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Abstract
Papers by various research groups have suggested relationships between (inter alia)
suicide, dementia, and aggressive behaviour with the levels of lithium in reticulated
drinking-water supplies. The notion of adding Li to drinking water supplies has
even been mooted and covered in the mass media. However, there are
inconsistencies in relation to the amount of lithium in tap-water and its
contribution to total dietary Li intake. There are no data confirming the crucial
question of whether there are actually different blood levels of Li in subjects from
different areas that have different Li tap-water levels, who are included in such
associative epidemiological analysis. This paper clarifies some of these
misunderstandings with relevant data from the scientific literature which has not
been cited previously in this context. Such data clarify certain key points about
Lithium intake, and the regulation of endogenous Lithium, which indicate clearly
and unequivocally that such ‘associative epidemiology’ is methodologically
unsound, conceptually flawed, incorrect, and naïvely over-interpreted.

Introduction
There are an increasing number of publications that can be described as ‘associative
epidemiology’ trying to link Li in tap-water with various aspects of nervous system
functioning, such as dementia, mood states and suicide, and aggressive behaviour.
I refer to these studies as ‘associative epidemiology’ because most of the scientific
and logical observations and requirements that might indicate even a slight chance
of an actual causal link are absent. The old trope of ‘association is not causation’
endures because each new generation of researchers repeat the same mistakes. This
expanding area of investigation is an example of ignorance of basic science, of
methodology, and misunderstanding of statistics and P-values (1). A Bayesian
would want to think about the ‘prior probability’ and require rather better evidence.
See:
https://www.healthknowledge.org.uk/elearning/epidemiology/practitioners/causation-epidemiology-association-causation
I have previously discussed concepts related to establishing cause-and-effect
relationships (Bradford Hill criteria), which are not well-observed in psychiatry (2).
The above link contains a summary about this — my previous discussion (3, 4) was
related to criticism of the weak cause-and-effect nexus between neuroleptic drugs
and neuroleptic malignant syndrome (NMS).
The principles enumerated by Sir Austin Bradford Hill, that are often referred to as
the Bradford Hill criteria, have sometimes been used a little simplistically and have
been further refined more recently (5-7).
There are major misunderstandings in the published studies concerning regulation
of trace Li in humans (endogenous intake), and the sources of ingested Li. This
review discusses how these errors and misconceptions show that the studies thus
far are of no validity or value.
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Endogenous Lithium: trace levels and their regulation
The best replicated and latest data indicate that typical human ‘endogenous’ serum
Li levels (i.e. background levels arising from obligate-ingestion from food and
water) are around 0.0003 mmol/L and show low variation (~ 0.0001 -0.0005) in
relation to dietary ingestion amounts. Current best estimates of dietary daily intake
are 0.1-3 mg/day, of which ~30% is from ‘water’ (see below).
We were taught that naturally (i.e. in people not taking any form of Li treatment)
there was no Li the body, and many doctors may still think that. It is, of course, a
question of limits of detection/quantification (LODs/LOQs): usual laboratory
methods are insufficiently sensitive to measure such low Li levels, and they are
therefore not detected by medical laboratory tests.
The measurement of microgram levels of endogenous Li (and other trace metals)
in biological tissues and fluids involves technical challenges and difficulties (8-10)
and some older (<1996) reported measurements are probably best discounted.
The use of the measurement of fractional Li excretion in hypertension research,
which involves measuring endogenous Se Li and 24 hr. Li excretion, has produced
large samples of endogenous serum Li levels in humans (well in excess of 1,000
subjects). As a result, the group at the Studies Coordination Centre, Laboratory of
Hypertension, Leuven, Belgium (11, 12), have concluded ‘These observations suggest
that serum lithium is tightly regulated (at ~0.0003 mmol/l), despite large variations in dietary
intake’. All subjects had 24 hr urine Li collected which had, in the Belgium sample
an average of 5 µmol of Li, equating to a daily intake of ~0.3 mg of Li, and in a
South African sample 1 µmol, equating to a daily intake of ~0.06 mg: yet the mean
Se Li levels in these two groups were almost identical, and within a narrow range.
Cwynar et al. found almost identical results in 130 subjects in Poland (13).
Since Li intake can be inferred from the 24-hour urine samples these data also
represent the largest body of values approximating typical dietary intake, and they
suggest an intake of ~0.2 mg/day, which indicates that the French TDS estimate of
0.05 mg may be a slight under estimate.
Incidentally, out of 1278 subjects 36 were excluded because of a ‘very high Li
concentration in serum (>0.001 mmol/L)’ which they considered indicated
‘external contamination’ (i.e. ingestion of ‘supplements’, e.g. Li-rich mineral water,
see below).
In view of the size of the above sample discussion of other results (especially those
using older assay methods), is superfluous. However, Miller found serum Li levels
around 0.00016 mmol/L for normal subjects dwelling in the Denver metropolitan
area. The mean 24-hr excretion rate was 0.005 mmol/day (14), identical to the
value found by the Leuven group. Folkerd (15) found a mean 0.00027 +/- 0.02
mmol/l (n = 25, range 0.00013-0.00055 mmol/l).
In summary: at usual levels of dietary intake (~0.1-3 mg/day), which are now
rather more reliably established, Se Li is tightly regulated between about 0.00010.0003 mmol/L. It is not proportional to intake in this range.
These data are informative concerning how illogical some research has been:
Nunes et al. gave 0.3 mg/day to try to help dementia. Since this is in the normal
dietary intake range, it seems a misconceived trial, since it is unlikely to have
significantly altered pre-existing levels (16).
Shiotsuku’s study (17) of subjects drinking large amounts of Li-rich mineral-water
at a spa, although methodologically weak and lacking key data, seems to be the only
study with Se Li estimations in subjects (n=43) ingesting Li in doses of around 2050 mg/day — despite the poor description and methodology (one can hardly
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believe this fellow is a real ‘professor’) the Se Li averaged 0.07 mmol/L, which is
100 times higher than usual endogenous levels.
NB. An insight into the lax methodology in this study “After drinking lithium mineral

water, body weight was increased but not significantly (57.6±10.0 to 59.3±9.1 kg,
p<0.08).
If you drink one liter of water you will be one kilo heavier — simple physics! Their
analysis is irrational.

