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Global navigation of Lithium in water bodies and emerging
human health crisis
Muhammad Adeel1,10✉, Muhammad Zain2,10, Noman Shakoor3,10, Muhammad Arslan Ahmad4,10, Imran Azeem3,
Muhammad Abdullah Aziz5, Robert Xavier Supe Tulcan6, Akshit Rathore 7, Muhammad Tahir8, Robert Horton9, Ming Xu1✉

and Rui Yukui3

The production of lithium (Li) increased by 256% in recent years due to unprecedented demands from technological industries.
Intensive harvesting poses serious impacts on the sustainability of Li production. Herein, we address the global Li cycle and predict
the peak production to reach 740000 million tons in 2041. Global Li accumulation in water bodies is mapped, and the
consequences on human health of a wide range (<0.06–>20mg L−1) of Li concentrations in drinking water are explored. The
implications to human health of Li exposure remains unresolved and needs further investigation. There are still no
recommendations on safe limits of Li in drinking water for humankind. In conclusion, there is an emergency call to health
governing bodies, environmental protection agencies and scientific communities for urgent efforts on sustainable production of Li
and identify their thresholds levels in drinking water to minimize the emerging consequences of Li on humans.
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INTRODUCTION
Since the discovery of lithium (Li) in 1970, it has been prescribed
as a therapeutic drug for bipolar diseases, protection against
suicide, mania, and short-term mortality1. More recently, Li has
been used in various industries, including construction, glass and
ceramics, lubricating greases, and electronic appliances2. A sharp
rise in demand since 2010 for rechargeable Li-ion batteries (LiBs)
has remarkably increased Li production by about 100,000 tons per
year, tripling the usage3,4. We predict that Li production will reach
its peak in 2041, and then wind down to the end of this century
when the Li resource is depleted. Furthermore, the estimated 700
million road vehicles in 2050, alongside the minuscule recycling
rate (3–5%) of LiBs will drastically elevate the global Li usage and
likely lead to increased Li accumulations in aquatic and terrestrial
environments, including the food chain5. Currently, there exists
limited knowledge and an absence of conclusive evidence on the
consequences of Li concentrations in natural water environments
and in drinking water.
Recently, anthropogenic activities (like waste material of LiBs,

lubricating grease, and pharmaceuticals etc.) triggered Li con-
centration in surface and drinking water which varied greatly
depending upon the geography and remains a graveyard threat
to the environment and public health. For example, current
studies documented that Li level in groundwater is 300 µg L−1 and
500 µg L−1 in Vehari, Pakistan and in South East Ireland,
respectively6,7. Lindsey et al. reported <1–1700 µg L−1 and
<1–396 µg L−1 Li in public supply wells and domestic supply
wells of United States, respectively8. Consequently, elevated range
of Li (0.057–5460 µg L−1) was detected in 132 brands of drinking
water bottled across 28 countries9. However, health governing

bodies have not yet reported regulatory standards or recommen-
dations for Li levels in drinking water.
Li has a double-edged sword role in human health as

Liaugaudaite et al. reported the lower suicide rate at high Li
concentrations (0.48–35.53 µg L−1) in drinking water of Lithua-
nia10. Consequently, Harari et al. conducted a study on 178
pregnant women of Argentina (drinking water having 5–1660 µg
Li L−1) and found that elevated Li in drinking water disrupts
calcium homeostasis during pregnancy11. Given the recent
ambiguities in published literature, there is a dire need to unveil
the accumulation of Li in drinking water sources for its beneficial
or harmful association with human health.
Recently, Li has drawn the attention of the public and the

scientific community due to higher production and consumption3

and its possible effects on human health12–14. Although an
extensive body of data is available on Li accumulation in the food
chain15–17, few studies documented the potential effects of
chronic exposure to Li through water intake11,15. Our systematic
perspective presents the current snapshot of global geographical
distribution of Li in water bodies, geochemical cycles and peak
production curve suggesting the sustainable application of Li in
modern tech-industries. Furthermore, we also highlighted the
double edge sword role of Li in water bodies to human health and
challenges linked with Li to health governing bodies.

