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Abstract

A simple method for the simultaneous determination of Cd and Pb in medicinal plants by differential pulse anodic stripping voltammetry,
using a hanging mercury drop electrode, was developed. The pre-concentration of the metals was performed imdi8@hakl=0.73 V
for 180 s. The sample preparation was carried out by dry-ashing 1.0 g of finely pulverized plant samples for 2.5@.aflB®determination
limit of the method was 0.12 and 0.010 mg#dor Pb and Cd, respectively. The method was applied to the quantification of cadmium and
lead in samples dflypericum perforatumMikania guace Mikania glomerateandPeamus boldusThe voltammetric method was shown to
be useful for the control of contaminants in medicinal plants.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [2]. Environment conditions in developing countries, pollu-
tion from irrigation water, the atmosphere and soil, steriliza-
Medicinal plants are consumed worldwide for the treat- tion methods and inadequate storage condit[8hsill play
ment of several diseases and are important raw materials foran important role in contamination of medicinal plants by
the pharmaceutical industry for the production of phytophar- heavy metals.
maceuticals. In recent decades the use of phytopharmaceuti- Ingestion of heavy metals through medicines and foods
cals and herbal medicines has increased worldwide, for sev-can cause accumulation in organisms, producing serious
eral reasons, among them, that side-effects are often lowerhealth hazards such as injury to the kidneys, symptoms of
than those presented when synthetic drugs are employed, ashronic toxicity, renal failure and liver damagg5]. Metals
well as due to the higher costs of many conventional phar- are probably the oldest toxins known to man.
maceutical formulationfl]. The World Health Organization (WHO) has established
As with other vegetation, medicinal plants are composed standards for the quality control of medicinal plants includ-
of many constituents and present great variability due to dif- ing the classification, botanical identification, determination
ferent growth, harvest, drying and storage conditions. Fur- of active principles and identification of contaminaf$.
thermore, they can be contaminated, as are other agriculturalThe WHO recommends qualitative and quantitative assays
products, by pesticides, heavy metals and microorganismsof heavy metals in phytotherapeutics, especially in raw ma-
terials of doubtful origin and plants produced by intensive
* Corresponding author. Tel.: +55 19 37883084; fax: +55 19 37883023. agricultural mea”{5,7]-
E-mail addressraths@igm.unicamp.br (S. Rath). Several analytical methods have been reported for
" Deceased. the quantitative determination of Pb and Cd in food,

0731-7085/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2004.11.049



710 M.C.V. Mamani et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 709-713

environmental and pharmaceutical matrices, including spec-duce the volume and then was cooled. The digested material

troscopic and electroanalytical methods. These methodswas filtered and diluted to 25 mL.

comprise atomic absorption spectromég8&y11], inductively

coupled plasma optical emission spectroscf], anodic 2.3. Voltammetric determination of Cd and Pb in

stripping voltammetry{13], cathodic stripping voltamme-  samples

try [14] and adsorptive voltammetrfd5]. The electroan-

alytical methods present high selectivity and excellent de- A volume of 10 mL of the sample solution from the sam-

tectability for the quantification of trace metals in complex ple preparation was transferred to the voltammetric cell. After

matrices. deaeration, Cd and Pb were determined by differential pulse
This paper describes the development of a simple methodanodic stripping voltammetry (DPASV), through the standard

using anodic stripping voltammetry for the simultaneous de- addition method. The voltammetric parameters comprise: de-

termination of Cd and Pb in medicinal plants. The proposed position potential—0.73V; deposition time, 180 s; stirring

method was applied to the determination of Cd and Pb in speed, 300 rpm; scan rate, 5 m*spulse amplitude, 50 mV

samples ofHypericum perforatumMikania guaco Mika- and pulse duration, 40 ms. The current—potential curves were
nia glomerataand Peamus boldysplants widely used in  registered in the potential intervals 60.54 to—0.29V and
Brazil. —0.73t0—0.54 YV, for Pb and Cd, respectively.

