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Abstract:  In the era of organic/herbal medicines, there have been reports of heavy metal contamination 

in herbal drugs, which is alarming. Recent trends in the analysis of heavy metals utilize preconcentration 

steps and sophisticated instrumentation facilities. However, direct analysis can also be performed using 

spectrophotometric methods. The current research utilizes a simplified two-step filtration method using 

Whatmann filter papers. This method excludes interference from drug components and other heavy 

metals. A multimode reader was used to detect heavy metals using metal-ligand interaction without any 

solvents and pH considerations, making this a simple and rapid method. Dithizone was used as a ligand 

to form arsenic, lead, and bismuth complexes that absorb light at 523, 495, and 512 nm, respectively. 

After the addition of dithizone, centrifugation was performed to partition the ligand-metal complex 

from the drug. The entire procedure can be completed in 30 minutes with a high-throughput capability 

to analyze 96 samples in one go with a LOD and LOQ 16 and 48 ɛg/L for lead, 12 and 36 ɛg/L for 

bismuth and 34 and 103 ɛg/L for arsenic, respectively. Further, this method was evaluated with real 

samples to explore its capabilities. Hence, this method can be further explored in forensic cases and 

monitoring studies.  
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1. Introduction  

The ill  effects of elements have been known for years before toxicology became a 

science. Contamination of heavy metals is a huge concern to society, as it has toxicological 

effects on living organisms, be it neurological, cardiovascular, auto-immune health illnesses, 

etc  [1-8]. Elements that have an atomic number greater than 20 and a density of more than 5g 

cm-1 are termed heavy metals [9].  

Studies have reported that heavy metals are encountered in herbal medicines, which 

raises concerns. Herbal medicines are a known class of medicines that are used to treat various 

ailments using green methods [2]. Traditional medicines have been used for years, but 

innovation started with the discovery of herbal medicines [10]. This change was needed due to 

modernization and the changing needs of people to improve their lifestyles [11].  

Many studies have pointed out the contamination of heavy metals in herbal products 

and their raw materials [4,9,10, 12, 13-21] by various sources like agricultural activities, cross-
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contamination during manufacturing/processing, or a deliberate introduction of heavy metals 

as a therapeutic ingredient [2]. Figure 1 below highlights some of the major sources through 

which contamination of heavy metals occurs. 

 
Figure 1. Different sources of heavy metal contamination. 

WHO has also recommended that the medicinal plants from which herbal medicines 

are made need to be carefully evaluated for any possible heavy metal contamination [2]. Such 

contamination above the permissible limit  is a huge concern [10]. It is known that heavy metal 

contamination can give rise to adverse renal effects, decreased immunity, cardiac dysfunction, 

fetal malformations, impaired neurological and psychological behavior, etc [10]. Furthermore, 

they pose more hazards due to the fact that they are not easily metabolized and excreted from 

the body, leading to their bioaccumulation [10]. Further, heavy metals are dangerous for 

humans and animals as they alter the blood composition and disturb the vital functioning of 

organs like the heart, lungs, and kidneys.  

Hence, extraction is an important step for analyzing these analytes from different 

matrices [22]. Among the various extraction methods, solvent extraction is one of the most 

widely used extraction methods [22]. Other analytical methods include microextraction 

techniques like cloud point extraction, liquid phase microextraction, etc [22]. Hence, there is 

often a need to develop sample preparation and preconcentration methods that are fast, 

economical, environment-friendly, easy to perform, and can be used with multiple matrices 

[23]. 

Many known analytical techniques have been used to detect heavy metals, like X-ray 

atomic absorption spectroscopy, Inductively coupled plasma spectroscopy and UV-visible 

spectroscopy for detecting heavy metals. Out of these methods, UV-visible is preferred due to 

its speed, easiness, flexibility,  precision, accuracy, wide availability, and cost-effectiveness 

[1,23ï28]. However, sometimes, due to the low concentration of heavy metals, low sensitivity, 

and matrix effects, analysis becomes difficult [23], followed by the requirement for large 

sample volumes, etc.  

In todayôs scenarios, there have been reports of the utility  of microplate readers for 

detecting copper from natural waters using chemiluminescence methods and even the detection 

of zinc from animal feeds [29, 30]. Other forensic studies have utilized multimode readers to 

differentiate marker inks using chemometric methods [31]. Microplate readers have previously 

been widely used in biological research due to their fast, efficient, low sample volumes, and 
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high-throughput capabilities. However, current research points to its dynamic capabilities in 

multidisciplinary research.  

