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MICRO- AND MACROELEMENTS CONTENT IN RATS’
LIVER AND KIDNEYS AFTER EXPOSURE TO CADMIUM

SULFIDE NANOPARTICLES AND CADMIUM CHLORIDE
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of Ukraine», Kyiv

Introduction. The introduction of cadmium nanoparticles (NP) in production makes it necessary to study the mechanism of
their action both at the cellular level and at the level of organs and systems, to determine biomarkers of their effects, espe-
cially as comparing to their ionic forms.

The aim of the study was — to compare the content of micro and macro elements in the liver and kidneys of experimental
animals after exposure to cadmium sulfide NP and cadmium chloride.

Materials and methods. The study was conducted on mature male Wistar rats 160—180 g, intraperitoneally injected with CdS
NP of 4—6 nm of 9—11 nm size as well as CdCl, in 0,08 mg/kg/day dose adjusted to cadmium. Toxic effects were evaluated
after 30 injections (1,5 months), 60 injections (3,0 months) and in the post-exposure period (1,5 months after cessation of
the exposure).

Results. In the liver of experimental animals the most intensive accumulation of cadmium was observed after exposure to
CdCl,, especially in the post-exposure period. There was a higher content of cadmium after exposure to CdS NP—6 nm, as
compare to CdS NP 9—11 nm. Along with the increase in the cadmium content in the liver, the growth of the content of
copper, iron (more intensively with CdCl,), iron, and lower selenium levels were recorded (especially for CdS NP 4—6 nm).
Significant accumulation of cadmium was recorded in the kidneys, especially in the post-exposure period, which can indicate
an intensive elimination from the body. A significant accumulation of cadmium was recorded in the kidneys, especially in the
post-exposure period, which can point to an intensive elimination from the body. The prolonged exposure to cadmium com-
pounds also led to the increase of copper levels and decrease in iron and selenium levels in the kidneys. The most significant
changes were recorded after exposure to CdS NP, especially of 4—6 nm size, as compared to CdCl,. The intensive accumula-
tion of cadmium and imbalance of trace elements can play a leading role in hepatotoxic and nephrotoxic effects of cadmium
compounds in nano- and ionic form.

Conclusions. Determination of the content of cadmium, macro- and microelements in the inner organs allows assessing cad-
mium toxicokinetics in the body, predicting the pathogenetic features of its toxic effects, especially in the post-exposure
period, as well as studying the peculiarities of the pathogenesis of its organotoxic action.
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Introduction
In general, cadmium compounds are highly toxic sub-

Intensive development of nanotechnologies contrib-
utes to application of nanoparticles (NP) in various
industries. Cadmium nanomaterials are widely used
in optical and electronic devices in the manufacture of
solar cells, photo diodes and light diodes; quantum
dots based on cadmium compounds can be used as
biological markers [1, 2]. Introduction of cadmium
NP in production makes it necessary to study the
mechanism of their action both at the cellular level
and at the level of organs and systems, to determine
biomarkers of their effects, especially as compared to
their ionic form.

Cadmium and its compounds are global environ-
mental pollutants. In case of excessive ingestion cad-
mium causes damages in kidneys, liver, reproductive
organs, immune, bone and nervous systems [3—35].

stances, characterized by mutagenic and genotoxic
effects and high cumulative properties, demonstrat-
ing carcinogenic effects [6—8].

Cadmium toxicokinetics is characterized by some
features that determine its high cumulative properties
and toxic effects. The liver and kidneys play a leading
role in accumulation and redistribution of cadmium in
the body. With the inhalation of cadmium compounds,
about 40—60 % of cadmium enters the bloodstream,
with oral intake this proportion is much smaller and is
5—10 %. In the blood cadmium is accumulated
mainly in erythrocytes, to a lesser extent in leuko-
cytes, only a small percentage (up to 10 %) remains
in plasma. Almost all cadmium presented in the
plasma binds metallothioneins, proteins or low
molecular weight thiol compounds, glutathione or
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cysteine, in particular [9]. With inhalation cadmium
enters the bloodstream. After oral absorption, cadmi-
um is first transported through the portal vein to the
liver, and then accumulates in hepatocytes, where it
induces the synthesis of metallothioneins. Cadmium
is associated with high affinity to these low molecular
compounds; thus cadmium becomes isolated and its
toxicity to cells is eliminated. Complexes of metallo-
thionein-cadmium from hepatocytes release into the
blood as a result of natural excretion or cell death.

