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Abstract

Zinc and manganese are essential trace elements (they are constituents of body fluids, various tissues and organs and are involved
in many biochemical processes that support life etc.); however, deficiency or excess intake or disturbances in metabolism may
lead to diseases and toxicity. For this reason, data on the reference concentrations of zinc and manganese are important to esti-
mate. In this paper, the concentration of zinc and manganese in human tissue (brain, liver, kidney, stomach, small intestine, lung
and spleen; total n = 47) and body fluids (blood, urine, bile; n = 29) obtained from autopsy cases of non-poisoned people
(22 males and 8 females, aged 18—56, mean 33.5 years) by flame atomic absorption spectrometry (FAAS) and inductively cou-
pled plasma atomic emission spectrometry (ICP-OES). The data obtained by the two methods do not vary significantly
(Kruskal-Wallis ANOVA test). The accuracy of the methods was checked through the use of standard reference material, Bovine
Liver 1557b.

Key words
Zinc; Manganese; Human tissues, Body fluids, FAAS, ICP-OES.

Received 14 December 2008, accepted 2 February 2009

1. Introduction

About 60 elements occur in the human organism in
the form of many different chemical compounds (inor-
ganic and organic), of which a minimum of 22 (ele-
ments) are necessary for correct functioning [28]. The
role of various elements, including essential (macro-
and micro-elements) and also toxic metals (including
lead, mercury and cadmium) in the functioning of the
human organism has been the subject of numerous re-
search works over the past years [2, 14, 19, 22, 26, 28,
29, 31]. Optimum concentrations of microelements
ensure correct growth and development of the organ-
ism and also correct metabolism. Both a deficiency
and an excess of mineral components in the human or-
ganism is harmful. A deficiency of microelements usu-

ally results in impairment of defined metabolic paths,
weakening of immunity, and in extreme cases, devel-
opment of diseases and death. An excess, on the other
hand, has toxic effects [10, 24, 25]. That is why it is
important to establish levels of microelements in the
organism in persons who are healthy and not exposed
occupationally or environmentally to the action of
metals or non-metals (so-called reference levels), and
also in various pathological states and in poisonings.
Zinc has been known as an essential element for
over 100 years. Its role in the physiology of plants was
discovered at the turn of the 19™ and 20™ centuries.
However, it was only in 1940 that the specific biologi-
cal role of zinc in persons and animals was ascertained,
when it was shown that it is essential for catalytic ac-
tivity of carbonic anhydrase [26]. Currently, about
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200 enzymes containing zinc of very diverse structure
and activity have been identified in the human organ-
ism, such as ethanol and lactate dehydrogenase or
superoxide dismutase Zn-SOD (taking part in the
elimination of free radicals) [17, 19, 24, 26, 28].

Manganese is also a trace element essential for the
functioning of living organisms. Its role in photosyn-
thesis and normal growth in plants was observed many
years ago. In animals and humans, it is, amongst other
things, a co-factor of enzymes taking part in synthesis
of proteoglycans and glycoproteins, regulating the me-
tabolism of carbohydrates and fats. Similarly to zinc,
manganese takes part in processes of forming connec-
tive tissue and bone and also regulates growth [19, 25].

Current data concerning levels of trace elements in
the human organism, in body fluids, tissues and organs
are relatively scarce [5, 20, 21]. Whereas information
about concentrations of certain highly toxic heavy
metals, especially lead, mercury and cadmium [24,
25], and also significant elements [3,5,7,9, 12, 14, 17,
18, 21, 22, 23, 24, 25] in body fluids (serum, plasma,
blood and urine) appear more frequently in the litera-
ture, data on the subject of metal and non-metal con-
tent in organ tissues, and thus in autopsy material
(biopsies are performed rarely, e.g. in Wilson’s dis-
ease) are rather sparse [1, 2, 4, 6, 8, 11, 13, 15, 16, 20,
29, 30]. Reference levels of elements concerning vari-
ous organs most frequently originate from the 1980’s
and 1990’s. In the available literature there are also
very few data on the subject of concentrations of
metals in bile [27].

The aim of this paper was to determine concentra-
tions of zinc and manganese in autopsy material (in
sections of internal organs and body fluids) for foren-
sic toxicological purposes by methods of flame atomic
absorption spectrometry (FAAS) and inductively cou-
pled plasma optical emission spectrometry (ICP-OES)
after previous validation and also to compare the ob-
tained results statistically. Levels of zinc and manga-
nese occurring normally in biological material can be
used, amongst other things, in the assessment of
poisonings by compounds of these elements.

2. Experimental part
2.1. Apparatus

The research was carried out using a Pye Unicam
SP-9800 atomic absorption spectrometer (Great Brit-
ain) with use of hollow cathode lamps (for zinc and
separately for manganese) as a source of characteristic
radiation, and also a simultaneous emission spectro-

meter iCAP 6300 Duo produced by Thermo Elec-
tron Corporation (United States) with Echelle type op-
tics and also argon plasma, enabling simultaneous
recording of a spectrum in the range 166.250 nm —
847.000 nm with the help of a charge injection device
(CID) and also double observation of plasma (axially
and radially).

