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Abstract
Objectives: The method for the determination of As, Al, Cd, Ni, Pb (toxic elements) and Cr, Co, Cu, Fe, Mn, Zn (essential 
elements) in human urine by the use of Inductively Coupled Plasma Mass Spectrometry (quadrupole ICP-MS DRCe Elan, 
Perkin Elmer) with the dynamic reaction cell (DRC) was developed. Materials and Methods: The method has been applied 
for multi-element analysis of the urine of 16 non-exposed healthy volunteers and 27 workers employed in a copper smelter. 
The analysis was conducted after initial 10-fold dilution of the urine samples with 0,1% nitric acid. Rhodium was used as an 
internal standard. The method validation parameters such as detection limit, sensitivity, precision were described for all ele-
ments. Accuracy of the method was checked by the regular  use of certified reference materials ClinCheck®-Control Urine 
(Recipe) as well as by participation of the laboratory in the German External Quality Assessment Scheme (G-EQUAS). 
Results: The detection limits (DL 3s) of  the applied method were 0.025, 0.007, 0.002, 0.004, 0.004, 0.086, 0.037, 0.009, 0.016, 
0.008, 0.064 (μg/l) for Al, As, Cd, Cr, Co, Cu, Fe, Mn, Ni, Pb, Zn in urine, respectively. For each element linearity with 
correlation coefficient of at least 0.999 was determined. Spectral interferences from some of the ions were removed us-
ing DRC-e with addition of alternative gas: methane for cobalt, copper, cadmium, chromium, iron, manganese, nickel and 
rhodium, and oxygen for arsenic. Conclusions: The developed method allows to determine simultaneously eleven elements 
in the urine with low detection limits, high sensitivity and good accuracy. Moreover, the method is appropriate for the as-
sessment of both environmental and occupational exposure.
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INTRODUCTION

Monitoring of the concentrations of trace elements in 
biological material is important for clinical reasons as 
well as from the viewpoint of control and protection of 
health of individuals exposed to toxic elements. Biomoni-
toring permits us to assess the size of exposure and health 
risks of toxic factors. Biological monitoring of exposure 
is presently applied in environmental and occupational 

toxicology as well as in epidemiological studies on the 
dose-response relationship between internal exposure and 
adverse health effects of exposure to chemicals.
Usually, urine is a marker of past exposure. High con-
centration of an element in the urine indicates past and 
chronic long-term exposure to, for example: arsenic, 
cadmium, nickel, chromium, cobalt as well as copper 
or a delay in medical treatment after high occupational 
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examined elements in complex matrices. Furthermore, 
the new technologic equipment, dynamic reaction cell 
(DRC), eliminates interferences that may affect sensitiv-
ity and specificity of the method.
Many authors have described methods for metals determi-
nation in urine using ICP-MS technique. Most of them as 
a pretreatment methods use acid nitric [3,4,26,27] or nitric 
acid combined with Triton X-100 [28]. Moreover, they use 
rodhium [26] or gal and yttrium as an internal standard [5]. 
In our procedure urine samples have been initially ten fold 
diluted with 0.1% nitric acid and were determined using 
quadrupole ICP-MS (Perkin Elmer Elan) with DRC tech-
nique.
The objective of this paper was to optimize and to vali-
date the multi-element analysis of urine using quadrupole 
inductively coupled plasma mass spectrometry (ICP-MS) 
equipped with DRC. The method has been developed in 
accordance with the requirements of Polish/European 
norm PN-EN ISO/IEC 17025:2005, and it was used to 
assess concentrations of selected trace elements in non-
exposed and exposed people.

EXPERIMENTAL

Apparatus
ICP-MS Perkin Elmer ELAN DRC-e (Sciex, USA) was 
used in order to optimize and validate the method of 
multi-element analysis of urine. ICP-MS was equipped 
with DRC system to eliminate spectral interference. 
The spectral interference may be caused by overlap-
ping of the analyte signal and the signals from other 
ions (mono- or polyatomic) with the same mass/charge 
ratio (m/z). For instance: 4°Ar12C → 52Cr or 4°Ar35Cl 
→ 75As. Interference may come from both, the plasma 
gas components and spraying, as well as the components 
of the matrix of the sample [5–7]. The polyatomic inter-
ferences were eliminated using DRC with reaction gas: 
methane or oxygen as well as mathematical corrections. 

