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reported concentrations. All elements showed geographical and inter-individual variations, but no convincing
relationships with self-reported traffic intensity were found. Pt from the antineoplastic drug cis-platinum is
retained in the body for years.

1. Introduction

Reliable information on exposure to metals is of crucial importance
for assessment and management of risks. Then, data on geographical
variations is a key issue and there is a wealth of publications on the
classical toxic elements – arsenic, cadmium, lead and mercury
(Skerfving et al., 1999; Hrubá et al., 2012; Pawlas et al., 2013).

However, for other metals, the information is scanty. This is the case
for the platinum group elements: platinum (Pt), palladium (Pd) and
rhodium (Rh), as well as for molybdenum (Mo) and strontium (Sr). One
reason for the lack of knowledge of the platinum group elements in
body fluids is analytical difficulties. Exceptionally good performance is
necessary for these analyses.

Pt (Kiilunen et al., 2015) and Pd (Umemura et al., 2015) have long
been used as catalysts in the chemical industry, as well as in dentistry
and jewellery. Now, their main use is in catalytic converters in auto-
mobile exhaust systems, along with Rh (Iavicoli and Leso, 2015). These
devices contaminate the environment (Wei and Morrison, 1994; Jarvis
et al., 2001; Rauch et al., 2001; Wiseman, 2015). Recent studies have
investigated associations between concentrations of these metals in
human fluids and traffic (Kamala et al., 2015), as well as dental re-
storations (Munker et al., 2016), and precious metal industry (Chellini
et al., 2017). Previous data on determinants for human exposure are
sparse (WHO, 1991, 2002; Iavicoli and Leso, 2015; Kiilunen et al.,
2015; Umemura et al., 2015). Pt (Kiilunen et al., 2015), Pd (Umemura
et al., 2015) and Rh (Iavicoli and Leso, 2015) may cause allergic re-
actions following occupational exposure. Their toxicity has been re-
ported to be relatively low, but just as data on exposure and con-
centrations in body fluids are limited, so are toxicity data.

Molybdenum (Mo) is an essential element (Tallkvist and Oskarsson,
2015). It is used in steel and cast iron alloys (in arms, aeronautical and

automobile industries), as a catalyst in chemical industry, and as a
pigment. Strontium (Sr) has little use in industry, but is biologically
interesting because of its “bone-seeking” properties (Nielsen, 2004). For
both Mo and Sr, there is little information on human exposure or re-
tention.

In this study, we assessed the blood levels of the platinum group
elements Pt (B-Pt), Pd (B-Pb) and Rh (B-Rh) in samples of women in six
European and three non-European countries. Only one of the most re-
cent studies of these metals concerned blood (Kamala et al., 2015), the
other ones were based on urine. Concentrations in blood ranged from
single ng/L for Pt in controls to about one thousand times more for Pt,
Pd, and Rh in the blood from traffic police officers with heavy exposure
from work in urban areas (Hyderabad city, India). Previous data on
concentrations in blood are very scattered; we therefore made all de-
terminations in one single laboratory, and under strict quality control/
quality assurance (QC/QA). In the multielement assessment, we also
obtained information on blood concentrations of Mo (B-Mo) and Sr (B-
Sr).

2. Materials and methods

2.1. Study area and subjects

The women studied herein were a subsample from a larger study of
cadmium, mercury and lead (Pawlas et al., 2013). Women were re-
cruited in Sweden, the Czech Republic, Croatia, Poland, Slovakia, Slo-
venia, Morocco, China and Ecuador (Table 1). In each country, women
from one urban area were recruited. In addition, we chose to include
samples from women participating in a population-based study in
northern Sweden, with women from both urban and rural areas, in
order to increase the north-south coverage of Europe. In brief, women

Table 1
Descriptive information in 248 women from nine countries.

