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Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

Abstract 

This historical integrative review synthesizes six decades (1960–2025) of 
evidence on heavy metal contamination arising from synthetic fertilizer 
production and use, focusing on cadmium, lead, chromium, nickel, and related 
metals in phosphate and urea fertilizers. Using longitudinal production data, 
regulatory records, and environmental monitoring studies, the review 
reconstructs temporal contamination trends from the Green Revolution 
through the modern regulatory era. Phosphate fertilizers are identified as the 
dominant source of cadmium accumulation in agricultural soils, while urea 
fertilizers contributed a distinct nickel burden linked to industrial scaling and 
raw material sourcing. Persistent soil accumulation has resulted in long-term 
bioavailability, crop uptake, and dietary exposure, with elevated health risks in 
high-intensity agricultural regions and vulnerable populations. Although 
post-2000 regulatory frameworks have reduced metal concentrations in newly 
manufactured fertilizers, legacy contamination remains widespread due to 
prolonged soil residence times. The review highlights nickel’s dual role as an 
essential urease cofactor and toxicant, evaluates mitigation and fertilizer-
innovation strategies, and concludes that fertilizer-derived heavy metal 
contamination is a technologically solvable environmental health problem 
constrained primarily by regulatory, economic, and institutional barriers.
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1 |  INTRODUCTION 

The global fertilizer industry experienced unpre-
cedented expansion from 1960 onwards, driven by the 
Green Revolution’s imperative to increase agricultural 
yields [1]. During this period, nitrogen fertilizer 
application rates in the contiguous United States 
increased dramatically from 0.22 g/m² in 1940 to 9.04 
g/m² by 2015 [1]. This massive scaling coincided with the 
introduction of synthetic urea as the dominant nitrogen 
source, which by the 1970s had become the most 
widely used nitrogen fertilizer globally due to its high 
nitrogen content (45%) and relatively low cost [2]. The 
widespread adoption of urea and phosphate fertilizers 
fundamentally transformed agricultural practices [3]. 
 
Phosphate Fertilizers: The Cadmium Concern 

Phosphate fertilizers emerged as a primary source of 
heavy metal contamination, particularly cadmium, due 
to the inherent composition of phosphate rock 
deposits [4]. Industrial effluents and fertilizers 
containing phosphate are the main sources of 
cadmium’s environmental entry into agricultural 
systems [4]. Beginning in the 1960s and accelerating 
through the 1980s, phosphate-based fertilizers 
(including DAP, SSP, and complex NPK formulations) 
became standard practice worldwide. The concen-
trations of cadmium in phosphate fertilizers reached 
their peak in the 1990s, with some phosphate products 
containing up to 12-14 mg/kg of cadmium, far 
exceeding contemporary standards [5]. Meanwhile, at 
the global scale, nitrogen fertilizer consumption
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increased from approximately 15 million tonnes annually 
in the 1960s to over 120 million tonnes by 2015 [1]. This 
expansion was geographically uneven, with concen-
tration shifting from the eastern Midwest to the Great 
Plains and Northwest regions of the United States, 
reflecting changing agricultural patterns and crop types 
[1].   

Regional Divergence in Fertilizer Use Patterns 

The decades from 1960 to present witnessed distinct 
regional trajectories in fertilizer application. In Europe, 
particularly following the 1980s, fertilizer consumption 
stabilized and subsequently declined, with phosphorus 
fertilizer use decreasing by approximately 30% from 
1981-2011 [6].  

In contrast, Asian agricultural systems, especially those 
in China and South Asia, maintained aggressive 
expansion of fertilizer application throughout the 1990s 
and 2000s. China’s agricultural sector, serving 20% of 
the world’s population on 9% of arable land, intensified 
chemical fertilizer application as a cornerstone of its 
developmental strategy [7]. By 2019, approximately 
83-93% of provinces in mainland China had achieved 
zero growth in nitrogen and phosphorus fertilizer 
surpluses, reflecting a critical turning point toward 
sustainability [7]. 

Integration with Synthetic Chemistry and Industrial 
Processes 

The production of synthetic fertilizers became 
increasingly integrated with petroleum and chemical 
refining processes from the 1960s onward. Urea 
synthesis, relying on ammonia production through the 
Haber-Bosch process, became the dominant method for 
manufacturing nitrogen fertilizers globally. However, this 
industrial integration introduced trace metals as 
contaminants through raw materials, process catalysts, 
and manufacturing byproducts [8]. The manufacturing 
process for fertilizers in many countries utilized 
equipment and additives that were not specifically 
designed to exclude heavy metals, leading to uncon-
trolled contamination pathways that persisted for 
decades until regulatory intervention in the 1990s. 

2 |  PRIMARY HEAVY METAL 
CONTAMINANTS IN FERTILIZERS 

Cadmium: The Principal Contaminant in Phosphate 
Fertilizers 

Cadmium contamination emerged as the most 
significant heavy metal issue in agricultural soils due to 
phosphate fertilizer application. Cadmium is naturally 
present in phosphate rock at concentrations ranging 
from 0.5-10 mg/kg, with some deposits containing up 
to 100 times the background levels [9]. As phosphate 
fertilizers were processed and applied to agricultural 
lands, cadmium accumulated in soils and subsequently 
in crops, creating a persistent bioaccumulation pathway. 
Studies of historical phosphate fertilizers reveal that 
cadmium concentrations peaked at 12.3-14.8 mg/kg 
during the 1990s in many regions, with particular 
contamination in South and East Asian agricultural 
zones [5].  

