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decomposition of the organic matrix
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Modifications of decomposition of the organic matrix of blood have been
studied with purpose to determine Pb in micro-bleedings (in volumes of 150
to 300 mm’®). To decompose organic compounds combination of wet and dry
decomposition with addition of concentrated H,SO, (100 to 200 mm?) has
been utilized at the temperature program of 150 °C for 2h, 300°C for 2h,
and 550°C for 2h. The determination of lead itself was carried out using
anodic stripping analysis on a mercury working electrode after dissolution
of ash of the sample in the mixture (100 mm®) of HNO, and HCl (¢, = 1 1)
and dilution with water (2 cm®). Concentrations of Pb>* were calculated by
linear regression using five additions of the standard Pb’* solution.

U3yyeHb MOOU(HKALMH Pa3JIOKEHUST OPraHMYECKON MaTpHUIbI KPOBHU
C ULENbIO ONpenesieHusl colepkaHuss Pb B MukpokoixyecTBax KpOBH
(150—300MM®). [Ins pa3sioxeHHs] OPTaHMYECKMX COECOMHEHHH MCIIOMNb-
30Bajiacb KOMOMHAIMS MOKPOTO M cyXoro crniocoba pa3ioxeHus ¢ nobasie-
HHeM KoHUeHTpupopanuoit H,SO, (100—200 MM’) B TeMmepaTypHOM pe-
xuMe 150 °C B Teyenue 2 yacos, 300 °C B Teyenue 2 yacoB wiu 550 °C B Te-
yeHHe 2 yacoB. CoOCTBEHHO OlpeesieHie CBHHIIA TPOBOIUIOCH C UCIIOJIb-
30BaHHEM aHAJM3a aHOJHOTO PAacTBODEHHMS Ha paboueM PTYTHOM 3JieK-
TpOJie mocjle pacTBOPEeHHUs 301kl o6pasua B cmecu (100 Mm’) HNO; u HCI
(. =1 1) u paz6asnenus Boaoit (2cm’). Konnentpanuu Pb** 6putu pac-
CYMTAHBI C MOMOLIIbIO METOA JINHEHHOHN pErpeccHH, UCIIOJIb3YS NATh 0o00aB-
Nenuit CTaHAApTHOrO pacTBopa Pb’*

In connection with anthropogenic pollution of environment, much attention
is being paid to determination of inorganic pollutants — heavy metals. With
rapid growth of automobilism and increased production of lead, this metal has
occurred in the components of environment in ever increasing amounts.

Lead is a natural microcomponent of soil, water, plants, and animals (the
earth crust contains 1.6 x 10~>mass % Pb) and consequently, it can be found
also in foodstuffs. The daily intake by children should not exceed 150 ug Pb
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because lead compounds belong to toxic substances with high degree of cumula-
tion in living organisms. Therefore, determination of lead and other heavy
metals in body liquids and organs is of interest to hygienists, ecologists, and
analytical chemists alike.

On the basis of the content of lead in blood, urine, sweat, lymph, eic. it is
possible to a great extent to evaluate the health of an individual already during
his life. Boeckx [1] considered the lead content 400 pg dm~? in blood of children
to be the upper limit. At higher contents anemia and various defects occur, at
contents 600 to 700 pg dm ~* encephalopathy is frequently encountered with and
the lead content of 800 to 1000 pgdm=? is lethal.

These relevant facts led us to reexamination of methods used for determina-
tion of lead in blood, elaboration of a procedure for determination of lead in
microvolumes of blood as well as to determination of the level of lead in blood
of urban people, exposed to increased exhalations.

Works of ecological and hygienic nature, dealing with this problem, usually
do not present analytical procedures and many chemical works describe the
most important step, solubilization of the sample, only briefly. On the basis of
our experience this step is the main source of errors leading to incorrect results.
On the other hand, analytical works differ considerably in methods of decom-
position of organic material. Some authors use mineralization with various
mixtures of acids at different temperature and time relations in open Kjeldahl
flasks or under reflux, others apply dry decomposition at different temperature
programs. Of the Czechoslovak works the monograph [2] describes in most
detail the methods for decomposition of the organic matrix of materials of
animal origin. From this monograph and other current publications it follows
that the methods of decomposition of the organic matrix have not been unified
for any kind of animal analyte.

