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ABSTRACT 
 
 

Introduction At the moment, calls for sustainable management approaches throughout the 
Lithium (Li) lifecycle have increased due to growing concerns about the 
environmental and societal impacts of Li extraction and use. Moreover, long-
term exposure to elevated Li levels has been linked to thyroid, neurological, 
and renal problems in humans. Currently, no comprehensive evaluation exists 
that thoroughly evaluates the technological, policy, and environmental 
surveillance strategies for addressing Li water contamination across its entire 
life cycle. Therefore, this review aims to synthesize evidence on integrated 
management strategies, including technological innovations, policy measures, 
and environmental surveillance approaches, to prevent and mitigate Li 
contamination in surface water throughout its life cycle. 

Methods This scoping review was developed using the Arksey and O'Malley (2005) 
Approach, which complied with the Meta-Analyses Extension for Scoping 
Reviews and the Preferred Reporting Items for Systematic Reviews. The 
Arksey and O'Malley (2005) framework's recommended actions were carried 
out. For the literature search, three databases were selected. PubMed, Web of 
Science, and Scopus were the three primary databases chosen for this review. 
This review includes only articles published over the past 20 years (2004-
2024). 

Results A total of 403 studies were identified, of which 24 met the inclusion criteria. 
Among the 24 included studies, 42% were observational, 33% experimental, 
and 15% reviews. Seven thematic domains were identified: Surveillance 
(25%), Resource Recovery (33%), Water Filtration System (13%), Extraction 
(17%), Policy, Remediation, and Recycling (each 4%). Several interventions 
demonstrated high Li removal or recovery efficiencies, including adsorption 
and reverse osmosis, achieving up to 99% Li removal; precipitation, 
recovering 84–90% of Li; and bioleaching, yielding 100% Li recovery from 
waste batteries. 

Conclusions A systematic, evidence-based approach is necessary for effective management 
of Li pollution. Moreover, to ensure that the global transition toward renewable 
and electrified energy remains sustainable and safeguards public health, Li 
management must evolve beyond mitigation to prevention and circularity. 
Therefore, a multifaceted strategy combining technological innovation, 
regulatory enforcement, and international cooperation is necessary to 
effectively manage Li pollution and ensure that green energy transitions 
remain environmentally responsible. 
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INTRODUCTION 
In the current economy, Lithium (Li) is a vital 
component widely utilized, particularly with the 
growth of electric vehicles (EVs), portable 
electronics, and renewable energy technologies. The 
primary application of Li, a lightweight metal with a 
high electrochemical potential, is in the manufacture 
of lithium-ion batteries (LiB), which are essential 
for energy storage systems designed to decarbonize 
the world's energy industry.1,2 Moreover, the 
demand for greener technology and international 
initiatives to reduce dependence on fossil fuels have 
propelled the worldwide Li market's exponential 
growth over the last ten years.3 The primary sources 
of Li mining are hard rock mines in nations like 
Australia and China and brine resources in the Li 
triangle of South America (Chile, Argentina, and 
Bolivia). While Li’s role in advancing clean energy 
is well established, its extraction, processing, and 
disposal have created significant environmental 
challenges, particularly regarding water pollution.4 
The mining of Li-rich brines and complex rock ores 
often results in salinity alteration, heavy-metal co-
release, and groundwater depletion. At the same 
time, improper disposal of LiB contributes to 
secondary contamination of surface and drinking 
water sources.5 

The disposal of LiB, which is so 
commonplace in modern life, is a significant source 
of Li pollution. Even though these batteries are 
necessary for electric cars and other electronics, 
disposing of them is becoming a growing 
environmental problem.6 Metals and chemicals 
found in LiB, particularly Li, can contaminate water 
when improperly disposed of in landfills. 
Furthermore, the infrastructure for recycling LiB is 
still in its infancy, resulting in low recycling rates 
and placing greater strain on Li mining to meet 
future demand.3,4,7,8 In Malaysia, improper disposal 
of Li-containing waste and limited infrastructure for 
battery recycling have exacerbated local risks of 
water contamination. A previous study in this 
country also found that many of the country's 
citizens did not recycle unwanted electronic devices 
that contain LiB properly.9 

Besides that, Li extraction in Li-mining 
countries has substantial environmental costs, even 
though it is essential for green technologies. 
Depending on whether the Li deposit is hard rock or 
brine, different mining techniques are used. Li-rich 
brine is pumped to the surface and allowed to 
evaporate, leaving behind Li and other minerals. 
This process, known as brine extraction, is 
frequently employed in dry South American 
countries.10,11 The effects of Li mining on 
ecosystems and biodiversity can also be 
catastrophic. In addition, local fauna and plant 
species acclimated to these fragile habitats may 
suffer if salt flats are desiccated due to Li mining in 
these areas.12,13 Moreover, Li contamination not 

only endangers the environment but also human 
health, especially in areas close to mining and 
refining facilities. Therefore, it is imperative that 
human populations may be exposed to dangerous 
substances through contaminated water supplies 
used in the manufacturing of Li.4,5  