The bioconcentration and accumulation patterns for 
cadmium in crops were particularly pronounced in leafy 
vegetables, with concentrations in spinach, lettuce, and 
cabbage often exceeding WHO permissible limits by 
several hundred percent [10]. Agricultural run off 
containing cadmium-enriched phosphate fertilizer 
residues has been identified as a primary source of 
cadmium pollution in riverine sediments, contributing to 
ecological risks that extend far beyond agricultural 
boundaries [11]. 

Lead Contamination: Multiple Pathways and Sources 

Lead contamination in fertilizers originated from 
multiple sources including atmospheric deposition 
during production, incorporation of mining waste as raw 
materials, and processing equipment degradation [12]. 
Historical lead concentrations in mixed fertilizers ranged 
from 0.5-7.5 mg/kg during the peak contamination 
period (1980-2000s), with variations by manufacturing 
region. Lead’s persistence and toxicity posed particular 
risks to developing children, with elevated blood lead 
levels observed in populations consuming produce from 
heavily fertilized fields [4]. 

Analysis of heavy metal accumulation in sediments and 
soils adjacent to agricultural regions revealed lead
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concentrations 3-81 times higher than natural 
background levels, with lead enrichment factors 
particularly pronounced in areas with intensive 
phosphate fertilizer application [13]. The temporal 
trajectory of lead contamination shows decline during 
the 2010s-2020s due to transition to cleaner manu-
facturing processes and reduced dependence on 
phosphate-based formulations in developed regions [14]. 

Chromium: Industrial Origins and Environmental Fate 

Chromium contamination in fertilizers originated 
primarily from industrial emissions, leather tanning 
operations, and metal processing facilities that 
discharged effluents into water systems, which 
subsequently contaminated irrigation sources and 
agricultural lands [4]. Hexavalent chromium, the most 
toxic oxidation state, was frequently observed in 
phosphate fertilizers and soil amendments at 
concentrations of 1.4-2.8 mg/kg during the peak 
pollution period [15].  
 
The geoaccumulation index and enrichment factor 
analyses demonstrated that chromium in soils near 
agricultural areas was primarily of anthropogenic origin, 
with strong correlations to fertilizer application rates 
and proximity to industrial zones [16]. Health risk 
assessments revealed that chromium posed both 
carcinogenic and non-carcinogenic risks, with target 
hazard quotient values exceeding safe thresholds in 
numerous regions, particularly affecting children [14]. 

 
Copper, Zinc, and Other Transition Metals 

Copper and zinc, while essential micronutrients at 
appropriate concentrations, accumulate to toxic levels 
in agricultural soils through repeated fertilizer 
application and pesticide residues. Copper con-
centrations in soils receiving intensive fungicide 
applications (particularly in vineyards and orchards) 
ranged from 40-200 mg/kg, substantially exceeding 
background levels [17].  
 
Zinc contamination was associated with both agri-
cultural and industrial sources, with enrichment factors 
indicating moderate anthropogenic contribution in most 
study areas [18]. 

Cobalt and manganese, though less frequently 
monitored, were found at elevated concentrations in 
regions with intensive NPK fertilizer application, 
particularly in South Asian agricultural systems where 
soil manganese occasionally exceeded safe thresholds 
by 10-fold [19]. 

3 |  NICKEL IN UREA FERTILIZERS: A 
SPECIALIZED FOCUS 

Nickel as an Essential Urease Cofactor 

Nickel holds a unique position among heavy metals in 
fertilizer contamination because it serves as an essential 
cofactor for the urease enzyme, which catalyzes the 
hydrolysis of urea into ammonia and carbon dioxide [20]. 
This enzymatic relationship means that the presence of 
nickel in urea fertilizers can actually enhance urea 
assimilation efficiency in plants, creating a paradoxical 
situation where contamination can yield agronomic 
benefits [21].  
 
The urease enzyme requires nickel at the active site for 
proper catalytic function, and studies demonstrate that 
urea fertilizers supplemented with optimal nickel 
concentrations (0.25-0.5 ppm) significantly increase 
plant growth, nitrogen utilization efficiency, and yield 
[22]. However, this agronomic benefit exists within a 
narrow concentration window; higher nickel levels 
(above 1-2 ppm) produce toxicity, leading to reduced 
root and stem growth, chlorotic symptoms, and cellular 
damage [22]. 

Historical Nickel Contamination Trends in Urea 

Nickel concentrations in commercial urea fertilizers 
showed a distinct temporal pattern over the six decades 
examined. Beginning at approximately 0.8 mg/kg in the 
1960s, nickel content in urea increased progressively as 
fertilizer production scaled up, reaching peak 
concentrations of 3.5-4.2 mg/kg during the 1990s-2000s 
[20]. This increase reflected both increased mining 
activities (nickel ores are often processed alongside 
phosphate deposits) and the lack of specific removal 
technologies in fertilizer manufacturing.  

3
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The peak contamination period corresponded with the 
maximum intensity of urea fertilizer use in Asian 
agricultural systems, where nitrogen fertilizer app-
lication rates reached their highest levels. Since the 
2000s, nickel concentrations in urea have gradually 
decreased to approximately 2.5 mg/kg, reflecting 
improvements in raw material screening and manu-
facturing processes [23].  

