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Introduction

Traditional herbal medicine (jamu) is a product made from natural ingredients for health
purposes [1]. Factors that motivate people to consume traditional herbal medicine include low
price, easy to obtain, healing and no side effects [2-5]. However, the quality of herbal medicine
is influenced by the processing process, such as the use of clean water, the drying process,
environmental factors, storage, and packaging [6]. One that is easily contaminated by a product
is heavy metal contamination [7].

Based on BPOM RI (The Indonesian Food and Drug Authority) Regulation Number 32 of 2019,
requirements have been established for the quality control of traditional medicines. The aim is
to protect the public from health risks associated with the use of medicinal products that do not
meet safety, efficacy, and quality criteria. The maximum allowable levels for metal
contamination in herbal medicine are < 10 mg/Kg or mg/L for lead, < 0.3 mg/Kg or mg/L for
cadmium, and < 0.03 mg/Kg or mg/L for mercury [8].

The consumption of herbal medicine aims to reduce resistance to synthetic drugs [9-12].
However, the presence of contaminants such as heavy metals will contribute to poisoning and
increased accumulation of heavy metals in the bodies [13]. Diseases arising from the
accumulation of heavy metals in the body include growth disorders, reproduction, hypertension,
and possibly even cancer [14]. Cases of cadmium, lead and mercury metal contamination in
herbal medicine have been found in Pekalongan City-Central Java Province, Pekanbaru-Riau
Province and Tasikmalaya, with an average content exceeding the threshold [15-17].
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Many herbal medicines in distribution have been found to contain high levels of heavy metal
contamination. Until now, there has been no research reported on heavy metal contamination in
herbal medicines sold commercially in Banda Aceh City, Indonesia. Therefore, this study
analyzed heavy metal contamination, such as lead, cadmium and mercury, in herbal medicines
sold commercially in Banda Aceh City. This study aimed to analyze the heavy metal
contamination of commercially sold herbal medicines in Banda Aceh City, Indonesia.
Specifically, the study sought to determine the levels of lead, cadmium, and mercury
contamination in these herbal medicine products. By measuring the contamination levels, the
study aimed to provide important safety information to consumers in Banda Aceh City who
regularly take herbal medicines, as many herbal medicines distributed commercially have been
found to contain high levels of toxic heavy metal contaminants. The data presented in this study
provides important information for consumers who often take herbal medicines.

Materials and Methods

Tools, Equipment and Materials

The tools and equipment used were Flame — Atomic Absorption Spectrometry (FAAS) (Thermo
Scientific iCE 3500), Chemical Vapor Generation — Atomic Absorption Spectrometry (CVG -
AAS) (Agilent Technologies 200 series AA), Lead Hollow Cathode Lamp (Fisher Scientific),
Cadmium Hollow Cathode Lamp (Fisher Scientific), Mercury Hollow Cathode Lamp (Agilent),
Analytical Balance (OHAUS), Hot Plate (IKA), Fume Hood (Kewaunee), Volumetric Flask (Pyrex),
Beaker Glass (Pyrex), Micropipette (Eppendorf), Funnel (Pyrex), Filter Paper (Whatman).

The materials used were Standard Lead Solution Pb(NO3)2 (Merck), Standard Cadmium Solution
Cd(NO3)2 (Merck), Standard Mercury Solution Hg(NQOs)2 (Merck), HNOs p.a (Merck), H202 p.a
(Merck), HCl p.a (Supelco), deionized water, and a six different traditional herbal medicine (jamu)
samples.

Sampling Technique

Six different brands of traditional herbal medicine (jamu) samples were collected using a
random sampling technique in Banda Aceh-Indonesia, these herbs are easily available in drug
stores and sold commercially without being registered with the Indonesian Food and Drug
Authority (BPOM). Samples of herbs that have properties such as weight loss, gout arthritis and
stamina booster.

Preparation of Standard Solution

Standards solutions of Pb, Cd and Hg were prepared refers to Souza 2020 research. The
calibration solutions used in range of 0.1 to 3.2 mg/kg, 0.6 to 3.6 mg/kg and 0.1 to 0.6 mg/kg
for Pb, Cd and Hg, respectively. The calibration standards solutions of Pb and Cd were
determined by FAAS, and Hg was determined by CVG-AAS.

Sample Destruction

The herbal (jamu) sample in powder was weighed at 2 grams and placed into a 250-milliliter
Erlenmeyer flask. Demineralized water (30 mL) and HNO3s p.a. (20 mL) were added and stirred.
Heat was applied for 5 minutes, and H202 p.a. (5 mL) was added. After cooling, the solution
was filtered and diluted with deionized water in a 100-milliliter volumetric flask [18].

