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Abstract 

A method was developed to analyse St John’s wort (Hypericum perforatum L.) herb and preparations 

using Inductively Coupled Plasma – Optical Emission Spectroscopy (ICP-OES) to determine the quantity 

of 11 elements (Al, B, Ba, Ca, Cu, Fe, Mg, Mn, Ni, Sr, and Zn). This study includes the evaluation of 

digestion acids and calibration methods, as well as instrumental parameters such as choice of 

nebuliser and emission wavelength. Two nebulisers (Conikal and SeaSpray) performed similarly for 

most elements and two optimum wavelengths were determined for each element. Five acids were 

evaluated for the digestion of the Polish Certified Reference Material Tea Leaves (INCT-TL-1) while 

three were taken forward to use for the different St John’s wort formulations (i.e., herb, capsule and 

tablet). A simple protocol using 5 ml HNO3 was sufficient in most cases, however variability was 

observed for elements often bound in silicates (e.g., Al, Fe, and Zn). An external weighted calibration 

was also found to be preferential over unweighted, and the use of standard addition affected some 

concentration values up to 20%. Therefore, this paper presents the development and optimised 

method parameters to be used with ICP-OES that will allow the analysis of 11 key elements present in 

St John’s wort herb and preparations.  
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Introduction 

Herbal medicines are becoming increasingly popular as an alternative to synthetic mainstream 

medicines. However, due to their complex nature adverse effects can be seen including interactions 

with other medications, allergic reactions and poisoning from metal contamination [1, 2]. Therefore, 

the characterisation of both molecular and elemental species in herbal material is important for 

quality control measures. More recently, the elemental profiling of herbs has shown promise as an 

additional tool for quality assessments [3]. For this type of work, the analysis of elements in herbs can 

be particularly challenging, as it is difficult to obtain homogenous and representative samples with 

minimal contamination. Thus, sample preparation and analysis methodology is essential to ensure 

data produced is a true representation of the herbal medicine.  

 

St John’s wort (SJW) is a popular medicinal plant utilised for the treatment of mild to moderate 

depression [4]. It is also known to be a metal accumulator of elements such as cadmium [5] and 

elements present in the growing medium such as nickel [6], lanthanum [7] or chromium [8] can affect 

the production of bioactive compounds. A variety of preparation techniques have been reported for 

the elemental analysis of SJW herb and preparations. Although acid digestion is the most common 

technique, other sample preparation parameters can vary drastically between studies. Some studies 

use one [9-12], two [13-19] or three [10, 11, 20] acids (e.g., HNO3, HCl, H2O2, HClO4 or HF) for the 

digestion of samples where the volumes and ratios used can vary considerably. The acid digestion 

approach also differs with studies utilising hotplate [12, 17, 18, 21], sand bath [22], autoclave [16], 

and microwave digestion [9, 15, 19, 20]; the latter being a quicker method and generally producing 

more consistent results. The presence of silica in SJW samples may also affect the elements recovered 

[23]. The majority of pre-existing SJW studies [13, 15, 22, 24-29] often focus on 5 elements or less, 

while Bu et al [20] monitored 12 and our recent investigations found 15 elements in SJW preparations 

[3]. Due to the lack of Certified Reference Materials (CRMs) available for SJW, a number of plant based 

CRMs have been reported for accuracy assessments including tomato leaves [18, 20, 30], peach leaves 

[20], spinach leaves [20], tea leaves [3, 9, 19, 31], mixed polish herbs [31], grass [32], and tobacco [26].  

In addition to sample preparation, the method of detection is also a key aspect for quantitative 

analysis of diverse elements in SJW to enable elemental profiling. Instruments such as Atomic 

Absorption Spectroscopy (AAS) and Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) [9-11, 

13-16, 18, 21, 22, 25, 26, 28, 29, 33-36] have been widely used, however the potential to form 

refectory compounds is higher and the calibration range is often limited to a dynamic range of order 

102-103 [37]. A smaller number of studies employed Hanging Mercury Drop Electrode (HMDE) [32], 
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Thin Mercury Film Electrode (TMFE) [17], Direct Mercury Analyser (DMA) [30] or Laser Ablation – 

Inductively Coupled Plasma – Mass Spectrometry (LA-ICP-MS) [20]. Other studies have used 

Inductively Coupled Plasma – Optical Emission Spectroscopy (ICP-OES) [11, 17, 18, 27, 38, 39] and 

Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) [9, 12, 19, 20, 24, 40] as ICP methods have 

been highlighted by the US pharmacopoeia [41] for element quantification in pharmaceutical-like 

substances due to the higher temperatures used (i.e., reduction of chemical interferences), low 

detection limits, a wide dynamic range (up to order 106) and simultaneous detection capabilities [37]. 

Although ICP-MS offers lower detection limits, ICP-OES can often be a more economical choice. The 

method of calibration is also important due to the trace levels often examined and complex matrix of 

SJW. In previous studies an external calibration method is usually indicated [10-15, 17-22, 27, 31, 35, 

42]. One study used standard addition for the analysis of Pb [14] and a small number of studies used 

an internal standard [12, 19, 20], often with ICP-MS. 