exposure: lead. High concentrations of metals in blood 
are markers of acute current exposure. Cd in blood 
is a reliable indicator of the average industrial expo-
sure during recent months, while whole blood Pb is 
the best indicator of exposure even though clearance 
from blood is significantly longer because lead is linked 
to red blood cells [1,2]. Some of these elements (Cr, 
Co, Mn, Cu) are present in humans because they play 
a physiological role and they are needed for many en-
zymes to function. However, when at high concentra-
tions they can be dangerous to humans. Al, As, Cd 
and Pb are classified as typical toxic elements induc-
ing many human pathologies [3].
Systematic biomonitoring analysis allows to watch trends 
and to draw current conclusions regarding potential risks 
of the population and chemical factors which may be 
harmful to human health. Therefore, a simple, accurate 
and validated method is of primary importance.
For many years the most popular method to determine 
trace metals in biological materials was flame (F-AAS) 
or electrothermal atomic absorption spectrometry (ET-
AAS). Atomic absorption spectrometry equipped with 
graphite furnace (GF-AAS) is still successfully used in 
many clinical laboratories as a mono elemental method 
for metal determination. The major advantages of GF-
AAS method were selectivity and small volume of sam-
ples whereas the disadvantage – a long time of analysis. 
During the past decade many methods using ICP-MS to 
determine metals in biological matrices have been pro-
posed [4–25]. Inductively Coupled Plasma Mass Spec-
trometry (ICP-MS) is the latest generation of modern, 
automatic systems determining elements in a wide variety 
of sample types. The beneficial aspects of ICP-MS are: 
very low limit of detection of many elements at the ppt 
level, high selectivity and sensitivity. These character-
istic features of the apparatus allow to analyze a whole 
spectrum of elements in a wide range at the same time, 
as well as concentrations of different isotopes of the 
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Calibration solution
All calibration standard solutions were prepared 
from 10 mg/l Multi-Element Calibration Std 3 ICP-MS 
(Perkin Elmer Pure Plus) by proper dilution with ultra 
pure water (Millipore, Milli-Q Ellix 3, ≤ 18 MΩ). The 
range of the method calibration for nine elements was 
from 0.1 μg/l to 5 μg/l and for Al and Zn from 1 μg/l 
to 50 μg/l. Aqueous working standard solutions were 
prepared at concentrations of 1, 3, 5, 10 and 50 μg/l 
for Al and Zn and 0.1, 0.5, 1, 3 and 5 μg/l for the rest of 
the metals and the metalloid.

Methane and oxygen had purity of 99,995% for me thane 
and of 99,999% for oxygen (Linde Group, Poland). The 
use of DRC-e with ultra pure methane or oxygen as 
a reaction gas, was mandatory: RPq (as a rejection pa-
rameter q) 0.75 for Cr, Ni, Mn, Fe (methane), RPq 0.8 
for Rh, Co, Cu, Cd (methane) and RPq 0.55 for As 
(oxygen) determination.
Meinhard concentric glass nebulizer and Cyclonic spray 
chamber were used for sample introduction. Details of the 
instrumental conditions and measurement parameters of 
the operation are presented in Table 1.

Table 1. ICP-MS operating conditions

ELAN DRCe ICP-MS Operating conditions
RF power 1200–1500 Kw
Air nebulizer gas flow Typically 0.8–1.0 l/min (optimized daily)
Plasma gas flow 15 l/min
Auxiliary gas flow 1.2 l/min
Detector mode Dual
Measurement units Counts per second
Scanning mode Peak hopping
Autolens On
Nebulizer Meinhard
Spray chamber Cyclonic
Interface Nickel cones
Curve type Linear throw zero
Sample units μg/l
DRC-e with Collision gas, (RPq) Methane: 0.75 ml/min for Cr, Ni, Mn and Fe, 0.8 ml/min for Co, Cu, Cd, Rh,

Oxygen: 0.55 ml/min for As
Standard mode Al, Zn, Pb
Sweeps/reading 20
Readings/replicate 1
Replicates 3
Dwell time 100 ms (for standard and DRC mode)
Cell gas A 0 for Al, Zn, Pb

