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Abstract 

Climate change is a major environmental determinant of health, capable of altering exposure 
pathways to toxic contaminants such as (Pb) [1,2]. Lead is a persistent global pollutant with no safe 
exposure threshold and disproportionately affects children and socioeconomically vulnerable 
populations [3–5,17,24]. This review examines how climate-related processes amplify lead 
mobilization and associated public health risks within a One Health framework. We conducted an 
integrated bibliometric and narrative review of peer-reviewed literature published between 1990 and 
2025 using Web of Science, Scopus, and PubMed. Bibliometric mapping was combined with thematic 
synthesis. A total of 89 studies were analyzed. Results reveal a fragmented research landscape across 
disciplines and identify five convergent climate-sensitive lead exposure pathways: flood-driven 
remobilization [8,58], drought-related dust resuspension [7,22], temperature-mediated increases in 
bioavailability [6,28], urban amplification [9,20,21], and climate-influenced transport through water 
and food systems [13,40]. Climate change acts as a risk multiplier for lead exposure, reinforcing 
environmental health inequities. Integrating climate-sensitive exposure pathways into 
environmental surveillance and One Health–oriented public health policies is essential to reduce 
future lead-related disease burdens [35–38]. This review provides an integrated bibliometric and 
conceptual framework to support climate-sensitive lead surveillance and policy development. 

Keywords: climate change; lead exposure; environmental health; public health; One Health; children; 
environmental justice 
 

1. Introduction 

Lead (Pb) remains one of the most pervasive environmental toxicants worldwide, with extensive 
evidence demonstrating adverse health effects even at low exposure levels, particularly among 
children [4–7,11,15]. Despite global reductions in primary lead sources, legacy contamination in soils, 
water systems, and urban infrastructure continues to pose significant public health risks [9,41]. 

Climate change has emerged as a critical modifier of environmental exposure pathways. 
Increasing temperatures, altered precipitation patterns, floods, droughts, and extreme events can 
mobilize historically deposited contaminants, reshape exposure dynamics, and intensify existing 
health inequities [10,18,19,45]. However, research addressing the intersection of climate change, lead 
exposure, and health outcomes remains scattered across disciplinary silos. 

Within this context, One Health frameworks emphasize the interconnectedness of human, 
environmental, and ecosystem health, offering a conceptual basis to integrate climate-driven 
exposure risks into public health practice [21,24,29]. Yet, the extent to which climate change has been 
systematically incorporated into lead exposure research remains unclear. 

This study aims to systematically map, synthesize, and interpret the scientific literature at the 
intersection of climate change, lead exposure, and health using integrated bibliometric and thematic 
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approaches, identifying structural gaps, dominant research themes, and implications for One Health–
oriented public health strategies. 

2. Materials and Methods 

2.1. Study Design 

This study employed a combined bibliometric and narrative review design. Bibliometric 
methods were used to map collaboration patterns, thematic structures, and intellectual linkages, 
while narrative synthesis contextualized findings within environmental health and One Health 
frameworks. This study was not designed as a systematic review and therefore did not follow 
PRISMA guidelines. 

2.2. Data Sources and Search Strategy 

Literature searches were conducted on the Web of Science, Scopus, and PubMed, covering 
publications from January 1990 to November 2025. Search terms combined climate-related keywords 
(“climate change”, “global warming”, “extreme weather”), lead-related terms (“lead exposure”, 
“lead contamination”; “lead poisoning”, “lead pollution”, “lead toxicity”, “Pb”), and health-related 
terms (“health”, “public health”, “environmental health”, “One health”, “ecosystem”). In addition to 
these searches, a snowball sampling strategy was employed to incorporate more studies. 

2.3. Inclusion and Exclusion Criteria 

Eligible studies were peer-reviewed articles written in English that addressed lead exposure in 
environmental or health contexts and incorporated climate-related variables or processes. Editorials, 
conference abstracts, and non-peer-reviewed materials were excluded. 