Country Croatia Czech
Republic

Poland Slovakia Slovenia Sweden China Morocco Ecuador

South North

N 25 24 25 25 24 25 25 25 25 25

Age 57 (55, 61) 56 (47, 59) 57 (55, 59) 58 (53, 60) 56 (53, 59) 57 (55, 59) 57 (55, 59) 52 (49,
55)

52 (50, 60) 58 (55, 59)
Median (min, max)
Sampling date Oct 2009 Apr–May 2009 Mar 2009 Feb–Mar

2009
Jan–May
2009

Nov–Dec
2006

Jan–May
2009

Dec 2008 Feb 2009 Jan 2009

Smoking(N)
No 21 18 13 24 16 20 21 16 25 23
Sometimes 1 2 1 1 1 1
Regularly 3 4 9 1 7 5 3 1

Dentist visit last week
(N)

1 2 3 3 6 ? ? 3 0 3

Amalgams (N)
0 4 2 13 6 3 ? ? 0 11 22
1–2 4 1 5 5 2 4 6 2
3–4 4 3 1 1 4 1 7 1
>5 13 19 6 13 16 20 1 0

Traffic near residence (N)
Low 9 19 13 15 8 21 ? 1 1 11
Middle 13 4 6 10 14 4 5 23 3
High 3 1 6 0 2 0 6 1 11

Vehicles passing (N)
≤1 per min 12 19 15 9 13 22 8 1 10
>1 per min 11 4 8 16 9 3 5 24 15
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were recruited through announcements (Croatia, Ecuador), certain
workplaces not expected to cause metal exposures (China, Slovenia, the
Czech Republic), patients of a laboratory for medical analyses (Mor-
occo), mammography screening (south Sweden, Poland), or as a
random sampling based on a population register (north Sweden, Slo-
vakia). We aimed at recruiting women between 55 and 59 years of age
but in some areas a wider age range was applied. A major reason for
selecting this part of the population was that they are a sensitive po-
pulation in relation to cadmium. Among eligible participants in the
larger study, 25 from each area were randomly selected for the present
study.

Local ethics committees in each participating region approved the
study and written consent was obtained from each woman.

2.2. Questionnaire

An identical self-administered questionnaire, though translated to
the local language, was used to obtain information on individual factors
of potential importance for metals exposure (Table 1). This included
data on, inter alia, smoking (no, sometimes, regularly), amalgam fill-
ings, and traffic close to the home (density, i.e. low, middle or high; and
number of vehicles passing the home per min.). The two Swedish in-
vestigations used somewhat different questionnaires; southern Sweden
differed because it was carried out as a pilot study prior to the others
and northern Sweden because its sampling was made within an existing
monitoring program. Questionnaire data also included information of
relevance for other metals, such as fish intake for the studies of mer-
cury. We did however choose not to evaluate associations with factors
for which we had no clear hypothesis; as such multiple testing would be
expected to produce a number of false positives.

2.3. Blood sampling

After skin cleaning with an ethanol swab, a nurse obtained a cubital
vein sample into an evacuated tube (Vacuette 4 mL; Lithium Heparin;
Greiner-Bio One GmbH, Frickhausen, Germany). Tubes from the same
batch were used in all countries. To estimate the maximum possible
contamination of the blood samples from the tubes, ten tubes were
leached with diluted sub-boiled nitric or hydrochloric acids (Table 2).
For Pt and Pd, the maximum leached concentration found was ca one
tenth of the limit of detection in blood (LoD; see below; due to dilution
and interferences the LoD in blood was higher than that in the diluted
acid used in the leaching experiment), for Rh about one fourth. Mo and
Sr maximum leached concentrations were at concentrations around the
blood limit of detection. For Mo and Sr, additional leaching experi-
ments using nitric acid in both sampling needles and tubes indicated
negligible contributions, ca 0.01 μg/L for Mo and ca 0.2 μg/L for Sr.