Biogeochemical distribution of Li in the environment
Li is delivered to the terrestrial system from various natural
processes (brine, leaching from granitic rocks, and weathering),
and each of which represents a small source relative to
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weathering. Weathering plays a key role in the biogeochemical
cycle of Li as it leads to a major release of Li from rocks, which
upon chemical processes dissolves in rivers and by physical
transport processes eventually resides in sediments of rivers and
oceans. Rocks possess uneven Li distributions with a general
range of about 1–60 ppm18. Three major groups of Li minerals
with high commercial values are silicates, micas and phosphates.
Climate change might affect weathering processes but further
efforts are required to understand the combined effects of
climatic factors, types of rocks and weathering on Li fluxes and
distributions. A quantitative summary of the global biogeochem-
ical Li cycle as estimated for current conditions with both
anthropogenic and natural fluxes is illustrated in Fig. 1.
Atmospheric deposition via sea salt aerosols, gaseous and

particulate emissions from volcanoes, and dust arising from wind
erosion are the major fluxes of Li in air. Lithium deposition by
precipitation happens via water suspensions of Li containing
aeolian dust present in the atmosphere and by rain water
containing dissolved Li. Li concentrations have been reported in a
range of 17–41mg kg−1 in aeolian dusts, with the concentrations
varying among dust sources19. Globally, aeolian dusts are the
largest natural flux source of Li in the atmosphere accounting for
38.4 × 109 g year−1 20. Variations in Li depositions due to
precipitation have seasonal and local influences, including the

human activities. So far, Li is known to diffuse into certain
materials (lithium hydroxide, lithium nitride, lithium hydroxide
monohydrate, lithium oxide, and lithium carbonate) and reacts
with atmospheric air by forming several reaction products.
However, the impact of Li on atmospheric deposition rates via
reaction of atmospheric carbon and nitrogen are still unknown.
Due to demand and volatile residues, coal is a primary source of

Li in the global cycle. The average Li concentration in global coals
is about 12 mg kg−1 21, however, concentrations vary widely in
industrialized regions, with upto 17mg kg−1 in Russia22 and
165mg kg−1 in China23. The impacts of coal combustion are
considerable at the global scale, with the mobilization of 550 × 103

tons of Li in 201920 when coal production was 8,129 × 1012 g in
201924. Given the total estimated Li deposition of up to
143 × 109 g year−1 from the atmosphere through different
weathering rate might be greater than the other atmospheric
deposition20. Thus, particular attention should be given to the
range of particles present near emission sites.
Li tends to accumulate in water systems due to its high

solubility and mobility characteristics. The residence time of Li is
quite long in oceans with an order of about 1000 years for Li to
thoroughly mix in an ocean25. Gaillardet et al.26 estimated the
global flux of Li transported as the dissolved load in rivers as
69 × 109 g Li year−1, based on their estimation of the average

Fig. 1 Li entrance pathways into environmental compartments of the global Li cycle. Each environmental compartment represents a
specific annual value of Li flux in tons per year. Data presented in the figure were extracted from the literature.
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dissolved Li contents in rivers of 1.84 µg L−1 and river discharge of
3.74 × 104 km year−1 27. Additionally, Kavanagh et al.7 assessed Li
concentration in rivers which came out in a range of about
0.01–0.05 mg L−1 in dissolved river water with an average of
0.02 mg L−1. So, by referring to both values, ~75 × 103 tons Li
year−1 is added by terrestrial rivers to oceans in dissolved form.
Apart from this, about 4–21 × 103 tons Li year−1 may reach the
oceans by submarine groundwater discharge in coastal areas28.
Lithium fluxes from hydrothermal vents (3–15 × 109 mol year−1)
and rivers with annual fluxes of 8–16 × 109 mol year−1 are the top
sources of Li inputs to oceans (Fig. 1)29.
There was a Li concentration of 0.007 µg L−1 in an East