The current research focuses on the utility  of dithizone dye as a complexing agent for 

detecting lead, arsenic, and bismuth in herbal drugs using a multimode plate reader with a 

simple 2-step extraction method for detecting heavy metals from herbal drugs. To our 

knowledge, no study has explored the utility of multimode plate readers for detecting heavy 

metals from herbal drugs.  

2. Materials and Methods 

2.1. Chemicals and reagents. 

All  the chemicals and solvents that were utilized belonged to analytical grades such as 

1,5-diphenylthiocarbazone (DTZ) (SRL), methanol (Merck), lead standard (Sigma Aldrich), 

bismuth standard (Sigma Aldrich), and arsenic standard (Sigma Aldrich). Water purified on 

the Milli -Q system was used.  

2.2. Standard preparation. 

Standard stock solutions of lead, bismuth, and arsenic at a concentration of 1000 ppm 

were prepared. A standard stock solution for 1,5-diphenylthiocarbazone (DTZ) was prepared 

in pure methanol. Working standard solutions were utilized for method development, 

confirming absorbance values, and spiking samples in validation experiments. All  the prepared 

standards were kept in falcon tubes at a temperature of 4°C. 

2.3. Sample preparation. 

100 mg of drug samples were taken and dissolved in 5 ml of MilliQ  water and vortexed 

for 5 minutes, followed by 15 minutes of sonication.  

2.4. Extraction procedure. 

1 ml of the sample was taken in an Eppendorf tube, and 100 microliters of dye was 

added to it. Further, the sample was then centrifuged for 15 minutes at 15700 RPM. The 

resulting pellet was collected and re-suspended in MilliQ  water after decanting the supernatant 

for detection.  

2.5. Spectrophotometric method. 

The qualitative and quantitative analysis of the metal content was carried out using 

BMG Clariostar plus Microplate Reader. The absorbance was observed at 495, 512, and 523 

nm for lead, bismuth, and arsenic dithizonate, respectively. Figure 2 below summarizes the 

methodology adopted for this study.  

2.6. Application to real samples.  

20 herbal samples (weight loss herbal drugs) were procured randomly from online and 

offline sources. These samples were then subjected to the simplified extraction procedure and 

analyzed using the proposed methodology for the presence of heavy metals. 
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Figure 2. Protocol used for extraction of Heavy metals from herbal drugs and their detection. 

3. Results and Discussion 

3.1. Optimization of parameters. 

In order to get the best results, different extraction parameters such as the selection of 

extracting and dispersive solvents, the volume of extracting and dispersing solvent, pH, the 

effect of complexing agent, the effect of salt addition, the effect of ultrasonication, and 

centrifugation time were optimized. Table 1 below describes some of the optimizing 

parameters and their results.  

Table 1. Some optimization parameters for the method. 

Parameter for  optimization Trials  for  optimization Optimum yield/results 

pH 4-12 pH 7 pH 

Effect of complexing agent 

0.02mmol/lit 

0.04 mmol/lit 

(10ppm) 

0.04 mmol/lit 

0.06 mmol/lit 

0.08 mmol/lit 

Effect of centrifugation time 

and speed 

10-20 minutes with RPM 

range 10000-15700 

15700rpm, 20 minutes 

maximum pelleting 

3.2. Effect of pH. 

The production of metal chelates and subsequent extraction are specifically influenced 

by the pH. Hence, the effect of different pH on complex formation and the extraction process 

was studied using HCl and NaOH in the range of 4-12. The findings suggested that the 

interference brought about by the generation of hydronium ions may be partially mitigated at 

low pH levels (<6) by the ineffective extraction of metal ions. Then, the extraction efficiency 

rose together with the increasing pH value. However, the efficacy of extraction was also 

decreased at higher pH levels (>9) because of the persistent accumulation of metal hydroxide 

ions. At a neutral pH of 7, the maximum extraction recovery of Pb and Bi was achieved. Thus, 

pH 7 was chosen for additional research, as shown in Figure 3. 
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Figure 3. Effect of pH. 

3.3. Effect of complexing agent. 

The effect of dithizone, the complexing agent, on the absorption is shown in Figure 4. 

The absorption of the complex was increased by raising the complexing agentôs concentration. 

