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Environmental health in the Baltic region — toxic metals
by Staffan Skerfving, MD," Viadimir Bencko, MD,? Marie Vahter, PhD,? Andrejs Schiitz, PhD,’

Lars Gerhardsson, MD'

Skerfving S, Bencko V, Vahter M, Schiitz A, Gerhardsson L. Environmental health in the Baltic region — toxic
metals. Scand J Work Environ Health 1999;25 suppl 3:40—64.

Recent reports on concentrations of lead, cadmium, methylmercury, arsenic and nickel in some biological media in
populations in the Baltic region are reviewed. In particular, children in parts of Poland, the Czech Republic, and
Germany have uptakes of lead sufficient to cause adverse effects on the central nervous system and kidneys.
Cadmium exposure is also high in Poland. Slight cadmium-induced effects on the kidneys have been reported from
Germany and Sweden. Methylmercury uptake is dependent upon the intake of fish, in particular from contaminated
lakes and rivers in Sweden and Finland, as well as the eastern coast of the Baltic Sea. There are some indications of
immunotoxic effects associated with the intake of such fish. However, fish also contain other immunomodulating
agents. Exposure to arsenic seems to be low everywhere in the Baltic region. There is high nickel exposure in

northern Russia.
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Introduction

Exposure to toxic metals results in health problems in
many areas of the world. The exposure can be due to the
natural occurrence of metals, for example, to arsenic in
bedrock, which contaminates drinking water and, most-
ly, anthropogenic sources.

The aim of the present paper is to summarize and
evaluate the information on exposure to, and toxic effects
of, some toxic metals in the Baltic region. This region
includes countries within the watershed of the Baltic Sea
(ie, parts of Russia, Estonia, Latvia, Lithuania, Poland,
the Czech Republic, Germany, Denmark, Sweden, and
Finland). For reasons of comparison, some nearby areas
have been included. Countries in the Eastern part of the
Baltic region are particularly focused upon.

Selection of data for review

In this review, only information relevant for the expo-
sure in the general environment is discussed. Thus, data
from occupationally exposed workers have not been in-
cluded. However, in some cases, the interpretation of the
environmental exposure information is dependent upon

knowledge obtained from workers; then, of course, such
information is included.

There have been great changes in the exposure to
some metals over time. For example, the exposures to
lead, cadmium, and mercury have changed fairly rapidly
in many areas. Hence it is of little value to include his-
torical information. Therefore, this review is restricted
primarily to the situation from the mid-1980s on. How-
ever, in some cases, when there are no recent data for a
particular geographic area, or when the time sequence is
particularly interesting, older information is also dis-
cussed.

People can be exposed to many toxic metals. How-
ever, all are not relevant to health. Thus this review fo-
cuses on lead, cadmium, mercury, and arsenic. In addi-
tion, some data on nickel and beryllium are presented.
The 4 first-mentioned elements are of interest because
they have often been associated with health effects, and
there is a wealth of information available, which makes
geographic comparisons meaningful. Furthermore, the in-
formation available allows interpretation of the data in
terms of health. For each of the 4 elements, a brief gen-
eral description of the toxicology is presented. In partic-
ular, dose-response relationships are discussed. Thereaf-
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ter, information on the exposure and adverse health ef-
fects in populations in the Baltic region is given.

Biological monitoring of exposure and risk

Traditionally, exposure monitoring has been concerned
primarily with concentrations in environmental media,
for example, air, drinking water, food, and soil. Such
source-oriented monitoring is essential for identifying
major sources and routes of exposure. However, it pro-
vides little information on the amount of the pollutant
that actually comes in contact with people, and even less
on the dose taken up into the body. In combination with
information on the intake from the various media and in-
formation on bioavailability, crude estimates of the ab-
sorbed dose can be obtained. In particular, determining
various metals in duplicate in diets, or prepared diets, has
been employed. Such data are of interest for many met-
als, as dietary intake is often the main source of expo-
sure. In some cases, concentrations in feces have been
used to estimate the dietary intake of metals with low
absorption in the gastrointestinal tract. However, such in-
formation is not considered in this review.

Instead, for estimates of the total exposure to metals,
as well as for assessments of the risk for health effects,
it is often useful to rely upon determinations of the ele-
ments in biological indicator media, such as blood, or-
gans (eg, teeth, bone, and kidney), hair, and urine. (For
reviews on this topic, see references 1 and 2.)

Measuring the concentrations in biological indicator
media has several advantages. Generally, exposure oc-
curs from several sources simultaneously (eg, air, drink-
ing water, food, soil, and tobacco), and the absorption
into the body takes place both through the lungs and the
gastrointestinal tract. (Skin absorption is not relevant in
the present context.) For many metals, the concentration
in biological matrices provides information on the total
dose absorbed. In some cases it is possible to determine
the concentration in organs, Of particular interest is the
critical organ, the one most sensitive to adverse effects.
For example, the concentration of cadmium in kidney
cortex is relevant for the assessment of health risk. In oth-
er cases, one has to rely upon information on levels in
matrices which are not damaged at exposure, but which
can serve as an index of uptake and risks, if information
on the toxicokinetics is available. Concentrations in
blood are good examples.

Often, Jong-term exposure determines the health ef-
fects. Then, the concentrations of elements in tissues with
a slow turnover can be particularly informative. For ex-
ample, the concentrations of cadmium in the kidney and
lead in certain bones reflect the uptake over decades.
Other tissues can have more complex kinetic patterns,
with several components, Compartments with short half-
times can provide information on recent exposure, and
such information can be crucial for studies of changes in
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uptake. Concentrations of lead and cadmium in the blood
are examples of such indicators.

In this review, the selection of data to be discussed
was mainly based on a combination of considerations of
the usefulness of biological indices to reflect short- and
long-term exposure to the elements lead, cadmium, mer-
cury, and arsenic, and the amount of information availa-
ble for populations in the Baltic region. It must be
stressed that the compilation of the published data may
not give a representative picture of the exposure situa-
tion of the general population, since sampling was often
made at particularly contaminated sites, for example, in
the vicinity of smelters. This possibility must be taken
into consideration when the information from different
areas is compared.

Quality of information

For the interpretation of information on the concentra-
tions of elements, it is crucial to take into consideration
the quality of the analytic data. During the last few dec-
ades, there has been a gradually increasing awareness of
the quality aspects, and the reporting of quality control
data in the scientific papers has increased. However, there
is still a large variation in the extensiveness of such in-
formation. In principle, sufficient information requires
data on the full analytic procedure, including work-up
steps, and final determinations (3). Furthermore, the re-
port should contain data on detection limit, imprecision,
and accuracy. The latter should be supported by infor-
mation on results of internal and external quality control
materials, analyzed together with the collected samples,
or results of interlaboratory comparison programs, using
samples with concentrations unknown to the participat-
ing laboratories (4).

In this review, information on the quality of the re-
ported analytic quality control procedure is graded on a
scale of 0 to 3 (from none at all to very good). This grad-
ing helps point out the type of information that is really
useful in the evaluation. However, it must be emphasized
that, in some cases, the information is not given in the
quoted paper, but reference is given to other publications
containing such information. No systematic back-track-
ing of such references has been done, as the information
should always be given in context with the data on the
actual samples reported. Otherwise it is often not known
whether the quality control information given in other
papers is really relevant for the current samples; the ana-
lytic performance often varies over time. Furthermore, it
has not been possible to judge the analytic quality on the
basis of a firm set of criteria, and therefore the scoring is
partly subjective.

For the sake of completeness and overview, all avaii-
able information has been included in the tables. How-
ever, conclusions are based on data with documented
high analytic quality.
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Heavy metals exposure around the Baltic Sea

For the analytic methods used to determine elements
in biological material, individual results have been trun-
cated to 2 digits (means to 3).

Lead

General toxicology

There are several recent reviews on the toxicology of lead
(1, 5—9), as well as on environmental aspects (10).

In blood, lead (B-Pb) appears mainly in the erythro-
cytes, and to a limited extent in plasma (11—14). In the
erythrocytes, lead is mainly bound to the enzyme delta-
aminolevulinic dehydratase (15—17). The concentrations
of lead in whole blood show a nonlinear relationship with
uptake, concentrations in plasma, and toxic effects (18).

Lead accumulates in calcified tissues (5, 9). Hence
high levels occur in the teeth. Bone also contains high
concentrations. The biological half-time of B-Pb is about
1 month, and in bone it is more than a decade (19).

Inorganic lead can cause toxic effects in several or-
gans (5, 9). If the B-Pb concentration is in excess of about
100 ug/l, neurobehavioral and neurophysiological effects
have been claimed to occur in the child. In the same
range, effects on erythropoietic functions have been re-
corded. Furthermore, lead is toxic to the kidney. The part
of the kidney first affected is the proximal tubuli.

Exposure

Information on B-Pb in different areas has been compiled
in table 1. Much recent information is available on B-Pb
levels in Poland, Germany, Denmark, and Sweden. For
Finland, Russia, Latvia, and the Czech Republic, there
are only scattered data, while no information at all is
available for Estonia and Lithuania.

Several factors with no relation to the geographic ar-
eas are of importance for the B-Pb concentration. Thus
gender is frequently a determinant, males having higher
concentrations than females (table 1), partly due to the
fact that adult men have higher packed-cell volumes than
women and that B-Pb is mainly present in the erythro-
cytes. In children, the influence is less evident (58).

Furthermore, B-Pb often varies with age (table 1).
The highest B-Pb levels are found in young children, 1—
4 years of age, mainly as a result of their frequent hand-
to-mouth activities. This factor will be of special impor-
tance in areas with high lead contamination of soil and
dust (59). Thus, for young children, blood samples taken
in the fall show higher levels than those taken during the
winter.

There is, in some studies, an age effect for adults as
well, with higher levels in old people than in young ones.
This finding may, at least partly, reflect higher exposure
earlier. The lead accumulated in the skeleton over many
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years will cause endogenous exposure that will increase
the B-Pb, especially in subjects with marked demineral-
ization of the skeleton (18).

