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A precise, selective, and sufficiently sensitive quantitative procedure for determining chemicals contents in 

environmental objects and a human body is often a key to correct health risk assessment. 
The authors describe optimized conditions for analyzing whole blood, urine, and hair samples used for de-

termining total mercury contents with mass-spectrometry with inductively coupled plasma (sampling, samples 
storage, preparations to analysis, instrumental settings of a device, analysis conditions). 

We quantitatively determined mercury in blood, urine, and hair samples with Agilent 7500cx mass spec-
trometer with octopole reaction/collision cell (Agilent Technologies, USA). To prepare for whole blood samples 
analysis, we applied acid dilution in concentrated nitric acid with consequent centrifuging. Urine samples were 
directly analyzed after 1/10 (V/V) dilution with 1 % nitric acid solution. The suggested conditions of convention-
al biological media analysis applied in total mercury determining with mass spectrometry with inductively cou-
pled plasma allow to determine the element in blood within 0.5–100 µg/l with measurement error being equal to 
29.4 %; in urine, within 0.4–100 µg/l with measurement error being equal to 24.2 %; in hair, within 0.001–100 
µg/l with measurement error being equal to 22.4 %. When validating the procedure, we found the following lim-
its of detection (LOD): 0.0015 µg/l for blood; 0.012 µg/l, for urine; and 0.003 µg/l, for hair. 

Correctness of the results was confirmed by examination of standards blood samples SERONORM (Sero 
AS, Norway) blood L1 (LOT 1103128), L2 (LOT 1103129), L3 (LOT 1112691), urine samples SeronormTM (Sero 
AS, Norway) urine (LOT 0511545), and hair samples Reference Material in Human Hair (IAEA-086, Vienna, 
Austria). 

Total mercury contents in children's blood was determine within 0.02–1.2 µg/l; within 0.45–0.8 µg/l in 
urine. Contents in urine taken from exposed adults amounted to 0.65–8.2 µg/l, and to 0.29–0.49 µg/l in hair. 

Key words: mercury, quantitative determination, mass spectrometry, inductively coupled plasma, whole 
blood, urine, hair, acid dilution. 
 

 
 Research based on human biomonitor-

ing (HBM) is attracting considerable atten-
tion these days. By measuring concentra-

tions of chemicals or their metabolites in 
biological materials researchers can per-
form a complex assessment of exposure 
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under different introduction; they can also 
determine speed of absorption, metabo-
lism, and excretion. The WHO recom-
mends various procedures and techniques 
aimed at determining concentrations of 
persistent and bioaccumulating contami-
nants, and requirements to such procedures 
and techniques are becoming stricter in or-
der to achieve better comparability and va-
lidity of HBM results [1].  

Mercury is now not so widely applied 
as it used to be; none the less, it is still a 
global contaminant. Mercury is a heavy 
metal, a cumulative poison, and it belongs 
to chemicals with the 1st hazard degree 
(CAS 7439-97-6). Toxicity of mercury for 
people is related to erythrocytes agglutina-
tion, inhibition of enzymes, and disorders 
in protein metabolism. Mercury enters a 
body via various ways as it can be inhaled, 
introduced orally or transdermally; it is 
then detected in all organs and tissues of a 
human body [2–4]. Mercury concentra-
tions in blood allow to estimate recent or 
current contamination with all the types of 
this metal; mercury concentrations in urine 
help to estimate current or recent contami-
nation with elemental and inorganic mer-
cury; an analysis performed on hair allows 
to determine contamination with organic 
mercury which occurred during various 
periods of time [1, 5]. 

Table 1 below contains reference mer-
cury concentrations in various biological 
media as per data obtained from scientific 
literature 1. 

L.M. Karimova, T.K. Larionova, and 
G.R. Basharova think that maximum mer-
cury concentration which doesn't lead to 
shifts in hematologic, biochemical, and  

T a b l e  1  
Reference mercury concentrations in blood, 

urine (µg/l) and hair (µg /g) 
Author / analysis  

technique 
Blood,  

µg/l 
Urine,  
µg/l 

Hair, 
µg /g 

WHO, 2010 [5] 5–10 5,6 (<10)  <10 
Tits N.U.,(AAС) [3] 0,6–59 <20 <15 
Kaletina N.I. [4] 3–11 2 0,5–1,5 
Skal'niy A.V. [2] – 0,1–2,0 0,05–2,0 
Schulz C. (ICP-MS) [6] 0,8–1,0 0,4–0,7 – 
ALS Scandinavia (ICP-
MS) [7] 0,46–7,5 0,14–4,2 0,05–0,93 

