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Abstract:

Lead is a toxic element and can cause severe health issues. In children, it impairs brain and nervous system
development. This study evaluated lead (Pb) levels in commercially available vanilla cup ice cream produced in
Mumbai, following the Food Safety and Standards Authority of India (FSSAI) guidelines. The research samples
included ten different brands of vanilla cup ice cream. These were collected from supermarkets and chemist outlets
across various areas of Mumbai between July 2025 and September 2025. The samples were digested using an
acid digestion method. Lead concentration was quantified using the Inductively Coupled Plasma—Optical
Emission Spectroscopy (ICP-OES) method. The results showed that lead levels were below or within the maximum
permissible limit (MPL) of 0.02 mg/kg set by FSSAI for milk-based products. The findings indicate that lead
contamination in ice-cream products has significantly decreased compared to earlier reports. This decline is likely
due to improved manufacturing practices, cleaner raw materials, and strengthened quality control measures.

Introduction:

Ice cream is a popular milk-based dairy product, enjoyed by all age groups. It is considered nutritious due to its
content of proteins, fat, lactose, calcium, phosphorus, essential vitamins, and other ingredients like fruits, eggs,
cocoa, dried fruits, and additives (GadAllah et al., 2020). Despite its widespread consumption, ice cream may be
vulnerable to environmental contamination by lead (Pb). Lead is a persistent toxic metal and enters the
environment through human activities, such as mining, fossil fuel combustion, and industries making plastics,
paints, ceramics, and batteries (Sani & Amanabo, 2021). Lead exposure happens mainly through ingestion,
inhalation, or dermal contact. Residues from the historical use of leaded petrol continue to contaminate soil and
air, letting lead enter the food chain and posing risks to food safety and human health (Murata et al., 2009).
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Chronic lead exposure is associated with adverse health effects, including anemia, neurotoxicity, impaired renal
function, and reproductive disorders, while severe exposure may result in irreversible damage to the liver, kidneys,
and central nervous system, potentially leading to mortality. Children are particularly vulnerable, as even low
concentrations can impair neurodevelopment, reduce cognitive performance, and cause behavioural and growth
abnormalities. Given that ice cream is widely consumed, especially by children, the presence of lead in such
products represents a significant public health concern (Murata et al., 2009).

Lead contamination has been previously reported in milk, cream, soft cheese, and food-processing water (Singh
et al., 2020), yet limited data exist regarding processed dairy products such as ice cream, particularly in urban
regions like Mumbai. With rising urban pollution and variable food safety monitoring, assessing lead levels in
commonly consumed products is essential. This study analysed branded and unbranded vanilla cup ice cream
samples from Mumbai and quantified lead concentrations using Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP-OES).

Materials And Methods:

1) Sample collection: In our study, vanilla-flavoured industrial cup ice creams were selected from 10 popular
commercial brands. Samples were obtained in triplicate, each with a different manufacturing date, to ensure
reliability and variability in analysis. The collection was carried out between June and August 2025 from various
locations across Mumbai, primarily targeting medical stores and supermarkets. All samples were then used to
assess the concentration of lead present in commercially available ice creams.

2) Sample preparation: To perform sample digestion of all types of matrices, nitric acid and H202 were used,
followed by heating until the matrix completely breaks down. Once cooled, the digested samples were then
filtered. The samples were further diluted for analysis.

3) Lead detection: The acid-digested ice cream samples were sent to Testtex India Laboratories for ICP-OES
(Inductively Coupled Plasma Optical Emission Spectroscopy) (Agilent 5800, Santa Clara, CA) analysis. This
method is based on the excitation of atoms in a high-temperature argon plasma. The liquid sample is nebulised
into an aerosol and introduced into the plasma (=10,000 K), where it is desolvated, vaporised, atomised, and
excited. As the excited atoms return to their ground state, photons of characteristic wavelengths are emitted. These
wavelengths are then separated by an optical spectrometer, and their intensities are detected to identify the
elements present and quantify their concentrations. Different standards of lead were used to detect the
concentrations of lead in our samples.

4) Statistical analysis: A one-sample Wilcoxon test was applied to compare the mean lead concentration of the
ten ice-cream samples with the FSSAI regulatory limit of 0.02 mg/kg.