Several studies show that smokers have somewhat
higher B-Pb levels than nonsmokers (table 1). Often,
even children exposed to environmental tobacco smoke
have higher B-Pb levels than others (60, 61). The reason
is not known. Lead exposure from the smoke is hardly
sufficiently high to explain the effect. Furthermore, al-
cohol consumption, especially wine, is associated with a
slight increase in B-Pb. The intake of canned food can
cause exposure from lead in solder (62).

Parental occupational lead exposure can be associat-
ed with increased B-Pb in children (table 1). The main
reason is contamination of the home with workplace dust
from the worker’s clothes. A low socioeconomic status
is also associated with a high B-Pb, probably partly be-
cause of the more frequent occupational lead exposure
among the children. Gun shooting, rifle activities and
hunting have, in some studies, also increased the expo-
sure of adults (63, 64). Immigrants from non-European
couniries sometimes have increased B-Pb levels, proba-
bly because of food habits different from the European
populations, use of lead-containing cosmetics, and expo-
sure to leaded gasoline.

In several studies, living close to lead-emitting indus-
tries, such as primary and secondary smelters, was asso-
ciated with increased B-Pb, and children living in city
centers often have higher levels than those staying in ru-
ral areas (table 1). Sometimes elevated B-Pb levels are
caused by lead pipes in the drinking water system. Such
effects were noted in the eastern part of Germany. Ele-
vated B-Pb levels, especially in children, can also be as-
sociated with the use of lead paint in buildings. Howev-
er, the general impression is that such exposure is rela-
tively uncommon in the Baltic region. Instead, the urban
effect noted in many studies (table 1) is mainly caused
by the exposure to lead in automobile exhaust. The use
of lead in gasoline has decreased in many counties dur-
ing the last few decades. In Sweden, the use stopped al-
most entirely in 1994 (figure 1). In some other Baltic
countries, leaded gasoline is still in use. The decreased
emission of lead in automobile exhaust is paralleled by a
dramatic decrease in B-Pb in Swedish children (figure
1), as well as in adults. Similar decreases have been not-
ed in some other areas in the Baltic region. While the
main effect is related to the elimination of gasoline lead,
other preventive measures may also be important, such
as restrictions on the emissions from industries and re-
placement of soldered cans by welded ones.

There are some obvious differences in B-Pb levels
between the Baltic countries (table 1). The most exten-
sive information is available from Sweden. Extremely
low B-Pb levels have been recorded in several studies of
children and adults in this country, with average levels
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Table 1. Lead levels in hlood (B-Pb) in populations in the Baltic region. (QC = quality control, N = number of samples, M = median)

Country Area Pollution Year QC? Gender Age N B-Ph (ng/l)»¢ Determinants Comment
(years)

Meand M Range

Finland
Pénkd et al, South - 1988 0 Male, female <7 35 30 - 21—83  Time -
1993 (20)
Russia
Smith-Sivertsen North Smelter  1994—1995 2 Male Adult 37 50 - - Gender -
et al, 1997 (194) 2 Female Adult 12 14 - - Gender
Schiltzetal, to  West - 1995 3 Male 15—17 36 42 40 19—120 Gender -
be published 3  Female 15—17 48 25 23 8—54 Gender -
Latvia
Schiltz & Leja, West Smelter 1990 3 Male, female 5—13 49 48 - 21—100 Gender -
1991 (65) Urban 1990 3 Male, female 4—12 25 63 - 31—110 Gender -
Rural 1990 3 Male, female 6—10 33 54 - 24—90 - -
Poland
Zielonka & South Smelter 1987—1989 1 Male, female 12 220 200 200 27—720 Season (?) -
Wodzien, Urban 1987—1989 1 Male, female 12 211 300 250  52-—920 Closeness to smelter -
1993 (21) Rural 1987—1989 1 Male, female 12 152 230 220  4—570 Closeness to smelter -
Laudanski et al, East - <1990 0 Female 17—75 89 68 - - - -
1991 (22) Male, female 175 62 - - -
Osman et al, South Smeiter 1991 3 Male, female 7—8 10 - 163  77—260 Distance to smelter -
1992 (23) Female 22—39 8 - 38 24—64 - Pregnant
Kaniewski et al, South Smelter 1991 3 Male, female 8—9 42 121 106  64—260 - -
to be published Urban 1991 3 Male, female 8-—9 40 71 64 40—130 - -
Rural 1991 3 Male, female 8—9 39 67 60 30—200 - -
West Factory 1991 3 Male, female 8—9 45 66 68 32—110 - -
Urban 1991 3 Male, female 8—9 40 61 55 32—140 - -
Rural 1991 3 Male, female 8—9 40 57 54 26—120 - -
Fagher et al, East - <1992 3 Female ? 24 38 - - - Pregnant
1993 (87)
Pietrzyk et al,  South Industrial 1992—1994 0 Female Adult 336 42 - 11—140 - Pregnant
1996 (24)
Zargha & South Smelter 1992—1994 1 Male, female 7—15 3,030 93—114 - - Time -

Rudkowski (25)
Jakubowski et al, South Smelter 1992—1994 3 Male, female <10 707 (74—110)- - Closeness to smeiter -
1996 (26) Adult 539  (49—150)- - Smoking, gender -
Urban  1992—1994 3 Male, female <10 555  (30—62) - - - -
Adult 567  (24—77) - - Smoking, gender -
Dutkiewicz et al, South Smelter <1993 1 Male, female 7—8 575 168 - 44—500 - -

1993 (27) 14—15 453 133 - 39—500 - -
Andrzejak et al, South- Smelter 1993 1 Male, female 2—18 28 310 - - Time -
1993 (28) west Adult 32 470—490 - - Time -
Zejda et al, South Industrial 1993 1 Male, female 7 431 (79) - <40-—250 Family size, housing, -
1995 (29) traffic, holidays away
Zejda & Grabecki South Industrial 1993-—1994 0  Male, female 3—5 2,675 73 - - - -
1994 (30)

Zejda et al, South Industrial 1993—1996 0 Male, female 3—5 6,969 56—67 - -570 Age, town, floor,
1996 (31) home quality, car-

pets, vegetable intake,
trips away, number
of siblings, traffic

Janousek et al, South Industrial <1994 1 Male, female 0 13 - 39 24—72 - Cord
1994 (32) blood
Osman et al, South Industrial <1994 3 Male, female 8—9 140 79 - 35—350 Parents’ education, -
1994 (33) holidays away,

fathers’ smoking
Nowak & Central Industrial <1996 0 Male, female 3—15 64 154 - 61—520 Age -
Czerwionka- Urban <1996 0 Male, female 3—15 253 132 - 52—460 Age -
Szarflaska, Rural <1996 0 Male, female 3—15 169 105 - 36—360 Age -
1996 (34)
Osman et al, South Industrial 1995 3 Male, female 9 211 62 55 19—400 Siblings, holidays -
1998 (58) away, housing,

mothers’ smoking,
outdoor playing
Osman et al, South Industrial 1996 3 Male, female 4—14 1567 82 70 19—260 Income -
1998 (35)

(continued)
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Table 1. Continued

