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Abstract

Long-term exposure to heavy metals is associated with serious health risks, thus identifying these
substances is of great importance in blood, nutritional supplements, and medications. Heavy metal
accumulation, such as lead, mercury, cadmium, and arsenic, including their toxic impacts, may bring a
series of severe health effects in the biological system, like neurological issues, cardiovascular diseases,
and renal dysfunction. This underlines the need to keep an eye on the heavy metal exposure to people
and ensure that the health consumer goods do not pose a health risk. With the following atomic-
absorption-spectroscopic (AAS) attributes: sensitivity, specificity, and flexibility, it becomes one of the
excellent alternative analytical tools to measure heavy metals. Analytically, AAS in its derived form
comes highly recommended for the analysis of complex pharmaceutical and biological products. This
work contemplates the description and verification of the use of AAS to ascertain the presence and
concentration of heavy metals in various kinds of medicines, dietary supplements, and blood samples.
The approach was validated according to established procedures, including the construction of a
calibration curve, determination of limits of detection and quantification, and recoveries testing made to
access the precision and accuracy. Some of the quality control procedures that were there to assure
reliability in the findings include reagent blanks, verified reference materials, and duplicate analyses,
along with ongoing calibration verification. From the results obtained, it can be concluded that AAS is
a very accurate and cost-effective heavy metal analysis method, as the detection limits for all the
elements studied were seen at very low levels. This test method could further prove its effectiveness
when the results were obtained with readings above the legal safety limits. This was an illustration of
the importance that this method ensured that health-related items remained within regulations and
protected consumer health. The method established is potent and has a mix of sensitive, accurate, and
operational efficiency in regular monitoring of heavy metals.