Goulle J.P. (ICP-MS) 
[8] 0,94–8,13 0,14–2,22 0,31–1,66 

 
immunologic parameters amounts to 1 µg/l 
[9]. Methodical guidelines for early diag-
nostics of toxic mercury effects in low in-
tensity doses in children (MG 2000/140) 
approved by the RF Public Healthcare 
Ministry set forth background mercury 
concentration in children's morning urine 
which is equal to 0.56±0.07 µg/l (the range 
is 0.3–0.9 µg/l)1. The Commission on 
HBM of the German Federal Environmen-
tal Agency offers reference values of 
HBM-1 and HBM-2 which amount to 5 
and 15 µg/l for mercury in blood, and to 7 
and 25 µg/l in urine correspondingly [1]. 
HBM-1 is such a concentration in a biolog-
ical material below which there isn't any 
health risk. When BHM-2 concentration is 
reached, it causes an elevated risk of ad-
verse influence, and toxic effects should be 
eliminated immediately. Obviously, con-
siderable differences in the given values 
and the data which can be found in Table 1 
are related not only to peculiarities of ex-
amined populations, but also to application 
of different analysis techniques. 

To detect mercury in biological me-
dia, we need highly sensitive and highly 

__________________________ 
 
1 MG 2000/140. Metodika rannei diagnostiki i prognozirovaniya techeniya toksicheskogo deistviya rtuti v dozakh maloi 

intensivnosti u detei: metodicheskie rekomendatsii № 2000/140 ot 28.05.2001 g.  [A procedure for early diagnostics and predic-
tion of toxic effects exerted on children by mercury in low intensity doses: Methodical guidelines approved on May 05, 2001 N 
2000/140]. Hippocratic.ru: Medical information source. Available at: http://www.hippocratic.ru/medtext1/medtext_8833.htm 
(23.01.2018). 

http://www.hippocratic.ru/medtext1/medtext_8833.htm
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efficient analysis techniques. They are 
primarily mass-spectrometry with induc-
tively coupled plasma (ICP-MS) and elec-
trothermal atomic-absorption spectrometry 
(ET-AAS)2 [10]. Atomic-absorption spec-
trometry as a technique for mercury deter-
mination is usually applied via absorption 
of cold mercury vapor with specific mercu-
ry-hydride detachable devices (MHDD) for 
atomic-absorption spectrometers or with 
mercury analyzers [11]. Atomic absorption 
of cold vapor is highly sensitive (detection 
limits are similar to those of ICP-MS) and 
selective due to distillation of elemental 
mercury vapor from a sample matrix. At 
the same time, N.B. Ivannko et al. state 
[12] that such techniques are still inferior to 
ICP-MS due to their much lower produc-
tivity. In 2003 Methodical Guidelines No. 
4.1.1483-03 were approved and became 
valid in the RF; these guidelines fix proce-
dures for determining concentrations of 
chemical elements, including mercury, in 
biological substrates via ICP-MS tech-
nique3. Ranges within which mercury is 
detected in various biological media and 
biologically active additives amount to 
0.1–10 µg/l, determination inaccuracy is 
40%, 10–100 µg/l, determination inaccura-
cy is 20%, detection limit is equal to 0.01 
µg/l. 

But still, when we perform quantita-
tive determination of mercury via ICP-MS, 
we often face certain difficulties which are 
related to physical and chemical properties 
of the element. Mercury is a liquid metal of 
silver color, volatile, and resistant to water 

and air. High volatility of mercury calls for 
a sample preservation at a stage when it is 
being taken. Mercury has a very high ion-
izing potential which is equal to 10.44 eV, 
and it imposes substantial limits on effi-
ciency of its ionization in plasma during a 
mass-spectrometry analysis and results in 
low sensitivity of the technique. Besides, 
another serious problem is related to a so 
called "memory effect". This disturbing 
action is caused by a great difficulty which 
we face when we try to wash residual 
quantities of mercury off feeding equip-
ment, a spray chamber, burner, and inter-
face parts of a mass spectrometer [12, 13]. 

It turned out to be rather difficult to 
apply MG 4.1.1483-033 in clinical and la-
boratory practices to determine mercury 
contents as this procedure didn't fix precise 
parameters for samples preparation and 
analysis conditions. 

