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ABSTRACT 

Sampling and sample preparation methods have 
been described. Digestion methods for different types 
of materials have been developed. Acid purification 
systems have been developed. For trace analysis 
purposes cleaning methods for glassware etc. have 
been described. Differential pulse anodic stripping 
voltammetric (DPASV) method has been worked out for 
the trace analysis of Zn, Cd, Pb and Cu in different 
types of materials. Linearity of the method has 
been checked by drawing concentration versus currents 
(peak height) and deposition times versus currents 
(peak height) curves. Precision of the method has 
been checked by analysing a number of actual samples. 
Accuracy of the method has been verified by analysing 
standard reference materials cf the National Bureau 
of standards of U.S.A. Comparative studies have been 
done between Differential pulse anodic stripping 
voltammetric method and Atomic Absorption Spectro
scopic method. Problems of contamination and 
systematic errors during trace and ultra-trace 
analysis have been discussed. A variety of samples 
including soil, spinach, wheat flour, rice flour, 
dry milk, corriander, kidney stones, blader stones 
etc. have been analysed and preliminary results have 
been reported. 



1. INTRODUCTION 

There is a rapidly increasing interest in analytical data 
at trace levels in material science, solid state physics, life 
sciences, pollution control and many other fields of technological 
developments . Those elements which are toxic for human health 
and also hinder high technology materials development at trace 
levels are very important. Lead and cadmium are typical elements 
which are very toxic elements even at trace and ultra-trace 

(2-4) levels' and are also poisons for nuclear fuel even at trace 
levels . Moreover cadmium increases corrosion if present in 
the reactor water in traces. Copper is an essential element for 
human health but becomes toxic above certain threshold levels '. 
Trace analysis of copper in nuclear fuel is also required and it 
also increases corrosion if present in the reactor water. Zinc 
is an essential element for human health' and its analysis for 
quality control purposes is also very important. Thus the trace 
analysis of these elements is highly desirable. 

Analysis at the trace and ultra-trace level poses special 
problems. This fact finds reflection in the results of inter-
laboratory comparative analyses that frequently show scatter by 
a few orders of magnitude1 Analytical methods may involve a 
number of systematic errors, which are by no means easy to 
recognize and to reduce. The avoidance of these systematic errors 
requires a great effort' ' . Trace and ultra-trace analysis 
requires controlled and contamination free conditions to get 

(12 13) reliable datâ " ' '. There is a considerable choice of instrumental 
methods for trace analysis* ' . Direct instrumental multi
element procedures, e.g. optical emission spectroscopy (OES), 
X-ray fluorescence spectrometry (XRFS) instrumental neutron 
activation analysis (INAA) or solids spark source mass spectrometry 
(SSMS) at first sight seem to be also the optimal methods for 
extreme trace analysis, because they require only little sample 
preparation, thus avoiding contamination and other interferences 
by the chemical creatment of the sample. The direct instrumental 
procedures are insufficiently sensitive and suffer from the lack 
of suitable reference materials which are necessary for calibration 
and to overcome the very complex interferences inherent in the 
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excitation of the analysis signals. Thus one has to also consider 
(give priority to) other methods, consisting of decomposition 
preconcentration and determination, which are easy to calibrate 
by aqueous standard solutions. Methods with determination 
capabilities in the lower trace range below 100 ng/g are compared 
in the literature ' '. Digestion systems has also been described 

(18 19) in the literature ' for the decomposition of solid substances 
into solution form. Due to non-availability of commercial systems, 
some simple digestion systems were developed and used here. 

At very low levels the most frequently used methods are 
atomic absorption spectroscopy ~* z' a r Mj voltammetry* ~ 
Voltammetric methods are quite reliable and the equipment is 
cheaper as compared to most of the other analytical techniques. 
Voltammetric methods have been extensively used for the analysis 

(25—26) of water systems ', but their application in biological and 
i27—28) other solid materials is relatively new* ' . In this work a 

differential pulse anodic stripping voltammetric method has been 
developed for the trace analysis of metals in different types of 
materials. Main aims and objectives of this work were. 

1) Cleaning and purification of labware and acids. 

2) To develop digestion methods. 

3) Development of differential pulse anodic stripping 
voltammetric method for trace analysis of metals. 

4) Analysis of metals in different types of materials. 

2. EXPERIMENTAL 

2.1 Chemicals 

The only chemicals used were acids: Mostly HNO, and 
HClO. were used for digestions. Occassionally HC1 was also 
used. Acid digestion mixtures mostly contained nitric acid. 
P.a. grade HNO, of E. Merck was taken and purified by 
distillation. Distilled nitric acid was nearly free of any 
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trace metals. HC10. and HCl used were also of p.a grade 
from E. Merck. Standard solutions of Cd, Pb, Cu and Zn were 
prepared by dissolving 1 gm/1 of the respective metal taken 
as oxides or compounds of the metals. Before preparing the 
standards, respective oxide or compound of the metal was 
heated in the oven at 80°C for three hours, then cooled in 
the dessicator and weighed. Solutions were made in nano-pure 
water and were acidified with 0.2% HCl. These standard 
solutions were further diluted to the required concentrations 
every fortnight and were acidified with 0.2% HCl. 

