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Sammanfattning  

Inom ramen för nationell miljöövervakning har en screeningundersökning genomförts avseende 
metallerna platina, palladium, rhodium och silver. Andra metaller såsom cerium och koppar 

ingick också i studien. Undersökningen syftade främst till: 

- Att beskriva förekomsten av platina, palladium, rhodium och silver i bakgrundsområden och i 
urbana områden i Sverige, genom analys av sediment, ytvatten, dagvatten, avloppsvatten, slam 

och fisk.  

- Att bedöma om halterna av dessa metaller är förhöjda i urbana miljöer relativt 
bakgrundsområden. 

- Att översiktligt bedöma om halterna förändrats under de senaste årtiondena. 

- Att bedöma human exponering 
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Summary 
A screening environmental monitoring study was performed on platinum, palladium, rhodi-
um and silver. Other metals such as cerium and copper was also included. The study is part 
of the national environmental monitoring program run by the Swedish EPA. The major 
goals of the study were: 

q To provide new data on the environmental levels of platinum groups elements and 
silver in urban and background areas in Sweden through analysis of sediments, sur-
face water, stormwater, waste water, sludge and fish. 

q To assess whether levels are higher in urban areas compared to rural areas. 

q To assess whether there are indications of time trends. 

q To assess human exposure. 

The study consists of a national programme (60 samples) and three regional programs (14 
samples). Major matrices were sediments and urine. 

There were no pronounced indications that background lakes were affected by anthropo-
genic emissions of Pt, Pd or Rh. For silver, sediment concentrations indicate a possible in-
crease in background lakes over the last decade or two. Data is however too limited to state 
this as a general phenomenon. 

To elicudate possible emission sources analyses were performed on stormwater, urban run-
off pond sediments, sewage sludge and waste water effluents. Platinum, Rh and Pd were 
enriched in stormwaters and runoff pond sediments, in agreement with road traffic as a ma-
jor emission source of these metals. Data also consistently show that muncipal waste waters 
were enriched in Pt relative to the composition of stormwaters. The medical use of Pt is a 
suggested explanation.  

In ten recipients affected by urban emissions or road traffic, sediment levels of Pd, Pt, Rh 
and Ag were generally higher than background levels. The platinum group elements (PGE) 
profile in these sediments were compared to the profiles for waste water effluent and 
stormwaters, respectively. Although several of these recipients were recipients to municipal 
waste water treatment plants, most sediments show profiles similar to stormwater. This in-
dicates that vehicle catalysts still is the major source of Pt, Pd and Rh to these recipients. 

Surface water and fish were also analysed from a few of these urban recipients. Palladium 
concentrations were detected in urban surface waters, but neither Pt, Rh nor Ag were de-
tected. Fish (perch) from these sites did not display concentrations of Pd, Pt or Rh above 
the analytical reporting limit. Silver in these fish samples occurred in similar or lower con-
centrations than in the background lakes. 

To assess time trends, fish from background lakes sampled in 1985, 2000 and 2014 were 
analysed. Furthermore sediment from both background lakes and urban lakes were analysed 
at several depths, corresponding to at least the last 2-3 decades. Overall there were no indi-
cations of pronounced time trends. 
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None of the PGEs were detected in human urine from 20 individuals, except for two obser-
vations of platinum. Silver was detected in ca 50% of the urine samples and levels were 
similar to a 15 year old study. 

The overall assessment of the data in this study is that neither Pt, Pd, Rh nor Ag give rise to 
a concern for ecotoxicological effects. It should though be considered that although some 
ecotoxicological data exist, effect criteria for the PGEs have not been established and the 
monitoring data presented are limited. 
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Sammanfattning 
Inom ramen för nationell miljöövervakning har en screeningundersökning genomförts 
avseende metallerna platina, palladium, rhodium och silver. Andra metaller såsom cerium 
och koppar ingick också i studien. Undersökningen syftade främst till: 
 

q Att beskriva förekomsten av platina, palladium, rhodium och silver i bakgrundsom-
råden och i urbana områden i Sverige, genom analys av sediment, ytvatten, dagvat-
ten, avloppsvatten, slam och fisk.  

q Att bedöma om halterna av dessa metaller är förhöjda i urbana miljöer relativt 
bakgrundsområden. 

q Att översiktligt bedöma om halterna förändrats under de senaste årtiondena. 
q Att bedöma human exponering. 

 
Undersökningen omfattar ett nationellt program (60 prov) och tre regionala program (14 
prov).  
 
Halterna av platina, palladium och rhodium var inte tydligt förhöjda i bakgrundssjöarna. 
Koncentrationerna av silver i bakgrundsjöarnas sediment ökade något mot ytan, vilket kan 
indikera ökande belastning under senare årtionden. Dataunderlaget är dock inte tillräckligt 
omfattande för att avgöra om det kan vara en generell trend. 
 
För att spåra tänkbara spridningskällor undersöktes dessa metaller i dagvatten, slam från 
dagvattendammar, slam och renat avloppsvatten. Platina, rhodium och palladium uppträdde 
i tydligt förhöjda halter i dagvatten och dagvattenslam, vilket bekräftar vägtrafik som en 
viktig emissionskälla för platinagruppens metaller. Jämfört med dagvatten uppvisade av-
loppsvatten relativt sett högre halter av platina. Medicinsk användning av platina är en 
trolig förklaring. 
 
Ytsediment från tio urbana eller trafikbelastade recipienter uppvisade generellt förhöjda 
halter av platina, palladium, rhodium och silver. Förhållandet mellan platina, palladium och 
rhodium i dessa sediment liknar främst det i dagvatten, trots att flera av lokalerna var recip-
ienter till kommunala avloppsreningsverk. Detta styrker åter att trafikrelaterade utsläpp har 
betydelse för dessa ämnens förekomst i vattenmiljön. 
 
I några av dessa recipienter analyserades även fisk (abborre) och ytvatten. Palladium de-
tekterades i urbana ytvatten, medan varken platina, rhodium eller silver kunde påvisas. I 
fiskproven uppträdde silver i halter motsvarande eller lägre än de i bakgrundssjöar, med 
övriga metaller inte kunde påvisas. 
 
Från bakgrundssjöarna undersöktes abborre som insamlats år 1985, 2000 och 2014. Detta 
visade inga tecken på uttalade tidstrender. I samma syfte undersöktes sediment från olika 
nivåer under bottenytan, både i urbana recipienter och bakgrundssjöar. Inte heller dessa un-
dersökningar visade några tidstrender. 
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I 20 prov på human urin kunde silver påvisas i hälften av proven. Halterna var på liknande 
nivå som i en 15 år gammal studie. Det var heller ingen skillnad mellan gruppen från 
storstäder eller från mindre orter. Platina detekteras i två urinprov medan palladium och 
rhodium inte alls kunde påvisas. 
 
Det finns vissa ekotoxilogiska data för dessa metaller och för silver finns även föreslagna 
PNEC-värden. Den övergripande bedömningen utifrån denna begränsade undersökning är 
att varken platina, palladium, rhodium eller silver uppträder i halter som riskerar att ge 
ekotoxikologiska effekter.  
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1. Introduction 
The platinum group elements (PGE) consists of six elements that are among the least abun-
dant elements in the continental crust. Average concentrations of platinum (Pt) and palladi-
um (Pd) in the upper continental crust are approximately 0,5 ng/g and the abundance of 
rhodium (Rh) is even less. The PGEs have found certain uses in industrial society, e.g. due 
to their good catalytical properties but also in electronics. Platinum is also used in jewelry 
and in certain pharmaceuticals. During the last decades the major use of Pt, Pd and Rh has 
been as catalysts in light and heavy duty vehicles, to reduce toxic air emissions.  

Chemical analysis of PGEs in environmental samples is challenging but development and 
quality assurance of analytical techniques (e.g. Dubiella-Jackowska, 2007; Rodushkin et 
al., 2001a,b) have facilitated numerous investigations over the last two decades. The gen-
eral conclusion from various studies is that PGEs are found at elevated concentrations in 
the environment, largely due to emissions in particular from automobile catalytic convert-
ers. The accumulation of certain PGEs in biota have been demonstrated in both laboratory 
and field studies, leading to a potential concern for environmental effects. Human exposure 
may thus occur both through biota but also due to occurrence of e.g. Pt and Pd in urban air. 

A screening investigation of Pt, Pd and Rh in the Swedish environment was published in 
2007 (SWECO, 2007), as part of the national environmental monitoring program run by the 
Swedish EPA. Some conclusions from that study are: 

· Elevated levels in urban areas (Stockholm) are confirmed, although not in sedi-
ments form an urban lake.  

· A large scale atmospheric transport occurs, though at low levels. 
· Palladium, but neither Pt nor Rh, was found in samples of fish, cattle, moose and 

eagle.  

It was also proposed that in order to provide estimates on natural levels of PGEs in biota, 
older biota samples from the Swedish Environmental Specimen Bank should be analysed. 

Silver is another element with a relatively low abundance in the upper continental crust. 
The global use pattern has changed during the last few decades. Photography used to be a 
large use. The fact that silver has antibacterial properties has most likely caused increased 
use in household products over the last decades. This may cause a concern for increased 
human exposure for silver. The environmental occurrence and sources of silver in Sweden 
was examined in a national screening study in 2007 (IVL, 2008). It was concluded that: 

· Silver is released to the aquatic environment via sewage water, urban stormwater 
runoff and landfill leachates.  

· There was no positive correlation between surface water and nearby sewage treat-
ment plant effluent concentrations of silver, or between surface water and sediment 
concentrations of silver.  

· Laundry and hospital effluents may be minor sources of silver to the aquatic envi-
ronment. 
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As an assignment from the Swedish Environmental Protection Agency, WSP Environmen-
tal has during 2014-2015 performed a national screening investigation of platinum, palladi-
um, rhodium and silver in the Swedish environment. Cerium is also included because it 
used also used in vehicle catalysts. 

The goals of this study are 

q To provide new data on the environmental levels of platinum groups elements, ce-
rium and silver in urban and background areas in Sweden. 

q To assess whether levels are higher in urban areas compared to rural areas. 

q To assess whether there are indications of time trends. 

q To assess human exposure. 
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2. Properties 

Physical and chemical properties 
The aquatic chemistry of platinum, palladium and rhodium was recently reviewed by Fortin 
et al. (2011). All these metals occur in several oxidation states, an aspect that influences the 
availability, solubility and solid-solution partitioning. The ions are so called soft metal ions 
and forms various soluble complexes with e.g. chloride, organic substances and sulfide. 
Thermodynamic calculations predict that Pt and Pd mainly occurs as negatively charged 
chloride or hydroxide complexes in seawater. The sorption strength to particles seem to 
increase in the order Pd < Pt < Rh. The ionic complexes appears not to be strongly sorbed 
by natural particles. 