Experimental
Chemicals and solutions

All chemicals, including mercury in the working electrodes, were of Suprapur grade
(Merck, Darmstadt). For preparation of the measured, auxiliary, and standard solutions
as well as of the solutions for filling the reference electrode, thrice distilled water, purified
on Spheron sorbents (Lachema, Brno) was used. After measurement of each sample the
purity of water and vessel was checked on the basis of electrochemical records obtained
at identical conditions. In each series of four samples a blank and a standard sample with
known content of Pb were measured. The measurements were performed with tempered
samples at 23 °C in laboratory without determination of the number of particles in the
air, however, at strict hygienic regime and limited dustness.
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Instruments and equipments

Blood samples were taken from finger-tips by 50 mm® glass micropipettes with cap-
illary narrowing at both ends. Mineral acids were added with the same pipettes. Standard
Pb?* solutions were added with a 25mm® automatic pipette (Eppendorf, GFR). Re-
producibility of dosage was 26.13, 24.63, 25.75, 25.38, 25.00, 24.75, 26.30, 23.75, 27.30,
and 28.30 mm’

Wet decomposition was performed in 10 cm® conical flasks provided with a reflux and
heated on a sand bath. Dry decomposition was carried out in a furnace with manual
temperature regulation. Temperature was checked with a Pt—PtRh (6 %) thermocouple.
The blood samples were decomposed in glass and silica tubes of 1.3 cm diameter provided
with an untight glass plug.

Electrochemical measurements were performed on a Polarographic analyzer PA 3
(Laboratorni pfistroje, Prague). A hanging mercury electrode, type P958B (Radiometer,
Copenhagen) and a thermoelectrically regulated dropping mercury electrode of our own
construction [3] served as working electrodes. The reference silver chloride electrode, the
auxiliary platinum electrode, and the electrochemical vessel belonged to accessories of
PA3.

Concentrations were calculated by linear regression from five standard additions of
the Pb’* solution.

Analytical procedures

The blood samples (100—200 mm?®) were pipetted to flasks that contained porcelain
boiling chips and concentrated HCIO, (400—600 mm®) was added. Mineralization was
carried out under reflux for approximately 4 h to bleaching. After cooling the mixture
was rinsed with highly pure water (2 cm®) and transferred into the electrochemical vessel.

In alternative procedure the tubes containing blood samples (100—300 mm®), con-
centrated H,SO, (100—200 mm®), and porcelain chips were heated in a furnace at 150°C
for 2h, at 300°C for 2 h, and at 550°C for 2h. The hot white ash was dissolved in the
mixture of HNO; (50 mm®) and HCl (50 mm?) and diluted with water (2cm®). With
regard to the dilution mentioned above, electrochemical determinations were performed
at sensitivity 13, 14, deposition times 40 s and 80s, and deposition potential — 0.6V The
size of the mercury drop corresponded to 1 part on the micrometric screw (1 mg,
measured in the air).

Results and discussion

The methods used so far for determination of heavy metals in body liquids
and organs have treated 1—10 g of samples or several cm® of liquid [4]. After
drying, decomposition of the organic material is carried out by mineralization
with various mixtures of acids and hydrogen peroxide in open or covered vessels
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and apparatuses. Combustion is provided mostly in covered flasks over 20 h at
different temperature programs [2]. The determination itself has been carried
out using DC and AC polarography and flame-absorption spectrometry. Re-
cently, electrochemical stripping analysis and flameless technique of atomic
absorption spectrometry have been used, the latter making possible, in some
cases, to determine as much as 0.5 ugdm ™ contents [5] without mineralization
of the sample [6, 7].

High consumption of highly pure chemicals, long-lasting decomposition as
well as high sensitivity of electrochemical stripping analysis (detection limit of
Pb’* determination 0.01 pgdm ™2 [5]) led us to determination of microamounts
of lead in few drops of blood. Sampling of blood (100—300 mm?*) from finger-
-tips may be provided also by nonsanitary persons.

The blood samples were subjected to several modifications of wet decom-
position with the mixture of HNO;—H,0,—H,SO, (¢, =1 1:0.1) [2], a mix-
ture of HCIO, and H,0,, the mixture of H,SO,—HNO;—H,0, (¢, =2:8:5)
[8], and the mixture of HCIO,—H,SO,—HNO, (¢, =1 1 1), respectively. The
most effective decompositions were achieved when using HCIO, in three-fold or
higher amounts with regard to the sample. Water contained in blood was
sufficient to prevent explosion of HCIO,. Though the solutions obtained in all
mineralizations were colourless and suitable for using atomic spectrometry,
many of them were unsuitable for polarographic measurements, since they
showed high signals in the region of potentials — 0.6 to — 0.1 V, overlapping the
signal of Pb.