2.4. Chemical analyses

To ascertain quality and comparability, all analyses were made in a
single laboratory (ALS Scandinavia, Luleå, Sweden). Samples were
prepared by microwave-assisted closed vessel digestion (1 mL blood
+ 1 mL concentrated nitric acid, PA grade, subsequently sub-boiled in-
house) at 600 W power for 1 h. At least two method blanks were pre-
pared with each batch of 38 samples, using 1 mL de-ionized water in-
stead of blood. Digests were diluted to 10 mL using water (first purified
by reverse osmosis and ion-exchange, subsequently distilled at 80 °C in
Teflon) and spiked with internal standard (indium, In) at 2 μg/L.

Determination was made by high resolution inductively coupled
plasma sector field mass spectrometry (ICP-SFMS; ELEMENT2, Thermo
Scientific, Germany), equipped with high sensitivity introduction system
consisting of X skimmer cone, shielded torch, and APEX desolvation
nebulizer. All measurements were performed in high-resolution mode (Rof
approximately 13000, Δm/m, determined at 10% peak height for 40Ar2+

peak), using 80% acquisition window and 40% integration window.

Selection of isotopes for data evaluation: Rh is mono isotopic, so
only 103Rh could be considered for analysis. For Pd, the signals on the
masses 104 and 108, after correction for mass spectral interferences,
were selected for data evaluation. The isotopes 104Pd and 108Pd have
only few spectral interferences that are not fully resolved in high-re-
solution mode. Therefore, the risk of false associations due to con-
founding with mass spectral interfering elements is minimized when
both are statistically evaluated. Also, the masses 105 and 106 were
monitored, but mathematical corrections for unresolved spectral in-
terferences gave numerous negative results, indicating overcorrection.
Therefore, we did not use the signals on 105 and 106 in the data ana-
lysis. For Pt, 194Pt was selected for statistical analyses. Both 194Pt and
195Pt were expected to be without significant spectral interferences, but
195Pt showed markedly higher LoD and impaired precision in duplicate
determinations, as compared to 194Pt. In addition to the mathematical
corrections made at the ICP-MS analyses, we also investigated if lead
might have interfered with 103Rh or 104Pd, by investigating the asso-
ciation with previously determined lead concentrations (Pawlas et al.,
2013). No positive correlations appeared.

Apart from isotopes of the platinum group elements, potential in-
terfering elements (63Cu, 88Sr, 98Mo, 102Ru, 114Cd) were monitored
to evaluate their influence and facilitate correction for molecular in-
terferences involving these elements. As calibration was done for Mo
and Sr, and data on their concentrations in blood are scarce, we also
here report on B-Mo and B-Sr. In order to decrease oxide formation,
methane was added to the plasma (Rodushkin et al., 2005).

2.5. Quality control/quality assessment

Instrumental parameters were optimized in regards of sensitivity
and resolution daily, using digested blood matrix.

Data for method blanks were used to calculate LoD (3 sigma ap-
proach; Table 2). The actual LoD depends on the concentrations of in-
terfering elements in the sample, as well as on the formation of inter-
fering species in the plasma.

While the use of ICP-SFMS operated in high-resolution mode allows
interference-free determination of Sr, Mo and Pt isotopes, interferences
cannot be completely resolved for Pd isotopes and Rh. Therefore,
thorough mathematical corrections are necessary. Hence, formation
rates for interfering signals were determined during each measurement
series, using digested bovine blood, spiked with the potentially inter-
fering elements at different levels. Both uncorrected and corrected
concentrations were calculated for the Pd and Rh isotopes. When the
degree of mathematical correction is high, as a rule of thumb>50% of
the uncorrected value, the accuracy of the results can be affected. One
can, however, assume that the actual concentration is at, or below the
lowest uncorrected one (regardless of the isotope giving this value).
Sensitivity for 103Rh was above 120 counts s−1 per pg/L and uranium
oxide formation was<5%. The uncertainty at low Pd concentrations
(< 5 ng/L) may be high, which is confirmed by the poor reproducibility

Table 2
Test tube background and internal quality control/quality assurance data.