Native silver is insoluble in water but some silver salts, for example silver nitrate (AgNO3), 
are soluble. The monovalent silver ion (Ag+) is highly reactive and rare in natural environ-
ments since it rapidly binds with anionic ligands. In seawater the formation of silver chlo-
ride complexes will predominate due to the abundance of chloride ions. Silver may also 
form soluble complexes with organic substances (Luoma, 2008). In reducing aquatic envi-
ronments the abundance of bisulfide (SH-) may favour the precipiation of solid silver sul-
phide (Ag2S) but also the formation of soluble silver sulfide complexes.  

Bioaccumulation and Toxicity 
The bioavailability and toxicity of most metals are dependent on the form in which it is pre-
sent (dissolved, free ion, complexes, colloids etc). General ecotoxicological guide- or limit 
values are therefore difficult to establish and may have limited predictive power. This is 
even more important for the platinum group metals whose aquatic chemistry at ambient 
levels is unsufficiently known. 

The bioaccumulation and aquatic toxicity of platinum, palladium and rhodium was recently 
reviewed by Fortin et al. (2011). Palladium generally bioaccumulates more strongly than 
platinum whereas rhodium is least prone to bioaccumulation. Aquatic animals accumulate 
these metals both from particulates and from dissolved forms. Several studies show that 
humic acids influence the uptake of Pd, Pt and Rh in aquatic organisms. However, results 
are contradictive with both positive and negative effects of humic acids on the bioaccumu-
lation. Possibly, the effect of humic acids also depends on whether the PGEs were present 
in particulate or dissolved forms. In comparison with other metals, it seemed that Pd bioac-
cumulated less strongly than e.g. copper, zinc and chromium. 

Both platinum and palladium ions are considered as highly toxic to aquatic organisms 
(WHO, 2002; Fortin et al., 2011). Toxicity has been demonstrated for various organism 
groups. Relative to e.g. copper, Pt and Pd are more toxic for certain organisms and less for 
others. WHO (2002) stated that the general lack of toxicity data for palladium precluded the 
proposal of any aquatic environmental criteria. The review by Fortin et al. (2011) showed 
that a certain microalgae was the most sensitive organism, with EC50 for Pd of 5 µg/l and 
for Pt of 4 µg/l. 
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In its ionic form, silver is one of the most toxic metals to aquatic organisms. RIVM (2012) 
recently performed an evaluation of ecotoxicity data for silver and established ecotoxico-
logical criteria for the aquatic environment (Table 1). The speciation of silver was adressed 
in the derivation of criteria. 

 

Table 1. Ecotoxicological criteria for silver in the aquatic environment (RIVM, 2012). 

Matrix MPA (µg/l) 
Limit value chronic toxicity 

SRC (µg/l) 
Serious risk concentration 

Freshwater 0,01 1,3 
Marine (salinity 3,5 %) 0,091 56 
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3. Use and release of platinum elements and silver 
The platium group elements platinum, palladium and rhodium are rare elements mainly 
mined from magmatic copper-nickel deposits of mafic origin. South Africa is the main pro-
ducer of platinum, whereas palladium is mainly produced in South Africa and Russia 
(USGS, 2014). Lesser amounts are also mined in about ten other countries. The global new 
production of platinum over time is illustrated in Figure 1, showing strong and continuous 
increase since approximately 1960. PGEs are also efficiently recycled from electronic 
waste and used catalysts, i.e. by Boliden in Sweden. The main barrier to increased recycling 
is the collection and gathering of waste (Hagelüken, 2012).  

Major present global uses of platinum are vehicle catalysts and jewelry, followed by indus-
trial catalysts, electronics, pharmceuticals etc (Sternbeck och Östlund, 1999; Dubiella-
Jackowska et al., 2008). For palladium, the major global uses are electronic and vehicle 
catalysts and rhodium use is dominated by vehicle catalysts (Sternbeck och Östlund, 1999; 
Dubiella-Jackowska et al., 2008). 

The main emission source of these PGEs is generally considered to be vehicle catalysts, 
although other sources may also contribute locally or regionally, e.g. hospital wastewater 
discharges and smelters (e.g. Dubiella-Jackowska et al., 2008). Platinum, palladium and 
rhodium are today used in various combinations in vehicle catalysts. 

The use of platinum group elements in vehicle catalysts started in 1970s in USA and Japan, 
and were progressively introduced in Europe during the 1980s. It became mandatory in Eu-
ropean cars in 1993. Analyses of dated ice cores from central Greenland demonstrate that 
large scale emissions of palladium started about 1980 and further increased during the fol-
lowing decade (Barbante et al., 2001). For platinum and rhodium, the major increase in 
large scale emissions started around 1990 although levels in Greenland ice cores were ele-
vated above preindustrial levels already 1965, i.e. prior to the use of vehicle catalysts. The 
origin of this contamination was not conclusively stated. Local impact in an urban lake in 
the US also showed similar time trends (Rauch et al., 2004). 
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Figure 1. Global mine production of platinium and silver (source data: USGS mineral com-
modity reports). 

The world mine production of silver is steadily increasing and reached an all-time high of 
26 100 tons in year 2014 (Figure 1). The physical properties of silver, including ductility, 
electrical conductivity, malleability and reflectivity make it useful in numerous applica-
tions. According to the USGS, the principal end uses for silver in year 2013 were electron-
ics (42 %), coins and medals (35 %), photography (13 %), jewellery and silverware (7 %) 
and other uses (3 %) in for example alloys, antibacterial applications in medical care and 
household products, batteries, inks and solar cells (USGS, 2014) .  

Silver has previously been extensively used in photographic processing, which is pointed 
out as a major historical source of silver in the environment. Along with the recent and on-
going digitalisation of photography the use of silver in photography has decreased from 39 
% to 13 % of world use between year 1979 and 2014 (Luoma, 2008, USGS, 2014). 

There have been several indications of an increased use of silver as an antimicrobial addi-
tive in a variety of products such as refrigerators, washing machines, clothing, holistic col-
loidal silver, medical products and plastics (KEMI, 2012). The Swedish net import and the 
annual use of silver used in consumer household and healthcare products have to our 
knowledge not been quantified. In one study producers and manufacturers of engineered 
nanomaterials have estimated the European production and use of nano-silver to at most 
10 tons yearly (Piccinno, 2012). Only a fraction of this is used in Sweden.  

The Swedish Chemical Agency (KEMI) recently conducted a survey with the purpose of 
examining the levels and release of silver from textiles merchandised as having antibacteri-
al properties (KEMI, 2012). The analysis showed that 16 out of 33 analysed products con-
tained detectable levels of silver ranging between 0.4-1360 mg/kg, with a median level of 
16.1 mg/kg. After 10 normal washes 62 % (median) of the silver content had leaked out 
from the textile.  
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The influence of silver in antibacterial consumer and healthcare products on the occurrence 
of silver in STP sludge has been debated during recent years but precise figures are lacking. 
Stockholm Vatten  investigated the silver concentrations in untreated wastewater at several 
locations, representing waste water from different areas of Stockholm city. The resulting 
silver flow per capita and week varied considerably between the areas. Assuming homoge-
nous consumer behaviour amongst the city areas, this indicates other point sources to silver 
than consumer products, contributing to the variability in concentrations. The lowest silver 
flow per capita and week was 0.5 mg, which was considered an estimate of the maximum 
plausible household input rate of silver via wastewater in the study area. The remaining and 
major silver input to the STP via waste water was attributed to unknown sources.  
 
A major fraction, accounting for >75% of the silver in untreated wastewater is retained in 
the STP sludge (IVL, 2008; IVL, 2013). Silver has been found in comparably high concen-
trations in urban stormwater, indicating a diffuse source of silver to the environment (IVL, 
2008).  
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4. Previous environmental studies 
 
Typical natural abundances of the investigated elements are presented in Table 2. The plat-
inum group elements are among the most rare elements in earth crust. Higher concentra-
tions occur in mantle derived mafic and ultramafic rocks, also in Sweden (SGU, 2014). The 
natural abundance of silver is approximately 100 times higher than that of Pt and Pd. The 
concentrations of silver in Swedish soil and bedrock are close to that of average upper con-
tinental crust. Cerium is a so called rare earth element (REE) but the natural occurrence can 
nevertheless not be considered as rare. Cerium concentrations in soils and bedrock are 
slightly higher than that of e.g. copper. 

Sediment studies in Sweden (Table 2) show that silver is enriched in surface sediments 
from background sites and strongly enriched in certain urban sediments. Based on analyses 
of both sediments, moor and house moss, Lithner and Holm (2003) suggested a large scale 
pollution of silver in Scandinavia. 

Also platinum and rhodium are enriched in urban sediments from central Stockholm. The 
enrichment of both platinum, rhodium and palladium in urban sediments has also been 
demonstrated in other areas around the world (e.g. Rauch et al., 2004). Globally it has also 
been shown that a diffuse enrichment of PGEs occurs in remote areas during the last 3-4 
decades (e.g. Barbante et al., 2001; Soyol-Erdene et al., 2011). 

In a previous ultra-trace level study analysing pooled samples of urine from Swedish adults, 
rhodium was shown to occur in concentrations of <0,0007–0,0009 µg/L, palladium at 
0.012–0.035 µg/l and platinum at 0.0006–0.0011 µg/l (Rodushkin et al., 2004). Rodushkin 
and co-workers also reported silver concentrations in the range <0.01-0.026 µg/l and ceri-
um at 0.005–0.2 µg/l in urine from Swedish individuals in ages 5-61 years (Rodushkin et al, 
2001a and 2001b). 
 
The NHANES biomonitoring program1 conducts biennial surveys of selected environmen-
tal contaminants in general US population. In these studies the vast majority of urinary plat-
inum concentrations during the years 1999-2010 have been below the limit of detection 
ranging between 0.009-0.07 µg/l (CDC, 2015).  During the latter survey periods of 
NHANES: 2005-2006, 2007-2008, 2009-2010, the 90th and 95th percentiles of urinary plati-
num ranged between <0.009-0.009 µg/l and <0.009-0.016 µg/l respectively.  

