, lifetime exposure, inclusion of chemical by-products and mixtures). The exposure scenario
for intake into the body therefore should consider cumulative exposure
from different products and/or media and/or pathways.
According to recent published studies [6-11] phosphorus intake, especially in developed countries, pose a health threat due to high consumption and consequently high serum concentration. High phosphorus serum concentration is related with health threats not only for specific
endangers groups like CKD patients [12-14] but also for general population [6-8]. Additionally, the trend of phosphorus intake via everyday diet
in developed countries is increasing [8, 15-16], especially due to the
high amount of phosphorus additives in pre-processed food.
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Risk assessment approach
Risk assessment in the content of public health is, to the highest extent
possible, a scientific process and represents the method for evaluation
and quantification of the probability that harmful effect to individuals or
populations from certain chemical or other stressor could occur. The
classic approach to risk assessment is based on 4 steps:
1. Risk identification – risk has to be recognized and identified.
2. Hazard assessment and determination of the toxicity (determination
of the concentration at which effects are not expected – NOAEL) for
a selected chemical.
3. Exposure assessment. Hazard (toxicity) of chemicals does not mean
that the deleterious effect on the organism occurred; crucial is contact/absorption in the organism. For exposure assessment data of
concentration, route of administration, metabolism, bioavailability
and concentration in the target organ is needed.
4. Risk characterization as the final step is done on the basis of the
above mentioned steps taking into consideration appropriate safety
factors. With such approach the limited values below which no
harmful impacts are expected as well as threshold values and acceptable daily intake (ADI) values can be established.
The risk assessment approach should be followed by the risk management, with which we can manage, reduce, reuse, and take other safety
measurement, continuous evaluation and correction of risk assessment.

Figure 1:
Risk assessment approach

6

Despite the positive intentions of the classical risk assessment method
[1, 17-21] risk assessment approach has several flaws, confronts many
unknowns and could sometimes also be based on wrong assumptions.
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Besides neglecting already mentioned real exposure scenarios (especially
long-term exposure to low concentration of mixtures) main flaw are related to the uncertainty of the results of toxicological and risk assessment
studies (sampling errors, analytic errors, systematic errors, errors due to
intra and inter-species extrapolation), influence of different root of exposure on toxic effect, (un)reliability of QSAR (Quantitative Structure Activity
Relationship) and SAR (Structure Activity Relationship) models, unreliability of computer models (simplification of complex phenomena in the environment and in the body to linear mathematical models), disregard the
impact of hormesis [22-24], multiplicative effects of different chemicals
[25], the effects of synergism [26], and antagonism [26], disregarding
the impact of degradation by-products, bioaccumulation and bioconcentration by the food chain [27-29], side effects from real case exposure
scenarios (by-effects, collateral effects, indirect effect), cumulative effect
of daily intake through different sources, and other less significant issues.
In order to show complexity and possible human health threats the case
study of added phosphorus in food and drinking water is presented.

Case study: Phosphorus in drinking water
The main reason for drinking water softening is primarily prevention of the
equipment such as hot-water boilers, kettles and pipes from limestone formation, especially in case when the source of drinking water is rather hard
(carbonate hardness). The main reason for water softening is therefore economical; the health effect of such treatment might be underestimated and
neglected. For softening there are several different approaches possible.
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Figure 3:
Sodium polyphosphates dosage
into the drinking water system

Usually in the domestic distribution network sodium and potassium salts
are used, however also softening using sodium polyphosphates is rather
common. According to Slovenian legislation [30] adding phosphates in
drinking water is not allowed, however it is also not controlled.
Softening is mainly performed on warm, sometimes also in cold drinking water. It is performed on domestic water installation, usually before
drinking water enters the boiler for heating.