1 for Cr, Ni, Mn, Fe, Rh, Co, Cu, Cd
0,5 for As

Integrator time 2000 ms for Al, Zn, Pb, Cr, Ni, Mn, Fe, Rh, Co, Cu, Cd
3000 ms for As
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for several hours (over 24 h) and they were rinsed with ul-
trapure water  in order to avoid contamination (especially 
from Al and Zn). The urine samples used for trace ele-
ments determination (5 ml) were acidified with 50 μl 50% 
nitric acid (J.T. Backer) and stored in a fridge at –20°C. 
A few hours before the analysis the urine samples were 
brought to room temperature. Prior to determination 
the samples were centrifuged at 1780 RCF (4000 RPM) 
for 10 min at 4°C The supernatant was diluted 10-fold 
with 0.1% nitric acid (high-purity 70% HNO3, J.T. Backer) 
in a chamber with laminar air flow. 

RESULTS AND DISCUSSION

Validation parameters
The validation parameters of the developed method are 
presented in Tables 2 and 3. The method was validated 
and optimized. Validation parameters such as: limit of 
detection, limit of quantification, BIAS, precision in-
tra day, intermediate precision and recovery were evalu-
ated. Limit of detection (DL) and quantification (QL) was 
counted as 3 times (DL 3sfor blank) and 6 times (QL 6sfor blank) 
of standard deviation for blank. The detection limits 
of applied method for Al, As, Cd, Cr, Co, Cu, Fe, Mn, 
Ni, Pb, Zn in the urine were very low and amounted to 
0.025, 0.007, 0.002, 0.004, 0.004, 0.086, 0.037, 0.009, 0.016, 
0.008, 0.64 (μg/l), respectively (Table 2). Very low detec-
tion limits allow us to determine all elements both in case 
of environmental and occupational exposure. BIAS, pre-
cision intra day and intermediate precision were calculat-
ed basing on daily used reference materials – ClinChek® 
and have been shown in Table 3. The precision intra-
day for measurements performed during one day was 
very good for As (0.98%), Pb (1.03%), Al (1.38%), Mn 
(1.87%), Zn (1.93%), Fe (1.99%), worse for Cr (2.46%), 
Cd (2.42%), Ni (2.45%), Cu (2.56%), and the worst for Co 
(3.31%). The precision inter day for measurements was 
acceptable and amounted to: for As (0.78%), Pb (1.02%),  

For each analyzed element we obtained correlation coeffi-
cient, of at least 0.999. In all urine samples concentrations 
of eleven elements were determined parallel.

Internal standard
The effectiveness of internal standardization of the induc-
tively coupled plasma mass spectrometry was investigated 
for trace elements determination in urine. Parameters 
such as relative standard deviation, precision, and accu-
racy of the analytical results for gal, platinum and rodhi-
um were compared, and rodhium was chosen as the most 
appropriate internal standard (IS). Rodhium stock solu-
tion, 1000 mg/l (Chem-Lab, NV, Belgium) was selected as 
the internal standard for all the determined metals and 
the mettaloid. Rhodium solution was added to calibration 
and to all samples in order to get the final concentration 
of 1 mg/l. Afterwards, the samples were directly analyzed 
by the use of ICP-MS.

Creatinine determination
Urinary creatinine was measured in accordence with to 
Jaffe’s enzymatic method using Alpha Diagnostics and 
spectrophotometer Eppol-20, Poll-Limited, Poland.

Study groups
The study group comprised 27 copper mill men workers 
who were occupationally exposed to heavy metals  (mean 
age: 42 years within the range 26–58 years) and 16 healthy 
volunteering men, occupationally not exposed (mean 
age: 43 years within the range 25–71 years). The subjects 
were asked to complete a questionnaire, which included 
detailed information on the place of residence, occupa-
tional history, dietary habits, smoking and supplements. 

Sample collection, storage and treatment
Spot urine samples were collected after work shift (8 h) 
into single use polyethylene tubes. Before samples collec-
tion all polyethylene tubes were soaked in 25% acid nitric 
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available and many of them could be used in analyses of 
the urine samples. 