Element Maximum background
Contribution

Limit of
Detection

Imprecision

HNO3

leaching
(ng/L)

HCl leaching
(ng/L)

in blood
(ng/L)

(coefficient of
variation for
duplicates, %)

Platinum 0.04 0.05 0.6 18.4a

Palladium 0.2 0.8 1–5 32
Rhodium 0.1 0.6 0.4 59

(μg/L) (μg/L) (μg/L)
Molybdenum 0.005 0.01 0.03 7.0
Strontium 0.02 0.2 0.07 7.4

a the imprecision is 7.2% if B-Pt> 50 ng/L.
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of duplicate analyses (Table 2).
For internal quality control, certified reference material bovine

blood (CRM A-13; IAEA) was used. The material was spiked with Rh, Pd
and Pt at two levels, in order to provide 5 ng/L and 10 ng/L. Spike
recoveries were 98–102% for Pt, 92–98% for Rh and 85–94% for Pd at
both concentrations. The Sr and Mo concentrations obtained were in
agreement with previously published data for this CRM sample
(Rodushkin et al., 1999). For reproducibility assessment, 11 samples
were prepared and analysed in duplicate (Table 2).

External QA was accomplished by regular participation in Inter-la-
boratory Comparison Program for Trace Metals in Biological Materials

(Centre de Toxicologie du Quebec, Canada) that includes Mo and Pt in
whole blood. The majority of the laboratory’s results during the last 8
years were within± 10% of the assigned concentrations, though the
CRM Pt concentrations were at least ten times higher than in the pre-
sent blood samples.

We compared the data on these five elements with previously de-
termined concentrations of cadmium (B-Cd), lead (B-Pb) and mercury
(B-Hg) in the same blood samples, as reported elsewhere (Pawlas et al.,
2013).

Fig. 1. Concentration in blood of platinum (1A, B-Pt), palladium (1B, B-Pd), rhodium (1C, B-Rh), molybdenum (1D, B-Mo) and strontium (1E, B-Sr) in 248 women from nine countries.
Horizontal bars = medians. Maximun and minimum levels (measured result; when negative set at 0.01 ng/L) are shown. LoD = Limit of Detection.
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2.6. Statistical analyses

Variation between countries was evaluated by the Kruskal-Wallis
test, a rank test of whether results from different countries belong to the
same distribution. Univariate associations were assessed by Spearman's
rank correlation test. Non-parametric tests were chosen because of the
skewed distribution of data. The effects of country on blood-metal
concentrations were examined by log-linear models after natural loga-
rithm transformation of blood-metal concentrations in order to allow
for the skewed distribution. Each potentially influential categorical
variable (age, smoking, amalgam fillings, traffic density) were ana-
lysed, stratifying by country. An added variable was considered as in-
fluential when p < 0.05. Possible interactions between country and
influential variables were also evaluated. “Statistically significant” de-
notes p < 0.05 (two-sided). The SPSS statistical package (IBM SPSS®

Statistics, version 22, IBM, Chicago, IL, USA) was used.
In the presentation of results, medians and ranges were given, with

indication of the fraction below LoD. In the multivariate analyses, the
actual measured values were used, even when below the LoD, as these
data contain more information than imputations (e.g. LoD/2). The few
negative readings were then set at 0.01 ng/L, to allow logarithmic
transformation.

In Sweden south, two out of the twenty-five women had extremely
high B-Pts, which had an obvious reason; accordingly, they were ex-
cluded in the statistical analyses. No such high B-Pts appeared in
samples from the other countries.

3. Results

Characteristics of the 248 women included in the study are pre-
sented in Table 1. The women were aged 47–61 and 80% declared that
they were not smoking.

3.1. Blood metal concentrations and geography

3.1.1. Platinum
Samples from two women had extremely high B-Pt (242 and 60 ng/

L). The over-all median B-Pt in the other samples was 0.8 (range<
0.6–5.2) ng/L (Fig. 1A). There was a significant (P < 0.001) variation
(2.5 times) between the nine countries. Within the countries, the in-
dividual data varied by a factor 10.

3.1.2. Palladium
The over-all median B-Pd in all samples was< 5 ( < 5-9.3) ng/L

(Fig. 1B). There was a significant (P = 0.004) variation (4 times) be-
tween the nine countries. Within the countries, the individual data
varied by a factor 10.