Phosphorus in food
Beside intake via drinking water majority of phosphates are ingested via
different foods. Phosphorus as food additives is used in several formulations (phosphoric acid (E 338–341; E 343) and polyphosphates (E
450–452)) and is authorized in a large number of food products for
several technological purposes. A maximum tolerable daily intake
(MTDI) of 70 mg/kg of body weight (bw) of phosphorus was established by several authorities [31-33], however acceptable daily intake
(ADI) was not able to be determined because phosphorus (primarily as
phosphate) is an essential nutrient and an unavoidable constituent of
8
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food. Based on mentioned expertise limited values of phosphorus additives in different food products are determined [32, 34-35]. However
for individual food product these levels are set rather high not including
cumulative effect of the daily intake through different products.
In the last few decades therefore phosphorus intakes have risen significantly due to the greater use of phosphates as food additives in different food products [15]. The mean daily phosphorus intake of adults in
European countries ranges between 1017 and 1422 mg [16] and between 1030 and 1727 mg for USA population [8], a level well above
the current recommendations [8, 36]. Several scientific studies claims
increased Phosphorus intake could be linked to several health problems
[7, 37]; therefore EU food authorities (EFSA) will re-evaluate phosphates for use as food additives with high priority by the end of the year
2018 [11]. In the context of this re-evaluation all relevant toxicological
information will be collected and re-evaluated.
Since phosphorus is an essential microelement and can be found in any
cell, it is therefore also “naturally” present in all kinds of food products.
However, in animal protein rich food phosphates are present mainly in
the form of organic phosphate esters [6] which are slowly hydrolyzed
and therefore relatively low absorption (40 – 60 %) is present [38-40].
Plants phytate are less bioavailable and therefore less than 50 % is absorbed [39-41]. On the other hand, for industrial processed food different additives are used, among many of them as polyphosphates or in
the form of other inorganic phosphate salts which are almost entirely
absorbed in gastrointestinal tract [40]. The same polyphosphate salts
are used also in the process of water softening, where again phosphate
“additives” are added in to the food (drinking water).

Phosphorus in every day diet and health effect
Phosphorus is an essential element and crucial for cells (and organisms)
vital functions. It is widely present in all kinds of food, however according to latest research [6, 8] the amount of phosphorus intake has increased significantly in the last years which lead to unbalance phosphorus homeostasis in the organism. Several researchers [40, 42-46]
reported the health effect of high phosphorus concentration among patients with chronic kidney disease, especially higher mortality [43, 4546]. Recently researchers have stressed the correlation between cardiovascular diseases and high serum phosphorus concentration in the
general population [6, 39, 44, 47]. High phosphate serum concentration caused vascular calcification in vitro and in vivo [44, 48].
More and more authors point out that it is necessary that the holistic
approach of risk assessment is used in the context of realistic scenarios
of simultaneous exposure to whole cocktail of various pollutants, their
degradation products, a variety of comprehension and sensitivity of the
individual exposed person, especially in the case of specific vulnerable
groups and the inclusion of potential causal links and indirect impacts
of evaluated chemicals on health. Therefore some additional approaches should be included in health risk assessment for phosphorus addiInternational Journal of Sanitary Engineering Research
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tives, especially holistic view on health effect, such as use of epidemiological data and collateral side effects which phosphorus might have
(role of increased phosphorus concentration on hormonal regulation
and vascular cell re-programination to osteoblast like cells) instead of
assessment only narrow (especially acute) toxicity data.

Conclusion
Based on the arguments presented, human health risk assessment for
exposure to water softeners (potassium polyphosphates) should be revised; possible interaction between different chemicals (synergism, antagonism, multiplicism) should be included as well as other indirect effects, as well as the effect of cumulative (daily) intake through different
sources. Traditionally risk assessments (and also toxicological tests,
based on which such risk assessment is made) are made for pure
chemicals and ignore all of the above mentioned factors. It is urgent to
review such approach in order to determine the interaction between different substances in water and water softeners and, consequently, the
phenomenon of multiplication, synergism or antagonism.
As mentioned in the article several authors [8, 15-16] report about the
correlation between high phosphorus intake, high serum concentration
and health effects, not only among vulnerable groups but also among
the general population. Any kind of additional intake of phosphorus is
therefore not needed, in fact it could actually present an additional
(phosphorus) burden and therefore additional health threat, which is
also true in the case of using phosphates as drinking water softeners.
In case of intake of phosphorus the lack of information is crucial. The
general public have not adequate knowledge about the potential risk to
the cardiovascular system and renal function caused by high phosphorus consumption. Consumers usually also cannot decide for a product
with lower phosphorus content due to poor food labelling. The same
problems occur in case of drinking water softening, since consumers
usually have no idea, that caretaker in their building use such chemical
treatment of their drinking water. Usually intake of phosphorus via individual food products is not extremely high and could be negligible compared to the RDA (Recommended Dietary Allowance). In case of drinking water softening recommended values of polyphosphates are rather
low compared to RDA for phosphorus daily intake, however it also contributes to the total sum of daily phosphorus consumption, therefore total daily intake of phosphorus could be (and in most cases is) extremely
high and above the recommended values.
Based on the mentioned facts we estimate that the health risk in the
case of sodium polyphosphate as a drinking water softener is insufficiently investigated and consequently, the risk is probably underestimated.
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