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Introduction

Lithium has a wide variety of uses, including in small devices such as mobile phones, batteries for electric cars, in
the glass and ceramics industries (US EPA USGS, 2021) and for the treatment of mental illness
(Farmacotherapeutisch kompas 2021). In response to plans to extract lithium in the Rhine basin near Karlsruhe,
RIWA needs information on the potential impact on the water quality of the Rhine, including the risks of lithium in
the Rhine for drinking water supplies. KWR was asked to perform a concise assessment of the toxicity of lithium,
and potential risks related to lithium in drinking water. This brief report summarizes knowledge on exposure to and
toxicity of lithium, possibilities for drinking water treatment and estimates a preliminary health risk guideline. The
risks of other pollutants that might enter the Rhine as a result of lithium extraction are not discussed here.

Toxicity

Due to the use of lithium as a medication for (potentially) lifelong mental health problems, the health effects of
chronic exposure are generally well known (Van Paemel et al. 2010). For lithium, this includes both positive health
effects (intended effectiveness) and negative health effects (side effects).

Lithium (in the form of a lithium salt) can be prescribed for bipolar disorder, mood swings and depression
(Barjasteh-Askari et al. 2020, Farmacotherapeutisch kompas 2021). Adverse health effects from chronic exposure
manifest mainly in the kidneys (Van Paemel et al. 2010) and occur at plasma concentrations above 1.5 mmol/L
(Oruch et al. 2014). McKnight et al. (2012) concluded from a systematic review and meta-analysis that lithium may
be associated with an increased risk of decreased ability to concentrate urine (renal toxicity), decreased thyroid and
parathyroid activity, and weight gain. The risk of congenital abnormalities is unknown/unproven for humans
(McKnight et al. 2012), but there are indications for this from animal studies (Van Paemel et al. 2010). Long-term
use of therapeutic doses of lithium may additionally cause side effects on the gastrointestinal system (nausea,
vomiting, diarrhea), central nervous system (confusion, fatigue, seizures, coma), muscles (tremors and muscle
twitching), endocrine effects (hypothyroidism; decreased production of thyroid hormone), enlargement of thyroid
gland (goiter) and swelling (Oruch et al. 2014).

Since a significant relationship has been found between measured lithium concentrations in drinking water and
urine, it is plausible that drinking water may be a route of exposure for the average population in some regions
(Barjastesh Askari et al. 2020). Systematic review and meta-analyses show mainly positive health effects of lithium
in drinking water for average concentrations up to 11.6 pg/L. In these publications lithium concentrations are
associated with a decrease in suicide rates and inpatient psychiatric admissions (Barjastesh Askari et al. 2020; Eyre-
Watt et al. 2021). However, some studies referenced in the publications actually reported an increase in
schizophrenia and related disorders (Eyre-Watt et al. 2021). The meta-analysis did not include Dutch studies, but
did include European studies (e.g. Denmark and England). It cannot be excluded that the observation of positive



IWR

effects arised from the influence of other factors (Barjastesh Askari et al. 2020; Eyre-Watt et al. 2021). The positive
health effect of lithium in drinking water has also been questioned by a German researcher who calculated that an
individual would have to drink 1800 liters of water to ingest the therapeutic dose of a lithium salt (Bschor, 2021).

Besides chronic effects, acute (adverse) health effects of lithium have also been described (Van Paemel et al. 2010).
Because low concentrations and long-term exposure generally apply to drinking water, acute effects are not
described in detail in this brief report. In addition to human health effects, ecological effects of lithium in surface
water have also been described (EC 2015; US EPA, 2008a). Because ecological effects are beyond the scope of the
research question, they are not described here.

Health guidelines

Neither in the Netherlands nor by the WHO and US EPA have standards or guideline values been set for lithium in
(drinking) water (Barjastesh Askari et al. 2020; Drinking Water Decree, 2018, RIVM, 2021). Van Paemel et al.
reported in 2010 that no chronic risk limit (such as an acceptable daily intake) has been derived for lithium, nor
have chronic toxicity limits such as NOAEL ("non-observed adverse effect level") values been identified by agencies
to provide health-based guideline values for drinking water (Van Paemel et al. 2010). A quick-scan in databases of
among others ECHA, EFSA, EMA, RIVM, TERA/ITER, US EPA and WHO did not yield (additional) information.

The US EPA (2008b) describes a reference dose (RfD) of 0.002 mg/kg-bw/day, which is based on the lower limit of
therapeutic lithium concentration of 0.6 mmol/L in serum. This 0.6 mmol/L corresponds to a LOEAL of

2.1 mg/kg-bw/day and an uncertainty factor of 1000 was used by the US EPA to determine the RfD, (10 for
intraspecies variation, 10 for extrapolation from LOAEL to NOAEL and 10 for database insufficiencies). Based on the
RfD of 0.002 mg/kg-bw/day, the US EPA has proposed a non-statutory Health Based Screening Level (HBSL) of

10 pg/L (US EPA USGS, 2018). This derivation assumes an adult body weight of 80 kg, a 20% allocation to drinking
water, drinking water consumption of 2.5 L per day, and rounding (Lindsey et al. 2021, US EPA USGS, 2018).