2.4. Bibliometric Analysis 

Bibliometric analyses were conducted using VOSviewer, including co-authorship (authors and 
countries), keyword co-occurrence, citation, co-citation, and bibliographic coupling analyses. 
Thresholds were selected to balance network interpretability and coverage. The combined use of co-
authorship, keyword co-occurrence, citation, co-citation, and bibliographic coupling analyses was 
intended to capture complementary dimensions of knowledge production, thematic convergence, 
and intellectual structure within the climate–lead–health research domain. 

2.5. Thematic Synthesis and Citation Strategy 

Bibliometric findings were complemented by qualitative thematic synthesis to identify climate-
sensitive lead exposure, human health impacts, with emphasis on children and vulnerable 
populations, impacts on animals, wildlife, and ecosystems pathways and interpret results within a 
One Health framework.  

In bibliometric reviews, the analyzed corpus constitutes the unit of structural analysis rather 
than a set of sources requiring individual citation. Supplementary Materials include additional 
bibliometric visualizations (Figures S1–S8) and the complete list of 89 references used in the 
bibliometric dataset (Supplementary References S1). Only the 45 most relevant references are cited in 
the main text to ensure clarity and focus. 

3. Results 

3.1. Overview of Research 

The final dataset included 89 peer-reviewed articles, showing a significant increase in 
publication volume after 2015. This increase coincided with growing recognition and interest in 
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climate-environment-health interactions [1–4]. The main characteristics of the bibliometric corpus are 
summarized in Table 1. 

Table 1. Characteristics of the Bibliometric Dataset Included in the Review (n = 89). 

Characteristic Description 
Publication period 1990–2025 

Total number of studies 89 peer-reviewed articles 
Databases Web of Science, Scopus, PubMed 

Article types Original research articles, reviews 
Main disciplinary areas Environmental sciences, public health, toxicology, climate science, epidemiology 
Primary exposure focus Environmental lead (Pb) 

Health outcomes addressed Neurodevelopmental effects, child health, chronic disease risk, population health 
Climate-related variables Temperature increase, drought, flooding, extreme weather events 

Geographical scope 
Global (with emphasis on North America, Europe, Arctic regions, and low- and 

middle-income countries) 
Vulnerable populations Children, socioeconomically disadvantaged communities, urban populations 
Main exposure media Soil, dust, air, water, food 

Analytical approaches 
Environmental monitoring, epidemiological analysis, modeling studies, 

bibliometric analyses 
Source: Authors. 

3.2. Co-Authorship and Disciplinary Fragmentation 

Across the three databases, co-authorship analyses reveal low author continuity and limited 
collaborative density. This suggests that the research field on the connection between climate, lead, 
and health is episodic and not very integrated. 

In Web of Science, 105 authors were identified, but only four met the minimum publication 
threshold. These authors formed a single small cluster with six links and a total link strength of 12 
(Figure 1), indicating localized collaboration concentrated in a very small core group. 

Scopus showed a larger author universe (135 authors), yet the same pattern persisted: only four 
authors met the threshold and formed one small cluster with six links and a total link strength of 12 
(Figure S1). Broader coverage therefore did not translate into stronger collaborative integration. 

PubMed displayed a contrasting structure: the network comprised 44 authors and all met the 
inclusion threshold, forming a single highly interconnected cluster with 55 links (Figure S2). This 
denser structure likely reflects biomedical and public health authorship norms that favor multi-
author and multi-institutional studies. 

The results indicate a discrepancy in discipline: biomedical research communities exhibit 
stronger internal cohesion, while environmental and climate-oriented lead research demonstrate 
limited interconnectedness. Additional co-authorship visualizations are provided in the 
supplementary materials. 
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Figure 1. Co-authorship network of authors based on the Web of Science database. The Web of Science dataset 
comprised 105 authors, of whom four met the minimum publication threshold and formed a single collaborative 
cluster (six links; total link strength = 12). The dense interconnections within this small core contrast with the 
low recurrence of authorship across the broader network, indicating episodic collaboration and a structurally 
fragmented research field at the climate–lead–health interface. 

3.3. Co-Authorship Network by Countries 

Country-level co-authorship patterns suggest limited international integration. Across 
databases, collaboration is concentrated in a small set of countries, indicating that climate-health 
research remains geographically siloed. 

