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Abstract. Cadmium, zinc and copper levels were determined in the renal cortex and liver of 60
inhabitants of Cracow, Poland. Cadmium levels in the renal cortex were contained in broad limits of
5-176 pg/g, mean 50.6 pg/g (wet weight). Maximum levels were found in the age group of about
50-60 years. The levels were slightly higher in men (53 pg/g) than in women (45 pg/g), with no effect
of location within the region. The levels in smokers (62 pg/g) were much higher than in non-smokers
(32 pglg). The above relations were less pronounced for cadmium levels in the liver. Whole body
retention of cadmium followed the pattern of cadmium in renal cortex. The level of zinc in renal
cortex reflected those of cadmium. A significant proportion of the population (54% in smokers, 9%
in non-smokers) showed cadmium levels in renal cortex exceeding the reference level of 50 ug/g
recently accepted for general population. In the view of the authors the exposure to cadmium of the
population of Cracow is excessive and calls for attention.

1. Introduction

Because of its exceptional environmental persistence and ability to cuamulate in the
human organism throughout the whole life span, cadmium (Cd) is considered one
of the most dangerous chemical pollutants, and is contained in the global (UNEP,
1992) and national priority lists (Report, 1988).

In chronic exposure, kidneys are the critical organ. Above a concentration of
200 pg/g (wet weight) of the reneal cortex, tubular kidney damage may occur.
This value is considered proper for healthy medium-age individuals, as is the case
with industrial workers. For the general population, comprising elderly women,
the critical renal concentration of Cd may be much lower, about 50 ug/g (Buchet
et al., 1990).

For people not exposed professionally and non-smokers, food is the main source
of Cd. The cumulation of the metal occurs for almost the whole life-span of
humans, mainly in the kidneys and liver where it is bound with a low molecular
weight protein, metallothionein (MT). Apart from Cd, this protein also contains
zinc (Zn) and copper (Cu).

For the assessment of environmental exposure to Cd, biological monitoring
(kidneys, liver) seems most appropriate. In the years 1986-93 such monitoring
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studies were performed in the Dept. of Toxicological Chemistry, Medical University
of Lodz for the Central region of Poland (£.6dZ) (Bem et al., 1993a), Upper Silesia
(Katowice) (Bemet al., 1993b), Bialystok (Bem et al., 1993c) and Lublin (Ortowski
et al., 1995). The results obtained indicate that the biological levels of Cd in Poland
are high and deserve attention.

The work presents data for the region of Cracow, the old historical capital of
Poland. The town of 744000 inhabitants encompasses a new industrial quarter,
Nowa Huta (steel works), built in the 1950s, now constituting a major source of
environmental pollution in the region. About 80% of the area of Cracow country
is classified as ecologically endangered. In the west, this region borders with the
Upper Silesian ecologically endangered area. Both areas are abundant in mining and
metallurgic industries. In a complex ranking based on contamination, degradation,
population exposure to chemicals and the state of health, this region occupies
the eighteenth position among the 27 ecologically endangered areas of Poland
(Dutkiewicz, 1994). For comparison, areas subject to our earlier studies, Upper
Silesia (Bem et al., 1993b) and £.6dZ (Bem et al., 1993a), occupy the top positions,
whereas Biatystok (Bem et al., 1993c) is considered as a reference area.

In Cracow, the mean yearly Cd concentration in air, measured in 1971 and
1986, was 14-17.7 ng/m3, a value three-fold higher than in a control area 60 km
away (Bem and Turzyriska, 1992). More recent data obtained in 1983-90 by the
Sanitary Epidemiological Station were collected at four stationary points within
the township area and the mean yearly values were 1-7 ng/m>, with upper mean
monthly values not exceeding 18 ng/m? (PIOS-PIS, 1994. Nonetheless, all these
concentrations are below the WHO recommended value of 10-20 ng/m3 (WHO,
1987). The concentration of Cd in drinking water (1985-90) was in the range of
<2-3 pg/l (Bem and Turzyriska, 1992). The content of Cd in vegetables in this area
was 3-480 ug/kg, and in potatoes (an important component of Polish diet) 50-900,
mean 65 ug/kg (Zawadzka et al., 1990).

For the population of Cracow there are also some data on biological levels of
Cd. The mean concentration in blood of eight young women was 0.72 pg/l, and
in the urine 0.51 pg/g creatinine (Osman et al., 1992). Similar values were found
in another monitoring project: in the urine of 76 smokers, 154 nonsmokers and
99 children, the geometric means were 1.49, 0.52 and 0.29 pg/l, respectively. In
the blood, geometric means of 1.15, 0.65, and 0.28 pg/l, respectively were found
(Jakubowski, 1995).