Determination of zinc and manganese by flame
atomic absorption spectrometry (FAAS) was carried
out at wavelengths of 213.9 nm and 279.5 nm respec-
tively, applying deuterium background correction,
whilst inductively coupled plasma optical emission
spectrometry (ICP-OES) was applied using wave-
lengths of the highest intensity of emission line:
213.856 nm, 202.548 nm and 206.200 nm (for zinc),
and 257.610 nm and 260. 259 nm (for manganese).

2.2. Reagents

All the reagents used in the research: 65% nitric
acid (V) produced by Lachner (Austria) and 95%
sulphuric acid (VI) produced by Chempur (Poland)
and also basic standard solutions of zinc and manga-
nese, and also a 23-element standard ICP-1V produced
by Merck (Germany) of concentration 1 g/l were of an-
alytical purity. Glass and polypropylene vessels before
analysis were soaked 24 hours in 30% (v/v) nitric acid
solution and then rinsed with deionized water (NANO-
pure DIlamond apparatus produced by Barnstead,
United States).

2.3. Material

The studied material was samples of internal organ
sections and body fluids collected during autopsy from
the bodies of persons who had died due to causes other
than poisoning. In total, 76 samples originating from
8 women and 22 men aged 18 to 56 (average 33.5 years),
including: brain (z = 10), liver (n = 14), kidney (n =9),
stomach (n = 8), small intestine (n = 3), spleen (n = 1),
lung (n=2), blood (n = 18), urine (n =4), bile (n="7).

Furthermore, in order to determine the accuracy of
the applied methods, standard reference material
(SRM) “Bovine Liver 1577b” (National Institute of
Standards & Technology, United States) was also sub-
jected to analysis.

2.4. Preparing material for analysis

Sections of internal organs were broken into small
pieces by hand, whereas samples of blood, urine and
bile were mixed with the help of a Vortex, and then
weighed out (10 g of sections of organs, 2—10 ml
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blood, urine or bile) and then a mixture of concen-
trated acids (2 ml sulphuric and 10 ml nitric) was
added. Mineralisation was carried out by the classical
method in a closed system in Bethge apparatuses.
Mineralisates were quantitatively transferred with the
help of de-ionised water to a volume of 20 ml.

Samples of reference material and also a reagent
sample were prepared in an analogous way. Before
carrying out analysis, mineralizates were stored in
a refrigerator.

2.5. Validation of methods
2.5.1. Linearity

Standards of zinc and manganese for analysis by
the FAAS method were prepared from solutions of ba-
sic standards of these elements (1 g/l), and for analysis
by the ICP-OES method from the 23-element standard
solution (1 g/) in the range from 0 to 2 pg/ml by appro-
priate dilution with de-ionized water.

The calibration curves were linear for zinc in the
range 0-0,8 pg/ml, and for manganese in the range
0-1.0 pg/ml, by the FAAS method, whereas, for both
zinc and manganese in the whole studied range of con-
centrations (up to 2 pg/ml), when tested using the
ICP-OES method.

2.5.2. Limit of detection and quantification
For the reagent sample, the limit of detection

(LOD) was accepted to be 3 standard deviations, and
the limit of quantification (LOQ) — ten standard devia-

tions. 10 measurements of absorbance for three paral-
lel samples were taken, obtaining on average by the
FAAS method: for zinc, LOD = 0.009 pg/ml and
LOQ =0.03 pg/ml and for manganese, LOD = 0.03 pg/ml
and LOQ = 0.10 pg/ml, and by the ICP-OES method:
LOD = 0.0001 pg/ml and LOQ = 0.0003 pg/ml for zinc
and LOD = 0.0002 pg/ml and LOQ = 0.0007 pg/ml —
for manganese. From the above data, it transpires that
limits of detection and quantitation of zinc and manga-
nese are respectively about 100 times and 150 times
smaller for the ICP-OES method than for the FAAS
method.

2.5.3. Precision of the method

The precision of the method was determined on the
basis of results of determinations of zinc and manga-
nese in 5/3 samples of mineralizates: blood, liver and
brain (various mineralizates for both methods). The
relative standard deviation (RSD) (expressed as a per-
centage) for ten measurements of one sample was
taken as a measure of precision. The obtained results
are presented in Table L. It can be seen that the preci-
sion of determination of zinc in the studied samples
(both by the FAAS and ICP-OES method) was better
than that of manganese (RSD for zinc < RSD for man-
ganese). Generally, the ICP-OES method turned out to
be more precise (RSD < 5%) than FAAS for determi-
nation of zinc and manganese in various biological
samples.