The complex concentration was investigated in the range of 0.02 mmol/L to 0.08 mmol/L. The 

maximum absorbance was observed at a concentration of 0.04 mmol/L of the chelating agent. 

The absorption was observed to have remained at a constant level beyond that concentration. 

 
Figure 4. Effect of complexing agent. 

3.4. Effect of centrifugation time and speed. 

The time and speed of the centrifugation process were investigated for the period of 10-

20 minutes and 10000-157000 rpm ranges, respectively. The centrifugation only assisted in 

settling down the extraction solvent. The findings demonstrate that this parameter has only a 

little appreciable impact on this procedure's extraction rate. It was noted that the equilibrium 

was quickly reached, but the increased time affected the pellet formation. As a result, a 

centrifugation process that took 20 minutes and a speed of 15700 rpm was chosen for this 

experiment. 

3.5. Linearity. 

The capacity of an analytical method is to yield test results that are either directly 

proportional to the analyte concentration in samples within a certain range or proportional 

through the use of precise mathematical adjustments, known as linearity. For linearity, a 
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calibration curve was plotted between concentrations 10, 20, 40, 60, 80, and 100 ɛg/L for lead 

and bismuth. Whereas for arsenic, the curve was plotted between concentrations 75, 100, 125, 

150, 175, and 200 ɛg/L as shown in Figure 5. The solutions were scanned on a 

spectrophotometer in the UV range of 300ï700 nm.  

 
Figure 5. Calibration curve (a) lead standard; (b) bismuth standard; (c) arsenic standard. 

Further, the absorption spectrum for ligand, lead complex, bismuth complex, and 

arsenic complex was discussed in Table 2 below.  

Table 2. Absorption spectrum for lead, bismuth, and arsenic complex 

Analyte ɚmax Absorbance Spectrum 

Pure Dithizone 

(in Methanol) 
461, 592nm 

 

Lead Dithizonate 495nm 
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Analyte ɚmax Absorbance Spectrum 

Bismuth 

Dithizonate 
512nm 

 

Arsenic 

Dithizonate 
523nm 

 

3.6. Limit of detection and limit of quantitation. 

The point at which the measured amount is greater than the associated uncertainty is 

known as the limit  of detection, or LOD. It is the lowest detectable analyte concentration in a 

sample. The smallest amount injected that yields quantitative values in the target matrix with 

an appropriate precision is known as the limit  of quantitation, or LOQ. In the UV analytical 

method procedure, LOD was determined by utilizing the following equation: LOD =3.3×SD/S, 

whereas LOQ was determined by utilizing the following equation. LOQ = 10xSD/S. In these 

equations, S= slope SD= Standard deviation of Y-intercepts as shown in table 2. 

Table 3. LOD and LOQ of bismuth, lead, and arsenic. 

Analyte Limit  of detection (µg/L) Limit  of quantitation (µg/L) 

Bismuth 12.19 36.96 

Lead 16.03 48.59 

Arsenic 34.12 103.38 

3.7. Precision. 

The precision of a method is an assessment of the degree of scatter. It expresses the 

measurement's repeatability. It is expected that an analytical method should generate 

reproducible outcomes. A statistical examination was conducted to ascertain the degree of 

repeatability of the procedure. Metal standard concentrations were measured three times on the 

same day at one-hour intervals and on three distinct days for intra- and inter-day studies. Given 

the importance of reproducible yet accurate results, the developed UV method's intra- and inter-

day precision was established, as shown in Tables 4, 5 for lead, 6, 7 for bismuth, and 8, 9 for 

arsenic. The mean and relative standard deviation (RSD) values were observed.  

Table 4. Inter-day precision for lead dithizone. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev rsd mean std dev rsd mean std dev rsd 

10pb 0.17333 0.00321 1.85455 0.173 0.001 0.57803 0.17067 0.00208 1.21973 

50pb 0.185 0.003 1.62162 0.17833 0.00115 0.6475 0.17533 0.00321 1.83339 

75pb 0.19433 0.00306 1.57207 0.184 0.001 0.54348 0.18467 0.00252 1.36279 
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Table 5. Intra-day precision for lead dithizonate. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev Rsd mean std dev rsd mean std dev rsd 

10pb 0.142 0.002 1.623 0.1413 0.0006 0.4085 0.1613 0.0015 0.947 

50pb 0.148 0.001 0.676 0.1475 0.0021 1.43818 0.1757 0.0012 0.657 

75pb 0.163 0.002 1.227 0.149 0.0014 0.94914 0.1817 0.0021 1.146 

Table 6. Inter-day precision for bismuth dithizonate. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev rsd mean std dev rsd mean std dev rsd 