2.2 Apparatus 

Polarographic Analyzer model 174A with X-y recorder 
model 0074 and Hanging mercury drop electrode model 303A 
all from Princeton Applied Research (PAR). Princeton, NJ, 
USA, were used. Nitrogen gas was used for de-oxygenation of 
the samples. 

Mostly the glassware used consisting of digestion 
vessels, measuring flasks, beakers, pipettes etc. was of 
pyrex glass or quartz glass. Samples were freeze dried in 
Freeze dryer unit Beta A of Martin Christ, F.R. Germany and 
Homogenizator used was pulverisette of Fritsch from F.R. 
Germany. 

All the glassware was first washed with da-ionized 
water occassionally using surfactant to remove any oily 
substance, then it was rinsed with de-ionized water. The 
volumetric flasks were filled with 10-20% hot HNO, and left 
overnight at the next day these were emptied, rinsed with 
de-ionized water and filled again with 10-20% hot HNO- and 
this process was repeated three to five times. Digestion 
vessels were cleaned by boiling with 10-20% KNO- at least 
three times. Other glassware used was also washed by boiling 
with 10-20% HNO,. Glass cells were used and in case of 
contamination, these were washed again and again with HNO,, 
HN0.+HC1 and de-ionized water till no contamination was 
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observed in the blanks. For standard additions Eppendorf 
pipettes with disposable tips, were used. Either the tips 
were discarded after use and or in case of shortage tips 
these were washed with warm dilute nitric or hydrochloric 
acid at lease three to five times. 

2.3 Sampling and Sample Storage 

Samples were collected in polyethylene bags or pre-
cleaned polyethylene bottles using glass or perspex tools. 
Polyethylene gloves were worn during sample collection and 
sample handling to avoid any contaminations from bare hands. 
Vegetable samples after collection were washed two to three 
times with de-ionized water. Mostly the food samples were 
washed with de-ionized water to remove any dust particles. 
Soil samples were collected as such by digging upto 2 to 8 
inches depending upon the nature of the sample. Kidney and 
galstones were collected as such as received from the 
hospitals. For the collection of kidney and galstones pre-
cleaned polyethylene bottles were provided to the concerned 
doctors. After collecting the samples, these were stored as 
such at -20°C or freeze dried. After freeze drying, the 
samples were ground using choppers with stainless steel 
blades or using ball mill homogenizer. After mixing thoroughly 
the samples were filled in polyethylene bottles with air 
tight caps, then these bottles of similar samples were 
sealed in polyethylene bags and stored at -20°C before 
analysis. 

2.4 Homogenisation 

Mostly the samples were first freeze dried and then 
homogenized using electric choppers with stainless steels 
blades or ball mill type homogenisers from Fritsch of F.R. 
Germany. To see if any contamination problems may occur by 
using stainless steel blade choppers, some samples were 
homogenised using ball mill homogenisators and choppers and 
analysed. It was found that for these metals pure stainless 
steel blades do not cause any contamination problems. 
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2.5 Wet Digestions 

Although the digestion procedures varied from sample 
to sample, but mostly HNOtHClO. acid mixture was used. 
Approximately 0.5 grams of dried homogenized sample was 
taken in digestion vessel. 2.0 ml of cone. HNO, and 0.5 ml 
of HC104 were added to the sample. Digestion vessel was 
heated slowly at 50-70°C till most of the sample was dissolved. 
This was done to avoid foaming which may be caused by 
vigorous reaction at initial higher temperature. Then the 
temperature was raised to 100-150°C and heated till complete 
dissolution of the sample. In case of incomplete dissolution, 
samples were cooled to about 80''C and 0.2 ml cone. HNO. was 
added and heated to 100-150°C. This process was repeated 
till complete dissolution of the sample. After dissolution 
the temperature was raised to 250°C and heated near to 
dryness. If during this step some coloration appeared, then 
the vessels were cooled to about 100°C and 0.1 ml HC1O.+0.1 

4 
ml HN0 3 were added and heated. In case of any coloration 
this process was repeated till whitish residue was obtained. 
Then the temperature of the vessels was raised to about 300°c 
and samples were completely dried. Then the vessels were 
cooled to 100°C and de-ionized water was added and 0.1 ml 
of cone. HNO, was also added and heated at 100-150°C for 1 
to 2 hours and the volume was made in 10 ml flasks and 
submitted for analysis. 

For dried and homogenized biological materials the 
above digestion method was followed. But in case of fresh 
samples e.g. meat, beef, fish and blood etc. the samples 
are dried in the vessels at 150°C to remove the water 
contents, otherwise it will dilute the acids and slow down 
the reaction causing prolonged digestion time. 