Country Area  Pollution Year QC2 Gender Age N B-Pb (ug/hp-c Determinants Comment
(vears)
Mean¢d M Range
Czech Republic
World Health ~ Central Smelter 1992—1994 1 Male, female 1—14 338 (47—114) - <4—290 Distance to smelter, -
Organization, lead in soil, home-
1995 (83) production of fruits
or vegetables, local
drinking-water well,
family’s smoking,
siblings, mother’s
education
Bernard etal, East Smelter <1995 2 Male, female 12—15 144  94—149 - 32—350 Gender -
1995 (82) South- Rural <1995 2 Male, female 12—15 51 84—87 - 42—290 Gender -
east
Kugera et al, Central - <1995 0 Male Aduit 138 71 22250 Gender -
1995 (36) Female Adult 128 42 - 4—97  Gender -
Male 7—14 20 - 50—120 - -
Janousek et al,  Central Rural <1994 1 Male, female 0 8 - 38 9—52 - Cord
1994 (32) blood
Germany
Krause et al, - - 1985—1986 2 Male, female 25—69 2,346 75 69 <10—  Gender, smoking, -
1989 (81) 550 age, community size
Brockhaus et al, North- Smelter 1986 2 Male, female 7—9 108 (74) 71 42—180 - -
1998 (37) west 13—15 41 56) 54 24—110 - -
Urban/ 1986 2 Male, female 6—7 1,188 (62—66) 62—6725—210 - -
industrial
Rural 1986 2 Male, female 6—7 263  (65—60) 55—6123—200 - -
Ewers et al, North- Smeiter 1988 2 Female 556—66 13 (64—73) - 34—140 Smoking -
1990 (38) west Urban  1987—1988 2 Female 556—66 1,094 (55—80) - 23—210 Smoking -
Rural 1987—1988 2 Female 55—66 412  (52—69) - 13—180 Smoking -
Hofstetter et al, North- Smelter 1989 1 Male, female 6—7 299  (63) - 26—160 Immigrant, parent -
1990 (39) west lead worker, traffic
Englert & Héring, South- Lead 19901991 1 Male, female 9—12 113 83 33—340 Water lead -
1994 (40) east pipes
Begerow etal,  North- Urban 1991 2 Male, female 6 1,028 (44) - 13—150 Turkish immigrants -
1994 (41) west
South- Urban 1991 2 Male, female 6 1,283 (53) - 15—170 - -
east
Hense et al, South - 1987—1988 3 Male 28—67 1,703 90 - Gender, smoking -
1992 (42) Female 28—67 1,661 65 - Alconol, hematocrit -
Winneke et al,  North- Smelter 1991 1 Male, female 6 107 (49) - 14—120 - -
1994 (84) west
East Urban 1991 1 Male, female 6 174 (69) - 27—160 Lead pipes -
“Rural” 1991 1 Male, female 6 68 (48) - 14—130 - -
Denmark
Lyngbye etal, West Urban  1982—1983 3 Male, female 9—10 146 - - 17—140 Gender, siblings,  Selected
1990 (43) parents’ smoking,  because
canned food of high
or low
tooth
lead
Maller & East Urban 1987 0 Male 51 439 83 - 2—62  Hematocrit -
Kristensen,
1993 (44)
Molin East Urban 1987 3 Male 51 151 - 71 44—110 Time -
Christensen &
Holst, 1988 (45)
Grandjean et al, Central - <1991 2 Male 20—69 100 56 52 40—180 Alcohol, smoking -
1992 (46) Female 20—69 100 45 37 10—170 -
Sweden
Granviketal,  Central Industrial <1987 2 Male Children 418 33 27 <10— - -
1988 (47) 270
Female Children 19 18 <10—61
Andrén et al, South Rural 1985 3 Male, female 8—13 127  (35) - 10—89  Parents' smoking -
1988 (185)
Willers et al, South Urban 1987 3 Male, female 26—52 107  (28—686) - 16—220 Smoking, lead work -
1992 (60) —10 77 (31—34) - 2—68  Parents’ lead work -
Vahter et al, CentralUrban  >1986 3 Female 27—46 15 30 - 15—44 - Non-
1991 (48) smokers
(continued)
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Country Area  Pollution Year QC2 Gender ,z\ge ) N B-Pb (pg/l)> ¢ Determinants Comment
years
Meand M Range
Sweden continued
Svensson et al, South Rural 1987 3 Male, female 20—66 286 - 60 20—410 Smoking
1987 (104)
Gustafson et al, South Urban 1987 3 Male 37 40 52 - - -
1989 (49)
Bensryd etal,  South Rural 1989—1990 3 Male 17—77 237 - 39 10—210 Smoking, hunting, -
1994 (63) rifie activity
Jakohsson North Smelter 1989—1991 1 Female Adult 209 29 - <10-? - Pregnant
Lagerkvist et al, Rural 1989—1991 1 Female Adult 149 25 - <10-? Pregnant
1993 (113)
Bjerre et al, Central industrial 1991 3 Male, female 1—7 49 31 30 13—79  Season, parental -
1993 (50) smoking
Berglund et al,  Central Urban 1991 3 Male, female Adult 35 29 27 7—74 - -
1994 (51) 1—2 41 27 27 9—73 - -
Kaniewski et al, South Smelter 1991 3 Male, female 8—9 48 37 - 14—63  Parental smoking -
to be published Urban 1991 3 Male, female 8—9 94 32 - 15—58  Parental smoking -
Rural 1991 3 Male, female 8—9 78 30 - 11—75 Parental smoking -
Beecklund, - - 1992—1994 3 Male, female <55->90 424 - 27 6—150 Gender, smoking -
1996 (52)
Berglund et al, CentralUrban 1993 3 Male, female 1—3 90 30 28 9—77  Season -
1994 (59)
Berglund et al, Central Industrial 1993 3 Male, female 1—4 71 28 27 7—56  Direction to industry -
1994 (53)
Stromberg et al, South Smelter 1994 3 Male, female 7—8 49 (29) 13—97  Gender -
1995 (66) Urban 1994 3 Male, female 7—8 44 (24) - 12—49  Gender -
Rural 1994 3 Male, female 7—38 42 (22) - 12—120 Gender -
Berglund et al,  Central Industrial 1994 3 Male, female 1—5 72 - 19 11—48 - -
1995 (54)
Hanberg & Central industrial 1994 1 Female 18—50 136 22 - 6—77 - -
Ahlborg,
1995 (55)
Skerfving etal, South Urban  1995—1996 3 Male, female 7—8 85 22 - 9—49 - -
1997 (56) Rural 1995—1996 3 Male, female 7—8 145 24 - 9—68 - -
Nordberg etal, CentralUrban <1995 1 Male, female >75 177 - 31—37- - -
1996 (57)

@ 0=no, 3=very good.
(55) (who used inductively coupled plasma-mass spectrometry).
in parentheses are geometric means.

in the range of 20—30 pg/l in recent years. Even in min-
ing and smelter areas, the concentrations are low.

The scarce information available indicates that the
levels may be as low in Finland as in Sweden (table 1).
For Russia and Latvia, there are also limited data. Di-
rect comparison between children in 2 areas in those
countries and Sweden is possible, because sampling was
made in close cooperation, and the analyses were made
in the same laboratory with the same method (65, 66 and
Schiitz et al, to be published). It seems as if the B-Pb
levels of the Russian and Latvian children are only slight-
ly higher than in Swedish ones.

The rather extensive information available from Ger-
many and Denmark indicates that the populations in these
countries have somewhat higher B-Pb levels than in Swe-
den (table 1). Possibly, although the information is lim-
ited, the B-Pb values in the Czech Republic are similar.
However, for both Germany and the Czech Republic,
there is a considerable variation in B-Pb concentrations.
In areas affected by emissions from smelters or lead pipes
in the drinking-water system and bad housing, average

b All determinations were made by atomic absorption spectrometry (flame or elsctrothermal), except for Hanberg & Ahlborg
¢ 100 pg/l=0.48 umol/l.

d Arithmetic mean except when in parentheses; values

levels in the range of 80—120 g/l have been recorded.
Such concentrations have been associated with toxic ef-
fects. (See also the section on the toxic effects of lead.)
In Poland, the lead contamination seems generally to
be more severe than in Germany and the Czech Repub-
lic (table 1). Direct comparisons with southern Sweden
are again possible (58 and Kaniewski et al, to be pub-
lished). The general levels seem to be at least twice as
high in Poland as in Sweden. In the vicinity of lead emit-
ting industries, in particular smelters in the south, the
average levels are high. Mean values well above
100 pug/l have been reported, with individual values above
200 pg/l. These are concentrations which are definitely
associated with toxic effects. However, also in Poland,
there is a trend towards decreasing lead exposure (58).
As to the concentration of lead in tooth (T-Pb) (table
2) and bone (Bone-Pb) (table 3), which reflect accumu-
lation over many years, the information is less extensive.
Hence far-reaching conclusions are not possible. How-
ever, the general picture is the same as for B-Pb. There
are very large variations, however, if the uncertainties in
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Figure 1. Yearly estimates of lead quantity in gasoline sold in Sweden
in 1976—1997 and blood lead concentrations (geometric means) in
1978—1997 for 2771 children in southern Sweden, living in the towns
Landskrona (closed symbols), a secondary lead smelter is situated
there, and Trelleborg (open symbols) and their surroundings (56, 66).

analyses and the differences between different parts of
the tooth and skeleton are taken into consideration. In
the Czech Republic, T-Pb in children living close to a
smelter was clearly elevated. Furthermore, for Bone-Pb,
much higher concentrations were recorded in eastern as
compared with western Germany, possibly due to earlier
exposure.

In a study of the 427 schoolchildren in Lithuania, the
mean lead level in hair was 5.3 (range 0.1—260) pg/g
(80). This is a fairly high concentration. In 1360 adult
Germans, the mean level was 2.6 (range <0.4—290) pg/
g (81). There is no information from Lithuania on lead
levels in other media.

Toxic effects

While there are numerous studies on exposure to lead,
few have addressed the issue of the toxic effects of lead.
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In a study of children (12—15 years of age) in schools
situated in the vicinity of a lead smelter in the Czech
Republic, there was increased vrinary excretion of pro-
teins, as compared with that of children from a rural
school (82) (table 1). In particular, there was a relation
between the excretion of retinol-binding protein and B-
Pb; this relation indicates a slight effect on the proximal
tubuli. This effect was statistically significant in the high-
est tertile of B-Pb, which had a mean of 120 (range up to
290) ug/l. There was no significant effect on heme syn-
thesis, as indicated by blood levels of zinc protoporphy-
rin.

In another study of preschool children living around
a smelter in the Czech Republic, there was an associa-
tion between a summary score of psychomotor develop-
ment and B-Pb (83) (table 1). However, the authors ac-
knowledged that the study was small and the control of
potential confounders insufficient. No significant asso-
ciations between the results of neurobehavioral tests and
B-Pb was found for schoolchildren.

In a study of neurobehavioral and neurophysiologi-
cal effects of lead in 6-year-old children in East and West
Germany, living in a small city, a large one with lead
pipes in the drinking-water system and a large one with
contaminated air, there were significant associations be-
tween tapping, pattern recognition, and Benton’s test (but
not for a series of other tests, including visual evoked
potentials), on one hand, and B-Pb (but not T-Pb), on the
other, after adjustment for confounders or covariates (84).
The median for B-Pb was 50 (95% below 100, range up
to 190) ug/l (table 1), and for T-Pb it was 2 (range 0.2—
14) pg/g (table 2). The results may indicate that even B-
Pb levels below 100 g/l are associated with subtle neu-
robehavioral impairment. It should be stressed, howev-
er, that, in this type of study, it is difficult to control for
confounding (5) and that the B-Pb levels measured at the
age of 6 years may not be representative of exposure in
utero and during early childhood, and such exposure may
have been higher and may have been more relevant for
the induction of the effects.

In a study of 157 children (age 4—14 years) in south-
ern Poland, the renal glomerular filtration rate decreased
with an increasing B-Pb concentration [median 70 (range
19—260) ug/l) (85) (table 1), and the urinary excretion
of o,-microglobulin increased. This finding indicates a
slight effect on the kidney. There was also an associa-
tion between increased hearing thresholds and B-Pb (86).

In a Polish-Swedish study of pregnant women, there
were no associations between preterm labor on one hand
and lead levels in blood, myometrium, and placenta on
the other (87) (table 1).