The most simple way of decomposition to inorganic compounds is the dry
decomposition, combustion of the material. We have proved that though dry
decomposition of microvolumes of blood is carried out at various rates of
temperature rise, up to the final temperature of 550 °C, it is not lossless. In the
range of 110—250°C lead is carried along with considerable escape of tar
vapours. The results obtained were the lower the faster was the smoke formed
and the higher amounts of the sample were used (100—500 mm?®). These ob-
servations led us to combine the wet decomposition with the dry one. Then in
the first stage lead is released from the organic matrix and the residue is removed
by combustion. Escape of Pb was observed also in the case when using HNO;.

When searching for the possibilities to prevent losses, the best results were
obtained by addition of H,SO, to blood in the ratio of 1:3 to 2:3 and decom-
posing for 2—3h at 150°C, for 2h at 300°C, and for 2h at 550°C. Some
authors reject the use of H,SO, for determination of Pb’* because of formation
of insoluble PbSO, (K, = 1.7 x 107%). At our conditions H,SO, is advantageous
for its relatively good thermal stability and mineralization ability. Lead(II)
sulfate, formed during decomposition, makes possible to apply higher com-
bustion temperatures as it decomposes only at 1000 °C and thus, escape of Pb
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is prevented. At our conditions we can determine ¢(Pb**) =~ 10~"moldm~*
when lead is present in the form of Pb’* The results of determination of
standard Pb’* solution (Table 1) prove the correctness of determination. The
data in Table 1 evidence that the relative standard deviation of the individual
determinations did not exceed 10 %.

Table 1

Results of determination of lead contents in blood and standard solution with addition of blood

Mineralization Blood : HCIO, Blood : H.SO,
o =2:3 ¢, =3:2up to 550°C
Sample 1 1 2 3 4 S
x;/ugdm™? 309 273 90 138 68 96
360 345 103 120 90 103
331 372 90 110 103 95
213 260 206 160 90 96
350 224 206 190 108 106
345 155 83 86
379 172
276 155
223
152
X/ugdm 312.6 309.3 155.2 143.6 90.3 97
Scoy/ % 8.5 6.7 9.9 10.0 6.5 29
s/ %0 3.0
S — Standard Pb** solution with addition of blood after subtraction of average lead content in
blood with real value & = 100 ugdm™3;. , — results of the individual determination: ¥ — arithmetic
mean; s;., — relative standard deviation of the arithmetic mean; e;,, — relative error of the

arithmetic mean.

The results of the individual determinations (x;) (Table 1) point not only to
their dispersion or reproducibility of the procedure but also to the level of lead
in blood of the donors, Bratislavians, that reflects also the level of total pollu-
tion. Samples of blood from 60 professionally not intoxicated donors of age 40
to 60 years, living and working in central and east parts of Bratislava, were
treated. Table 1 presents the results of numerously repeated determinations
(testing of the method) with samples taken from four selected typical represen-
tatives. The sample No. / is from a woman smoking moderately (in the case of
heavy smokers the results are higher), the samples No. 2 and 3 are from
nonsmokers (a man and a woman, respectively), and the sample No. 4 is from
an 18 years old sportswoman.

The results presented indicate the global environmental pollution and intoxi-
cation of Bratislavians (excepting the western part of town) with lead. For
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comparison, in paper [9] the upper limit of norma! Pb level in blood in the
U.S.A. is reported to be 400 pgdm > and the average level 250 pgdm > and in
[10] the Pb content in blood of 80 % of the world-wide adult population is
reported to be in the range of 110—300 ugdm~* The works [9, 10] bring also
that the lead content in blood of Scandinavians is lower than 100 ug dm 3, while
in industrial North Italy it is 240—350 ugdm™® The lead content in blood of
adult population in the medium-industrial West German town Jillich was
determined to be in the range of 70—190 pgdm 3 [i1].

The procedure suggested herein for determination of lead in blood is simple,
economical, and provides sufficiently reproducible results. We recommend it to
sanitary, ecological, and hygienic services. The procedure can be utilized for
volumes of 100—600 mm?® of blood with minimum 30 pg dm~3 lead content. In
the case of blood plasma and other materials containing lower amounts of lead,
it is necessary to prolong the deposition time and take higher amounts of
samples.
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