Internal quality assurance
The method was verified by the use of reference mate-
rials: Recipe – ClinCheck®-Control Urine level I and II 
(Munich, Germany). ClinChek® urine material based on 
lyophilized human urine was used for the control of oc-
cupational and environmental exposure analyses. This 
reference material, originally closed, was normally kept 
in the refrigerator at 4°C at least for 48 months and af-
ter reconstitution in the freezer (–20°C) and at least one 
month and at least 7 days at the temperature +4°C. For 
the determination of Zn and Al the producer recom-
mends using freshly dissolved sample to avoid contami-
nation. ClinCheck® was analyzed a few times every day, 
always after working calibration standard solutions, 
blank, after every 20th real urine sample and at the end 
of determination series. Concentrations  in the control 
material were in compliance with the reference values. 
The results of the measured concentrations and true 
(target) values for all the analyzed eleven elements are 
listed in Table 3.

Cu (1.49%), Cd (1.64%), worse for Al (2.09%), Co 
(2.13%), Mn (3.07%), Zn (3.69%), Ni (3.71%), and the 
worst for Cr (6.27%), and Fe (10.29%). The best results 
for these three parameters were obtained for the follow-
ing eight metals: Mn, Pb, Cd, Co, Al, Cu, Cr, Ni and the 
mettaloid As (Table 3). BIAS, precision intra day and 
recovery ranged from 0.005% to 10.16%, from 0.98% 
to 3.31% and from 89.84% to 108.67%, respectively.

Quality control
Now, when the methods for interpretation of the results 
have become the most important issue, the quality assur-
ance system in the laboratory is necessary. Analysis of 
trace elements in the urine (for the purpose of systematic 
control, not only in the urine samples, but in general) re-
quires the use of reference materials or certified reference 
materials and participation in external quality assessment 
(participation in the interlaboratory proficiency testing).
Daily determination references or certified reference 
materials may be used to verify the precision of analyti-
cal methods. Using control materials is an important part 
of the initial assessment of the mentioned above analyti-
cal methods. Many reference materials are commercially 

Table 2. The detection and quantification limits of elements in the urine

Elements Mass / charge ratio The detection limits DL 3s 
(μg/l)

The quantification limits QL 6s 
(μg/l)

Al (Aluminium) 27 0.025 0.050
Cr (Chromium) 52 0.004 0.008
Mn (Manganese) 55 0.009 0.017
Fe (Iron) 56 0.037 0.075
Co (Cobalt) 59 0.004 0.008
Ni (Nickel) 60 0.016 0.032
Cu (Copper) 65 0.086 0.173
Zn (Zinc) 67 0.064 0.129
As (Arsenic) 75 0.007 0.015
Cd (Cadmium) 114 0.002 0.004
Pb (Lead) 208 0.008 0.016
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Analysis of metals in the urine  
of non-exposed and exposed people 
The developed method was used in biological monitoring of 
metals in the urine of unexposed and occupationally exposed 
people. Examined population comprised 16 inhabitants of 
a non-contaminated area (Łódź) and 27 workers of a cop-
per smelter. The men working in the smelter were mainly ex-
posed to inorganic arsenic and conglomerate of other metals 
such as: lead (Pb), cadmium (Cd), nickel (Ni), manganese 
(Mn), chromium (Cr), cobalt (Co) as well as copper (Cu).
Table 5 presents results of geometric mean concentrations 
of the elements in the urine in both subject groups – oc-
cupationally exposed and non-exposed. The results are 
presented in μg/l or μg/g creat. due to the requirements of 
data interpretation.
Table 6 presents well documented values of metal concentra-
tions in the urine based on reference values and on biological 
tolerance values only in cases, where such data exists [29–34].

The method for the determination of trace elements in 
the urine was systematically checked during internal and 
external quality controls. 

External quality assurance
The accuracy of the method for the determination of 
seven metals (except Mn, Fe and Pb) Al, Cr, Co, Ni, Cu, 
Zn, Cd and mettaloid As in the urine samples was veri-
fied by the participation of the laboratory in the German 
External Quality G-EQUAS, according to the Guidelines 
of the German Federal Medical Council (University of 
Erlangen). The coordinator assumed urine samples deter-
mination in both, occupational and environmental medi-
cal fields. Measured and target concentration for Al, Cr, 
Co, Ni, Cu, Zn, As, and Cd are presented in Table 4. All 
results of the determination of eight trace elements con-
centrations obtained in our study were within the range of 
concentrations specified by the Organizer.

