Lead Poisoning Among Children in
Katowice, Poland

Robert W. Ryder, M.D.*

Environmental contamination caused by unconstrained industrial activity
in Poland is of high concern to physicians and public health officials in
Poland. Blood [ead levels in children can be seen as a sensitive biological
indicator of adverse exposure to the complex environment of Poland,
which is characterized by chronic air, water, and soil pollution. A review
of the available data suggests that, in certain areas, particularly Upper
Silesia, blood lead levels among Polish children are unacceptably high. A
project is described that will attempt to assess the prevalence of childhood
lead poisoning in Upper Silesia and to provide appropriate intervention as
required. It is hoped that this project will serve as a model to use in
designing future programs to assess, control, and prevent childhood lead
poisoning, as well as other health problems arising from the environmental
contamination that many countries in Eastern Europe are experiencing.
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cad serves as a good paradigm for assessing the
magnitude of Poland’s environmental problem
& while also allowing the adverse consequences
on human health associated with environmental
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exposurc to be objectively quantified. In this report,
the magnitude of cxposure to environmental lead in
Puland will first be outlined Available information
on the adverse human health effects of these envi-
ronmental sources will be reviewed. A brief sum-
mary of a visit that representatives of Physicians for
Social Responsibility (PSR) made to Poland in No-
vember 1991 will be presented. Finally, a plan of
action to ameliorate the environmental lead problem
in Upper Silesia will be outlined. This program will
involve cooperation between members of PSR and
members of the Silesian Academy of Medicine.



ENVIRONMENTAL POLLUTION AND ITS
EFFECTS ON HUMAMN HEALTH IN UPPER
SILESIA

Of all the regions in Poland, Upper Silesia has the
most serious public health problem created by pro-
longed exposure to lead found in the environment
Intense industrial activity (the mining of coal and
lead, the burning of coal, and the manufacturing of
steel} (Fig 1), which has been this region’s major
source of employment for several decades, has pro-
duced high envizonmental lead levels throughout
Upper Silesia [1]. Upper Silesia occupies 2,1% of
Polish territory and is imhabited by 10.5% of the
Polish pepulation (total of 38 million people) {1].
The atmosphetic emission of pollutants from Lipper
Silesia (Fig 2) in 1985 illustrates the primary role
that L'pper Silesia plays in polluting the Polish en-
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FIGURE 1. This is not a poorly taken photograph, bt
rather an illustration of the pollution in Katowice, Paland

FIGURE 2. Stecl works with open turnace in Katowice,
Faland. This plant is located in a mixed industrial and
resicential area
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vironment. In that year the pollutants amounted to
453,900,000 kg of dust and 1,430,800,000 kg of
gaseous substances, accounting, respectively, for
25 4% and 31.2% of the total emission of dust and
gases in Poland [1]

The impact on the health of the Upper Silesian
population of this long-lasting ecologic catastrophe
is difficult to assess because of a paucity of popula-
tion-based data. Several studies of high-risk popu-
lations {workers in coal mines, children living near
lead smelters, ete.} have demonstrated a high prev-
alence of accopationally or envirenmentally induced
prablems [2| However, na population-based studies
have vet been comducted to assess the adverse health
effects that arise simply from living in Upper Silesia.
Indirect evidence suggests a deterioration of health
owing to environmental causes. For example, the
rate of cancer-related deaths in 1985 was 193/
100,00 in Upper Silesia and 18%/100,000 in Poland
[1] This rate contrasts sharply with the rate in the
United States during this same period of 43/T00,000
[3] The percentage of congenital defects as a cause
of infant mortality increased from 9.2% to 23.6%
between the vears 1961 and 1985 [1] The universal
perception of Upper Silesian health professionals is
that the available data highly underestimate the
magnitude of the problem and that the issue of
ccologic disaster in Upper Silesia should be a priority
for public health initiatives in Poland {conversation
with Professor Andrzej Lange, Institute of Immu-
nology and Fxperimental Therapy of the Polish
Avcademv of Soiences, Wroclaw, Paland, 1921)

Fart of the difficulty in gquantifving the adverse
effects that derive from Poland’s polluted environ-
ment is the lack of pood “indicatur” diseases whose
eticlozy can be exclusively attributed to environ-
mental pollution. Tor example, childhood asthma
may be a sensitive indicator of air pollution |4].
However, with the extremely high prevalence of
tobacco smoking in the adult Polish population [1],
the incidence of childhood asthma attributable to
ait pollution is clearly confounded by the passive
exposure {o tobacco smoke that a child encounters
in a poorly ventilated house occupied by smokers.