Antarctica ice core30, and a < 0.04 µg L−1 Li concentration in
Guadeloupe (Lesser Antilles) France31. In contrast, there were Li
concentrations of 0.87 µg L−1 in the Yellow River, Longman Station
in China and Tibet32 and about 2.62 µg L−1 in the Yangtze River
Basin (snowmelt)33. In 2010, one study reported that the sum of
the leading anthropogenic inputs (19–38%) to rivers (ranging from
82 to 95 × 109 g year−1) exceeded the analyzed natural transport
of dissolved Li to the sea via rivers (69 × 109 g year−1)20. The
simplest explanation for this is that most of the anthropogenic
input to freshwaters is precipitated rapidly. A researcher proposed
that as little as 10% of the Li in rivers may be transported to the
open ocean. The increase in soluble Li in river waters may alter the
global mean seawater Li concentration over a long time period34.
This perturbation is likely to increase in the coming years.
For instance, each year about 1 billion cell phones are

produced, with 1–3 g of Li per phone20 battery. Electric car
batteries contain 12 kg of Li20. The number of Li batteries used in
technological industries is huge, but the contribution of this
emerging potential source of Li to water bodies is unknown.
Similarly, the USGS (2020) indicates that ≤1% of the global annual
production of Li is used in therapeutic drugs3, amounting to about
0.8 × 109 g year−1 globally, and the roughly estimated contribu-
tions of Li drugs to wastewater is ~1% of the annual transport of Li
in world rivers20, but it needs further investigation.

Sustainable approaches to handle the peak Li production
curve
Total global Li mine reserves are about 210 million tons3, and the
reserves from other sources, such as geothermal brines, con-
tinental brines, oilfield brines, and hectorite, are about 78 million
tons3. We fit a Gaussian distribution to published production data
of Li from 1989 to 202035 to estimate that Li production could
reach a peak value of 741000 MT in the year 2041. This result
encourages an aggressive effort for sustainable management of Li
resources. Additionally, we found that Li production increased by
13% per year, and a 256% increase in Li production occurred
between 2010 and 20214. To account for the resources available
for extraction, we used the value of 21 × 106 MT as the area under
the curve and modeled its production under the scenario in Fig. 2.
Production of electric vehicles and their batteries is the sector

with the most significant Li use and growth, and batteries are the
primary product using ~50% of annual Li resources36. Electric cars
used 15 kWh LiBs and the required reserves for LIBs are about
6 × 106 MT. Therefore, accounting for the rest of the Li products
and LiBs, the needed resources by 2050 may be around 12 × 106

MT or just over 50% of the current resources and close to our
estimated peak value in 2054 (Fig. 2). The recycling of Li ion
batteries alongside Li in glass and ceramics (14%), lubricating
grease (4%), and air treatment (1%) presents critical challenges37.
Extraction of Li for the technological industries invariably comes

with an environmental cost such as air pollution, encroachment
on indigenous lands, destruction and fragmentation of wildlife
habitats, and depletion and contamination of water resources.
Learning from this perspective, future studies are warranted to
perform more detailed analysis on the management of Li
resources and production that provide additional insights such
as ecological and carbon footprints of Li. We call on policymakers,
joined by leaders in business and civil society, to develop
comprehensive and creative solutions that mindfully address the
coming global environmental Li crisis. Some strategies entail the
invention and application of new technologies by reducing the

Fig. 2 Peak Li production curve based on world mine production data and USGS reports indicates a maximum production in year 2041.
The data presented in the figure were obtained from reports published between 1989 and 2020, and the Gaussian distribution curve was
fitted to the data with a least-squares method.
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amount of virgin Li that must be mined (e.g., recycling and
remanufacturing), while others entail battery technologies that do
not require Li (e.g., zinc-iron or solid-state technologies).