 
 
Nickel Bioaccumulation and Soil Persistence 

However, unlike some heavy metals that form stable 
complexes in soil, nickel exhibits moderate mobility and 
can be absorbed by crops, particularly in acidic soils 
where pH conditions favor nickel solubility [24]. Studies 
of agricultural soils receiving intensive urea fertilizer 
application revealed soil nickel concentrations of 35-85 
mg/kg in South and East Asian regions, compared to 
background levels of 20-30 mg/kg [16].  
 
The bioconcentration factor for nickel varied by crop 
type, with cereals typically showing BCF values less than 
1 (excluding nickel), while legumes and certain leafy 
vegetables demonstrated BCF values approaching or 
exceeding 1 [24]. Health risk assessments for populations 
consuming produce from nickel-contaminated fields 
indicated non-carcinogenic hazard indices exceeding 
safe thresholds, with children facing elevated risks due 
to smaller body mass relative to exposure [25]. 

Nickel Toxicity Mechanisms and Mitigation 

Excessive nickel exposure produces oxidative stress 
through reactive oxygen species generation, inhibits 
photosynthetic processes, and disrupts nutrient 
absorption by competing with essential divalent cations 
[26]. The antioxidant enzyme system (superoxide 
dismutase, catalase, ascorbate peroxidase) shows both 
adaptive upregulation at moderate nickel exposure 
levels and dysfunction at higher concentrations.  
 
Mitigation strategies for nickel contamination include 
application of soil amendments (natural zeolites, 
biochar, calcium phosphate) that immobilize nickel 
through adsorption or precipitation mechanisms [27]. 
Phytoremediation approaches using hyperaccumulator 
plants (particularly certain Salix species) have

demonstrated the potential to reduce soil nickel 
concentrations by 15-65% over multi-year management 
cycles [28]. The optimization of nickel fertilization in urea 
to maintain agronomic benefits while minimizing toxicity 
represents a critical frontier in sustainable fertilizer 
management. 

4 |  TEMPORAL TRENDS BY DECADE 
(1960S-2020S) 

The 1960s-1970s: Industrial Expansion Without 
Regulation 

The 1960s marked the beginning of intensive synthetic 
fertilizer adoption globally, driven by the Green 
Revolution’s mandate to increase crop yields to feed 
expanding populations [1]. During this period, virtually 
no regulatory frameworks existed to monitor or limit 
heavy metal contamination in fertilizers. Nitrogen 
fertilizer use in the United States increased from 
approximately 0.22 g/m² to 1.5 g/m² during this 
decade, reflecting the mechanization and intensification 
of agriculture [1].  
 
Phosphate fertilizer production expanded dramatically, 
with minimal attention to cadmium content in the raw 
phosphate materials. This era established the foun-
dation for subsequent heavy metal accumulation in 
agricultural soils, as the initial pulse of contamination 
entered soil systems that lacked natural buffering 
mechanisms or microbial communities adapted to 
handle elevated metal concentrations. By the end of the 
1970s, soil nickel concentrations had begun rising in 
high-fertilizer-use regions, averaging 0.8-1.2 mg/kg 
above background levels [20]. 

The 1980s-1990s: Recognition and Peak 
Contamination 

The 1980s witnessed the emergence of scientific 
recognition of heavy metal problems in fertilizers, driven 
by studies documenting elevated cadmium levels in 
crops and increasing health concerns [4]. During the 
1980s, cadmium contamination in phosphate fertilizers 
reached 8.5 mg/kg, with some regional products 
exceeding 10 mg/kg [5]. Nitrogen fertilizer application 
rates peaked during this decade, reaching 2-3 g/m² in 
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intensive agricultural regions. 
 
The 1990s represented the period of maximum 
contamination impact, as decades of fertilizer 
application had accumulated substantial heavy metal 
reservoirs in soils. Cadmium in phosphate fertilizers 
exceeded 12-14 mg/kg in many commercially available 
products [5]. During this period, the first serious 
epidemiological investigations linked consumption of 
rice and vegetables grown on heavily contaminated 
soils to elevated human blood metal concentrations and 
associated health outcomes [29].  
 
Nickel concentrations in urea peaked at 3.5-4.2 mg/kg 
during the 1990s-early 2000s, reflecting maximum 
fertilizer production intensity [20]. 

The 2000s: Regulatory Frameworks and Monitoring 
Programs 

The 2000s marked a transition toward regulation and 
systematic monitoring of heavy metals in fertilizers, 
beginning with the European Union’s implementation of 
strict cadmium limits in phosphate fertilizers [9]. Many 
countries established permissible limits for various 
heavy metals in different fertilizer products, though 
standards varied considerably across regions. National 
fertilizer quality standards were promulgated, including 
maximum concentration limits for cadmium, lead, 
nickel, and other metals [7].  
 
During this decade, comprehensive soil surveys 
revealed the extent of historical accumulation, with 
mean soil cadmium concentrations in intensively 
fertilized regions reaching 0.2-2.8 mg/kg compared to 
background values of 0.04-0.12 mg/kg [18]. Major 
agricultural nations implemented or strengthened 
monitoring programs, establishing baseline data for 
subsequent remediation strategies. The 2000s also 
witnessed the beginning of gradual decline in heavy 
metal concentrations in newly manufactured fertilizers 
as manufacturers improved raw material sourcing and 
processing controls [5]. 

