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Lead (Pb) and cadm um ( Cd) are envi ronnent al
contani nants which are present in alnpst all living
organisns and are non-esential for plants, animals and
human beings. Zinc (Zn) is an essential elenent which
occurs together with Cd and is linked with it.

There exists little information about the contam nation
of tissues of hens and chickens with these elenents.
Recent reports nostly deal wth the contamination of
meat, Kkidney and liver (Korsurd et al.1985; Ci bulka and
Sova 1986; Falandysz 1987; Geert et al. 1989; Vos et
al.1990). O her ti ssues and eggs have not been
exam ned t hor oughl y enough to deal with t he
distribution of Pb, Cd and Zn in the body of hens and
chi ckens.

The primary aim of this study was to investigate the
distribution of Pb, Cd and Zn in the different tissues
of poultry and eggs in Slovenia.

MATERI ALS AND METHCDS

From 1989 to 1993 we analyzed 108 hens, 77 chickens and
127 eggs collected from 120 Ilocations in Slovenia.
Chickens, male and fenmale animals 1 to 6 nonths old,
were from donestic, free-range breeding stock and from
extensive breeding stock on farns. Hens, adult fenale
animals, were from donestic breeding stock only and
were 6 to 144 nonths old. Eggs were collected only from
free-range breeding hens.

The pectoral and fenmoral nmuscle, liver, kidney, spleen,
gi zzard, skin, heart, fenural bone, egg-yolk and egg-
white were taken and were separately stored in plastic
containers at -18° C. Tissues, except bone, kidney,
spleen and  heart, which were taken whole, wer e
honogeni sed and 10g of the fresh honpgenates were
wei ghed into quartz dishes. Sanples were dried and dry-
ashed in the muffle-furnace at 450° C over-night.
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Concentrations of elements were nmeasured by flame
atonmi c absorption spectrometry on a Varian AA 175. Zinc
was measured directly from solutions prepared by
di ssolving ashes in diluted hydrochloric acid at wave-
length 213.9 nm (AOCAC 1990). Lead and cadnmium were
nmeasured as diethylamoni um N, N-di et hyl di t hi ocar bam nat
(DDDC) conplex in organic solvent nethylisobutylketone
(M BK) at wave-length 217 nm for Pb and 228.8 nm for Cd
(ACAC 1990; Snodin 1973). The calculations were carried
out by the standards additions nmethod. Anal yti cal
quality assurance was performed by analysing certified
reference materials (BCR 184 bovine nmuscle, 185 bovine
liver, 186 pig kidney) and by recovery tests.
Recoveries for Pb ranged from 87 to 106 % and for Cd
from 85 to 94 % Mean recovery for Zn was 95 % The
[imt of Zn determ nations was 0.01 ng/kg, of Pb 0.05
ng/ kg and of Cd 0.003 ng/kg. Statistical analyses were
performed by using the SPSS-X program package.

RESULTS AND DI SCUSSI ON

The Pb, Cd and Zn concentrations in tissues of hens,
eggs and chickens and t he relations of the
concentrations of these elenents in particular tissues
as conmpared to pectoral nuscle are shown in Tables 1
to 6. \Where the elenent concentration was |ower than
the detection limt, a value of half the Ilinmt of
detection was assigned for the purpose of calculating
the mean (arithnetic average).

Table 1. Lead concentrations in tissues of hens from
Sl ovenia (mg/ kg wet weight)

Tissue Nunber of Range Mean standard Relation °

sanpl es devi ation

Fenor al

nmuscl e 108 * - 1.15 0.06 0.13 1.2
Pect or al

nuscl e 107 * - 1.09 0.05 0.11 1.0
Li ver 108 * - 4.62 0.30 0.67 6.0
Kidney 108 * — 7.56 0.62 1.08 12.4
Spl een 108 * — 3.34 0.21 0.52 4.2
skin 108 * - 2.69 0.21 0.39 4.2
Fenor al 108 * ~10.26 2.90 2.43 58.0
bone

G zzard 108 * — 0.96 0.08 0.13 1.6
Hear t 43 * - 0.05 * 0.00 0.5
Egg yolk 127 * - 1.68 0.06 0.16 1.2
Egg white 127 * —~ 0.09 * 0.01 0.5

*-concentration under limt of detection
®-relation was calculated from mean of the particular tissue and
nean of pectoral nuscle content
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Table 2. Lead concentrations in tissues of chickens
from Slovenia (ng/kg wet weight)