Concluding remarks

There is a large amount of information on lead concen-
trations in blood and some on levels in teeth and bone.
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Table 2. Tooth lead levels (T-Pb) in populations in the Baltic region. (QC = quality control, N = number of samples, M = median, AAS =
atomic absorption spectrometry, PIXE = particle-induced X-ray emission)

Country Area  Pollution Year Method QC? Gender Age N T-Pb (ng/g) Determinants Comment

(years)

Mean® M Range

Finland
Haavikko et South  Urban 1978 PIXE 1 Male, female 6+9 53 - 2.0—25 0.2—147 - Dentine
al, 1984 (67) Central Urban 1978 PIXE 1 Male, female 6+9 52 - 2.7—2.9 06—12 - Dentine
Anttila, South - 1984—1985 PIXE 1 Male, female 6—7 18— 8.8 - - - Dentine
1987 (68) 31
Jirvinen et - - <1983 PIXE 2 Male, female Children 120 3.2 - - - Whole teeth
al, 1984 (69)

Gzech Republic
Bencko &  Central Industrial <1990 AAS 0 Male, female Children 25 3.8 - - -

Cikrt, 1990
(2)
Bencko, Central Smelter <1992 AAS 0 Male, female Children 24 12 - - - -
1992 (70) Urban <1992 AAS 0 Male, female Children 25 3.9 - - - -

Rural <1992 AAS 0 Male, female Children 19 4.9 - - - -
World Health Central Smelter 1992—1994 AAS 1 Male, female 6—14 159 (1.4—4.0) - <1—23 - -
Organization,
1995 (83)
Germany
Brockhaus et North- Smelter 1986 AAS 2 Male, female Children 41  (3.5) 34 1.2—7.3 - Whole teeth
al, 1988 (37) west  Urban 1986 AAS 2 Male, female Children 909 (2.3—2.4) 2.2—2.5 0.6—36 - Whole teeth

Rural 1986 AAS 2 Male, female Children 288 (1.8—2.0) 1.8—2.0 0.5—9.7 - Whole teeth
Winneke et North- Smelter 1991 AAS 1 Male, female 6 55  (1.6) - 04—6.9 - -
al, 1994 (84) west

East  Urban 1991 AAS 1 Male, female 6 93 (2.6) - 0.6—9.3 -

“Rural” 1991 AAS 1 Male, female 6 36 (1.5) - 0.2—4.1 -
Denmark
Grandjean et West Urban  1982—1983 AAS 2 Male, female 7 14 - - =1—=40 - Circumpulpal
al, 1986 (71) dentine
Lyngbye, = West Urban 1983 AAS 3 Male, female 7 914 (8.4) - - - Circumpulpal
1991 (72) dentine
Sweden
Moller et al, Central, - <1982 PIXE 1 Male, female 10—18 165 2.9 - <8 - Whole teeth

1982 (73)  south

4 0=no; 3=very good.  ® Arithmetic mean except when in parentheses; values in parentheses are geometric means.

Table 3. Bone lead levels (Bone-Pb) in populations in the Baltic region. (QC = quality control, N = number of samples, M = median, AAS
= atomic absorption spectrometry, ICP-MS = inductively coupled plasma/mass spectrometry)

Country Area  Pollution Year Method QC? Gender Age N Bone-Pb (ng/g) Determinants Comment

(years)

Meanb M Range

Finland
Keinonen,  South Urban  1976—1979 ICP-MS1 ? Adults 7 - 3.6 1.8—3.7 - Bone not
1992 (74) defined
Poland
Baranowska South Industrial 1993 AAS 1 Male, female 26—55 35 58 45 2.9—200 - Sternum
et al,
1995 (75)
Germany
Drasch et al, South - 1983—1985 AAS 1 Male, female 240 (1.6) 1.7 0.3—10 Gender, age Pelvis
1987 (76) 240 (3.7) 3.9 0.8—20 Gender, age Femur
Drasch et al, East  Urban 1990—1991 AAS 1 Male, female >19 50 48 - - - Femur
1994 (77) 50 30 - - - lleum
Sweden
Lindh, North  Rural <1980 AAS 0 Male, female Aduits 5 - 2.8 24—49 - Femur
1980 (78)
Gerhardsson North  Rural <1992 AAS 1 Male Adults 5 - 12 - - Femur
et al, 15 - - Sternum
1992 (79)

2 0=no; 3=very good.  ® Arithmetic mean except when in parentheses; values in parentheses are geometric means.
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However, the data for Russia and the Baltic States are
very limited. There were great geographic differences.
In some areas, the uptake was extremely low, in others
very high, especially in people living close to smelters.
Lead-contaminated drinking water is a problem in some
areas of eastern Germany. In particular, children in the
southern part of Poland and in the Czech Republic had
high uptakes, sufficient to cause adverse effects on the
central nervous system (CNS), hearing and kidneys.
However, CNS effects may also occur in Germany. The
reduction of lead in gasoline has caused a major decrease
in B-Pb levels.

Cadmium

General toxicology

There are recent extensive reviews on the toxicology (88)
and environmental aspects (89) of cadmium. Tobacco
smoking is the most important source of exposure (88).
For nonsmokers, diet is the most important source, In par-
ticular, shellfish (90) and liver and kidney (91) have high
levels. Furthermore, grains and vegetables contain cad-
mium, as a result of the uptake of cadmium from the soil
(92, 93).

The cadmium level in blood (B-Cd) is often used as
an index of recent exposure. However, B-Cd is influenced
by the body burden of cadmium (94, 95). The elimina-
tion of cadmium from the blood has at least 2 compo-
nents, the shortest having a half-time of 1—2 months
94).

Cadmium is distributed to the liver and the kidneys
(88). The level in kidney (K-Cd) can be determined by
in vivo X-ray fluorescence (96, 97). The biological half-
time in the kidney is on the order of decades. In general,
the cadmium concentration in urine (U-Cd) is an indica-
tor of the concentration in the kidney (96, 97).

The kidney is the critical organ for the toxic effects
of cadmium (88). The earliest effect is proximal tubular
damage, which can lead to an increase in the excretion
of low-molecular-weight proteins and tubular enzymes.
A study of the general population in Belgium indicates
that the critical K-Cd concentration is about 50 pg/g (98).
A recent evaluation of all available data points in the
same direction (99). The corresponding U-Cd excretion
is 2 pg/day [about 1 pg/l (or 1 pg/g creatinine)] for men
and about 1.3 pg/l (or 2 pg/g creatinine) for women and
corresponds to about 2 g/l in blood (94). Occupational
exposure to cadmium is associated with lung cancer
(100).

Exposure

Naturally high levels of cadmium in soil are present in
some areas of Sweden (101). Cadmium in soil can also
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be present naturally or originate from contamination from
fertilizers or industries. The cadmium concentrations in
agricultural soil in Sweden (102) and Denmark (103)
have increased continuously for many years. Acid pre-
cipitation is a problem since a low pH of the soil increas-
es this absorption (92, 93, 101). A low pH of water is
also associated with an elevated cadmium concentration
(63, 104).

Data on cadmium exposure over time indicate that
levels in grain (105, 106), liver from herring in the Bal-
tic Sea (107), pig kidney (91), and total human diet (99,
108, 109) have increased in Sweden.

There are several studies on the concentrations of cad-
mium in blood (B-Cd) in populations in the Baltic re-
gion (table 4). Smoking has a strong effect on B-Cd. Thus
heavy smokers have levels about 5 times higher than
those of nonsmokers. This effect masks any other envi-
ronmental factors. It is therefore only meaningful to make
comparisons for nonsmoking populations. On the other
hand, the B-Cd in nonsmokers is low. Thus there is an
analytic challenge.

In principle, there are few known determinants for B-
Cd, much fewer than for B-Pb. This situation may partly
be due to analytic problems, but also to the fact that fewer
studies have been devoted to cadmium than to lead. How-
ever, age seems to be of importance for B-Cd (table 4).
Thus adults have about twice the levels found in chil-
dren. Furthermore, low iron stores are associated with an
increase in B-Cd (90, 95). As low iron stores are more
common in women than in men, one could expect wom-
en to have higher B-Cd levels than men, and it is often
the case. However, men are exposed to cadmium occu-
pationally or via smoking more often than women. The
intake of dietary fibers (95) and shellfish (90) was relat-
ed to a slight increase in B-Cd, probably because of a
higher content of cadmium in the fiber-associated part
of the grain and in shellfish.

Living close to smelters has rarely been associated
with an increase of B-Cd (table 4), However, studies in
Germany (112) and Poland (Kaniewski et al, to be pub-
lished) seem to indicate such an effect, and one in north-
ern Sweden can be interpreted to give some indication
in the same direction (113). Living in a city center does
not seem to affect B-Cd significantly.

The most extensive information on cadmium expo-
sure is available from Sweden and Germany (table 4). In
Sweden, the B-Cd is generally low, 0.1—0.2 ug/l for
children and 0.2—0.3 g/l for adults. Little information
is available as regards Finland. In its northern regions,
the level may be dependent upon the nearness to Rus-
sian smelters. There is no information on the conditions
in Russia, nor in the Baltic countries. In Poland, a com-
parison using the same sampling technique and analysis
indicates that B-Cd may be about twice the levels of those
in Sweden (58, 87 and Kaniewski et al, to be published).



In particular, the levels are increased in southern Poland,
where a relationship to the distance of habitation from a
smelter was found. The levels in southern Poland are suf-
ficiently high to be assumed to be associated with slight
kidney effects in part of the population, in particular
among smokers. Low B-Cd levels have been reported
from the Czech Republic (in fact, the lowest ever report-
ed), Germany and Denmark.

In the absence of kidney damage, U-Cd is a better
index of the body burden than B-Cd is. However, the
available information as regards populations in the Bal-
tic region is far more scarce than for B-Cd. There are
also analytical problems due to the low concentrations.
Thus comparative data have not been included in this
paper. Studies on nonsmoking Swedish women 20—50
years of age have shown average values of about 0.15
ug/g creatinine (90, 95). Among 62 nonsmoking women
and men, those who lived 0.5 km from a closed nickel
cadmium battery in southern Sweden had a median U-
Cd of about 1 pLg/g creatinine, and for those in the range
of 0.5—1 km had values of about 0.4 pg/g, while 24 men
from the region had values of about 0.2 pg/g (114).

Data on concentrations of K-Cd are available for
some areas (table 5). The quality control has not been
sufficient in most studies. However, the effect of smok-
ing is again clear. Other determinants have not been stud-
ied. There are no pronounced differences between geo-
graphic areas. However, it seems that subjects from
southern Poland have higher levels than the other areas,
in accordance with the B-Cd concentrations discussed
earlier. For other areas, there are no clear differences. The
average level in southern Poland is so high that, theoret-
icty, slight kidney effects in part of the population, par-
ticularly among smokers, should be expected when a
probable skewed distribution towards high levels is tak-
en into consideration. There are indications that K-Cd
concentrations have increased during this century in
southern Germany (128). In Sweden data indicate both
an increase (99, 129) and a later decrease (130, 131).

In a study of 427 schoolchildren in Lithuania, the
mean cadmium concentration in hair was 0.22 (range
0.20—0.26) Jg/g (80). For 1341 adult Germans, the mean
level was 0.15 (range <0.02—4.1) pg/g (81). No infor-
mation from Lithuania on cadmium levels in other me-
dia is available.