For vegetable and biological materials care must be 
taken that no black colour develops during digestion. In 
case of blackish colour development, the vessel should be 
cooled and more HN0 3 must be added to dissolve the black 
precipitates and then again heated. 
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For soil analysis 0.1 to 0.5 grams of dried homogenized 
soil sample was taken in the digestion vessel. 2.0 ml HNO, 
and 0.5 ml HC10. were added to the sample and digested as 
described earlier. After cooling the vessels to about 100°C, 
1.0 ml of cone. HCl was added and heated at 100-150°C for 1 
to 2 hours, allowed to cool and volume was made to 10 ml. 
Supernatant solution was taken for voltammetric measurements. 

Kidney and Blader Stones: For the dissolution of kidney 
and blader stones the digestion procedure adopted was the 
same as for vegetables. 

For the dissolution of galstones 2.0 ml of cone. HNO, 
and 1.0 ml of cone. HClO. were added to 0.2 to 0.5 gms of 
sample and the sample was heated slowly at 50-70°C till 
most of the sample was dissolved. Then the temperature was 
raised to 150-200°C and heated till the sample was completely 
dissolved. Now the temperature was raised about 200-250°C 
and heated near to dryness and in case of blackish coloration 
the vessel was cooled to 100°C and 0.5 ml HC10, and 0.5 ml 
HNO, were added and again heated to near dryness and this 
process was repeated till the coloration disappeared. Now 
the temperature was raised to about 300°C and sample was 
dried completely to get a whitish residue. Digestion vessel 
was cooled to about 100°C, de-ionized water was added, 0.1 
ml HNO, was added and heated at 100-150°C for 1 to 2 hours. 
After cooling the volume was made to 10 ml and analyzed 
using differential pulse anodic stripping voltammmetry. 

All the digestion vessels used were of pyrex glass. 
These vessels were designed and fabricated in PINSTECH. 
Pyrex glass was used because of the non-availability of 
quartz glass, otherwise quartz glass would have been the 
best. But pyrex glass was also g|>od, only it needed more 
washing=> and cleaning which was done. Three types of vessels 
were used for the digestion of samples depending upon the 
nature of the sample. First one are the glass crucibles 
covered with watch glasses as shown in fig.l. Glass crucibles 
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had a capacity of about 20 ml and ar«? very good where the 
amount of sample is very small. When proper digestion 
procedures are followed, no losses of the measured metals 
were observed. Mostly these vessels were used in this work. 
Second type of vessels used are shown in fig.2. Thet>e vessels 
are of 50 ml volume and are covered with glass cones. Third 
type of vessels used are similar to those of second type, 
but have condensers instead of cones and are shown in fig.3. 
Later two types of vessels are quite good for samples which 
are difficult to digest and are best when complete evaporation 
of the acids is not required as normally used in Atomic 
Absorption Spectrometry. 

2.6 Voltammetric Analysis 

In voltammetric and polarographic methods current is 
measured as a function of a potential waveform applied to 
an electrode. Theoretical details of these methods are 
available in the literature (29-32). For trace analysis 
major problems are created by charging currents. Interferences 
from charging currents has been eliminated by using pulse 
voltammetry (33-34). The main idea behind the pulse technique 
is that the charging current which flows at an electrode in 
response to a potential pulse decays exponentially, while 
the faradaic current decays at a much lower rate (fig.4). 

i p - i Q t"b (b = 0.5) 
*C = e x p <-RC> 

where i is faradaic current i is charging current, i Q is 
the initial current (t=0). 

In differential pulse voltaswietry the current is 
measured before the application of the pulse and then near 
the end of the pulse (fig.5). After properly washing the 
electrodes and cell, 5.0 ml of background electrolyte (0.02 
M HC10,) was taken in the cell. Background electrolyte was 
deaerated with pure Nitrogen for five minutes to remove any 
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dissolved oxygen. Then the nitrogen flow was stopped and 
deposition was done at -1.2V with constant stirring for 
four (4) minutes. Stirring was stopped after four minutes, 
then after waiting for 30 seconds voltammogram was taken by 
scanning in the positive direction. Normally used experimental 
conditions are given below: 

Deposition potential *-1.2 V 
Deposition time = 4.0 min 
Scan rate =10 mV/sec. 
Clock time = 0.5 
Pulse height = 50 mV 
Pulse duration = 57 ms 

If appreciable peak heights of metals showing any contami
nation appeared, then the cell was washed thoroughly and 
reading for the blank was again taken, if required this 
process was repeated till contamination free blank was 
obtained. After measuring the blank a measured aliquot of 
the sample solution ranging from 0.01 ml to 2.0 ml was 
added to the blank and measured for Zn, Cd, Pb and Cu as 
described earlier. As the concentrations of these metals 
are different in the samples e.g. Zn and Cu are normally in 
higher concentrations while Cd anci Pb levels are low and 
these metals are measured simultaneously. Now to get 
appreciable peak heights for all the metals, sensitivities 
were selected for every metal. After measuring the sample, 
standards of all the metals were added and measured again. 
In this way three standard additions were done. While making 
the standard additions, it will be better if peak heights 
of the samples are more or less near to the peaks of 
standards. From the standards added concentrations of Zn, 
Cd, Pb and Cu in the samples were calculated. 