In Web of Science, only three countries were connected in a group of 21 countries (see Figure 2). 
This structure reflects minimal cross-national collaboration and a concentration of outputs in a few 
settings. 

Scopus showed a similar pattern, with marginally stronger but still limited collaboration (Figure 
S3). 

Across both databases, the United States consistently emerged as the central hub. Peripheral 
countries show limited direct collaboration with each other and rely largely on bilateral ties with 
dominant research centers. 

 
Figure 2. International co-authorship network by countries based on the Web of Science database. Country-
level co-authorship analysis identified 21 contributing countries, with only three meeting the minimum 
collaboration threshold, forming a single poorly connected cluster (three links; total link strength = 7). The sparse 
structure reflects limited international integration, with research outputs concentrated in a small number of 
countries and minimal cross-national collaboration in climate-related lead exposure research. 

These patterns suggest missed opportunities for comparative, context-sensitive research in 
regions with high lead burdens and high climate vulnerability. Expanded international collaboration 
is a priority for strengthening generalizability and equity-oriented evidence generation. 

3.4. Keyword Co-Occurrence and Thematic Domains 

Keyword co-occurrence mapping of author keywords indicates partial thematic convergence 
around lead exposure, environmental contamination, and health outcomes, with climate change 
acting primarily as a bridging concept rather than a central analytical driver (Figure 3, Table 2). In 
Scopus, the network (114 keywords; 11 meeting the threshold) forms three clusters with 19 links and 
a total link strength of 25, suggesting moderately structured themes spanning climate processes, lead 
exposure, and health. Web of Science shows greater thematic dispersion (10 items; four clusters; total 
link strength of 15; Figure 4), while PubMed presents a compact, health-oriented thematic core (four 
items; one cluster; total link strength of nine; Figure S4). Across databases, ʺclimate changeʺ generally 
functions as a unifying term rather than a pivotal organizing concept, thereby reinforcing the fieldʹs 
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multidisciplinary yet somewhat disparate character. Key cross-database thematic domains are 
summarized in Table 2. 

 
Figure 3. Author–keyword co-occurrence network based on the Scopus database. The Scopus analysis (114 
keywords; 11 meeting the minimum occurrence threshold) revealed three thematic clusters (19 links; total link 
strength = 25). The network indicates partial thematic convergence between climate-related drivers, lead 
exposure contexts, and health outcomes, while preserving cluster boundaries consistent with disciplinary 
segmentation. 

 

Figure 4. Author–keyword co-occurrence network based on the Web of Science database. From 100 extracted 
keywords, 10 met the minimum occurrence threshold, forming four thematic clusters (12 links; total link strength 
= 15). The fragmented configuration highlights the coexistence of climate, environmental contamination, and 
health-related concepts, with limited integration across thematic domains. 

Table 2. Major thematic domains identified in the bibliometric analysis of climate change, lead exposure, and 
health. 

Cluster Thematic domain Representative focus Representatives Keywords 
Cluster 1: Human 

Health 
Lead exposure and human 

health 
Health impacts of low-level and 

chronic Pb exposure 
Children, neurodevelopment, 

blood lead levels, chronic exposure 
Cluster 2: 

Environmental 
Processes 

Environmental 
contamination processes 

Environmental reservoirs and 
mobilization of lead 

Soil, sediments, dust, water, legacy 
contamination 

Cluster 3: Climate 
Drivers 

Climate change drivers Climate-sensitive processes 
affecting Pb mobility 

Temperature rise, drought, floods, 
extreme events 

Cluster 4: Urban and 
Socioeconomic 

Contexts 

Urban environmental health; 
Environmental justice and 

vulnerability 

Amplified exposure risks in urban 
settings; Disproportionate 

exposure and health burdens 

Heat islands, aging infrastructure, 
housing; Inequality, marginalized 

populations 

Cluster 5: One Health 
One Health perspectives Human–animal–environment 

interactions 
One Health; animals; ecosystems; 

multispecies exposure 

Source: Authors. 
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3.5. Climate-Sensitive Pathways of Lead Exposure 