In a study of exposure of platinum to police officers in Rome, urinary platinum concentra-
tions were reported at concentrations in the ranges 0.0002-0.015 µg/l, with no significant 
difference between traffic police and office employees (Iavicoli et al., 2004). Another study 
presented a similar platinum concentration range of <0.0006–0.0095 µg/l in urine from 
children from Rome aged 6-10 years (Caroli et al., 2001). Wilhelm et al. (2004) reported a 
reference value of 0.01 µg/l of urinary platinum in the German population. This value is an 

                                                   
1 http://www.cdc.gov/nchs/nhanes.htm 
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estimate of the 95th percentile in German individuals, and is obviously higher than results 
from Swedish adults (Rodushkin et al., 2004). 

In a Swedish national monitoring study examining blood levels of PGE elements in women 
from southern and northern Sweden, there was a tendency to higher concentrations in 
women from northern Sweden. This was however claimed to be the possible effect of con-
tamination. The authors also stated that if there was a correlation between blood levels and 
exposure to catalyst metals, the levels should have been higher in blood from women resid-
ing in the more densely populated southern parts of Sweden, were exposure to road traffic 
emissions is higher (Rentschler et al., 2007). 

The occurrence of silver in municipal sludge decreased rapidly from 18 mg/kg DW to about 
2-4 mg/kg DW at the large Bromma and Henriksdal STPs between the years 2000-2013 
(Stockholm Vatten, 2014). The reduction is mainly attributed to the digitalisation of pho-
tography and the resulting reduced use of silver in photographic processing in combination 
with a higher awareness and closed system facilities amongst those that still exist. During 
the last 5 years the downward trend of silver in STP sludge was less apparent and levels 
were seemingly stable (Stockholm Vatten, 2014).  
 
Screening analyses of silver in the Swedish environment was performed in 2007 (IVL, 
2008). In that study silver was found at similar concentrations in hospital and laundry 
wastewaters as in incoming municipal sewage water, indicating that these facilities do not 
contribute to silver exposure of STP sludge or recipient waters and sediment to a larger ex-
tent than the bulk of sewage water.  
 
Apart from a few deviant examples, the concentration of silver in effluent water from STPs 
did generally not indicate treated water to be a major source of silver to recipients. Fur-
thermore there was no correlation between STP effluent and surface water concentrations. 
Nevertheless, silver concentrations were higher in receiving waters and sediment than that 
from background areas. Comparably high concentrations of silver were found in storm-
water wells and in landfill leachates in Stockholm representing diffuse and point sources 
respectively (IVL, 2008; Table 4).  
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Table 2. Reference data and examples of concentrations of Ag, Pt, Pd, Rh & Ce in geologi-
cal matrices. 

Data Ag 
(µg/kg) 

Pt 
(µg/kg) 

Pd 
(µg/kg) 

Rh 
(µg/kg) 

Ce 
(mg/kg) 

References 

Average upper continental crust 50-55 0,5-0,6 0,5 0,018 60-65 GERM2; Park 
et al., 2012 

Median in Swedish agricultural 
soil, n=174 

58    31 SGU 2014 

Median in Swedish till, n=2578 45    75 SGU 2014 
Surface sediments in southern 
Sweden,  

400    186 Lithner and 
Holm, 2003 

Deeper sediments in southern 
Sweden, 

170    188 Lithner and 
Holm, 2003 

Surface sediments in background 
site from Stockholm, n=3 

160 1,3  0,3  Rauch, 2007 

Urban surface sediments from 
Stockholm, n=12 

2000-
12000 

2,4-25  1-6  Rauch, 2007 

 

Table 3. Reference data and examples of concentrations of Ag, Pt, Pd, Rh & Ce in sludge. 

Data Ag 
(mg/kg) 

Pt  
(µg/kg) 

Pd 
(µg/kg) 

Rh 
(µg/kg) 

Ce 
(mg/kg) 

References 

Swedish municipal sludge 
in year 2000; n=48 

5,4 
(1-33) 

<40 
(<40-200) 

130 
(<40-560) 

<40 
(<40-310) 

20 
(3-82) 

Eriksson 
2001 

Stormwater sludge  32-48 24-36 8-13  SWECO, 
2007 

 

Table 4. Reference data and examples of concentrations of Ag, Pt, Pd, Rh & Ce in water 
samples. 

Data Ag (ng/l) Pt 
(ng/l) 

Pd  
(ng/l) 

Rh 
(ng/l) 

Ce  
(ng/l) 

References 

Swedish surface waters 
in 1995, n=242 

<2  1,6  
(<0,5-4,4) 

 89 
(14-630) 

Naturvårdsverket 
1999 

Surface water in Stock-
holm, n=12 

3 
(<2-9) 

    Lithner m.fl. 
2003 

Stormwater, n=4 71-480     IVL 2008 
STP effluents, n=104 13 

(<5-78A) 
    IVL 2008 

Landfill leachates, n=10 200 
(13-830)  

    IVL, 2008 

A. One extreme value of 1400 ng/l was also measured. 
 

                                                   
2 GERM: Geochemical Earth Reference Model. (http://earthref.org/GERMRD/11/) Accessed in july 
2015. 
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5. Sampling strategy and study areas 
This study consists of a national program, financed by the Swedish EPA, and three regional 
programs from the county administration boards of Kronoberg, Värmland and Gotland. The 
total number of samples per matrix is summarised in Table 5, consisting of 60 samples 
from the national program and 15 from the regional programs. A complete sample list is 
given in appendix 1. 

 
Table 5. Total number of samples.  

Matrix Number of 
samples 

Waste water sludge 4 
Waste water effluent 4 
Stormwater sludge 4 
Stormwater 6 
Surface water 7 
Sediment 22 
Fish 8 
Urine 20 
 

5.1. National program 

The strategy of the national program is based on the overall goals of the screening, i.e. to 
establish background levels, to assess the degree of urban impact, to asseess the possible 
existence of time trends and to illustrate human exposure.  

The degree of urban impact were assessed by comparing surface water, sediment and fish 
from urban lakes with the background lakes, and also by the human urine which represent  
residents from larger cities and a less densely populated areas. 

Time trends were assessed by sediment and fish data from two background lakes and by 
sediment data from an urban lake and a road traffic influenced lake. Measurements in these 
four sites comprise sediments at different depths and current samples of fish (perch). The 
background lakes also include archived samples of perch from 1985 and 2000. Human ex-
posure were investigated by human urine samples. 

The national sample program is summarised in Table 6 and below follows brief descrip-
tions of the study areas.  
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Table 6. National program. The total number of samples is 60. 

Site Sludge Waste water 
effluent 

Storm-
water 

Surface 
water 

Sedi-
ment 

Fish Urine 

Background       10 
  Skärgölen    1 3 3  
  Svartsjön    1 3 3  
Urban       10 
Urban runoff ponds        
  Sorbusdammen 2  2     
  Linneaholm  2  2     
Lakes recieving road runoff        
  Brunnsviken    1 5 1  
  Valloxen    1 3 1  
Waste water treatment 
plants 

3 3      

Total 7 3 4 4 14 8 20 

 

 

Background sites 

Two lakes from the national environmental monitoring program were selected to illustrate 
the conditions in background lakes. Lake Svartsjön in Västra Götaland county (SE651609-
140839) and Lake Skärgölen (SE640609-148673) in Kalmar county. Both lakes have a pH 
near 7 and are oligotrophic. Studies include present samples of surface water, sediments 
and perch as well as archived fish samples.  

Urban sites 

Sediment, fish and surface water samples representing locations recieving runoff water 
from roads highly trafficked by motor vehicles were taken from two different recipients 
very close to the highway E4 between Stockholm and Uppsala. Lake Valloxen is located 
east of the town of Knivsta near Uppsala. Brunnsviken is located at Haga, north of the 
Stockholm city center. The average daily number of vehicles passing the E4 at Valloxen is 
approximately 34 000 and the number of vehicles passing the E4 at Brunnsviken is 140 000 
(Regionförbundet Uppsala län, 2014; Trafikverket, 2015a). 

Stormwater and sediment discharge from runoff water originating from the high density 
traffic part of the highway E4 were sampled in two urban runoff ponds in Stockholm: Lin-
neadammen and Sorbusdammen, which are located at Haga and Lilla Essingen respective-
ly. Both ponds were included in the platinum screening study performed in Sweden in year 
2007 (SWECO, 2007). The average daily number of vehicles passing the E4 road at Linne-
adammen is 140 000, while at Sorbusdammen the number is 160 000 (Trafikverket, 2015b).  
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Urine 

The urine samples were obtained from stored samples collected in studies previously per-
formed by the National Food Agency: “Riksmaten” (2010-11) and “Bly i viltkött” (2014). 
A set of 20 samples (10 samples from each study) was compiled to represent two groups: 
large cities and less densely populated areas. The groups were similar regarding age range, 
meat consumption habits and gender. Due to confidentiality, data concerning individuals 
included in the study cannot be published. The grouping aimed at enabling the study of dif-
ferences in exposure to PGEs due to traffic emissions. 

Waste water effluent and sludge 

Waste water effluent and dewatered sludge samples were collected from three municipal 
waste water treatment plants: Henriksdals reningsverk (780 000 pe) in Stockholm, Ryaver-
ket (780 000 pe) in Göteborg and Öns reningsverk (120 000 pe) in Umeå. These three 
STP´s are also included in the Swedish national long term monitoring program for pollu-
tants in waste water treatment plants. 

5.2. Regional programs 
The three regional programs are summarised in Table 7.  

 

Table 7. Regional programs. The total number of samples is 15.  

Site Sludge Waste water 
effluent 

Stormwater Surface 
water 

Sediment 

Background - Rural      
 Two rivers in Gotland county    2  

Urban      
STP recipients      
  6 lakes in Kronoberg county     6 
  Lakes recieving road runoff      
  2 lakes in Kronoborg and     
   Värmland counties 

  1 1 2 

Urban runoff      
  Värmland county   1   

Sewage treatment plants      
  Gotland county 1 1    
Total 1 1 2 3 8 
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6. Methods 

6.1. Sampling 
Recipient surface water and sediment  

Sampling of surface water and sediment from the two background lakes was performed by 
personnel from the Swedish Museum of Natural History.  

Sampling in Lake Valloxen and Brunnsviken was performed from a small boat by staff 
from WSP on 27 October 2014. Surface water was sampled with a metal free Ruttner type 
sampler. Water samples were taken at 0.5 m depth below water surface before the anchor-
ing and sediment sampling, avoiding any stirring of bottom sediment. Samples were col-
lected in 125 ml plastic bottles rinsed with acid. Sediment sampling was performed using 
a standard 0.5 m HTH core sampler equipped with a plastic tube.  