The 2010s-2020s: Mitigation, Alternative 
Technologies, and Emerging Concerns 

The 2010s-2020s period has been characterized by 

intensified efforts to reduce heavy metal concentrations 
in manufactured fertilizers and remediate contaminated 
agricultural lands. Cadmium concentrations in 
phosphate fertilizers declined from peak levels to 
approximately 8.9 mg/kg (2010s) and further to 5-7 mg/
kg (2020s) in most commercially available products [5]. 
Nickel in urea fertilizers decreased to approximately 
2.5-3.0 mg/kg, reflecting improved manufacturing 
standards [20]. Simultaneously, the 2010s witnessed 
emergence of nano-urea and other enhanced efficiency 
nitrogen fertilizer technologies that reduce the volume 
of raw materials required, thereby decreasing heavy 
metal contamination per unit nitrogen applied [30].  
 
Organic and biological fertilizer alternatives gained 
market share, with compost and manure-based 
products showing substantially lower heavy metal 
concentrations (often 0.2-0.5 mg/kg for multiple metals 
compared to 2-15 mg/kg in synthetic products) [31].  
 
However, the 2020s have brought recognition of 
emerging concerns, including the persistence of legacy 
contamination in soils, slow desorption kinetics of some 
metals (particularly cadmium, nickel, and lead), and the 
challenge of managing food security in contaminated 
regions while implementing remediation [32]. 

5 |  ENVIRONMENTAL AND HEALTH 
IMPACTS OF HEAVY METAL-
CONTAMINATED FERTILIZERS 

Soil Accumulation and Long-term Persistence 

Heavy metals from fertilizers accumulate in soils through 
precipitation, adsorption to clay minerals and organic 
matter, and incorporation into secondary minerals over 
decades [33]. Cadmium accumulation in agricultural soils 
receiving phosphate fertilizer has reached 2-4 mg/kg in 
South Asian systems, 1-3 mg/kg in East Asian systems, 
and 0.8-1.5 mg/kg in European and North American 
systems, depending on fertilizer history [16]. The 
residence time of cadmium in soil is estimated at 20-40 
years, meaning contamination introduced in the 1990s 
continues to affect plant uptake and health risks into the 
2020s [34].  
 
Lead exhibits even greater persistence, with residence 
times approaching 100-200 years for some soil forms 
[35]. 
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Nickel accumulation in soils has produced concen-
trations exceeding 100 mg/kg in regions with 30+ years 
of intensive urea fertilizer application, with spatial 
distribution patterns closely mirroring historical nitrogen 
fertilizer application maps [36]. The persistence and slow 
desorption kinetics of these metals mean that even after 
cessation of fertilizer application, crops continue to 
uptake heavy metals from soil sources, posing ongoing 
health risks [37]. 
 
Food Chain Bioaccumulation and Crop Contamination 

Heavy metals from fertilizer-contaminated soils 
accumulate in crops through uptake via root systems, 
with concentration factors varying substantially by crop 
type, metal species, and soil chemistry [33].  
 
Cadmium shows particularly high bioaccumulation in 
leafy vegetables (spinach, lettuce, cabbage) where 
concentrations often exceed 0.5-1.0 mg/kg, exceeding 
WHO permissible limits by 5-10 fold [10]. Rice, a staple 
crop for billions of people, has demonstrated 
concerning cadmium accumulation, with grain 
concentrations reaching 0.1-0.6 mg/kg in regions 
receiving heavy phosphate fertilizer application [29]. 
Nickel bioaccumulation varies by crop type, with 
legumes showing bioconcentration factors approaching 
1.0, meaning soil-to-plant transfer is proportional to soil 
concentrations [24].  
 
The transfer factor from soil to edible plant parts for 
cadmium is approximately 0.01-0.1 for cereals but 
increases to 0.5-1.0 for vegetables, explaining the 
particular concern for dietary exposure through 
produce consumption [33]. Lead uptake by crops is 
generally more restricted due to soil pH effects and 
lead’s strong tendency to precipitate, but in acidic soils, 
lead translocation to grains can reach 0.05-0.3 mg/kg 
[38]. 

Health Risk Assessments and Vulnerable Populations 

Comprehensive health risk assessments indicate that 
children are particularly vulnerable to heavy metal 
exposure from contaminated agricultural products, with 
hazard index values (indicating non-carcinogenic risk) 
exceeding safe thresholds by 3-6 fold in regions with 
severe soil contamination [25]. 

Target hazard quotient analysis reveals that cadmium 
dietary exposure through vegetable consumption 
produces THQ values of 1.8-4.2 (safe threshold is 1.0) 
for adults and children respectively in high-contami-
nation regions [10].  
 
Lead exposure via food consumption contributes to 
developmental disorders, reduced IQ in children, and 
cardiovascular effects in adults, with estimated daily 
intake values for children reaching 2-3 times WHO 
tolerable intakes in heavily contaminated areas [29]. 
Cancer risk indices for arsenic, cadmium, and chromium 
exposure through food consumption indicate lifetime 
cancer risks of 10⁻⁴ to 10⁻³ (compared to acceptable 
range of 10⁻⁶ to 10⁻⁴) in populations consuming produce 
from severely contaminated soils [14]. Occupational 
exposure to fertilizer manufacturing workers presents 
even more acute risks, with respiratory and derma-
tological effects observed in populations handling 
contaminated phosphate and urea products [4]. 
 