TABLE I. PRECISION OF THE DETERMINATION OF ZINC AND MANGANESE IN BLOOD, BRAIN AND LIVER (n = 10)

Method Material Element Mean Median Range SD RSD [%]
[mg/g] [ng/g] [ng/g]
FAAS Blood Zn 6.82 6.83 6.74-6.96 0.08 1.17
Mn <LOQ <LOQ <LOQ _ _
Brain Zn 8.66 8.65 8.47-8.84 0.12 1.39
Mn 0.17 0.16 0.14-0.18 0.02 11.8
Liver Zn 30.1 30.0 29.7-30.5 0.24 0.80
Mn 0.88 0.89 0.85-0.91 0.02 2.27
ICP-OES Blood Zn 14.0 14.0 14.0-14.1 0.03 0.21
Mn 0.24 0.24 0.23-0.24 0.01 4.17
Brain Zn 9.51 9.40 9.06-10.1 0.37 3.89
Mn 0.21 0.20 0.20-0.22 0.01 4.76
Liver Zn 47.7 47.6 47.5-47.9 0.20 0.42
Mn 1.83 1.83 1.82-1.83 0.01 0.55

SD — standard deviation; RSD — relative standard deviation; LOQ — limit of quantification.
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2.5.4. Accuracy of determination

The accuracy of the determination was checked by
analysing samples of reference material - SRM Bo-
vine Liver 1577b of certified content of certain metals,
including zinc and manganese. Three samples of lyo-
philised liver (mass approx. 1 g) were mineralised and
subjected to analysis by two methods, similarly to the
studied samples. As can be seen in Table II, concentra-
tions of zinc and manganese (averages for three paral-
lel samples of mass 1 g) in reference material de-
termined by the FAAS method were situated within
the lower part of the range of certified values, whereas
concentrations obtained by the ICP-OES method — in
the upper part.

The biggest differences in concentrations detected
in lyophilised liver were ascertained for manganese.
These may stem from various chemical and spectral
interferences in both methods (FAAS and ICP-OES).
It should be mentioned that liver contains large
amounts of iron, which is a source of much interfer-
ence (in the ICP-OES method, for example, a strength-
ening of the signal can be observed due to interference
from iron with the manganese line 259.373 nm, which
should be rejected in further analyses). Limits of quan-
titation of zinc and manganese are also different in the
two methods.

3. Results of determination of zinc and
manganese in biological material

Concentrations of zinc and manganese in body flu-
ids (blood, urine and bile — in 29 samples in total) and
in sections of internal organs collected during autopsy
(liver, kidney, stomach, intestines, duodenum, lungs
and spleen — in 47 samples in total) determined by
FAAS and ICP-OES methods are presented in Ta-
ble III. By applying the Kolmogorov-Smirnov test, it
was established that for most types of studied biologi-
cal materials, the distribution of concentrations does
not fulfil conditions of a normal distribution. In con-
nection with this, differences in concentrations of zinc

and manganese determined by the two above men-
tioned methods were studied by applying the Kruskal-
Wallis ANOVA test for non-parametric systems.
A lack of statistically significant differences (p = 0.05)
was ascertained. Results are presented in Figures 1
and 2.

The obtained data indicate that in the case of deter-
mining concentrations of zinc and manganese in body
fluids and internal organs, the FAAS and ICP-OES
methods — allowing achievement of results that do not
vary statistically — can be applied interchangeably.
However, the ability to determine several elements in
the course of one analysis in a relatively short period of
time, especially in a larger series of samples when us-
ing the ICP-OES method, is a strong argument in fa-
vour of using this method in these types of deter-
minations.

4. Discussion of results

The detected concentrations of zinc in blood and
urine in a group of adults (18-56 years) in the Polish
population generally fell within ranges of concentra-
tions established by other authors [3, 5, 16, 20]; how-
ever, for a more accurate comparison, it would be
advisable to exclude extreme results — e.g. content of
zinc above 150 pg/g in two samples of liver and above
8 pg/ml in certain samples of blood — which may sug-
gest pathological changes in the organism of persons
from whom the samples originated or possible con-
tamination of samples before analysis. Iyengar et al.
[9], for example, stated that average concentration of
zinc in blood is 6.5 pg/ml (median 6.4 pg/ml) in the
range 4.4-8.6 pg/ml, whilst in the liver 56 pg/g (me-
dian 55 pg/g) in the range 32-70 pg/g. Rahil-Khazen
et al. [20], however, detected in the liver on average
66.3 nug Zn/g, with a median of 60.4 pug Zn/g in the
range 40.5-110.8 pg Zn/g, and in the spleen — 17.2
(median 16.9 in the range 12.9-24.1) ug Zn/g. Similar
concentrations of zinc in blood (6.34 £ 0.21 pg/ml in
the range from 3.5 do 8.8 pg/ml) were also ascertained
by Minoia et al. [18]. Reference values of zinc in urine

TABLE II. ACCURACY OF ZINC AND MANGANESE IN SRM BOVINE LIVER 1577b BY FAAS AND ICP-OES

Element Method Concentration found  Certified value Recovery [%]
[neg/g] [ng/g]
Zn FAAS 117£0.70 127+ 16.0 92.1
ICP-OES 133 £0.83 105
Mn FAAS 8.78 £0.20 10.5+1.70 83.6
ICP-OES 11.3+0.07 108
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TABLE III. CONCENTRATION OF ZINC AND MANGANESE IN POST-MORTEM MATERIAL