10Bi 0.16633 0.00058 0.3471 0.16233 0.00252 1.55027 0.16167 0.00208 1.28763 

25Bi 0.19567 0.00115 0.59014 0.18433 0.00208 1.12929 0.176 0.00173 0.98412 

75Bi 0.20133 0.00153 0.7587 0.20133 0.00153 0.7587 0.195 0.00173 0.88823 

Table 7. Intra-day precision for bismuth dithizonate. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev rsd mean std dev rsd mean std dev rsd 

10Bi 0.16233 0.00252 1.55027 0.16233 0.00115 0.71131 0.16367 0.00153 0.93331 

25Bi 0.18433 0.00208 1.12929 0.17933 0.00058 0.32194 0.18267 0.00252 1.37771 

75Bi 0.20133 0.00208 1.03394 0.193 0.002 1.03627 0.19333 0.00208 1.07672 

Table 8. Inter-day precision for arsenic dithizonate. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev rsd mean std dev rsd mean std dev rsd 

75 0.21467 0.00115 0.5379 0.213 0.00173 0.81317 0.216 0.002 0.92593 

100 0.217 0.001 0.46083 0.22667 0.00058 0.25471 0.22267 0.00252 1.13021 

125 0.24667 0.00153 0.61927 0.24467 0.00231 0.9439 0.244 0.001 0.40984 

Table 9. Intra-day precision for arsenic dithizonate. 

Concentration 
Day 1 Day 2 Day 3 

mean std dev rsd mean std dev rsd mean std dev rsd 

75 0.21967 0.00153 0.69538 0.21667 0.00208 0.96077 0.209 0.001 0.47847 

100 0.22367 0.00208 0.9307 0.24467 0.00306 1.24866 0.22033 0.00115 0.52407 

125 0.251 0.004 1.59363 0.247 0.003 1.21457 0.24567 0.00153 0.62179 

3.8. Robustness. 

The capacity of an analytical method to maintain its performance is its robustness; 

intentional changes to its parameters are known as its robustness. It is a crucial analytical 

method parameter since even little, inadvertent changes to the solvent composition, pH, or 

other parameters could occur with routine use and impair the method's effectiveness. It is 

anticipated that such a modification won't affect how well the analytical procedure works. As 

a result, a strong analytical approach is recommended.  

3.9. Application to real samples. 

20 herbal samples (weight loss herbal drugs) were procured randomly from both online 

and offline sources. These samples were then subjected to the simplified extraction procedure 

and analyzed using the proposed methodology. Out of them, 3 samples showed positive results 

for S2, S11, and S12 (Table 10), and single peaks were observed. The rest of the samples did 

not show any complexation, and no peaks were observed in the UV spectrum. This indicated 

that the method remains unaffected by any interferences, and dithizone did not react with any 

other component present in the drug. 
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Table 10. Screened samples and their absorption spectrum. 

Sample ID Absorption  Spectrum Inference 

S1 

 

No complexation 

observed 

S2 

 

Bismuth-dithizonate at 

515.5 nm 

S3 

 

No clear peak/ 

complexation was 

observed 

S4 

 

No clear peak/ 

complexation was 

observed 

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.300

0.290

0.280

0.270

0.260

0.250

0.240

0.230

0.220

0.210

0.200

0.190

0.180

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.270

0.260

0.250

0.240

0.230

0.220

0.210

0.200

0.190

0.180

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

0.040

Range 1 350 nm to 650 nm
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S5 

 

No clear peak/ 

complexation was 

observed 

S6 

 

No clear peak/ 

complexation was 

observed 

S7 

 

No clear peak/ 

complexation was 

observed 

S8 

 

No clear peak/ 

complexation was 

observed 

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.240

0.230

0.220

0.210

0.200

0.190

0.180

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

0.040

Range 1 350 nm to 650 nm

Absorbance Spectrum

Wavelength in nm

640620600580560540520500480460440420400380360

O
D

0.170

0.160

0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

Range 1 350 nm to 650 nm
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S9 

 

No clear peak/ 

complexation was 

observed 

S10 

 

No clear peak/ 

complexation was 

observed 

S11 

 

Lead dithizonate at 495 

nm 

S12 

 

Arsenic dithizonate at 520 

nm 
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