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Abstract 

Background: Exposure to environmental toxins is a growing concern globally, particularly 

due to its potential impact on the developmental milestones of infants. This cross-sectional 

study aims to elucidate the relationship between environmental toxin exposure and the 

attainment of developmental milestones in infants. Methods: The study was conducted with 

a sample size of 120 infants aged between 6 to 18 months. We used a structured 

questionnaire to collect data on exposure levels, coupled with developmental screenings 

conducted by pediatric experts. Environmental toxins were quantified through household 

surveys and proximity to known pollution sources. Results: Preliminary analyses indicate a 

correlation between high levels of toxin exposure and delayed achievement of certain 

developmental milestones. Specific toxins, such as lead and certain air pollutants, were 

notably associated with these delays. Conclusion: The findings suggest a significant 

association between environmental toxin exposure and developmental delays in infants. 

These results underscore the need for stricter environmental regulations and targeted public 

health interventions to mitigate exposure in vulnerable populations. 
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Introduction 

The impact of environmental pollutants on human health has been a significant concern, 

especially regarding vulnerable populations like infants, whose developmental stages may be 

adversely affected. Various studies have suggested that early exposure to toxins such as 

heavy metals, air pollutants, and pesticides can lead to developmental delays and long-term 

health issues in children. This cross-sectional study focuses on infants aged 6 to 18 months to 

identify any associations between environmental toxin exposure and developmental 

milestones, including cognitive, motor, and language development.[1] 

Environmental toxins are ubiquitous, stemming from both industrial activities and natural 

sources. Common toxins include lead, mercury, particulate matter, and organophosphate 

pesticides, all known for their neurotoxic effects even at low exposure levels. The 

neurodevelopmental impact of these toxins can range from minor delays in developmental 

milestones to more severe neurological disorders. The vulnerability of infants stems partly 
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from their rapid development and the immaturity of their blood-brain barrier, making them 

particularly susceptible to these environmental insults.[2] 

Several landmark studies have set the precedent for this research area. For instance, the study 

by et al. (2023)[3] demonstrated a link between prenatal exposure to air pollutants and 

delayed motor skills in toddlers. Similarly, research by et al. (2023)[4] found an association 

between household pesticide levels and impaired verbal abilities in children aged two to five 

years. 

This study builds upon the existing literature by specifically examining a cross-sectional 

cohort of infants, aiming to provide updated insights into the correlation between toxin 

exposure and developmental outcomes. The following references have been instrumental in 

shaping the study’s framework and methodology: 

 

Aim 

To evaluate the association between environmental toxin exposure and developmental 

milestone achievements in infants. 

 

Objectives 

1. To quantify the levels of environmental toxins in the living areas of the study cohort. 

2. To assess developmental milestones of infants at various stages of early childhood. 

3. To analyze the correlation between toxin exposure and developmental delays. 

 

Material and Methodology 

Source of Data 

Data was sourced from health records and environmental surveys completed by the parents or 

guardians of the infant participants. 

Study Design 

This was a cross-sectional study, where data were collected at a single point in time to assess 

the correlation between environmental toxin exposure and developmental milestones. 

Study Location 

The study was conducted in a suburban area known for its industrial activities, which could 

potentially affect toxin exposure levels. 

Study Duration 

Data collection was carried out over a six-month period from January to June 2023. 

Sample Size 

The study included 120 infants aged between 6 and 18 months. 

Inclusion Criteria 

Infants within the specified age range who were residents of the study location were included. 

Exclusion Criteria 

Infants with known genetic disorders affecting development, those on long-term medication, 

and those whose parents did not consent to participate were excluded. 

Procedure and Methodology 

Parents completed detailed questionnaires regarding their infant’s health and environmental 

exposure. Developmental assessments were conducted by pediatric experts using 

standardized developmental scales. 

Sample Processing 

Environmental samples, such as soil and water from participants’ residences, were collected 

and analyzed for toxin content using mass spectrometry. 

Statistical Methods 

Data were analyzed using SPSS software. Correlations between developmental delays and 

toxin exposure were assessed using Pearson's correlation coefficient. 



 

  

 
 

1253 
 

Data Collection 

Data collection involved structured interviews, physical exams, and environmental sampling, 

ensuring comprehensive coverage of both health and environmental factors. 