LEAD POISONING IN POLAND

in Poland lead is now ubiquitous in the environ-
ment because of its historically wide range of uses.
There are many sources and pathways of exposure:
air: soil and dust; tobacco and other manufactured
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products: automobile emissions; direct and indirect
expasure in the workplace (in industries such as
primary and sccondary lead smelting, iton and steel
production, coal combustion, battery manufacture,
and radiator repait); waste incineration; some tra-
ditional medicines; food and liquid stored in im-
properly glazed ceramic containers; drinking watet
passed through soil or pipes containing lead; and
food grown in soil contaminated with lead.

Lead is similarly ubiquitous in its effects, many
serious and irreversible, on virtually all human e-
chemical processes and organ systems Of special
concern is its impact on children, whose hemato-
poictic and nervous systems are particularly sensi-
tive [5]. Among the most deletertous neuropsycho-
logical effects on the very young are leaming and
reading disabilities |6], reduced performance as
measured on standard tests of intelligence [7], and
childhood behavioral disorders [8], all of which have
becn recognized at progressively lower levels of
exposure; all of these may be related to sericus
behavioral and other disorders later in life [6].

Because childhood lead poisoning adversely af-
fects so many different biological systems, because
there is an extensive science base concetning itk
effects [6-8], and because there are proved cost-
effective interventions for conttol and remediation
[9]. lead serves well as a paradigm for soratinizing
the implications of environmental hazaxds for public
policy, technelogy transfer, human resownce devel-
opment, sectorial needs, and public education in
Poland. Furthermeore, in Poland the level and variety
of pollution from environmental lead are so egre-
gious 1] that even simple interventions will relurn
large benefits to the public health,

Limited data on environmental souvces of lead in
Poland are available. Studies have demonstrated
that a large propurtion of the garden plots in Kato-
wice are located adjacent to indushial areas that
have been contaminated with lead by both airborne
deposition and the practice of liming the soif with
inorganic industrial waste {1] In a study involving
an evaluation of the amount of lead in the soil In
farm and garden allotments in the mast heavily
polluted areas of Katowice, Drs. Marchwiniska and
Kucharski of the Polish Envivonmental Pollution
Abatement Center found that fewer than 40% of
the allotments were suitable for unrestricted culti
vation of edible plants because of heavy melal soil
contamination They found that a full 30% of plots
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should be restricted to the growth of selected edible
plants that tend not to concenlrate heavy metals. At
least 10% of the farms and gardens wore found to
be fit for cultivation of only decoralive plants. The
recent decline of the Polish economy, ils associated
necd to become more self-reliant, and the long-
standing Folish tradition of growing vegetables in
“backvard allotments” illustrate the difficulties of
controdling or decreasing environmental pellution in
1 (Ul]I‘I{T"!,.’ 31'[]'112]{'311{‘[]1].‘-’:1}" [']'I'd!'lg'iﬂg from a cormimil-
nist to a free market economy [1] Table 1 shows the
average concentratioms of lead in potatoes from
various places within Upper Silesia

In Upper Silesia, the standards for lead established
by the Weorld Health Organiration (WII0) are
grossly exceeded However, information on samples
taken at the peint of exposure do not necessarily
reflect the dietary experience of the population In
Table 2, the soil lead levels in residential hot spots
in Upper Silesia are compared with the 1esidential
soil standards in Burope and Morth America, Hot
spots are defmed areas that have been declarcd

Table 1. Lead in Potatoes

Avorage Lead

Region Concentratinmn
ppmi

WHO standard 0.4
Katowico Provinee (191
Selected towns in Katowice Province

Zvilin 217

Fabkorwice Bedzinskie 147

Chorzow 0E7
Wil oyskie 09
Kielockie 0358
Byogoskin 024
Luurses: Palisb Miinistry ot Health [T a'..n:1 internal ciocnmert from e

World Gank
ppr = partz: pes nllien

Table 2. Soil Lead Levels in Selected “Hol Spots” in
Upper Silesia®

Mean Soil Lead

R P
Level ippm) Ange [ppm;

atrwice
Hot spat 1 4449 753-19,750
Hot spot 2 2,124 B2-6,774
Hot spaot 3 1,025 447 1,550
'_-\:_'r_'l_-|_'|l,.;|.::||' seaicdential I;_'vi_'-l;-'. n Lorope ancd Morth Americs are <300

ppm
Fource: Polish Mimstry of Health 1)
apm = perts per mitian
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environmental disaster zones by the Polish govern-
ment.