Tissue Nunmber of Range Mean standard Rel ation

sanpl es devi ation

Fenor al

nmuscl e 68 * - 0.07 * 0.01 1.0
Pect or al

nmuscl e 60 * - 0.09 * 0.01 1.0
Li ver 77 * - 0.25 * 0.04 1.0
Ki dney 77 * - 0.46 0.07 0.09 2.8
Spl een 51 * - 1.05 0.08 0.17 3.2
skin 51 * - 1.47 0.13 0.31 5.2
Fernor al 51 * — 5.74 0.56 0.95 22.4
bone

G zzard 51 * - 0.15 * 0.03 1.0
Heart 38 * - 0.11 * 0.02 1.0

* and ° see Table 1

Table 3. Cadm um concentrations in tissues of hens from
Sl ovenia (ng/ kg wet weight)

Ti ssue  Nunber of Range Mean standard Relation °

sanpl es devi ation

Femoral

muscle 108 * -~ 0.85 0.04 0.10 1.2
Pectoral

muscle 107 * - 0.43 0.03 0.07 1.0
Liver 108 0.04 -~ 6.64 0.70 0.98 20.6
Kidney 108 0.16 -12.20 2.63 2.16 77.4
Spleen 108 * =13.95 0.48 1.63 14.1
skin 108 * - 0.78 0.07 0.13 2.1
Femoral 108 * - 0.85 0.04 0.10 1.0
bone

Gizzard 108 * - 4.26 0.34 0.54 9.9
Heart 43 * - 0.15 0.01 0.02 0.4
Egg yolk 127 * - 0.03 0.00 0.00 <0.1
Egg white 127 * - * * 0.00 <0.1

* and 2 see Table 1

The highest nmean Pb concentrations were present in the

bones of hens (P<0. 000lI), with a b5-times |ower
concentration in the kidney followed by spleen, liver
and skin (Table 1). In liver Pb was about two tinmes
less than in kidney, corresponding to information from
simlar investigations by Honda et al. (1985) and Lee
et al. (1989). Egg-yolks contained nore Pb than whites
and about the sane as neat. The highest nean Pb
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Table 4. Cadmium concentrations in tissues of chickens
from Slovenia (ng/ kg wet weight)

Ti ssue Number of Range Mean Standard Rel ation

sanpl es devi ation

Femoral

muscle 68 * - 0.02 0.003 0.00 2.2
Pectoral

muscle 60 * - 0.02 * 0.00 1.0
Liver 77 * - 0.22 0.03 0.04 22.7
Kidney 77 * - 0.70 0.09 0.12 62.7
sSpleen 51 * - 0.13 0.02 0.04 10.7
skin 51 * - 0.08 0.01 0.02 6.7
Femoral 51 * —~ 0.02 0.003 0.00 2.0
bone

Gizzard 51 * -~ 0.18 0.03 0.04 22.7
Heart 38 * - 0.03 0.005 0.01 3.3

* and ° see Table 1

Table 5. Zinc concentrations in tissues of hens from
Sl ovenia (ng/ kg wet weight)

Tissue Nunber of Range Mean Standard Relation °

sanpl es devi ation

Femoral

muscle 108 6.6- 38.9 17.7 5.76 3.9
Pestoral

muscle 107 1.8- 23.1 4.5 2.45 1.0
Liver 108 11.3-160.3 34.3 20.69 7.6
Kidney 108 8.1- 56.0 22.2 8.39 4.9
Spleen 108 * -130.9 18.6 13.91 4.1
skin 108 2.1- 21.8 8.0 4.38 1.8
Femoral 108 3.2- 87.9 38.8 14.74 8.6
bone

Gizzard 108 9.7- 54.4 22.8 7.98 5.1
Heart 43 2.1- 30.6 17.9 4.81 4.0
Egg yolk 127 4.6- 40.9 23.0 7.84 5.1
Egg white 127 * - 2.8 0.1 0.28 <0.1

* and 2 see Table 1

concentrations were found also in the bones of chickens
(P<0.000l'), with skin, kidneys and spleen having |esser
amounts (Table 2).