 

Due to the diversity of sample preparation and instrumental parameters reported in the literature 

thus far for the analysis of elements in SJW, it is necessary to evaluate systematically which methods 

will indeed be suitable for a large number of elements and diverse formulations for future applications 

(e.g., elemental profiling). Thus, this paper describes a systematic method development for 11 key 

elements (i.e., Al, B, Ba, Ca, Cu, Fe, Mg, Mn, Ni, Sr and Zn) present in SJW herb and preparations. 

Aspects of the sample preparation, ICP-OES parameters and calibration were investigated and 

optimised for the creation of elemental profiles. 

 

Method 

Materials  

All labware was acid washed overnight with 4M nitric acid and rinsed thoroughly with deionised water 

before use. Nitric acid 70 % (99.999 % trace metal basis), hydrochloric acid 37 % (99.999 % trace metal 

basis), hydrogen peroxide 35 % (for trace analysis) and ammonium fluoride (99.99 % trace metal basis) 

(Sigma-Aldrich) were used for acid digestion. Elemental stock solutions, 1000 ppm of Al, B, Ba, Mg, 

Mn, and Ni (Fisher), Ca, Cu, Fe, Sr and Zn (Merck), were used to prepare calibration standards. 

Millipore 0.22 μm syringe filters were used to filter the samples before analysis by ICP-OES. Polish 

Certified Reference Material (CRM) Tea Leaves (INCT-TL-1) was used in development and validation. 

Samples of Hypericum perforatum L. (St John’s wort, SJW) including raw herb, tablet and capsule, 

which used aerial plant parts such as flowers, leaves, and stems, were sourced from retail and internet 

suppliers (Table S1 in Supplementary Information).  
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ICP-OES Method Investigation for Multi-element Analysis of SJW 

Elemental analysis was carried out using a Varian 710-ES ICP-OES with SPS3 autosampler. Optimisation 

of the ICP-OES parameters were conducted as per the manufacturer’s recommendations [43]. A total 

of up to six wavelengths (Table 1) were compared for each element to examine their limit of detection 

(LOD) and identify any possible interference between elements in the multi-element standard. The 

two most suitable wavelengths were then selected. Following this, two nebuliser types were 

compared by evaluating the LODs; a Conikal nebuliser which is used for general elemental analyses 

and a SeaSpray nebuliser which is adapted to high salt content samples. A blank sample of 2 % HNO3 

was analysed 20 times on three separate days. The standard deviation of the 20 blank measurements 

was then calculated and the value was multiplied by 3 for LOD and by 10 for limit of quantification 

(LOQ). The LOD and LOQs were calculated for each day and a mean and standard deviation were 

calculated between the three days. Comparison of the nebulisers and resultant LODs was carried out 

by applying a comparison of means two-tailed t-test (95% confidence) in Excel. A calibration curve for 

each element was constructed using both an unweighted and weighted regression. The differences 

between the actual concentrations of the lowest three standards were compared to their calculated 

concentrations from either an unweighted or weighted regression line. The percentage error from the 

three lowest concentration standards was added cumulatively for comparison.  

 

Sample Preparation Investigations  

Comparison of Different Acids 

Acid digestion was carried out using a Mars Xpress microwave (CEM Corporation) with Teflon digestion 

vessels. A total of five digestion acid mixtures (AM) were used for the study based on those 

recommended by CEM, seen commonly in literature [12, 14, 16, 31, 34, 42, 44-52], or recommended 

by the British Pharmacopeia [53] for the digestion of plant material. The acid mixtures were AM 1 (5 

ml nitric acid), AM 2 (2 ml of water, 8 ml nitric acid and 2 ml hydrogen peroxide), AM 3 (2 ml of water, 

8 ml nitric acid, 2 ml hydrogen peroxide and 200 mg ammonium fluoride), AM 4 (2 ml of water, 8 ml 

nitric and 2 ml hydrochloric acid) and AM 5 (15 ml nitric acid). All five acids were evaluated for the 

digestion of the trace element CRM used for the study, Polish CRM Tea Leaves (INCT-TL-1). Acid 

mixtures 1-4 were then evaluated for the digestion of a SJW herb, tablet, and capsule (see 

Supplementary Information Table S1 for sample information for H1, C1, and T1). For all analyses, 

approximately 0.4 g of sample was digested with acid in triplicate using the following program: heat 

over 12 min to 160 ⁰C, hold for 2 min, heat to 175 ⁰C over 2 min, hold for 2 min and finally heat to 185 

⁰C over 2 min and hold for 15 min then allow to cool. The samples were then diluted 1:10 with 

deionised water, centrifuged at 9000 rpm for 45 min and syringe filtered (0.22 µm). The samples were 
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then analysed via ICP-OES. The effect of grinding in a pestle and mortar on transfer contamination was 

also investigated (presented in Supplementary Information). Comparison of AM 1 and 3 on SJW was 

carried out by applying a comparison of means two-tailed t-test (95% confidence) in Excel. 