After intake with blood in the internal organs, cad-
mium can be released from protein complexes and
binds with other target molecules on the cell surface
or enter the cell by means of metal ions transporters
[10]. Complexes between cadmium and low molecu-
lar weight proteins are filtered by the renal glomeruli
and in the proximal tubules are captured by epithelial
cells. At early stages of cadmium exposure only very
small amounts of these complexes are excreted with
urine. With increasing the cadmium content in proxi-
mal tubules due to the cytotoxic action, epithelial
cells are being damaged, causing disorders in the
processes of reabsorption, and the concentration of
cadmium and low molecular weight proteins in the
urine increases [11].

Estimation of cadmium accumulation in inner
organs of rats after exposure to cadmium NP and
cadmium chloride makes it possible to analyze the
peculiarities of its distribution in the body, the degree
of intoxication, while the analysis of micro- and mac-
roelements’ content, also, allows evaluating the
peculiarities of intoxication pathogenesis and mecha-
nisms of intoxication development.

The aim of the study was to compare the content
of micro and macro elements in the liver and kidneys
of experimental animals after exposure to cadmium
sulfide NP of different size, and cadmium chloride.

Materials and methods

We used cadmium sulphide compounds in the nano-
form (CdS NP) with the average dimensions of 4—
6 nmand 9—11 nm, as well as cadmium in ionic form,
represented by cadmium chloride (CdCl,), soluble in
water. Cadmium sulfide NP were prepared by chemi-
cal synthesis, using a sodium polyphosphate (NaPO,)
n stabilizer. The dimensions of NP were determined
by electronic microscopy.

The study was conducted on mature male Wistar
rats 160—180 g. The animals were kept in vivarium on

a standardized diet with free access to drinking water.
There were three experimental groups and the control
group. The first experimental group was injected with
CdS NP of 4—6 nm size, the second — with CdS NP of
9—11 nm size, the third — with CdCl,. The control
group received a physiological solution. These sub-
stances were administered intraperitoneally daily
5 times a week (simulation of a working week) in
0,08 mg/kg/day dose adjusted to cadmium. Toxic
effects were evaluated after 30 injections (1,5 months),
60 injections (3,0 months) and in the post-exposure
period (1,5 months after cessation of the exposure). At
the end of the experiment the animals were sacrificed
by decapitation and the internal organs for investiga-
tion were removed. All manipulations with animals
were carried out in accordance with the provisions of
the European Convention on Protection of Vertebrate
Animals, used for Experimental and Other Scientific
Purposes (Strasbourg, 1985).

Macro- and microelement content was measured
by X-ray fluorescence spectroscopy (Elvax CEP-01
X-ray fluorescence spectrometer). The advantage of
the method is in the minimum sample preparation,
when organs were dried to a constant mass, followed
by compression into tablets. Simultaneous measure-
ment of metals allows us to obtain a stable ratio in
their quantitative content, which is especially impor-
tant when it is necessary to obtain results for several
elements. Measurements were made at a 63 eV cur-
rent and a 45 kV anode voltage. Spectrum was
decoded by ElvaX software. Further statistical pro-
cessing was performed using Microsoft Excel 2003
and SPSS 21.0 software. Statistical significance of
differences between indices was evaluated by Mann-
Whitney U test.

The studies were conducted within the frame of
research of State Institution Institute for Occupational
Health of NAMS of Ukraine: scientific substantiation
of principles, methods and indicators for experimental
evaluation of the toxicity of nanoparticles and nano-
materials of heavy metals (State registry number
0113U001447) and the characteristics of toxic effects
of nanoparticles of heavy metals, search and scientific
justification of preventive measures (State registry
number 0116U00497).