2.4. Instrumentation
2. Experimental
All voltammetric measurements were performed using a
2.1. Solutions and reagents Radiometer Copenhagen Polarograph, model POL 150, con-
nected to a Radiometer Copenhagen stand, model MDE 150.
The reference samples R1 (sample 100, Grass GR94—A hanging mercury drop electrode (HMDE) and a platinum
poaceagand R2 (sample 119, Rosa PlaRgse L) were fur- wire were used as working and counter electrodes, respec-
nished by the Agronomic Institute of Campinas (IAC) and tively. All potentials were recorded against an Ag/AgCl,
were from the Wageningen Evaluating Programmes for Ana- KClsg; reference electrode. Pure; Nvas bubbled through
lytical Laboratories (WEPAL), Plant Sample Exchange Pro- the sample solutions for 400 s before the measurements. The
gramme (PSEP) January—March, 2001. voltammetric cell was decontaminated in 6 mofLHNOs3.
All chemicals used were of analytical-reagent grade. All
solutions were prepared with water obtained from a Milli-
Q purification system. Heavy metal standard stock solutions 3. Results and discussion
(1000 mg L=1) of cadmium and lead were provided by TEC-

LAB (Sao Paulo, Brazil). Hydrochloric acid and ammonium citrate have been
widely recommended for the determination of several heavy
2.2. Sample preparation metals by anodic stripping voltamme{38-20] It was ver-
ified that in both supporting electrolytes, 0.10 mofLHCI
2.2.1. Sample preparation by dry-ashing and 0.10 mol £ (pH 3) ammonium citrate, the correspond-
Samples oH. perforatum M. guacq M. glomerataand ing peaks for Pb and Cd were well defined. However, the
P. bolduswere purchased from Homeopathic Pharmacies lo- current peak intensities for Pb and Cd were greater in the
cated in S0 Paulo, Brazil. HCI supporting electrolyte than with the citrate buffer, even

About 1.0g of powdered vegetal material was placed in after changing the pH of the ammonium citrate from 3 to
a porcelain crucible and mineralized in a muffle furnace for 5. In addition to the better detectability obtained with the
2.5hat500C. After cooling, the ashes were humidified with  HCI medium, this supporting electrolyte would be particu-
water, dissolved with 2 mL of 6 molt! HCl and the suspen-  larly convenient considering that, in sample preparation, this
sion was heated until complete evaporation of the liquids. The acid is employed to redissolve the residues obtained after
residue was dissolved in 5mL of 2.0 motL HCI, heated the digestion procedure. Changes in the HCI concentration
and filtered. The filtered residue was washed with 5mL of over the range of 0.010-1.0 motL did not affect the cur-
2.0mol L1 HCI. The combined filtrates were diluted with  rent intensity and the peak potentials of either peak. The cur-

water to 25mL. rent intensities increase with the deposition time between 60
and 240s and, for a solution containing 20 ngmlof Cd
2.2.2. Wet digestion with HN§IH,0O2 and Pb, no deviation from linearity was observed. A time

This treatment of the sample was based on the papers ofof 180 s was chosen, considering detectability and analytical
Mingorance et al[16] and Rodushkin et aJ17], with some frequency.
modifications. Finely powdered leaf samples (1.0 g) were di-  After establishing the optimized conditions for the quan-
gested in concentrated HN@10 mL) and 30% (v/v) HO, tification of cadmium and lead, the influence of the vege-
(1 mL) for 2h at 120C. The solution was evaporated to re- tal sample matrix on the voltammetric determination was
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1400 Table 1
| Validation parameters
1200 | Pb Cd
— Linear range (ng mt?) 0.10-50 0.25-20
1000 L Pb Linearity? 0.999 0.999
Sensitivity (NAmL ng1)P 4.59+0.05 9.8%+0.14
. Repeatability (% R.S.D., 2.14 0.28
5 - n=10) 20 ng m-2
= - Limit of detection fug kg~1)¢ 36 3
600 |- Limit of quantification 120 10
(rgkg™)°
400 | 2 Linearity is expressed by the correlation coefficient of the calibration
graph.
P ) i ) . ) ! ) ) ) ) ) i b Average value wi‘th a confidence interval of 95%.
-800 -700 -600 -500 -400 -300 -200 ¢ Plant sample weight=1.00g.
(a) E (mv) vs Ag/AgCI
dispenses the use of acids and, consequently, is more ade-
quate for routine analysis.
250 - Pb With the experimental conditions for the voltammetric
method established, the method was in-house validated for
200 | the Cd and Pb determination in medicinal plants using the fol-
lowing performance criteria: linearity and range, sensitivity,
150 |- precision (repeatability), limit of detection (LOD), limit of
T quantitation (LOQ) and accuracy. The results are presented
= gl in Table 1
The linearity, range and sensitivity were obtained from
5 cd a calibration graph with five concentration levels, with trip-
i . licate analysis, employing 0.80 mofi HCI as supporting
electrolyte and a deposition time of 180 s-at30 mV.
%00 700 w00 00 400 The repeatability of the method was evaluated through
(b) E (mV) vs Ag/AGC the relative standard deviation of replicate measurements of