Toxic effects

A study of the nephrotoxic effects of cadmium exposure
was made among 65-t0-66-year-old women (smokers and
nonsmokers) in 2 areas in northwestern Germany con-
taminated with cadmium from smelters and in an uncon-
taminated area (table 4) (111). The geometric mean B-
Cd values for the 2 contaminated areas were 0.86 and
0.58 (range up to 5.5) ug/l. In the unpolluted area, the
mean B-Cd was 0.53 pg/l. There was no significant dif-
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ference between the areas regarding the urinary excre-
tion of high- or low-molecular-weight proteins.

On the other hand, another study in Germany indi-
cates that cadmium may have a nephrotoxic effect. Hence
subjects who worked 1.5 km from a battery factory
(median B-Cd 8.2 pg/l, U-Cd 5.1 pg/g creatinine) (112)
had clearly higher urinary excretions of the tubular brush-
border (alanine aminopeptidase and alkaline phosphatase)
and Iysosomal (N-acetyl-B-glucosaminidase = NAG) en-
zymes (but lower of albumin) than subjects without
known cadmium exposure (B-Cd 1.0 pg/l, U-Cd 0.8 pg/
g creatinine). Both groups included smokers and non-
smokers in approximately the same proportions. The
health significance of the enzymuria is not clear.

Similarly, among 64 women and men who lived <1
km from a closed nickel-cadmium battery plant in south-
ern Sweden, there were associations between distance to
the plant and U-Cd (see the preceding discussion) on one
hand and the excretion of NAG in urine and U-Cd (range
about 0.1—3 plg/g creatinine) on the other (114).

In the study of children from schools close to a smelt-
er in the Czech Republic, there was no effect of the cad-
mium exposure on kidney function, which, however, was
low (table 4) (82).

Pregnant Polish women had higher cadmium levels
in blood, myometrium, and placenta than Swedish wom-
en, even among nonsmokers (table 4) (87). The B-Cd lev-
el was significantly higher in women who delivered pre-
term than in those who went full term.

Concluding remarks

There is a wealth of information on cadmium exposure
in Sweden, Germany and Poland, much less for the rest
of the region, and none for Russia and the Baltic states.
Limited data indicate that living close to cadmium-emit-
ting industries causes an increase in uptake. The cadmi-
um concentrations in blood and kidney differed much
geographically. The highest levels were found in south-
ern Poland, where the levels are so high that they, on the
basis of other information on the relation between levels
in biological media and response, may cause proximal
tubular damage in a fraction of the population. Slight kid-
ney effects have been found in populations living in the
vicinity of cadmium-emitting industries in Germany and
Sweden.

Mercury

General toxicology

Mercury occurs in several different chemical forms. From
an environmental and toxicologic point of view, inorgan-
ic mercury in the form of elemental mercury and meth-
ylmercury are of particular importance. Thus this review
focuses on these agents.
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Table 4. Cadmium levels in blood (B-Cd) in populations in the Baitic region. (QC = quality control, N = number of samples, M = median,

ND = none detected)

Country Arga  Pollution Year QCaGender Age N B-Cd (ug/mpv-c Determinants Comment
(years)
Meand M Range
Finland
Luoma et al, North - <1991 1 Male 20—82 152 0.3—0.7 - ND-35 Closeness to  Nonsmoker
1995 (110) Russia
78 1.2—35 - - Closeness to  Smoker
Russia
Poland
Zielonka & South Smeiter 1987—1991 1 Male, female 12 220 3.3 3.3 01—17 -
Wodzien, 1987—1991 1 Male, female 12 211 2.9 2.7 0.2—76 - -
1993 (21) 1987—1991 1 Male, female 12 152 3.9 3.9 0.1—15 -
Laudanski et al, North- - <1990 0 Female 17—75 89 2.9 - - - Nonsmoker,
1991 (22) gast smoker
175 25 - - - Nonsmoker,
smoker
Osman et al, South Industrial 1991 3 Female 22—39 8 - 0.7 04—13 - Pregnant,
1992 (23) smoking?
Male, female 7—8 10 - 0.5 0.3—08 - -
Kaniewski et al, South- Industrial 1991 3 Male, female 8—9 45 0.19 - 0.08—0.41 - -
to be published west 1991 3 Male, female 8—9 40 0.18 - 0.06—0.38 - -
1991 3 Male, female 8—9 40 0.16 - 0.06—0.28 - -
South Smeliter 1991 3 Male, female 8—9 42 0.38 - 0.14—0.88 - -
1991 3 Male, female 8—9 40 0.28 - 0.14—0.56 - -
1991 3 Male, female 8—9 39 0.30 - 0.10—0.66 - -
Fagher et al, North- Industrial <1992 3 Female 27 9 1.8 - - Smoking Nonsmoker,
1993 (87) gast smoker
Andrzejak et al, South- Smelter <1993 1 Male, female 2—18 28 19 - - Time Correct level?
1993 (28) west Adults 32 35—38 - - Time Correct level?,
nonsmoker,
smoker?
Osman et al, South Industrial <1994 3 Male, female 8—9 140 - 0.4 0.2—2.4 Time -
1992 (23)
Osman et al, South Industrial 1995 3 Male, female 9 211 0.4 0.4 0.1—4.6  Siblings, -
1998 (58) body weight
Janousek et al, South Industrial <1994 1 Male, female 0 13 - 2.2 1.2—94 - Cord blood
1994 (32)
Osman et al, South Industrial 1996 3 Male, female 4—14 157 0.4 0.3 0.1—3.2
1998 (35) CentralUrban <1994 1 Male, female 0 8 - 2.0 09—-30 - Cord blood
Czech Republic
Bernard etal,  East <1995 2 Male, female 12—15 144 0.05—0.1 - 0.01—0.37 - -
1995 (82) South- Rural <1995 2 Male, female 12—15 51 0.06—0.07 - 0.02—0.32 - -
east
Kugera et al, Central Urban <1995 1 Male, female Adults 406 0.4 - <0.02—  Smoking Nonsmoker
1995 (36) 0.96
55 2.5 - 0.02—1.1  Smoking Heavy smokers
Germany
Ewers et al, North- Smelter 1983 2 Female 656—66 200 (0.58— 0.2—5.5  Smoking
1985 (111) west 0.86) husbhand
1983 2 Female 65—66 86 (0.53) - 0.2—3.8  Smelter -
worker,
residence area
Krause et al, - 1985—1986 2 Male, female 25—69 2,331  0.95 040 <01—12 - Nonsmoker,
1989 (81) smoker
030 - - Nonsmoker
1.4 - - Smoker
Brockhaus et al, North- Urban/ 1986 2 Male, female 6—7 987 - 0.13— <0.1—4.8 - -
1988 (37) west 0.15
1986 2 Male, female 6—7 363 - 0.14— <0.1—0.6 - -
0.19
Ewers et al, North- Smelter 1988 2 Female 55—66 11 (0.4) - 02—14 - Nonsmoker
1990 (38) west 2 (1.8) - 13—24 - Smoker
1986 2 Female 55—66 662 (0.4) - 01—=37 - Nonsmoker
158 (1.8) - 0.3—83 - Smoker
1986 2 Female 55—66 221 (0.4) - 01—14 - Nonsmoker
31 (1—86) - 03—42 - Smoker
(continued)
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Country Area  Pollution Year QCaGender Age N B-Cd (ng/lye-c Determinants Comment
(years)
Mean? M Range
Germany continued
Hofstetter et al, North- Smelter 1989 2 Male, female 6—7 229 (0.14) <0.1—0.54 Immigrant- -
1990 (39) west ship
Begerow etal,  North- Urban 1991 2 Male, female 6 1,028 (0.13) - <0.05—10 - -
1994 (41) west
South- Urban 1991 2 Male, female 6 1,283 (0.13) - <0.056— - -
east 0.63
Denmark
Grandjean et al, Central - <1991 2 Male, female 20—69 96 0.26 <03 <0.3—26 - Nonsmoker
1992 (46) 23 2.7 2.6 01—64 - Heavy smokers
Sweden
Svensson et al, South Rural 1987 3 Male, female 20—66 145 0.25 <0.2-? Smoking Nonsmoker
1987 (104)
Willers et al, South Urban 1987 3 Male, female 26—52 62 019— - 0.07—1.3 Smoking Nonsmoker
1992 (60) 0.24)
45 (1.3—2.0) - 0.19—3.7 - Smoker
7—10 77 (0.08— - 0.04—0.20 - -
0.09)
Willers et al, South Smelter 1988 3 Male, female 4—11 13 (0.16) - 0.09—0.42 - -
1988 (61) Urban 1988 3 Male, female 4—11 53 (0.13) - 0.05—0.61 - -
Rural 1988 3 Male, female 4—11 39 (0.14) - 0.06—0.34 - -
Vahter et al, Central Urban 1988 3 Female 27—46 15 0.32 0.30— 0.11—0.86 - Nonsmoker
1991 (48) 0.33
Bensryd etal,  South Rural 1989—1990 3 Male 17—77 144 0.18 - 0.08—0.58 - Nonsmoker
1994 (63) 40 1.3 0.18—4.0 - Smoker
Jakobsson North Smelter 1989—1991 1 Female Adults 135 0.65 - Smoking, Nonsmoker
Lagerkvist et al, Rural 1989—1991 1 Female Adults 96 0.54 - - closeness to Nonsmoker
1993 (113) smelter??
Smelter 1989—1991 1 Female Adults 74 1.3 - Smoker
Rural 1989—1991 1 Female Adults 53 1.4 - - Smoker
Berglund et al,  Central Industrial 1991 3 Male, female t—4 71 0.26 024 0.09—1.0 - -
1995 (54)
Vahter et al, West Urban <1994 3 Female 20—50 51 0.24—0.28 0.23— <0.09— Iron status, Nonsmoker
1996 (90) 0.25 0.68 shellfish
Beecklund, - - 1992—1994 3 Male, female <55 330 - 0.3 0.05—2.2 Smoking, age, Nonsmoker
1996 (52) >90 67 - 1.3 0.1—6.8  occupational Smoker
exposure
Kaniewski et al, South Smelter 1991 3 Male, female 8—9 48 0.09 - 0.03—0.20 - -
to be published Urban 1991 3 Male, female 8—9 94 0.10 - 0.03—0.28 - -
Rural 1991 3 Male, female 8—9 78 0.09 - 0.04—0.20 - -
Berglund et al, West Urban <1994 3 Female 20—50 57 0.24—0.32 0.23— <0.09— Iron status, Nonsmoker
1994 (95) 025 0.96 age, fiber
intake
Berglund et al,  Central Industral 1994 3 Male, female 1—5 72 - 0.04 <0.03— -
1994 (53) 0.25
Hanberg & Central Industrial 1994 1 Female 18—50 53 0.2 - 0.05—0.7 Smoking Nonsmoker
Ahlborg, 21 1.0 - 0.4—2.7 Smoking Smoker
1995 (55)
Nordberg et al, Central Urban <1996 1 Male, female >75 124 - 0.2 - Smoking Nonsmoker
1996 (57) 21 - 40 - Smoking Smoker

2 0=no; 3=very good.

b All determinations were made by atomic absorption spectrometry (flame or electrothermal).