3. RESULTS AND DISCUSSIONS 

3.1 Linearity of the Voltammetric Method 

Before doing actual analysis one must study all the 
parameters involved in the measuring technique to be sure 
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about its reliability. Differential pulse anodic stripping 
voltammetiic method used here has an advantage that all the 
four elements i.e. Zn, Cd, Pb and Cu can be measured simul
taneously in the same solution in a single run, because of 
the appreciable difference in their half-wave potentials 
and consequently no over-lapping of peaks takes place. A 
typical voitammogram taken is shown in fig.6. in which the 
concentrations taken for all the four metals are 20 ppb 
each. Two sets of readings shows the reproducibility of the 
method. The deposition potential selected was -1.2V and 
deposition was done for two minutes only. Zn peak appeared 
at -0.98V, Cd peak appeared at -0.59V, Pb peak appeared at 
-0.4V and Cu peak appeared at -0.01V. These measurements 
were done in 0.02 H HC10. as background electrolyte on 
hanging mercury drop electrode as working electrode and 
Ag/AgCl as reference electrode. 

3.1.1 Concentration Versus Peak Heights (Currents) 

Deposition time was kept constant and different 
concentrations of the metals were taken and corres
ponding peak heights were measured to see the linearity 
of the method. Linearity curves showing peak height 
versus concentration have been drawn for Zn, Cd, Cu 
and Pb in fig. 7. It may be seen that these curves 
are linear in the range of 0 to 1000 ppb. Almost all 
the samples measured after digestions fall in this 
range. Actually the linearity range of this method is 
much more than this, but very high concentrations 
were avoided because of subsequent contamination 
problems. 

3.1.2 Deposition times Versus Peak Heights (Current) 

In case of samples with low concentrations of 
metals, deposition times were increased to enhance 
the sensitivity of the instrument, because with 
increased deposition times the concentrations of metals 
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increased in the working electrode and produced 
increased peak heights. One can only use different 
deposition times if the curve of deposition times 
versus peak heights are linear. During the measurements 
the normally used deposition times ranged from 1 to 5 
minutes. Deposition times were varied from 1 to 10 
minutes and corresponding peak heights were measured 
and calibration curves were drawn for Zn, Cd, Pb and 
Cu. Deposition times versus peak height curves for 
Zn, Cd, Pb and Cu a^e shown in fig. 8, which are 
quite linear. The background electrolyte used was 0.02 
N HC10. and concentration of each metal was 96 ppb. 
Very long deposition times should be avoided, because 
the metals may go deep inside the mercury drop and 
broad peaks may be obtained. 

3.2 Calculation Method 

Calibration curves of standard solutions may also be 
used for calculating the concentrations of metals in the 
unknown samples by comparing the peak heights, but here 
this method was not used. Calibration standard solutions 
are prepared in acidified deionized water and are free from 
any other impurities. Sample solutions after digestions 
contain many unknown impurities and other substances which 
may suppress or enhance the peaks of the measured metals. 
Now to eliminate these unknown parameters standard addition 
method was used. At first the unknown sample was measured, 
then standard solutions of known concentrations of the metals 
were added and peak heights were measured. In this way 
three standard additions were done. Sample ar.d standards 
were measured in the same solution having the same matrix, 
thus any possible interferences from matrix effects were 
eliminated and accuracy of the method increased substantially 
as compared to the calibration method. A typical polarogram 
obtained from the analysis of actual spinach sample is 
given in fig. 9. Then three standard additions were done to 
the above sample. Standard additions done for each metal 
were nearly equal to the concentration of that metal in the 
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sample, therefore separate standard additions were done for 
each element. For calculation purposes, standard additions 
were plotted against the peak heights and peak height point 
of the sample was taken at zero concentration. Then all 
the four points i.e. sample, standards one to three were 
connected and the linear graph was extrapolated on the 
negative side, so that it intersected the x-axis at a certain 
point. Now the distance between zero and intersection point 
is equal to the distance on the positive side of the x-axis 
and represents the same amount of concentration and this 
concentration is the conceni-ration of the measured unknown 
metal in the sample. Fig. 10 shows a calibration curve of 
Zn after three standard additions. Distance AB is equal to 
AC and thus the concentration of Zn in the sample solution 
is 76 ppb which is given by the distance AC. In the same 
way calibration curves with standard additions for Cd, Pb 
and Cu are shown in fig. 10, with the corresponding concen
trations of 5.0 ppb for Cd, 8 ppb for Pb and 40 ppb for Cu 
as calculated from the curves. 