3.1.3. Rhodium
The over-all median B-Rh in all samples was<0.4 (< 0.4–3.6) ng/L

(Fig. 1C). There was a significant (P < 0.001) variation (2.3 times)

between the nine countries; Northern Sweden was highest. Within the
countries, the individual women varied by a factor 5–10.

3.1.4. Molybdenum
The over-all median B-Mo in all samples was 2.0 (0.2–16) μg/L

(Fig. 1D). There was a significant (P < 0.001) variation (2.9 times)
between the nine countries; Ecuador and China were higher than the
other countries. Within the countries, the individual data varied by a
factor 5–15.

3.1.5. Strontium
The over-all median B-Sr in all samples was 16.6 (3.5–49) μg/L

(Fig. 1E). There was a significant (P < 0.001) variation (1.9 times)
between the nine countries; Slovakia was highest. Within the countries,
the individual levels varied by a factor 2–15.

3.2. Associations between metal concentrations and with co-variates

Correlations between the five different elements are presented in
Table 3. Only one statistically significant association was seen; between
B-Mo and B-Rh. When looking separately at each country, this asso-
ciation was mainly driven by results from Croatia, Slovakia, and
southern Sweden (Table 4).

The only statistically significant association between traffic and
blood-concentration of the five elements was a negative one between B-
Pt and number of vehicles passing the home per min. [0.96 (95%
confidence interval 0.94, 0.99); P = 0.013 N = 126] in a country-ad-
justed analysis, while traffic density (low, middle, high) did not show
any such trend.

We only found one statistically significant association for the five
elements; i.e. a negative association between B-Mo and smoking
[no = 1.0 (reference), sometimes = 0.77, regularly = 0.75;
P = 0.016; N = 234)] in the country-adjusted analysis. The other po-
tential determinants (see section Questionnaire) did not show any

Table 3
Correlations (Spearman's rank correlation coefficients = rS) between blood concentra-
tions of platinum (B-Pt), palladium (B-Pd), rhodium (B-Rh), molybdenum (B-Mo) and
strontium (B-Sr) in 248 women from nine countries.

B-Sr B-Mo B-Rh B-Pd

B-Pt rS 0.02 0.12 0.088 0.099
P 0.76 0.069 0.16 0.12

B-Pd rS 0.10 0.094 0.079
P 0.107 0.14 0.21

B-Rh rS −0.058 0.17
P 0.36 0.008

B-Mo rS 0.10
P 0.11

Table 4
Correlations (Spearman's rank correlation coefficients = rS) by country between blood
concentrations of molybdenum (B-Mo) and rhodium (B-Rh) in women.

Country B-Rh

Croatia B-Mo rS 0.40
P 0.046
N 25

Czech Rep. B-Mo rS −0.006
P 0.98
N 25

Poland B-Mo rS 0.03
P 0.9
N 25

Slovakia B-Mo rS 0.60
P 0.001
N 25

Slovenia B-Mo rS 0.16
P 0.4
N 25

Sweden South B-Mo rS 0.50
P 0.01
N 23

Sweden North B-Mo rS −0.18
P 0.4
N 25

China B-Mo rS 0.36
P 0.08
N 25

Morocco B-Mo rS 0.22
P 0.3
N 25

Ecuador B-Mo rS 0.18
P 0.4
N 24
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statistically significant associations with any of the determined ele-
ments.

4. Discussion

The most important finding of this study was that the present con-
centrations of all three platinum-group elements (Pt, Pd, and Rh) in
blood were much lower than in the majority of earlier reports. For B-Pt,
most samples had detectable concentrations, but for Rh only half and
for Pd only a minor fraction, in spite of the use of sophisticated in-
strumentation. For Pt, there was a wide inter-individual variation, even
when two extreme values (see explanation below) were disregarded.
Also, there seemed to be geographical variations.