The worst areas in Upper Silesia operate virtually
outside the experience of much of the Western
world, Soil lead levels are not an esoteric parameter.
In North America, lead in soil is the principal deter-
minant of high blood lead in children who are not
exposed to lead-based paints [6]. This is because
voung children (under the age of five years} tend to
passively ingest approximately 100 mg of soil per
day through direct contact or through contact with
house dust, which has equilibrated with the outside
soil levels through people bringing soil into the
hotse on their shoes, clothing, ete. Thus, children
in Katowice are potentially exposed from both food
and soil.

A study carried out in the 1980s by the Academy
of Medicine in Zabrze, Poland involved children
living near the Miasteczko lead and zinc smelter.
Table 3 demonstrates the age-specific blood lead
levels among children in that area and compares
these values with those found in the South Riverdale
district of Toronto, an area near a lead smelter where
children have traditionally been found to have ele-
vated blood lead levels [1].

The distribution of blood lead is higher for the
Upper Silesian hot spot, but, among children under
the age of six years, the differences are not large.
Tlowever, it is important to point out that several
children with acute symptoms were excluded from
the Upper Silesian sample. These children bad blood
icad levels between 35 and 87 ug/dl and thus the
sample data from Upper Silesia were conservatively

Table 3. Blood Lead Levels in an Upper Silesia Hot Spot
Comgpared with an Area in Toronto, Canada near a
Lead Smelter

Mean
Age iy Biood Leard “ }.-_i‘lo
{gfedl) ugf
Lipper Silesian hot spot*
1-3 17.3 [+
4-h 201 7.1
7-140 238 2049
FT-15 19.3 26
Toronto, South Riverdale
{1984)
=6 13.5 iz
» Several children with acule senplorms olood lead levels were 3557

azirdl in these chitdren! were cxchedod Fom this survey
Sonce: Palish Academy of Medicine
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biased. Another important characteristic is that the
blood lead levels appear to peak in the ages of seven
ta 10 vears in Upper Silesia. In North America, blood
lead levels tend to peak at the age of three or four
years. This would suggest, indirectly, that passive
ingestion of soil as a source of exposure may be
relatively more important in North America than in
Poland, where both food and soil may play a major
role The difference also suggests that the cpide-
miclogy of childhood lead poisoning in Foland may
be different from the well-studied epidemiclogy of
childhoaod lcad poisoning in North America. Studies
have shown that ingestion of lead-based paint is the
most important cause of elevated blood lead levels
in children in North America.

The effect of the widespread environmental con-
tamination of lead in Upper Silesia is shown in Table
4. There are very high distributions of lead in moth-
ers and children in all regions of the province except
for the remote regions of Lubowice and Bojszow. By
way of general comparison, 15 gg/dl of blood lead
in children is given as the "lowest adverse effect
level” by the Centers for Disease Control (CDC) in
Atlanta, Georgia [9]. Levels above 25 pg/dl call for
medical investigation, according to the CDC [9].
Thus, in five of the 10 locations listed in Table 4,
the mean lead level among the children was at or
near the investigation level, and all but two of the
means were above the lowest adverse effect fevel,

Since the principal elfect in children of bloed lead
is on the developing nervous systern [8], this phe-
nomenon of sustained high bleod lead levels
throughout childhood may be disproportionately
important in terms of long-term biclogical effects.