2. Materials and Methods

The tissues (liver, kidneys) were obtained from the Departments of Anatomo-
Pathology and of Forensic Medicine, Jagiellonian University in Cracow. Tissues
were obtained from subjects not exposed occupationally to heavy metals, in which
the macroscopic examination did not reveal kidney and liver damage. From the
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kidneys, the lower pole of left kidney was taken

of the left patch. In the kidneys, cortex was separated from medulla. Immediately

after section, the tissue samples were located in polyethylene containers (washed

for 24 h in 10% nitric acid) and freezed. The samples were transported in dry ice.

The time lapse from death to section was contained within 848 h (mean 27+10).

During this time the corpse was preserved in a cold room.
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In a questionnaire data were supplied on sex, age, time-lapse from death to
section, smoking habit, liver and kidneys weight, profession, place of residence,
and clinical and pathology diagnosis. The data were supplied by the pathologist
examining the case, and were based on hospital cards and on interviews with the
family. The data on occupational exposure and smoking habit are burdened with
some uncertainty. Retrospective data on employment were not always complete, a -
fact that may be of importance in Cracow, closely adjacent to the Silesian heavy
industry area. The smoking habit may not have been declared on admission to
the hospital for psychological reasons. On the whole such errors in qualifying the
subject could, in our judgment, not exceed 5% of cases.

Generally, the study was based on 60 subjects, in which 42 were males, 18
females; 37 smokers and 23 nonsmokers; 48 town dwellers and 11 village dwellers.
The majority of people studied were residents of Cracow (75%) and individual cases
from other localities (Figure 1). Mean age was 48118 years. The dominant causes
of death were accidents and injuries (31 cases), heart and circulation illness (20),
poisonings (5), and inflammatory disease of the abdominal cavity (3).

The levels of metals (Cd, Zn, Cu) were determined by flame atomic absorp-
tion spectrometry (Pye-Unicam SP-192) with deuterium background correction;
previously, tissue samples were mineralized by a mixture of concentrated acids
(nitric, sulphuric and perchloric) (Bem et al., 1986). The limit of detection was:
0.02 pg Cd/ml, 0.01 pg Zn/ml and 0.04 pg Cu/ml. For each sample three parallel
independent determinations were made and the mean value was accepted.

The whole body retention was computed under the assumption that the kidneys
and liver together bind 50% of the total body burden of Cd, and that the quotient
of concentrations of Cd in renal cortex and mean renal concentration is 1.25
(Svartengren, 1986). Our own data on this ratio conformed well with this figure, and
the value amounted to 1.25£0.08 (Orlowski, in press). The statistical calculations
were made by the SYSTAT 5.30 programme (Wilkinson, 1990). The Bartlett test
for homogeneity of group variances was used. The differences between related
parameters were evaluated using the Tukey HSD multiple comparison test.

During the period of monitoring our laboratory was subject to inter-laboratory
quality control for Cd determinations in the tissues (Veterinary Institute, Pulawy).
The error of Cd determinations was 8%, with extreme differences not exceeding
14%. The intra-laboratory quality control was based on the standard 1577b-bovine
liver, supplied by the National Institute of Standards and Technology (NIST), USA.
In each series of determinations four parallel control samples were analysed. In
this intra-laboratory quality control the mean error of determinations was: Cd +
3.3%, Zn + 10.9%, Cu % 3.7%.
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Table I

Statistical characteristics of metal levels {¢g/g] in the renal cortex and liver as well as whole
body retention of cadmium [mg] for various subpopulations

Renal cortex Liver Cd body
Age Cd Zn Cu Cd Zn Cu burden

Total (N=60)

Minimum 19.0 52 252 0.7 03 29.1 1.2 34

Maximum 940 1755 920 638 15.1 855 94 120.2

Mean 482 506 49.0 25 35 528 4.8 37.3

Standard dev. 176 347 153 13 29 147 2.0 26.3

Skewness (G1) 0.5 1.2 09 11 24 02 05 1.5

Kurtosis (G2) 0.4 1.5 05 11 66 09 -04 22

Median 46.0 406 46,6 2.2 30 522 46 29.6
Female (N=18)

Mean 577 450 479 26 34 525 4.3 27.3

Standard dev. 189 280 121 15 23 153 1.6 13.5

Median 57.5 40.1 453 22 32 550 42 25.7
Male (N=42)

Mean 440 53.0 494 24 35 529 5.0 41.5

Standard dev. 15.5 37.2 166 1.2 32 146 22 29.2

Median 410 406 486 23 27 522 47 37.0
Non-smokers (N=23)

Mean 537 31.6 427 24 31 575 5.1 232

Standard dev. 220 188 100 15 22 170 20 12.3

Median 570 27.0 431 19 30 644 5.1 194
Smokers (N=37)

Mean 446 624 529 25 37 499 46 46.0

Standard dev. 13.3 372 168 1.2 33 125 2.1 28.9

Median 420 564 550 23 29 500 45 404
Towns (N=48)

Mean 50.8 503 490 25 32 509 46 35.6

Standard dev. 17.5 297 142 13 25 144 19 22.1

Median S1.0 434 492 22 30 496 45 33.1
Villages (N=11)