Five convergent climate-sensitive pathways of lead exposure were consistently identified across 
the literature and are summarized in Table 3. These pathways are synthesized into an integrative One 
Health conceptual framework (Figure 5): 

1. Temperature-related increases in lead mobility and bioavailability [24–26]; 
2. Drought-driven dust resuspension and airborne exposure, particularly in mining and arid 

regions [21–23]; 
3. Flood-driven remobilization of legacy lead from contaminated soils and sediments [18–20]; 
4. Urban amplification of exposure, associated with heat islands, aging infrastructure, and legacy 

contamination [27–29]; 
5. Climate-mediated transport through water and food systems [30–32]. 

Across these pathways, children and socioeconomically vulnerable populations were 
consistently identified as the most affected groups due to higher susceptibility and greater exposure 
to climate-sensitive environments [4–9]. 

 

Figure 5. Conceptual synthesis of climate-sensitive lead exposure pathways within a One Health framework. 
This figure integrates bibliometric findings with thematic evidence, illustrating how climate-driven processes 
(e.g., temperature increase, flooding, drought, and infrastructure stress) interact with legacy lead contamination 
to shape dynamic exposure pathways affecting humans, animals, and ecosystems. 

Table 3. Climate-Sensitive Pathways of Lead Exposure and Public Health Implications. 

Pathway Climate-sensitive 
pathway 

Exposure 
 Mechanism 

Exposure 
route 

Public Health Implications 

Increased lead 
mobility 

Temperature-related 
increases in Pb mobility 

Enhanced chemical 
mobility and 

bioavailability in soils 

Ingestion, 
inhalation 

Chronic low-level exposure; 
cumulative toxicity 

Flood-driven  
remobilization 

Extreme precipitation, 
floods 

Release of legacy lead 
from soils and 

sediments 

Ingestion, 
dermal 
contact 

Acute and chronic exposure 
following floods; water 

contamination 

Dust 
resuspension 

Drought-driven dust 
resuspension, land 

degradation 

Airborne transport of 
contaminated particles 

Inhalation Elevated airborne Pb 
exposure; urban and mining 

communities 
     

Urban 
amplification 

Heat islands, 
infrastructure stress 

Aging housing, pipes, 
and contaminated urban 

soils 

Ingestion, 
inhalation 

Persistent exposure in urban 
populations; Persistent 

exposure in children 
Water and food 

transport 
Altered hydrology and 

food systems 
Contaminated water and

food chains 
Ingestion Population-wide exposure 

through water and diet 
Sources: Authors. 
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3.6. Citation, Co-Citation, and Bibliographic Coupling 

Citation-based analyses provide insight into the intellectual integration of the climate–lead–
health literature. Overall, document-level citation networks show limited connectivity, indicating 
that influential papers often develop in parallel rather than through sustained cross-citation, 

In Web of Science, citation analysis identified 23 documents; 17 met the minimum citation 
threshold. These documents formed isolated nodes with no inter-document links (Figure 6), 
suggesting an absence of a consolidated, mutually citing core. 

Author-level citation analysis in Web of Science similarly revealed a small core: among 105 
authors, only four met the inclusion threshold, forming one cluster with six links and total link 
strength of 12 (Figure S5). 

In Scopus, citation-by-author analysis was found to be even less robust. Among 135 authors, 
four met the threshold but no citation links were observed (Figure S6), indicating minimal author-
level citation cohesion in that database. 

  
Figure 6. Citation network of documents based on the Web of Science database. Among 23 documents, 17 met 
the minimum citation threshold; however, no citation links were observed between them. The absence of inter-
document citation connections indicates a highly fragmented knowledge base, with limited cumulative 
referencing across studies addressing climate change and lead exposure. 

Co-citation analyses identified small epistemic communities centered on environmental 
toxicology and public health. In Web of Science, 13 authors met the minimum co-citation threshold, 
forming four clusters with 30 links and total link strength of 252 (Figure 7). In Scopus, four authors 
met the threshold, forming two clusters with six links and total link strength of 25 (Figure S7). 