These data indicate that the tight regulation of Se Li levels at endogenous Li intakes
of 0.1-3 mg/day breaks down once intake reaches around 5-20 mg/day, when it
becomes proportional to the daily dose, as it is when Li is used therapeutically for
BPD at doses of around 1,000 mg/day.
Tap-water: small proportion of daily intake
Therefore, the above data demonstrate that dietary Li intake below ~5 mg/day is
tightly regulated and variations within this range will not much affect serum Li
levels.
Furthermore, all the epidemiological research relates to average levels in the
reticulated water supply (viz. tap-water). But that tap-water constitutes only a minor
proportion of typical daily dietary Li intake. That is clear from data in the Second
French TDS (18) which has produced a figure for daily Li intake of 0.05 mg/day,
and water contributed only 35% of Li intake in adults, i.e. only 0.015 mg — not all
of which is ‘tap-water, a significant % is bottled water.
It is reasonable to deduce from those data that tap-water constitutes only about
10% of total daily Li intake in most people, and considerably less in many others
(e.g. those people who drink mainly bottled water).
It should be noted that the consumption of bottled spring-water is a multi-billiondollar industry throughout the ‘western’ world and bottled waters have five times
higher average Li concentrations: viz. median level of bottled waters is 0.010 mg/L
vs. 002 mg/L for tap-water. Sales figures suggest that about one thousand bottles
of ‘mineral’ water are sold per person per year (USA: 30 billion bottles in 2008). In
Europe the figure is around 50 L per person/year, Austrian data indicates around
90 L (19-24).
Source: http://efbw.eu/bwf.php?classement=07 (European Federation of Bottled
Waters).
The extensive data that now exist on Li levels in reticulated water (which usually
comes from surface water, rather than subterranean water) is reviewed elsewhere. It
is notable that psychiatric publications in this area appear either not to be aware of
these data, or not to have taken any notice of them (the seminal citations below do
not appear in the ‘Psych’ literature). Levels in surface water are generally extremely
low, usually a few thousandths of a mg/L (<0.002 mg/L) and often as low a few
millionths of a mg/L (0.000,005 mg/L) (19-21, 25), but levels in bottled mineral
water from springs and underground supplies can be quite high: this has been
assessed at 884 different European sites which had a median level of 0.010 mg/L.
Thus, a typical bottled mineral water is equivalent to 5 L of tap-water which
indicates that even low levels of consumption would substantially alter the Li intake
from ‘water’. A large proportion of subjects live in areas where the concentration
in tap water is only a few millionths of mg/L and do not ingest any significant
amount of Li from tap-water, compared to typical daily total dietary intakes.
That makes it almost certain that a great majority of the subjects in these samples
will have been ingesting more Li from bottled mineral/spring-water than from tapwater, undoubtedly enough to make a complete and utter nonsense of the
‘epidemiological’ data.
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Two fatal flaws
In summary, there are two fatal flaws invalidating research concerning endogenous
Li in tap-water and its effect on humans. First, at endogenous levels of intake
serum Li is not proportional to intake, it is tightly regulated within a narrow range.
Secondly, even if the ingested amount of Li made a difference, it would not be as a
result of varying Li levels in the reticulated water supply, because that is a minor
contributor to total dietary Li intake.
Therefore, trying to correlate Li in tap-water with suicide, or any other state or
condition, in different geographical areas with different water supplies is, a priori,
irrational and without any scientific basis.
For those out there who still think that the refereeing system for scientific articles
in journals is functioning adequately I suggest the example of the multiple papers
that had been refereed (obviously inadequately) on this subject constitutes a solid
refutation of that notion. Serotonin toxicity, my area of special expertise, proves
this proposition even more decisively — the literature in this field has become a
stream of utter nonsense; e.g. see here for the most egregious example to cross my
desk for some time:
https://psychotropical.info/st-case-reports-update/

Publications about Lithium and Suicide
Here are yet more recent publications about Li and suicide to add to the steady
trickle from the last two decades, which now seems to be turning into a flood (2630). There are more, but since they are all a waste of time, money, and paper it is
hardly worth bothering to search multiple databases for them.
All sorts of somewhat ill-considered suggestions have been aired, and picked-up by
the media: e.g. McGrath et al recently stated: ‘… the prospect that a relatively safe, simple,
and cheap intervention (i.e. optimizing lithium concentrations in the drinking water) could lead to
the primary prevention of dementia is a tantalizing prospect (30), and others have made
similarly ill-considered comments.
Lastly, the failure to measure serum levels of Li in a sample of subjects in the
different areas who were exposed to different levels of Li in their tap-water, and to
establish a reliable correlation between the two, is a quite extraordinary omission.
One has to wonder where these researchers learnt their science and what they were
thinking when they planned their projects (I will not even comment about the
reviewers who approved the grants for these projects, some of which must have
cost a great deal of money).
The irony is that they did not even need to do those measurements for themselves,
because, as explained above, it has already been done for them, in more than 1000
subjects (11, 12) even though none of these researchers recognized that fact.
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