Li status quo in water bodies
The concentration of Li is highly variable depending on its
geographical location38,39, for example the North Atlantic Sea has
220 µg L−1, the Pacific Ocean has 1173 µg L−1, the Indian ocean
has 160 µg L−1 and the North Sea has 100 µg L−1 Li40. Most of the
Li studies focused on surface waters, e.g., rivers and lakes. About
51% of the studies are related to surface water environmental
monitoring projects followed by about 25% in groundwater and
24% in drinking water (Fig. 3). Additionally, Li concentrations in
surface waters have been reported to range between 0.01 and
17.5 mg L−1. A location in Chile, Salar de Aguas Calientes, was
reported to have an exceptionally large Li concentration of
1500mg L−1 41 due to high Li mining intensity.
The total concentration of Li in sea water of Ireland was 230,000

to 250,000 megatons (Mt)36. Steinmetz42 reported 10,000 µg L−1 Li
in Andean plateau brine water, while 2.2 µg L−1 Li was detected in
the Amazon river43. Qi et al. reported 240 to 260 µg L−1 in sea
water, 580 to 660 µg L−1 in brine water, and 110–450 µg L−1 in
groundwater of Laizhou Bay, China44. Li content in the water of
Chongqing city, China varies from 0.14 to 110 µg L−1 45. High
mobility due to anthropogenic activities in modern tech
industries, urban areas, and geogenic sources (leaching from
weathering of minerals and silicate rocks) might be a strong
reason for Li contamination in riverine systems. Li in water
fluctuates with natural and anthropogenic activities, thus Li
determination, quantification, and risk assessment are essential
for a sustainable and healthy society.
Groundwater quality has declined over the past decades, Li

concentrations in groundwater are generally higher than surface
waters with ranges between <0.01 and 14,000 µg L−1 (Fig. 4).
Khalid et al.6 reported a 300 µg L−1 Li concentration in

groundwater of the Vehari district in Pakistan, but the reason for
this high concentration remains unknown. Groundwater Li
concentrations range from 16.5 to 1790 µg L−1 in China46, and
1.40–12.2 µg L−1 in Romania, with an average value of 4.56 µg L−1

(Fig. 4)47. This variation in groundwater Li concentration might be
due to improper dumping of Li containing appliances with
subsequent impacts on the underground system. Thus, analyzing
the groundwater chemistry and preventing groundwater pollution
from Li are keys to sustainable environments and healthy human
lives. Current approaches to protect drinking water may not keep
up with increasing human based Li inputs to the environment (Fig.
3). It is well established that drinking water contamination with Li
is the main route of Li exposure to human beings, and Li
concentrations in drinking waters differ from country to country.
Although drinking water guidelines are not commonly reported,
the USA drinking-water-only threshold of 60 µg L−1 and the
Eurasian Economic Union limit of 30 µg L−1 provide some
guidelines8,48.
Krachler and Shotyk9 analyzed 132 brands of bottled water from

28 countries and discovered Li concentrations to range from 0.057
to 5460 µg L−1. The highest concentration of Li (5460 µg L−1) was
in bottled water from France, while the bottled water from
Germany had concentrations ranging from 1300 to 1400 µg L−1. Li
concentrations in drinkng waters of various regions are presented
in Fig. 4. For example, the ranges of Li concentrations in drinking
water of Texas, USA (2.8–219 µg L−1) and Samos, Greece
(0.1–121 µg L−1) are alarming as there are no mining in these
areas49,50. However, some geographical regions of Chile, Argentina
and Austria have reported some extremely large drinking water Li
concentrations of above 1000 µg L−1 38,51. Although, due to the
absence of a regulatory threshold, it is unclear which Li
concentrations are beneficial or harmful to people. Thus, our
perspective is to highlight the urgent need to uncover the reasons
for varying levels of Li in drinking water and to establish a
threshold Li level in drinking water to avoid major sources of

Fig. 3 Illustration of the Li cycle (Li contents come from the Li-ion batteries wastes, coal combustion, municipal waste etc.) with various
transport routes along groundwater pathways from possible domestic and industrial sources to human consumption through drinking water.
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human disorders. It is also worth noting that drinking water
analysis in highly mined areas, especially Australia and Chile, are
greatly needed at this time because earlier drinking water analysis
in these regions was done 10 years ago. Furthermore, researchers
and health regulatory bodies must provide in-depth Li risk
assessments in various aquatic environments.