 
Figure 7. Author co-citation network based on the Web of Science database. The co-citation analysis included 
1,698 cited authors, of whom 13 met the minimum citation threshold, forming four clusters (30 links; total link 
strength = 252). Unlike co-authorship patterns, the denser co-citation structure suggests shared intellectual 
foundations across subfields, despite limited direct collaboration among authors. 

Bibliographic coupling revealed stronger shared reference bases despite limited direct 
collaboration. In Scopus, four authors formed a single bibliographic coupling cluster with six links 
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and very high total link strength (114). The strong coupling suggests that a small group of authors 
share reference bases, which strengthens the evidence of parallel but not fully institutionalized 
research trajectories (Figure 8; Figure 9).  

 

Figure 8. Bibliographic coupling network of authors based on the Scopus database. The bibliographic 
coupling analysis identified four authors meeting the minimum threshold, forming a single cluster. 

 

Figure 9. Bibliographic coupling network of documents based on the Web of Science database. The 
bibliographic coupling analysis identified 12 authors meeting the minimum threshold, forming four clusters (34 
links, and total link strength 48). 

Collectively, these findings indicate that while authors often draw from similar foundational 
literature (bibliographic coupling), direct citation exchange and cumulative theory-building remain 
limited (citation and co-citation), reinforcing the field�s structural immaturity (Table 4).  

Table 4. Structural Indicators of Intellectual Integration. 

Analysis Type Database NodesClusters Links Total Link Strength Interpretation 
Citation (Documents) Web of Science 17 17 0 0 Parallel, non-cumulative 

literature 
Citation (Documents) Scopus 21 21 0 0 Parallel, non-cumulative 

literature 
Citation (Authors) Web of Science 4 1 6 12 Selective recognition 
Citation (Authors) Scopus 4 4 0 0 Fragmented influence 

Bibliographic Coupling 
(Authors) 

Web of Science 4 1 6 1,512 Shared conceptual base 
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Bibliographic Coupling 
(Authors) 

Scopus 4 1 6 114 Moderate convergence 

Co-Citation (Authors) Web of Science 13 4 30 252 Moderate convergence 
Source: Authors. 

4. Discussion 

The bibliometric results presented above provide quantitative evidence that, despite growing 
scientific attention, research on climate change and lead exposure remains structurally fragmented, 
with important implications for knowledge integration and public health action. 

4.1. Fragmentation of Climate-Lead-Health Research 

The combined author- and country-level co-authorship analyses reveal that research at the 
intersection of climate change, lead exposure, and health remains structurally fragmented [14–17]. 
While PubMed-indexed biomedical research demonstrates stronger collaborative cohesion, 
environmental and climate-focused studies indexed in Web of Science and Scopus show low network 
density and weak international integration. Although biomedical studies demonstrate internal 
cohesion, environmental and climate-focused research remains poorly integrated, which limits its 
translation into preventive public health strategies. 

This fragmentation likely contributes to the observed disciplinary silos, limiting the 
development of comprehensive, climate-sensitive exposure frameworks. The dominance of a small 
number of authors and countries further suggests imbalanced knowledge production, potentially 
constraining the generalizability of findings to diverse geographic and socioeconomic contexts 
[15,30,36,40]. 

These patterns underscore the urgent need for transdisciplinary and transnational collaboration, 
consistent with a One Health approach, to better capture the complex interactions between climate 
processes, environmental lead mobilization, and population health outcomes [37–39]. 

These co-authorship patterns quantitatively demonstrate the structural discontinuity 
characterizing research at the climate–lead–health interface. Only four recurring authors and a single 
small group are found in Web of Science and Scopus (see Figures 1 and S1). This suggests that 
research efforts are mostly episodic and not well-established [14–16]. 

Although PubMed displays a more cohesive collaborative structure (Figure S2), this density 
reflects concentration within biomedical research rather than true interdisciplinary integration. 
Researchers focused on the environment and climate are not well connected to health-oriented author 
networks. This limits the development of comprehensive One Health approaches. These findings 
corroborate the broader bibliometric patterns observed in keyword and citation analyses, reinforcing 
the need for sustained cross-sectoral collaboration [36,40]. 