Therefore, all the above mentioned 
made us choose our research goal which 
was to optimize conditions for a routine 
biological media analysis aimed at deter-
mining overall mercury contents via mass-
spectrometry with inductively coupled 
plasma.  

Data and methods. We performed 
quantitative determination of mercury in 
blood, urine, and hair samples with Agilent 
7500cx mass spectrometer with an octo-
pole reaction/collision cell (Agilent Tech-
nologies, the USA) with 27.12 millihertz 
transistor oscillator. To introduce samples, 
we applied a two-channel Scott spray 
chamber which was cooled down to 2 ºС 

__________________________ 
 
2 MG 4.1.1470-03. Atomno-absorbtsionnoe opredelenie massovoi kontsentratsii rtuti v biomaterialakh (moche, volosakh, 

kondensate al'veolyarnoi vlagi) pri gigienicheskikh issledovaniyakh [Atomic-adsorption determination of mercury mass concen-
trations in biological materials (urine, hair, and alveolar liquid condensate) in hygienic research]. CODEX: Electronic data fund 
for legal and technical regulatory documentation. Available at: http://docs.cntd.ru/document/1200034849 (23.01.2018). 

3 MG 4.1.1483-03. Opredelenie soderzhaniya khimicheskikh elementov v diagnostiruemykh biosubstratakh, preparatakh i 
biologicheski aktivnykh dobavkakh metodom mass-spektrometrii s induktivno svyazannoi argonovoi plazmoi issledovaniyakh 
[Determination of chemical elements in diagnosed substrates, preparations, and biologically active additives via 
mass-spectrometry with inductively coupled argon plasma]. CODEX: Electronic data fund for legal and technical regula-
tory documentation. Available at:  http://docs.cntd.ru/document/1200032531(23.01.2018). 
 

http://docs.cntd.ru/document/1200034849
http://docs.cntd.ru/document/1200032531(23.01.2018)
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with a Peltier device (thermoelectric cool-
er). A sample was fed into the spray cham-
ber at a speed equal to 0.4 ml/min. The 
mass-spectrometer was equipped with Fas-
sel plasma torch, its injector tube diameter 
being 2.5 mm. We used liquid argon with 
high purity equal to 99.998% (TC-2114-
005-00204760-99). Maximum speed of ar-
gon flow amounted to 20 l/min, pressure in 
the gas-feeding channel was equal to 
700±20 kPa, plasma temperature was 
8000–10000 К. The process of the analysis 
was automated with G3160B autosampler 
(Germany). 

To adjust the device receptiveness, 
we applied 7Li, 59Co, 89Y, and 205Tl solu-
tion in 2% nitric acid with each element 
concentration being equal to 1 µg/l (Tun-
ing Solution, the USA). We chose gaseous 
helium with high purity (99.995%) as a 
gas-reagent. To make Internal Standards 
(IS) solutions, we used a complex standard 
solution of 209Bi, 73Ge, 115In, 6Li, 45Sc, 
159Tb, 89Y with their concentration being 
equal to 10 µg/l in a water solution of nitric 
acid (Internal Standard Mix, the USA), as 
well as a standard 103Rh solution with its 
concentration being 10 µg/l in 2% water 
solution of hydrochloric acid (Rhodium 
Internal Standard, the USA). We applied 
highly pure nitric acid with As, Cd, Cu, 
Mn, Pb, Sr, and V contents ≤ 0.01 mg/kg; 
Cr and Ni contents ≤0.02 mg/kg; Tl and Zn 
contents ≤0.05 mg/kg (Nitric acid 69%, 
Sigma-Aldrich, the USA).  

To dilute, we applied deionized water 
with its specific resistance being equal to 
18.22 Mom⋅cm which was purified with 
Milli-Q Integral system (Millipore SAS, 
France). All the laboratory dishes made of 
glass, teflon, and polypropylene, were 
washed in Elmasonic S 100H ultrasound 
cleaner (Germany) at 45о С–50о С as per 
the following procedure:  3–4 times wash-
ing in distilled water, each lasting 10 

minutes after which water was changed; 
then 30 minutes washing in nitric acid di-
luted with distilled water in a ratio 1:5; af-
ter that the dishes were washed with 2-3% 
hydrochloric acid solution or with 1% ni-
tric acid solution containing 5 µg/l of auric 
chloride. 