a solution with a concentration of 20 ng mt (within-run
Fig. 1. Voltammograms for the determination of Cd and Pb in the ref- precision).
erence material R1 employing: (a) wet digestion—HNX@O,; (b) dry- The detection limit (LOD %k s;x/m) was calculated ac-
ashinginialmufﬂefurnace. Experimental conditions: Supporting electrolyte, cording to Miller and Miller[21], wherek=3, Syix is the
gi\r?g_”f HCL: ta, 180sity, 155 AR, —50mV andEq, —730mViv, residual standard deviation of the regression lineraigithe
' slope of the calibration graph. The quantitation limit (LOQ)
was calculated through the same equation as for the detection
evaluated. It is well known that the complete mineralization limit, however the value ok was taken as 10. Considering a
of the sample is the most important requirement for accurate sample of 1.0 g of the vegetal sample, the determination limit
voltammetric analysis. Thus, two sample mineralization pro- was 0.12 mg kg? for Pb and 0.010 mg kg for Cd.
cedures were evaluated: (i) wet digestion with HM@O, The accuracy of the method was evaluated by the deter-
and (ii) dry-ashing. For these studies the reference materialmination of Pb and Cd in two reference material samples
R1 was employed and the voltammograms for the two pro- (R1 and R2). The results obtained are presentékhbie 2
cesses are presentedHiy. 1 The mean values obtained by the proposed method and the
It was verified that, when the plant sample was submitted reference values for both samples do not differ significantly
to the wet digestion according to the procedure described in(P < 0.05).
Section2.2.2 the peaks corresponding to Cd and Pb are not  The validated voltammetric method was employed for
well defined in the voltammogranfrig. 1a) and the quanti-  the quantitation of Pb and Cd in the following medicinal
tation of these ions is not possible. This could be explained if plants:H. perforatumM. guacq M. glomerataandP. boldus
the organic matter was not completely destroyed under this All determinations were carried out by the standard addition
sample preparation procedure and some of these substancasethod. The results obtained in these heavy metal determi-
adsorb on the mercury surface during the pre-concentrationnations are summarized Trable 3
step. Employing the dry-ashing procedure these interferences The results indicate that the highest mean level of Pb
were not observed and the peaks for Cd and Pb were well(11.4 mgkg?) and Cd (1.08 mg kg') were found irH. per-
defined Fig. 1b). Furthermore, this procedure is simpler foratumsamples from Bulgaria and China, respectively. The
than the wet digestion, requires less sample manipulation,heavy metal content in plants depends on anthropogenic con-
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Table 2 Nevertheless, the estimated weekly intake of the metals,
Results of the voltammetric analysis of Pb and Cd in the samples of referenceconsidering the consumption of the therapeutic dose of the