At the moment, calls for sustainable 
management approaches throughout the Li lifecycle 
have increased due to growing concerns about the 
environmental and societal impacts of Li extraction 
and use.3,5 Moreover, long-term exposure to 
elevated Li levels has been linked to thyroid, 
neurological, and renal problems in humans.2 
Currently, no comprehensive evaluation exists that 
thoroughly evaluates the technological, policy, and 
environmental surveillance strategies for addressing 
Li water contamination across its entire life cycle. 
Existing reviews tend to isolate individual domains 
without linking them to overarching management 
frameworks. This gap limits the development of 
evidence-based, cross-sectoral solutions necessary 
for sustainable Li governance. Therefore, this 
review aims to synthesize evidence on integrated 
management strategies, including technological 
innovations, policy measures, and environmental 
surveillance approaches, to prevent and mitigate Li 
contamination in surface water throughout its life 
cycle. 
 
METHODS 
This scoping review was developed using the 
Arksey and O'Malley.14 Approach, which complied 
with the Meta-Analyses Extension for Scoping 
Reviews and the Preferred Reporting Items for 
Systematic Reviews.15 The Arksey and O'Malley 
(2005) framework's recommended actions were 
carried out. 
 
Arksey and O’Malley14 framework 
Defining the Research Question 
This review explores recent evidence on strategies 
for managing Li pollution resulting from geogenic 
or anthropogenic activities. The focal research 
question guiding this inquiry is: What are the latest 
strategies and remediation steps for addressing 
the Li water pollution effect? According to this 
review, the primary concern is Li's impact on 
humans, as it is a heavy metal that can cause harm 
through several routes of exposure, including 
ingestion, inhalation, and skin contact. The source of 
pollution of interest in the review is also mainly on 
surface water, as this is the main route leading to 
human health risks.  
 
Identifying Relevant Studies 
For the literature search, three databases were 
selected. PubMed, Web of Science, and Scopus 
were the three primary databases chosen for this 
review. Table 1 displays the particular search string 
created for this purpose. This review only includes 
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a search for articles published 20 years ago (2004-
2024). A total of 403 initial articles were collected 
from the databases for this specific search. We 
considered every study and reviewed publications 
demonstrating the efficacy of Li water pollution 
management techniques. Books, book chapters, 
viewpoints, letters to the editor, and other kinds of 

pieces without pertinent results were not included. 
Due to the preliminary nature of the information 
they provide and the potential for data duplication 
from full articles, conference abstracts, and 
proceedings, these sources were also ignored. 
Articles written in languages other than English 
were also excluded. 

 
Table 1 Search String 
 

Database Search String 

Scopus TITLE-ABS-KEY ( ( "lithium" ) AND ( "surface water" OR "drinking water" OR "river" OR 
"lake" OR "pond" OR "wetland" OR "lagoon" ) AND ( "pollution" OR "contamination" OR 
"abuse" OR "deterioration" ) AND ( "Intervention" OR "management" OR "correction" OR 
"remediation" OR "control" OR "mitigation" ) ) 

Web Of 
Science 

ALL= ( ( "lithium" ) AND ( "surface water" OR "drinking water" OR "river" OR "lake" OR 
"pond" OR "wetland" OR "lagoon" ) AND ( "pollution" OR "contamination" OR "abuse" OR 
"deterioration") AND ( "Intervention" OR "management" OR "correction" OR "remediation" 
OR "control" OR "mitigation" ) ) 

PubMed (("lithium"[MeSH Terms] OR "lithium"[All Fields]) AND ("surface"[All Fields]) OR 
("water"[MeSH Terms] OR "water"[All Fields]) OR ("drinking water"[MeSH Terms] OR 
("drinking water"[All Fields]) OR ("river"[All Fields] OR "rivers"[MeSH Terms]) OR 
("lakes"[MeSH Terms] OR "lakes"[All Fields]) OR ("ponds"[MeSH Terms] OR "ponds"[All 
Fields]) OR ("wetlands"[MeSH Terms] OR "wetlands"[All Fields]) OR ("lagoon"[All 
Fields]) AND ("environmental pollutants"[MeSH Terms] OR “environmental pollutants"[All 
Fields] OR "pollutant"[All Fields]) OR ("contaminant"[All Fields]) OR ("abusable"[All 
Fields] OR "abuse"[All Fields]) OR "deterioration"[All Fields] OR "deteriorations"[All 
Fields]) AND ("intervention"[All Fields] OR "interventions"[All Fields]) OR 
("methods"[MeSH Terms] OR "methods"[All Fields]) OR ("intervention"[All Fields] OR 
"interventional"[All Fields]) OR ("manage"[All Fields] OR "managed"[All Fields]) OR 
("management"[All Fields]) OR ("correct"[All Fields] OR "correctability"[All Fields]) OR 
("remediable"[All Fields] OR "remedial"[All Fields] OR "remediate"[All Fields] ) OR 
("controlling"[All Fields] OR "controls"[All Fields] OR "prevention and control"[All Fields] 
OR "control"[All Fields] OR "control groups"[MeSH Terms] OR ("control"[All Fields] AND 
"groups"[All Fields]) OR "control groups"[All Fields]) OR ("mitigate"[All Fields] OR 
"mitigates"[All Fields] OR "mitigating"[All Fields] OR "mitigation"[All Fields])) 