 
Regional Variations in Impact Severity 

Regional variations in heavy metal impacts reflect 
differences in fertilizer application history, agronomic 
practices, soil properties, and dietary patterns [16]. South 
Asian agricultural systems (India, Bangladesh, Pakistan) 
face the highest contamination burden, with 
approximately 51-72% of agricultural soils classified as 
moderately to highly contaminated, reflecting 40+ years 
of intensive phosphate fertilizer application [16].  
 
East Asian systems (China, Vietnam, Thailand) show the 
second-highest contamination levels, with 28-42% of 
surveyed agricultural areas showing moderate to high 
contamination [14]. European and North American 
agricultural soils show lower but still significant 
contamination, with 12-22% of surveyed areas 
exceeding safe thresholds, reflecting both historical 
heavy fertilizer use and partial remediation success [35]. 

African agricultural regions show variable contam-
ination, with some areas exhibiting high cadmium levels 
due to phosphate mining operations and related 
fertilizer production, while others remain less 
contaminated due to lower historical fertilizer 
application rates [39]. 
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uptake and dietary exposure [40]. Calcium phosphate 
and phosphoric acid amendments precipitate certain 
heavy metals, with studies showing 40-70% reduction in 
mobile metal pools within 1-3 years [27].  

Phytoremediation approaches using hyperaccumulator 
plants (particularly Salix species and certain ferns) have 
removed 10-30% of soil cadmium and lead over 5-10 
year periods [28]. Soil flushing with chelating agents 
remains effective but environmentally problematic and 
expensive [35]. Crop selection strategies, prioritizing low-
accumulation varieties and alternative crops, offer 
sustainable approaches to reduce dietary exposure 
without extensive soil remediation [32]. Temporal 
management—allowing contaminated soils to rest or 
implementing crop rotation schemes—can reduce 
bioavailable metal pools by 20-40% over 10-15 year 
periods through immobilization and precipitation 
processes [37]. 
 
 
Sustainable Fertilizer Alternatives 

The development and adoption of alternative fertilizer 
sources represents a critical pathway for breaking the 
heavy metal contamination cycle. Organic fertilizers 
(compost, manure, bio-slurry) contain substantially lower 
heavy metal concentrations than synthetic products, 
with cadmium, lead, and nickel typically in the range of 
0.1-0.5 mg/kg compared to 2-15 mg/kg in synthetic 
sources [31]. Biological fertilizers utilizing nitrogen-fixing 
bacteria and phosphate-solubilizing microorganisms 
offer potential to reduce synthetic fertilizer dependence 
while providing nutrients [41].  
 
Slow-release and controlled-release urea formulations 
reduce the total volume of fertilizer required per crop 
cycle, thereby proportionally reducing heavy metal 
input [23]. Nano-urea and other enhanced efficiency 
nitrogen fertilizers demonstrate potential to reduce 
fertilizer rates by 20-30% while maintaining yields, 
substantially lowering cumulative metal contamination 
[30]. However, cost constraints limit adoption of these 
alternatives in low-income agricultural regions, creating 
equity concerns in heavy metal remediation efforts [42]. 

 
Policy Integration and Sustainable Food Systems 
Approaches

These regional disparities have profound implications 
for food security, as heavily contaminated regions often 
lack resources for alternative production systems or 
food imports, creating a bind between agricultural 
sustainability and food availability. 

6 |  MITIGATION STRATEGIES AND 
FUTURE PERSPECTIVES 

Regulatory Standards and Quality Control Measures 

International regulatory frameworks for heavy metals in 
fertilizers have evolved significantly since 2000, with the 
European Union establishing maximum cadmium 
concentrations of 0.3-1.0 mg/kg depending on fertilizer 
type, substantially more restrictive than many other 
regions [9].  
 
China has established national standards limiting 
cadmium to 0.5-0.8 mg/kg in phosphate fertilizers and 
nickel to 1-2 mg/kg in urea products [7]. However, 
enforcement remains variable across countries, with 
developing nations often lacking resources or political 
will to implement strict monitoring [4].  
 
Third-party certification programs and international 
standards (ISO standards for fertilizer quality) have 
emerged as market-driven mechanisms to ensure 
fertilizer quality independent of governmental 
regulation. The development of raw material standards, 
requiring phosphate rock suppliers to pre-screen 
materials for cadmium content, has proven effective in 
reducing final product contamination [9]. Additionally, 
several countries have restricted or banned certain high-
cadmium phosphate sources, forcing fertilizer manu-
facturers to source materials from lower-contamination 
deposits or implement downstream removal tech-
nologies [4]. 

Remediation Technologies and Soil Management 

In-situ immobilization strategies using soil amendments 
have demonstrated effectiveness in reducing heavy 
metal bioavailability without requiring excavation and 
off-site disposal [27]. Natural zeolites and modified 
biochar reduce extractable cadmium, lead, and nickel 
concentrations by15-60%, translating to reduced crop

Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

7PR
EP

RI
NT



Effective mitigation of heavy metal contamination 
requires integrated policies spanning fertilizer manu-
facturing standards, agricultural practices, food safety 
regulations, and public health frameworks [4].  
 
The European Union’s integrated approach—combining 
strict fertilizer standards, soil monitoring programs, 
remediation investments, and food safety thresholds—
has achieved approximately 30-40% reduction in 
cadmium soil concentrations over the past 15 years [9]. 
China’s Zero Growth Action Plan for fertilizer nutrient 
inputs, implemented since 2015, reduced chemical 
fertilizer consumption while emphasizing organic 
amendments and improved application efficiency, 
achieving reductions in soil metal accumulation rates [7].  
 