The water depth at Brunnsviken was 11.5 m and in Valloxen 7 m. Each sediment core was 
0.45 m. From each sediment core, subsamples each representing a horizontal layer 0.03 or 
0.05 m of a specific depth were taken. At Brunnsviken the sediment layers sampled for 
analysis were 0.00-0.03, 0.05-0.08, 0.10-0.13, 0.15-0.18 and 0.25-0.30 m. At Valloxen the 
sediment layers sampled were 0.00-0.03, 0.10-0.13, and 0.25-0.30 m.  

Sediment samples were placed in plastic jars which were capped and stored cold until 
analyses were performed. 

Stormwater pond water and sludge 

The field work was undertaken by WSP on 28 October 2014. Sampling was performed 
from land and by wading in pond.  

Water samples were taken at 0.1 m water depth. Samples were collected directly in 125 ml 
acid rinsed plastic bottles with the aid of an extendable pole to which the bottle was at-
tached with a plastic strap. Water sampling was performed before sediment sampling and 
any stirring of sediment to avoid suspension of sediment which could contaminate the wa-
ter sample.  

Sediment sampling was performed with a Russian type core sampler. The water depth at 
sampling in Linnéadammen was 0.2 m and in Sorbusdammen 0.5 m. Sediment samples 
were placed in plastic jars which were capped and stored cold until analyses were per-
formed. From Sorbusdammen two duplicate samples were collected while from Linne-
aholm two samples were taken from different parts of the pond: one sample of sandy char-
acter at the pond inlet, and one sample of organic mud at the north side of the pond where 
sedimentation of fine particles is possible. 

Fish 

European perch (Perca fluviatilis) from the background sites Lake Skärgölen and Svartsjön 
were obtained from samples collected the years 1985, 2000 and 2014 for the national moni-
toring program and stored frozen by the Swedish Museum of Natural History. Fish muscle 
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homogenates (3 g) were prepared from 6 individuals from each year and lake by the staff at 
the museum. 

European perch from urban sites were caught in Lake Valloxen 2014-09-16 (n=6) and in 
Brunnsviken 2014-10-02 (n=7) by Sportfiskarna. Fish muscle homogenates were prepared 
from both lakes at the analysing laboratory ALS. 

Urine samples 

Urine samples were provided by the National Food Agency, Sweden, from their monitoring 
programmes “Riksmaten 2010-11” and “Bly i vilt”. 

Waste water effluent and sludge 

Waste water and dehydrated sludge was sampled by the staff at the municipal sewage 
treatment plants included in the study. Sampling was performed on the tuesday flow of 
each matrix (Ryaverket: 2014-11-18, Öns reningsverk: 2014-11-25, Henriksdals ren-
ingsverk, 2014-11-11). Grab samples of dewatered sludge and 24 hour composite samples 
of waste water effluent were collected in plastic jars and stored cold until analysis. 

6.2. Chemical analysis  

Chemical analyses were performed by ALS Scandinavia. Reporting limits for the different 
media are presented in Table 8. The analyses were performed with ICP-SFMS. The ana-
lytes were corrected for the following interferences: 

· Ag: Zr, Nb och Y 
· Pd: Cu, Zr, Y, Mo, Sr, Cd and Zn 
· Pt: Hf, W, Dy and Hg 
· Rh: Rb and Sr. 

Fish muscle 

Approximately 1 g of sample was digested in 5ml HNO3+0,5ml H2O2+20ul HF in micro-
wave oven and diluted to 10 ml with MQ. For the analysis of Ag, Ce, and the reference 
metals Cu, Cd, Cr, Ni, Pb and Zn a further dilution was performed prior to analysis. Certi-
fied standards were used. 

Separation techniques were used in the analysis of Pd, Pt och Rh in order to minimize inter-
ferences (SrO+, ZrO+, ArCu+, ArZn+, HfO+, MoO+, etc). These techniques were applied 
prior to sample dilution and analysis.  

Water 

For the analysis of Ag, Ce, Cu, Cd, Cr, Ni, Pb and Zn a further dilution was performed pri-
or to analysis. Certified standards were used. Separation techniques were used in the analy-
sis of Pd, Pt och Rh in order to minimize interferences (SrO+, ZrO+, ArCu+, ArZn+, HfO+, 
MoO+, etc). These techniques were applied prior to sample dilution and analysis.  
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Sediment and sludge 

Approximately 1 g of sample was digested with 5ml HCl+5ml HNO3+0,2ml HF in hot 
block. For the analysis of Ag, Ce, Cu, Cd, Cr, Ni, Pb and Zn a further dilution was per-
formed prior to analysis. Certified standards were used. Separation techniques were used in 
the analysis of Pd, Pt och Rh in order to minimize interferences (SrO+, ZrO+, ArCu+, 
ArZn+, HfO+, MoO+, etc). These techniques were applied prior to sample dilution and 
analysis. 

Urine 

Approximately 1 g of sample was digested with 5ml HCl+5ml HNO3+0,2ml HF in hot 
block. For the analysis of Ag, Ce, Cu, Cd, Cr, Ni, Pb and Zn a further dilution was per-
formed prior to analysis. Certified standards were used. Separation techniques were used in 
the analysis of Pd, Pt och Rh in order to minimize interferences (SrO+, ZrO+, ArCu+, 
ArZn+, HfO+, MoO+, etc). These techniques were applied prior to sample dilution and 
analysis. 

 
Table 8. Analytical reporting limits. 

Metal Sediment & 
sludge 

Aquatic  
samples 

Perch Human urine 

Platinum 0,1 µg/kg dw 0,5 ng/l 0,005 µg/kg fw 0,5 ng/l 

Palladium 0,1 µg/kg dw 1 ng/l 0,05 µg/kg fw 4-8 ng/l 

Rhodium 0,1 µg/kg dw 1 ng/l 0,005 µg/kg fw 10 ng/l 

Cerium 5 µg/kg dw 5-50 ng/l 0,1 µg/kg fw 1 ng/l 

Silver 10 µg/kg dw 5 ng/l 0,02 µg/kg fw 1 ng/l 

 

 

Quality assurance 

All sample jars and flasks were provided by the laboratory. At each analytical event, con-
trol samples are also used. These are generally internationally certified reference materials 
and laboratory blanks. Further information of the methods applied is found in e.g. Rodush-
kin and Ödman (2001a) and Rodushkin et al. (2001b).  



 
Assignment ref.: 10196315 Screening 2014 

 Dated: 10 September 2015  

 

 

 25 (53) 
 

C
:\U

se
rs

\s
ej

s1
14

70
\D

oc
um

en
ts

\R
ev

 P
re

lim
in

är
ra

pp
or

t s
cr

ee
ni

ng
 p

la
tin

a 
oc

h 
si

lv
er

 W
S

P
 

15
09

02
.d

oc
x 

M
al

l: 
R

ap
po

rt 
A

dv
an

ce
d 

20
10

.d
ot

 v
er

 1
.0

 

7. Results 
A general overview of the levels of the studied elements is presented for each media in this 
section. Sample details are given in Appendix 1 and all data are presented in Appendix 2. 
The presentation is focussed on platinum, palladium, rhodium, cerium and silver.  

7.1. Sediments 
Palladium, platinum and rhodium  
Sedimentary concentrations of palladium, platinum and rhodium are illustrated in Figure 2. 
All three platinum group elements were present at low concentrations throughout the sedi-
ment core down to 30 cm depth in the background Lake Skärgölen and in the deeper sedi-
ment layers in lake Svartsjön. Surprisingly, in the uppermost sediment (0-3 cm) from 
Svartsjön the concentration of both palladium and platinum were higher than in any other 
sediment sample in the present study (Pd: 13 µg/kg dw, Pt: 15 µg/kg dw). Lake Svartsjön is 
located in a rural area surrounded by forests and does not receive urban/traffic runoff water 
or industrial waste water and we have found no plausible explanation to the findings. Alt-
hough the concentrations of other analysed metals also are higher in more recent sediments 
from Lake Svartsjön, none of them exhibit a similar leap in concentrations as palladium and 
platinum at this site.  

From the urban recipient Brunnsviken and from the Lake Valloxen, situated at highway E4, 
sediment samples of different depths down to 30 cm were analysed. The concentrations of 
palladium, platinum and rhodium were elevated in the sediments from Brunnsviken but not 
in sediment from Valloxen. There was no systematic gradient of higher concentrations in 
more recent sediments in either location (Figure 2). Although increasing concentrations of 
PGEs over the last decades have been demonstrated in urban lakes from the US (Rauch et 
al., 2004), such trends could not be demonstrated in an a preceding study of sediments in 
the Stockholm city center (Rauch, 2007). 

The palladium and platinum concentrations were comparably high in sediment samples 
from Lambergstjärnet (Karlstad city center) and in some lakes in the county of Kronoberg 
receiving STP effluents and urban runoff water (Figure 2). In Lake Norra Bergsundasjön at 
Växjö platinum exceeded the palladium concentration. This was not observed at any other 
sampling spot, indicating a more distinct source to platinum in this recipient. This is further 
discussed in chapter 8.2. Overall, the concentrations of PGEs in urban sediments from this 
study are lower than previously measured in a number of sites in Stockholm (Rauch et al., 
2007).  

The sediment concentrations of palladium and rhodium were higher in many lake sediments 
sampled in the present study compared with the previous screening study of PGEs per-
formed in 2007 (SWECO, 2007). None of the previously investigated lakes were however 
re-examined, therefore it is not possible to draw conclusions about any trends when com-
paring the two studies. Considering the spatial variation of PGE concentrations in sedi-
ments and the lack of clear time trends in sediments cores analysed in the present case, it is 
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probable that the difference between the studies is due to differences in local exposure 
loads rather than temporal trends. 

 
Figure 2. Palladium, platinum and rhodium concentrations in sediments of background 
lakes and lakes receiving STP effluent water and/or urban stormwater runoff. *Lake 
Getesjön does not receive STP effluent water.  
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Cerium  

Sediment concentrations of cerium are shown in Figure 3. Cerium was found in the concen-
tration range 40-200 mg/kg dw and seem to vary between sampling sites. Stream sediment 
concentrations of cerium have previously been shown to vary geographically with high 
concentrations in the area of Kronoberg County (Sadeghi and Andersson, 2015), where also 
high concentrations were found in the present study. The spatial variation is most probably 
due to geological differences and soil content of cerium, which has been shown to vary 
considerably (SGU, 2014). Anthropogenic activities (industry, waste, disposal) is believed 
to have little influence on large scale cerium distribution in topsoil and sediment in Sweden 
(Sadeghi and Andersson, 2015).   