 
Study Selection 
The EndNote 20 (Clarivate) was used to compile the 
literature. The search results from the three primary 
electronic databases were downloaded. Using 
EndNote 20 (automation tools), duplicate entries 
were first identified and eliminated. The primary 
author reviewed the list of articles by hand to ensure 
any duplicate entries were removed. M.R. and M.H. 
searched the abstracts and titles of the articles to find 
pertinent studies. They then retrieved and analyzed 
the full texts of the chosen publications using the 
inclusion and exclusion criteria. To identify studies 
overlooked during the search, the reference lists of 
the included papers were review studies. Through 
citation searching, other sources of pertinent articles 
were found. To resolve any disagreements, the 
opinions of other writers were also sought. 
 
Charting the Data  
The names of the researchers, publication years, 
study designs, significant results, study 

recommendations, and other notable discoveries 
were among the pertinent data that M.R. and M.H. 
collected from the chosen studies using a 
standardized table. The charted data were then 
examined in a meeting with the other author to 
ensure that the recommendations and valid findings 
outlined in the review objective were highlighted. 
 
Collating, Summarizing, and Reporting the Results 
Instead of synthesizing specific parts, the search 
results were summarized using a scoping review 
approach due to the heterogeneity of the included 
studies and the types of strategies of interest 
identified. The primary goal of this scoping review 
is to compile the body of knowledge on Li water 
pollution prevention or management measures, as 
the study's focus is on a specific area. The key 
findings, strategy recommendations, and the newest 
technology were also review studies. The results 
were discussed in a particular domain as part of a 
thematic analysis. Research gaps were also 
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identified, along with the necessary additional 
research and other suggested preventative measures. 
 
RESULT 
As shown in Figure 1, the literature search yielded 
403 articles in total (Web of Science: 90; PubMed: 
160; Scopus: 153). After 63 duplicates were 
eliminated, 340 articles were screened for titles and 
abstracts. Three hundred one entries were eliminated 

for several reasons (different context (not talking 
about the management of Li pollution) n = 70, other 
heavy metal types (not Li) n = 66, review = 61, other 
pollution sources (not water) n = 29; irrelevant title 
= 136). Fifteen papers were eliminated based on the 
eligibility criteria (conference =3, non-English = 0, 
proceeding = 12) after the remaining 39 articles 
passed full-text screening. Finally, twenty-four 
(n=24) articles were included in this review. 

 
Figure 1 Article Selection Process15 
 
Study Characteristics 
As shown in Table 2, of the 24 included studies, 
most (42%) were observational, while the remaining 
(33%) were experimental, with 15% being review 
studies. All observational studies were cross-
sectional. Seven primary domains were found in the 
review's findings. 1) Surveillance, which includes 

six publications with bioindicators (25%); 2) Water 
Filtration System (3 articles, 13%); 3) Resource 
Recovery (8 articles, 33%); 4) Policy (1 article, 4%); 
5) Remediation (1 article, 4%); 6) Extraction (4 
articles, 17%); and 7) Recycling (1 article, 4%). 
Furthermore, we found that all 24 studies were 
conducted across multiple continents. 

 



International Journal of Public Health Research Vol 16 No 1 2026, pp (2425-2440) 

2429 

Table 2 Study Characteristics 
 

No Author (Year) Study Location Study Type Domain 
1 Abbas et al16 Egypt Cross-Sectional  Bioindicator 

(Surveillance) 
2 Arienzo et al17 USA Cross-Sectional  Water Filtration System 
3 Beladi et al18 Czech Republic Experimental Resource Recovery 
4 Bolan et al1 Australia Review Resource Recovery 
5 Chen et al19 China Experimental Resource Recovery 
6 Chen et al20 China Cross-Sectional  Policy 
7 Concha et al21 Argentina Cross-Sectional  Surveillance 
8 Costa et al22 Portugal Review Recycling 
9 Dordevic et al23 Serbia Cross-Sectional  Surveillance 

10 Eugene et al24 UK Cross-Sectional  Resource Recovery 
11 Holmes et al25 South Africa Cross-Sectional  Surveillance 

(Bioindicator) 
12 Johal et al26 India Experimental Water Filtration System 
13 Khatoon et al27 Malaysia Review Extraction 
14 Lalropuia et al28 Austria Experimental Resource Recovery 
15 Lesch & 

Bouwman29 
South Africa Cross-Sectional  Surveillance 

(Bioindicator) 
16 Li et al30 China 

 
Review Extraction 

17 Lin et al31 
 

China 
 

Experimental Resource Recovery 

18 Liu et al32 

 
China 

 
    Experimental Resource Recovery 

19 Luo et al33 China 
 

Experimental Resource Recovery 

20 Pervov & Spitsov34 Russia Experimental Water Filtration System 
21 Rampley et al35 Bangladesh Cross-Sectional  Surveillance 
22 Wu et al36 China 