4.1. Design issues

Somewhat different recruitment strategy was used throughout the
ten areas (Pawlas et al., 2013) but it is unlikely that this explains the
variation between countries. The age variation of the subjects was re-
latively small compared to the most recent studies of Kamala et al.
(2015) and Munker et al. (2016).

The choice of biological matrix is not self-evident. We sampled only
whole blood, as we wanted a single medium. The risk of contamination
is much smaller for blood than for urine and hair. Also, blood is a less
variable matrix than urine. For those reasons, and because relative
concentration in serum/plasma and blood cells is unknown, or varies
for different elements (Bárány et al.,2002), we decided to analyze
whole blood.

Tubes with extremely low contents of the platinum-group elements
were used, and care was taken to avoid contamination during sampling
and handling. The original planning did not include Mo and Sr; thus,
contamination with these elements was not as thoroughly examined,
and, thus, cannot be excluded. A later test for contamination with Mo
from the stainless steel syringes did however not indicate any sig-
nificant contamination from these.

The study is relatively small, with only ca 25 women from each
area. Nevertheless, this means that 248 women were studied when
evaluating associations with potentially influential variables, such as
traffic.

There may be differences in exposure between men and women. For
example, heavy traffic exposure, as described by Kamala et al. (2015),
may be more common in one gender than the other. Therefore, pre-
dominantly male exposures will have been overlooked in the present
study. Biological differences between men and women can only be
speculated upon.

4.2. General metals concentrations

The present detection capabilities were excellent in comparison
with most previous studies of biological samples. In addition, spectral
interferences, unresolved even in high-resolution mode, may result in
overly optimistic assessment (Rodushkin et al., 2010). Therefore, we
paid careful attention to such interferences. Given these limitations,
and the fact that many of the element concentrations were below LoD,
we refrain from far-going conclusions as regards B-Pd, partly also B-Rh,
because the accuracy of results with so low is uncertain. However, we
see no reason to suspect that their concentrations have been largely
underestimated. Therefore, although individual concentrations are un-
certain, we are convinced that the blood concentrations of these two
elements are at or below single ng/L. Possibly, also other analytical
techniques than ICP-MS could add to the current knowledge, e.g. vol-
tammetry. On the other hand, for B-Pt we feel much more confident
about the concentrations.

There are few reports on concentrations of the presently studied five
elements in blood. All but two (see below) of the present B-Pts are much
lower than most earlier reports in occupationally exposed subjects

(Kiilunen et al., 2015) and (Kamala et al., 2015) and European and U.S.
general populations (e.g. Farago et al., 1998; Bárány et al., 2002a, b, c;
Goullé et al., 2005; Lykissa and Maharaj, 2006; Petrucci et al., 2005;
Kiilunen et al., 2015), but are in general agreement with individuals
without occupational exposure in a Swedish study (Nygren and
Lundgren, 1997), and with the control group in Kamala et al. (2015).
The observation of Pt concentrations in blood at or below single ng/L is
also in line with the recent observations in urine of concentrations of
the same order of magnitude by Munker et al. (2016).

The present B-Pds are lower than previously reported (Johnson
et al., 1976; Johnson et al., 1975; Begerow et al., 1997; Bárány et al.,
2002a, b, c; Goullé et al., 2005; Violante et al., 2005; Heitland and
Köster, 2006; Umemura et al., 2015; Kamala et al., 2015) as well as B-
Rhs (Bárány et al., 2002a, b, c; Heitland and Köster, 2006; Iavicoli and
Leso, 2015; Kamala et al., 2015), though several studies have a too high
LoD to allow meaningful comparison. The B-Rhs in the present study
are, however, with some uncertainty due to glomerular filtration,
comparable to urinary Rh in female subjects in Munker et al. (2016).