The highest mean Cd concentrations were found in
ki dneys of hens and chickens (P<0.000l) (Tables 3,4).
Cadmium concentrations in liver were about 3 tines
lower, <corresponding to information reported by Honda
et al. (1985) and Lee et al. (1989), followed by spleen
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Table 6. Zinc concentrations in tissues of chickens
from Slovenia (ng/ kg wet weight)

Tissue Nunber of Range Mean Standard Rel ation

sanpl es devi ation

Femoral

muscle 51 6.4-27.8 15.9 5.07 3.8
Pectoral

muscle 60 1.6-8.1 4.2 1.42 1.0
Liver 60 12.6-76.4 28.5 12.08 6.9
Kidney 60 10.1-42.9 19.8 5.76 4.8
Spleen 51 * 52,7 17.0 6.98 4.1
skin 51 2.9-25.6 8.6 4.13 2.1
Femoral 51 16.8-68.2 31.1 9.60 7.5
bone

Gizzard 51 8.7-30.8 22.2 5.41 5.3
Heart 38 3.0-68.6 17.3 9.69 4.2

* and ° see Table 1

Table 7. Portions of sanples of hens which exceeded
official tolerance levels for Pb and Cd

Ti ssue  Nunber of unsui t abl e official tolerance

sanmpl es sanples (% | evel s (ng/kg)

Pb Cd Pb Cd

Femoral
muscle 108 1.8 7.4 0.5 0.1
Pectoral
muscle 107 0.9 7.4 0.5 0.1
Liver 108 7.4 38.9 1.0 0.5
Kidney 108 17.6 77.8 1.0 1.0
Egg yolk 127 3.1 18.9 0.25%  0.005"
Egg white 127 0.0 0.8

* for the whole egg

and gizzard. Cadmium was not detectable in egg-yolks
and whites of chickens.

The highest Zn concentrations were present in the bones
of hens (P<0.000l) and chickens (Tables 5,6), followed
by liver, ki dney, spleen and red neat. Egg- yol ks
contained 200-tines nore Zn than whites and 5-tines
nore than white nmneat.

In hens there were individual sanples of neat, liver,
kidney and egg that exceeded our official tolerance
levels for Pb and Cd (Uradni list SFRJ 1987). On the

basis of these results (Table 7) we considered that
ki dneys of laying hens (but not chickens) from sone
i ndustrial contaminated areas (as Celje and Koroska



regi on) have to be judged as unfit for human
consunption. Veterinary directorate of Slovenia accepted
our purposal in year 1990 which is still valid.

At the sane tine we also tried to establish the
positive correlation between Cd and Zn concentrations

in livers and kidneys of poultry described in the
literature by Honda et al. (1985) and Lee et al.
(1989). On the basis of our results we established only
that when Cd concentration in |liver increased the

percentage of sanples with higher Zn concentrations
also increased. Such correlation was not established
wi th kidneys.

REFERENCES

ACAC (1990) O ficial methods of analysis of the AQAC
15th ed., Vol. 1. Washington, AOAC, PP 237-273

Cibulka J, Sova Z (1986) Pb, Cd and Hg in liver, Kkidney
and rmuscle tissue of poultry in Finland. Sbornik

Vysoke Skol y Zemedel ske v Praze, Fakul t a
Agronom cka-B 45: 39-50

Fal andysz J  (1987) Manganese, copper zinc, iron,
cadmium rmercury and lead in nuscle neat, |iver and

ki dneys of poultry, rabbit and sheep slaughtered in
the northern part of Poland. Food Addit Contam 8:
71-83

Geert E, Von Loon JW Tolsma K (1989) Copper, chrom um
nmanganese, nickel and zinc in Kkidneys of cattle,
pi gs and sheep and chi cken livers in t he
Net herl ands. Z Lebensm Unters Forsc 189: 534-537

Honda K, Yoon Mn B, Totsukawa R (1985) Heavy netal
distribution in organs and tissues of the Eastern
Geat Wite Egret Egretta alba nodesta. Bull Environ Contam
Toxi col 35: 781-789

Korsurd GO Mel drum JB, Sal i sbury CD, Haul ahn BJ,
Saschenbrecker PW Tittiger F (1985) Trace elenent
levels in liver and kidney from cattle, swine and
poultry slaughtered in Canada. Can Conp Med 49: 159-
163

Lee DP, Honda K, Tot sukawa R, Won PO  (1989)
Distribution and residue levels of nercury, cadm um
and lead in Korean birds. Bull Environ Contam
Toxi col 43: 550-555

Snodin DJ (1973) Lead and cadmum in baby food. J Assoc
Pub Anal 11: 112-119

Uradni i st SFRJ (1987) Pravilnik o spremenbah in
dopol nitvah pravilnika o kolicinah pesticidov in
drugi h strupenih snovi, hornmonov, antibiotikov in
m kot oksi nov, ki smejo biti v zivilih., Uradni Ilist

SFRJ 79: 1842-1846

Vos G Lammers H, Kan CA (1990) Cadnmium and lead in
muscle tissue and organs of broilers, turkeys and
spent hens and mechanically deboned poultry nmneat.
Food Addit Contam 7: 83-91

937