3.3 Precision and Accuracy 

To check the precision of the method, the same sample 
was weighed separately in different digestion vessels and 
digested separately, then these digested samples were measured 
separately using differential pulse anodic stripping 
voltammetry. In table-1 are given the values of Zn measured 
five times in a spinach sample. The average value of Zn is 
34.62 ug/g with standard deviation of 1.03. The relative 
standard deviation is 2.96% which is very good at trace 
levels. Similarly values of standard deviation are also 
given for Cd, Pb and Cu in table-1. For all the four 
elements the relative standard deviation is well below 10%. 
In case of Cu, Zn and Pb the relative standard deviation is 
less than 5%. 

From the above discussion it is clear that the precision 
of the method is very good. Although precision of a method 
is necessary but accuracy of the method is much more important. 
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T a b l e - 1 : P r e c i s i o n o f Cd, Pb , Cu and Zn d e t e r m i n a t i o n i n 
s p i n a c h s a m p l e s by DPASV 

S .No . Zn(jjg/g) CdOag/g) P b ( u g / g ) Cu(ug /g ) 

1 . 3 4 . 7 0 l . i 1 . 2 1 0 . 2 5 
2 . 3 5 . 7 4 1 .2 1 .17 1 1 . 3 9 
3 . 3 5 . 2 2 1 . 0 1 1 . 1 0 1 1 . 3 4 
4 . 33 .C2 1 . 0 3 1 . 2 0 1 1 . 3 7 
5 . 3 4 . 4 3 - - 1 1 . 3 6 

X=?4 .6211 .03 = 1 . 0 8 + 0 . 0 8 = 1 . 1 7 + 0 . 0 5 = 1 1 . 1 4 + 0 . 5 
R . S . D = 2 . 9 6 = 7 . 4 = 4 . 0 2 = 4 . 4 9 

T a b l e - 2 : Comparisc >n o f t h e measured v a l u e s w i t h t h e 
reference values in the NBS Standard Refence 
Material Mo. 1570 of spinach. 

S.No. Element Measured Value Reference Value 
u g / g u g / g 

1 . Zn 4 5 . 0 + 2 . 1 2 50 + 2 
2 . Cd 1 . 1 2 + 0 . 1 2 ( 1 . 5 ) 
3 . Pb 1 . 2 7 + 0 . 3 2 1 . 2 + 0 . 2 
4 . Cu 1 2 . 5 1 + 0 . 1 0 12 + 2 

Table-3: Comparison between voltammetrie and atomic 
absorption methods. 

S/No. Element DPASV Method (ug/g)AAS method (ug/q) 

1. Zn 45.0+2.12 56.5 
2. Cd 0.5 0.54 
3. Pd 0.40 0.42 
4. Cu 12.51+0.1 14.45 
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The accuracy of the method was checked by analyzing a standard 
reference material. The material selected was spinach 
reference No. 1570 of the National Bureau of Standards, 
U.S.A. The measured values of Zn, Cd, Pb and Cu using DPASV 
and the reference values given by National Bureau of Standards 
are given in table-2. It can be seen that the measured 
values are comparable to the reference values. To check the 
accuracy of a method either the standard reference materials 
should be analyzed or the method should be compared with 
another independent analytical method. Here both the 
approaches were used and satisfactory results were obtained. 

3.4 Coreprison Between Voltametric and Atomic Absorption 
Methods 

Some preliminary comparative studies were done between 
DPASV-method and Atomic Absorption Spectroscopic (AAS)-method 
and the results are shown in table 3. For Atomic Absorption 
measurements a Zeeman Atomic Absorption Spectrophotometer 
Model Z-800C of Hitachi, Tokyo, Japan was used. Zn and Cu 
were measured using flame atomic absorption mode and Cd and 
Pb were measured using Electrothermal flameless Atomic 
Absorption Spectrophotometry. It can be seen from the table 
3 that the results are comparable. 

3.5 Problems of Systematic Errors 

The Major systematic errors include: Improper sampling 
and storage of the sample, contamination, adsorption/ 
desorption, volatilization, chemical reactions, interference 
of the signal and incorrect calibration and evaluation etc. 
The systematic errors increase with decreasing absolute amount 
of an element to be determined. Thus systematic errors are 
a major problem at trace and ultra-trace levels. It can be 
seen that levels of metals in body fluids of healthy normal 
adults are very low (table 4). The different sources of 
errors can have quite different effects in the individual 
steps during an analytical procedure (table 5). 
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Table-4: Probable average normal contents or ranges for As, 
Cd, Hg, Ni and Pb in body fluids of healthy normal 
adults. Values in (ug/1) ( 38 ). 

Element Whole Blood Serum Urine Remarks 

As 1 10 
Cd 1 0.05 1 Non-':mckers 

1.5 0.1 1 Smokers 
Hg 2 2 
Ni 2 2 2 -
Pb 30-300 2 10 Females usually 

have lower 
Pb contents. 
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Table-5: Frequency of sources of systematic Errors in trace 
analytical procedures (Ref.15). ± positive/negative 
error; ±±±/ : large; ±±/—: medium; +/-: small. 

Type of Error Contamination 
Reagents, Vessels, 
tools, Lab. air. 

Adsorption 
Vessels, tools 
interfaces. 