In the background lakes Skärgölen and Svartsjön there was a gradient with higher concen-
trations in more recent sediments, indicating that the accumulation rate for cerium has in-
creased in these lakes. The reason for the increase is not known. The same pattern could not 
be observed for cerium in Valloxen or Brunnsviken, which perhaps could be expected con-
sidering the close vicinity to the highly trafficked highway E4 and that cerium is used as an 
automobile exhaust catalyst.  
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Figure 3. Cerium concentrations in sediments of background lakes and lakes receiving STP 
effluent water and/or urban storm water runoff. *Lake Getesjön does not receive STP efflu-
ent water.  
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Silver 
The results of the analysis of silver in sediments are presented in Figure 4.  

In both background Lake Skärgölen and Svartsjön the silver concentrations were similar 
and showed similar depth profiles, with a gradient towards higher concentrations in the 
most recent sediments. The reason for the trend towards higher concentrations in more re-
cent sediments is not known but a similar pattern can be observed for several other metals 
(Ce, Cu, Pb, Cd, Zn) analysed in sediments from both lakes (Appendix 2). The silver con-
centrations in the upper sediments are in level with previous monitoring data from year 
2007 from these lakes (Skärgölen 0.13 mg/kg dw and Svartsjön 0.39 mg/kg dw) (national 
monitoring data IVL database; www.ivl.se). 

The concentrations of silver were highly elevated throughout the sediment core from 
Brunnsviken. In the deeper layers, starting at 15 cm depth, the concentrations were highest, 
scoring at 194 mg/kg dw. This is to our knowledge the highest measured concentrations of 
silver in Swedish sediment samples. Also copper, cadmium, chromium, nickel, lead and 
zink showed highly elevated concentrations in these samples, indicating a general contami-
nation of metals at this site. Extrapolating to previous sediment dating performed on sedi-
ment cores from Brunnsviken, the 15-30 cm depth would approximately correspond to the 
years 1920-1965 (Routh et al., 2004). Routh et al. (2004) also showed a human-induced 
increase in accumulation rate for trace elements in sediment in Brunnsviken during the 
same years, peaking in 1966. We have however not found any information regarding spe-
cific industrial activities that could explain the extraordinarily high load of silver contami-
nation occurring specifically in Brunnsviken during that period of time. 

In the most recent and upper sediment layers (0-3 cm and 5-8 cm) the silver concentration 
was 34 mg/kg dw, indicating that the silver accumulation in sediments in Brunnsviken has 
declined over the last decades, which has been shown previously (Cato and Apler, 2011; 
Jonsson, 2015). The concentrations measured in surface sediments correspond fairly well 
with previous measurements close to this sampling spot (Cato and Apler, 2011; Jonsson, 
2015). However, the rapid decline in silver concentrations in superficial sediments (0-2 cm) 
during most recent years (Jonsson, 2015) could not be detected. 

In Lake Valloxen the silver concentrations in sediments were in parity with background 
levels and no variation with depth was present. 

In the sediment samples representing recipients of STP effluents in the region of the county 
of Kronoberg in southern Sweden, the concentrations of silver in the upper sediment layer 
ranged between 0.12-4.6 mg/kg (dry weight) with the highest concentration in Norra 
Bergundasjön. These sampling locations are situated in vicinity to cities of different popu-
lation size and different exposure to urban emissions. Hence, the variation of silver concen-
tration in the samples is probably reflected by differences in exposure from emissions from 
STPs, industrial facilities, hospitals and traffic in the nearby areas. 

Five of the Kronoberg recipients were also included in the national screening for silver 
conducted in year 2007 (IVL, 2008). The results indicate that there has been up to a 20-fold 
decrease of silver concentration in sediments from Lake Salen, Oset, Kållen and Tiken, 
while it seems to have increased by a factor of seven in Lake Norra Bergundasjön. In the 
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2007 year screening, the concentration of silver was lowest in sediment from Lake Norra 
Bergundasjön while contrarily, in the present study it was the highest at this location. The 
sampling depth in the previous screening study in year 2007 was not specified. Neither is 
there any information on the variation within each site.   

 

 
Figure 4. Silver concentrations in sediments of background lakes and lakes receiving STP 
effluent water and/or urban stormwater runoff. Note the logarithmic concentration scale. 
*Lake Getesjön does not receive STP effluent water.  
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7.2. Aquatic samples  
Concentrations of cerium, palladium and platinum in aquatic samples are shown in Figure 
5. Rhodium was below the limit of detection (<1 ng/l) in all analysed water samples. Palla-
dium was not detected in the background lakes Skärgölen and Svartsjön but occurred at 
elevated concentrations in some urban recipients and STP effluents. The highest palladium 
concentrations were found in stormwater runoff ponds in the city of Stockholm (max 
6 ng/l).  

Platinum was detected at low concentration in surface water from Lake Svartsjön (1 ng/l) 
but not in urban recipient water (<1 ng/l). Platinum was detected in stormwater and STP 
effluents. STP effluents displayed higher Pt levels (2.7-5.9 ng/l) than stormwater samples 
(0,25-2,3 ng/l), indicating that STPs may be a significant source of platinum to the aquatic 
environment. It is also apparent that the Pd/Pt ratio differs between stormwater and waste 
water effluents (Figure 6).  

Cerium was detected in all aquatic samples. Levels were higher in background lakes and 
runoff ponds than in urban recipients and STP effluents.  

Silver was below the limit of detection (<5 ng/l) in all analysed water samples except for 
one stormwater sample from the city of Karlstad (37 ng/l). This is in agreement with earlier 
studies of silver in Swedish surface water (Naturvårdsverket, 1999; Lithner et al., 2003) 
that also found low or non detectable concentrations in surface waters. For instance, in 21 
samples of surface water from various sites in Stockholm city, silver was mostly lower than 
2 ng/l (Lithner et al., 2003).  

However, the present results are in contrast to the results from the previous silver screening 
(IVL, 2008) where silver was frequently detected above 5 ng/l in both background samples 
(6-10 ng/l), urban recipients (<5-25 ng/l), STP and hospital effluents (<5-1400 ng/l) and 
stormwater samples (71-480 ng/l).  
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Figure 5 Concentrations of cerium (µg/l) palladium and platinum (ng/l) in different types of 
water samples. Analytical reporting limits were Pt: 0,5 ng/l; Pd: 1 ng/l; Ce: 0,05 µg/l. 

 

 
Figure 6. Platinum and palladium in stormwater and waste water effluents. Empty symbols 
denote data where the concentration of one of the analytes was below the reporting limit. 

 

 

 



 
Assignment ref.: 10196315 Screening 2014 

 Dated: 10 September 2015  

 

 

 33 (53) 
 

C
:\U

se
rs

\s
ej

s1
14

70
\D

oc
um

en
ts

\R
ev

 P
re

lim
in

är
ra

pp
or

t s
cr

ee
ni

ng
 p

la
tin

a 
oc

h 
si

lv
er

 W
S

P
 

15
09

02
.d

oc
x 

M
al

l: 
R

ap
po

rt 
A

dv
an

ce
d 

20
10

.d
ot

 v
er

 1
.0

 

7.3. Sludge 
Platinum, rhodium, palladium, cerium and silver were found in concentrations above the 
reporting limit in all sludge samples. Figure 7 depicts the concentration of each element in 
the sludge samples from different STPs and runoff ponds. 

The results indicate a tendency of higher concentrations of rhodium, palladium and cerium 
in runoff pond sludge than in STP sludge. Platinum and particularly silver seem to occur in 
higher concentrations in STP sludge than in runoff pond sludge. In general the measured 
concentrations of each element are in the same order of magnitude within the sample types. 
Further evaluation of PGEs in sludge is presented in chapter 8. 

The PGE concentrations in the runoff pond sludge are similar to the results from the previ-
ous screening of these elements (SWECO, 2007). However, the concentration of platinum 
has possibly decreased in the runoff pond sludge since the last measurements. The ratio 
between palladium and platinum in the sludge is at least higher by a factor of four com-
pared to the last screening. It is not possible to assess whether this reflects a true change in 
emission characteristics or just random variations in data. 

Concentrations of silver in STP sludge in this study are similar to previously measured con-
centrations in recent investigations (IVL, 2014). The present concentrations are however 
lower than the results from the screening of silver conducted in the year 2007 (IVL, 2008). 
This decrease is expected when considering the long-term downward trend of silver in STP 
sludge (Stockholm Vatten, 2014). 

 

 
Figure 7. Concentrations of Ag and Ce in mg/kg dw and Pd, Pt and Rh in µg/kg dw in STP 
and runoff pond sludge. 
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7.4. Fish 
Palladium and rhodium concentrations were below the reporting limit (<0.05 and <0.005 
µg/kg fw3) in all fish samples from both urban and background areas. Platinum was only 
detected (0.007 µg/kg fw) in fish from the background Lake Skärgölen. In all other samples 
the concentrations were below the reporting limit. In the preceding screening study of PGEs 
(2007), palladium was detected in all analysed fish samples from both urban (n=3) and 
background areas (n=3), whereas platinum and rhodium was not detected.  

Cerium and silver were found in detectable concentrations in all fish samples. The highest 
concentration of cerium was found in fish from the background Lake Skärgölen. However 
there were no major differences in cerium concentrations in fish from background and ur-
ban recipient waters. Silver concentrations in perch were within the same order of magni-
tude in all lakes and showed no relation to concentrations in sediments. For example, the 
very high silver concentrations in surface sediment from the urban recipient Brunnsviken 
was not reflected in concentrations in perch from that site.  

There was no pronounced time trend of either cerium or silver in the fish samples from the 
background lakes. The few data from Lake Skärgölen in the present study may however 
indicate a downward trend for silver that is supported by national monitoring data. In the 
Swedish national monitoring program for metals in biota, silver concentrations in fish liver 
show no general time trend. However in perch liver from Lake Skärgölen, which is also 
included in the national monitoring, a significant decrease of silver was observed for the 
years 2000-2012 (NRM, 2013). The measured concentrations of silver in fish muscle in this 
study are similar to the results from the silver screening in 2007 (IVL, 2008). 