Table 3. Comparison of measured and reported concentrations in the urine reference material ClinCheck® – Control,  
Urine Control lyophilised, level I, II

Elements

Measured Reported 
(reference)

BIAS
(%)

Precision
intra day

(%)

Intermediate 
precision

(%)

Recovery
(%)

x– (μg/l) n (μg/l) x–x– ×100x
SD

×100
x–

SD
×100

x–
x– ×100x

Al 157.0 10 151.2 3.71 1.38 2.09 96.29
Cr 35.4 10 35.5 0.19 2.46 6.27 100.19
Mn 21.2 10 21.2 0.005 1.87 3.07 100.00
Fe 213.0 10 216.9 1.85 1.99 10.29 101.85
Co 34.6 10 35.3 1.94 3.31 2.13 101.94
Ni 44.1 10 42.5 3.56 2.45 3.71 96.44
Cu 118.0 10 119.9 1.64 2.56 1.49 101.64
Zn 556.0 10 499.5 10.16 1.93 3.69 89.84
As 82.1 10 89.2 8.67 0.98 0.78 108.67
Cd 15.0 10 14.7 1.84 2.42 1.64 98.16
Pb 24.0 10 24.1 0.39 1.03 1.02 100.39

Abbreviations as in Table 2.
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Table 4. Comparison of measured and target concentrations for Al, Cr, Co, Ni, Cu, Zn, As, Cd, Pb and creatinine of the German 
External Quality Assessment Scheme

Elements Reference value* Tolerance range for reference value Measured value
x–±SD

Al (μg/l) 31.00
126.20

22.90–39.10
99.20–153.20

31.60±0.08
112.50±2.80

Cr (μg/l) 5.00
24.10

3.80–6.20
20.20–28.00

5.80±0.50
27.20±2.20

Co (μg/l) 6.10
31.20

4.90–7.30
25.50–36.90

5.20±0.05
30.30±0.80

Ni (μg/l) 4.50
31.60

3.30–5.70
25.60–37.60

5.40±0.60
31.10±2.10

Cu (μg/l) 9.40
49.70

7.30–11.50
41.30–58.10

9.10±0.80
46.00±6.70

Zn (μg/l) 157.90
330.90

125.80–190.00
278.40–383.40

126.20±0.60
278.30±5.30

As (μg/l) 11.17
16.87

6.61–15.73
10.99–22.75

10.32±1.00
15.81±1.20

Cd (μg/l) 3.70
12.40

3.10–4.30
10.60–14.20

3.90±0.06
12.30±0.50

Creatinine (g/l) 0.74 0.65–0.83 0.76 ±0.02

Abbreviations as in Table 2.
* Measured values concerned occupational and environmental range.
x–±SD – mean values±standard deviation.

Table 5. Geometric mean urine metals concentrations (xg) and their range for unexposed and occupationally exposed subjects

Elements

Urine metals concentrations (μg/g creat. or μg/la) 
xg±SDg (range)

unexposed group 
(N =16)

exposed group 
(N = 27)

Al 36.23a±2.30 (9.4–141.2) 44.10a±2.00 (12.3–141.7)
Cr 3.03a±1.80 (1.0–11.6) 4.14±1.60 (1.4–11.9)
Mn 0.91±2.10 (0.3–3.9) 1.11±1.60 (0.5–3.1)
Co 0.47±1.90 (0.2–1.6) 0.48±1.80 (0.2–2.2)
Ni 6.39±1.60 (2.5–14.6) 6.95a±1.90 (1.5–35.5)
Cu 34.83±2.40 (11.6–281.1) 38.25±1.70 (12.2–131.4)
As 20.18a±2.00* (8.7–76.8) 58.28±2.10 (15.8–224.6)
Cd 0.49±2.00 (0.1–2.6) 0.46±1.70 (0.2–1.3)
Pb 5.39±2.40* (1.7–31.3) 22.03±2.00 (5.5–66.9)

Abbreviations as in Table 2.
x–g – geometric mean values.
SDg – geometric standard deviation.
* p = 0.05 between unexposed and exposed group.