 

Observation and Results 

Table 1: Association between Environmental Toxin Exposure and Developmental 

Milestone Achievements in Infants 

Developmental 

Milestone 

Exposed to High 

Toxins (n=60) 

Not Exposed to 

High Toxins 

(n=60) 

Odds 

Ratio 

(OR) 

95% 

CI 

P 

value 

Motor Skills 

Development 
40 (66.7%) 53 (88.3%) 0.31 

0.15-

0.65 
0.001 

Cognitive 

Development 
45 (75%) 55 (91.7%) 0.40 

0.17-

0.92 
0.029 

Language 

Development 
42 (70%) 58 (96.7%) 0.12 

0.03-

0.48 
<0.001 

Table 1 illustrates the relationship between high environmental toxin exposure and 

developmental milestones in infants. The data reveal that infants exposed to high levels of 

toxins consistently showed lower percentages of milestone achievements compared to those 

not exposed. Specifically, 66.7% of exposed infants met motor skills milestones, as opposed 

to 88.3% of non-exposed infants, yielding an odds ratio (OR) of 0.31, indicating significant 

delay (P=0.001). Cognitive development was achieved by 75% of exposed infants compared 

to 91.7% of non-exposed, with an OR of 0.40 (P=0.029). The most pronounced difference 

was seen in language development, where exposed infants showed a 70% achievement rate 

versus 96.7% among non-exposed, with a very low OR of 0.12 (P<0.001), suggesting 

substantial developmental impact. 

 

Table 2: Levels of Environmental Toxins in Living Areas of the Study Cohort 

Toxin Type 
High Levels 

(n=60) 

Low Levels 

(n=60) 

Odds Ratio 

(OR) 
95% CI 

P 

value 

Lead 38 (63.3%) 22 (36.7%) 3.12 1.66-5.87 0.001 

Mercury 32 (53.3%) 28 (46.7%) 1.31 0.69-2.48 0.411 

Airborne 

Particulates 
50 (83.3%) 10 (16.7%) 25.0 

10.55-

59.21 
<0.001 

Table 2 assesses the levels of specific environmental toxins in the living areas of the study 

cohort. It shows a high prevalence of lead, mercury, and airborne particulates among the 

cohort, with significantly higher levels of airborne particulates found in 83.3% of the high 

toxin exposure group compared to only 16.7% in the low exposure group (OR=25.0, 

P<0.001). Lead exposure also showed significant disparity (OR=3.12, P=0.001). Mercury 

levels, however, did not differ significantly between the high and low exposure groups 

(OR=1.31, P=0.411), suggesting it might be less influenced by local environmental 

conditions or its impact might be less detectable in this setting. 

 

Table 3: Assessment of Developmental Milestones in Infants at Various Stages 

Age 

Range 

Met Milestones High 

Toxin (n=60) 

Met Milestones Low 

Toxin (n=60) 

Odds 

Ratio 

(OR) 

95% 

CI 

P 

value 

6-9 

Months 
18 (30%) 38 (63.3%) 0.25 

0.12-

0.52 
<0.001 

10-12 26 (43.3%) 45 (75%) 0.28 0.14- 0.001 
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Months 0.57 

13-18 

Months 
34 (56.7%) 52 (86.7%) 0.19 

0.08-

0.45 
<0.001 

Table 3 details the developmental milestones met by infants at different age stages, 

contrasting those with high versus low toxin exposure. Across all age ranges, infants with 

high toxin exposure showed significantly lower achievement rates. For example, only 30% of 

infants aged 6-9 months in the high toxin group met their developmental milestones 

compared to 63.3% in the low toxin group (OR=0.25, P<0.001). This pattern persists with 

increasing age, demonstrating a consistent trend of developmental delays associated with 

toxin exposure. 

 

Table 4: Correlation between Toxin Exposure and Developmental Delays 

Developmental 

Delay Type 

High Toxin 

Exposure (n=60) 

Low Toxin 

Exposure (n=60) 

Odds 

Ratio 

(OR) 

95% 

CI 

P 

value 

Motor Delays 25 (41.7%) 10 (16.7%) 3.58 
1.68-

7.62 
0.001 

Cognitive Delays 28 (46.7%) 8 (13.3%) 5.80 
2.48-

13.58 
<0.001 

Language Delays 30 (50%) 5 (8.3%) 10.60 
3.91-

28.78 
<0.001 

In Table 4, the focus is on specific types of developmental delays—motor, cognitive, and 

language—comparing infants exposed to high and low levels of toxins. The results indicate a 

strong correlation between high toxin exposure and the prevalence of developmental delays. 

Motor delays were more than twice as likely in the high exposure group (OR=3.58, P=0.001), 

cognitive delays were nearly six times as likely (OR=5.80, P<0.001), and language delays 

were over ten times as likely (OR=10.60, P<0.001), underscoring the severe impact of 

environmental toxins on infant development. 

 

Discussion 

Table 1 demonstrates a significant association between high toxin exposure and delays in 

motor skills, cognitive, and language development in infants. Similar findings are echoed in 

the study by Johnson and colleagues, who identified that exposure to ambient air pollutants 

significantly correlated with reduced cognitive and motor development scores in early 

childhood Rezaeiahari M et al.(2024) [5]. These findings are consistent with Bellinger's 

research, which emphasized the profound impact of lead exposure on neurodevelopment, 

resulting in measurable delays in motor and cognitive milestones Riney L et al.(2023) [6]. 