 

 
Figure 8. Concentrations of Ag and Ce in perch muscle from two background lakes (three 
years in each lake), an urban lake (Brunnsviken) and a traffic influenced lake (Valloxen). 
                                                   
3 fw: fresh weight 

Background                                      Urban/road traffic 
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7.5. Urine 
Rhodium and palladium concentrations were below their respective detection limit of 
0.01 µg/l and 0.004-0.008 µg/l urine in all of the analysed samples. Hence the palladium 
concentrations in the present study appear slightly lower than to those found previously in 
urine from Swedish humans (Rodushkin et al., 2004; see chapter 4). The present detection 
limit for rhodium was too high to enable a comparison between the studies. 

Platinum was found in concentrations of 0.0005 and 0.0014 µg/l urine from two individu-
als belonging to the group of hunters. In all other urine samples, the concentrations were 
below the detection limit of 0.0005 µg/l urine. There was no additional information in the 
personal background data that could explain the occurrence of detectable concentrations of 
platinum in the two subjects, who were both middle aged and average size men from a large 
city and less densely populated area respectively. None of them had higher meat consump-
tion than the rest of the group. Due to the general lack of detectable concentrations, no 
comparison between groups was possible. 

Based on the high frequency of non-detects in the present study (n=18/20: p<0.0005), the 
platinum urine concentrations are indicated to be lower than previously measured in Swe-
den (Rodushkin et al., 2004; see chapter 4). 

The present results of platinum in urine cover a much smaller sample size, and have a more 
than 20-fold lower limit of detection for platinum than applied in the NHANES biomonitor-
ing studies of the general US population. Therefore the results are not fully comparable. 
However, the highest detected urinary platinum concentration in the Swedish samples ana-
lysed here appears to be in the same range as in the upper range of NHANES data (CDC, 
2012). The majority of samples were below the detection limit in both studies. 

The levels of platinum found in urine are also in parity with, or slightly lower than those 
presented in studies from Italian and German populations (Caroli et al., 2001; Iavicoli et al., 
2004; Wilhelm et al. 2004).  

Cerium was detected in all analysed samples. The concentrations were seemingly higher in 
the group with residential origin in larger cities (0.0016-0.068 µg/l, median: 0.0039 µg/l) 
than in the group from less densely populated areas (0.0012-0.031 µg/l, median: 0.0016 
µg/l). However, this difference was not statistically significant (Mann-Whitney Rank Sum 
Test, p=0.075). 

The results are in the same range as presented for the Swedish population previously by 
Rodushkin et al. (2001a and 2001b). 

Silver was found in concentrations ranging between <0.001-0.0043 µg/l. At least half of 
the results were reported as non-detects (<0.001 µg/l) in both residents from large cities and 
less densely populated areas. No differences in concentrations were apparent between the 
groups of different residential origin or among sex or age. 

The levels of silver in urine are in the same range as presented for the Swedish population 
previously by Rodushkin et al. (2001a and 2001b). 
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8. Discussion 

8.1. Background areas 
All the three PGEs were detected in sediments from Svartsjön, whereas platinum in 
Skärgölen was lower than the reporting limit (0,1 µg/kg dw). The sedimentary concentra-
tions of the PGEs and silver are in the same order of magnitude as average upper continen-
tal crust, with the expection of anomalous PGE concentrations in one surface sediment 
from lake Svartsjön. 

In surface waters from one of the background lakes, platinum was detected at 1.1 ng/l . Ex-
cept for this observation, neither Pd, Pd, Rh nor Ag were detected in surface water from the 
background lakes. 

With one exception by Pt in perch from lake Skärgölen the year 2000, none of the PGEs 
were detected in any of the fish muscle samples from year 1985, 2000 or 2014. Silver was 
detected in fish from both lakes with a slight tendency to decreasing levels over time. 

In conclusion, the data do not suggest that concentrations of Pt, Pd or Rh are elevated above 
natural levels in the two background lakes. Large scale contamination of PGEs in back-
ground areas have been demonstrated both in the northern (Barbante et al., 2001) and 
southern hemisphere (Soyol-Erdene et al., 2011). These studies were however based on 
snow or ice samples where natural background levels are even lower than in sediments. 
Thus, contamination is more easily demonstrated in snow than in sediments. The low levels 
found in background air from the Swedish west coast in the preceding screening (Sweco, 
2007) appear thus not to have a significant impact on levels in background lakes. 

Sedimentary silver increases upward in the cores from both background lakes. This may 
indicate increasing background load of silver over the last decades. Due to the limited data 
set this interpretation should be considered as tentative. No comparable time trends in 
background areas were found in the scientific literature. Concentrations in fish from these 
lakes do, however, rather suggest decreasing uptake since 1985. Uptake in fish is however 
not a direct measure of the load to the lake, because biological uptake also depends on the 
speciation of silver in water. Speciation may possibly have changed since 1985 due to e.g. 
decreased acidification. 

8.2. Urban areas  
The studies in urban areas cover many matrices and aim at answering several questions. 
The discussion below follows these questions. 

Are environmental or human urine levels elevated in urban areas? 

In total, sediments that may be influenced by urban or road runoff were studied at four 
sites. Pt, Pd and Ag were elevated in three of these sites. The highest concentrations were 
recorded in Brunnsviken where also Rh were elevated. It is however not probable that the 
extremely high silver concentrations in deeper Brunnviken sediments origin from storm-
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water or other runoff. Neither fish nor surface waters contained elevated levels of Pt, Rh or 
Ag in the urban sites. Palladium was detected in one urban surface water.  

Increased PGE exposure in urban areas could be expected since urban air frequently con-
tains elevated levels of PGEs. Human exposure was addressed by analyses of human urine. 
As shown in chapter 7.5 the PGEs were generally lower than the analytical reporting limits 
why this issue could not be resolved. Increased silver exposure can also be expected due to 
the increasing use of silver in consumer products. Levels of silver were in the same range as 
in another Swedish study performed approximately 15 years ago. 

To summarize, sedimentary concentrations suggest that urban sources of Pd, Pt, Rh and Ag 
may impact aquatic environments. Since neither fish nor surface water showed this pattern, 
the transport of these metals in urban regions may occur in a less accessible particulate 
form. 

Are any time trends discernible? 

Time trends could be assessed in a relative manner through sediments from various depths 
(see chapter 7.1). There are no consistent indications of long term systematic time trends 
for the PGEs. In a north american urban lake, pronounced temporal trends in sediment PGE 
concentrations were demonstrated (Rauch et al., 2004). Concentrations of Pd, Pt and Rh 
started to increase ca 1970-1980 in that study. 

Silver in Brunnsviken shows extremely high levels at larger depths, most probably due to 
one or several older point sources. Silver in the five sediment samples from Brunnsviken 
correlate strongly with copper, lead and zinc, suggesting that it may represent some kind of 
metal rich waste. Therefore, we believe that the trend of silver with sediment depth in lake 
Brunnsviken is not generally representative of urban silver emissions. 

Are stormwater or STPs possible sources of these elements 

It is apparent from numerous international studies of road runoff, roadside soils, urban air 
etc that PGEs are emitted from vehicle catalysts. This is generally considered as the major 
source of PGEs to the environment (e.g. Barbante et al., 2001; Dubiella-Jackowska et al., 
2008). This is also in agreement with the present study where elevated PGE concentrations 
occur in stormwater and sludge from runoff ponds.  

However, PGEs are also present in sludge and effluents from waste water treatment plants. 
The Pt/Pd ratio is higher in effluents than in stormwaters (Figure 6), suggesting different 
sources. Therefore it was investigated whether the source profiles also differs in sludge 
from STP´s and runoff ponds. The relative contribution of Pd, Pt and Rh to the presence of 
PGEs in sludge samples is plotted in Figure 9. The two types of sludge are distinctly sepa-
rated from each other. One runoff sample deviate from the others but this samples is not 
considered as representative because it was sandy (see chapter 6.1). Compared to runoff 
sludge, sewage sludge is lower in rhodium and have a higher Pt/Pd ratio. This is consistent 
with the observations of Pt/Pd ratios in STP effluents and stormwaters. 

To assess the possible sources of PGE to sediments, a similar ternary plot was constructed 
for all sediment samples from urban and traffic influenced lakes (Figure 10). Many of the 
sediment samples are clustered in the part of the diagram where runoff sludges also were 
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clustered (Figure 9). This is a strong indication that vehicle catalysts is an important source 
of PGEs to these lakes and recipients, even though several of those from Kronoberg county 
were selected for being recipients to STPs.  

The fact that Pt is relatively enriched in sludge and effluents from STPs calls for an addi-
tional source of this metal. Platinum is used in certain anticancer drugs and hospital waste 
waters is pointed out as a major general emission source of Pt, secondary to vehicle catalyts 
(Dubiella-Jackowska et al., 2008). This drug related source contains Pt but neither Pd nor 
Rh and may possibly explain why sewage sludge and effluents are more enriched in Pt than 
urban runoff is. A hypothesis is also that the recipient that deviates most strongly toward 
the platinum end in Figure 10 (sample Nbe from Norra Bergundasjön in Växjö) may be 
influenced by hospital waste waters.  
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Figure 9. Ternary diagram for Pd, Pt and Rh in sludge from waste water treatment plants 
(STP) and stormwater runoff ponds (RS).  
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Figure 10. Ternary diagram for Pd, Pt and Rh in sediments from urban areas or recipients 
to waste water treatment plants and urban runoff.  
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8.3. Bioaccumulation and human exposure  
It is well known that palladium is more mobile and more bioaccumulative than platinum 
and rhodium (e.g. Fortin et al., 2011). The preceeding Swedish screening study showed the 
occurrence of palladium, but neither platinum nor rhodium, in fish, cattle and moose 
(Sweco, 2007). Silver is not strongly bioaccumulative in aquatic organisms (RIVM, 2012). 

The tendency for bioaccumulation was assessed based on analyses of fish from back-
ground, urban and road traffic influenced lakes. The PGEs were with one exception below 
the analytical reporting limits in perch muscle. This is in contrast with the previous Swe-
dish screening study where Pd was detected in perch muscle from several other lakes. The 
reported concentrations were though, after adjustment to wet weight such as in the present 
study, very close to the analytical reporting limit in the present study. 

Silver was detected in all investigated fish samples. The very high sedimentary silver con-
centrations in lake Brunnsviken are not reflected in fish. Fish from that lake show concen-
trations similar to those in the background lakes. The bioaccumulation of metals such as 
silver is not only related to concentrations in water or sediment but also to the speciation. 
This probably explains this observation. Silver in fish may thus be used for monitoring bio-
accumulation but not the load to the recipients. 