Step of 
Operation 

Volatilization Cross Interference 
by Elements. 
Chemical reactions, 
signal-interferences 
coincidence, 
background. 

Sampling 
Sample Preparation 
Dissolution, 
decomposition 

+ + + 
+ + + 

+ + + 

Separation, 
Preconcentration 

+ + + 

Determination + + + 
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None of the vessel materials is realy totally resistant 
even to water, each element of the vessel material will be 
found at a more or less high level in a solution in the 
vessel. Now either the vessel material must be very pure or 
it roust be properly cleaned. The purity of the vessel material 
and the cleaning procedure for the vessel are of great 
importance. Detergents, soaps, chromic-sulphuric acid etc. 
are not suitable as they will contaminate the glassware 
more than they will clean them. The better way of cleaning 
the glass-ware is boiling with dilute nitric acid for three 
to five times and then rinsing with de-ionized water. In 
addition to contamination, vessels may also introduce errors 
through adsorption of the metals on the surface of the 
vessels. Therefore, studies must be done to see the adsorption 
of the metals on the containers. In case of heavy metals 
adsorption losses can be considerably minimized by acidifying 
the sample and standard solutions (35). It is difficult to 
get absolutely pure reagents, the choice is only to use 
reagents with less impurities. Fortunately no solid reagents 
were used during this work, otherwise it would have been 
very difficult to purify the solid reagents. Only acids 
were used for digestions. Mostly nitric acid was used for 
digestion purposes. Blank values for water and acids are 
given in table 6. It can be seen from this table that 
reagent grade acids cannot be used for trace analysis purposes 
as they contain appreciable amount of impurities. Only 
suprapure grade acids or purified acids can be used for 
digestions. Normal tap water also cannot be used. Water 
must be triply distilled or doubly deionized. During this 
work acid was purified by distillation at low temperature 
and doubly deionized nanopure water was used. 

Dust particles contain nearly all the elements like 
Si, Ca, Al, Mg, Fe, Na, K, P, as major components and 
nearly all other elements upto an interfering level. One 
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Table-6: Blank values from different acids and water (12). 

Element Content (jjg/1) 

Cd Cu Fe Al Pb Mg Zn 
H20(distilled) 0.01 0.04 0.32 0.05 0.02 0.02 0.04 

0.07 0.05 0.2 0.2 
10 0.5 14 8 
0.8 0.13 0.5 0.3 
0.05 0.02 0.15 0.04 

(distilled) 

HN0 3 15N P.a. 0.1 2 25 10 0.5 22 3 

HN0 3 15N 
Suprapure 0.06 3 14 18 0.7 1.5 5 

HC1 lON(distilled) 0.01 0.07 0.6 
HC1 12N P.a. 0.1 1.0 100 
HC1 ION Suprapure 0.03 0.2 11 
HN0 3 15N 0.001 0.25 0.2 
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can imagine the problem that one small dust particle may 
contain much more lead and cadmium as compared to one gram 
of normal human blood. Now during sample preparations or 
digestions if a few dust particles enter the sample, then 
the measured values in the sample will be completely 
unreliable. Preferably all the sampling and sample preparation 
steps must be performed under dust free conditions. Glove 
boxes may be used for this purpose but clean rooms and 
clean benches are preferred (36,37). During this work clean 
fume hoods were used. 

The elements which are being measured at trace or 
ultra-trace levels should not be kept open as compounds in 
the laboratory at even miligram levels. For the preparation 
of standards the compounds of the elements must be weighed 
in a separate room and bottles must be kept closed. Just 
for an example during this trace analysis work, some worn 
was done with cadmium at milligram concentrations in one 
side of the laboratory and voltammetric analysis was being 
done in the other side, even then the cadmium contamination 
was so high that no trace analysis work could be performed 
for many days in the laboratory. Cadmium levels in the 
blank were raised to many nanogram levels and produced very 
big peaks of cadmium in the blank (fig.11). Laboratory and 
all the apparatus were cleaned many times for .?ary clays to 
get normal blank levels. 

In spite of the very effective cleaning and purification 
techniques, one cannot avoid further contamination during 
the analytical procedure if proper care is not taken. Hands 
of a smoker may cause contamination at ultra-trace levels. 
Taking the aliquots in improper ways may cause errors. 
Matrix interferences may enhance or suppress the signal of 
the measured element. 
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3.6 Analysis of Metals in Different Types of Materials 

Using differential pulse anodic stripping voltammetry 
a variety of different materials were analyzed which cover 
roost of the types of samples normally analyzed. Results are 
shown in table 7. These samples were collected from specific 
areas or were purchased from the market. Spinach, salad, 
wheat flour, rice flour any dry milk were purchased from 
the local market of Rawalpindi - Islamabad area. Soil was 
collected from a farm land in the suburbs of city. Kidney 
stone and urinary blader stone were provided by central 
Government Hospital Rawalpindi. These samples were selected 
to see the applicability of the method for different types 
of materials and to do preliminary studies about the concen
trations of toxic elements (Cd,Pb) and essential elements 
(Zn,Cu) in these types of materials. 