Mean 37.0 551 499 2.7 49 614 55 47.0

Standard dev. 14.7 532 202 13 44 140 26 40.0

Median 36.0 28.1 448 24 35 616 58 24.2
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Table I
Continued.
Renal cortex Liver Cd body
Cd Zn Cu Cd Zn Cu burden
Age <40 (N=21)
Mean 456 482 24 3.1 5717 55 32.8
Standard dev. 36.7 120 1.3 3.0 159 2.4 24.6
Median 395 473 23 23 565 5.9 242
Age 40-60 (N=25)
Dean 624 542 27 36 507 44 474
Standard dev. 344 169 14 34 131 1.7 30.1
Median 56.8 537 26 2.8 51.8 44 44.2
Age >=60 (N=14)
Mean 406 422 23 3.8 489 4.4 28.1
Standard dev. 284 142 1.1 22 151 1.9 15.9
Median 307 393 19 34 457 42 24.2
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Fig. 2. Age-dependent distribution of Cd in renal cortex.
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3. Resuits and Discussion

A broad range of Cd levels in the renal cortex was found (5.2-175.5), mean 50.6
ug/g (Table I). In conforming with data of other authors, an increase of these
concentrations was found with age, up to about the age of 50 years, with a decline
thereafter (Figure 2). In smokers, the Cd levels in the renal cortex were twice those
in non-smoking persons (p<0.001), whereas the sex and residence within the region
did not influence the levels.

The levels of Cd in the liver (mean 3.5 pg/g) were slightly higher than reported
in other countries. This parameter is correlated with the Cd levels in the renal
cortex (r=0.57, p<0.001); however, the levels in smokers, although higher, are not
significantly different from those in non-smokers. Also, no differences were found
related to sex and residence. From the data in Table I it is apparent that the hepatic
levels of Cd do increase with age.

The whole body retention of Cd, computed from the contents of kidneys and
liver, also shows a broad range of values (3.4-120.2), mean 37.3 mg Cd and is
higher in smokers (p<0.001). Also the age-dependent structure (not presented) is
similar to that of renal cortex levels. For both the liver-Cd and whole body retention
there are no independent reference values.

The levels of Zn and Cu in the renal cortex and in the liver (Table I) do not
deviate from data of other authors (Chung et al., 1986; Heilmaier et al., 1987;
Honda and Nogawa, 1987; Takécs and Tatar, 1991). The level of Zn in the renal
cortex is correlated with the level of Cd in the renal cortex (r=0.84), Cu in renal
cortex (r=0.38), Cd in liver (r=0.36) and with whole body Cd retention (r=0.70).
Zinc is, apart from Cd, a basic constituent of human renal metallothionein, and
both these metals occur in equimolar proportions. Similarly as for Cd, the highest
levels of Zn in the renal cortex are found in subjects of middle age.

From the data presented an evident influence of tobacco smoking on the biolog-
ical levels of Cd is apparent. This is especially striking if the absolute levels of Cd
in the renal cortex are compared (difference of about 30 pg/g) (Figure 3, Table I).
Compared with data from other countries this phenomenon is more pronounced;
we ascribe it to the high levels of Cd in Polish cigarettes: 1.3-3.2 ug Cd/cigarette
(Bronisz et al., 1983; Zawadzka et al., 1989). Apart from Cd in the renal cortex and
whole body retention of Cd, tobacco smoking elevates Cd levels somewhat in the
liver and Zn content of the renal cortex; this is, however, not significant statistically.

For the general toxicological assessment of the situation of special importance
are data related to non-smoking individuals who were not exposed to Cd occupa-
tionally in the past. The construction of such a group is, however, burdened with
some uncertainty, especially in highly industrialized regions.

From the data presented it may be seen that for Cracow the Cd renal cortex
level in non-smokers amounts to 27.0 ug/g (median). Analogical values for regions
studied earlier were: 27.3, 33.0, 16.5, 20.6 ug/g for L.6dZ, Katowice, Biatystok and
Lublin respectively (Bem et al., 1993a—c; Orlowski et al., 1995). Only the value
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Fig. 3. Cumulative percent of population vs. cadmium levels in renal cortex.

for Bialystok (agriculture area) is significantly lower from the data for Cracow (as
well as from £.6dZ and Katowice). This may point to higher contamination by Cd
of the southern and central regions of Poland.

The levels of Cd in the renal cortex of the inhabitants of Cracow are among the
highest values in the world (Vahter, 1982). Accepting as a reference value the level
of 50 ug/g (Buchet et al., 1990), the exceedence is 9, 37 and 54%, for non-smokers,
whole population and smokers, respectively. These figures are deeply disquieting.
This situation has been assessed in Poland by the Commission on Toxicology,
Sanitary-Epidemiological Advisory Board (Report, 1995) and a decision was taken
to continue biological monitoring of Cd in the organs of decreased persons and, in
parallel, in the blood and urine of living subjects. Emphasis is given to obtaining
consistence in interpreting both types of data.
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