Results and discussion

The results showed accumulation of cadmium and
changes in the content of micro-and macro-elements
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in the liver (Table 1) and kidneys (Table 2) after a
prolonged exposure to cadmium compounds in nano-
and ion forms.

Cadmium content in the liver in the first study
period after exposure to 4-6 nm CdS NP increased by
[11 times, 9—11 nm CdS NP by 127 times, and
CdCl, by 172 times. In the second study period, there
was no further accumulation of cadmium in the liver
and its contents were not statistically different from
those of the first period, which could be due to its
redistribution in the body and gradual elimination. In
the post-exposure period, the level of cadmium in the
liver also increased significantly, in comparison with
the previous periods of the study. Thus, the content of
cadmium after exposure to 4—6 nm CdS NP increased
by 387 times, those of 9—11 nm CdS NP by 261
times, CdCl, by 461 times.

The content of calcium in the liver varied insignifi-
cantly. The statistically significant increase of its level
was recorded in the first study period after exposure to
CdCl,, and in the second period to CdS NP of both

sizes. In the post-exposure period, statistically sig-
nificant differences in the content of calcium in the
liver between the experimental and control groups of
animals were not detected.

The content of copper in the liver of all experimen-
tal groups in the three study periods was statistically
significantly higher as compared to the control param-
eters, with the most intensive accumulation of copper,
recorded in animals exposed to CdCl, and smaller
CdS NPs.

The iron content in the liver after 30 and 60 injec-
tions of all studied cadmium compounds was not
statistically significantly different from the control
parameters. In the post-exposure period, the increase
in its level in animals exposed to 4—6 nm CdS NP
was by 2,4 times, 9—11 nm CdS NP by 2—2 times,
and CdCl, by 2 times.

An intensive increase in zinc levels in the liver of
the exposed animals in all study periods was recorded,
compared with the control group. The content of sele-
nium after 30 and 60 injections of cadmium com-

Table 1
The content of macro- and microelements in the liver of rats (M + m), pg/g
Macro- and Experimental groups
microelement Period OO 1-CdS46nm | I-CdS9-11nm | II-CdClL
30 injections 0,16 + 0,05 17,78 £ 1,25% 20,27 £ 1,98%* 27,53 +12,70%
Cadmium 60 injections 0,13 +0,04 18,03 £ 0,37*~ 25,19 + 2,16%% 32,94 + 6,45*
PEP 0,14 £ 0,04 54,28 + 8,48* 36,63 £ 1,51 64,60 + 3,25*
30 injections 88,56 + 28,46 119,63 + 34,56~ 59,28 £ 12,53~ 264,49 + 108,42*
Calcium 60 injections 74,21 £ 24,10 148,38 + 13,17*~ 180,27 + 23,75%~ 92,30 £ 26,39
PEP 77,05 + 24,76 57,02 + 8,43~ 119,22 + 16,49* 130,86 = 27,90
30 injections 1,71 £ 0,14 2,76 £ 0,10%* 2,72 +0,36% 3,26+ 1,42%
Copper 60 injections 1,43+0,13 2,27 +£0,10* 2,07 £0,15* 1,92 £ 0,35%
PEP 1,49 + 0,12 2,86 + 0,46* 2,63 £ 0,15%~ 3,09 + 0,26*
30 injections 34,83 + 1,63 55,65 + 8,64* 55,16+ 15,95 67,35+ 37,35
Iron 60 injections 29,57 +£ 1,34 35,62 +3,41 32,65 + 3,81 31,44 £6,29
PEP 30,30 + 1,42 7321 + 15,56* 66,57 + 6,65* 61,07 + 3,59%
30 injections 13,99 £ 0,53 30,25 + 1,98* 30,57 £2,23* 39,20 + 15,64*
Zinc 60 injections 11,88 + 0,45 24,57 +2,38* 26,47 +2,48* 28,85 + 5,54%*
PEP 12,17 + 0,46 33,01 +4,53* 26,04 + 1,75% 30,89 + 1,38%
30 injections 2,35+ 0,64 0,39 + 0,05%* 0,49 £ 0,05* 0,47 £ 0,20%
Selenium 60 injections 1,96 £ 0,54 0,18 £0,03* 0,23 +£0,03* 0,23 £ 0,04*
PEP 2,05+ 0,56 6,62 + 2,22%~ 1,11 +£0,07** 1,21 £0,07*