Material Parameter Concentration of element [ug/g lub pg/ml]
(no. of samples)
/n Mn
FAAS ICP-OES FAAS ICP-OES
Blood Mean 14.8 12.7 0.17 0.30
(n=18) Median 12.5 10.8 0.16 0.14
SD 6.80 6.50 0.12 0.30
Min 7.00 7.10 <LOQ 0.00
Max 28.8 31.9 0.40 0.90
Urine Mean 2.90 2.80 <LOQ 0.07
(n=4) Median 2.30 2.40 <LOQ 0.08
SD 1.70 1.30 - 0.04
Min 1.60 1.90 <LOQ 0.02
Max 5.40 4.70 0.13 0.11
Bile Mean 6.10 7.90 1.51 1.50
n=17 Median 5.40 5.80 0.66 0.58
SD 3.80 7.80 1.80 1.69
Min 3.20 2.70 0.41 0.42
Max 13.9 25.2 5.33 4.73
Brain Mean 10.7 10.4 0.20 0.22
(n=10) Median 10.6 10.6 0.20 0.22
SD 3.00 1.70 0.06 0.05
Min 4.00 7.90 0.11 0.16
Max 14.5 14.0 0.32 0.33
Stomach Mean 13.4 13.4 0.34 0.38
(n=29) Median 12.7 12.9 0.28 0.30
SD 3.30 3.00 0.17 0.21
Min 9.20 9.30 0.14 0.15
Max 20.7 19.1 0.67 0.78
Small intestine Mean 15.9 14.2 0.88 0.98
(n=3) Median 18.0 17.7 0.81 0.96
SD 3.60 6.30 0.73 0.79
Min 11.8 6.90 0.19 0.20
Max 18.1 18.0 1.65 1.78
Liver Mean 65.1 65.8 0.96 1.14
(n=14) Median 53.3 52.3 0.95 1.14
SD 50.5 50.0 0.36 0.47
Min 22.0 22.2 0.41 0.45
Max 178.5 174.0 1.61 2.00
Kidney Mean 37.2 35.7 0.53 0.61
n=9) Median 38.4 38.0 0.53 0.60
SD 11.6 9.70 0.09 0.16
Min 15.1 17.4 0.36 0.35
Max 49.0 46.6 0.66 0.94
Lung Mean 16.5 15.5 0.12 0.11
(n=2) Median 16.5 15.5 0.12 0.11
SD 3.20 3.00 0.04 0.04
Min 14.2 133 <LOQ 0.08
Max 18.7 17.6 0.14 0.14
Spleen Value 31.9 30.1 0.60 0.55
(n=1)

LOQ — limit of quantification.
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given by Minoia et al. for inhabitants of Italy were,
however, 0.456 = 0.058 pg Zn/ml in the range 0.266—
0.846 pg/ml.

In the present studies, an accumulation in the liver,
kidney and spleen was observed. Other authors al-
ready made a similar observation earlier [24]. The
greatest concentration of manganese was noted, how-
ever, in the liver and intestine, with a significant
amount also ascertained in bile, kidney and spleen.

Similarly to zinc, the determined concentrations of
manganese partly coincided with those obtained by
other authors [3, 5, 11, 15]. Rahil-Khazen et al. [20]
discovered e.g. in liver, on average 1.32 ug Mn/g,
with a median of 1.25 pg Mn/g in the range 0.61—
2.43 ug Mn/g, in the spleen — on average 0.082 pug Mn/g,
with a median and in the range — 0.067 (0.003—
0.234) ug Mn/g. According to Minoi et al. [18] and
also Hamilton et al. [ 7] average concentrations of man-
ganese in blood for the Italian and English population
are respectively 0.0088 pg/ml and 0.010 pg/ml, and in
urine — 0.001 pg/ml and 0.002 pg/ml.

The concentrations of zinc and manganese deter-
mined in biological material in this study on the basis
of a relatively small number of samples (76) cannot be
representative of the Polish population; however, they
can constitute a contribution to results of broader,
more objective studies.

5. Conclusions

On the basis of studies carried out, the following
conclusions can be drawn:

— the detected concentrations of zinc and manganese
on the whole lie within the range of concentrations
put forward by other authors;

— zinc accumulates most in the liver, kidneys and
spleen, and manganese in the liver and intestines
and also in bile, kidneys and spleen;

— concentrations of zinc and manganese determined
by the FAAS and ICP-OES methods are compara-
ble (there is a lack of statistically significant differ-
ences);

— results obtained by the ICP-OES method are more
precise; this method is also more sensitive for zinc
and manganese (about 100 and 150 times respec-
tively for zinc and manganese) than FAAS;

— the data constitute a contribution to results of popu-
lation studies concerning concentrations of metals
in biological material, and in particular in autopsy
material, used for interpretation of results of
chemo-toxicological analysis in expert opinions
concerning the cause of poisonings.
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STEZENIA CYNKU I MANGANU W SEKCYJNYCH TKANKACH