4.2. Climate Change as a Risk Multiplier for Lead Exposure 

This review provides convergent evidence that climate change primarily acts as a risk multiplier, 
amplifying existing lead contamination rather than introducing new sources. As summarized in 
Table 3 and illustrated in Figure 4, climate-sensitive processes, including flood-driven remobilization, 
drought-related dust resuspension, and temperature-mediated increases in bioavailability, interact 
with legacy contamination, land use, and infrastructure conditions to shape dynamic exposure 
pathways. [10–13,18–26]. 

4.3. Implications for Children and Environmental Justice 

The disproportionate vulnerability of children is a consistent finding across epidemiological, 
toxicological, and environmental studies [4–7,15]. Climate-amplified lead exposure therefore 
represents a critical environmental justice issue, particularly in low-income urban areas and regions 
affected by informal mining and inadequate environmental governance [8,9,23,33]. These findings 
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reinforce the need for child-centered and equity-oriented climate adaptation policies that explicitly 
address legacy lead contamination. 

4.4. One Health Perspective and Integrated Surveillance 

Despite growing recognition of One Health approaches, human, animal, and ecosystem health 
studies remain limited integrated [21,33–35]. Figure 4 highlights how multispecies exposure 
pathways converge at the human–environment interface, underscoring the need for integrated, 
climate-sensitive surveillance systems. 

4.5. Health Policy and Policy Implications 

From a policy perspective, the pathways identified in Table 3 underscore the need to integrate 
environmental surveillance systems capable of integrating climate variables and contaminant 
monitoring, and public health surveillance. Climate adaptation strategies that ignore legacy 
contaminants may inadvertently increase exposure risks. Interdisciplinary collaboration across 
environmental, climate, and health sectors is therefore essential to reduce future lead-related disease 
burdens [1–3,30–32]. 

4.6. Strengths and Limitations 

This review integrates bibliometric and thematic methods to provide a structured synthesis of 
an emerging field. While bibliometric analyses have inherent limitations, convergence across 
multiple analytical dimensions supports the robustness of the findings [28,40]. These limitations are 
common to bibliometric studies and do not undermine the consistency of the patterns observed 
across databases and analytical approaches. 

5. Conclusions 

This bibliometric review demonstrates that research linking climate change, lead exposure, and 
health remains fragmented despite strong evidence that both climate change and lead independently 
pose major public health threats. The limited integration of these domains risks underestimating 
climate-amplified exposure scenarios, particularly for children and socioeconomically vulnerable 
populations. [31,35,36,40] 

From an environmental and public health perspective, advancing climate-sensitive lead 
surveillance, exposure modeling, and prevention strategies is essential. A One Health approach 
integrating human, animal, and ecosystem health offers a robust framework to address the combined 
challenges of climate change, legacy contamination, and environmental injustice. Strengthening 
interdisciplinary collaboration and aligning research with public health policy needs will be critical 
to reducing the future burden of lead-related disease under a changing climate. [24–26,35–38] 

This review demonstrates that climate change functions as a critical risk multiplier for lead 
exposure, reshaping environmental pathways and reinforcing health inequities. Despite increasing 
scholarly attention, research remains fragmented across disciplines and geographies. Strengthening 
interdisciplinary collaboration, integrating climate-sensitive exposure pathways into surveillance 
systems, and adopting One Health–oriented policies are essential to reduce future lead-related 
disease burdens. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. Figure S1: Author co-authorship network based on the Scopus database; Figure 
S2: Author co-authorship network based on the PubMed database; Figure S3: International co-authorship 
network by country based on Scopus records; Figure S4: Author keyword co-occurrence network based on 
PubMed records.; Figure S5: Author citation network based on the Web of Science database; Figure S6: Author 
citation network based on the Scopus database; Figure S7: Author co-citation network based on the Scopus 
database; Figure S8: Bibliographic coupling network of documents based on the Scopus; Figure S9: Bibliographic 
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coupling network of authors (Web of Science); References S1: Complete list of 89 references included in the 
bibliometric dataset. Note: References [1–45] are cited in the main text. References [46–89] are included for 
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