¢ 1.0 ug/l = 9.2 nmol/l.

d Arithmetic mean except when in parentheses; values in parentheses are geometric means.

The environmental aspects of mercury have been re-
viewed recently (132). The toxicology of inorganic mer-
cury has been reviewed (133). The mercury level in blood
(B-Hg) is often used as an index of recent uptake. The
elimination of mercury from the blood has at least 2 com-
ponents, one with a half-time of about 1 month and the
other a half-time several times longer (134). Mercury in
the kidney of the fetus is influenced by maternal amal-
gams (135), as is the mercury level in milk (136).

B-Hg values of 20 pg/l and urinary mercury (U-Hg)
values of about 50 j1g/] (about 50 j1g/g creatinine) or high-
er have been associated with effects on the CNS and kid-
neys (133).

There is a recent review on the toxicology of meth-
ylmercury (137). In the blood of subjects exposed to
methylmercury, mercury is mainly bound to the erythro-
cytes. The total (and sometimes organic) mercury level
in whole blood (B-Hg), erythrocytes (Ery-Hg) and
51
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Table 5. Gadmium levels in kidney (K-Cd) in populations in the Baltic region. (QC = quality control, N = number of samples, AAS = atomic
absorption spectrometry, NAA = neutron activation analysis, XRF = X-ray fluorescence, ICP-MS = inductively coupled plasma/mass

spectrometry)
Country Area  Pollution Year Method QG? Gender Age N K-Cd (ung/g) Deter-  Comment
(years) minants
Mean®  Median Range
Finland
Ala-Opas & Central - 1992 AAS Male, female 40—75 8 16 - 3.4—21 Smoking Nonsmoker
Tahvonen, Male 5 28 - 22—39 Smoking Smoker, kidney
1995 (115) cancer
Poland
Bemetal, South Urban 1985—1989 AAS Male, female 60 27 35 25 - Smoking Nonsmoker
1993 (116) 50 46 48 40 - Smoking Smoker
Bemetal, Central Urban 1985—1989 AAS Male, female 48 13 26 20 - Smoking Nonsmoker
1993 (117) 52 35 62 57 - Age Smoker
Bemetal, North- Industrial 1991 AAS Male, female 51 35 20 - - Smoking Nonsmoker
1993 (118) east 50 43 38 - - Smoking Smoker
[41—607° [?]° [42] - - - Nonsmoker,
smoker
Germany
Thilrauf von South - 1980 AAS Male, female 17—92 39 - 7.9 0.6—25 - Nonsmoker,
et al, smoker, whole
1981 (119) kidney
Drasch, South Urban  1980—1981 AAS Male, female 51 33 24 - Smoking Nonsmoker
1982 (120) 49 21 73 - - Smoking Heavy smokers
Summer et South ? <1986 AAS Male, female 43—56 14 =18 - 5—99  Smoking Nonsmoker
al, 1986 (121) 39—60 21 33 - =8—=b5 Smoking Heavy smokers
Hahnetal, North- Urban <1986 AAS Male, female 0—90 89  (13) - - Smoking Nonsmoker
1987 (122)  west 66 (27) - Smoking Heavy smokers
[41—50]c [10]¢ [17—23]c- - Smoking Nonsmoker
Drasch etal, East  Urban 1990—1991 AAS Male, female >19 50 17 - - - Nonsmoker,
1994 (77) smoker
Denmark
Hansen et al, All - 1981—1987 AAS Male, female 0—85 129 12 - 0.4—46 - Nonsmoker,
1989 (123) smoker
[41—45) [8]¢ [24) - [2.3—40]¢- Nonsmoker,
smoker
Sweden
Elinder et al, Central Urban  1973—1974 AAS Male, female 3—94 52 99 - Smoking, Nonsmoker
1976 (130) gender
75 20 ?-150  Smoking, Smoker
gender
Svartengren GCentral Urban 1983 AAS Male, female 30—59 20 18 17 3—-39 - Whole kidney
et al, 14 14 - - Cortex
1986 (124)
Lindqvist North - <1989 NAA Male, female 16—69 22 8.7 8.6 2.9—22 - Nonsmoker,
et al, 1989 smoker?
(125)
Bensryd, South  Rural 1989—1990 In vivo Male 17—77 40 18 - 2—210 - Nonsmoker
1993 (126) XRF
Nilsson et al, South Urban  1992—1993 In vivo Male 47 11 - 10 3—28  Smoking Nonsmoker,
1995 (96) XRF smoker
Lutzetal, Central Urban 1992—1994 AAS Male, female Fetuses 14 2.6 2.2 0.7—7.8 - ng/g
1996 (135) Infants 15 3.1 2.4 0.7—5.9 - ng/g
Nilsson et al, South Urban <1995 In vivo Male, female 26—60 10 10 8 3—80  Smoking Nonsmoker
1995 (96) XRF Male, female 27—65 10 26 28 4—33  Smoking Smoker
Friisetal, GCentral - 1995—1996 AAS Male, female 4—95 58 (2.5—6.9)- - Smoking Nonsmoker
1998 (131) 60 (5.1—19)- - Smoking Smoker
Barregdrd ~ West - <1997 ICP— Male, female 27—71 38 19 - 2.5—46 - Biopsies
et al, 1997
(127) MS

2 0=No; 3=very good.

® Arithmetic mean except when in parentheses; values in parentheses are geometric means.
subjects is shown in brackets (to facilitate comparisons).

sometimes plasma or serum (138) is used as an index of
exposure, body burden, and the risk of toxicity of meth-
ylmercury. The elimination of methylmercury from the
blood follows a I-compartment pattern with a half-time

of about 1 month.

92

Scand J Work Environ Health 1999, vol 25, supp! 3

¢The fraction of middle-aged

Methylmercury passes the blood-brain barrier and
reaches the CNS (137). It also passes through the
placenta into the fetus. The mercury concentration in hair
(H-Hg) is often used as an index of exposure, body bur-
den, and risk of toxic effects. The critical H-Hg in preg-




nant women for effects on the CNS of the fetus has been
estimated to be 10—20 pg/g or even lower. There is some
experimental evidence of carcinogenicity for methylm-
ercury (137).

Exposure

Data on B-Hg have been compiled in table 6. Amalgam
fillings affect the B-Hg level to some extent. Fish intake
is a major determinant of B-Hg. In subjects who do not
eat fish, B-Hg is about 1 pg/l. In particular, a high intake
of fish from contaminated waters can cause substantial-
ly increased B-Hg levels. The concentrations of methyl-
mercury in fish are clearly elevated in many lakes, riv-
ers, and coastal waters, especially in Sweden and Fin-
land, mainly as a result of mercury emissions from the
chlorine alkali industry and earlier use of mercury as a
preservative in the pulp and paper industry. B-Hg values
of up to about 50 pg/l in erythrocytes, a level which cor-
responds to about 25 ug/l in whole blood, have been re-
ported in fishermen and their wives in Sweden and Latvia
(Gulf of Riga). In populations with a lower intake of con-
taminated fish, and in other areas, the B-Hg values were
lower.

In earlier studies in populations with a high consump-
tion of contaminated fish in Sweden and Finland, much
higher exposure levels have been reported (Ery-Hg val-
ues up to about 1200 pg/l) (152). However, such extreme
concentrations are not encountered nowadays, since re-
strictions on the emissions of mercury have been en-
forced, the waters with the highest levels in fish have
been black-listed, and warnings from the authorities to
the population against the consumption of such fish have
been issued.

Table 7 contains information on H-Hg. Again, fish
intake is a major determinant. Levels up to 10—15 pg/g
were found in subjects with a high intake of fish. A de-
creasing time trend was found in 1 study (158), in ac-
cordance with the observed decreasing B-Hg level (159,
152).

The B-Hg and H-Hg values reported during the last
decade are rather low, as compared with the ones asso-
ciated with reported effects by methylmercury on the
adult CNS. However, the highest levels are in the range
where effects on the developing CNS have been ob-
served. In Sweden, this finding has resulted in recom-
mendations for restrictions on fish consumption, especial-
Iy for women of child-bearing age. However, the present
information is incomplete. Thus there is no information
at all from Russia, where the environmental contamina-
tion with mercury is known to be extensive in some are-
as. Furthermore, the distribution of levels in populations
living in areas with contaminated fish is skewed; thus, a
few people who still consume such fish may well have
miuch higher levels.

Skerfving et al

For U-Hg, fish intake is not important, but dental
amalgam is a major determinant (table 8). Thus subjects
without amalgam have <1 pg/l, while those with many
fillings may have a few micrograms per liter or more. In
particular, subjects with many fillings, who frequently
use chewing gum, especially nicotine gum, have in-
creased levels. In such cases, U-Hg values of up to 50
ug/l have been reported (165, 166). This level corre-
sponds to the lowest reported to be associated with sub-
tle effects on the CNS and kidney in workers exposed to
elemental mercury vapor (133). After the removal of
amalgam fillings, there was a decrease (167). In some
studies, women had higher levels than men, and older
subjects had higher values than younger ones. U-Hg
shows no obvious geographic differences.