Matrix effects 

Matrix effects of different preparations were evaluated using standard addition with a different SJW 

herb, tablet and capsule preparation (see Supplementary Information Table S1 for sample information 

for H2, C2, and T2. The samples were artificially enriched with 2.5 ppm for elements B, Ba, Ca, Cu, Mg, 

Ni, Sr, and Zn, 5 ppm Fe and Mn,  25 ppm for Al, 60 ppm Mg and 225 ppm Ca. Each element was added 

at concentrations at least five times the sample concentration [54]. The SJW test sample and one level 

of added analyte was used with repeated measurements (n=3) where the concentration was 

determined by extrapolating to the zero response using a linear regression. 

 

Results and Discussion 

ICP-OES Method Investigations for Multi-element Analysis of SJW 

For each of the 11 elements, up to six emission wavelengths were inspected and two selected which 

had relatively low LODs and were free of spectral interferences (Table 1). Two wavelengths were 

monitored per element in case of spectral interferences arising from a particular sample, however less 

sensitive emission lines were used for Ca (370.602 and 422.73 nm) and Mg (278.142 nm) for 

concentrations higher than 20 and 10 ppm, respectively. Comparison of LODs for the two nebuliser 

types showed no significant difference between most elements (Table 2), however the SeaSpray had 

statistically significant (p<0.05 t test) lower LODs for Mn and Zn. The SeaSpray nebuliser is also 

designed for high salt content samples, thus a good choice for analysis of herbal formulations and was 

used for the following experiments. Calibration curves for the 11 elements were constructed using 

both an unweighted and weighted regression. As many elements are present at trace level in SJW, the 

three lowest calibration points were evaluated for their accuracy. The results (Table 3) show that for 

the majority of elements, the weighted regression line had less error at low concentrations in 

comparison to an unweighted regression. For example, with a weighted regression Al, Ba, Mn, and Sr 

had cumulative uncertainties of 10, 11, 4 and 10 %, whereas with an unweighted regression these 

values were 36, 25, 18, and 46 %, respectively. Unweighted regression lines will often be dominated 

by the higher concentrations whereas in weighted regression the calibration line passes more closely 

by the lower concentration data points. Therefore a weighted calibration was deemed appropriate 

when analysing these 11 elements for SJW samples.       
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Sample Preparation Optimisation  

Comparison of Different Acids 

Due to the dearth of appropriate CRMs for SJW herbal material, the Polish CRM (INCT-TL-1), tea leaves, 

was chosen based on its physical similarity to SJW (i.e., leaves and stem), the elements selected for 

certification and correlation to prevalence in SJW samples, and its relative affordability [3, 9, 31]. The 

suitability of using the CRM was investigated by first determining the recovery for the certified 

elements using a range of acids. All digested tea leaves were visually clear indicating good digestion. 

The concentrations obtained with each acid were compared to the certified values (Figure S1 

Supplementary Information) and showed very similar results across the five acid solutions where 

recovery values for most elements were above 80 %, a typical requirement for recovery studies [41]. 

The most notable difference was when using AM 3, where the mean B concentration was 3x higher 

than certified values with poor reproducibility; this is likely due to the HF produced causing leaching 

of B from glassware. The use of a HF producing digestion acid for the CRM was unnecessary as the 

other four acids performed similarly for the remaining elements, however this will be reviewed for 

SJW. Also, the use of 10 ml additional HNO3, when comparing AM 1 and 5, did not seem necessary for 

the amount of substance evaluated (ca., 0.4 g) as no marked improvements in concentration resulted. 

For these reasons, AM 1, 2, and 4 were deemed suitable acids for the CRM digestion. Although the 

CRM was certified for 11 elements, we have previously reported on the use of spiked addition for 

adding additional elements of interest [3]. 

 

As mentioned above, it was of interest to initially investigate the effect of an HF producing acid on the 

digestion of silicates present in SJW as this may be different to the CRM. A SJW herb sample was 

digested using AM 1 and 3 and the elemental concentrations compared. Results showed that the 

majority of elements were consistent between the two acids with no significant difference (p<0.05 t 

test) with the exception of Al, B and Fe, which increased 104, 28, and 27 %, respectively, using AM 3. 

Therefore, the presence of silicates with associated elements seems greater in the SJW herb than in 

the CRM selected for the study. Gomez et al. [10, 11] reported using five drops of HF in order to digest 

silica salts in SJW samples before analysis. Although concentration increases were seen for Al, B and 

Fe, the use of HF is often avoided due to the potential risk to glass components and health. Therefore, 

depending on the nature of the study and if the silicate composition is desired, the use of other acids 

may be sufficient for further analysis. 