 
Review Extraction 

23 Zhang et al37 China Review Extraction 
24 Zou et al38 China Cross-Sectional  Remediation 

 
Study Findings 
The results were organized into seven main themes 
(Surveillance, Water Filtration System, Resource 
Recovery, Policy, Remediation, Extraction, and 
Recycling), as shown in Table 3. This is due to Li 
pollution in water, which is complex and may have 
multiple causes, effects, and mitigating techniques. 
Moreover, thematic analysis of our review results 
findings allows for the identification of recurring 
patterns and central themes within the 24 literatures, 

such as familiar sources of Li contamination, 
prevalent treatment technologies, or challenges in 
policy implementation. The arrangement of the 
themes was also in order of the Li life cycle 
approach from extraction (beginning of the life 
cycle) to recycling (end of the life cycle). As shown 
in Figure 2, policy and surveillance were also 
proposed, as they serve as general management 
guidelines for Li's surface water pollution. 

 
Table 3 Included Studies and Findings 
 

No Author 
(Year) 

Study 
Location 

Theme/ 
Domain 

Study Findings 

1 Abbas et 
al16 

Egypt Surveillance 
(Bioindicator) 

Between the two sampling stations (El-Qanatir and El-Rahawi 
drain), there were notable variations in the concentrations of 
elements (heavy metals and Li) in the sediment, water, and crayfish 
tissues. Crayfish accumulate Li elements due to increased 
bioavailability (direct contact) with the surrounding water. 
Procambarus clarkia (Crayfish) may be a beneficial bio-indicator 
organism for tracking possible Li metal in aquatic systems, according 
to this evidence# 
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2 Arienzo et 
al17 

USA Water 
Filtration 
System 

6% had Li values above the EPA maximum contaminant level 
(MCL).  
The two most commonly suggested methods for reducing Li metal 
content in drinking water are adsorption and reverse osmosis (RO). 
In addition, coagulation, ion exchange, oxidation, and activated 
carbon are further methods of treating drinking water to remove 
metals# 

3 Beladi et 
al18 

Czech 
Republic 

Resource 
Recovery 

An electro-adsorption method that can store metals in 400 layers 
enables the recovery and removal of more than 50 parts per million 
of Li in about five minutes. 
This work puts it in the upper echelon of existing motor-based 
systems for environmental remediation by combining the highly 
effective and quick adsorption and release processes with the proof-
of-concept performance of these magnetically directed swimmers in 
a microchannel# 

4 Bolan et al1 Australia Resource 
Recovery 

Li from wastewater can be effectively removed by precipitating it 
with the appropriate anions. 84.2% of Li was recovered as Li3PO4, 
while 99–99.8% of the other related cations were simultaneously 
removed. 
Li was recovered from wastewater using an eco-friendly Li 
precipitation process, in which Li was precipitated as Li2CO3 with 
CO2, with an efficiency of almost 90%. 
A chelating resin containing aminomethyl phosphonic acid was 
employed as a cation exchanger under optimized conditions, 
eliminating 13.65 mg g1 of Li in 15 minutes. 
98.6% of Li ions (containing 1900 mg/L Li) were recovered from 
wastewater using an electrochemical method with a Li recovery 
electrode made of Li Mn-oxide. Additionally, it was predicted that 
approximately 24 mg of Li would be collected per operating hour. 
Various precipitation, adsorption, electro-dialysis, and ion exchange 
methods are among the Li removal methods accessible for aquatic 
settings# 

5 Chen et al19 China Resource 
Recovery 

A remarkable 99.27% selective Li extraction efficiency was found in 
water-leaching investigations.  
Crystal phase and nanoscale size of the cathode controlled by in-situ 
catalytic pyrolysis of bamboo sawdust can improve the selective Li 
extraction# 

6 Chen et al20 China Policy In comparison to the benchmark scenario, the amount of formal 
recycling, the reduction of CO2 emissions, and the economic 
benefits of recovery in scenario 4 (high subsidy-high policy 
propaganda strategy) increased by roughly 112%, 208%, and 223%, 
respectively, while the level of environmental pollution decreased by 
approximately 65%. Although the recovery subsidy program can 
increase formal recycling and financial gains from recovery, it has 
little impact on the level of environmental contamination.  
Subsidy policies can be improved and have a significant positive 
impact on the environment and the economy when combined with an 
environmental awareness promotion strategy# 

7 Concha et 
al21 

Argentina Surveillance Using ICP-MS, this study discovered exceptionally high Li 
concentrations (the highest being 1000 μg/L). 
Because of the observed wide range of contents, it is evident that all 
drinking water sources worldwide should be checked for Li# 

8 Costa et 
al22 

Portugal Recycling Recycling via thermal processes, such as smelting, is advised 
because it uses 80% less energy than producing new materials. 
Reusing automobile batteries for grid-attached storage can 
significantly lower the demand for raw Li. 
Second-life batteries charged by solar panels can power LED-based 
systems. This is an inexpensive, dependable, sustainable, and safe 
light source. Recycling by pyrometallurgical and hydrometallurgical 
processes can also produce substantial gains in raw Li# 
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9 Dordevic 
et al23 