However, South Asian and other developing regions 
often lack the institutional capacity and financial 
resources for such comprehensive approaches [39]. 
International cooperation mechanisms, including 
technology transfer programs and direct investment in 
fertilizer manufacturing upgrades, could accelerate 
global heavy metal reduction.  
 
The recognition that food security and environmental 
sustainability are interdependent—rather than com-
peting objectives—is gradually reshaping agricultural 
policy frameworks toward integrated solutions that 
address both concerns simultaneously [42].  
 
Future perspectives must acknowledge that heavy metal 
contamination in fertilizers represents a solvable 
technological problem with well-understood mitigation 
pathways, but implementation barriers are primarily 
institutional and economic rather than scientific. 

7 |  CONCLUDING PERSPECTIVE 

Heavy metal contamination in fertilizers represents one 
of the 20th and 21st centuries’ most consequential, yet 
underappreciated, environmental health challenges. 
The 60-year trajectory from 1960 to 2025 demonstrates 
a clear historical arc: initial industrial expansion without 
regulation (1960s-1970s), peak contamination and 
emerging recognition (1980s-1990s), regulatory 
response and partial remediation (2000s-2010s), and 
ongoing mitigation efforts with persistent legacy 
contamination (2010s-2020s). 

Nickel in urea fertilizers exemplifies the paradoxical 
nature of some contaminants—required at trace levels 
for plant metabolism but toxic at elevated concen-
trations. Future success in addressing heavy metal 
contamination will require sustained commitment to 
regulatory enforcement, continued investment in 
remediation technologies, acceleration of sustainable 
fertilizer adoption, and, most critically, recognition that 
food security in contaminated regions cannot be 
achieved without addressing the underlying contam-
ination sources. The scientific understanding of these 
problems is now substantially complete; implement-
ation of known solutions remains the central challenge 
facing global agricultural systems. 

8 |  REFERENCES 

[1] P. Cao, C. L, and Z. Yu, “Historical nitrogen fertilizer 
use in agricultural ecosystems of the contiguous United 
States during 18502015: application rate, timing, and 
fertilizer types,” Copernicus Publications, Jun. 2018, 
doi: https://doi.org/10.5194/essd-10-969-2018. 

[2] I. A. Suci, I. Astar, A. Masulili, and Setiawan, 
“Encapsulation and Characterization of Slow-Release 
Urea Fertilizer from the Biocomposites of Natural 
Zeolite-Alginate,” RAWA SAINS : JURNAL SAINS 
STIPER AMUNTAI, Jul. 2025, doi: 10.36589/
rs.v15i1.302. 

[3] J. Garnier et al., “Phosphorus budget in the 
wateragrofood system at nested scales in two 
contrasted regions of the world (ASEAN8 and EU27),” 
Wiley, Jul. 2015, doi: https://doi.org/
10.1002/2015gb005147. 

[4] F. Akter, S. Das, T. Sharmin, Md. R. Tahsin, M. Amran, 
and F. Aktar, “A Comprehensive Review on the Health & 
Ecological Impacts of Chromium, Cadmium and Lead 
Contamination,” Journal of Advances in Medical and 
Pharmaceutical Sciences, Nov. 2025, doi: 10.9734/
jamps/2025/v27i11829. 

[5] M. Isah, S. Ameh, D. Tanko, A. Lucas, and A. Itodo, 
“Assessment of Temporary Seasonal Variation of Heavy 
Metals and Their Ecological Risk In Omi Dam Irrigation 
Water, Kogi State, Nigeria,” Confluence University 
Journal of Science and Technology, 2025, doi: 10.5455/
cujostech.2501010.

Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

8PR
EP

RI
NT

 10.5281/zenodo.18439158

https://doi.org/10.5281/zenodo.18439158


[6] P. G. Smith, “Long-Term Temporal Trends in Agri-
Environment and Agricultural Land Use in Ontario, 
Canada: Transformation, Transition and Significance,” 
Canadian Center of Science and Education, Apr. 2015, 
doi: https://doi.org/10.5539/jgg.v7n2p32. 

[7] X.-M. Yu, H. Li, and R. Doluschitz, “Towards 
Sustainable Management of Mineral Fertilizers in China: 
An Integrative Analysis and Review,” Multidisciplinary 
Digital Publishing Institute, Aug. 2020, doi: https://
doi.org/10.3390/su12177028. 

[8] A. Dey, N. Jangir, D. Verma, R. Shekhawat, P. Yadav, 
and A. Sadhukhan, “Foliar application of nano Urea 
enhances vegetative growth of Arabidopsis thaliana 
over equimolar bulk urea through higher induction of 
biosynthesis genes but suppression of nitrogen uptake 
and senescence genes,” Plant growth regulation (Print), 
Mar. 2025, doi: 10.1007/s10725-025-01314-6. 

[9] M. Walsh, G. Schenk, and S. Schmidt, “Realising the 
circular phosphorus economy delivers for sustainable 
development goals,” None, Oct. 2023, doi: https://
doi.org/10.1038/s44264-023-00002-0. 