 

In order to investigate the effect of AM 1, 2, and 4 on the digestion of SJW, the element concentrations 

of a herb, capsule and tablet were compared (Table 4). Initially, when comparing the elemental 
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composition of the SJW formulations, there are notable differences between the formulations 

reflecting the composition. For example, the tablet formulation contains ground herb while the 

capsule contains SJW extract. Thus, many of the element concentrations are similar for the herb and 

tablet, while some of the elements (i.e., Al, Ba, Ca, and Fe) are an order(s) of magnitude lower for the 

capsule. Although the use of an herbal extract can decrease the element concentration from the herb 

source, the addition of excipients is an external source of elements. This can be seen for the Mg 

concentration in the capsule which is comparable to that of the herb and tablet as magnesium stearate 

was an added excipient for the particular capsule evaluated. A more comprehensive discussion of 

these differences between formulations is presented in a recent study.[3] Due to these differences in 

the plant material and added excipients, it was of interest to investigate the digestion of these 

different formulations with a range of acid mixtures. When comparing the efficacy of the different 

acid solutions for digestion of a herb, capsule and tablet, the concentrations were within 20 % or less 

when comparing across the AMs for each formulation. Greater than 20 % concentration variation 

across the AMs was consistently observed for Al, Fe and Zn, which again may be attributed to the 

silicates present and the degree of digestion [10, 11]. Interestingly, these results indicated that the 

use of AM 1 increased the recovery of Al, Fe, and Zn, up to 50 %, and on occasion for Ca (capsule) and 

Cu (herb). This may be due to the final acid digestion concentration of HNO3 as the HNO3 concentration 

is diluted when adding additional modifiers for AM 2 and 4. Therefore, the results suggest that conc. 

HNO3 with no additional modifier is a suitable acid for digestion of SJW herb, capsules and tablet 

formulations. 

 

i. Matrix effects 

Due to the range of SJW preparations available, the effect of the matrix on the concentration of 

elements was evaluated using standard addition on second set of comparable SJW samples. The 

elemental concentrations determined using standard additional were compared to those determined 

by external weighted calibration. The results (Table 5) show that for the SJW herb, capsule and tablet, 

the weighed calibration results are, on average, within 13, 20 and 22 %, respectively, of the standard 

addition results. The US pharmacopoeia states recoveries of ± 20 % are acceptable for elements in 

pharmaceuticals [41]. Overall the standard addition results are higher than those observed for the 

external calibration, therefore this indicates that SJW samples do display matrix effects and in 

particular the processed preparations. However, the use of standard addition can be time consuming 

and requires additional sample, thus this would need to be carefully considered when choosing a 

calibration method for the quantification of elements in SJW preparations.  
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Conclusions 

In this paper a number of method parameters were evaluated for the accurate determination of 11 

elements in SJW herb and preparations using ICP-OES. For a multi-element determination of SJW 

formulations, a SeaSpray nebuliser is recommended due its ability to deal with high salt content 

without compromising LODs. For Ca and Mg, less sensitive emission lines are often necessary as 

these elements can be present in SJW samples in elevated concentrations. Also the use of a 

weighted calibration was found to be suitable for the majority of elements investigated at trace 

level. Although a number of acids were investigated, the use of HNO3 was suitable in most cases for 

the digestion of both the CRM and SJW preparations, indicating the selected CRM is an appropriate 

choice for multi-element detection in SJW preparations. However, there is an indication that HF will 

be needed if full digestion of silicates in SJW is desired, which may impact levels of Al, Fe, and Zn. 

The use of standard addition also suggested the matrix may affect concentration levels in SJW 

preparations up to 20 %.  Thus, a number of method parameters have been recommended for 

evaluation of elemental profiles for SJW herb and preparations. 
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Tables  

 

Table 1. Wavelengths examined for each element for limits of detection  

(LOD) comparison.  

Element Wavelength (nm) 

Al 237.312 257.509 394.4011 236.705 308.215 396.1521 

B 182.577 208.889 208.956 249.6781 249.7721 -2 

Ba 233.527 455.4031 493.4081 585.367 614.171 -2 

Ca 315.887 317.933 370.6021 393.366 396.8471 422.673 

Cu 213.598 224.700 324.7541 222.778 223.009 327.3961 

Fe 234.350 238.2041 239.563 259.9401 260.709 261.187 

Mg 279.0781 279.5531 279.800 280.270 285.213 383.829 

Mn 257.6101 259.3721 279.482 260.568 293.931 -2 

Ni 221.6481 222.295 232.138 216.555 230.299 231.6041 

Sr 215.283 421.5521 460.733 216.597 338.071 407.7711 

Zn 206.200 334.502 472.215 202.548 213.8571 330.258 

1wavelengths selected for analytical use. 
2 instrument only had 5 wavelength options for these elements. 
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Table 2. Limits of detection (LOD) comparison for SeaSpray and Conikal nebulisers using selected 

wavelengths.  

  Limit of Detection (ppb)1,2 

Element Wavelength (nm) SeaSpray  ±1SD Conikal ±1SD 

Al 396.152 5.1 0.5 5.1 0.4 

B 249.772 7 2 9 1 

Ba 455.403 0.21 0.03 0.17 0.01 

Ca 396.847 1.9 0.1 1.2 0.6 

Cu 327.395 4.5 0.7 5 1 

Fe 238.204 1.2 0.1 1.6 0.3 

Mg 279.553 0.24 0.05 0.15 0.04 

Mn3 257.61 0.23 0.01 0.28 0.01 

Ni 231.604 3.4 0.6 4 1 

Sr 407.771 0.06 0.01 0.06 0.01 

Zn3 213.857 0.63 0.03 1.1 0.1 
1 LOD = SD X 3; SD calculated from 20 replicate measurements on a single day.     
2 LODs reported are AVE  1SD calculated from three separate days (n=3).  
3significant difference (p<0.05 t test) between nebulisers.   