Li is a double-edged sword. Lithium is not considered an essential
element for biota; however, a recent study suggests that Li may
have beneficial neurological and anti-aging effects in humans52.
Indeed, studies performed in various countries including Aus-
tria51,53, United Kingdom54, Greece50, Italy55, United States49 and
Japan56,57 repeatedly documented the reverse correlation

Fig. 4 Global geographical distribution of Li in various water bodies. Data sets were collected for 17 countries from published reports. The
categorization (<0.06– >20mg L−1) used is based of the recommendation by the United States Geological Survey (USGS). Three types of
datasets (Li level in water (<0.06, 0.07-3, 3.1-10, 10.1-20, and >20), Sample type (drinking water, surface water, and groundwater), and Li
reserves in the world) are presented. Surface water includes lakes, rivers, ponds, and glaciers. Different colors inside the icons highlight the
different Li levels in water, various icons show the sample type, and color inside the map denotes the Li reserves in the world.

Fig. 5 Figure highlights the impact of lithium on human body organs that comes through drinking water. Illustration of (a) Lithiumeter
depicting the acute and chronic toxicity categories for various Li concentration ranges in the human body (b) Drinking water containing Li
and associated consequences on human body organs, and (c) Impact of Li on functions linked with the human brain arrow highlight that Li
impact on macro organs to micro organs of the human body. “↑” highlights the increase and “↓” show the decrease of disease levels.
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between Li concentrations in drinking waters and the risk of
suicide. Some researchers reported that, the anti-suicidal effects of
low Li content may be explained by the long-term exposure to Li
through drinking water. For twelve drinking water samples in
Chile (1–207 µg L−1 Li), König et al.58 found lower suicide rates at
the higher Li concentrations. Liaugaudaite et al.10 reported Li
concentration in nine samples of drinking water ranging
0.48–35.53 µg L−1 (Fig. 4), that lower suicide rates in men occurred
at higher Li concentrations. However, Kozaka et al.59 reported that
there was no association between Li concentrations of 0.2 to
12.3 µg L−1 and suicide mortality rates in Miyazaki Prefecture
Japan. Resolving the apparent contradictions on the impact of Li
concentrations on humans is necessary to advance our knowledge
of human disorders.
Although Li might be a useful element for the human body, its

toxicological action at high levels must not be neglected (Fig. 5).
Adverse side effects of Li can be seen at therapeutic dose levels,
resulting in a narrow therapeutic index60. Lithium treatment in
humans is mainly associated with an increased risk of reduced
urinary concentrating ability, hypothyroidism, hyperparathyroid-
ism, and weight gain60,61. These adverse effects of Li are
associated with serum concentrations ranging from 3.5 mg L−1

to >17.4 mg L−1. Nephrotoxicity is the most common adverse
effect of Li therapy62, affecting 30–40% of patients taking Li-
containing drugs. Lithium nephrotoxicity manifests as an impaired
ability of renal ducts to concentrate urine due to Li induced

changes leading to a syndrome called “nephrogenic diabetes
insipidus or NDI”63 (Fig. 5). Other outcomes associated with Li
overdoses include neurological and psychiatric effects (tremor,
muscle hyperirritability, muscle incoordination, blackout spells,
epileptic seizures, slurred speech, coma, psychosomatic retarda-
tion, increased thirst, anorexia), cardio-vascular effects (cardiac
arrhythmia, hypertension, circulatory collapse), and gastrointest-
inal effects (nausea, vomiting, abdominal pain)60 (Table 1)62.
Schullehner et al.64 reported that a Li concentration in drinking
water ranging from 0.6–30.7 µg L−1 significantly increased the
incidence of schizophrenia spectrum disorder and schizophrenia
in Denmark, furthermore no association was found in bipolar
incidence rates.
High Li levels in waterbodies and tap water due to pollution

from Li batteries, caused toxicity to human cardiomyocytes12.
Indeed, Li significantly repressed cell capability and proliferation
of human cardiomyocytes and promoted cell apoptosis. These
effects were attributed to the regulation of glycogen synthase
kinase 3 beta (GSK3β), an enzyme in humans that is encoded by
the GSK3β gene12. Abnormal regulation and expression of GSK3β
are associated with mood disorders, bipolar disorder and
depression, and schizophrenia12. In Hetao Plain China, Li
concentrations measured at fifty four groundwater sampling sites
ranged from 16.5 to 1790 µg L−1 and had 37.4% non-carcinogenic
risk to human46. Harari et al.65 observed 5.0–1660 µg L−1 Li in
drinking water of Argentina and found that Li intake via drinking

Table 1. Review of outcomes and limitations of studies on drinking water Li concentrations.