I PLYNACH USTROJOWYCH

1. Wprowadzenie

W organizmie cztowieka wystgpuje okoto 60 pier-
wiastkdow w postaci wielu réznych zwiazkéw chemicz-
nych (nieorganicznych i organicznych), z ktérych do
wiasciwego funkcjonowania konieczna jest obecnos$¢ mi-
nimum 22 [28]. Rola réznych pierwiastkow, w tym nie-
zbgdnych (makro- i mikroelementéw) oraz toksycznych
metali (m.in. otowiu, rteci i kadmu) w funkcjonowaniu
organizmu cztowieka byta tematem licznych prac badaw-
czych w ciagu minionych lat [2, 14, 19, 22, 26, 28, 29,
31]. Optymalne st¢zenie mikropierwiastka zapewnia pra-
widlowy wzrost i rozwo6j organizmu oraz wlasciwy me-
tabolizm. Zaréwno niedobor, jak i nadmiar sktadnikow
mineralnych w organizmie ludzkim, jest szkodliwy. Nie-
dobor mikroelementow zwykle skutkuje uposledzeniem
przebiegu okreslonych szlakéw metabolicznych, ostabie-
niem odpornosci, a w skrajnych przypadkach rozwojem
chorob i $miercia. Nadmiar natomiast wywotuje dzialanie
toksyczne [10, 24, 25]. Dlatego tez istotne jest ustalenie po-
ziomoéw mikroelementdéw w organizmie u oséb zdrowych
i nienarazonych zawodowo lub srodowiskowo na dzialanie
metali lub niemetali (tzw. poziomoéw referencyjnych) oraz
w roznych stanach patologicznych i w zatruciach.

Cynk jest znany jako niezbg¢dny pierwiastek od ponad
100 lat. Na przetomie XIX 1 XX wieku zostata odkryta
jego rola w fizjologii roélin. Jednak dopiero w 1940 roku
okreslono specyficzng biologiczng rolg cynku u ludzi
i zwierzat, kiedy to wykazano, ze jest on niezbg¢dny dla
katalitycznej aktywnos$ci anhydrazy weglanowej [26].
Obecnie w organizmie cztowieka zidentyfikowano okoto
200 enzymow zawierajacych cynk o bardzo réznorodnej
budowie i dziataniu, jak np. dehydrogenaza etanolowa
i mleczanowa lub dysmutaza nadtlenkowa Zn-SOD
(bioraca udziat w eliminacji wolnych rodnikéw) [17, 19,
24,26, 28].

Mangan nalezy rowniez do pierwiastkow sladowych
niezbednych dla funkcjonowania organizméw zywych.
Jego rolg w prawidlowym wzro$cie roslin w fotosyntezie
zaobserwowano wiele lat temu. U zwierzat i ludzi jest
m.in. kofaktorem enzymow bioracych udziat w syntezie
proteoglikanow i glikoprotein, regulujacych metabolizm
weglowodanow i tluszezéw. Podobnie jak cynk, mangan
bierze udzial w procesach formowania tkanki tacznej
i ko$ci oraz reguluje wzrost [19, 25].

Aktualnych danych dotyczacych poziomoéw pier-
wiastkow sladowych w organizmie cztowieka, w ptynach
ustrojowych, tkankach i narzadach, jest stosunkowo nie-
wiele [5, 20, 21]. O ile w pisSmiennictwie pojawiaja si¢
czgdciej informacje o stgzeniach niektorych silnie tok-

sycznych metali cigzkich, zwlaszcza otowiu, rteci 1 kad-
mu [24, 25], a takze pierwiastkow istotnych 3,5, 7,9, 12,
14,17,18,21,22,23,24,25] w ptynach ustrojowych (su-
rowica, osocze, krew i mocz), to dane na temat zawar-
to$ci metali 1 niemetali w tkankach narzadow, a wigc
w materiale sekcyjnym (biopsje wykonuje si¢ rzadko, np.
w chorobie Wilsona) sa raczej nieliczne [1, 2,4, 6, 8, 11,
13, 15, 16, 20, 29, 30]. Poziomy referencyjne pierwiast-
kéw dotyczace roznych narzadéw pochodza najczesciej
z lat 80. 1 90. XX wieku. W dostepnym pismiennictwie
jest rowniez bardzo niewiele danych na temat st¢zen
metali w zotci [27].

Celem niniejszej pracy bylo wyznaczenie stezen cyn-
ku i manganu w materiale sekcyjnym (w wycinkach na-
rzadow wewngtrznych oraz ptynach ustrojowych) na po-
trzeby toksykologii sadowej metodami ptomieniowej
atomowej spektrometrii absorpcyjnej (FAAS) i optycz-
nej spektrometrii emisyjnej z plazma sprz¢zona induk-
cyjnie (ICP-OES) po uprzednim ich zwalidowaniu,
a takze poréwnanie statystyczne otrzymanych wynikow.
Poziomy cynku i manganu wystgpujace normalnie w ma-
teriale biologicznym moga by¢ wykorzystywane m.in. do
oceny zatru¢ zwiazkami tych pierwiastkow.

