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ABSTRACT

An ICP-ETAAS analyze of unwashed and washed sheep- wool for establishing of Pb and Cd have been conducted. A
significant difference in the contents of Pb (15.3- unwashed versus 8.15 mg/kg DM— washed wool) were established.
The Cd — content were mean 0.69 (unwashed) versus 0.53 mg/kg DM— washed wool. No statistical differences were
established. The authors conclude, that the environment influence significant on the Pb- content of sheep- wool.
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PE3IOME

[Mposenen e ICP-ETAAS ananu3 Ha mpaHa W HeNpaHa OBYA BBJIHA 3a ycraHoBsiBaHe Ha Pb m Cd. Ycranosenu ca
JIOCTOBEPHH PA3JIMKH B ChIbpkanusaTa Ha Pb (15.3- nenpana cpemy 8.15 mg/kg ACB- mpana BbiiHa). CpenHOTO
coappkanne Ha Cd e 0.69 (mempana) cpemry 0.53 mg/kg ACB (npana BwiiHa). Pasnukure ca craTMCTHYECKH
JOCTOBEpHH. ABTOPHTE 3aKJIIOUBAT, Y€ OKOJHOTO CpPE/a BIIMSE JIOCTOBEPHO BBPXY ChIbpkaHHWETO Ha Pb B oBuara
BBJIHA.

KniouoBu oymu: onoso, kagMui, 0BYa BLIHA
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PA3LUWPEHO PE3IOME

llenra Ha wW3cienBaHETO € Aa CE TPOYYIH

BIIMSTHAETO Ha OJIOBO M KaIMHH B [TOYBATA, KAKTO U POJIATA
Ha arMoc(epHOTO M JAUTOCHEPHO 3aMBpCIBAHE C TE3H
eIIEMEHTH, BBPXY OHMOaKyMymamusiTa UM BBB BBIHATa
Ha OBIIE, OTIJICKJIAaHU B PAliOH C TIOBHUIIEH TEXHOTCHEH
KJIapK.
Anamm3upanu 0sixa 33 Opost mpoOW BbIIHA, MOJTYYCHH
OT OBIIE Ha BB3pacT 1,5-2 rognHuU, POIEHH U OTIVICTAHH
B paiiOH C MOBHUILIEH TEXHOTEHEH KJIapK. XpaHEHETO Ha
KUBOTHUTE Oe WM3ILUI0 ¢ (Gypakd, MPOU3BSKIAHH Ha
mscTo. [IpoOute BbaHA Osfxaa B3eTu mpe3 Amnpuia-Maii
2004 roxuHa. 25 oT TAX Osixa M3MPaHU MO CTaHAAPTHA
METO/IMKA, a 8 Os1xa U3CIie/IBaHN HENPAHH.

AHanu3bT U3BBPHIMXMC CJICA H3CYyIIaBaHC
npu 80°C 70 MOCTOSHHO TEIIO U MHUHepaJu3upaxme
B kucenuHna cvec or HNO3 u H,O,. Cwabpxanuero
Ha aHaJU3WpaHUTE eIEeMEHTH B MpoouTe-oOpasiu
onpeaenuxme mo wMetogu Ha JIAC cnen ICP-MS
KOJIMYCCTBCH aHaliu3 C¢ BBTPCIIHU CTaHAApTU Ha
nosopany u30Tonu. OTYUTAHETO U3BHPILIMXME Ha aTOMHO
abcopbrmonen criekrpodoromersp Perkin Elmer-AAS
5100 Zeeman.