Thus, the present results confirm observations by Kamala et al.
(2015) of B-Pt in controls of 1–6 ng/L, but do not provide support for
higher results indicated for B-Pd (32–78 ng/L) and B-Rh (100–380 ng/
L) in the same individuals. Type of mass spectrometer may play an
important role here, as Kamala et al. (2015) used quadropole ICP-MS
with low resolution. Pt is detected with ICP-MS at a mass/charge ratio
of 194 or 195, while Rh and Pd are detected at 103–108. Interferences
from molecular ions are much less problematic around a mass/charge
ratio of 200 than around 100. Thus, the results of Kamala et al. (2015)
for Pt are strengthened, as there is a plausible explanation for dis-
crepancy for Rh and Pd that would not affect Pt to the same degree.

There is not much information on concentrations of Mo and Sr in
whole blood. The present B-Mo results are in general agreement with
three earlier reports (Goullé et al., 2005; Riyat and Sharma, 2010; Lin
and Wu, 2011), but much higher than two other studies (Heitland and
Köster, 2006, Vacchina et al., 2014). The possibility that contamination
by the syringes plays a role cannot be excluded, but we could not ob-
serve such contamination in a test of syringes. Our B-Sr results agree
with three earlier reports (Goullé et al., 2005; Heitland and Köster,
2006; Rodushkin et al., 1999), but is one order of magnitude lower than
a fourth one (Riyat and Sharma, 2010).

The only statistically significant correlation between the five ele-
ments was between B-Mo and B-Rh. Since there is no obvious ex-
planation, this may be a coincidence.

We also analysed the correlations between the five measured ele-
ments and our previous results on B-Cd, B-Pb and B-Hg in the same
women (Pawlas et al., 2013). Then, B-Pt correlated significantly with B-
Hg (rS = 0.22; P = 0.001; N = 221), which may be due to the dental
use of both metals. Also, B-Pt was associated with B-Pb (rS = 0.17;
P = 0.01; N = 221), while B-Pd, B-Mo and B-Sr were not correlated to
any of the three elements.

4.3. Geographical variations

The samples from each country were analysed as a batch, i.e.
samples from different areas were not mixed. Thus, given the low
concentrations and the risk of small but significant contamination that
could vary from day to day, conclusions on geographical differences
must be cautious and we refrain from making such conclusions for Pd,
Rh and Mo. However, the concentrations of Pt and Sr were measurable
and we feel confident that there were geographical differences, prob-
ably by a factor of about three. We do not know the explanation of such
variations. The introduction of catalytic converters has not differed
sufficiently to explain B-Pt differences between countries.

As regards how representative our study is, it should be stressed that
China is a great country, with large variations in geology and living
habits (including diet), while we only sampled in a small area. These
results can thus not be regarded as representative of the whole country.
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Other countries (e.g. Slovenia and Slovakia) are much smaller, but still
our numbers of samples analysed are very limited.

4.4. Other determinants

Even within countries, there were inter-individual variations. Thus,
there must be important determinants aside from geography. Munker
et al. (2016) and Becker et al. (2003) found dental restorations to be a
significant determinant. We had only self-reported data on amalgam
fillings which is very likely the reason for not detecting relations with
blood concentrations of platinum group elements.

Two of the elderly Swedish women had much higher B-Pt (60 and
240 ng/L) than any other, without any remarkable concentration of any
of the other elements. They were contacted and reported that they had
both been treated with cis-platinum because of ovarial cancer 4 and 7
years earlier. In the second subject, the total dose had been 370 mg Pt,
i.e. blood contained 0.004 per mille of the total administered dose. The
initial elimination of cis-platinum is rapid (Kiilunen et al., 2015), but
there is little information on the long-term metabolism. Our data show
that a very small pool of Pt resides in the body for several years, and is
reflected in blood, as has earlier been shown for serum Pt (Gietema
et al., 2000). It is not known where the pool is located; the kidney
cortex is a likely possibility. It is not known whether such Pt retention is
of health relevance. Somewhat increased (but very much lower than in
the blood of two Swedish women) B-Pts have been reported in staff
administering cis-platinum (Nygren and Lundgren, 1997).