Note. *Statistically significant difference in indices between exposed groups and the control group; “statistically significant difference
between the groups of animals exposed to CdS NP of different size; ~ — statistically significant difference between groups of animals
exposed to CdS NP and CdCl,; p < 0,05. PEP — post-exposure period.
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Tahle 2
The content of macro- and microelements in the kidney of rats (M + m), ug/g
Macro- and Experimental groups

microelement Feriod O I-CdS4-6nm | II-CdS9-11 nm 111 - CdCl,
30 injections 0,21 + 0,06 30,75 +2,15% 30,15 +2,13*~ 16,53 £2,32%

Cadmium 60 injections 0,30 + 0,04 56,08 + 11,79* 71,72 + 4,69%~ 57,95 + 6,90*
PEP 0,25 £ 0,05 81,37 +2,52%~ 72,10 + 2,30%#~ 53,37 £ 4,09*
30 injections 12,11 + 20,87 129,10 + 31,75 124,44 + 14,52 124,44 + 19,35

Calcium 60 injections 149,0 £+ 25,25 139,06 + 18,69 151,74 + 20,07 136,98 + 25,99
PEP 116,51 20,24 94,31 +12,36 92,73 + 14,48 106,79 + 18,74
30 injections 2,73 £ 0,30 7,0 £ 0,60* 7,42 +0,59* 5,69 £ 0,56*

Copper 60 injections 3,34 + 0,37 6,02 = 1,0* 7,45 £ 0,52%* 7,45 £0,88%
PEP 2,65+ 0,29 5,62 + 0,50* 4,50 + 0,40% 4,73 + 0,44%
30 injections 23,96 + 3,68 18,81 £2,14 18,72 + 0,88 16,23 + 1,61

Iron 60 injections 29,73 £ 4,13 13,22 + 3,08* 12,73 £ 0,86* 16,82 £ 1,51*
PEP 23,24 £3,57 14,69 + 1,07* 14,44 + 0,98* 13,11+ 1,21*
30 injections 12,83 = 1,25 15,34 + 0,94 15,29 £ 1,51 12,17 £ 0,36

Zinc 60 injections 15,79 + 1,51 12,02 + 1,66 16,11 + 4,92 15,81 + 1,48
PEP 12,45 + 1,21 15,71 + 0,80 15,53 + 0,67 11,84 + 0,58
30 injections 2,04 +0,23 0,90 = 0,08* 1,04 £0,16* 0,80 + 0,06*

Selenium 60 injections 2,49+ 0,28 0,61+0,11% 2,08 £1,53~ 0,84 £ 0,10%*
PEP 1,98 £ 0,22 1,80 + 0,28~ 1,49 + 0,05%* 1,23 £ 0,09%*

Note. *Statistically significant difference in indices between exposed groups and the control group; *statistically significant difference
between the groups of animals exposed to CdS NP of different size; “statistically significant difference between groups of animals
exposed to CdS NP and CdCl,; p < 0,05. PEP — post-exposure period.

pounds was statistically significantly lower, compared
with the control group. In the post-exposure period,
its content increased, compared with the second
period, however, in rats exposed to 9—11 nm CdS NP
and CdCl,, it was statistically significantly lower than
the control values.

Thus, in the liver of rats exposed to CdCl, and CdS
NP there was recorded the intensive accumulation of
cadmium, increase in the content of copper, iron and
zine, as well as the decrease in selenium content,
indicating the occurrence of a trace elemental imbal-
ance, which may play an important role in the patho-
genesis of cadmium hepatotoxic action.

A significant accumulation of cadmium content was
recorded in the kidneys in all studied periods. In par-
ticular, after 30 injections of CdS NP of 4,65 nm the
cadmium content increased 146 times, with CdS NP of
10,08 nm it increased in 143 times, with CdCl, —in 79
times; and after 60 injections in 187, 239 and 193
times, respectively; while in the post-exposure period

in 325, 288 and 213 times, respectively. Thus, the
smallest cadmium content among experimental groups
was recorded under the exposure to CdCl,. This can be
explained by the fact that animals of this group most
actively accumulated cadmium in the liver, aorta, heart
and brain, resulting in a more slowly excretion from the
body and in less reabsorption by proximal tubules of the
kidneys (unpublished data).