2. Czgs$¢ doswiadczalna
2.1. Aparatura

Badania wykonano przy zastosowaniu spektrometru
do absorpcji atomowej SP-9800 firmy Pye Unicam
(Wielka Brytania) z wykorzystaniem lamp z katoda wng-
kowa (dla cynku i oddzielnie manganu) jako zrédta pro-
mieniowania charakterystycznego, jak réwniez jedno-
czesnego spektrometru emisyjnego iCAP 6300 Duo fir-
my Thermo Electron Corporation (Stany Zjednoczone)
z optyka typu Echelle oraz plazma argonowa, umozli-
wiajacego rownoczesna rejestracje widma w zakresie
166,250 nm do 847,000 nm przy pomocy detektora ze
wstrzykiwaniem tadunku (CID) oraz podwdjna obserwa-
cje plazmy (osiowo i radialnie).

Oznaczenie cynku i manganu metoda ptomieniowej
atomowej spektrometrii absorpcyjnej (FAAS) przepro-
wadzono przy diugosciach fal odpowiednio 213,9 nm
i 279,5 nm, stosujac deuterowa korekcje tla, natomiast
metoda optycznej spektrometrii emisyjnej z plazma
sprzgzona indukcyjnie (ICP-OES) z wykorzystaniem
dlugosci fali o najwigkszych intensywnosciach linii
emisyjnej: 213,856 nm, 202,548 nm i 206,200 nm (dla
cynku) oraz 257,610 nm i 260, 259 nm (dla manganu).
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2.2. Odczynniki

Wszystkie odczynniki stosowane w badaniach: 65%
kwas azotowy (V) firmy Lachner (Austria) i 95% kwas
siarkowy (VI) firmy Chempur (Polska) oraz roztwory
podstawowe wzorcow cynku i manganu, a takze 23-pier-
wiastkowy wzorzec ICP-IV firmy Merck (Niemcy)
o stezeniu 1 g/l, byly analitycznej czystoSci. Naczynia
szklane i polipropylenowe przed analiza moczono 24 go-
dziny w 30% roztworze (v/v) kwasu HNOs, a nastepnie
ptukano woda dejonizowana (aparat NANOpure Dla-
mond firmy Barnstead, Stany Zjednoczone).

2.3. Material

Material badany stanowity probki wycinkéw narza-
dow wewngtrznych oraz ptynéw ustrojowych pobranych
w czasie sekcji zwlok od os6b zmartych z przyczyn in-
nych niz zatrucie. Lacznie zbadano 76 probek pocho-
dzacych od 8 kobiet i 22 mezczyzn w wieku od 18 do
56 lat (srednio 33,5 lat), w tym: mozg (n = 10), watroba
(n = 14), nerka (n = 9), zotadek (n = 8), jelito cienkie
(n = 3), $ledziona (n = 1), pluco (n = 2), krew (n = 18),
mocz (n=4), z6t¢ (n=17).

Ponadto w celu okreslenia doktadnosci stosowanych
metod analizie poddano réwniez certyfikowany materiat
odniesienia — standard reference material (SRM) “Bovi-
ne Liver 1577b” (Narodowy Instytut Norm i Technologii,
Stany Zjednoczone).

2.4. Przygotowanie materiatu do analizy

Wycinki narzadow wewngtrznych rozdrobniono rgcz-
nie, natomiast probki krwi, moczu i z6tci mieszano za po-
moca Vortexu, a nastgpnie odwazano (10 g wycinkow
narzadow, 2—10 ml krwi, moczu lub zotci) i zadawano
mieszaning stezonych kwasow (2 ml siarkowego 1 10 ml
azotowego). Mineralizacj¢ prowadzono sposobem kla-
sycznym w systemie zamknigtym w aparatach Bethgego.
Mineralizaty przenoszono ilo§ciowo za pomoca wody
dejonizowanej do objgtosci 20 ml.

Probki materiatu referencyjnego oraz proba odczyn-
nikowa byly przygotowane w analogiczny sposob. Przed
wykonaniem analizy mineralizaty przechowywano w lo-
dowce.

2.5. Walidacja metod

2.5.1. Zakres prostoliniowosci krzywych
kalibracyjnych

Wzorce cynku i manganu do analizy metoda FAAS
przygotowano z roztworow wzorcoOw podstawowych
tych pierwiastkow (1 g/1), a do analizy metoda ICP-OES
z roztworu wzorca 23-pierwiastkowego (1 g/l) w zakresie

od 0 do 2 pg/ml przez odpowiednie rozcienczenie woda
dejonizowana.

W metodzie FAAS stwierdzono prostoliniowa za-
lezno$¢ absorbancji od stgzenia dla cynku w zakresie
0-0,8 pg/ml, a dla manganu 0—1,0 ug/ml. W przypadku
metody ICP-OES zarowno dla cynku, jak i dla manganu,
krzywa kalibracyjna byta prostoliniowa w catym bada-
nym zakresie stgzen (do 2 pg/ml).