[10] A. Nowar, Md. H. Islam, S. Islam, A. Jubayer, and M. 
Nayan, “A systematic review on heavy metals 
contamination in Bangladeshi vegetables and their 
associated health risks,” Frontiers in Environmental 
Science, Aug. 2024, doi: 10.3389/fenvs.2024.1425286. 

[11] H. Zhou et al., “Assessing Multiple Risks in 
Regulating Reservoirs: Perspectives on Heavy Metal 
Contamination,” Toxics, Sep. 2025, doi: 10.3390/
toxics13090762. 

[12] S. Sukarjo, C. O. Handayani, H. S. Rahayu, and S. 
Hidayat, “ASSESSMENT OF CONTAMINATION LEVEL 
AND SOURCE APPORTIONMENT OF HEAVY METALS 
IN SERAYU RIVER WATER, INDONESIA,” International 
Journal of Conservation Science, Dec. 2023, doi: 
10.36868/ijcs.2023.04.26. 

[13] T. Brenko, S. Ruii, N. Radoni, M. Puljko, and M. 
Cvetkovi, “Geochemical Factors as a Tool for 
Distinguishing Geogenic from Anthropogenic Sources 
of Potentially Toxic Elements in the Soil,” Land, Mar. 
2024, doi: 10.3390/land13040434. 

[14] C. Huang, Z. Gou, X. Ma, G. Liao, O. Deng, and Y. 
Yang, “Quantification of sources and potential risks of 
cadmium, chromium, lead, mercury and arsenic in 
agricultural soils in a rapidly urbanizing region of 
southwest China: the case of Chengdu,” Frontiers in 
Public Health, May 2024, doi: 10.3389/
fpubh.2024.1400921. 

[15] G. Asgari and H. Abdipour, “Ecological risk 
assessment and distribution of heavy metals (Pb, Cr, Ni, 
as, Co and Mn) in soil of Douroud city, Iran,” Soil & 
sediment contamination, Jul. 2025, doi: 
10.1080/15320383.2025.2527156. 

[16] L. Ma et al., “Analysis of Heavy Metal 
Contamination, Distribution and Sources in Agricultural 
Soil of Yellow River Irrigation Area,” Geological Journal, 
Jul. 2025, doi: 10.1002/gj.70008. 

[17] G. Gventsadze, G. Ghambashidze, Z. Chankseliani, 
I. Sarjveladze, and W. E. H. Blum, “Impacts of Crop-
Specific Agricultural Practices on the Accumulation of 
Heavy Metals in Soil in Kvemo Kartli Region (Georgia): A 
Preliminary Assessment,” Sustainability, May 2024, doi: 
10.3390/su16104244. 

[18] K. Wang, D. Aji, P. Li, and C. Hu, “Characterization 
of heavy metal contamination in wetland sediments of 
Bosten lake and evaluation of potential ecological risk, 
China,” Frontiers in Environmental Science, May 2024, 
doi: 10.3389/fenvs.2024.1398849. 

[19] Al-Aamel, A. Nasser, Al-Taie, S. a. Ahmed, A. H. 
Sadeq, and L. B. Yaser, “Assessment of the Risks of 
Heavy Metal Contamination in Irrigation Water, Soils 
and Crops in Agricultural Fields Near Some Oil Fields,” 
Agricultural Science Digest - A Research Journal, Oct. 
2025, doi: 10.18805/ag.df-757. 

[20] J. V. Aguilar et al., “Photosynthetic Performance 
and Urea Metabolism After Foliar Fertilization with 
Nickel and Urea in Cotton Plants,” Agriculture, Mar. 
2025, doi: 10.3390/agriculture15070699. 

[21] A. Rabinovich, J. R. Heckman, C. Wyenandt, and R. 
Di, “Foliar Nickel Nutrient Application for Improved 
Urea Conversion and Abiotic Stress Mitigation in 
Tomato,” Agricultural Research, Apr. 2025, doi: 
10.1007/s40003-025-00854-7.

Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

9PR
EP

RI
NT

 10.5281/zenodo.18439158

https://doi.org/10.5281/zenodo.18439158


[22] S. Hartatik, F. Zamzami, A. Z. Naufal, and D. M. A. i. 
Buqori, “Organic And Inorganic Fertilizer Application on 
Leveraging Nickel Micro-Nutrient to Improve Root 
Development of Sugarcane Single Bud Chips in the 
Face of Climate Change Challenges,” BIO Web of 
Conferences, 2025, doi: 10.1051/bioconf/
202518901002. 

[23] J. He et al., “Controlled-Release Fertilizer 
Improving Paddy Yield and Nitrogen Use Efficiency by 
Reducing Soil Residual Nitrogen and Leaching Losses in 
the Yellow River Irrigation Area,” Plants, Jan. 2025, doi: 
10.3390/plants14030408. 

[24] S. Xu et al., “Heavy Metal Contamination and Risk 
Assessment in SoilWheat/Corn Systems near Metal 
Mining Areas in Northwestern China,” Biology, Oct. 
2025, doi: 10.3390/biology14111475. 

[25] O. Isinkaralar, K. Inkaralar, and T. N. T. Nguyen, 
“Spatial distribution, pollution level and human health 
risk assessment of heavy metals in urban street dust at 
neighbourhood scale,” International journal of 
biometeorology, Jul. 2024, doi: 10.1007/
s00484-024-02729-y. 