Concentration (µg L−1) Human health consequences Limitations Reference

2–27 Long-term increased Li exposure in drinking water may
be associated with a lower incidence of dementia in a
nonlinear way. However, other confounding factors
associated with municipality of residence cannot be
excluded.

Increased Li concentration is not specified in this study. 69

0–40 High Li concentration in drinking water has no
association with dementia.

No information is available regarding the socio-economic
background of the participants. Moreover, the effect of Li
on diverse patients or those patients who experience
stressful situations is still unknown.

70

1–39 Effect of Li intake through drinking water was
associated with a lower incidence of suicide in a
nonlinear way.

Lack of data relevant to Li levels in food and the
proportion of the population who drank tap water and
their consumption habits. Therapeutic Li doses are larger
than groundwater Li concentration therefore, making a
true relationship between groundwater Li and mental
health is uncertain.

71

0.1–121 Higher Li in drinking water was associated with lower
suicide rate.

Li concentration was detected in drinking water and in
other food stuff. It might be difficult to draw a conclusion
whether the patient was taking Li from drinking water or
other food materials.

50

0–130 Li in drinking water may be associated with a low risk
of male suicide in the general population. No
association was observed in females.

Lack of data was noticed regarding the Li level in
drinking water as a proportion of the population drank
tap water and their consumption habit like some people
might not drink tap water because of water quality.
Moreover, it is unknown how long they drank tap water
within their municipality.

56

<0–121 Li level in drinking water had no correlation with
suicide mortality rate.

No data are available to relate specific dietary Li
consumption to expected serum Li levels. Therefore, it is
still not clear what amount of Li in human serum can
provide an independent protective effect for suicide.

54

0–12.9 Li in drinking water might have a protective effect on
the risk of suicide among females. But no association
was found in men.

The ecological nature of this study cannot determine a
causal relationship between Li levels in tap water and
suicide mortality. Another limitation is that other factors,
such as psychosocial and economic factors were not
taken into consideration.

72

117–14343 Long term Li exposure via drinking water was
associated with thyroid function and thyroid
stimulating hormone.

Median age of participants was 34 years, while the effect
of Li on the people of age >34 years is unknown.

73
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water may adversely affect thyroid function during pregnancy, as
Li harms thyroid homeostasis at the pituitary level, directly in
thyroid follicles and through the disruption of thyroid hormone
transport.
As far as we know, still there are no recommendations on safe

life limits of Li in drinking water from the World Health
Organization (WHO) or other health governing bodies. The WHO
should provide such recommendations and guidance on the
direct intake of drinking water, especially in high mining areas.
Furthermore, although Li toxicity might be especially risky to
children, and so far there are no studies on children’s health due
to Li exposure in drinking water.

Li as an open challenge for scientific and health governing
bodies
The estimations of daily intake (DI) of oral Li are very diverse,
ranging from 100 to 1000mg day−1 66 depending on its
availability in the environment and in food products. The
recommended dietary allowance (RDA) for Li intake is 1.0 mg
day−1 for a 70 kg adult39,67. Recently, a range (0.033–0.080mg
day−1) of DI levels from municipal drinking water has also been
reported62. Furthermore, Li concentrations in drinking waters are
expected to increase drastically as Li inputs into all of the
environmental compartments increase with advancements in
technological industries. We urge the need to formalize existing
traditional and gray literature knowledge of Li in waters and
expand research partnerships with all stack holders to conduct
research on sustainable uses of Li.
Lithium in drinking water is a major source of overall Li intake

into the human body. For example, in Chile, Li-rich saline can
contain up to 1500mg L−1 Li, and although total Li intake may
reach 10mg day−1, the adverse effects on the local population