2.5.2. Granica wykrywalnosci i oznaczalnosci

Za miarg granicy wykrywalnosci (LOD) przyjgto
trzykrotne odchylenie standardowe dla préby odczynn-
ikowej, a granicy oznaczalno$ci (LOQ) — dziesigcio-
krotne. Wykonano 10 pomiaréw absorbancji dla 3 row-
nolegtych probek, uzyskujac srednio metoda FAAS: dla
cynku LOD = 0,009 pg/ml i LOQ = 0,03 pg/ml oraz
dla manganu LOD = 0,03 pg/ml i LOQ = 0,10 pg/ml,
a metoda ICP-OES odpowiednio: LOD = 0,0001 pg/ml
1 LOQ =0,0003 pg/ml dla cynku oraz LOD = 0,0002 pg/ml
i LOQ = 0,0007 pg/ml — dla manganu. Z powyzszych
danych wynika, ze granice wykrywalnosci i oznaczal-
nosci cynku i manganu sa odpowiednio okoto 100-krot-
nie i 150-krotnie mniejsze dla metody ICP-OES niz dla
metody FAAS.

2.5.3. Precyzja metody

Precyzje metody okreslono na podstawie wynikow
oznaczen cynku i manganu w 5 probkach mineralizatow:
krwi, watroby i mézgu (réznych mineralizatow dla obu
metod). Za miarg precyzji przyjeto wzgledne odchylenie
standardowe (wyrazone w procentach) z 10 pomiaréw
jednej probki. Uzyskane wyniki przedstawiono w ta-
beli I. Mozna zauwazy¢, ze precyzja oznaczenia cynku w
badanych probkach (zaréwno metoda FAAS, jak i ICP-
OES) byta lepsza niz oznaczenia manganu (RSD dla cyn-
ku < RSD dla manganu). Ogolnie metoda ICP-OES oka-
zala si¢ bardziej precyzyjna (RSD < 5%) niz FAAS dla
oznaczania cynku i manganu w réznych probkach bio-
logicznych.

2.5.4. Doktadnos¢ oznaczenia

Doktadno$¢ oznaczenia sprawdzono, badajac probki
materiatu referencyjnego — SRM Bovine Liver 1577b
o certyfikowanej zawarto$ci niektérych metali, w tym
cynku i manganu. Trzy probki liofilizowanej watroby
(o masie okoto 1 g) zmineralizowano i poddano analizie
dwiema metodami, podobnie jak probki badane. Jak wy-
nika z tabeli II, stezenia cynku i manganu ($rednie dla
trzech rownoleglych probek o masie 1 g) w materiale re-
ferencyjnym wyznaczone metoda FAAS miescity si¢
w dolnym zakresie certyfikowanych wartosci, natomiast
uzyskane metoda ICP-OES — w gérnym.
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Najwigksze roznice w stezeniach wykrytych w liofili-
zowanej watrobie stwierdzono dla manganu. Moga one
wynika¢ z ré6znych interferencji chemicznych i spektral-
nych w obu metodach (FAAS i ICP-OES). Nalezy nad-
mieni¢, ze watroba zawiera duze iloSci zelaza, ktore jest
zrodtem licznych interferencji (w metodzie ICP-OES ob-
serwuje si¢ na przyktad wzmocnienie sygnatu z powodu
interferencji od zelaza dla linii manganu 259,373 nm,
ktdéra nalezatoby odrzuci¢ w dalszych badaniach). Rozne
sa rowniez granice oznaczalnosci cynku i manganu
w obu metodach.

3. Wyniki oznaczen cynku i manganu
w materiale biologicznym

Wyznaczone metodami FAAS i ICP-OES stezenia
cynku i manganu w ptynach ustrojowych (w krwi, moczu
i zotei — Iacznie w 29 probkach) i w wycinkach narzadoéw
wewngetrznych pobranych w czasie zwlok (w watrobie,
nerce, zotadku, jelitach, dwunastnicy, plucach i sledzio-
nie — facznie w 47 probkach) zebrano w tabeli III. Stosu-
jac test Kotgomorowa-Smirnowa ustalono, ze dla wigk-
szosci rodzajéow badanych materialdéw biologicznych
rozktad stezen nie spetnia warunkéw rozktadu normal-
nego. W zwiazku z tym réznicg st¢zen cynku i manganu
wyznaczonych dwiema wyzej wymienionymi metodami
zbadano przy zastosowaniu testu ANOVA rang Kruska-
la-Wallisa dla uktadow nieparametrycznych. Stwierdzo-
no brak statystycznie istotnych réznic (p = 0,05). Wyniki
przedstawiono na rycinach 11 2.

Uzyskane dane wskazuja, ze w przypadku wyzna-
czania st¢zenia cynku i manganu w ptynach ustrojowych
i narzadach wewngetrznych, metody FAAS 1 ICP-OES —
pozwalajace na otrzymywanie nierdzniacych si¢ statys-
tycznie wynikow — moga by¢ stosowane zamiennie. Nie-
mniej jednak mozliwo$¢ oznaczenia kilku pierwiastkow
w toku jednej analizy w stosunkowo krétkim czasie,
zwlaszcza w wigkszej serii probek, przemawia za ko-
rzystniejszym zastosowaniem metody ICP-OES w tego
typu oznaczeniach.