A main hypothesis was that the density of automobile exhaust sys-
tems with catalytic converters would affect the concentrations of pla-
tinum-group elements in blood. The only significant association with
traffic was a negative one between B-Pt and traffic, which may be a
coincidence or due to unaccounted confounding. Further, in Sweden,
the density of cars is much higher in the urban area in the south than in
the partially rural one in the north, with much lower population and car
density. The population density in north Sweden is about 3 inhabitants/
km2, compared to more than 100 inhabitants/km2 in southern Sweden.
Still, B-Pt was higher in the north than in the south. B-Pd and B-Rh did
not display any relationships with traffic. Thus, in spite of the wide-
spread environmental contamination by the catalytic converter ele-
ments, our data do not support significant general population exposure
from traffic. This is not necessarily in conflict with other studies ob-
serving such associations, as the traffic exposure in our individuals was
low or moderate, which may mean that other sources overshadow
traffic exposure. In addition, we had no objective measures of traffic
and could therefore only relate to self-reported traffic intensity. In
contrast to Kamala et al. (2015) and Munker et al. (2016), none of the
subjects in the present study was occupationally exposed to high traffic
densities. In German studies, there was no association between urinary
Pd and traffic (Begerow et al., 1998; Begerow et al., 1999), while an
association was found by Caroli et al. (2001) in Italy; for urinary Pt
associations have not been observed in three studies and only suspected
in the fourth because of higher U-Pt values in the urban area (Becker
et al., 2003; Caroli et al., 2001; Chellini et al., 2017; Munker et al.,
2016).

B-Mo displayed a significant negative association with smoking.
This may be due to chance, unaccounted confounding or metabolic
phenomena.

4.5. Health aspects

For the studied elements, studies of health effects in humans at low
exposure are scarce. Thus, the significance of the present data for health
cannot be assessed with certainty. However, it can be noted that Mo is
an essential element. Pt (Kiilunen et al., 2015) and Pd (Umemura et al.,
2015) may cause sensitization in atopic subjects, and Rh (Iavicoli and
Leso, 2015) may cause contact dermatitis, but these sensitizations have
only been observed at high occupational exposure. Acute toxicities for

Pt, Pd, and Rh are low or, in few experiments, moderate. Mo (Tallkvist
and Oskarsson, 2015) and Sr have low toxicities, even at occupational
exposure. Thus, there are no strong indications for significant health
risks in the general population. In addition, we have here observed that
the blood concentrations of Pt, Pd and Rh are rarely more than a few
ng/L. This can be compared to the blood concentrations of the toxic
metals Cd, Hg, and Pb, which are generally in the order of a thousand
times higher. In the same population (Pawlas et al., 2013), the con-
centrations for Cd ranged 0.08-4.4 μg/L, Pb ranged 5.5–230 μg/L, and
Hg ranged< 0.1–35 μg/L. It therefore appears unlikely that the present
exposure to Pt, Pd, Rh, Mo and Sr of the general population would cause
significant health effects. However, it must be kept in mind that the
widespread use of catalytic converters is still relatively recent and that
data on exposure, concentrations in body fluids, and toxicity are lim-
ited, and that occupational exposures can cause much higher biological
concentrations than here observed.

5. Conclusion

Very little data have previously been published on concentrations in
blood of the five elements studied herein. We have made efforts to do
accurate analyses. The results agree well with most previous reports on
Mo and Sr but show very low concentrations for Pt, Pd, and Rh, within
or even below the single digit ng/L range. A number of studies using
low resolution ICP-MS have reported much higher concentrations.
While that may hold true for highly exposed individuals, we suspect
that such observations in the general population have suffered from
interferences. This has probably also affected early result on other
matrices, such as meat and other foods. Even though we cannot here
provide any precise numbers for ‘normal concentrations’ for B-Pt, B-Pd
and B-Rh, we believe that the here presented results bring us closer to
the true numbers.

All elements showed geographical and inter-individual variations,
but no convincing relationships with the self-reported traffic intensity
were found. Due to the incident inclusion of two women with excep-
tional B-Pt in the study, we could note that Pt from the antineoplastic
drug cis-platinum is retained in the body for years.
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