Serbia Surveillance By examining sediment reference material (BCR-701) using the 
three-step sequential extraction, element concentrations and the 
accuracy of the results were verified using a dual inductively coupled 
plasma optical emission spectrometer (ICP/OES) with 1% 
uncertainty. 
In comparison to upstream areas, neighboring rivers have much 
higher downstream concentrations of Li by ICPMS/ICPOES# 

10 Eugene et 
al24 

UK Resource 
Recovery 

Adsorptive Li extraction is a viable process substitute in this case 
study. Adsorptive membranes and packed columns are orders of 
magnitude smaller than evaporative ponds because the rate-limiting 
steps in these systems are much faster than evaporation. 
This study suggests a materials-process targeted approach for 
quickly screening sorbents and creating appropriate adsorptive 
separation systems# 

11 Holmes et 
al25 

South 
Africa 

Surveillance 
(Bioindicator) 

Analysis revealed that sulfate, Li, oxidized nitrogen, and electrical 
conductivity in the analyzed water all affected diatom composition.  
Variations in the composition of the Karoo's diatom communities 
indeed reflect the chemistry of the water and may serve as helpful 
bioindicators# 

12 Johal et al26 India Water 
Filtration 
System 

The effectiveness of water filtration has significantly increased due 
to the use of modified membranes (nanotechnology). Furthermore, 
simply exposing the saturated membrane to an acidic pH solution can 
restore its effectiveness. 
The modified membrane is a valuable instrument for purifying 
water# 

13 Khatoon et 
al27 

Malaysia Extraction Solvent extraction offers high-yield potential. With concentrated 
feeding, ion exchange is less efficient, but it remains 
environmentally friendly. Adsorption works well, although the 
adsorbent's capacity constrains it. Although membrane technology 
offers novel channels, it also has drawbacks such as pore wetting and 
fouling. Thus, combining various therapy modalities could enhance 
Li's recovery. 
It was determined that when choosing ecologically acceptable 
techniques for Li recovery from oilfield-produced water, hybrid 
techniques, including adsorption–precipitation systems, may yield 
encouraging outcomes in this respect# 

14 Lalropuia 
et al28 

Austria Resource 
Recovery 

Compared with bioleaching with a non-adapted culture and an 
abiotic control, two-step bioleaching with the adapted culture 
achieved up to 100% recovery of Li, resulting in more efficient metal 
extraction. 
Bioleaching is a microbiological technique that can recover metals 
from shredded waste from Li-ion batteries. It is environmentally 
beneficial because it uses less energy and is less expensive than 
traditional pyrometallurgy or hydrometallurgy# 

15 Lesch & 
Bouwman 
29 

South 
Africa 

Surveillance 
(Bioindicator) 

Regardless of body size, all dragonfly species are appropriate 
markers for Li. 
Adult dragonflies would make excellent ambient Li metal detectors # 

16 Li et al30 China Extraction Both deep eutectic solvents and inorganic acids possess excellent 
metal leaching efficiencies (>99%). However, compared to inorganic 
acids, the reaction kinetics of deep eutectic solvents are two to three 
orders of magnitude slower. 
Deep eutectic solvents, as novel green solvents, are potential 
replacements for inorganic acids in hydrometallurgy. A significant 
advantage of Deep eutectic solvents is that they can be regenerated 
and recycled multiple times after recovering metals by 
electrochemical deposition or precipitation# 

17  Lin et al31 China Resource 
Recovery 

The Li adsorption capacity of Li/Al-LDHs with a Mg(2+)/Li(+) ratio 
greater than 300 showed a positive correlation with interlayer water 
content, increasing from 1.05 mg/g to 7.89 mg/g as the interlayer 
water content rose from 5.52% to 18.18%. 
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Because of the reduced confinement effect, adsorption selectivity 
increased when the interlayer distance was reduced and the interlayer 
water was removed. Given the higher interaction energy, LiCl found 
it easier to enter the structure of Li/Al-LDHs with more interlayer 
water# 

18 Liu et al32 China Resource 
Recovery 

The leaching efficiencies of commercial LiCoO2 might approach 
100% for Li under ideal conditions (0.9 vol% H2O2, 1.5 mol L-1 
PTSA, 30 g L-1 solid-to-liquid ratio, 80 degrees C, and 60 min). In 
contrast, the corresponding values were roughly 95% for wasted 
LiCoO2. The substantial recovery yield of Li2CO3 demonstrated the 
effectiveness of the PTSA-assisted leaching approach for 
the hydrometallurgical recycling of waste LIBs for real-world 
applications. 
This suggested recovery method is essential for the sensible handling 
of wasted LIBs and is easy, effective, and eco-friendly# 

19 Luo et al33 China Resource 
Recovery 

The maximum Li(I) adsorption capacity of 3-D MnO(2) ion cages 
(CMO) was 56.87 mg/g, 1.38 times higher than the highest value that 
has been reported (41.36 mg/g). 
After being created, CMO demonstrated a high capacity for 
removing Li from industrial wastewater# 