The human exposure of silver is illustrated by the presence in urine. The non-detects of 
PGEs in urine suggests, although only samples from 20 individuals were analysed, that 
human exposure generally is low for these PGEs. 

8.4. Environmental significance 
There are indications of elevated PGE concentrations in sediments, but concentrations are 
still very low as compared to other metals such as cadmium, lead or copper. Neither was Pt, 
Pd nor Rh detected in surface waters or fish, suggesting low bioavailability of the sedimen-
tary PGE content. Although there is a lack of toxicity based criteria for these metals, avail-
able ecotoxicological data do not suggest that they are extremely more toxic than the much 
more abundant metals that occur ubiquitously. We therefore do not consider that the en-
countered levels of Pd, Pt or Rh give rise to a strong concern for the environment. 

Silver in surface waters was consistently below the analytical reporting limit of 5 ng/l. 
RIVM (2012) proposed an ecotoxicological criteria of 10 ng/l for freshwaters. Thus silver 
do not pose a significant risk in the studied areas. Also, the lake with very high sediment 
concentrations of silver did not display levels in fish that were different from those in back-
ground lakes. At least in this lake, sedimentary silver was apparently of low bioavailability. 
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9. Conclusions 
 

q Platinum, palladium and rhodium occur at elevated levels in urban runoff and in ur-
ban sediments.  

q In agreement with earlier studies, road traffic appears to be the major source of plat-
inum, palladium and rhodium in urban areas. Additional platinum appears to be re-
leased from sewage treatment plants, possibly due to the medical use of this metal.  

q Neither surface water nor perch muscle from urban or road traffic influenced lakes 
did display elevated concentrations of platinum, palladium or rhodium. 

q Sediments from two background lakes did generally show concentrations of plati-
num, palladium and rhodium close to those of average upper crust, suggesting none 
or minor impact from large scale atmospheric deposition. 

q In lake Brunnsviken, silver concentrations in deeper sediment are very high but de-
crease toward the sediment surface. It is suggested that this trend reflects dilution of 
previously disposed waste and do not reflect general time trends in urban areas. 

q The data show no evidence of general time trends for either the platinum group 
metals or silver in either background or urban areas.  

q Human urine showed no evidence for increased exposure of these metals in larger 
cities as compared to less densely populated areas. 
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Appendix 1. Sample details 
This appendix shows sample details for all samples except the urine samples. The corresponding analytical results are shown in appendix 2. Posi-
tions in SWEREF 99TM. The table is sorted according to matrix. 

Sample no Program Type area Matrix Sample details Site County X Y Sampling 
date 

WSP6315-5 National Background Perch year 2014 Skärgölen Kalmar 6404285 534622 aug-14 

WSP6315-6 National Background Perch 
year 2000, pooled of 
archived samples 

Skärgölen Kalmar 6404285 534622  

WSP6315-7 National Background Perch 
year 1985, pooled of 
archived samples 

Skärgölen Kalmar 6404285 534622  

WSP6315-12 National Background Perch year 2014 Svartsjön Västra Götaland 6513292 455006 aug-14 

WSP6315-13 National Background Perch 
year 2000, pooled of 
archived samples 

Svartsjön Västra Götaland 6513292 455006  

WSP6315-14 National Background Perch 
year 1985, pooled of 
archived samples 

Svartsjön Västra Götaland 6513292 455006  

WSP6315-28 National Urban Perch pooled sample Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-33 National Urban Perch pooled sample Valloxen Uppsala 6624217 658140 oct-14 

WSP6315-35 National 
Municipal sewage 
treatment plant 

Sewage sludge 
 

Henriksdal Stockholm 
   

WSP6315-36 National Municipal STP Sewage sludge 
 

Ryaverken Västra Götaland 
   

WSP6315-37 National Municipal STP Sewage sludge 
 

Öns ARV Västerbotten 
   

WSP6315-141 Gotland county Municipal STP Waste water effluent 
 

Visby ARV Gotland 
  

sep-14 

WSP6315-142 Gotland county Municipal STP Waste water effluent 
 

Visby ARV Gotland 
  

sep-14 

WSP6315-38 National Municipal STP Waste water effluent 
 

Henriksdal Stockholm 
   

WSP6315-39 National Municipal STP Waste water effluent 
 

Ryaverken Västra Götaland 
   

WSP6315-40 National Municipal STP Waste water effluent 
 

Öns ARV Västerbotten 
   

WSP6315-15 National Urban Stormwater 
 

Sorbusdammen, 
Essingen 

Stockholm 
  

oct-14 

WSP6315-16 National Urban Stormwater 
 

Sorbusdammen, 
Essingen 

Stockholm 
  

oct-14 
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Sample no Program Type area Matrix Sample details Site County X Y Sampling 
date 

WSP6315-19 National Urban Stormwater 
 

Linneaholm Stockholm 
  

oct-14 

WSP6315-20 National Urban Stormwater 
 

Linneaholm Stockholm 
  

oct-14 

WSP6315-122 Värmland county Urban Stormwater 
 

Karl IX gata 
(E18) 

Värmland 
  

oct-14 

WSP6315-17 National Urban Stormwater sludge 
 

Sorbusdammen, 
Essingen 

Stockholm 
  

oct-14 

WSP6315-18 National Urban Stormwater sludge 
 

Sorbusdammen, 
Essingen 

Stockholm 
  

oct-14 

WSP6315-21 National Urban Stormwater sludge 
 

Linneaholm Stockholm 
  

oct-14 

WSP6315-22 National Urban Stormwater sludge 
 

Linneaholm Stockholm 
  

oct-14 

WSP6315-2  National Bakgrund Sediment 0-3 cm Skärgölen Kalmar 6404285 534622 aug-14 

WSP6315-3  National Bakgrund Sediment 10-13 cm Skärgölen Kalmar 6404285 534622 aug-14 

WSP6315-4  National Bakgrund Sediment 25-30 cm Skärgölen Kalmar 6404285 534622 aug-14 

WSP6315-9  National Bakgrund Sediment 0-3 cm Svartsjön Västra Götaland 6513292 455006 aug-14 

WSP6315-10  National Bakgrund Sediment 10-13 cm Svartsjön Västra Götaland 6513292 455006 aug-14 

WSP6315-11  National Bakgrund Sediment 25-30 cm Svartsjön Västra Götaland 6513292 455006 aug-14 

WSP6315-23 National Urban Sediment 0-3 cm Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-24 National Urban Sediment 5-8 cm Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-25 National Urban Sediment 10-13 cm Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-26 National Urban Sediment 15-18 cm Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-27 National Urban Sediment 25-30 cm Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-30 National Urban Sediment 0-3 cm Valloxen Uppsala 6624217 658140 oct-14 

WSP6315-31 National Urban Sediment 10-13 cm Valloxen Uppsala 6624217 658140 oct-14 

WSP6315-32 National Urban Sediment 25-30 cm Valloxen Uppsala 6624217 658140 oct-14 

WSP6315-100 
Kronoberg 
county 

STP recipient Sediment 0-5 cm Salen Kronoberg 6297272 473401 nov-14 

WSP6315-101 Kronoberg c. STP recipient Sediment 0-5 cm Oset Kronoberg 6288852 514971 nov-14 
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Sample no Program Type area Matrix Sample details Site County X Y Sampling 
date 

WSP6315-102 
Kronoberg 
county STP recipient Sediment 0-5 cm Lagan Kronoberg 6296268 434143 oct-14 

WSP6315-103 Kronoberg c. Urban Sediment 0-5 cm Getesjö Kronoberg 6258558 414033 oct-14 

WSP6315-104 Kronoberg c. STP recipient Sediment 0-5 cm Tiken Kronoberg 6263103 498873 nov-14 

WSP6315-105 Kronoberg c. STP recipient Sediment 0-5 cm Kållen Kronoberg 6335965 523293 nov-14 

WSP6315-106 Kronoberg c. STP recipient Sediment 0-5 cm 
Norra 
Bergundasjön 

Kronoberg 6302650 485442 nov-14 

WSP6315-121 Värmland county Urban Sediment 0-5 cm Lambergstjärnet Värmland 6586532 416400 
 

WSP6315-1 National Background Surface water 0,5-1 m below surface Skärgölen Kalmar 6404285 534622 aug-14 

WSP6315-8 National Background Surface water 0,5-1 m below surface Svartsjön Kalmar 6513292 455006 aug-14 

WSP6315-29 National Urban Surface water 0,5-1 m below surface Brunnsviken Stockholm 6585370 672568 oct-14 

WSP6315-34 National Urban Surface water 0,5-1 m below surface Valloxen Uppsala 6624217 658140 oct-14 

WSP6315-120 Värmland county Urban Surface water 0,5-1 m below surface Lambergstjärn Värmland 6586532 416400 
 

WSP6315-140 Gotland county Urban Surface water 0,5-1 m below surface Åminne Gotland 
  

sep-14 

WSP6315-143 Gotland county Urban Surface water 0,5-1 m below surface Y 27 Burgsviken Gotland 
  

sep-14 
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Appendix 2. Analytical data. 
Concentrations in sludge and sediment samples. All concentrations in dry weight. 
Sample no Matrix Site dw Ag Ce Cu Pd Pt Rh Cd Cr Ni Pb Zn 
   % mg/kg mg/kg mg/kg µg/kg µg/kg µg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

WSP6315-141 Sewage sludge Visby ARV 27,6 1,89 6,87 1540 8 17,3 0,8 
     

WSP6315-35 Sewage sludge Henriksdal 25,6 4,61 38,5 591 23,7 51,1 1 1,32 37,1 36,9 32,7 893 

WSP6315-36 Sewage sludge Ryaverken 25 1,78 77,4 625 6,2 16,3 0,7 1,39 40,2 33,4 38,3 974 

WSP6315-37 Sewage sludge Öns ARV 27,3 2,94 44,7 283 5,4 58,7 0,5 2,83 48,2 70,2 32,6 1300 