When a similar approach is based on the lowest therapeutic dose as reported by the Dutch Pharmacotherapeutic
Compass (2021), an uncertainty factor of 1000, an adult body weight of 70 kg, a 20% allocation to drinking water
and a drinking water consumption of 2 L/day, an indicative health-based drinking water guideline value can be
derived as follows (Baken et al. 2018, EC 2018):

(0.0011 mg/kg day * * 70 kg * 0.2 2) / 2 L/day = 0.0075 mg/L = 7.5 pg/L.

By drinking 2 liters of water per day at this concentration, a daily intake is reached after about 5,000 days (~14
years) (75 mg */(0.0075 mg/L x 2 L) = 5,000).

In 2014, the background concentrations of lithium in fresh and salt surface water in the Netherlands were 3.5 ug/L
and 120 pg/L, respectively (RIVM, 2021). In 2019, the average background values of lithium in the Rhine were

10.4 pg/L (annual average of four sample locations) with site-specific maxima up to 16 pg/L (RIWA, 2020).
Concentrations of lithium in Dutch drinking water are not publicly available, and retrieving these data was beyond
the scope of this brief report.

1 The lowest therapeutic dose is in the Netherlands 400 mg lithium carbonate per day for elderly people, this corresponds to 75 mg lithium per day. With
a body weight of 70 kg (in line with the Water Framework Directive, EC 2018) and a uncertainty factor of 1000 (10 for intraspecies variation (10 for
extrapolation of LOAEL to NOAEL and 10 for database insufficiencies, in line with the US EPA, US EPA 2008b), the acceptable daily intake was estimated
to be 0.0011 mg/kg-bw/day. The lowest therapeutic dose for adults (non-elderly) is 600 mg/kg-bw per day (Farmacotherapeutisch Kompas 2021).

2The Water Framework Directive (WFD, EC 2018) assumes a standard allocation of 20% to drinking water. If the proportion of lithium exposure via food
or the environment is relatively high, the allocation assigned to drinking water may reduced to less than 20%. Relative exposures have not been
investigated further for this brief report.
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As a result of the planned lithium extraction it is to be expected that concentrations in the Rhine will increase and
will be (structurally) above 7.5 pg/L. Based on the (limited) toxicological information, there seems to be reason for
concern for adverse human health effects. However, the indicative drinking water guideline value derived here is

very conservative, because the acceptable daily intake (on which the drinking water guideline value is based) was

determined with an uncertainty factor of 1000.

Other known, widely used databases (ECHA, EFSA, EMA, RIVM, TERA/ITER WHO) lack a health-based guidance value
for lithium (at this moment). The accuracy of the indicative drinking water guidance value derived here needs to be
further investigated. Availability of a realistic, reliable NOAEL provides a better basis for deriving an indicative
drinking water guideline value for lithium.

Lithium in drinking water treatment

Lithium (CAS number 7439-93-2) usually occurs in (surface) water in the form of a positively charged ion (Li+) which
is smaller than sodium. In conventional drinking water treatment (i.e. coagulation/flocculation/sedimentation) this
is not removed. Activated carbon can adsorb lithium ions, but only after chemical pretreatment (Jeong, Rhee et al.
2015, Kamran, Heo et al. 2019, Gineysu 2020) applied to extract lithium (not to remove lithium from water). The
standard activated carbon applied in a drinking water treatment plant is probably not suitable for lithium removal.

Of the membrane processes, only reverse osmosis (RO) could be somewhat effective, but according to Fedorova
(2020) the process does not work well, probably because lithium ions are smaller than sodium ions. The only
technique mentioned in the literature as effective for drinking water treatment is ion exchange, where lithium ions
are replaced by sodium ions. However, lithium concentrations were low compared to sodium concentrations in the
water (0.41 mg/L versus 184 mg/L, in subpermafrost groundwater in Yuketia) (Fedorova and Kryzhanovsky 2018,
Fedorova 2020).

It may be possible to remove lithium from water using a technique such as electrodialysis (Jarma, Cermikli et al.
2021), but this has not yet been tested on a small scale for drinking water treatment only (lab or pilot setup). The
same is true for biological removal by bacteria (Bacillus sp. HX11, Bacillus sp. HA120a, Kocuria sp. SA129b and
Brevibacterium sp. SX139) (Martinez, Rajal et al. 2021).

It can be assumed that in common drinking water treatment plants, lithium is poorly or not removed.

Conclusion

As a result of the planned lithium extraction, concentrations in the Rhine are likely to increase and to reach
(structurally) the indicative drinking water guideline value derived here. The (limited) toxicological information and
on the assumption that lithium is poorly or not at all removed in the usual drinking water treatment raises a
concern for adverse human health effects due to exposure to lithium via drinking water.
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