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Improper management of hazardous waste poses serious risks to public health 

and environmental integrity. This review discusses how exposure to toxic 

substances like zinc, lead, cadmium, mercury, arsenic, and vanadium affects 

reproductive health. These harmful pollutants are known to interfere with 

sperm production, damage egg quality, and disrupt hormone balance, 

consequently affecting fertility in men and women. This review also 

highlights the prenatal exposure pathways for pregnant women living near 

waste sites, linking these exposures to increased risks of birth defects and 

developmental disorders. Besides, the dangers faced by waste management 

workers were also reviewed, exploring the ethical concerns regarding 

environmental injustice in the siting of toxic waste facilities near vulnerable 

populations. This review emphasizes the urgent need for integrated public 

health advocacy, occupational safety regulations, and environmental 

monitoring to mitigate these risks. Thus, protecting reproductive health from 

ecological pollutants is essential, and it requires a multidisciplinary approach, 

informed policy action, and sustained community engagement. 
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Introduction 

Hazardous waste remains a significant global concern due to its persistent threats to human 

health and environmental sustainability. It could come from diverse sources, such as mining, 

chemical manufacturing, agriculture, healthcare, and domestic activities. Exposure to toxic 

compounds for a long time will expose humans to hazardous waste, especially for communities 

living near the disposal site or working in waste management sectors. Among the various 

outcomes, reproductive health has emerged as a critical area affected by environmental 

contaminants (Abudawood et al., 2021). However, this issue remains under-addressed in waste 

policy and public discourse. 

 

Common byproducts from hazardous waste like lead (Pb), cadmium (Cd), mercury (Hg), 

arsenic (As), nickel (Ni), and vanadium (V) are known to interfere with human productive 

systems (Lee et al., 2020). Yet, existing knowledge is limited to general toxicity or isolated 

health effects, leaving a gap in understanding how these contaminants possibly affect fertility, 

pregnancy outcomes, and prenatal development. This is important as reproductive health 

covers the ability to conceive and bear children, as well as individuals' overall physical, mental, 

and social well-being throughout their reproductive lifespan (Manduca et al., 2017; Sharma et 

al., 2014).  

 

This paper addresses this gap by reviewing the reproductive implications of exposure to 

hazardous waste. This includes the biological mechanisms of metal toxicity, impacts on both 

male and female fertility, prenatal exposure pathways, occupational risks, and ethical concerns 

related to environmental justice (McClam et al., 2022; Miglietta et al., 2023). This is important 

as sustainable waste management approaches could strengthen public health advocacy, support 

health resilience in vulnerable communities, and align with United Nations Sustainable 

Development Goals (SDGs) such as SDG 3 (Good Health and Well-Being), SDG 6 (Clean 

Water and Sanitation), and SDG 12 (Responsible Consumption and Production). 

 

Reproductive Health and Environmental Threats 

Reproductive health is a critical component of public well-being, encompassing the ability to 

conceive and carry pregnancies to term and the broader mental, physical, and social dimensions 

of reproductive autonomy and rights. This includes family planning, contraception, prenatal 

care, safe childbirth, postpartum support, and prevention and treatment of reproductive 

infections and cancers. Thus, ensuring the health of reproductive systems is vital in male and 

female individuals, and upholding the right to informed choice and dignified health care across 

the life course (Dehlendorf et al., 2016). 

 

Despite the advancements in environmental safety, hazardous waste and heavy metals remain 

a critical threat to reproductive health. The reduction of endocrine quality, gamete quality, and 

fetal development was reported to arise due to the exposure to heavy metals like Pb, Cd, Hg, 

As, Ni, and V (Yang et al., 2020; Di Renzo et al., 2015). Thus, it is crucial to understand the 
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biological mechanism of heavy metal toxicity to address their impact on reproductive outcomes 

and prenatal health, as well as for public health interventions.  

 

Impact of Heavy Metal Exposure on Fertility 

 

Heavy Metal Effects on Spermatogenesis 

Heavy metals could disrupt reproductive function through several biological pathways, 

including oxidative stress, disruption of hormonal interference, mitochondrial dysfunction, and 

compromised DNA integrity. These will damage spermatogenesis and consequently decrease 

fertility. 

 

Among the heavy metals, cadmium (Cd) and lead (Pb) have been the most extensively studied 

for their toxicity effects on male reproductive health. These metals will generate reactive 

oxygen species (ROS), depleting antioxidant enzymes, and damaging Sertoli and Leydig cells 

in the testes. Moreover, these compounds were also reported to affect the hypothalamic-

pituitary-gonadal  (HPG) axis, causing hormonal imbalances and disrupting sperm production 

(Yang et al., 2020). 