20 Pervov & 
Spitsov34 

Russia Water 
Filtration 
System 

The ion-separation method is presented in the study, along with 
experimental findings demonstrating Li removal. Compared to 
concentrations achieved with traditional RO membrane use, the 
resulting concentrations are 2-5 times lower. 
RO produces the same rejection of Li and product water quality as 
the two-stage treatment with nanofiltration membranes# 

21 Rampley et 
al35 

Bangladesh Surveillance High levels of metals, especially Li, were found in samples collected 
at 36 locations during the festival and under medium- and low-flow 
conditions. 
Molecular biosensor technology and modeling together offer a novel 
method for identifying and controlling pollution in urban river 
systems# 

22 Wu et al36 China Extraction Due to their excellent selectivity for Li, minimal need for additional 
chemicals, ease of operation, and low waste output, electrochemical-
based technologies have emerged as promising approaches for Li 
recovery. 
Electrosorption and electrodialysis, two critical electrochemical Li 
recovery technologies, worked well when the mechanism, materials, 
operating modes, and system configurations were understood# 

23 Zhang et 
al37 

China Extraction It is possible to extract Li from low-concentration fluids in a highly 
effective, cost-effective manner by combining an electrochemical Li 
recovery technique with a desalination process. 
Because of its high insertion capacity, low energy consumption, high 
reversibility, superior Li selectivity, and environmental friendliness, 
the electrochemical battery technique is thought to be the most 
promising# 

24 Zou et al38 China   Remediation By carefully combining Li-enriched saltwater with Li-poor riverine 
water, the dissolved Li rose with salinity (from 7.39 to 189 μg/L 
Our findings highlight the significance of salinity in controlling the 
geographical fluctuations of dissolved Li#  

# Recommendations from the included articles  
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Figure 2 Li Surface Water Pollution Management Strategies Themes 
 
DISCUSSION 
In our review, we found that Li surface water 
pollution management strategies spanned diverse 
fields and encompassed different stages of the Li life 
cycle. Among the seven themes, we found that many 
studies focused on surveillance, extraction, resource 
recovery, and water filtration systems. These areas 
serve complementary and overlapping purposes 
rather than existing separately. For example, 
whereas policy and surveillance serve as enabling 
frameworks that guarantee sustainability and 
compliance, technology fields such as water 
filtration, resource recovery, and extraction focus on 
direct Li removal or recovery efficiency. Recycling 
and remediation combine strategies to address the 
goals of the circular economy and environmental 
restoration. Surprisingly, we also found that 
the majority of the studies included were published 
10 years ago (2014-2024), and there was a surge in 
evidence within that period. 
 
Theme 1 (General Management): Policy 
Our review only found 1 study with evidence of 
policy in Li pollution management. Despite being 
underrepresented, these studies offer important 
insights at the system level. Studies with a policy 
focus show that financial incentives and 
environmental awareness initiatives significantly 
improve recycling practices and lower pollution. On 
the other hand, recycling and remediation initiatives 
demonstrate the importance of closed-loop 
approaches to reducing waste and reestablishing 
ecological balance. This finding is also aligned with 
those of another study39, whereby a landfill fee is the 
optimal course of action because it lowers damages, 

increases recycling, promotes welfare, and focuses 
on the external costs of Li disposal. Other programs, 
such as taxes, subsidies, and a tax subsidy scheme, 
offer second-best outcomes if a landfill tax is not 
practical. Another study in China, also in light of 
their findings, recommends that the government 
enact laws to enhance Li recycling networks 
throughout the collection phase and offer financial 
incentives to attract Li customers.40 Therefore, 
the government policymaker should advance this 
effort and include it in their country's future policy 
for Li pollution management.  
 
Theme 2 (General Management): Surveillance and 
Bioindicator 
Our review also included six articles demonstrating 
effective Li surveillance, including the use of 
bioindicators. Several organisms were essential and 
served as bioindicators of Li's surface water 
pollution, including crayfish, diatoms, and 
dragonflies. Bioindicator species are helpful for 
early detection of Li contamination because they are 
susceptible to changes in water chemistry. Even 
very low Li concentrations, which may not be 
readily apparent in traditional chemical analyses, 
can affect organisms such as crayfish, diatoms, and 
dragonflies. They can aid proactive environmental 
monitoring and prevention efforts by signaling 
contamination far before it reaches hazardous levels 
through their presence, behavior, or population 
dynamics.16,25,29 Besides that, this suggests that 
ecological monitoring offers early warning, a 
dimension often overlooked in purely chemical 
analyses.  
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Furthermore, surveillance efforts using 
objective measurements in the water supply chain 
via ICP-MS or ICP-OES were significant for 
detecting early warning signs of Li abnormal 
concentrations in water bodies. This is because the 
observed wide range of contents indicates that Li 
should be tested in all drinking water sources 
worldwide.10,21,35 Both of these measurements are 
extraordinarily sensitive techniques that are crucial 
for early warning systems because they can detect Li 
in incredibly low quantities. These methods also 
enable the detection of concentrations that may not 
be apparent through traditional testing, and even 
minute amounts of Li in water can have ecological 
effects or indicate contamination upstream. 
Particularly, ICP-MS offers unmatched precision in 
water quality monitoring by measuring Li at parts-
per-trillion (ppt) levels.41,42 