Tahle 4. Blood Lead Levels in Children and Mothers in
Various Places in Upper Silesia

Children hathers
Location in ————-—

Upper Silesia  Mean  Sa> 35 Mean % = 35

fpgfdly ppdl {pgfdll gl
Sropienice 267 17.8 21 11.2
Miasteczko 51 24 7 16.6 216 14.7
Zyelin 261 21.8 2001 97
Lubrwvice 12.7 0 0.6 0
Fabrze 1849 iz 125 i5
Toszek 179 132 131 45
Bytam 15 2 104 13.5 51
Bojszons 12 4 Q 11.5 {1
Brzeziny 51 224 13.0 17.6 6.0
Brzozowice 234

7B 16.8 4.3

Senere: Polizh Frviranmentas Protoction Ageacy
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Table 5 dramatically ilbustrates this peint with a 13-
point 1Q gradient between the children with the
highest and lowest blood lead levels in a stady
carried out in Upper Silesia [1].

Were these results to applv population-wide, they
would have a devastating effect on the prospects tor
the adult lives of children in Upper Silesia, Howewver,
no population-based survevs of blood lead levels in
children have yet been carried out in this region or
in any other region of Poland.

COLLABORATION BETWEEN PSR AND THE

SILESIAN MEDICAL ACADEMY

In 19%1 PSR opened up a dialogue with scientific
colleagues al the Silesinn Medical Academy in Ka-
towice, Poland, since this tegion, not omly in Foland
but in all of Lastern Europe, was among thoese most
severely affected by the environmentat scars of the
cold war. Several interested and capable physicians
at the Silesian Medical Academy indicated an inter-
est in working with PSR to rectify the adverse hu-
man health cffects of environmental poellation
caused by unchecked contral planming. The collec-
tive hope of heaith professionals at the Silesian
Medical Academy and PSR is that, if the program
met with success, it would be emulated in other less
severely affected regions in Poland and in other
regions in Eastern Europe and the former Soviet
Liniom,

As a preliminary step in forging this collaboration,
PSR organized a team of American physicians with
experience in environmental hazard assessment,
lead, and epidemiulogy, which traveled to Poland
from November 19 to 22, 1991, The PSR team first
met with Folish Ministry of Health officials in War-
saw  The Ministry indicated very clearly that it
would enderse an active collaboration between PSR
and the Silesian Medical Academy Meetings were

Table 5. Blood Llead Levels and 1 in Katowice
Children from a Selected Hot Spol in Upper Silesia

Lead Level
(/e " 1
<20 £ 111
20-25 249 105
2630 33 105
=30 25 i
Source: Polish |\l:|.i;l_iblr'3.' of Hezalth [1)
7w OUMbEr
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also held in Warsaw with officials at the United
States [mbassy, including Ambassador Thomas J.
Simons, Jt. The delegation then traveled the 200 km
between Warsaw and Katowice by train. During the
next three days, a series of mectings was held with
several faculties at the Silesian Medical Academy,
the Institute of Occupational Medicine in Sosnowiec,
the local Environmental Protection Agency, and the
local Epidemiclogic Monitoring Station of Katowice
The delegation visited key sites in Upper Silesia
where environmental damage was most severe as
well as selected health facilities where both children
and adults with environmentally induced illnesses
were examined and interviewed

On the basis of these meetings, the PSR delegation
decided that the most fruitful area for initial collab-
oration would be lead poisoning in childhood—the
environmental health problem of greatest concern
to local medical and environmental officals.

'SR and its Katowice partners fecused on a one-
year program plan with three components: 1) a
cross-sectional epidemiologic study of children in
Upper Silesia to determine the prevalence and likely
sources of lead polsoning in the region and to expose
young Polish physicians to Western epidemiologic
techniques and standards; 2) a training program
conducted by U.S. physician experts on lead poison-
ing for Silesian pediatric health care providers and
public health workers; and 3) institution-building
assistance from PSR chapters and key U 5. medical
institutions to help the Silesian Medical Academy
establish an environmental medicine institute.

The specific abjectives of the epidemiologic study
would be: 1) to assess blood lead levels in a ran-
domly selected group of Polish children aged 0 to
10 years residing in selected cities of Upper Silesia,
Poland; 2) to determine whether bloed lead levels
in children living in urban arcas of Upper Silesia
differ from blood lead levels in similarly aged chil-
dren residing in rural areas of Upper Silesia; 3) to
determine the major source(s) of lead poisoning in
childien in Upper Silesia and better understand the
reasons why the epidemiology of childhood lead
poisoning in this regien appears to differ so mark-
edly from the epidemiclogy of childhood lead poi-
soning in the United States; 4) to use the information
collected in this study to stimulate Polish public
health decision makers to initiate steps to reduce the
adverse health effects of Poland’s environmental
pollution; and 5) to establish a research population

Koler al



for future studics on environmental, toxicologic, and
clinical issues.