 

Men's reproductive health is exposed to certain heavy metals. For example, the accumulation 

of copper (Cu) in testes will damage Sertoli cells and lead to damage to seminiferous tubules, 

the site for sperm production. On the other hand, mercury (Hg) can damage sperm membrane 

permeability, modify mitochondrial function, and affect DNA synthesis. The arsenic (As) was 

reported to impair sperm quality through oxidative stress-mediated mechanisms and the 

suppression of endogenous antioxidant defense systems. These disruptions collectively 

compromise chromatin condensation, sperm structure, and functional competence, increasing 

the risk of infertility. Besides that, vanadium (V) and nickel (Ni) are also known to harm male 

reproductive health. Research indicates that men's reproductive potential and sperm parameters 

may be affected by exposure to these metals (Calogero et al., 2021). Figure 1 illustrates the 

effect of heavy metal exposure on male reproductive health. 
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Figure 1: The Effect of Heavy Metal Exposure on Male Reproductive Health 

 

Impact of Heavy Metal Exposure on Female Reproductive Health 

Instead of harming male reproductive systems, exposure to heavy metals could also threaten 

female reproductive health. This will affect the physiological and hormonal pathways essential 

for fertility. Previous studies have mentioned that heavy metals disrupt ovarian function, 

hormone regulation, and outcomes of assisted reproductive technologies. 

 

For example, lead (Pb) has been reported to be associated with irregular menstrual cycles, 

diminished ovarian reserve, and impaired ovarian steroidogenesis.  The accumulation of Pb in 

ovaries was reported to affect the biosynthesis of hormones, reduce ovulatory dysfunction, and 

reduce the success of in vitro fertilisation (IVF). Yet the Pb was also reported to impact the 

development of the embryo and post-fertilisation (Cheng et al., 2019). Meanwhile, cadmium 

(Cd) was reported to impair oocyte quality and decrease ovarian reserve by inducing oxidative 

stress and hormonal imbalance, as well as affecting folliculogenesis and causing subfertility 

(Putri Budiman et al., 2023). Moreover, Cd was also reported to cause ovarian dysfunction due 

to decreased estrogen production (Ardiana et al., 2022). 

 

The hypothalamic-pituitary-ovarian (HPO) axis signalling leads to altered levels of luteinising 

hormone (LH) and follicle-stimulating hormone (FSH), and irregular menstruation due to 

exposure to mercury levels. It has also been reported that mercury levels are correlated with 

poor ovarian response, reduced embryo quality, and lower pregnancy success rates in IVF 

treatment (Hennebert et al., 2016; Musee et al., 2006). Meanwhile, arsenic (As) exposure was 

also reported to influence the menstrual irregularities, decreased fecundity, and increased risks 

of miscarriage and other pregnancy complications. This is due to the arsenic affecting hormone 

signalling pathways, inducing oxidative stress, and affecting uterine receptivity. 

 

Collectively, these underscore the endocrine-disrupting potential of heavy metals and impair 

reproductive function. Multiple mechanisms cause this, including oxidative stress, apoptosis 

of ovarian granulosa cells, disruption of steroidogenic enzymes, and epigenetic modifications 
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of the reproductive genes. Figure 2 shows the effect of heavy metal exposure on female 

reproductive health. 

 

 
Figure 2: The Effect of Heavy Metal Exposure on Female Reproductive Health 

 

 

Prenatal Exposure to Hazardous Waste and Birth Defects 

 

Environmental Exposure Routes Affecting Pregnant Women Near Waste Sites 

Pregnancy represents a critical window of vulnerability towards both women's and fetal health. 

Living near the hazardous waste disposal sites puts one at heightened risk due to multiple, often 

overlapping exposure routes. Inhaling polluted air exposed the men to volatile organic 

compounds (VOCs), heavy metals, and particulate matter released, which consequently 

triggered respiratory inflammation and systemic effects that complicate pregnancy. 

Simultaneously, contaminated soil and groundwater act as long-term reservoirs of 

environmental toxicants, including lead, mercury, and polychlorinated biphenyls (PCBs), 

which can enter the maternal body through ingestion, dermal absorption, or consumption of 

food grown in contaminated areas (Luo et al., 2017; Kouznetsova et al., 2007). 