4. Dyskusja wynikow

Wykryte st¢zenia cynku we krwi i moczu w grupie
0s6b dorostych (18-56 lat) nalezacych do populacji pol-
skiej miescity si¢ na ogdt w zakresach stezen ustalonych
przez innych autorow [3, 5, 16, 20], przy czym do doktad-
niejszego poréwnania nalezaloby odrzuci¢ wyniki skraj-
ne — np. zawarto$¢ cynku powyzej 150 pg/g w dwodch
probkach watroby i ponad 8 pg/ml w niektoérych prob-
kach krwi — mogace sugerowac¢ zmiany chorobowe w or-
ganizmie 0sob, od ktérych probki pochodzity lub ewen-
tualne zanieczyszczenie probek przed analiza. Iyengar

iin. [9] na przyktad stwierdzili, ze $rednie stg¢zenie cynku
we krwi wynosi 6,5 ug/ml (mediana 6,4 ug/ml) w zakre-
siec 4,4-8,6 ug/ml, a w watrobie 56 pg/g (mediana
55 ng/g) w zakresie 32—70 pg/g. Rahil-Khazen i in. [20]
wykryli natomiast w watrobie $rednio 66,3 pug Zn/g, przy
czym mediana wynosila 60,4 pg Zn/g w zakresie 40,5—
110,8 ng Zn/g, a w sledzionie — 17,2 (mediana 16,9 w za-
kresie 12,9-24,1) ug Zn/g. Zblizone stgzenia cynku we
krwi (6,34 £ 0,21 pg/ml w zakresie od 3,5 do 8,8 pug/ml)
stwierdzili takze Minoia i in. [18]. Wartosci referencyjne
cynku w moczu podawane przez Minoia i in. dla miesz-
kancow Wioch wynosity natomiast 0,456 = 0,058 g Zn/ml
w zakresie 0,266—0,846 pg/ml.

W niniejszych badaniach zaobserwowano kumulacje
cynku w watrobie, nerce i §ledzionie. Podobna obserwa-
cj¢ poczynili juz wezesniej inni autorzy [24]. Najwigksze
stezenie manganu odnotowano natomiast w watrobie i je-
licie, ale znaczne jego ilosci stwierdzono takze w zotci,
nerce i $ledzionie.

Podobnie jak dla cynku, wyznaczone stgzenia man-
ganu czgsciowo pokrywaly sig z tymi, ktore uzyskali inni
autorzy [3, 5, 11, 15]. Rahil-Khazen i in. [20] wykryli np.
w watrobie $rednio 1,32 pg Mn/g, przy czym mediana
wynosita 1,25 pg Mn/g w zakresie 0,61-2,43 pg Mn/g,
w $ledzionie — $rednio 0,082 pg Mn/g, a mediana i za-
kres — 0,067 (0,003-0,234) ug Mn/g. Wedtlug Minoi i in.
[18] oraz Hamiltona i in. [7] $rednie st¢zenia manganu
we krwi dla populacji wloskiej i angielskiej wynosza od-
powiednio 0,0088 pg/ml i 0,010 pg/ml, a w moczu —
0,001 pg/ml i 0,002 pg/ml.

Wyznaczone w niniejszej pracy st¢zenie cynku i man-
ganu w materiale biologicznym na podstawie badania
stosunkowo matej liczbie probek (76) nie moze by¢ re-
prezentatywne dla populacji polskiej, powinno stanowic¢
jednak przyczynek do wynikow poszerzonych, bardziej
obiektywnych badan.

5. Whnioski

Na podstawie przeprowadzonych badan mozna wy-
ciagnaé nastegpujace wnioski:

— wykryte stezenia cynku i manganu mieszcza si¢ na
0gét w zakresie stgzen podawanych przez innych
autorow;

— cynk najbardziej kumuluje si¢ w watrobie, nerkach
i $ledzionie, a mangan w watrobie i jelitach oraz
w z0tci, nerkach i §ledzionie;
stgzenia cynku i manganu wyznaczone metoda FAAS
i ICP-OES sa porownywalne (brak jest statystycznie
istotnych roznic);
wyniki uzyskane metoda ICP-OES sa bardziej pre-
cyzyjne, metoda ta jest rowniez bardziej czuta dla
cynku i manganu (okoto 100 i 150-krotnie odpo-
wiednio dla cynku i manganu) niz FAAS;
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— dane stanowia przyczynek do wynikow badan po-
pulacyjnych dotyczacych st¢zen metali w materiale
biologicznym, a w szczeg6lnosci w materiale sek-
cyjnym, wykorzystywanych do interpretacji wyni-
kéw analizy chemiczno-toksykologicznej w opinio-
waniu o przyczynie zatruc.
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