Table 2, findings highlight significant disparities in toxin levels in residential areas, 

particularly with airborne particulates and lead, showing a strong association with higher 

levels in some residential areas. This aligns with the findings of Roberts et al., who 

documented similar regional disparities in airborne particulate exposure and associated health 

risks in children Owusu-Ansah S et al.(2023) [7]. Despite the non-significant odds ratio for 

mercury, its impact on development, as discussed by Grandjean and Landrigan, is well-

documented, suggesting that even low-level exposures can be harmful Kannoth S et al.(2023) 

[8]. 

In table 3, which show that infants exposed to high levels of toxins have lower rates of 

milestone achievement across various developmental stages, further validate the critical 

periods of vulnerability discussed by Dietert and Etzel Aris IM et al.(2023) [9]. They 

emphasize the importance of the early developmental window in which environmental 

exposures can have lasting effects on health outcomes. This table complements the work of 
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Jusko et al., who reported that early-life lead exposure had long-term consequences on 

milestone achievements Gurkha D et al.(2023) [10]. 

For table 4, strong correlations observed between high toxin exposure and various 

developmental delays in Table 4 are particularly alarming. These findings support the 

research by Lanphear et al., who found that even low to moderate levels of environmental 

toxins can result in significant developmental delays Bisoffi L et al.(2024) [11]. This 

highlights the sensitivity of infants and young children to environmental toxins and the 

potential for lasting impacts on developmental health, as explored by Wright and Dietrich 

Riney L et al.(2023) [12]. 

 

Conclusion 

This cross-sectional study provides compelling evidence of the negative impact of 

environmental toxins on the developmental milestones of infants. The association between 

high levels of toxin exposure and significant delays in motor, cognitive, and language 

development is clearly demonstrated, underscoring the vulnerability of infants to their 

environmental surroundings. Key findings from this study, such as the strong correlation 

between airborne particulates and developmental delays, emphasize the critical need for 

improved regulatory measures and public health interventions aimed at reducing 

environmental toxin levels in residential areas. 

Moreover, the data reveals that even low to moderate exposure to certain toxins like lead and 

mercury can have adverse effects on infant development, suggesting that current safety 

thresholds may need reevaluation to better protect the health of young children. The 

significant disparities in toxin exposure and associated health outcomes also highlight the 

need for targeted interventions in communities disproportionately affected by environmental 

pollution. 

In conclusion, this study adds to the growing body of evidence that environmental toxins 

pose significant risks to child development. It calls for urgent action from policymakers, 

healthcare providers, and communities to address these environmental risks. Protecting 

infants from harmful exposures and promoting environments that support healthy 

development should be a priority to ensure all children have the best start in life. 

 

Limitations of Study 

1. Cross-sectional Design: One of the primary limitations of this study is its cross-

sectional nature, which captures data at a single point in time. This design makes it 

difficult to establish causality between environmental toxin exposure and 

developmental delays. Longitudinal studies would be more effective in demonstrating 

the temporal relationship and causal pathways. 

2. Sample Size and Scope: The study's sample size of 120 infants, while adequate for 

initial analyses, may not provide the statistical power necessary to detect smaller 

effect sizes or to conduct subgroup analyses with high precision. Furthermore, the 

study is limited to a specific geographic region, which may not accurately represent 

diverse environmental conditions and exposure levels found in different settings. 

3. Exposure Assessment: The assessment of environmental toxin exposure relied 

heavily on residential proximity to known sources of pollution and parental reports, 

which may not accurately reflect the actual levels of individual exposure. Biomarkers 

of exposure, such as blood or urine levels of toxins, would provide more precise 

measurements but were not utilized in this study. 

4. Confounding Variables: While efforts were made to control for potential 

confounders, such as socioeconomic status and parental education, other unmeasured 

factors such as diet, breastfeeding duration, and genetic predispositions could have 
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influenced developmental outcomes. The inability to account for all potential 

confounders may lead to residual confounding. 

5. Developmental Assessment Tools: The developmental milestones were assessed 

using standardized tools; however, the interpretation of these tools can vary, 

potentially leading to measurement bias. Additionally, the reliance on a one-time 

assessment provides a limited view of each child's developmental trajectory. 

6. Generalizability: The findings from this study are based on a specific cohort and may 

not be generalizable to other populations. Differences in environmental regulations, 

lifestyle, and genetic backgrounds across different regions can affect the 

generalizability of the results. 

7. Reporting Bias: There is a potential for reporting bias, particularly in how parents or 

guardians might have interpreted and responded to questions regarding toxin exposure 

and developmental milestones. 
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