 

In addition, a less visible but essential concern also arises for pregnant women who work in 

waste management or recycling industries. At this rate, they are exposed to direct occupational 

reproductive risks where the absorbed contaminants tend to cross the placental barrier, 

interfering with fetal organogenesis and neurological development. Thus, proactive mitigation 

strategies are needed. This includes strengthening environmental protection policies, 

establishing safety buffer zones between waste sites and residential communities, and 

empowering healthcare providers with tools to identify and advise high-risk individuals 

(Appleton et al., 2021; Kouznetsova et al., 2007). 
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Birth Defects Linked to Maternal Exposure 

Prenatal contact with environmental toxins is increasingly recognised as a contributor to 

congenital anomalies and long-term developmental challenges. Substances such as industrial 

solvents, pesticides, and heavy metals could cause structural and functional abnormalities by 

disrupting cellular pathways during embryogenesis. In previous research, there is evidence 

linking maternal exposure to heavy metals like mercury, arsenic, and lead with cardiac 

malformations and cognitive impairments in children. This is due to the heavy metals that can 

accumulate in fetal tissues, damaging neural connections and altering the function of 

neurotransmitters (Calogero et al., 2021; Heacock et al., 2016).  

 

Similarly, exposure to Polychlorinated biphenyls (PCBs) and dioxin during pregnancy has also 

been reported to affect the baby's immune, endocrine, and neurobehavioral development. 

Inhalation of contaminated air containing volatile organic compounds (VOCs) and particulate 

matter could make pregnant women susceptible to respiratory inflammation, extend systemic 

health effects, and complicate pregnancy outcomes (Chiarello et al., 2023; Koman et al., 2018). 

Notably, the timing of exposure during pregnancy at different trimesters can influence the 

degree of risk, with findings indicating a higher gestational hypertension in early pregnancy 

(Basilio et al., 2022). 

 

Role of Prenatal Care and Early Intervention 

In environments where hazardous waste exposure is plausible, prenatal care becomes more 

than routine monitoring but a frontline defence. Early prenatal care allows clinicians to assess 

exposure risk, initiate targeted diagnostics, and provide tailored interventions to reduce the 

likelihood of adverse outcomes.  

 

Beyond routine health checks, prenatal visits are essential to educate and encourage pregnant 

women, particularly those living in compromised areas. These appointments should stress 

beyond clinical diagnostics and include advice and knowledge on the impact of environmental 

hazards, practical lifestyle adjustments, and dietary preferences (Appleton et al., 2021). Early 

intervention strategies, including micronutrient supplements, psychological support, and 

scheduled medical referrals, are essential for taking meaningful, protective steps and leading 

safe lives. 

 

Importantly, prenatal diagnostics can detect early signs of fetal compromise, allowing for 

appropriate medical responses before permanent damage occurs. However, to ensure 

effectiveness, broader community-based health promotion is necessary (Appleton et al., 2021; 

Dehlendorf et al., 2016). The government, non-governmental organisations (NGOs), and 

public health authorities must support outreach programs, mobile health clinics, and culturally 

sensitive education, and take action to bridge the gap for women facing financial and 

informational disadvantages. 

 

Reproductive Health Risks from Occupational Hazards Exposure in the Waste 

Management Sector 

 

Occupational Exposure and Reproductive Vulnerability 

While previous sections had touched on the environmental exposures faced by women living 

in hazardous neighbourhoods, it is essential to highlight the risks borne by those working 

directly within the waste management sector. Individuals from economically marginalised 
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communities are routinely exposed to hazardous substances, making occupational exposure a 

critical but often overlooked pathway to reproductive danger (Zhang et al., 2024). 

 

For this reason, workers in waste collection, sorting, and hazardous material handling are at 

the frontline of daily contact with various toxicants like lead, cadmium, mercury, and persistent 

organic pollutants. These substances are endocrine-disrupting chemicals (EDCs) that interfere 

with hormonal signalling, fertility, and reproductive system function. Prolonged exposure to 

these metals can expose men and women to various health implications. The likelihood of 

reproductive cancers and genetic effects, chromosomal abnormalities, and epigenetics could 

arise (Kasamba et al., 2023). 

 

Of growing concern between parental occupation exposure and congenital malformation or 

neurodevelopmental disorder in children, various studies have been reported. For example, 

female workers are reported to experience miscarriage, preterm labour, and adverse pregnancy 

outcomes in poorly waste-handling environments (Zhang et al., 2024). They are also exposed 

to high levels of psychosocial stress, ergonomic strains, and inadequate access to health 

protection.  

 

The Role of Occupational Safety in Reproductive Health Protection 

Protecting the reproductive health of waste management workers is imperative to create a 

comprehensive and preventive approach to occupational safety. One of the actions that can be 

taken is using personal protective equipment (PPE), and regular health screenings, monitoring 

exposure levels, and gender-responsive health screenings are also necessary (Grajewski et al., 

2005; Mondal et al., 2017). 