Determination of Pb, Cd, and Hg Concentrations

The analysis of lead (Pb) and cadmium (Cd) was measured by Flame — Atomic Absorption
Spectrometry (FAAS) and the analysis of mercury (Hg) was measured by Chemical Vapor
Generation — Atomic Absorption Spectrometry (CVG — AAS). The Pb, Cd, and Hg measurements
were carried out at wavelengths of 283.3 nm, 228.8 nm, and 253.7 nm, respectively [19].
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Data Analysis

The Pb, Cd, and Hg concentrations data were obtained based on the calibration curves that had
been made. Determination of validation parameters was also carried out in the form of linearity
(R?), relative standard deviation (RSD) was used to determine the precision, and the recovery
(%) was calculated based on intensity signal generated by the sample spike, limit of detection
(LoD), limit of quantification (LoQ) and the uncertainty of sample concentration measurements
expressed as standard deviation of concentration (Sc). All parameters was performed based on
LINEST function on Microsoft Excel (Redmond, Washington, USA) [18].

Results and Discussion

This study analyzed the heavy metal content of lead (Pb), cadmium (Cd), and mercury (Hg) in
traditional herbal medicines (jamu) distributed commercially in Banda Aceh City. The herbal
medicine samples were purchased as powders from local drug stores and had registration
numbers but were not approved by the Indonesian Food and Drug Authority (BPOM). The
samples included weight loss herbs (A and B), gout and arthritis herbs (C, D, and E), and a
stamina booster (F).

Heavy metal measurements were measured based on the method validation data presented in
Table 1. Validation tests were performed to obtain good results [20]. These metals were
measured with wavelengths in accordance with the sensitivity and intensity of the respective
wave absorbance [21].

Table 1. Validation method parameters used to determine the heavy metal contents

. . 5 LoD LoQ
Standard Linearity R RSD (%) Recovery (%) (ma/L) (mg/L)
Pb y=0.016x + 0.0007 0.9996 0.97 100.17 0.021 0.050
Cd y=0.243x + 0.004 0.9995 0.99 100.22 0.029 0.075
Hg y=0.0507 + 0.0067 0.9995 1.04 102.04 0.022 0.059

Table 1 shows that the content of heavy metals in herbal medicine samples varies based on the
herbal medicine products collected. The results showed that the highest concentration of Pb
metal was found in herbal medicine sample C, which was 29.25 + 0.24 mg/Kg, and herbal
medicine sample B had the lowest Pb metal concentration, which was 4.32 + 0.14 mg/Kg. All
of the samples, three herbal medicine samples have Pb concentration over the threshold (Pb <
10), i.e., herbal medicine samples C, D, and F with concentrations of 29.25 + 0.24 mg/Kg, 10.47
+ 0.15 mg/Kg, and 16.88 + 0.21 mg/Kg, respectively. Some herbal medicines were also found
in the Pekanbaru Riau Province-Indonesia, where the concentration of Pb metal reached 9.20 to
34.94 mg/Kg, over the threshold [15].

Table 2. Heavy metal concentrations contained in traditional herbal medicine (jamu)
Heavy Metal Concentration + Sc (mg/Kg)

Sample Code Sample Weight (g)

Pb Cd Hg
A 2.01 7.50+0.18 n.d. 2.14 +0.06
B 2.02 432+0.14 n.d. 0.68 +0.01
C 2.01 29.25+0.24 n.d. n.d.
D 2.03 10.47 £ 0.15 n.d. 0.20+0.01
E 2.05 5.79+0.18 0.80 +0.02 n.d.
F 2.01 16.88 +0.21 n.d. n.d.

Max. threshold <10 <0.3 <0.03

n.d. = not detected

The Cd metal content in herbal medicine was only detected in sample E at 0.80 + 0.02 mg/Kg,
and it was over the threshold (Cd < 0.3). Analysis of Hg metal content showed that three herbal
medicine samples were contaminated, including samples A, B, and D, with concentrations of
2.14 + 0.06 mg/Kg, 0.68 + 0.01 mg/Kg, and 0.20 + 0.01 mg/Kg, respectively, with a Hg metal
threshold of < 0.03. The Cd and Hg metal contents were also found in some herbal medicine
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samples, with Cd metal concentrations reaching 7.38 to 18.86 mg/Kg and Hg metal
concentrations reaching 0.21 to 1.82 mg/Kg, metals over the threshold [15,22].

Conclusions

This study found concerning levels of toxic heavy metal contamination, particularly lead, in
traditional herbal medicines sold commercially in Banda Aceh City, Indonesia. Using validated
analytical methods of FAAS and CVG-AAS, samples of locally purchased herbal medicines
contained measurable amounts of lead, cadmium, and mercury. The lead concentrations ranged
from 4.32 + 0.14 mg/Kg to 29.25 + 0.24 mg/Kg, with several samples exceeding acceptable
safety limits. One sample contained cadmium at 0.80 + 0.02 mg/Kg, also surpassing the
permitted threshold. Mercury was detected in all samples at concentrations from 0.20 + 0.01 to
2.14 + 0.06 mg/Kg. These results demonstrate that traditional herbal medicines sold in Banda
Aceh City currently pose health risks to consumers due to heavy metal contamination making
them unsafe for human consumption. Regulatory action is needed to halt the sale of
contaminated herbal medicines. The government and the Indonesian Food and Drug Authority
should increase inspections and enforce standards to restrict the circulation of toxic herbal
medicines. Further research on heavy metal levels is also recommended to inform evidence-
based policies to better protect public health. Tighter controls and regulatory oversight of all
distributed herbal medicines should be implemented to prevent heavy metal exposure and
ensure consumer safety.
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