The delegation felt that as a first step it would be
best to quantify the problem. Not only would the
baseline data collected in this study provide a useful
benchmark for assessing the effect of prevention
and control programs, but it would also provide an
opportunity to carry out vigorous quality control
procedures on the blood lead level determinations
that were being carred out in Upper Silesia,

PROGRAMMATIC ACTIVITIES TO INITIALLY
BE PURSUED IN THE COLLABORATIVE
EFFORT BETWEEN PSR AND THE SELESIAN
MEDICAL ACADEMY

Phasc |

Phase 1 will involve a cross-sectional study of
approximately 5,000 children selecled from five cit-
ies in Upper Silesia on the basis of a population-
propartionate sample The five towns included in
this cross-sectional study were selected on the basis
of their proximity to active lead smelting activities,
proximity to major roads, proximity to other mining
industries, volume of coal consumption, and socio-
economic status  Five towns were selected.

1. Bytom A town with an old urban structure,
moderate to high volume of traffic, and industrial
pollution. It is located on the western edge of Upper
Silesia and has a population of 240,000 persons.

2 Chorzow. A town in Upper Silesia with the
worst air pollution that s located between Bytom
and Katowice, It has a high volume of traffic, is very
densely populated, and has a population of 138,000
persons.

3 Katowice. It is the capital city of the district. Iis
east-side subdivision, Katowice-Szopienice, has
been a significant source of industrial lead emission.
The subdivision of Szopienice has a moderate vol-
ume of traffic. The population of Katowice is
360,000 persons,

4, Chrzanow. A town chosen as a control, If is
located 43 km east of Katowice and is separated
from the heavy industrial areas of Upper Silesia
Because of the predominant wind direction, how-
ever, it is probably affected by the air pollution
generated by Upper Silesia. Locally, there is little
heavy indusirv and only a moderate amount of
traffic. The population of Chrranow is 40,000 per-
RS
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5. Zywier. A town chosen as a second control. It
is located 90 km south of Katowice at the base of
the Beskidy Mountains and is a resort town. There
is & low to moderate amount of traffic. The popu-
lation of Zywiec is 30,000 persons,

Int Phase I, children aged zero to 10 yvears residing
in the five selected towns of Upper Silesia will be
the target population for the survey. In Poland all
children zero to six years of age must be registered
in the community health center located nearest their
residence We will use the registration lists al se-
lected community health centers to identify children
aged zero to six years in the target population
Children living in Upper Silesia and aged seven to
10 vears are all enrolled in primary school. There-
fore, lead survevs in children in this age group will
be caried out in selected primary schools

The numbet of primary schooels in each of the five
towns can be determined from the Upper Silesian
Department of Education. In cach town we will
select the number of primary schools and commu-
nity health center(s} located near each school on the
basis of a proportionate population sampling frame
{i.e.. more heavily populated towns will have more
primary schools and community health centers in
cluded in the sample).

The total population of the five towns in which
we will carry out the cross-secHomal survey is
08,000, We cstimate that 25% of these individuals
ate in the targel age group of zero to 10 years This
mearis that in the tareet arcas there will be 202,000
{808,000 x 25% = 202,000) children aged zero o
100 years. For budgetary and sample-size reasons,
we have decided to survey 5,000 children, Thus we
will be sampling 2.5% of the target population
{5,000/202000) We will do a proportionate sam-
pling as shown in the Table 6.

Table 6. Total Population of Selected Towns and
Number of Children from Each Town Who Will Be
Included in the Lead Survey

. - 2.5% of

_ Papulation -
Tatal Population
Tonwwn . . Aged

Population 0-10 vr Aped

Y 0-10 yr
Bytorm 240,000 60,000 1,500
Chorzon 138,000 34,500 8,630
Katwice 3], 030000 G0, 000 2,150
Chrzanow ETINEE L0000 250
Sywine 30,000 7,500 188
Tokal 04,000 202,000 5,051
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We have arbitrarily assumed that each of the 10
age groups (zero to one year, one to two years, oic)
is equal in sizc among all five towns This means
that 300 children will be chosen from each of the
10 age groups (Table 7).