Toxic effects

In an immunotoxicologic study of Latvian fishermen,
there was a statistically significant correlation between
B-cell counts and the CD4-+/CD8+ ratio on one hand and
Ery-Hg on the other (168). However, the association may
not be causal since a high fish diet includes several oth-
er potentially immunomodulating agents. Furthermore, a
similar study of Swedish fishermen did not reveal a pat-
tern consistent with an effect of methylmercury (169).

In a study in Finland, there were associations between
acute myocardial infarction and total mortality on one
hand and fish intake and H-Hg on the other (158). In the
highest H-Hg tertile (>2 j1g/g), there was a 2.9-fold [95%
confidence interval (95% CI) 1.2—6.6] increase in car-
diovascular deaths. Furthermore, there was an associa-
tion between acute myocardial infarction and U-Hg. The
results are interesting, but the high average H-Hg found
in the study population is confusing. In a similar study
in Sweden, high Ery-Hg counts were associated with low
risk (Hillgren, et al to be published).

Exposure to methylmercury among subjects consum-
ing large amounts of contaminated fish was associated
with an increased frequency of chromosomal aberrations
(170), which is a risk indicator of later cancer (171).
However, due to control measures, such high exposure
1S NOW UNCOMIMOI.

Concluding remarks

Methylmercury uptake is dependent upon the intake of
fish, in particular from contaminated lakes and rivers,
which occur in Sweden and Finland, as well as the east-
ern coast of the Baltic Sea. Consumers of such fish may
attain rather high mercury concentrations in blood and
hair. There are some indications of immunotoxic effects
in association with the intake of such fish. However,
these effects may not be caused by methylmercury since
fish contain other immunomodulating agents. The expo-
sure to inorganic mercury is mainly from amalgam fill-
ings, without much geographic variation.
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Table 6. Blood mercury levels (B-Hg) in populations in the Baltic region. (N = number of samples, M = median)

Country Arga Pollution Year QC» Gender Age N B-Hg (ng/l)te Deter- Comment
(years) minants
Meane M Range
Finland
Aitio et al, ? Chiorine <1983 2 Male 40 10 4.0 - - -
1983 (139) alkali
plant
Piikivi & North- - <1989 2 Male 28—55 60 3.8 - 1.0—10 - -
Hénninen (140) west
Luoma et al, North - <1992 0 Male 41 101 6.0 - - Fish intake -
1992 (141)
Latvia
Leja et al, West - 1992 3 Male ? 13 [19] - [4.7—A48]  Fish intake Fishermen
1993 (142) 13 [8.9] - [2.2—25]  Fish intake Fish processing
industry
9 [2.3] - [0.8—4.2] Fish intake Low fish
Hagmaretal,  West - <1995 3 Male, female 25—79 19 - [1.5] [0.08—8.6] Fish intake Organic mercury,
1995 (168) low fish
24—64 24 - [7.2] [0.9—44] Fish intake Intermediate fish
27—64 25 - [18] [8.8—37] Fishintake High fish
Czech Republic
Kugera et al, Central - <1995 1 Male, female Adults 611  0.7—1.2 - - -
1995 (36)
Poland
Osman et al, South Industrial 1991 3 Female 22—39 8 <4 - <4 - Pregnant
1992 (23) Male 7—8 10 <4 - <4 -
Osman et al, South Industrial 1995 3 Male, female 4—14 211 0.6 06 0.1—22 -
1998 (35)
Germany
Schalleretal, ~ South Urban 1981 1 Male, female 3-? 181 - 06 01—72
1983 (143) Rural 1981 1 Male, female 3-? 65 - 08 01—49 - -
Krause et al, - - 1985—1986 2 Male, female 25—69 2,294 0.5 0.7 <0.2—11  Fishintake -
1989 (81)
Trepka et al, East Industrial 1992—1993 3 Male, female 5—14 803  (0.2) - 0.1—2.8 Fish intake, -
1997 (144) amalgam
Denmark
Grandjean et al, Central- <1991 2 Male 20—69 100 1.2 1.3 <1.0—4.1 Fish intake, -
1992 (46) Female 20—69 99 1.6 1.6  <1.0—6.2 dental
amaigam
Sweden
Langworth et al, - - 1985—1986 3 Male 44 75 3.0 0.2—13 Fish intake -
1991 (145)
Skerfving, East - <1986 1 Female 18—38 10 [24] - [6—46] Fish intake Pregnant
1988 (146)
Akessonetal,  South-- <1987 3 Male, female 37 81 34 - 1.2—12 Fish intake,
1991 (147) east dental
amalgnam
Svensson et al, South- - <1987 3 Male, female 15—79 96 51—6.7 - 1.8—26 Fish intake Fish >3/week
1992 (159) east 25—57 13 1.8 - 1.2—24 - No fish
Partly same as
(150)
Schiltizetal, to  South - 1989 3 Male, female 7—9 161 1.5 - 0.6—3.7 Fish intake, -
be published dental
amalgam
Bensryd etal,  South Rural 1989—1990 3 Male 17—77 237 - 26  07—19 Fish intake -
1994 (63)
Erfurth et al, South - <1990 3 Male 24—62 21 [3.8] - [1.3—6.9] - -
1990 (148)
Molin et al, North - <1990 3 Male, female 25—44 5 [4.7] - - -
1990 (149)
Molin et al, North - <1991 3 Male, female 25—63 18 [4.4] - [1.4—8.9] Dental Amalgam free
1991 (150) 29—41 5 [4.0] - [2.2—6.5] amalgam
Oskarsson et al, North - <1995 3 Female 30 30 2.3 - 0.9—4.6 Fish intake Lactating
1996 (136)
Herrstrdm et al, South- Urban <1997 3 Male, female 19 77 - 03 - Dental
1997 (151) west amalgam

2 0=No; 3=very good.

¢ Erythrocyte levels within brackets.
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b"All determinations were made by cold vapor atomic absorption spectrometry.

¢ 1 gl = 4.9 mmol/.
¢ Arithmetic mean except when in parentheses; values in parentheses are geometric means.
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Table 7. Hair mercury leveis (H-Hg) in populations in the Baltic region. {QC = quality control, N = number of samples)

Country Area Pollution Year QC? Gender Age N H-Hg (ug/l)® Determi-  Gomment
(years) _—_— nants
Mean Range
Finland
Mussalo- South Urban  1982—1984 1  Male, female ? 29 0.6 0.02—2.7 -
Rauhamaa et al,  North - 1991 1 Male, female 45 25 1.6—2.2 0.2—6.2
1996 (153)
Salonen et al, East - 1984—1989 1 Male 42—60 1833 1.9 0—16 Fish intake, -
1995 (158) time
Germany
Airey et al, North Urban <1983 1 Male, female ? 28 0.5 0.2—3.0 Fish intake -
1983 (154)
Sweden
Forhammar et al, North - 1983 1 Female Adults 70 0.62 0.2—2.5 Fish intake Pregnant
1984 (155)
Oskarsson et al,  North Smelter 1989—1991 2 Female 28 124 0.26 - Fish intake Pregnant
1994 (156) North “Rural” 1989—1991 2  Female 27 79 0.32 - Fish intake Pregnant
Oskarsson et al,  North - <1996 3 Female 30 30 0.28 0.07—0.7 Fish intake Lactating
1996 (136)
Oskarsson et al,  Central - 1985 2 Male, female 21—81 50 3.2 0.3—11  Gender, Fish from
1990 (157) fish intake  contaminated lakes

*0=no: 3=very good. All determinations were made by cold vapor atomic absorption spectrometry.

Table 8. Urinary mercury levels (U-Hg) in populations in the Baltic region. (QC = quality control, N = number of samples, M = median)

Country Area Pollution Year QC? Gender Age N U-Hg (ng/l)e-¢ Determi- Comment
(years) nants
Meant M  Range
Finland
Salonen etal, East - 1984—1989 2 Male 42—680 207 1.2 - 050 Fish intake Half sample
1995 (158) myocardial
infarction
Piikivi & Hanni- North- - <1989 1 Male 28—55 60 24 - 1067 - -
nen, 1989 (140) west
Germany
Schalleretal,  South Urban 1981 1 Male, female 3-? 65 - 06 01—19 - -
1983 (143) Rural 1981 1 Male, female 3-? 58 - 13 03—32 - -
Krause et al, - - 1985—1986 2 Male, female 25—69 2,519 0.9 0.25 <0.5—54 Gender, -
1989 (81) age
Dolgner et al, North- Urban 1986 1 Male, female 5—6 144  0.45¢ - 01—85 - -
1988 (160) west
Zander et al, West Industrial <1990 2 Male, female 1—79 703  0.75¢ 0.80 <0.1—19¢ Gender, -
1990 (161) age
Zander et al, ? <1990 1 Male, female 18—63 21 0.18 - <«0.1—1.1 Dental amalgam No fillings
1990 (162) 72 0.57 - <0.1—7.7 Dental amalgam Fillings
Zander et al, West - <1992 2 Male, female 22—63 29 0.5 - 0.1—4.1 Dental amalgam -
1992 (163)
Trepka et al, East Industrial 1992—1993 3 Male, female 5—14 803  (0.3)* -  0.03—14¢ Dental amalgam -
1997 (144)
Sweden
Langworth et al, - - 1985—1986 3 Male 44 75 1.9¢ - 0—7.5¢  Dental amalgam -
1991 (145)
Langworth et al, - - <1992 1 Male, female 20—70 39 2.2¢ - 0.6—10° - -
1993 (164)
Svensson et al, South- - <1987 3 Malg, female 15—79 125 1.3—2.8 - 0.2—18  Dental amalgam,
1987 (104) east gender
Akesson etal,  South- - <1987 3 Male, female 37 81 1.9 - 0.2—10¢ Dental amalgam Part of (59)
1991 (147) east
Molin et al, North - <1990 3 Male, female 25—44 10 3.1¢ - - -
1990 (149)
Molin et al, North - <1990 3 Male, female 20—32 8 0.5—086°- - - -
1990 (167)
Erfurth et al, South- - <1990 3 Male 24—62 21 0.7—1.0e-  02—2.3¢ -
1990 (148) east
Molin et al, North - <1991 3 Male 25—63 18 1.4 - 0.4—37 Dental amaigam -
1991 (150) 20—41 5 0.5¢ - 04—-09 - Amalgam free
Silisten et al,  South- - <1996 3 Male, female 42—61 19 2.6° 2.1 0.7—6.7¢ Dental amalgam -

1996 (166) west

0 = no; 3 =very good.  ® All determinations were made by cold vapor atomic absorption spectrometry. ~ © 1 pg/l = 4.9 mmol/l.
d Arithmetic mean except when in parentheses; values in parentheses are geometric means. ¢ ug/g creatinine (1 ng/g creatinine =~ 1 pg/).
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Arsenic

General foxicology

The toxicology of inorganic arsenic has been reviewed
(172, 173). Arsenic occurs in several different chemical
forms. From a toxicologic point of view, the inorganic
arsenic compounds are the most important, especially
arsenite (trivalent) and arsenate (pentavalent). In the ma-
rine food web, arsenate is methylated and transformed
into arsenobetaine and various arsenosugars, which ac-
cumulate in algae, fish, and shellfish. These forms of ar-
senic are considerably less toxic than inorganic arsenic.