 

Furthermore, proper ventilation, safe containment systems, ergonomic equipment and other 

engineering approaches could also be introduced to minimise the exposure of hazardous agents 

(Ravindra et al., 2016). The employers need to invest in training worker education, stress 

management programs, and prepare robust emergency protocols to avoid the likelihood of 

acute or chronic harm. Regular health assessments should also be adapted as preventive care 

(Grajewski et al., 2005). 

 

Toward Health Equity in the Waste Management Workplace 

The waste management sector is often characterised by inequitable working conditions that 

disproportionately affect low-income sector workers. These groups are often exposed to toxic 

exposures, physical and psychosocial stressors, and structural neglect that pose a myriad of 

health risks. Moreover, poor working conditions, lack of protective equipment, and insufficient 

healthcare are often neglected, worsening the situation (Bhuiyan, 2010). Thus, it is important 

to prioritise the health of these groups in both practical and policy applications. 

 

Adhering to egal frameworks and occupational health standards is essential for promoting 

health equity in waste management. The workers can be protected from hazardous exposures 

and avoid penalties and liability if they stick to the regulations. The regulatory compliance 

reinforces institutional responsibility, compelling organisations to embed health considerations 

within the workplace (Ramitha et al., 2021). Not only that, but health professionals dealing 

with medical waste should also be considered.  
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Thus, creating a safety culture in the workplace is important to ensure health equity. Workers 

should be able to communicate about health risks, report unsafe conditions without fear, and 

regularly conduct training programs. These actions can promote worker participation in 

shaping policies and ensure a safe working environment. 

 

The Ethical Implications of Hazardous Waste Disposal and Vulnerable Communities 

Disposing of hazardous waste near disadvantaged communities raises serious health and ethical 

concerns. These include the violation of environmental justice principles, the perpetuation of 

health disparities, and the neglect of social responsibility. Moreover, the hazardous waste 

facilities have often been sighted in proximity to low-income neighbourhoods, indigenous 

territories, and communities of colour, where it is hard for political influence or resources to 

resist such decisions (Calogero et al., 2021). This practice led to an unequal distribution of 

environmental risks and harms. Table 1 outlines the key principles, descriptions, and concerns 

associated with hazardous waste disposal in vulnerable communities. 

 

Table 1: The Key Principles, Descriptions, and Concerns Associated with Hazardous 

Waste Disposal in Vulnerable Communities 

Ethical 

Principle 

Description Ethical Concern 

Environmental 

Justice 

Marginalised communities 

disproportionately bear the burden 

of hazardous waste exposure. 

Reflects environmental racism and 

inequality in risk distribution. 

Health Equity Exposure increases the risks of 

respiratory illness, cancer, birth 

defects, and reproductive 

disorders. 

Violates the right to a clean and 

healthy environment for all. 

Informed 

Consent 

Communities are often not 

informed or involved in decisions 

about waste facility siting. 

Residents have the right to know 

and participate in environmental 

decisions affecting them. 

Social 

Responsibility 

Institutions must act ethically in 

minimizing harm and promoting 

community welfare. 

Calls for transparency, 

accountability, and harm-reduction 

strategies in policy and practice. 

Intergenerational 

Justice 

Waste mismanagement may cause 

long-term environmental and 

health damage. 

There is an ethical duty to prevent 

unjust burdens on future 

generations. 

 

The Role of Public Health Advocacy in Protecting Reproductive Health from Hazardous 

Waste 

Raising public awareness is crucial to protecting reproductive health from the dangers of 

hazardous waste exposure. Educational campaigns can help communities understand the risks 

posed by toxic substances and how these affect fertility, pregnancy, and child development. 

This effort must involve collaboration between lawmakers, healthcare professionals, local 

organisations, and businesses to be effective. Together, they can create strategies to reduce 

exposure, advocate for stronger regulations, and push for policies prioritising vulnerable 

groups' health, especially pregnant women and children (Hong et al., 2022; Ibrahim et al., 

2021). 
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Conclusion 

Hazardous metal exposures from heavy metals pose a significant threat to reproductive health, 

affecting fertility, pregnancy outcomes, and fetal development. These risks are higher among 

vulnerable populations, especially low-income communities. Waste sector workers and those 

living near the exposure areas. This is due to the systematic environmental injustices and 

inadequate safety protections. Addressing this matter with stricter policies, targeted 

occupational safeguards, and strong public advocacy is vital. 
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