Keywords: Spectroscopy, AAS, reagent, metals, analytic

Introduction

The serious risks these pose to human health, it is essential to monitor the presence of heavy
metals in biological samples and health-related products. Potential negative health effects
resulting from relatively low levels of exposure to heavy metals include impaired
neurological, cardiovascular, and renal function, and metabolic process abnormalities [I.
Similarly, if the medicines or nutritional supplements are contaminated in the process of
production, and the raw materials happen to be heavy metals, all this goes against the
intended health advantage. Similarly, such test blood samples are meant for heavy metals to
determine exposure levels, thus averting any health hazards. This would allow us to monitor
and ensure the products that contain any health item are safe for use in order to treat people
quickly if heavy metal poisoning occurs. Most of the heavy metals usually found are arsenic,
lead, mercury, and cadmium. Lead exposure results in nervous system damage with critical
development, particularly in children, resulting in neurological anomalies that manifest in the
behavior function of the child and cognitive development. A prominent derivative of
mercury is Methylmercury, which is an organic compound of mercury and is known to cause
a high amount of neurotoxins targeting brain development and functioning. Exposure to
cadmium will result in kidney damage, brittle bones, and may increase the chance of getting
cancer (M. Arsenic is mostly occurring in foods and drinks, as well as particles in the air and
could bring on, in some worst cases, skin lesions, heart disease, and diabetes.
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As such, the levels of these metals should be closely
regulated and monitored in all consumer goods and
biological samples since they may pose potential health
risks. The standard practice for heavy metal measurement
has been by Atomic Absorption Spectroscopy (AAS) in the
analytical community [, It is based on the measurement of
how much light absorption is shown by free atoms in the
gas. The specific elements of AAS are based on specificity,
sensitivity, and interference-free multi-element analysis.
The method is so versatile that it can be applied to numerous
matrices, including but not limited to biological fluids,
nutritional supplements, and medications. AAS, therefore, is
a very resourceful and versatile method applicable in very
many fields-from environmental monitoring, occupational
health, and assuring the safety of products for metal & 4, A
worldwide review established that most herbal remedies
contain copper, cadmium, lead, arsenic, and mercury. More
than 30% of the samples were found to cross the humanly
acceptable limits, which are harmful to humans' health ™,
The following research gave an idea regarding the bacterial
responses to heavy metal stress, emphasizing the effects of
heavy metals on human and environmental health, in
relation to dietary supplements and medicinal plants . In
this context, research was carried out to check the
concentration of heavy metals in commonly used Chinese
Materia Medica by inductively coupled plasma-mass
spectrometry. The research showed that there was
considerable contamination, indicative of close monitoring
for an effort to help in ensuring safe delivery of medications
Bl Scientists at the University of Java, Indonesia, have
determined that traditional Indonesian herbal medicines
contain dangerously high metal levels, including lead (Pb)
and mercury (Hg). They want the government to interfere
with the laying down of strict procedures to control quality
. Emincates the restrictive conventional techniques for the
determination of bioavailable metal concentrations in soil
and water 61, Heavy metal cleaning: compare and contrast
the physical, chemical, and biological approaches towards
heavy metal cleaning while comparing and contrasting each.
For all of these, one has to admit that the most significant
disadvantage of such a method was the high cost and its
negative impact on the environment Bl The honey bee
served as a bio-indicator in the surrounding environment to
the level of heavy metal contamination [ €. As such, this
work has summarized the limitations of the current
methodological approaches towards environmental impacts
assessment associated with metal contaminations. It was
based on the proposed heavy metal transformation in
bacteria in conferring resistance to antibiotics ["]. This article
explores biosurfactants as another valuable tool in
bioremediation, claiming the need to find more. To use the
strongest and most advanced version of the humanizer with
a 100% human result, check
https://app.gptinf.com/subscribe., cost-effective solutions;
emphasises the shortcomings of existing remediation
approaches. It is also noted that biosurfactants are an
effective tool for bioremediation of heavy metals from
contaminated soils ©®l. sOffers a deeper understanding of the
mechanisms behind heavy metal toxicity and defence
mechanisms, while highlighting the importance of modern
analytical methods like AAS for detecting and measuring
these chemicals l. Focusing on AAS as a significant
approach for heavy metal analysis, this review examines the
distribution, toxicity, and danger of heavy metal (loid)s in
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these drugs, as well as the qualities of supplemental
medicines in relation to the sources and bioavailability of
heavy metals 2%, The article discusses microbiological
indices as a possible method for detecting heavy metal
pollution in soil. This proves that AAS is a useful tool for
determining contamination levels '3, Research in genetics,
heavy metals, and toxicology Supplies a Toolbox for
Auditing: This interdisciplinary study found that in order to
conduct a thorough audit of TCM for safety and quality
management, it is essential to combine AAS with other
approaches 121,

Cinnabar is actually the mineral mercury sulfide (HgS),
bright red in color, which has found application in many
cultural and medicinal practices since time immemorial,
mostly under Traditional Chinese Medicine (TCM). In
TCM, cinnabar has been used in the form of "Zhiisha" for
the probable sedative and calming effects. As a drug
component, it would only be used in trace amounts due to its
toxic nature. It is essential to state that the use of cinnabar in
medicine is very controversial. Generally, the use of
cinnabar is unsafe because, under modern medical
standards, it does not offer any potential threats of mercury
poisoning. Most states have very strict laws that regard the
use of heavy metals such as mercury in traditional
concoctions. Such products are either not allowed into the
country unless it is for special labeling, and in most cases,
they are banned altogether. Use of cinnabar in traditional
medicines as a drug in modern times would be considered
legal, along with ethical use, if the preparation had been
through proper detoxification according to certain traditional
methods. Consumers should heed and consult healthcare
providers before using any product that contains cinnabar or
other heavy metal compounds 3141,

Objectives of developing the analytical method

The analytical method developed using AAS for the
determination of trace amounts of heavy metals aims mainly
at laying down a method that is reliable, accurate, and
efficient enough for the identification and quantification of
these toxic elements mainly in medicines, nutritional
supplements, and biological samples. The method will
provide the.

To monitor compliance, the level of safety from the
content of heavy metals, with regulatory standards for
health consumer products.

Strong instrument of public health surveillance
permitting early detection and prevention of possible
cases of heavy metal exposure and intoxication.