Page 12 of 17 
 
 

Table 3. Comparison of calibration error between weighted and non-weighted regression lines 

  Total Cumulative Error %1 

Element Wavelength (nm) Weighted Non-weighted 

Al 396.152  10 36 

B 249.772  28 13 

Ba 455.403  11 25 

Ca 370.602  14 26 

Cu 327.395  2 3 

Fe 238.204  26 23 

Mg 278.142  34 37 

Mn 257.610  4 18 

Ni 231.604  3 4 

Sr 407.771  10 46 

Zn 213.857  87 42 
1 Cumulative (out of 300%) for the three lowest concentration standards above the LOQ  

  



Page 13 of 17 
 
 

Table 4. Elemental Concentrations in SJW herb, capsule and tablet after microwave digestion using 

acid mixture 1, 2, and 4.1 

1AM refers to acid mixture  

Element AM	1 AM	2 AM	4 AM	1 AM	2 AM	4 AM	1 AM	2 AM	4

Al 72	±	9 103	±	1 89	±	8 4.9	±	0.4 5.6	±	0.8 4.7	±	0.7 61	±	6 84.4	±	0.4 90	±	5

B 23.8	±	0.2 23	±	2 21.6	±	0.5 15.6	±	0.3 12.2	±	0.6 14	±	1 37	±	2 38.3	±	0.1 40	±	2

Ba 15.8	±	0.1 14.0	±	0.3 14.7	±	0.3 0.40	±	0.04 0.26	±	0.04 0.18	±	0.03 5.7	±	0.3 5.9	±	0.4 5.7	±	0.1

Ca 4160	±	30 3740	±	30 3950	±	60 1012	±	9 500	±	30 404	±	4 5660	±	40 5260±	60 5500	±	200

Cu 11.6	±	0.2 9.6	±	0.7 4.3	±	0.2 12.6	±	0.7 11.9	±	0.2 11.6	±	0.2 9.3	±	0.3 8.0	±	0.1 8.0	±	0.5

Fe 110	±	20 56	±	2 61	±	6 19	±	1 9.2	±	0.5 8.2	±	0.3 500	±	80 242	±	9 270	±	30

Mg 1467	±	9 1230	±	20 1270	±	10 1780	±	20 1830	±	80 1760	±	20 1660	±	30 1790	±	30 1740	±	70

Mn 82.8	±	0.3 78	±	1 79.8	±	0.8 16.3	±	0.4 16.0	±	0.4 15.7	±	0.3 84.5	±	0.6 84	±	1 84	±	3

Ni 3.03	±	0.08 2.70	±	0.07 3.2	±	0.4 2.30	±	0.08 1.43	±	0.07 1.28	±	0.05 3.2	±	0.6 3.7	±	0.1 3.7	±	0.2

Sr 17.74	±	0.07 15.9	±	0.3 16.5	±	0.1 1.16	±	0.04 0.78	±	0.04 0.69	±	0.05 9.3	±	0.1 8.5	±	0.1 9.0	±	0.2

Zn 33.4	±	0.5 26	±	4 47	±	1 46	±	3 26	±	1 26	±	1 36	±	1 24.4	±	0.2 21.8	±	0.6

Capsule	(μg/g	±1SD) Tablet	(μg/g	±1SD)Herb	(μg/g	±1SD)
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Table 5. Comparison of SJW element concentrations using an external calibration and standard 

addition.   

Standard addition (μg/g ± 1SD)1 Weighted calibration (μg/g ± 1SD)1 

Elemen

t Herb Capsule  Tablet Herb  Capsule  Tablet 

Al 188 ± 2 61 ± 6 28.5 ± 0.4 170 ± 30 51 ± 1 24.4 ± 0.4 

B 35.4 ± 0.3 22 ± 2 23.1 ± 0.4 29 ± 1 17 ± 1 15.6 ± 0.5 

Ba 11.0 ± 0.1 0.62 ± 0.06 0.91 ± 0.01 9.6 ± 0.4 0.44 ± 0.05 0.78 ± 0.09 

Ca 6190 ± 60 94000 ± 8000 -2 6000 ± 100 87000 ± 2000 -2 

Cu 7.65 ± 0.07 16 ± 1 9.66 ± 0.06 6.9 ± 0.4 14.6 ± 0.6 10.4 ± 0.2 

Fe 168 ± 2 91 ± 8 -2 160 ± 30 78 ± 1 -2 

Mg 1730 ± 20 93 ± 8 -2 1510 ± 70 60 ± 10 -2 

Mn 124 ± 1 12 ± 1 16.0 ± 0.2 115 ± 3 10.9 ± 0.2 15.4 ± 0.2 

Ni 1.66 ± 0.02 2.2 ± 0.2 1.84 ± 0.03 1.30 ± 0.04 1.65 ± 0.09 1.50 ± 0.02 

Sr 21.7 ± 0.2 28 ± 2 6.5 ± 0.1 17.80 ± 0.04 21.8 ± 0.5 5.64 ± 0.04 

Zn 31.1 ± 0.3 44 ± 4 31.5 ± 0.5 25.0 ± 0.6 35 ± 1 25.1 ± 0.6 
1 ±1SD = ±1 standard deviation 
2outside calibration range   