MULTI-ELEMENT ANALYSIS OF URINE USING ICP-DRC-MS        O R I G I N A L  P A P E R S

IJOMEH 2013;26(2) 309

to 22.0±2.0 μg/g creat. vs. 5.4±2.4 μg/g creat., respective-
ly. In the group of occupationally exposed copper smelter 
workers only concentrations of arsenic (58.3 μg/g creat.) 
exceeded Polish tolerance level (DSB) established by In-
terdepartmental Commision for Maximum Admissible 
Concentrations and Intensities for Agents Harmful to 
Health in the Working Environment [32] for concentration 

The study results indicated that the concentrations of 
trace elements in both groups are on similar level. Only 
for concentrations of As-U and Pb-U in workers em-
ployed in the copper smelter factory the results were 
statistically significantly higher (p < 0.05) than in case 
of environmental exposure – the (control) group, and 
amounted to 58.3±2.1 μg/l vs. 20.2±2.0 μg/g creat. and 

Table 6. Metals concentrations in the urine determined in other studies

Elements For non-occupationally 
exposed people*

For occupationally 
exposed people** Criteria [29–34]

Aluminium (Al-U) < 30 μg/l 200 μg/l * reference value: Lauwerys, Hoet [30]
** biological tolerance level – List of MAK and BAT 
values 2000 [29]

Arsenic (As-U) < 15 μg/la 35 μg/gb creat. * when people do not eat fish: Wilhelm et al. [31]
** biological tolerance level in Poland: Augustyńska, 
Pośniak [32]
a without fish consumption 2 days before analysis
b after work

Cadmium (Cd-U) < 1 μg/g creat.a

< 2 μg/g creat.b
5 μg/g creat. *a children, men < 25 years; badults > 25 years – no smoking: 

Recomendation Commission on Human Biological Monitoring 
of the German Federal Environmental Agency [33]
** biological tolerance level in Poland: Augustyńska, 
Pośniak [32] – smoking causes a 2–3 fold increase of Cd 
concentration

Chromium (Cr-U) < 1 μg/g creat. 10 μg/g creat.a

30 μg/g creat.b
* and ** biological tolerance level in Poland: Augustyńska, 
Pośniak [32]
a after work minus before workb after work at the end of work 
week

Cobalt (Co-U) < 2.0 μg/g creat.a 15 μg/g creat.b * reference value and**: Lauwerys, Hoet [30]
a smokers may have higher levels than non-smokers b after work 
at the end of work week

Copper (Cu-U) < 50 μg/g creat. – * reference value and**: Lauwerys, Hoet [30]
Iron (Fe-U) 40–150 μg/24 h – * reference value: Pawelski, Maj [34]
Lead (Pb-U) < 25 μg/g creat. – * reference value: Lauwerys, Hoet [30]
Manganese (Mn-U) < 3.0 μg/g creat. – * reference value and**: Lauwerys, Hoet [30]
Nickel (Ni-U) < 2.0 μg/g creat. 15 μg/lb

30 μg/lc
* reference value and**: Lauwerys, Hoet [30]
** biological tolerance level: DFG-EKA for Ni and its 
compounds based on Ni
b for100 μg/m3 in air, after work at the end of work week
c  for 300 μg/m3 in air, after work at the end of work week [29]
in Poland MAK 0.25 mg/m3

Zinc (Zn-U) < 456 μg/g creat. < 900 μg/g creat. * reference value: Lauwerys, Hoet [30]
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an equivalent to existing maximum workplace concentra-
tion e.g. MAK (maximum workplace concentration), TLV 
(Threshold Limit Value), NDS (in Poland), Table 6.

CONCLUSIONS

Fast analyses of the urine and blood based on accurate 
methods conducted in the clinical laboratory are necessary 
for the rapid diagnosis and interpretation of the sources 
of exposure. ICP-MS technique is suitable for analysis of 
biological monitoring. The developed method with a set 
of validation parameters allows us to assess environmental 
and occupational exposure. The method in question, us-
ing ICP-MS technique is fast, accurate, sensitive and high-
ly selective. Minimal sample quantity makes the method  
suitable for toxicological analyses. In case of toxicological 
analysis and particularly in case of acute exposure, rapid 
analyses are necessary for immediate diagnosis. Very low 
detection limit for all the analyzed elements allows us to 
perform such determinations also in children. Application 
of dynamic reaction cell let us avoid problems with isoba ric 
interferences by using alternative gas: oxygen or methane. 
Ten fold simple dilution of the urine samples with nitric 
acid is sufficient to eliminate the matrix effects from the 
urine and enables us to use water calibration standards to 
calibrate the method. Nevertheless, the developed method 
requires the usage of the internal standards. In toxicologi-
cal analysis it allows us to perform screening of elements 
potentially hazardous and toxic for health quickly.
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