Result:

In our present study, samples B, D, F, G, and J had the lowest lead levels and a mean of 0.010 mg/kg for each
sample (Table 1), indicating good production hygiene, clean raw materials (inputs), and well-maintained
equipment. Samples A, C, E, and H had a slight increase in mean lead concentrations (0.013 mg/kg) (Table 1),
which were still low and in compliance with FSSAI (Food Safety and Standards Authority of India). Sample I had
the highest mean value at 0.017 mg/kg but was still below the FSSAI permissible limit of 0.02 mg/kg, indicating
no health concern. The three readings of each sample demonstrate a high level of precision using the ICP-OES
method.

The analysis of lead contamination in different ice cream samples indicated that all samples contained low levels
of lead, with mean values ranging from 0.010 mg/kg to 0.017 mg/kg. This range showed overall good quality and
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slight exposure to lead in the manufacturing process. These results indicate that all the ice cream samples taken
for our study are safe for consumption, with lead levels that meet the regulatory standards of FSSAL

However, it is important to keep checking raw materials, equipment, and processing conditions to ensure that
contamination does not increase over time. The one-sample Wilcoxon signed-rank test demonstrated that the
median lead concentration is 0.012 mg/kg, which is significantly lower than the FSSAI permissible limit of 0.02
mg/kg (W = 0.00, p < 0.05). These findings indicate that all analysed samples were well within the acceptable
safety range.

Table 1. Quantification of lead in different ice cream samples

Ice cream Sample Mean (mg/kg) Standard Deviation
A 0.013 0.0047
B 0.010 0.0000
C 0.013 0.0047
D 0.010 0.0000
E 0.013 0.0047
F 0.010 0.0000
G 0.010 0.0000
H 0.013 0.0047
I 0.017 0.0047
J 0.010 0.0000

Lead concentration of samples (A-J) were measured in mg/kg using the ICP—OES method. Samples were taken in triplicate, and the
mean was calculated. P < 0.05; the result is statistically significant. W = 0.00, where W is the Wilcoxon signed-rank statistic (sum of
signed ranks).

Discussion:

In the present study, all analysed ice-cream samples exhibited very low lead concentrations, ranging from 0.010
to 0.017 mg/kg, which remain well below the permissible limit of 0.02 mg/kg established by FSSAI indicating
compliance with current safety standards. The consistently low lead concentrations across all samples indicate
that manufacturers are using clean raw materials and maintaining proper hygiene during production. The minimal
variation among triplicate readings reflects both good sample uniformity and the high analytical precision of the
ICP—OES method. Samples B, D, F, G, and J showed the lowest values; A, C, E, and H samples recorded slightly
higher concentrations; however, all remained well within the FSSAI permissible limit. Even the highest value,
observed in Sample I, was below the permissible threshold, confirming that none of the ice creams poses a health
risk.

In the previous studies by Conficoni et al. (2017) reported detectable and occasionally excessive lead levels in
industrial ice creams in Italy. However, earlier studies in India on buffalo milk and dairy products reported
detectable but low levels of lead contamination, which were primarily attributed to environmental pollution,
contaminated feed, and water sources rather than manufacturing errors (Kambli et al., 2019). In line with this, our
present study showed comparatively lower lead levels, suggesting strengthened quality control practices in the
selected urban region.

Overall, the findings show that all samples meet regulatory safety standards, though routine monitoring of raw
ingredients, processing equipment, and packaging remains essential to maintain low contamination levels and
ensure consumer safety.
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Conclusion:

The present study demonstrates that all analysed ice-cream samples contain lead concentrations well below the
FSSAI permissible limit of 0.02 mg/kg, confirming their compliance with established safety standards. The
consistently low values and absence of any sample exceeding regulatory thresholds indicate effective raw-material
selection, hygienic processing, and controlled manufacturing conditions. Comparative assessment with previous
studies further highlights substantially lower contamination levels in the current samples, suggesting improved
quality control of Ice-creams within the different areas of Mumbai city. Overall, the findings affirm that the tested
products pose no significant health risk; however, continued monitoring of ingredients, processing systems, and
packaging materials remains essential to ensure sustained consumer safety.
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