R1and R2 medicinal herbs under study, did not exceed the provisional
Metals Refererllce value Determilned value using ASV tolerable weekly intake (PTWI) of 25g lead/kg body weight
(mgkg™) (mgkg™) [23] and 7ung cadmium/kg body weigh4], established by
s Xt/ (™ the Joint FAO/WHO Expert Committee on Food Additives
Cd 0.085+0.022 0.011 0.08+ 0.02 (JECFA). However, human exposure to lead and cadmium
0.120+0.01% 0.006 012+ 0.01 from the diet and drinking water can reach up to 60% of
Pb 1.259+ 0.343 0.156 1.2+ 0.2 X . ; ;
2 1264 0198 0.015 217+ 0.03 their res_pectlve ETWI in some regions and, cc_)nsequently,
s: Estimated standard deviatiom£5), X: average valuet: Student'st ,the possible contribution from medicinal herbs mightbecome
(P<0.05). important[25].
a Reference material R1. These results reinforce the need for harmonization of the
b Reference material R2. threshold limits of heavy metals in medicinal plants as well

as and the importance of quality control of these heavy metals
tributions, environmental factors and on the plant species. in phytotherapeutic formulations.

The H. perforatumsamples analyzed presented higher lev-

els of Pb and Cd than the boldusand Mykaniasamples.

The high Pb and Cd levels encountered in theperfora- 4. Conclusions

tumsamples corroborate with other studies that this plant is

a potent metal bioaccumulation species. The lowest levels of  pitferential pulse anodic stripping voltammetry was

these metals determined in samplesPobolduswere 0.27  ghown to be a suitable method for Pb and Cd determina-

and 0.007mg kg*, of Pb and Cd, respectively. . tion in medicinal plants. Sample preparation is an important
Comparing the results obtained in this research with re- step to be considered and dry-ashing was shown to be ade-

sults found in the literature, the lead concentration is near to quate for organic matter destruction prior to the voltammetric
that reported by Pluta et al. (10.02 mgy[8] for an extract determination of these heavy metals.

of medicinal plants from Poland. The values of Cd are about ¢ highest Pb and Cd levels were determined in a sample
three times the values reported by Abou-Arab ef4lland  of 4 perforatum results which corroborate with other stud-
Kim et al. [22] for medicinal plants cultivated in locations  jeg that this species is a potent metal bioaccumulator. The
without poIIutl_on. . . heavy metal content in medicinal plants could be due to an-
The establishment of the maximum tolerable limit for the - ,.on0genic sources or environmental factors, as well as to
heayy met_al cc_)ntent in medicinal plants has been the objecti,q plant species.
of discussion in the recent years. Some authors have sug-  The results obtained in this work reinforce the need of har-
gested the employment of the maximum limits established qnization of the tolerance limits of heavy metals in medic-
for food products, others recommend the guidelines of the jn4| plants in order to permit an adequate quality control of
Pharmacopoeias. The US Pharmacopoeia establishes a maxsytotherapeutics to assure safety and quality and indicate

imum limit of 0.005%, i.e. 50 mg kgl for Pbin medicinal  {he need for a systematic control of toxic heavy metals in
plants. The World Health Organization indicates that the con- adicinal plants.

tent in phytotherapeutic formulations should not exceed 10
and 0.3mgkg? for Pb and Cd, respectively. Considering
these recommendations, one sampléioperforatumana-
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Table 3
Results obtained in the determinations of Cd and Ph in some medicinal plants

Medicinal plant Origin ~ Content of Cd and Pb (mg®g X £t//n

cd Pb
H. perforatum Bulgaria  0.27+ 0.05 11+ 3 References

China 11+ 02 146+ 0.07
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M. guaco Braz?l 0.12+ 0.02 1.2+ 04 Manufacturing Practice and Inspection, vol. 2, WHO, Geneva, 1999.
M.glomerata Brazil  0.21+£0.04  0.43+0.04 [4] AAK. Abou-Arab, K.M. Soliman, M.E. El Tantawy, B.R. Ismail,
M. guaco Brazil  013+£0.02 05+£01 K. Naguid, Food Chem. 67 (1999) 357—363.

X: average valuen=5), t: Student'st (P<0.05),s: estimate of the standard [5] L.S. Goodman, A.G. Gilman, As Bases Farmagitas da
deviation,n: number of determinations. Terag@utica, eighth ed., Guanabara Koogan, Rio de Janeiro, 1990.
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