Trivalent arsenic is methylated, mainly in the liver,
to methylarsonic acid and dimethylarsinic acid, which are
rapidly excreted in the urine (173). Arsenic in urine is
often used as an index of exposure to inorganic arsenic.
However, it is largely influenced by the rapid excretion
of the organic arsenic compounds in seafood (174, 175).
The elimination pattern of inorganic arsenic has several
components; in general, half the dose is excreted within
3—4 days. Inorganic arsenic is also excreted in hair,
which may be used as a biological index of exposure
(176).

There are scant data on the relation between toxic ef-
fects and urinary arsenic (U-As) levels (172). However,
a concentration of 50 pg As/l in drinking water has been
associated with a lifetime risk for cancer of the skin, blad-
der, lung, and kidney of 1—13/1000 of the population
(177, 178). This concentration in water has been found
to correspond to a U-As of 25—65 ug/1 (179). In smelt-
ers, where the workers are affected by lung cancer and
slight vascular and neurological effects, the U-As has
been in the range of 40—200 pg/g creatinine (180).

Exposure

Information on U-As is reviewed in table 9. When the
data are examined, the chemical forms of arsenic deter-
mined must be kept in mind. One study indicates an in-
fluence of exposure to environmental tobacco smoke on
U-As in children (185). As expected, fish intake has a
significant effect on the concentrations of total and or-
ganic arsenic (175, 186). One study also shows a slight
effect of fish intake on the concentrations of metabolites
of inorganic arsenic.

No clear difference between areas within the Baltic
region have been noted.

Toxic effects

In general, the reported average concentrations of inor-
ganic arsenic and its metabolites correspond to a low can-
cer risk. However, there are only few studies on the tox-
ic effects of arsenic. Bencko et al (187, 188) reported a
significant hearing loss in children living close to a power
plant burning local coal with high a arsenic content (ta-
ble 9). In the same area, there was a high incidence of
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skin basaliomas in the local populations (189). In Swe-
den, men living in the vicinity of a copper smelter, which,
in the past, had emitted large quantities of arsenic, had
an increased risk of dying of lung cancer (190).

Other meials

There are 2 recent reviews on the toxicology of nickel
(191, 192). The nickel level in urine (U-Ni) is often used
as an index of recent uptake.

Nickel is a well-known skin-sensitizer (191, 192).
Moreover, inhalation exposure to nickel causes mucosal
irritation and asthma (possibly allergic), as well as nasal
and lung cancer.

In northern Russia, on the Kola Peninsula, nickel
smelters and refineries emit massive amounts of nickel
(as well as other pollutants, especially sulfur dioxide). A
series of studies has been made comparing Russian are-
as with nearby Norwegian ones. High air concentrations
have been reported in Russia, much higher than in Nor-
way, but the analytical accuracy for the former samples
has been challenged (193). The concentration seemed to
increase with decreasing distance to the nickel industry
(194). Furthermore, the Russian drinking-water samples
had a much higher nickel concentration than Norwegian
samples. In addition, Jarge surveys showed a higher U-
Ni concentration in Russian populations (medians 1.9—
3.4 pg/l) than in Norwegian ones (medians 0.6—1.2 pg/
1), although without any clear gradient reflecting the dis-
tance to the metal industries, which confused the authors
(195). Only a 4th of the Russians were occupationally
exposed; these people had even higher U-Ni levels (me-
dians 1.6—5.6 pg/D).

The Norwegian population had a higher prevalence
of skin patch-test positivity to nickel than the Russians
(194). Both prevalences were high, and the difference
was particularly pronounced for the women. Serum lev-
els of total and respiratory disease-specific immunoglob-
ulin E were higher in Russia. Nevertheless, the reporting
of atopic respiratory and skin disease was more preva-
lent among Norwegians than among Russians. There
were no differences in reported asthma. However, the
Russians had a higher prevalence of chronic obstructive
lung disease, which was partly due to frequent smoking
among the men; it could not be ascribed to the sulfur di-
oxide levels. However, there was no corresponding dif-
ference in lung-function parameters. Neither were there
any differences in pregnancy outcomes. In summary, in
spite of the high nickel exposure among the Russians,
the authors did not find any health effects judged to be
associated with nickel exposure.

In another study, female nickel workers (mean
U-Ni 10—16 pg/l) were suspected to have increased
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Table 9. Urinary arsenic levels (U-As) in populations in the Baltic region. (QC = quality control, N = number of samples, M = median, AAS
= atomic absorption spectrometry)

Country Area  Pollution Year Method QC? Gender Age N U-As (ng/g) Determi-  Comment
(vears) nants
Mean® M Range
Finland
Valkonen - - <1983 AAS 3 Male, female ? 300 3t - - Geography Total arsenic
et al, 1983 8 - - Geography
(181)
Gzech Republic
Bencko, South Power <1977 Colori- 1 Male 10 25 25 - <0.1— Closeness Total arsenic
1995 (176) plant metric 100 to plant
Kugera et al, South Power <1977 Colori- 1 Male 10 20 19 - <0.01— - Total arsenic
1995 (36) plant metric 51
Bencko &  Central Urban <1977 Colori- 1 Male 10 24 1 - 0.1—44 - Total arsenic
Symon, metric
1977 (182)
Germany
Dolgner et al, North- Industrial 1983 AAS 1 Male, female 7—11 69 (2.6) 3.6 <0.1—20 - Inorganic
1988 (160) west arsenic
70 (14) 12 3—250 - Total arsenic
Rural 1983 AAS 1 Male, female 7—i1 70 (2.0 2.8 <0.1—19 - Inorganic
arsenic
71 (12) 10 1—160 - Total arsenic
Krause et al, - - 1985—1986 AAS 2 Male, female 20 2553 8.6 4.5 <0.6— Gender, age, Total arsenic
1989 (81) —69 290 smoking,
community
size
Lombeck  North- Urban <1987 AAS 1 Male, female 5 24 - 3.2¢ 1.4—22¢ - Total arsenic
et al, west 10 28 - 4.7° 1.6—11¢ - Total arsenic
1987 (183) Female Adults 22 - 9.0¢ 2.3—34¢ - Total arsenic
Male Adults 18 - 12¢ 6.8—36° - Total arsenic
Trepka et al, East Industrial 1992—1994 AAS 1 Male, female 5—14 760 (4.3—5.1) 4.6—5.3 3.7—5.5 Fish intake, Total arsenic
1996 (186) local
Smelter  1992—1994 AAS 1 Male, female 5—14 591  (5.1) 53 4,8—5.5 Vegetables, Total arsenic
housing
Industrial 1992—1994 AAS 1 Male, female 5—14 169  (4.3) 4.6 3.7—4.9 Vegetables, Total arsenic
housing
Rural 1992—1994 AAS 1 Male, female 5—14 190 (4.0) 4.1 3.5—4.5 Vegetables, Total arsenic
housing
Denmark
Jensen et al, - - <1991 AAS 1 Male, female 20—60 95 6.6—8.4¢ 6.1—6.542.5—42¢ Age Inorganic
1991 (184) arsenic and
metabolites
3—10 21 15—184 12—139 5—38¢ Age Inorganic
arsenic and
metabolites
Sweden
Andrén et al, South Rural <1985 AAS 3 Male, female 8—10 35 (5.1) - 1.6—16 Gender, age,Inorganic
1988 (185) parents’  arsenic and

smoking  metabolites

Vahter & Central Urban <1986 AAS 3 Male, female 21—72 49 (9.7—12) 7.4—7.9 1.7—53 Fish intake Inorganic
Lind 1986 arsenic and
(175) metabolites

50 31—60 14—18 <1—520 Fish intake Organic

arsenic
Jakobsson  North  Smelter 1989—1991 AAS 3 Female 27 209 8.2 - - - Pregnant, in-

Lagerkvist et grganic
al, 1993 (113) arsenic and
metabolites

Rural 1989—1991 AAS 3 Female 28 149 8.2 - - - Inorganic
arsenic and
metabolites

Willers et al, South Urban 1987 AAS 3 Male, female 26—52 107  (3.7—10) - 1.6—82 - Inorganic
1992 (60) arsenic and
metabolites

7—10 77 (4.4—5.3) - 2.0—21 - Inorganic
arsenic and
metabolites

a0=no; 3=very good. P Arithmetic mean except when in parentheses; values in parentheses are geometric means.
°1g/24 hours. 4 pg/g creatinine.
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prevalences of spontaneous abortions and malformations
(196). Furthermore, the incidences of deaths, total as well
as cardiovascular disease and cancer, were claimed to be
higher in the population close to the nickel industries
(193).

The toxicology of beryllium was recently reviewed
(197). Occupational beryllium exposure may cause im-
munologically-induced granulomatous lung fibrosis (ear-
lier often referred to as “berylliosis™) and lung cancer.

Subjects in the general population of the Czech Re-
public, exposed to beryllium (0.39-—1.68 pg/m®) from a
coal-burning power plant, displayed elevated levels of
immunoglobulins A and G, autoantibodies against vari-
ous organs, as well as antinuclear and antimitochondrial
antibodies, as compared with supposedly less exposed
referents (workers, sportsmen, and blood donors) (198,
199).
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