Page 15 of 17 
 
 

References  

1. Ernst, E., Risks of herbal medicinal products. Pharmacoepidemiology and Drug Safety 2004, 13, 
(11), 767-771. 

2. Deng, J. F., Clinical and laboratory investigations in herbal poisonings. Toxicology 2002, 181-182, 
571-576. 

3. Owen, J. D.; Kirton, S. B.; Evans, S. J.; Stair, J. L., Elemental fingerprinting of Hypericum 
perforatum (St John's Wort) herb and preparations using ICP-OES and chemometrics. Journal of 
Pharmaceutical and Biomedical Analysis 2016, 125, 15-21. 

4. Brattström, A., Long-term effects of St. John's wort (Hypericum perforatum) treatment: A 1-year 
safety study in mild to moderate depression. Phytomedicine 2009, 16, (4), 277-283. 

5. Gardea-Torresdey, J. L.; Peralta-Videa, J. R.; de la Rosa, G.; Parsons, J. G., Phytoremediation of 
heavy metals and study of the metal coordination by X-ray absorption spectroscopy. 
Coordination Chemistry Reviews 2005, 249, (17-18), 1797-1810. 

6. Murch, S. J.; Haq, K.; Rupasinghe, H. P. V.; Saxena, P. K., Nickel contamination affects growth and 
secondary metabolite composition of St. John's wort (Hypericum perforatum L.). Environmental 
and Experimental Botany 2003, 49, (3), 251-257. 

7. Babula, P.; Klejdus, B. i.; Kovacik, J.; Hedbavny, J.; Hlavna, M. n., Lanthanum rather than 
cadmium induces oxidative stress and metabolite changes in Hypericum perforatum. Journal of 
Hazardous Materials 2015, 286, 334-342. 

8. Tirillini, B.; Ricci, A.; Pintore, G.; Chessa, M.; Sighinolfi, S., Induction of hypericins in Hypericum 
perforatum in response to chromium. Fitoterapia 2006, 77, (3), 164-170. 

9. Kalny, P.; Wyderska, S.; FijaÅ‚ek, Z.; WroczyÅ„ski, P., Determination of selected elements in 
different pharmaceutical forms of some polish herbal medicinal products. Acta Poloniae 
Pharmaceutica - Drug Research 2012, 69, (2), 279-283. 

10. Gomez, M. R.; Cerutti, S.; Olsina, R. A.; Silva, M. F.; Martínez, L. D., Metal content monitoring in 
Hypericum perforatum pharmaceutical derivatives by atomic absorption and emission 
spectrometry. Journal of Pharmaceutical and Biomedical Analysis 2004, 34, (3), 569-576. 

11. Gomez, M. R.; Cerutti, S.; Sombra, L. L.; Silva, M. F.; Martínez, L. D., Determination of heavy 
metals for the quality control in argentinian herbal medicines by ETAAS and ICP-OES. Food and 
Chemical Toxicology 2007, 45, (6), 1060-1064. 

12. Raman, P.; Patino, L. C.; Nair, M. G., Evaluation of Metal and Microbial Contamination in 
Botanical Supplements. Journal of Agricultural and Food Chemistry 2004, 52, (26), 7822-7827. 

13. Chizzola, R.; Lukas, B., Variability Of The Cadmium Content In HypericumSpecies Collected In 
Eastern Austria. Water, Air, & Soil Pollution 2005, 170, (1), 331-343. 

14. Chizzola, R.; Michitsch, H.; Franz, C., Monitoring of metallic micronutrients and heavy metals in 
herbs, spices and medicinal plants from Austria. European Food Research and Technology 2003, 
216, (5), 407-411. 

15. Konieczyński P.; Wesołowski M., Determination of Zinc, Iron, Nitrogen and Phosphorus in Several 
Botanical Species of Medicinal Plants. Polish Journal of Environmental Studies 2007, 16, (5), 785-
790. 

16. Moreno-Jiménez, E.; Peñalosa, J. M.; Manzano, R.; Carpena-Ruiz, R. O.; Gamarra, R.; Esteban, E., 
Heavy metals distribution in soils surrounding an abandoned mine in NW Madrid (Spain) and 
their transference to wild flora. Journal of Hazardous Materials 2009, 162, (2-3), 854-859. 

17. Palchetti, I.; Mascini, M.; Minunni, M.; Bilia, A. R.; Vincieri, F. F., Disposable electrochemical 
sensor for rapid determination of heavy metals in herbal drugs. Journal of Pharmaceutical and 
Biomedical Analysis 2003, 32, (2), 251-256. 