A substantial stage in chemical-
analytical research is a sample taking and 
storage, especially when we examine vola-
tile elements. Thus, to prevent losses of 
mercury during its transportation and stor-
age, it is necessary to freeze samples or to 
add auric chloride (III) solution into them. 
To add AuCl3 to samples, we should apply 
reaction/collision cells, because chlorine 
ions cause interferences during determina-
tion of vanadium, arsenic, and selenium. 
To achieve efficient ionization of mercury 
in plasma and to increase receptiveness of 
a mass spectrometer, it is important to pre-
set power of a frequency generator at 
1500–1600 Wt, and a distance between a 
burner and a selective cone should be 
about 7-7.5 mm. Prior to an analysis, the 
device was adjusted in No Gas mode 
(without a gas-reagent); its receptiveness 
was checked, as well as background levels, 
and levels of secondary oxide and doubly 
charged ions; then the device was switched 
into Reaction mode. 

Before starting an analysis, we made 
sure that helium had filled all the feeding 
channels and the reaction cell at a speed 
equal to 10 ml/min; after that, the device 
remained untouched for 30 minutes for 
stabilization.  

To prepare calibration solutions, we 
applied a standard solution of mercury ions 
with their concentration being 10 mg/l in 
5% solution of nitric acid (Calibration 
Standard 2A – HG, the USA).  

A specific order in which calibration 
solutions and the samples themselves are 
measured is a way to minimize "memory 
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effect": first, actual samples with low con-
tents of mercury are fed into plasma, and 
then calibration solutions follow, starting 
from one with the lowest concentration and 
then proceeding with ones with higher 
concentrations. At present, the highest 
peak of a calibration graph which we 
achieved during our research on mercury 
contents in samples doesn't exceed 1.0 
µg/l; it minimizes the device contamination 
and, consequently, "memory effects". Our 
calibration graph was designed as per the 
following points: 0.0; 0.1;0.5;1.0 µg/l 
(Figure 1). 

To obtain precise and authentic results, 
it is necessary to achieve the lowest device 
background level possible. As we can see 
from the calibration graph on Figure 1, a 
concentration which is equivalent to the 
background (BEC) doesn't make any con-
tribution into analysis results. Correlation 
coefficient r is equal to 0.9995, and the de-
tection limit of the device amounts to 
0.00478 µg/l. 

Determination of an optimal ele-
ment of Internal Standard (IS) is a tech-
nique which allows to level off matrix in-

fluences exerted by a saturated structure of 
blood matrix, shifts in a device receptive-
ness during an analysis, differences in den-
sities of calibration solutions and examined 
ones, and low ionization degree of ions 
which are being determined. To do that, we 
took blood samples with certified mercury 
contents and prepared them via adding a 
solution of complex internal standard. Min-
imal inaccuracies in determining mercury 
in blood within various concentration 
ranges were detected when 159Tb and 103Rh 
were used as internal standards. A blank 
experiment also matters a lot, especially 
when an element is detected in quantities 
equal to ng/l. Thus, when 159Tb and 103Rh 
were applied, a blank sample was equal to 
approximately 8 µg/l, and in case of 115In 
and 209Bi, it was about 18–19 µg/l.  

Blood. Blood samples were taken 
from the ulnar vein into vacuum vials 
made of polypropylene with lithium hepa-
rin sputtering (PUTH, China). Samples 
could be stored in a fridge (from 0ºС to 
4ºС) in a hermetically closed vial for 3 
days; long-term storage was possible only 
if they were frozen. 

 

 
Figure. Calibration graph for mercury ions 
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T a b l e  2  
Analysis of spiked samples for blood, urine, and hair samples  

 
Sample LOD in solution Unspiked sample Spiked sample Analysis ∆, %  

blood (No. 1), µg/l 0,0015 0,012 0,03 0,02/0,018 10 
blood (No. 2), µg/l 0,0015 0,042 0,065 0,02/0,023 15 
urine (№ 1), µg/l 0,012 0,080 0,19 0,1/0,11 10 
urine (№ 2),  µg/l 0,012 0,045 1,18 1,0/1,14 14 
hair (№ 1), µg/g 0,003 0,087 0,19 0,1/0,103 3 
hair (№ 2, µg/g 0,003 0,147 0,253 0,1/0,105 5 