Moreover analysis of toxic metals in these types of 
materials is also necessary to assess the environmental 
pollution levels. Soil is the major receipent of all types 
of atmospheric pollution. This pollution is partly taken up 
by all the food materials grown on soil and thus consumed 
by man. Now to control the toxicity problems, food materials 
directly consumed by man must be monitored for the levels 
of toxic metals like Cd and Pb. Wheat flour, rice flour, 
dry milk and vegetables are the primary food materials 
consumed by man. Kidneys are the store houses for Cd and Pb 
in man. Kidney stones may partly indicate the levels of 
toxic metals in human beings. Secondly kidney stones are 
usually developed over many years. Thus the kidney stones 
of a person living in a specific area for many years may be 
used indirectly to assess the pollution levels of these 
metals in that area. 

Concentration of lead in soil is .3.58 ug/g in spinach 
1.65 ug/g, in salad 2.01 ug/g, in wheat flour 0.06 ug/g, in 
dry milk 0.161 + 0.01 »q/q, in kidney stone 3.05 + 0.056 jug/g, 
in urinary bladder stone 0.973+0.056 and in rice flour 
0.587+0.05 jug/g respectively. Concentrations of lead are 
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Table-7: Analysis of Zn. Cd, Pb, and Cu in different types of materials. 
S.No. sample Zn(uq/q) Cd(jjq/q) Pb(jjg/q) CuQiq/q) 

56.85+2.91 0.18+0.04 13.58+0.9 25.41+2.06 
38.02 + 2.1 1.08 + 0.12 1.6,5 + 0.15 8.67+1.32 
48.42±1.52 0.70+0.10 2.01+0.32 7.46i0.21 
18.77+0.77 0.04+0.008 0.06 4.24+0.14 

37.11+0,62 0.06+0.006 0.16110.01 1.7110.18 
72.75+1.06 0.31+0.12 3.05+0.056 9.01+0.71 
26.75+3.89 0.082 0.973+0.056 9.25+0.35 

22.25+0.42 0.067+0.006 0.587+0.05 4.25+0.27 

1. Soil 
2. Spinach 
3. Salad 

4. Wheat Flour 

5. Dry Milk 

6. Kidney Stone 
7. Urinary Blader 

Stone 
8. Rice Flour 
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the highest in soil followed by kidney stones, leavy 
vegetables, cereals (wheat flour and rice flour) and dry 
milk (table-7) . It is also the expected pattern. Leavy 
vegetables should have higher concentrations of lead as 
compared to cereals, because the uptake of lead from soil 
and atmosphere is relatively direct as compared to cereals 
which are normally protected seeds. Due to the use of lead 
in motor industry and other industrial activities, its influx 
in the biosphere has increased significantly thus resulting 
in the increased consumption by man. Nearly 90% of the 
total lead in human body is found in bones and the rest is 
in liver, kidney and blood etc. Low body calcium, iron and 
protein deficiency increase the uptake of lead. Uptake of 
both calcium and lead is increased in the presence of vitamin 
D. Cadmium also enhances the uptake of lead. Concentration 
of lead in red blood cells is about 16 times higher than in 
plasma and in case of intoxication it inhibits the synthesis 
of hoemoglobin. Tetraethyl lead is retained preferentially 
in brain and affects the nervous system. Lead poisoning may 
cause anemia, headache, irritability, weakness of muscles, 
colic pain and loss of memory etc. 

Concentrations of cadmium (ug/g) are in soil 0.18+0.04, 
in spinach 1.08+0.12, in salead 0.70+0.10, in wheat flour 
0.04+0.008, in dry milk 0.06+0.06, in kidney stones 0.31+12, 
in urinary blader stone 0.082 and in rice flour 0.067+0.006 
respectively. Leavy vegetables contain the highest concen
trations of cadmium followed by kidney stones, soil, dry 
milk and cereals (table-7) . Cadmium levels are generally 
low in Pakistan uptil now. But due to different industrial 
activities its levels will increase. Cadmium is transported 
through blood as cadmium metallothionein complex to other 
parts of the body and stored in liver and kidney. It interferes 
with the vitamin D formation, metabolism of P, Ca and other 
minerals and interferes with the absorption of iron and 
enhances the retention of Na. Fatigue, sickness, nausea, 
proteinuria, glucosuria, osteomalacia and renal malfunction 
may be caused by cadmium intoxication. 
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Concentrations of Zinc (ug/g) are in soil 56.85+2.91, 
in spinach 38.0212.1, in salad 48.42il.52, in wheat flour 
18.77+0.77, in dry milk 37.11+0.62, in kidney stone 
72.7511.06, in urinary blader stone 26.75+3.89 and in rice 
flour 22.25+0.42. Zinc is an essential element and very 
important nutrient. Soil has the highest concentration of 
zinc followed by vegetables and cereals (table-7). various 
components of the diet including phytic acid, fibre and 
calcium interfere with the absorption of zinc. The bioavail
ability of zinc is greater in foods of animal than of 
vegetable origin. Absorbed zinc accumulates rapidly in the 
liver, pancreas, spleen and kidneys. Highest concentrations 
are found in the prostate glands, eyes followed by other 
organs, muscles and blood serum etc. Zinc defficiency may 
cause retardation of growth, poor or erratic consumption of 
food and loss of appetite, dwarfism, delayed sexual 
maturation, reduces resistance to infection and slows wound 
healing, alopecia and the development of scaly keratinous 
lesions on the skin and the inherited disease of acrodermatitis 
enteropatica etc. The toxic effects of zinc are uncommon 
and it is relatively non-toxic element. 