In the kidneys of rats no substantial statistically
significant differences in the content of calcium and
zinc were detected in all studied periods, compared
with the corresponding control parameters. The con-
tent of copper was statistically significantly higher in
rats of all three experimental groups in all studied peri-
ods, indicating the accumulation of copper in the kid-
neys in exposure conditions with cadmium compounds.
A statistically significant decrease in the iron content,
compared with the control values, was recorded in rat
kidneys aiter 60 injections of CdS NP and CdCl,, and
in the post-exposure period. The content of selenium in
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the first and second observation periods was statisti-
cally significantly lower than the control levels, and in
the post-exposure period its statistically significant
decrease was recorded in rats with the CdCl, intake.

Thus, in the kidney of rats, exposed to CdCl, and
CdS NP, an intensive accumulation of cadmium was
recorded, as well as a trace elements imbalance when
the copper content increased and the content of iron
and selenium decreased.

Summarizing the results we can draw the following
conclusions:

Determination of the content of cadmium, macro-
and microelements in inner organs allows to evaluate
cadmium toxicokinetics in the body, to predict patho-
genetic features of its toxic effects, especially in the
post-exposure period, as well as to study the pecu-
liarities of the pathogenesis of its organotoxic action.

In the liver cadmium was most intensively accu-
mulated after exposure to CdCl,, especially in the
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8MICT MIKPO- 1 MAKPOEAEMEHTIB Y NE4YIHUI TA HUPKAX LLYPIB NICAS
EKCNO3nNUIT XAOPNAOM KAAMIIO TA HAHOHACTUHKAMU CYAb®IAY KAAMIIO
AepykaBHa ycTaHoBa «HCTUTYT MeanuvHM npadi HauioHaAbHOT akaaeMii MeaAnyHUX HayK YKpaiHu», M. Kuis

Bemyn. YnipoBamkeHHs1 HaHoyacTMHOK (HY) crionyk KanMiro y BUpOOHUIITBO OOYMOBIIIOE HEOOXiTHICTh BUBYCHHS MeXa-
Hi3My IXHbOI il IK Ha KJIITUHHOMY piBHi, TaK i Ha PiBHi OpraHiB i CUCTEM, BUBHAYEHHSsI OioMapKepiB IXHbOTO BILJIMBY, 0CO0-

JIMBO TMOPiBHSIHO 3 i0HHOIO (pOPMOIO.

64



3[52) 2017 OPHTIHAMbHI CTATTI

Mema docaidncenns — MOPiBHsIbHA OIliIHKA BMIiCTy MiKpO- Ta MaKpOEJEeMEHTIB Yy IMeyiHlli Ta HUPKaX JOCTiIHUX TBApUH
micist ekeno3ullii xaopuaom Kaamito Ta HY cynbgdiny kaamito.

Mamepiaau ma memodu docaidncenns. JJOCTiIKEHHS IIPOBOIIIN Ha IIIypax-caMIlsIX CTaTeBO3pPisioro BiKy JiHil Bictap Baroro
160—180 r, sskum BHYTpiHbOOUepeBuHHO BBoAMAKM CdCl, Ta CdS NP po3mipom 4—6 nm ta 9—11 nm Ta B 103i 0,08 mr/kr/
o0y B riepepaxyHKy Ha Kaamiii. TokcnuHi edextu ouinroBanu micis 30 injections (1,5 mic.), 60 injections (3,0 Mic.) Ta uepe3
1,5 mic. micsist IpUNMMHEHHS €KCITO3UIIIl.