remains unknown. The Tolerable Daily Intake (TDI) of Li is reported
to be 0.02mg kg−1 day−1, which is equivalent to 1.40 mg day−1

for a 70 kg adult68, but these findings are outdated. There is a dire
need to update the TDI values of Li because the production of Li
has increased significantly (256%) in recent years. The estimated
daily intake of Li in Germany and France is 0.2 and 0.5 mg day−1

respectively (ANSES, 2011)69. According to the Oregon Health
Authority, the chronic oral exposure to high doses of Li is 140mg
day−1 70.
Lindsay et al.8 reported a 60 µg L−1 of Li in drinking water, while

the proposed health based screening level of Li in drinking water
was 10 µg L−1. Consequently, these values were calculated by
using Environmental Protection Agencies (EPA) chronic exposure
dose of 20 µg kg−1 day−1. Additionally, the Eurasian Economic
Union has fixed a limit of 30 µg L−1 for Li in drinking water48. The
above mentioned recommendations are based on regional data,
and there are no WHO recommendations on safe levels of Li in
drinking water. The scientific community is not in agreement on Li
toxicity levels in the human body, as mixed reports have been
provided on suicide rates at high Li exposure. Thus, Li is an open
challenge to health governing bodies and scientists, and Li
recommendations are needed for human health outcomes.
Environmental protection agencies must also address growing Li
sources that threaten groundwater quality.

CONCLUSION: FUTURE-ROAD MAP
We present a global life cycle assessment of Li resources, which
includes Li discharges into various environmental compartments.
A minor amount of Li is delivered to the terrestrial system via
natural processes, while sources such as mining activity, coal
combustion and aerial deposition are the major sources to the

Future Road Map

Fig. 6 Future framework and key concerns of Li in environmental compartments.

M. Adeel et al.

7

Published in partnership with King Fahd University of Petroleum & Minerals npj Clean Water (2023)    33 



environmental Li cycle. We estimate that Li production can reach
its peak (741000 MT) in 2054 based on an average annual growth
of 13%. The 256% increase in Li production between 2010 and
2021 is a clarion call for sustainable management of Li resources.
Our estimation of the Li peak provides guidance to consumer
agencies on planning future Li extractions that minimize
environmental and human health consequences. The Li peak
timing can be effectively delayed by enhancing Li recycling and
adopting sustainable approaches for Li applications in consumer
industries. Much of the data on Li in drinking water systems was
obtained >10 years ago, and the scientific community is in dire
need for new data on Li distributions due to recent increases in
industrial uses of Li.
A low recycling rate of Li will ultimately give rise to Li in our

water bodies through anthropogenic resources. Concerning
human health, contradictory findings about suicide mortality
and other diseases have been reported due to human exposure
to Li through drinking water. Currently, there are no regulatory
standards from health organization agencies on the safe Li level
in drinking water. Thus, we conclude that sustainable applica-
tions of Li and proper recycling are the best approaches to safely
handle and utilize Li resources. Moreover, we provide a future
road map (Fig. 6), with practical suggestions for sustainable
management and a way forward to reduce Li risks that arise
from drinking water.

● Sustainable actions are needed to recycle and properly handle
Li containing wastes to meet the balance between demand
and supply.

● International policy frameworks and collaborations need to
adopt holistic approaches considering human and environ-
mental health cost, and expanded inclusion of supply-demand
relationship for sustainable execution of Li resources.

● Role of Li as a mood stabilizer and neuron transmitter have
been documented, however the specific effect of Li on brain
functioning of males and females is unknown. So, additional
gender-based studies should be performed to identify the
mechanistic roles of Li in human males and females.

● The data presented in our review is based on available
published resources, and safe limits of Li in drinking water
and other sources are still unknown and need to be
confirmed by the health governing bodies.

● Site specific assessments of Li effects on terrestrial biota
should be performed, especially in mining areas with high Li
concentrations in drinking water.

● Sustainable actions are needed to recycle and properly
handle LiBs and Li containing wastes, especially with the
recent large increases (256%) in Li consumption and
production.

● Replacement of Li with Na or other metals/materials should
be considered for the future point of research to minimize the
dependence on Li.
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