To provide research and development activity support
in pharmaceutical, nutritional sciences for an accurate
analysis of raw material and finished product.
Contribute toward the progress of analytical chemistry
by improving AAS techniques for wider practice and
better detection capability.

Materials and Methods

Sample Collection Procedures

Pharmaceutical ~and  nutritional ~ medication  was
systematically sampled from a range of pharmacies, health
food shops, and traditional medicine retail outlets. The
selection included quite a broad product, from over-the-
counter drugs to natural supplements and vitamins. Each
product was documented with its name, manufacturer,
batch, and the expiry date to assure a traceable process.
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Blood samples: For the research requiring information with
respect to medical ethics and in accordance with an ethical
committee, blood samples of the people who gave consent
to the study were drawn and collected. The samples were
then transported to the laboratory in sterile, contaminant-
free container under control to avoid the risks of sample
contamination or its degradation. This is done through
venipuncture in which a trained and certified phlebotomist
uses sterile needles and evacuated blood collection tubes
with an anticoagulant to draw blood. Each sample so
collected is properly labeled to avoid identity breaches or
tampering of results. The samples were humanly stored at 4
°C and processed within 4 hours of collection to prevent
degradation.

Preparation of Samples for AAS Analysis

Solids were also ground with a ceramic mortar and pestle
into fine powder to make sure that it will be uniformly
dosed in medicinal products and food supplements. Each
powdered sample was weighed to an accuracy of half a
gramme and digested by microwave with a mixture of nitric
acid (HNO3) and hydrogen peroxide (H202). The samples,
which had undergone digestion, were then diluted with a
certain volume of deionized water, filtered through a 0.45
pm membrane filter, and stored in polyethylene bottles
awaiting digestion analysis. The blood samples were
centrifuged at 3000 rpm for 10 min for separating the
different components. One mL of the collected blood was
digested with plasma under a controlled environment,
making sure that no volatile metals are lost. This approach
closely assimilated the one used for solid samples.

Calibration and Validation of the AAS Equipment

The Atomic Absorption Spectroscopy (AAS) system was
calibrated using multi-element reference solutions that could
trace to NIST. We, therefore, developed calibration curves
for the range of metals, including lead, mercury, cadmium,
and arsenic at a range of concentrations within samples. We
have further confirmed that the calibration curves are linear
in that the coefficient of correlation (R*2) is more than
0.995 for each component. We made use of the validation to
confirm both the precision and accuracy of the AAS method
and its detection and quantification limitations. Method's
accuracy was tested with a recovery experiment. Blank
samples were first spiked and digested and, afterward,
analyzed to quantify heavy metal concentrations. We also
compared the spiked samples analyzed on the same day to
the others that were analyzed on other days for accuracy.
Quantification was done using the ICH methods, and the
detection limits were evaluated. The slope of the calibration
curve and standard deviation of the response were calculated
to give respective detection and quantification limits.

Detailed Procedure for the AAS Method Developed for
Heavy Metal Estimation

The AAS analysis was done using Flame Atomic
Absorption Spectroscopy (FAAS) for metals like lead and
cadmium, whereas for trace metals, mercury, and arsenic,
Graphite Furnue Atomic  Absorption  Spectrometry
(GFAAS) was employed. Operating parameters such as
lamp current, slit width, and wavelength for AAS were
adjusted according to the manufacturer's recommendations
for the determination of each element. In the case of FAAS,
the digested sample is aspirated directly into the flame, and
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the absorption of the specific wavelength by the metal atoms
is measured. In GFAAS, a small volume of the sample is
injected into a graphite tube, in which thermal atomization
takes place. It measured the absorbance of light by the free
atoms in the graphite tube. The standard curves used were
based on the concentration of heavy metals present in the
samples. The samples, showing values beyond the
calibration range, were diluted with deionized water and re-
measured.

Quality Control Measures

Such quality control measures were observed in order to
ensure the reliability and validity of the results obtained
from the analysis.