Pesyabmamu. Y TIediH1li TOCTiAHUX TBAPUH HaiiHTEHCHUBHIlIE HAKOMMYYBaBCs KanaMiit micna excrnosuuii CdCl,, ocobnu-
BO B IOCTEKCITO3ULiHOMY Tepiomi. Criocrepiranu Oiibl BUCOKMA BMicT KaaMmiro 3a mii CdS NP posmipom 4—6 nm,
comparing to CdS NP poamipom 9—11 nm. ITopsin 3i 3pocTaHHSIM BMICTy KaaMilo B TE€UiHII pEECTPYBAIM 3POCTaHHS
BMICTy Mili, 3amiza (0inbm inTencuBHo 3a nii CdCl,), 3amiza Ta 3HIKEHHS piBHA ceneHy (oco6amBo 3a mii CdS NP pos-
MipoMm 4—6 nm). Y HMUpKax peecTpyBalld 3HaYHE HAKOIMMYEHHS KaJAMilo, 0COOIMBO B MOCTEKCIIO3UIIIHHOMY Mepioi, 1110
MOXe€ CBiIUMTHU MPO HOro iHTEHCMBHE BUBEIAEHHS 3 opraHi3my. TpuBaja eKCITO3Ullisl CIOJyKaMy KaJaMilo CIIpUYUHSsIa
TaKOX 3pOCTaHHS PiBHS MiJli Ta 3HMXKEHHS 3aJli3a il cesieHy B HUpKax. HalicyTTeBillli 3MiHU peecTpyBasiu Mic/s eKCIo3M-
uii CdS NP, especially of 4—6 nm in size, comparing to CdCl,. [HTeHCHBHE HAKOMMYEHHA KaJMilo Ta IncOasaHc Mikpo-
€JIEMEHTIB MOXe BiJlirpaBaTu MPOBIIHY POJb y peaiidalii renato- Ta HePOTOKCUYHOI il CMOJYK KaAMil0 B HAHO- Ta
iOHHII hopMi.

Bucnosku. BuzHaueHHsI BMIiCTy KaaMil0, MaKpo- i MiKpOEJIeMEHTIB y BHYTPIIlIHiX OpraHax 103BOJISIE OLIIHUTU OCOOJMBOCTI
TOKCHKOKIHETH LIbOTO METajly B OpraHi3Mi, mependauyruT maToreHeTUYHi 0COOJIMBOCTI peati3aliil 10ro TOKCMYHUX e(eKTiB,
0COOJIMBO B MMOCTEKCMO3UIIIHHOMY MEpiojii, a TAKOX JOCTIAUTA OCOOIMBOCTI MATOreHe3y MOro OpraHOTOKCUYHOT Jil.

KuarouoBi cioBa: kaamiil, HAHOYaCTMHKH, NeYiHKA, HUPKHU, IIUHK, CeJIeH, Miab, 3aJi30, KaJbIii

AnbixTuHa E. A., Ko3nos K. IN.

COAEP)XAHVNE MNKPO- N MAKPOSAEMEHTOB B NEYEHN N NO4YKAX KPbIC
MNOCAE 3KCNO3nunn XxAoPnaom KAaAmMmmus u HAHO4YACTUU
CYAb®UNAA KAAMUS]

[MocyaapcTeeHHoe yypeXkaeHne «NIHCTUTYT MeAnUVHbI TPyAa HaumoHaAbHOM akaaeMnn MeANUNHCKNX
HayK YKpauvHbl», r. Knes

Bsedenue. Buenpenue HaHouactuil (HY) coearHeHuit KaiMusi B IPOU3BOJICTBO OOYCIOBIMBAET HEOOXOIUMOCThb U3YUEHUSI
MeXaHu3Ma UX IEeWCTBUS KaK Ha KJIETOYHOM YPOBHE, TaK M Ha YPOBHE OPTAaHOB U CHUCTEM, OTIpe/ie]IeHUsI OMOMapKepoB MX
BJTUSTHUST, OCOOEHHO TI0 CPAaBHEHUIO C MOHHOM (HDOPMOIA.

Lleab uccaedosanuss — cpaBHUTEIbHAST OIIEHKA COIEPXKAHUSI MUKPO- U MAaKPODJIEMEHTOB B MEYEHU U MOYKAX dKCIEePUMEH-
TaJIbHBIX XKUBOTHBIX MOCJIE IKCIOo3uLnu xaopunom kaamus 1 HY cynsbuaa kanmus.