18. Razic, S.; Onjia, A.; Ðogo, S.; Slavkovic, L.; Popovic, A., Determination of metal content in some 
herbal drugs--Empirical and chemometric approach. Talanta 2005, 67, (1), 233-239. 

19. Tokalioglu, S., Determination of trace elements in commonly consumed medicinal herbs by ICP-
MS and multivariate analysis. Food Chemistry 2012, 134, (4), 2504-2508. 



Page 16 of 17 
 
 

20. Bu, K.; Cizdziel, J. V.; Reidy, L., Analysis of herbal supplements for selected dietary minerals and 
trace elements by laser ablation- and solution-based ICPMS. Microchemical Journal 2012, (0). 

21. Naeem, S.; Mubeen, H.; Saddiqe, Z., Characterization of Heavy Metals in Extracts of Hypericum 
Medicinal Plant by Flame Atomic Absorption Spectrometry. Asian Journal of Chemistry 2010, 22, 
(6), 4387-4392. 

22. Djukić-Ćosić, D.; Stanojević, A.; Djekić-Ivanković, M.; Ćurčić, M.; Plamenac-Bulat, Z.; Antonijević, 
B.; Matović, V., Cadmium content in Hypericum perforatum L. and thymus serpyllum L. from 
localities of the mountains Rtanj and Ozren. Vojnosanitetski pregled. Military-medical and 
pharmaceutical review (Vojnosanit Pregl) 2011, 68, (11), 930-934. 

23. Sucharová, J.; Suchara, I., Determination of 36 elements in plant reference materials with 
different Si contents by inductively coupled plasma mass spectrometry: Comparison of 
microwave digestions assisted by three types of digestion mixtures. Analytica Chimica Acta 
2006, 576, (2), 163-176. 

24. Falco, G.; Gomez-Catalan, J.; Llobet, J. M.; Domingo, J. L., Contribution of medicinal plants to the 
daily intake of various toxic elements in Catalonia, Spain. Trace Elements and Electrolytes 2003, 
20, (2), 120-124. 

25. Konieczynski, P.; Wesolowski, M., Water-extractable magnesium, manganese and copper in 
leaves and herbs of medicinal plants. Acta Poloniae Pharmaceutica - Drug Research 2012, 69, (1), 
33-39. 

26. Konieczynski, P.; Wesolowski, M.; Radecka, I.; Rafalski, P., Bioavailable inorganic forms of 
essential elements in medicinal plants from Northern Poland. Chemical Speciation and 
Bioavailability 2011, 23, (2), 61-70. 

27. Ozkutlu, F.; Sekeroglu, N.; Koca, U.; Yazici, G., Selenium concentrations of selected medicinal and 
aromatic plants in Turkey. Natural Product Communications 2011, 6, (10), 1469-1472. 

28. Suliburska, J.; Kaczmarek, K., Herbal infusions as a source of calcium, magnesium, iron, zinc and 
copper in human nutrition. International Journal of Food Sciences and Nutrition 2012, 63, (2), 
194-198. 

29. Oledzka, R.; Szyszkowska, E., Determination of the content of some elements in selected species 
of herbs and herb infusions. BROMATOLOGIA I CHEMIA TOKSYKOLOGICZNA 2000, 33, (4), 311-
316. 

30. Levine, K. E.; Levine, M. A.; Weber, F. X.; Hu, Y.; Perlmutter, J.; Grohse, P. M., Determination of 
mercury in an assortment of dietary supplements using an inexpensive combustion atomic 
absorption spectrometry technique. Journal of Automated Methods & Management in 
Chemistry 2005, (4), 211-216. 

31. Kalny, P.; Fijalek, Z.; Daszczuk, A.; Ostapczuk, P., Determination of selected microelements in 
polish herbs and their infusions. Science of The Total Environment 2007, 381, (1-3), 99-104. 

32. Mamani, M. C. V.; Aleixo, L. M.; Abreu, M. F. d.; Rath, S., Simultaneous determination of 
cadmium and lead in medicinal plants by anodic stripping voltammetry. Journal of 
Pharmaceutical and Biomedical Analysis 2005, 37, (4), 709-713. 

33. Helmja, K.; Vaher, M.; Puessa, T.; Orav, A.; Viitak, A.; Levandi, T.; Kaljurand, M., Variation in the 
composition of the essential oils, phenolic compounds and mineral elements of Hypericum 
perforatum L. growing in Estonia. Natural Product Research 2011, 25, (5), 496-510. 

34. Kadioglu, I.; Mendil, D.; Sari, H.; Hasdemir, E., Determination of heavy metal levels in some 
weeds collected from Tokat, Turkey. Asian Journal of Chemistry 2005, 17, (1), 564-568. 