[26] E. C. Georgiadou et al., “Influence of Heavy Metals 
(Ni, Cu, and Zn) on Nitro-Oxidative Stress Responses, 
Proteome Regulation and Allergen Production in Basil 
(Ocimum basilicum L.) Plants,” Frontiers Media, Jul. 
2018, doi: https://doi.org/10.3389/fpls.2018.00862. 

[27] U. Author, “Immobilization of Heavy Metals in 
Contaminated Soil using Calcium Phosphate 
Amendment and Phosphate-solubilizing Fungi 
(Penicillium sp) in Benin City, Edo state, Nigeria,” 
Journal of Applied Sciences and Environmental 
Management, Feb. 2023, doi: 10.4314/jasem.v27i2.25. 

[28] R. Kaur, R. Sharma, S. Thakur, S. Chandel, and S. 
Chauhan, “Exploring the combined effect of heavy 
metals on accumulation efficiency of Salix alba raised on 
lead and cadmium contaminated soils,” International 
journal of phytoremediation, Mar. 2024, doi: 
10.1080/15226514.2024.2328362. 

[29] A. Zafarzadeh and A. Shahryari, “Risk assessment of 
heavy metals in north of Iran (Sari) rice and implications 
for human health,” Scientific Reports, Nov. 2025, doi: 
10.1038/s41598-025-22000-7. 

[30] A. K. Bhardwaj et al., “Switching to nanonutrients 
for sustaining agroecosystems and environment: the 
challenges and benefits in moving up from ionic to 
particle feeding,” BioMed Central, Jan. 2022, doi: 
https://doi.org/10.1186/s12951-021-01177-9. 

[31] D. L. I. Yasara, W. I. Dananjana, and B. Wijeratne, 
“Analysis of the heavy metals and Escherichia coli 
contamination of liquid organic fertilizers in the local 
market, Sri Lanka,” Brazilian Journal of Development, 
Apr. 2024, doi: 10.34117/bjdv10n4-066. 

[32] M. He, J. Yang, G. Zheng, J. Guo, and C. Ma, 
“Comprehensive Evaluation of the Efficient and Safe 
Utilization of Two Varieties of Winter Rapeseed Grown 
on Cadmium- and Lead-Contaminated Farmland under 
Atmospheric Deposition,” Sustainability, Jul. 2023, doi: 
10.3390/su151511750. 

[33] A. Rashid et al., “Heavy Metal Contamination in 
Agricultural Soil: Environmental Pollutants Affecting 
Crop Health,” Agronomy, May 2023, doi: 10.3390/
agronomy13061521. 

[34] Camata et al., “Assessing the Sources and Risks of 
Heavy Metals in Agricultural Soils: A Comprehensive 
Review,” International Journal of Innovative Science and 
Research Technology, Apr. 2025, doi: 10.38124/ijisrt/
25mar1849. 

[35] W. Xu, Y. Jin, and G. Zeng, “Introduction of heavy 
metals contamination in the water and soil: a review on 
source, toxicity and remediation methods,” Green 
Chemistry Letters and Reviews, Sep. 2024, doi: 
10.1080/17518253.2024.2404235. 

[36] M. Aggarwal, P. Anand, D. Varshney, and B. Ate, 
“Carriers of contamination: heavy metals in Ganga River 
suspended particles,” Environmental Research 
Communications, Nov. 2025, doi: 10.1088/2515-7620/
ae1c03. 

[37] Z. M. Aji and A.-D. Olufemi, “THE IMPACT OF 
HEAVY METAL CONTAMINATION ON AGRICULTURAL 
ECOSYSTEM: A REVIEW,” Environment &amp; 
Ecosystem Science, Mar. 2024, doi: 10.26480/
ees.02.2024.127.133. 

Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

10

 10.5281/zenodo.18439158

https://doi.org/10.5281/zenodo.18439158


[38] N. Hasanaj, A. Dreshaj, N. Shala, A. Selimaj, T. L. 
Sadija, and A. Osmanaj, “Analysis of the impact of soil 
contamination by deltamethrin and heavy metals on 
wheat quality and yield,” Journal of Ecological 
Engineering, Apr. 2025, doi: 
10.12911/22998993/200431. 

[39] A. Zuysal, F. Fadaeivash, and G. Aknc, “Elemental 
pollution and risk assessment of soils and Gundelia 
tournefortii in a multi-sector industrial zone with a 
history of agricultural use,” PeerJ, Nov. 2025, doi: 
10.7717/peerj.20374. 

[40] Y. Abildayev et al., “Natural zeolite enhances 
tomato yield, reduces nitrate accumulation, and 
immobilizes heavy metals in fertilized dark chestnut 
soil,” Eurasian Journal of Soil Science, Jul. 2025, doi: 
10.18393/ejss.1703804. 

[41] L. Feng et al., “Genomic Analysis of Cadmium-
Resistant and Plant Growth-Promoting Burkholderia 
alba Isolated from Plant Rhizosphere,” Agronomy, Jul. 
2025, doi: 10.3390/agronomy15081780. 

[42] E. Ungureanu, A. L. Mocanu, C. A. Stroe, D. Du, 
and G. Mustea, “Assessing Health Risks Associated with 
Heavy Metals in Food: A Bibliometric Analysis,” Foods, 
Oct. 2023, doi: 10.3390/foods12213974.

Heavy Metals in Fertilizers: A Historical Analysis of Contamination Trends (1960-2025)

11

 10.5281/zenodo.18439158

https://doi.org/10.5281/zenodo.18439158