Wznom3Banu ca KpUTEpUUTE: KIApK Ha
xounentpanws (K) mo Bepuanckuii (1940)-cabpxanue
Ha W3CJICBAHUSI €JIEMEHT B II0YBaTta KbM CpEIHUS
KIapK Ha TouyBaTa WM Jjutocdepara; GakTop Ha
ounoaxymymaius (OB), (Baykov et al., 2003), BkirouBar
JBata KonuuecTBeHU kpurepusi: PBl-chabpixkanue Ha
U3CIICIBAaHUS XUMHYCH €JIeMEHT B mpoba ot 1000 g
BTOpUYHA OHMOJIOTMYHA TPOAYKIHS KBM ChABPIKAHUE
Ha chlus xumMuueH enemeHT B 1000 g uscylieHa mousa
u ®b2-cbabpkanue Ha XxuMuyHUs enemeHt B 1000 g
BTOpUYHA OMOJOTMYHA MPOAYKIHS KbM ChIBPIKAHUETO
Ha cpums eineMeHT B 1000 g mbpBUYHA OMONOrHYHA
MIPOYKIHSI OT aBTOTPO(GHOTO PABHUILIE HA CHIIHS €KOTOII;
kimapk Ha pasmpenencHue (Kp) -ChbOTHOIICHHE MEXKITY
KOJINYECTBOTO TOKCHYEH €JIEMEHT B M3CIEBAHUS OpraH
i ThkaH (mg/kg cBeka Maca) ¥ CpeTHOTO ChAbPIKAHUE
Ha XUMUYHHS €JIeMEHT B OpraHu3ma (CpeieH KIapk).
CpefHUsT KIIApK € CHOTHOUICHHE MEXIY CYMapHOTO
KOJINYECTBO Ha M3CJICABAHUS XHMHUYCH EJIEMEHT BbHB
BCUYKHM W3CIIE/IBAHNM OPTaHU M THKAaHH KbM CYMapHOTO
TEIIO Ha M3CJIeIBAHUTE OPraHu U ThKaHU.
ChbIbp)KaHHETO Ha OJIOBO M KaJMHUH B HENpaHa BbJIHA €
cpotBeTHO 15.3 1 0.69 mg/kg, a B mpaHara — CbOTBETHO
8.15 u 0.53 mg/kg. Pa3nukara ce IbKM Ha €K30TCHHA
murocdepHa Tpsika KoHTamuHanusl. KoHnenTtpanusra
Ha Pb u Cd e MHOrokparHo mo-BUCOKa BbB (huHATa
npaxoBa (pakxius, KOETO Ch3aBa M peajiHa OIaCHOCT
3a acrupupase Ha enementure. Kpurepusart “Knapk Ha
pasnpeneneHye” B IpaHaTa BbJIHA [10Ka3Ba 3HAYUTEIIHO
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Harpynsane Ha Pb (14.85)n Cd (6.24) cipsiMo ocTaHanuTe
W3CIIE/IBAaHH ThKaHH.

INTRODUCTION

The study on the complex effect of the geochemical factors
of the environment on the living matter on the planet
(microorganisms, plants, animals, humans) has acquired
greater importance when the chemical non-homogeneity
of lithosphere as well as of the other component of the
biosphere was proved (Vernadskiy, 1940- cited by (2,
6). Investigations on those relationships have been
attracting more specialists in different scientific areas:
biogeochemists, ecologists, physiologists, biochemists,
chemists, veterinary and human doctors, zootechnicians,
agriculturists, phytopathologists (7).

The diverse human activity has led to the disturbance of
the natural cycles of the chemical elements and to their
undesired accumulation or dispersal.

Our studies on the chemical heterogeneity of lead and
cadmiumatthetrophiclevel ofthe heterotrophic organisms
were an object of previous publications (2, 3, 8, et al.).
Our data as well as those in the available literature proved
the organotropity typical of each chemical element and
its possibility to be used as an indicator for establishing
the level of the environmental pollution (9, 12, 13 et al.).
For the precise and objective evaluation of the effect of
the geochemical environment on animals and for the
bioecological monitoring, an accessible and sufficiently
objective method is necessary that can also outline the
organotropity of a given chemical element. The criteria
like coefficient of biological absorption (Cba), Clarc of
concentration (Cc), Factor of bioconcentration (FB),
proved to be insufficient (2,5). A suitable criterion named
Clarc of distribution (Cod) was suggested by (4).

Wool like the other products from the heterotrophic
organisms inhabiting a given region could be used as an
indicator when evaluating the degree of environmental
pollution with toxic chemical elements (7, 13, 10).
Collection of samples is easy; it can be carried out at any
time without affecting the health status and the normal
physiological functions of the animal.

In that relation we set the aim of studying the effect of
lead and cadmium in soil and the role of the atmospheric
and lithospheric contamination with those elements on
their bioaccumulation in the wool of sheep reared in
regions with increased technogenic Clarc.