 
To decompose blood samples, an ex-

amined sample with its volume being 0.1-
0.2 ml was introduced into cone centrifuge 
plastic screw-top vials; than 0.2-0.4 ml of 
nitric acid (68%) and 0.1 ml of a complex 
internal standard were added; then the mix-
ture was thoroughly stirred. The vials were 
kept untouched for 2-3 hours; then the vol-
ume of the mixture was increased up to 10 
ml and the mixture was centrifuged for 10 
minutes at a speed equal to 2700-3000 
turns per minute with CLMN-R10-01-
"Elekon" centrifuge (Russia). The prepared 
mixture was then put into vials for the con-
sequent mass-spectrometric analysis. At 
the same time we prepared a blank experi-
ment for each set of samples; blank sam-
ples underwent the same preparation and 
the process included all the reagents which 
were applied to prepare analyzed samples.  

Urine. Samples of morning urine 
were taken into sterile screw-top polypro-
pylene containers, their volume being 125 
ml (F.L.Medical S.r.l., Torreglia, Italy). 
Urine samples were analyzed after being 
diluted in a ratio 1/10 with 1% nitric acid 
solution: 0.5 ml of urine were added with 
4.45 ml of 1% water solution of HNO3 and 
0.05 ml of internal standard solution. 

Hair. Hair in its full length was cut 
off the occipital region in a quantity which 
allowed to obtain an analytical sample 
equal to 0.1-0.2 grams. Hair samples were 
kept in paper packs; they were decomposed 
in open vials as per the following proce-
dure: hair samples weighing 0.1-0.2 grams 

were put into cone vials made of polypro-
pylene, their capacity being 15 ml; 0.1 ml 
of IS solution was then added with a doser; 
then we added 1-2 ml of concentrated ni-
tric acid, its density being 1.415 g/cm3; the 
mixture was kept untouched 3-6 hours until 
all the hair in it was dissolved; then 1-2 ml 
of concentrated hydrogen peroxide were 
added. The vial with the mixture was 
stirred, kept untouched for 3-4 hours, and 
then the volume of the mixture was in-
creased to 10 ml with deionized water be-
ing added into it and centrifuged for 10 
minutes at a speed equal to 2700-3000 
turns per minute with CLMN-R10-01-
"Elekon" centrifuge (Russia). 

We checked validity of the results 
which we obtained during blood, urine, and 
hair samples analysis with spiked samples 
analysis (Table 2). A certain amount was 
added into an analyzed sample before it 
was prepared. Table 2 contains data on de-
tection limits (LOD) calculated as per 3σ 
criterion. Determination inaccuracy didn't 
exceed 15%. 

We analyzed standard blood samples 
SERONORM (Sero AS, Norway) blood L1 
(LOT 1103128), L2 (LOT 1103129), L3 
(LOT 1112691), urine samples Sero-
normTM (Sero AS, Norway) (LOT 
0511545) and hair samples Reference  Ma-
terial in Human Hair (IAEA-
086,Vienna,Austria). Prior to the analysis, 
certified reference materials underwent the 
same preparation procedure as our experi-
mental samples. Reference samples were 
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analyzed after each 5th actual sample. Data 
from the Table 3 prove there is an authen-
tic similarity between detected and certi-
fied values.  

T a b l e  3  
Certified and detected average mercury 

concentrations in standard blood, urine, and 
hair samples 

Level Certified 
value 

Detected 
average val-

ue 

∆,  
%  

SeronormTM urine (n=5), 
µg/l 39,8 39,3 1,2 

Seronorm blood L1 
(n=5), µg/l 1,5 1,71 14,0 

Seronorm blood L2 
(n=5), µg/l 16,0 17,3 8,1 

Seronorm blood L3 
(n=4), µg/l 37,1 39,6 6,7 

Reference Material in 
Human Hair (n=10), 
µg/l 

0,573 0,635 10,8 

 
The suggested procedure was tested 

within LAMP international test program 
which was organized by the US Environ-
mental Protection Agency, Centers for 
Diseases Control and Prevention (Atlanta, 
the USA), Results of blood samples exam-
ination in terms of mercury contents are 
given in Table 4.  

The results of external quality control 
prove that the experiment results are quite 
satisfactory, as Z-index with its value as 
per modulus being |Z|≤2 is acceptable.  