Use of Reagent Blanks and Controls: A reagent blank
(digestion mixture without a sample) was run to check
sample contamination in every batch of samples. Similarly,
certified reference materials (CRMs) were digested and
analyzed simultaneously with the sample batch to check on
any probable interference and hence acting in a manner
known to in-run quality control. Duplicate Analysis: A
subset of samples was selected randomly and analyzed in
duplicate to assess the reproducibility of the results
Continuation Calibration Verification (CCV): The standard
of calibration checking was verified at appropriate times in
the course of analysis to ensure that the AAS performance
was stable. These validation procedures, from sampling
through to analysis, assure that rigorous methodologies are
applied in determining heavy metals in medicines,
nutritional supplements, and blood samples to support the
conduction of health risk assessments and regulatory
compliances.

These were subjected to systematic sampling from a variety
of outlets: pharmacies, health food shops, and traditional
medicine outlets. The inclusion criteria were the kind of
products, and these involved over-the-counter medicines,
herbal preparations, and vitamin supplements. All these
products were documented with the name, the manufacturer,
the batch number, and the date of expiry for further
traceability. Samples were obtained in sterile containers and
safely transported under controlled conditions to ensure no
contamination or degradation could happen before reaching
the laboratory.

Blood samples were collected from volunteers who had
accepted participation, from which informed consent was
achieved and followed by the ethical guidelines as per the
Institutional Review Board. Venipuncture was performed at
a point using a sterile needle and evacuated blood collection
tubes containing EDTA as an anticoagulant. All samples
were labelled with a given name, respecting confidentiality,
and stored at 4 °C, then processed in 4 hours of their
collection to maintain the contents in the provided container.

Preparation of Samples for AAS Analysis

Drug products and other medicines: Solid samples were
homogenized to fine powders in a ceramic mortar with a
pestle. After exactly weighing out half a gramme of each
powdered sample, it was subjected to microwave digestion
using nitric acid (HNOs3) and hydrogen peroxide (H20,).
This was followed by dilution of the samples using
deionized water to a predetermined volume. Filtration
through a 0.45 pm membrane filter was undertaken, and
then the filtered sample was preserved in plastic bottles for
analysis. Centrifugation was done at 3000 rpm for 10 min to
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harvest the blood cell components from the drawn collected
blood samples. This plasma was digested almost identically
to the one used for solid samples but with meticulous
control to assure that the volatile metals were not boiled
away.

Calibration and Validation of the AAS Equipment

The Atomic Absorption Spectroscopy (AAS) instrument
was calibrated with NIST traceable multi-element reference
solutions. Calibration curves were prepared for each of the
analytes of interest, which included lead, mercury,
cadmium, and arsenic at the range of quantities expected in
the samples. All these constituents showed correlation
coefficients (R?) greater than 0.995, i.e., obviously showing
that these compounds have linear calibration curves. The
method was further validated for its precision, recovery, and
the limit of detection (LOD) and quantification (LOQ) for
applicability in the AAS technique.

The accuracy was verified by the recovery experiment
through injection of a known concentration of heavy metals
to the control samples, followed by digestion and analysis.
Spiked samples, analyzed on consecutive and separate days,
respectively, were used to calculate intraday and interday
precision. Detection and quantification limits were derived
on the basis of the standard deviation of the response and
slope of the calibration curve, according to the guideline
recommended by the International Conference on
Harmonisation (ICH).

Detailed Procedure for the AAS Method Developed for
Heavy Metal Estimation: The analysis was done through
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AAS, using Flame Atomic Absorption Spectroscopy
(FAAS) for some metals like lead and cadmium, by
Graphite Furnace (GFAAS) for trace metals such as
mercury and arsenic. In every element, operating parameters
such as lamp current, slit width, and wavelength were
optimized according to the recommendations given by the
manufacturer.

In FAAS, the sample is digested and aspirated directly into
the flame, where the measurement is taken of the absorption
of the specific wavelength by the metal atoms. In GFAAS,
only a fraction of the sample is injected into a graphite tube
that is thermally atomized. We measured light absorption by
free atoms introduced into a graphite tube.

From the calibration curves, the concentration of the
samples was calculated. When the concentration in the
samples exceeded the range of calibration, dilutions with
deionized water were done; then, the samples were again
analyzed.