A blood lead level determination will be carried
out on each child chosen for inclusion in the study.
As part of the technology transfer, which is an
integral part of this project, all blood lead samples
will be split in two. One aliquot will be tested in a
Polish government facility. The second aliquot will
be sent to a reference laboratory in the United States
to validate the Polish laboratory results. I wide
discrepancies are found between the blood lead level
determinations obtained in the Polish laboratory and
those obtained in the laboratory in the United States,
arrangements can then be made for a Polish labo-
ratory technician(s) to come to the United States for
short-term training.

In the survey, the sex, age. height, and weight of
each survey child will be obtained. A short, sclf-
administered questionnaire will be distributed {o
each subject’s patents Questions will be asked on
duration of residence in the area, previous residence
(place, dates), periods spent away fiom Lpper Silesia
within the last year (place, dates), family size, house-
hold characteristics (area, number of inhabitants),
percentage of time spent plaving outside, dietary
habits {consumption of Baltic fish, canned food,
vegetables), and relevant medical history

Phase I

All children included in the first survey who are
found to have blood lead levels greatex than 25 pg/
dl will be included in a “nested® case-control sludy

Tahle 7. Number of Children to Be Included in the
Blond Lead Survey from Each Age Group

Age Group Fumber of Children o

ivrl Be Included in Survey
=21 LI
=2 LA
223 A0
34 SH)
43 SHD
S<if LI
B 5(H)
T8 S0
B S0
ST S0
Tatal 5,000
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as cases. Controls will be children of the same age
and sex (21 year) as the child with blood lead levels
greater than than 25 pg/dl, who were tested imme-
diately after the child with elevated blood lead lev-
els, and who were found to have & blood lead level
of less than 10 ug/dl In the case-control study, each
child’s home will be visited by a trained Iolish
health worker. Hle or she will administer a standard
questiomnaire to the responsible guardian of the
child This questionnaire will seek to identity the
source of the child's elevated blood lead level. In
addition to the field worker, an industrial hygienist
will visit the residence of each case and control child
to determine lead levels in water, soil, and paint.
We estimate that 10% of the surveyed population
{ie, 500 children) will be found to have blood lead
levels in cxcess of 25 pg/dl

To assess the environmental exposure to lead of
pach child in the case-comtrol study, a scries of
environmental samples will be collected in cach case
and control houscheld and analyzed for lead con-
tent. In each home, interior paint, particularly on
surfaces accessible to children, will be checked for
deterimation, flaking, or teeth marks, The lead con-
tent of representative interior painted surfaces in
each home, especially of any damaged or {laking
areas, will be assaved by X-ray fluorimetry {a tech-
nique for quantifying lead content). Also, the lead
content of exterior paint will be examined To assess
children’s exposure to lead in seil. two composite
samples of surface soil will be collected from each
child’s play area (yard, playground, or vacant lot)
and pooled for lead analysis To assess the exposure
to lead in household dust, three samples of house-
hold dust will be collected in each home and poaled
for lead analysis. To asscss possible exposure to lead
in drinking water, two drinking water samples will
be collected in each home and analyzed for lead
content, Umne sample will be a first-draw morning
sample to assess the worst case conditions in water
that has stood overnight in contact with household
plumbing. The second sample will be drawn during
the interview. All samples will be collected in acid-
washed, lead-free plastic containers by using meth-
edologies developed by a suitably qualified agency
in the United States

Fhasze i

Dependimg on which exposure sources of lead are
found to be important in the Phase [ survey, Phase
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I will involve abatement procedures, behavioral
change, or necessary dietary alterations. This activity
is likely to involve school-based educational pro-
grams for children and their parents. Community
action groups could alse be organized. This educa-
tiomal activity will be run by appropriate local public
health authorities who are already sensitized about
a potential environmental lead problem in Upper
Silesia.

It is anticipated that the conduct of these three
phases will allow a technology transfer to occur
between PSR members and the Silesian Medical
Academy and enable additional areas of collabora-
tion to be identified. o
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