T a b l e  4  
Mercury contents in blood samples from 

LAMP (CDC, Atlanta, the USA)  
Round/ code 
of a sample 

Certified 
value, µg/l 

Detected 
value, µg/l Z- index 

31/1402 3,13 3,43 0,6 
31/1403 8,00 8,6 0,7 
32/1404 4,13 4,6 0,2 
32/1406 2,57 3,7 –0,4 
33/1407 1,68 1,38 –0,6 
33/1408 6,24 5,58 –0,3 
33/1409 10,52 9,58 –0,2 

 
We performed a metrological certifica-

tion of the suggested procedure for deter-
mining mercury in blood, urine, and hair; 
this certification was accomplished in full 
conformity with the following regulatory 
documents: RMG 61-2010 State Standard 
R ISO 5725-1-2002, State Standard R ISO 
5725-2-2002, State Standard R ISO 5725-
3-2002, State Standard R ISO 5725-4-
2002, State Standard R ISO 5725-5-2002 
and State Standard R ISO 5725-6-20024. 

This procedure for measuring mercury 
concentrations in blood, urine, and hair al-
lows to obtain results with inaccuracies not 
higher than values given in Table 5.  

The developed ICP-MS-based proce-
dure for determining mercury in biological 
media allows to determine the element in 
blood within 0.5 - 100 µg/l range of con 

T a b l e  5  
Metrological characteristics of the procedure for mercury determination in a solution, µg/l 

A component being deter-
mined and a range of measure-

ments in a solution 

Repeatability (relative 
standard deviation in repeat-

ability), σ r, % 

Reproducibility (relative 
standard deviation in repro-

ducibility) σR, %  

Precision (relative inaccu-
racy limits at probability 

Р=0.95), ±δ, %  
Blood, µg/l  
from 0.005 to 1.0 inclusive 9,19 13,23 29,42 

Urine, µg/l 
from 0.04 to 1.0 inclusive 10,36 10,42 24,25 

Hair, µg/g 
from 0.1 to 1.0 inclusive 9,52 9,74 22,43 
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T a b l e  6  
Mercury contents in examined biological media 

Medium Group Perm region Canada 
[16] Russia [14] Germany 

[6, 17] HBM-1 [1, 6] 

Blood, 
µg/l 

adults –  0,12–4,7 0,89–2,39  0,02–16 5 children 0,02–1,2  0,27–6,39 0,2–0,43 0,8–1,0 

Urine, µg/l adults 0,65–8,2  0,2–3,5 0,27–0,94 – 7 children 0,45–0,8 0,2–2,82 – 0,4–0,8 
Hair, µg/g adults 0,29–0,49 – 0,21–0,54 – 1 

 
centrations with inaccuracy being equal to 
29.4%; in urine, within 0.4 - 100 µg/l with 
inaccuracy being 24.2%; in hair, within 
0.001 - 100 µg/g with inaccuracy being 
22.4%. 

We detected the following limits of 
detection (LOD): 0.0015 µg/l for blood; 
0.012 µg/l for urine; and 0.003 µg/g, for 
hair. 

Results and discussion. We tested 
the developed procedure as we examined 
patients from the in-patient department and 

the polyclinic of the Federal Scientific 
Center for Medical and Preventive Health 
Risk Management Technologies (Table 6). 
This Table contains data on mercury con-
centrations in biological media taken from 
people living in Canada, Russia, and Ger-
many. We examined a group of children 
and detected that mercury contents in their 
blood and urine were lower than HBM-1. 
Mercury concentration in urine taken from 
exposed adults was higher than HBM-1. 
Mercury contents in urine taken from Rus-

__________________________ 
 
4  Gosudarstvennaya sistema obespecheniya edinstva izmerenii. Pokazateli tochnosti, pravil'nosti, pretsizionnosti metodik 

kolichestvennogo khimicheskogo analiza. Metody otsenki: rekomendatsii po mezhgosudarstvennoi standartizatsii [State system 
for ensuring the uniformity of measurements. Accuracy, trueness and precision measures of the procedures for quantitative chem-
ical analysis. Methods of evaluation: Recommendations on interstate standardization]. CODEX: Electronic data fund for legal 
and technical regulatory documentation. Available at: http://docs.cntd.ru/document/1200094703 (23.01.2018). 

State Standard R ISO 5725-1-2002. Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 1. Osnov-
nye polozheniya i opredeleniya [Accuracy (trueness and precision) of measurement methods and results. Part 1. General princi-
ples and definitions]. CODEX: Electronic data fund for legal and technical regulatory documentation. Available at: 
http://docs.cntd.ru/document/1200029975 (23.01.2018). 