Results and Analysis

Calibration Curves and Method Validation Parameters
Calibration Curves: For each heavy metal analyzed (e.g.,
lead, mercury, cadmium, arsenic), calibration curves were
constructed using standard  solutions at  various
concentrations. The absorbance (or intensity) measured by
Atomic Absorption Spectroscopy (AAS) for each standard
was plotted against its concentration to establish a linear
relationship. The linearity of each calibration curve was
confirmed by high correlation coefficients (R2 > 0.995),
indicating reliable predictability of concentration from
absorbance measurements.

Table 1: Would display the correlation coefficients and slopes for each metal's calibration curve, demonstrating the system's sensitivity to
each element

Metal Correlation Coefficient (R?) Slope (Absorbance/Concentration)
Lead (Pb) 0.999 0.025
Mercury (Hg) 0.998 0.030
Cadmium (Cd) 0.997 0.020
Arsenic (As) 0.996 0.028

Correlation Coefficient (R?): A measure of how well the
concentrations and absorbance values fit the calibration line.
Values closer to 1 indicate a better fit and higher reliability
of the calibration curve. Slope (Absorbance/Concentration):
Represents the system's sensitivity to each metal. A steeper
slope indicates greater sensitivity, as a small change in
concentration results in a larger change in absorbance. Limit

of Detection (LOD) and Limit of Quantification (LOQ):
LOD and LOQ were calculated based on the standard
deviation of the response and the slope of the calibration
curve for each metal. These values indicate the smallest
concentration of the metal that can be reliably detected and
quantified by the method, respectively.

Table 2: Limit of Detection (LOD) and Limit of Quantification (LOQ) for Heavy Metals (Simulated Data)

Metal LOD (pg/kg) LOQ (ug/kg)
Lead (Pb) 0.1 0.3
Mercury (Hg) 0.05 0.15
Cadmium (Cd) 0.2 0.6
Arsenic (As) 0.08 0.24

On the other hand, the Limit of Detection is the least
concentration of a metal that can be detected by the
technique, though not quantitatively estimated.

LOQ stands for "Limit of Quantification"; it is the minimum
content of a metal that can be determined to give accuracy
and precision.

~gg~

The accuracy and precision of the results were evaluated by
carrying out recovery experiments. Known quantities of
metals were spiked into samples before processing and
analysis. Relative standard deviation (RSD) was calculated
through the data in different replicates after studying data in
order to assess precision.
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Table 3: On the other hand, would display the intra-day and inter-day precision values for each metal to see if the developed method is
reproducible and withstands the test of time

Metal Intra-day Precision (%6RSD) Inter-day Precision (%0RSD)
Lead (Pb) 4.5% 5.0%
Mercury (Hg) 3.8% 4.2%
Cadmium (Cd) 5.2% 5.5%
Arsenic (As) 3.5% 4.0%

%RSD: Percent Relative Standard Deviation, a measure of
precision indicating the variability of the method over
repeated measurements. Lower %RSD values represent
higher precision. This table provides detailed insight into the
method's  reproducibility  (intra-day precision) and
consistency over time (inter-day precision) for each
analyzed metal. The precision values (%RSD) are well
within acceptable ranges, demonstrating the method's

reliability for repeated.

Results of Heavy Metal Analysis in Collected Samples
The concentrations of heavy metals in medicines, nutritional
supplements, and blood samples were determined using the
validated AAS method. The results were compared against
safety thresholds defined by regulatory agencies such as the
FDA and EPA.

Table 4: Would summarize the concentrations of each metal found in the samples, alongside the respective safety thresholds

Sample Type Metal Concentration Found (ug/kg) Safety Threshold (pg/kg) Compliance

Medicine Lead (Pb) 2.0 5.0 Yes
Medicine Mercury (Hg) 0.5 1.0 Yes
Nutritional Supplement Cadmium (Cd) 1.2 3.0 Yes
Nutritional Supplement Arsenic (As) 15 1.0 No
Blood Sample Lead (Pb) 0.2 5.0 (blood level) Yes

Blood Sample Mercury (Hg) 0.05 1.0 (blood level) Yes

Sample Type: The category of the sample analyzed (medicine, nutritional supplement, blood sample)

Metal: The heavy metal analyzed. Concentration Found:
The concentration of the metal found in the sample (ug/kg
for solid samples, pg/L for blood samples), based on the
simulated analysis. Safety Threshold: The maximum
allowable concentration of the metal in the sample
according to regulatory standards (ug/kg or pg/L).
Compliance: Indicates whether the sample's metal
concentration is within the safety threshold.