 
Theme 3: Extraction 
There are hopeful solutions to reduce Li pollution 
thanks to technological advancements, particularly 
in the historically resource-intensive and 
environmentally damaging mining and refining 
processes. Our review found four articles on newer 
technology for ecologically friendly Li extraction. 
Study by27 found that hybrid approaches, such as 

adsorption–precipitation systems, may generate 
promising results in this regard when selecting 
environmentally acceptable methods for Li recovery 
from oilfield-produced water. In addition, the use of 
two additional contemporary extraction methods, 
electrochemical and electro-sorption, during the 
extraction process is also advantageous for the 
environment.36,37 Employing solvent extraction and 
electrochemical methods to restrict the release of 
dangerous compounds during extraction can also 
drastically reduce water contamination.43 Innovative 
solvent and electrochemical extraction methods also 
demonstrated higher selectivity and lower 
ecological impact compared to traditional 
hydrometallurgical processes. These findings 
highlight the transition from resource exploitation to 
resource stewardship. Moreover, integrating closed-
loop systems enables the recycling of water and 
solvents used in the extraction process, thereby 
minimizing environmental discharge.44,45 Therefore, 
the more recent, environmentally friendly methods 
of extracting Li are a big step forward for public 
health. They can lower water pollution, lower 
occupational health hazards, and support better 
ecosystems, all of which could eventually improve 
community health and the environment.46  

 
Figure 3 Li Extraction by the adsorption process47  
 
Theme 4: Recycling 
One of the most significant sources of Li pollution 
arises from the improper disposal of LiB, which is 
widely used in electric vehicles (EVs), consumer 
electronics, and renewable energy storage 
systems.2,48 In addition, our review also found 1 
article on the potential of recycling Li products for 

greener environmental management. The study 
found that second-life LiB charged by solar panels 
from recycling programs can also power light-
emitting diode (LED)- based systems in buildings. 
Although LiB's complex chemical makeup makes 
recycling challenging, advances in recycling 
technologies are increasing LiB recovery rates. 
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Furthermore, as millions of batteries reach the end 
of their lifecycles, recycling has become a key 
strategy for managing Li pollution. This light source 
is affordable, reliable, safe, and sustainable.22,49 
Historically, significant increases in raw Li have 
been achieved through recycling via two main 
processes: pyrometallurgical and 
hydrometallurgical. Although pyrometallurgical and 
hydrometallurgical processes are frequently 
employed to recover these metals, direct recycling 
and other more ecologically friendly techniques are 

becoming more popular. Direct recycling minimizes 
hazardous-waste production, recovers undamaged 
battery components, and uses less energy to extract 
Li from spent batteries.50-52 A recent study in China 
also found that, as innovative green solvents, deep 
eutectic solvents have the potential to replace 
inorganic acids in hydrometallurgy. The ability to 
regenerate and recycle recovered metals via 
electrochemical deposition or precipitation is a key 
benefit of deep eutectic solvents.30 

 

 
Figure 4 Recycling Li Activities53 
 
Theme 5: Water Filtration System 
In our review, three articles discussed how water 
filtration system technologies can be an effective 
prevention strategy for Li water pollution, with the 
potential to affect humans through ingestion. A 
study by17 found that adsorption and reverse osmosis 
(RO) are the two most widely recommended 
treatment techniques for reducing Li metal levels in 
drinking water. Combining adsorption and 
precipitation methods in a hybrid water filtration 
system is also a state-of-the-art approach to Li 
management, according to a study by.34,54 In these 
systems, Li ions are drawn from water by 
specialized adsorbents, such as metal oxides or bio-
based materials. Li then precipitates chemically, 
which facilitates separation and recovery. This 
method enables the recovery and repurposing of Li 
in addition to filtering it. In addition, RO is also a 
robust water filtration technology for Li removal. It 
entails pushing water over a semi-permeable 
membrane that allows clean water to flow through 
while blocking larger molecules, such as Li ions. Up 
to 99% of contaminants, such as Li and other 
dangerous materials, can be effectively removed 
using RO systems.55  

A study by Johal et al26 also highlighted 
that modified membranes (nanotechnology) have 
greatly improved the efficacy of water filtering. 
Small monovalent ions, such as Li+, can selectively 
flow through nanofiltration membranes, whereas 
larger ions or more complex compounds are 
rejected. The effectiveness of Li removal may vary 
depending on the membrane's surface charge and 
pore size. Nanofiltration is adaptable for a variety of 
uses, including drinking water purification and 
lithium recovery from effluent, since it can be made 
to either retain or filter out Li.56,57 Besides that, water 
filtration of Li by ion exchange is also vital for Li 
removal.58 Hence, water filtering is especially 
crucial in public health to protect populations whose 
drinking water supplies may become contaminated 
with Li. Water filtering can shield communities that 
rely on these water supplies from long-term 
neurological impacts, thyroid problems, renal 
damage, and other health hazards that could result 
from prolonged exposure to Li. Additionally, water 
filters can be incorporated into household or 
community-level systems to supply clean water.59 
Hybrid systems combining adsorption and 
nanofiltration also demonstrated potential for both 
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Li removal and recovery, linking water safety with 
material circularity.