35. Radanovic, D.; Antic-Mladenovic, S.; Jakovljevic, M., Influence of some soil characteristics on 
heavy metal content in Hypericum perforatum L. and Achillea millefolium L. In Proceedings of 
the International Conference on Medicinal and Aromatic Plants Possibilities and Limitations of 
Medicinal and Aromatic Plant Production in the 21st Century, International Society Horticultural 
Science: Leuven 1, 2002; pp 295-301. 



Page 17 of 17 
 
 

36. Hussain, J.; Bahader, A.; Ullah, F.; Rehman, N. U.; Khan, A. L.; Ullah, W.; Shinwari, Z. K., Proximate 
and Nutrient Analysis of the Locally Manufactured Herbal Medicines and its Raw Material. 
Journal of American Science 2010, 6, (5), 91-96. 

37. Thermo Elemental. AAS, GFAAS, ICP or ICP-MS? Which technique should I use? Periodical 
[Online], 2001. 
https://www.researchgate.net/file.PostFileLoader.html?id=536d29c3d3df3e447c8b45a2&assetK
ey=AS:273531932217348@1442226502426 (accessed 27/10/2016). 

38. Jurca, T.; Marian, E.; Vicas, L.; Gatea, D., Simultaneous determination of metals in hypericum 
perforatum L. by ICP-OES. Revista de Chimie 2011, 62, (12), 1154-1156. 

39. Yi, X. P.; Liu, J. P.; Li, G., [Determination of elements of hypericum perforatum L. in Xinjiang by 
microwave digestion-ICP-AES]. Guang Pu Xue Yu Guang Pu Fen Xi 2004, 24, (7), 890-2. 

40. Falco, G.; Llobet, J. M.; Zareba, S.; Krzysiak, K.; Domingo, J. L., Risk assessment of trace elements 
intake through natural remedies in Poland. Trace Elements and Electrolytes 2005, 22, (3), 222-
226. 

41. US Pharmacopoeia, General Chapter on Inorganic Impurities: Heavy Metals. In USP Ad Hoc 
Advisory Panel, Ed. US Pharmacopoeia: 2008. 

42. Arceusz, A.; Radecka, I.; Wesolowski, M., Identification of diversity in elements content in 
medicinal plants belonging to different plant families. Food Chemistry 2010, 120, (1), 52-58. 

43. Greenberg, H.; Varian inc, Varian ICP-OES Training Course Manual. In 1999. 
44. Kara, D., Evaluation of trace metal concentrations in some herbs and herbal teas by principal 

component analysis. Food Chemistry 2009, 114, (1), 347-354. 
45. SucharovÃ¡, J.; Suchara, I., Determination of 36 elements in plant reference materials with 

different Si contents by inductively coupled plasma mass spectrometry: Comparison of 
microwave digestions assisted by three types of digestion mixtures. Analytica Chimica Acta 
2006, 576, (2), 163-176. 

46. Cao, H.; Jiang, Y.; Chen, J.; Zhang, H.; Huang, W.; Li, L.; Zhang, W., Arsenic accumulation in 
Scutellaria baicalensis Georgi and its effects on plant growth and pharmaceutical components. 
Journal of Hazardous Materials 2009, 171, (1-3), 508-513. 

47. Lesniewicz, A.; Jaworska, K.; Zyrnicki, W., Macro- and micro-nutrients and their bioavailability in 
polish herbal medicaments. Food Chemistry 2006, 99, (4), 670-679. 

48. Tumir, H.; Bosnir, J.; Vedrina-Dragojevic, I.; Dragun, Z.; Tomic, S.; Puntaric, D.; Jurak, G., 
Monitoring of metal and metalloid content in dietary supplements on the Croatian market. Food 
Control 2010, 21, (6), 885-889. 

49. Ang, H. H., Lead contamination in Eugenia dyeriana herbal preparations from different 
commercial sources in Malaysia. Food and Chemical Toxicology 2008, 46, (6), 1969-1975. 

50. Ang, H. H.; Lee, K. L., Contamination of mercury in tongkat Ali hitam herbal preparations. Food 
and Chemical Toxicology 2006, 44, (8), 1245-1250. 

51. Moreda-Piñeiro, A.; Fisher, A.; Hill, S. J., The classification of tea according to region of origin 
using pattern recognition techniques and trace metal data. Journal of Food Composition and 
Analysis 2003, 16, (2), 195-211. 

52. Caldas, E. D.; Machado, L. L., Cadmium, mercury and lead in medicinal herbs in Brazil. Food and 
Chemical Toxicology 2004, 42, (4), 599-603. 

53. MHRA British Pharmacopoeia online. 
http://www.pharmacopoeia.co.uk/bp2011/ixbin/bp.cgi?id=1003&a=display&a=display#WIXLINK
p2p04216 (01/03/2011),  

54. Thompson, M., Standard additions: myth and reality. In 37 ed.; Analytical Methods Committee, 
Ed. RSC: 2009. 

 
 

http://www.pharmacopoeia.co.uk/bp2011/ixbin/bp.cgi?id=1003&a=display&a=display#WIXLINKp2p04216
http://www.pharmacopoeia.co.uk/bp2011/ixbin/bp.cgi?id=1003&a=display&a=display#WIXLINKp2p04216