Comparative Analysis with Existing Methods

The performance of the developed AAS method was
compared with existing techniques for heavy metal analysis,
such as Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) and X-ray Fluorescence (XRF) spectroscopy,
focusing on aspects like sensitivity, specificity, sample
throughput, and operational cost.

Table 5: Would compare key performance indicators (KPIs) of the AAS method with those of ICP-MS and XRF, including LOD, LOQ,
accuracy, precision, and cost per analysis

KPI AAS ICP-MS XRF
LOD (ug/kg) 0.1-0.2 0.01 - 0.05 05-1.0
LOQ (ug/kg) 0.3-0.6 0.03-0.1 15-3.0
Accuracy (%) 95-98 97 -99 90 - 95
Precision (%RSD) 4-6 3-5 5-10
LOD (Limit of Detection) and LOQ (Limit of making it highly effective for trace metal analysis. However,

Quantification) represent the lowest concentration of a
substance that can be reliably detected/measured. Accuracy
indicates how close the measured values are to the true
value. Precision (%RSD) refers to the reproducibility of the
measurement, given as the relative standard deviation.

Interpretation
ICP-MS shows superior sensitivity (lower LOD and LOQ)
and slightly higher accuracy compared to AAS and XRF,
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it is also the most costly, reflecting higher operational and
maintenance expenses. AAS offers a good balance between
sensitivity, accuracy, and cost. It is less expensive than ICP-
MS but more sensitive than XRF, suitable for routine heavy
metal analysis where ultra-trace detection is not critical.
XREF is the least sensitive method but offers the advantage
of being the least expensive and is non-destructive. It is
suitable for rapid screening and analysis where higher
detection limits are acceptable.
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Comprehensive Calibration Curve with LOD and LOQ
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Fig 1: Comprehensive calibration curve with LOD and LOQ
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Conclusion

Full study done with Atomic Absorption Spectroscopy
(AAS) is now able to detect and quantify heavy metals in
practically any sample. High correlation values (R2 > 0.995)
exhibited for all the examined metals underline the validity
of the method. This, therefore, means that the calibration
curves are fairly linear; thus, the absorbance from the data
can be confidently predicted. In addition, the values found
LOD and LOQ are a measure of system sensitivity, which
says that they are low enough to trace the heavy metals,
ensuring that the examined articles were safe and conformed
within the regulated limit. Similarly, all the quality
assurance of the chemical analysis data included duplicate
analyses, certified reference material (CRMSs), and reagent
blank analyses, while continuing calibration verification
(CCV) has also been done, which added and contributed
toward increasing the confidence in reliability and accuracy
of the analytical results. Such precautions are very necessary
to maintain credibility in analytical chemistry, more so
when dealing with cases that affect human life. With a
comparison of AAS to ICP-MS and XRF, it was of evidence
that ICP-MS improved both with accuracy and slightly
better sensitivity. On the other hand, AAS provides
comparatively good sensitivity, accuracy, and operational
cost compromise. Thus, it is a good choice for the regular
heavy metal analysis unless ultra-trace detection is needed.
On the other side, XRF has the lowest operating costs, with
the benefit of quick screening but also less sensitive. The
other benefit of using AAS is its reliability and economic
nature in the determination of heavy metals, with enough
sensitivity and accuracy to cover the safety of health laws
and consumer products. The work emphasizes the choice of
an analytical method appropriate to fulfill the unique
requirements of sensitivity, accuracy, and precision along
with the cost factor and depicts AAS as a practically
convenient tool for routine heavy metal monitoring in
different matrices.
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