Concentrations of copper (ug/g) are in soil 25.4112.06, 
in spinach 8.67+1.32, in salad 7.46+0.21, in wheat flour 
4.2410.14, in dry milk 1.7110.18, in kidney stone 9.010.71, 
in urinary blader stone 9.2510.35 and in rice flour 4.25+0.27. 
Concentration of copper is the highest in soil followed by 
vegetables, careals and milk. Copper is an essential element 
but becomes toxic at high levels. Daily intake has been 
estimated to be between 1 and 3 mg for the normal adult 
diet. Copper is absorbed by the mucosa of the small intestine 
and is transported from the intestine to the liver binding 
to albumin and to amino acids. Copper is preferentially 
stored in organs such as liver, heart, brain, kidney and 
muscle. Copper uptake by the body is also related tc the 
presence of other metals in the diet. A low molybdenum 
level in food may result in retention of copper, while 

http://48.42il.52
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excess molybdenum provokes a considerable increase in copper 
excretion. Nearly similar relationship exists between copper 
and zinc. Copper deficiency causes anaemia, neutropenia, 
lenkopenia and Menke's disease. Wilson's disease is a 
hereditary disease which results in excessive uptake and 
accumulation of copper by the body. It leads to psychiatric, 
neurological and renal function disturbances, and to the 
development of characteristic Kayser-Fleischer corneal rings. 
In children and adolescents, hepatic manifestations usually 
dominate the s/mptomatology of Wilson's disease, whereas in 
adults, neuropsychiatry manifestations (e.g. incordination, 
dysarthia, athetosis, salivation and emotional lability) 
are very common symptoms (39). Acute copper intoxication 
causes renal haemodialysis and neonatal exchange transfusion. 
Haemolytic anaemia has also been reported. 

Generally levels of toxic metals in seed type food 
material are low. Leavy vegetables e.g. spinach and salad 
contain higher concentrations of both cadmium and lead than 
the wheat and rice flour. Soil sample contains very higher 
concentrations of lead as compared to both wheat and rice 
flour and leavy vegetables, but cadmium contents of soil 
are higher than wheat flour and rice flour but lower than 
spinach and salad. It can bf» said that leavy vegetables 
absorb an appreciable amount of cadmium from the atmosphere 
as well in addition to soil. Concentrations of lead and 
cadmium in dry milk are comparable to those of wheat flour 
and rice flour. Kidney stone contains appreciable concen
trations of cadmium and lead. Concentrations of lead in 
kidney stone are higher than both wheat flour, rice flour, 
spinach and salad, but concentrations of cadmium are higher 
than wheat flour and rice flour but lower than spinach and 
salad. Urinary blader stone has lower concentrations of 
lead and cadmium as compared to the kidney stone which is 
understandable that blader stone is washed much more with 
urine. 
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Soil has the highest concentrations of zinc and copper, 
followed by spinach, salad and wheat flour and rice flour. 
It is also clear that uptake of these elements from the 
soil by leavy vegetables is more as compared to seed foods. 
Kidney stone contains very high concentrations of Zn followed 
by urinary blader stone but concentrations of copper in 
both of these stones are nearly similar. Leavy vegetables 
spinach and salad contain higher concentrations of essential 
elements zinc and copper but at the same time the concen
trations of lead and cadmium are also high. Essential elements 
to toxic elements ratio is much better for wheat flour as 
compared to spinach and salad. It is necessary to take 
essential elements but at the same time it is very important 
to avoid consumption of toxic elements, because these toxic 
elements go on accumulating in the human body and their 
consumption even at low levels is dangerous for long time 
periods (3). Although the limited consumption of spinach 
and salad is good for health but wheat flour is the safest 
food for continuous consumption. 

Kidney stone contains very high concentration of zinc. 
It may be due to the fact that presence of higher concen
trations of toxic elements e.g. cadmium cause accumulation 
of more zinc as required from their metabolic properties 
(37,40) . Where the concentration of cadmium is low (urinary 
blader stone) the concentration of zinc is also low. Thus 
concentrations of cadmium and lead in Kidney stones may be 
used as indicators of environmental pollution for a certain 
area from where the patient comes. Although it needs detailed 
studies, but still the kidney stones can provide useful 
information. 
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