Mamepuanvr u memoos: uccaedosanus. ViccnenoBaHus MPOBOAWIM Ha KpbICax-camllaX IMOJOBO3PEIOr0 BO3pacTa JMHUU
Bucrap Becom 160—180 1, koTopbimM BHyTpuOpiommHuo Beoanan CdCl, u CdS NP pazmepom 4—6 nm u 9—11 nm B j03e
0,08 Mr/kr/cyt B nepecuere Ha Kagmuii. Tokcuueckue 3¢ dekTsl oneHuBamu nocie 30 BeeaeHuit (1,5 mec.), 60 BBomOB
(3,0 mec.) u yepes 1,5 mMec. Tocye MpeKpanieHusT SKCIO3ULINH.

Pezyasmamer. B ieueHn 3KcriepuMEHTAIbHBIX XUBOTHBIX HanboJIee MHTEHCUBHO HAKATUIMBAJICS KaIMUI MOCIe 9KCIO3U-
uu CdCl,, 0COOEHHO B MOCT3KCIIO3MLMOHHOM nepurose. Habmonanu Gonee BHICOKOE colepXKaHue KaaMus TIpU BO3IEH-
ctBun CdS NP pa3zmepom 4—6 nm, o cpaBHeHuto ¢ CdS NP pasmepom 9—11 nm. Hapsinmy ¢ pocTom comepskaHus KaaMust
B [IEYEHU PETMCTPUPOBAJIM MOBbILIEHWE COAEPKAHMUS MEIU, XKelle3a (6oiee MHTEHCUMBHO Tipu BosziedicTeun CdCl,), xenesa
U CHIKCHUE YPOBHS cesieHa (ocobeHHo mpu BozaeiictBun CdS NP pasmepom 4—6 nm). B moukax perucTpupoBain 3Ha4K-
TEJIbHOE HAKOIUIEHNE KaaMUsi, 0COOEHHO B IMOCTIKCIIO3UIITMOHHOM TIEPUOJIE, YTO MOXET CBUIETETLCTBOBATh O €r0 MHTEH-
CHMBHOM BBIBEICHUU U3 OpraHu3Ma. JintenbHast 9KCIO3M NS COSMHEHUSIMU KaIMUSI BbI3bIBaIa TAKKE POCT YPOBHS MEAIH,
CHIDXEHUE XKeJie3a U ceieHa B moukax. HauboJiee cyliecTBeHHbIe U3MEHEHMs perucTpupoBaiiu rmocie akcrnosuuuu CdS NP,
ocobeHHo pazmepoM 4-6 nm, no cpapHenuio ¢ CdCl,. HTeHCUBHOE HAKOIUIEHHUE KaIMUSA U TMCOaNaHC MUKPOSJIEMEHTOB
MOXET UTPaTh BEAyIYIO POJIb B pean3aliy TernaTo- U HeypOTOKCUIECKOTO ISHCTBUSI COSAMHEHUI KaaMusl B HAaHO- U
HOHHOU hopme.

Beigodul. Onipenenerue cofaepkaHusl KaaMus, MaKpo- U MUKPODJIEMEHTOB BO BHYTPEHHUX OpPraHax MO3BOJISIET OLIEHUTH
0COOEHHOCTU TOKCUKOKMHETUKHM 3TOTO METaJlIa B OpraHM3Me, TIPEAyCMOTPETh MaTOTeHeTUYecKre OCOOEHHOCTH peain3a-
LIMY €T0 TOKCUYECKUX 3(PPEeKTOB, 0COOEHHO B MOCTIKCIIO3UIIMOHHOM TEPUOJIE, a TAKXKE UCCIIeI0BaTh OCOOEHHOCTH TaTo-
reHe3a ero OpraHoTOKCMYHOTO BO3/IEUCTBUSI.

KuaroueBsie ciioBa: KagMuil, HAHOYACTUII, II€Y€Hb, IIOYKH, INHK, CEJICH, MeIb, KejIe30, KaIbI[Hil
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