MATERIAL AND METHODS

33 wool samples collected from sheep of 1,5 to 2 years
of age, born and reared in a region with increased
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Table 1 Content of Pb and Cd in washed and unwashed sheep wool from the contaminated region/ Pb u Cd-
ChIbPKAHUS B [IPaHa U HEMPAHA OBYA BBJIHA OT 0OpeMeHeH s paiioH:

Wool/Bbana n Pb, mg/kg Cd, mg/kg
Mean+ Sx % Mean+ Sx %
Washed/TIpana 25 8.15+1.83* 100 0.53+0.034 100
Unwashed/Henpana 8 15.3£2.43* 188 0.69+0.047 130
Difference/Pa3nuka 7.15 88% 0.16 30%
Significance//locToBepHOCT *-*p<0.01 No stat. sign./HemoctoBepHO

Table 2 Chemical heterogeneity in antropogenic ecosystem for meat —
and wool production (mean values)/
XuMHUYHA HEETHOPOAHOCT Ha aHTPOMIOTeHHATA EKOCHUCTEMA 33
MECO- U BBJIHOIPOM3BOJICTBO (OCPEIHEHU CTOHHOCTH)

Content/Cpappkanne, mg/kg Pb Cd
Pasture soil/llousa om nacuuie 118 3.44
Mean for Bulgaria/Cpeano 3a Bearapus 25 0.07
Coefficient/Koedpunuent (K) 4.72 49.14
Meadow grass/Ilacuwina mpesa 6.63 0.72
FB 0.06 0.21
Cereals/Konu. dpypasicu 0.68 0.46
FB 0.006 0.13
Air/Bp3ayx (mg/m?) 0.097 0.0027
Wool/Bvana

Unwashed/Henpana 15.3 0.69
FB 1 0.13 0.20
FB2 2.31 0.96
Washed/IIpana 8.15 0.53
FB 1 0.07 0.15
FB2 1.23 0.74

technogenic Clarc, were analyzed. The animals were
fed only on forages produced on the same location. The
samples were collected in April — May 2004. 25 of them
were washed following the standard methodology (11)
and 8 samples were studied unwashed.

The analyses were carried out after drying at a
temperature of 80°C until reaching a constant weight.
The samples were mineralized in an acid mixture of
HNO3 and H,O,. The content of the analyzed elements
in the samples was determined by the LAS methods
after ICP-MS quantitative analysis of selected isotopes
with internal standards. The results were reported using
atomic absorption spectrophotometer Perkin Elmer-AAS
5100 Zeeman.

The chemical heterogeneity of soil and the level of
lead and cadmium bioaccumulation in different organs
and tissues of the animals were determined by means
and methods described in our previous announcements
(3, 4, 8 et al. The following criteria were used: Clarc
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of concentration (Cc) by Vernadskiy— the content of
the studied element in soil to the mean Clarc of soil or
lithosphere; Factor of bioaccumulation (FB), (3,4) —
including the two quantitative criteria: FB1 — the content
of the studied chemical element in a sample of 1000 g of
secondary biological produce to the content of the same
element in 1000 g of dried soil and FB2 — the content of
the chemical element in 1000 g of secondary biological
produce to the content of the same element in 1000 g
of primary biological produce at the autotrophic level
of the same ecotope; Clarc of distribution (Cod), (4)
— the ratio between the amount of the toxic element in
the studied organ or tissue (mg/kg fresh weight) and the
mean content of the chemical element in the organism
(mean Clarc). The mean Clarc is the ratio between the
total amount of the studied chemical element in all the
investigated organs and tissues to the total weight of the
investigated organs and tissues.