 
Figure 5 Water Filtration System by Nanofiltration Membrane 
 
Theme 6: Resource Recovery  
The technological viability of turning Li pollution 
into recoverable resources is a recurring subject in 
this review. Li recovery rates ranging from 84% to 
100% were achieved using electrochemical, 
precipitation, and bioleaching techniques, indicating 
high industrial applicability. Nonetheless, the 
majority of papers were produced by countries such 
as China and Australia, illustrating the global 
research asymmetry driven by Li manufacturing 
hubs.1,18,19,24,31,33 A study in Austria also found that 
one method for recovering metal from shredded LiB 
waste is bioleaching, a newer microbiological 
process. It is also less costly and requires less energy 
than conventional pyrometallurgy or 
hydrometallurgy.28 Li from spent batteries can be 
efficiently and environmentally extracted using 
microorganisms employed in bioleaching. This 
procedure contributes to a circular battery 
manufacturing and recycling economy by 
recovering Li that would otherwise be wasted.8,60,61 

Nevertheless, despite the excellent efficiency of 
electro-dialysis and bioleaching techniques in lab 
settings, their widespread use is still constrained by 
cost and technological infrastructure, especially in 
developing nations. This demonstrates that, despite 
the potential for sustainable Li recovery, substantial 
financial and policy support are needed to 
implement these techniques on a large scale to 
control Li contamination. This information will be 
helpful for future research, regulatory planning, and 
sustainable environmental management. 

 
Theme 7: Remediation 
Rehabilitation and remediation are crucial for 
managing the long-term environmental impacts of 
Li mining. After mining operations cease, efforts are 
needed to restore ecosystems and mitigate the 
effects of pollution. The success of these efforts 
depends on the region's ecological sensitivity and on 
long-term monitoring of restored areas to ensure 
their recovery. A study in this review also found that 
controlling and regulating salinity may also affect 
the regional variations in dissolved Li38 and could be 
an effective measure to control Li pollution. 
Moreover, Li extraction, particularly from brine, can 
contaminate nearby water sources. To address this, 
water treatment technologies, such as RO and 
constructed wetlands, were also employed to 
remove contaminants from mining wastewater. 
Thus, these methods help reduce the risk of water 
pollution and improve the quality of water returned 
to the environment.55,62,63 

Overall, the topics clearly agree that 
integrating technology, policy, and surveillance is 
necessary for effective Li pollution management, 
rather than relying solely on single-domain 
initiatives. The future of Li pollution governance 
also emphasizes resource recovery, circular-
economy principles, and environmental monitoring, 
as evidenced by research conducted after 2015 that 
demonstrates a transition from reactive treatment to 
proactive prevention. Although there are still gaps in 
legislative frameworks and in practical 
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implementation, the examined data generally show 
that technological interventions are becoming more 
mature. The underrepresentation of policy and 
remediation studies indicates a disparity in research 
priorities. For Li management to be sustainable, the 
link between scientific advancement and policy 
enforcement must be strengthened. 
 
LIMITATION 
Although the study presents promising 
technological advancements such as deep eutectic 
solvents, bioleaching, and nanofiltration, it tends to 
emphasize technological fixes without adequately 
discussing the socio-economic and environmental 
trade-offs involved. Technology alone may not be a 
comprehensive solution; further analysis of 
community-based interventions and ecological 
justice issues should be integrated. Furthermore, the 
evidence base gathered is spatially biased toward 
developed countries, especially China and Australia, 
where the majority of Li-related research and 
industrial activity is concentrated. Because of 
resource limits, governance systems, and 
environmental priorities, data and publication bias 
can lead to the omission of management strategies 
appropriate to low- and middle-income areas. 
Moreover, the study does not adequately address 
spatial variation in Li contamination levels. Besides 
that, regional variations also exist in Li 
contamination from extraction, use, and disposal 
(increased Li mining activity in specific places 
results in significantly more severe effects). The 
study also focuses on broad tactics, but it would be 
advantageous to conduct additional region-specific 
reviews by continent in the future.  
 
CONCLUSION 
In conclusion, a systematic, evidence-based 
approach is necessary for effective management of 
Li pollution. While cutting-edge technologies such 
as adsorption, electrochemical recovery, and 
nanofiltration achieve near-complete Li removal 
efficiency in controlled settings, this review shows 
that their practical application depends on policy 
coherence, consistent investment, and fair access to 
infrastructure across geographical boundaries. 
Moreover, to ensure that the global transition toward 
renewable and electrified energy remains 
sustainable and safeguards public health, Li 
management must evolve beyond mitigation to 
prevention and circularity. Therefore, a multifaceted 
strategy combining technological innovation, 
regulatory enforcement, and international 
cooperation is necessary to effectively manage Li 
pollution and ensure that green energy transitions 
remain environmentally responsible. 
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