State Standard R ISO 5725-2-2002. Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 2. Osnov-
noi metod opredeleniya povtoryaemosti i vosproizvodimosti standartnogo metoda izmerenii [Accuracy (trueness and precision) of 
measurement methods and results. Part 2. Basic method for the determination of repeatability and reproducibility of a standard 
measurement method]. CODEX: Electronic data fund for legal and technical regulatory documentation. Available at: 
http://docs.cntd.ru/ 
document/1200029976 (23.01.2018). 

State Standard R ISO 5725-3-2002. Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 3. 
Promezhutochnye pokazateli pretsizionnosti standartnogo metoda izmerenii [Accuracy (trueness and precision) of measurement 
methods and results. Part 3. Intermediate measures of the precision of a standard measurement method]. Internet and law: Juridi-
cal company. Available at: http://www.internet-law.ru/gosts/gost/6182/ (23.01.2018). 

 State Standard R ISO 5725-4-2002. Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 4. Osnov-
nye metody opredeleniya pravil'nosti standartnogo metoda izmerenii [Accuracy (trueness and precision) of measurement methods 
and results. Part 4. Basic methods for the determination of the trueness of a standard measurement method]. CODEX: Electronic 
data fund for legal and technical regulatory documentation. Available at: http://docs.cntd.ru/document/1200029978 (23.01.2018). 

State Standard R ISO 5725-5-2002 Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 5. Al'terna-
tivnye metody opredeleniya pretsizionnosti standartnogo metoda izmerenii [Accuracy (trueness and precision) of measurement 
methods and results. Part 5. Alternative methods for the determination of the precision of a standard measurement method]. CO-
DEX: Electronic data fund for legal and technical regulatory documentation. Available at: http://docs.cntd.ru/docu-
ment/1200029979 (23.01.2018). 

State Standard R ISO 5725-6-2002 Tochnost' (pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Ch. 6. Al'terna-
tivnye metody opredeleniya pretsizionnosti standartnogo metoda izmerenii [Accuracy (trueness and precision) of measurement 
methods and results. Part 6. Alternative methods for the determination of the precision of a standard measurement method]. CO-
DEX: Electronic data fund for legal and technical regulatory documentation. Available at:  
http://docs.cntd.ru/document/1200029980 (23.01.2018). 

http://docs.cntd.ru/document/1200094703
http://docs.cntd.ru/document/1200029975
http://docs.cntd.ru/
http://www.internet-law.ru/gosts/gost/6182/
http://docs.cntd.ru/document/1200029978
http://docs.cntd.ru/docu
http://docs.cntd.ru/document/1200029980


Methodical and practical aspects related to total mercury determination in whole blood, urine and hair…    

ISSN (Eng-online) 2542-2308     ISSN (Rus-print) 2308-1155    ISSN (Rus-online) 2308-1163     127

sian population who were not exposed to 
this metal amounted to 0.27 - 0.94 µg/l 
[14]; mercury concentrations in urine taken 
from workers employed at an industrial en-
terprise amounted to 0.2-25.3 µg/l [15].  

Mercury contents in urine taken from 
children whom we examined was at the 
same level as in children from Germany 
[6] . 

Mercury contents in hair which we de-
tected corresponded to all the literature da-
ta we managed to find [1,6]. 
Conclusions: 

1. The performed research gave us 
grounds to offer optimal conditions for a 
routine analysis of biological media aimed 
at determining overall mercury concentra-
tions with ICP-MS. These conditions allow 
to determine the element in blood within 
0.5 - 100 µg/l range of concentrations with 
inaccuracy being equal to 29.4%; in urine, 
within 0.4 - 100 µg/l with inaccuracy being 

24.2%; in hair, within 0.001 - 100 µg/g 
with inaccuracy being 22.4%. 

2. We achieved high repeatability of 
measurements in determining mercury con-
tents in blood when we participated in 
LAMP international test program (|Z|≤2). 

3. The developed ICP-MS based pro-
cedure for determining mercury in blood, 
urine, and hair was tested during examina-
tion of children and exposed adults. The 
obtained results are well in line with litera-
ture data. 

4. Mercury contents in biological me-
dia taken from Perm region population 
who are not exposed to the metal do not 
exceed HBM-1 levels recommended by the 
WHO. 
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