The results obtained were submitted to statistical variation
processing, using the program BIOSTAT-2.
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Table 3 Clarc of distribution (Kod) of Pb and Cd in lamb’s tissues and organs from the contaminated region
(mean values)/ Kimapk Ha TuCTpuOyIIHs B arHEIIKA THKaHU U
OpTaHH OT 0OpeMeHeHHs paioH (CpeHH CTOHHOCTH)

Organs and tissues/Opranu ¥ ThKaHU Pb Cd
Liver/Yemnen npo6 291 10.47
Kidney/bs6perm 2.0 133
Abdominal muscle/A6goM. Mmyckynatypa 1.51 2.71
Unwashed wool/Henpana BbiiHa 27.87 8.12
Washed wool/Tlpana BbiHa 14.85 6.24

Table 4. Pb and Cd contents in litospheric dust depended of size of fragments/Cpabpsxanne Ha Pb and Cd B
auTochepeH mpax B 3aBUCHMOCT OT pa3Mepa Ha YaCTULIUTE:

Place of sample collections/ Msicto Ha n Pb—-mgkg Cd- mg/kg
npoOOB3UMaHe mean+SD mean+SD
School yard/YunaunuieHn ABop

<1 mm 3 108.2430.5 2.7+1.5

<5um 3 162.0+34.5 5.7+£1.0
Private yard/Yacrten aABop

<1 mm 5 160.6+90.6 4.4+3.0

<5 um 5 421.6+64.4 3.2+1.8

RESULTS AND DISCUSSION

Wool is a product used by man as a raw material in light
industry. The toxic elements contained in it do not affect
human health directly. However as a technological raw
material, and, above all, as an element of the trophic level
of the heterotrophic organisms, it carries information
about the distribution and accumulation of the toxic
chemical elements in their organism.

Data in Table 1 show the relatively high lead level in wool
— 8.15 mg/kg. In unwashed wool the lead content was
almost twice higher — 15.3 mg/kg and the difference was
statistically significant (p<0.01). The cadmium content
was also quite high (0.53 mg/kg) but the difference
between its content in washed and unwashed wool was
about 30 %.

When following out the data in Table 2, characterizing
the chemical heterogeneity of the anthropogenically
formed trophic chain of a pasture type, Pb and Cd
dispersal in the meadow grasses was observed, which
was about 0.01 n and 0.1 n, respectively. In cereals
the dispersal level of lead was higher (about 0.001 n),
while for cadmium the same tendency was preserved.
The increased Clarc of concentration of lead (4.72) and
cadmium (49.14) in soil did not cause their concentration
at the level of the autotrophic organisms. Evaluated by
FBI1 criterion at the level of phytophages, wool also
did not show concentrating, while evaluated by FB2
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criterion wool showed concentration of lead (2.31) and
less concentration of cadmium (0.96).

Information about the real dynamics and distribution of
the toxic elements, which entered the animal organism
with the forage, water and air, was obtained by the
criterion Clarc of distribution (Cod) — Table 3.

Data contained in the table showed differences in lead and
cadmium distribution in the studied tissues and organs of
the animals, meanwhile giving new information about
bioaccumulation of those elements.

The content of toxic chemical elements in air was
extremely low — 0.097 mg/m? for lead and 0.0027 mg/m?
for cadmium, respectively. The aerosol way of dispersal
of those elements was insignificant (only 0.001 %), which
was also proven in our other previous studies (8). Similar
data (for the Pb and Cd — contents in the atmospheric air
were also reported for the same region by [1].

It is well known that sheep spend the bigger part of the
day and night on the pasture. Moving in big herds, they
create ‘whirls of air’ sweeping along fine soil particles.
They proved to be rich in Pb and Cd — Table 4. The finer
the dust aerosol, the higher the content of the elements in
a unit of volume was. A part of that aerosol was breathed
by the sheep, but the bigger part was deposited over their
fleece while the animals were moving or lying. The secret
of the sebaceus and sudoriferous glands also contributed
for that.

The high content of lead and cadmium both in unwashed
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and even in washed wool confirmed once again the
doctrine that the major source of toxic chemical elements
is the lithosphere and the ways of absorption are exo- as
well as endogenic (through the organism).

CONCLUSIONS

Lead and cadmium contents in unwashed wool was 15.3
and 0.69 mg/kg, respectively, and, in washed one —8.15
and 0.53 mg/kg, respectively. The difference was due to
the exogenic lithospheric direct contamination.

Pb and Cd concentrations are many times higher in
the fine dust fraction, which provides a real threat for
breathing in the elements.

Clarc of distribution criterion in washed wool showed
significant accumulation of Pb (14.85) and Cd (6.24) in
comparison with the other studied tissues.
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