WSP6315-17 
Stormwater 
sludge 

Sorbusdammen, 
Essingen 

42,4 0,327 107 364 54,8 15,9 6,7 0,462 67,8 26,3 80,8 893 

WSP6315-18 
Stormwater 
sludge 

Sorbusdammen, 
Essingen 

42,8 0,415 127 428 39,7 11,3 7,6 0,726 100 40,3 105 1330 

WSP6315-21 
Stormwater 
sludge 

Linneaholm 36,1 0,082 124 315 48,5 16,1 6,7 0,495 101 34,7 46,8 1030 

WSP6315-22 
Stormwater 
sludge 

Linneaholm 68,3 0,043 84,8 116 6,7 14,7 6,6 0,268 58,1 19,5 29,3 382 

WSP6315-9  Sediment Svartsjön 6,7 0,154 79,5 19 13,4 14,7 0,5 2,46 28 8,15 135 285 

WSP6315-10  Sediment Svartsjön 6,5 0,097 49,8 11,8 1 0,3 0,4 1,27 15,8 5,15 137 136 

WSP6315-11  Sediment Svartsjön 6,4 0,055 40,3 9,95 0,3 <0,1 0,3 0,55 13,6 4,62 61,8 83,8 

WSP6315-100 Sediment Salen 14,4 0,348 136 20,9 3,2 0,6 0,3 1,45 39,7 20 62,3 252 

WSP6315-101 Sediment Oset 6,4 0,757 61,4 225 1,8 0,5 0,4 4,65 52,2 27 94,7 673 

WSP6315-102 Sediment Lagan 18,9 0,117 147 19 0,7 0,3 0,2 1,41 24,7 17,3 35,1 231 

WSP6315-103 Sediment Getesjö 8,5 0,244 169 29,1 1,4 0,3 0,3 4,36 26,2 21,8 106 430 

WSP6315-104 Sediment Tiken 12,4 1,85 200 49,6 3,7 0,4 0,3 3,82 32,2 21,4 137 556 

WSP6315-105 Sediment Kållen 7,2 1,18 178 98,3 5,4 2,1 0,5 2,99 38,9 30,3 56 454 

WSP6315-106 Sediment 
Norra Bergunda-
sjön 

5,8 4,63 75,7 64,7 1,6 5,6 0,5 2,19 45,8 81,5 105 504 

WSP6315-121 Sediment Lambergstjärnet 14,1 0,614 147 150 7,6 1,1 1,3 2,16 93,7 36,2 341 1070 
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Sample no Matrix Site dw Ag Ce Cu Pd Pt Rh Cd Cr Ni Pb Zn 

WSP6315-23 Sediment Brunnsviken 7,9 34,2 164 351 7 2,3 2,3 9,11 168 86,8 269 1700 

WSP6315-24 Sediment Brunnsviken 9,6 34,4 139 304 1,7 1,9 1,1 8,98 162 78,9 244 1250 

WSP6315-25 Sediment Brunnsviken 13,7 22,1 131 229 2,1 1,2 0,5 6,01 114 67,1 194 859 

WSP6315-26 Sediment Brunnsviken 12,4 194 154 703 5,4 1,4 2 61,7 662 153 464 3440 

WSP6315-27 Sediment Brunnsviken 12,6 165 137 615 2,7 2,4 0,5 17,2 166 102 545 2960 

WSP6315-2  Sediment Skärgölen 7,5 0,162 201 14,6 1 <0,1 0,3 1,82 10,5 11,2 112 163 

WSP6315-3  Sediment Skärgölen 7,8 0,082 159 9,97 0,9 <0,1 0,4 0,907 6,07 5,87 57,9 114 

WSP6315-4  Sediment Skärgölen 8 0,048 121 8,07 1 <0,1 0,4 0,589 7,43 5,74 38,5 92,7 

WSP6315-30 Sediment Valloxen 4,7 0,077 76,9 53,4 1 0,6 0,3 0,52 52,1 32,9 43,6 199 

WSP6315-31 Sediment Valloxen 6,7 0,095 91,6 55,4 0,6 1,3 0,4 0,612 52,4 35 53,6 235 

WSP6315-32 Sediment Valloxen 11,1 0,096 91,7 52 2,5 1,2 0,2 0,804 72,9 42,8 66,3 257 
 
 
Concentrations in fish (perch) samples. All concentrations in µg/kg fresh weight. 
Sample no Site Ag Ce Cu Pd Pt Rh Cd Cr Ni Pb Zn 

WSP6315-5 Skärgölen 0,03 1,11 119 <0.05 <0.005 <0.005 0,734 2,47 0,967 0,487 4640 

WSP6315-6 Skärgölen 0,089 1,08 151 <0.05 0,007 <0.005 1,63 9,65 2,29 1,67 4320 

WSP6315-7 Skärgölen 0,122 2,25 119 <0.05 <0.005 <0.005 1,76 58,1 5,25 8,53 4910 

WSP6315-12 Svartsjön 0,046 0,172 116 <0.05 <0.005 <0.005 0,108 880 8,91 0,47 2960 

WSP6315-13 Svartsjön 0,115 1,97 147 <0.05 <0.005 <0.005 0,372 56,4 28,8 6,26 4930 

WSP6315-14 Svartsjön 0,042 0,555 108 <0.05 <0.005 <0.005 0,11 64,7 7,44 2,33 3860 

WSP6315-28 Brunnsviken 0,118 0,491 196 <0.05 <0.005 <0.005 0,284 3,21 2,49 4,86 6740 

WSP6315-33 Valloxen 0,013 0,259 198 <0.05 <0.005 <0.005 0,097 1,93 0,994 2,19 4540 
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Concentrations in aquatic samples. 
Sample no Matrix Site Ag Ce Cu Pd Pt Rh Cd Cr Ni Pb Zn 

   µg/l µg/l µg/l ng/l ng/l ng/l µg/l µg/l µg/l µg/l µg/l 

WSP6315-142 Waste water effluent Visby ARV <0,005 0,01 26,3 1 5,9 <1 
     

WSP6315-38 Waste water effluent Henriksdal <0.005 0,008 3,23 <1 2,7 <1 
     

WSP6315-39 Waste water effluent Ryaverken <0.005 0,015 7,09 <1 3,3 <1 0,004 0,149 3,07 0,017 9,87 

WSP6315-40 Waste water effluent Öns ARV <0.005 0,042 1,98 2 4,9 <1 0,006 0,172 8,64 0,021 10,9 

WSP6315-15 Stormvatten 
Sorbusdammen, 
Essingen 

<0.005 0,027 6,64 5 <0,5 <1 0,009 1,68 0,971 0,029 38,2 

WSP6315-16 Stormvatten 
Sorbusdammen, 
Essingen 

<0.005 0,034 6,77 2 0,8 <1 0,014 1,7 0,84 0,058 29,5 

WSP6315-19 Stormvatten Linneaholm <0.005 0,329 6,52 6 2,3 <1 0,006 0,497 1,69 0,388 3,56 

WSP6315-20 Stormvatten Linneaholm <0.005 0,432 6,79 6 1,9 <1 0,005 0,555 1,67 0,54 5,82 

WSP6315-122 Stormvatten Karl IX gata (E18) 0,037 9,19 15,1 2 0,5 <1 0,031 1,61 2,49 1,88 13,4 

WSP6315-1 Surface water Skärgölen <0.005 0,251 0,654 <1 <0,5 <1 0,014 <0.010 0,188 0,485 3,31 

WSP6315-8 Surface water Svartsjön <0.005 0,351 0,305 <1 1,1 <1 <0.002 0,164 <0.050 0,657 1 

WSP6315-29 Surface water Brunnsviken <0.005 0,005 1,5 2 <0,5 <1 0,02 0,105 1,51 0,041 3,66 

WSP6315-34 Surface water Valloxen <0.005 0,009 0,344 <1 <0,5 <1 0,007 0,073 0,176 <0.005 0,774 

WSP6315-120 Surface water Lambergstjärn <0.005 0,035 1,28 <1 <0,5 <1 <0.002 0,077 0,229 0,069 3,26 

WSP6315-140 Surface water Åminne <0,005 0,006 0,735 2 <0,5 <1 
     

WSP6315-143 Surface water Y 27 Burgsviken Näs 0,032 0,571 2 <0,5 <1 
     

 
. 
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Concentrations in human urine samples.  All concentration in µg/l. 
Sample no Ag Ce Cu Pd Pt Rh Cd Cr Ni Pb Zn 

WSP6315-41  <0.001 0,0016 8,2 <0.005 0,0014 <0.01 0,12 <0.5 <0.5 1,25 432 

WSP6315-42  <0.001 0,0015 7,71 <0.005 <0.0005 <0.01 0,261 <0.5 0,952 0,329 181 

WSP6315-43  <0.001 0,0012 6,27 <0.004 <0.0005 <0.01 0,113 <0.5 <0.5 0,524 263 

WSP6315-44  <0.001 0,0027 7,45 <0.004 <0.0005 <0.01 0,152 <0.5 0,506 0,713 428 

WSP6315-45  <0.001 0,0016 15,5 <0.007 <0.0005 <0.01 0,301 <0.5 0,544 0,645 423 

WSP6315-46  <0.001 0,0124 7,89 <0.004 <0.0005 <0.01 0,168 <0.5 <0.5 1,63 285 

WSP6315-47  0,0012 0,0022 10,5 <0.006 <0.0005 <0.01 0,191 <0.5 5,03 1,07 455 

WSP6315-48  0,0019 0,0024 15,5 <0.006 <0.0005 <0.01 0,285 <0.5 1,11 1,71 460 

WSP6315-49  <0.001 0,0024 8,91 <0.007 0,0005 <0.01 0,218 <0.5 1,24 0,849 394 

WSP6315-50  0,002 0,0016 6,96 <0.005 <0.0005 <0.01 0,172 <0.5 0,644 0,854 176 

WSP6315-51  <0.001 0,0315 9,72 <0.008 <0.0005 <0.01 0,255 <0.5 3,38 1,07 127 

WSP6315-52  <0.001 0,0053 6,77 <0.004 <0.0005 <0.01 0,0686 <0.5 0,501 0,325 144 

WSP6315-53  0,0011 0,0094 10,8 <0.006 <0.0005 <0.01 0,249 <0.5 1,43 1,39 222 

WSP6315-54  <0.001 0,0682 14,3 <0.01 <0.0005 <0.01 0,54 <0.5 1,54 2,76 865 

WSP6315-55  0,0043 0,0017 13,4 <0.008 <0.0005 <0.01 0,298 <0.5 1,54 1,5 499 

WSP6315-56  <0.001 0,0097 3,51 <0.004 <0.0005 <0.01 0,0948 <0.5 1,08 0,498 90,5 

WSP6315-57  <0.001 0,0012 1,76 <0.004 <0.0005 <0.01 0,0516 <0.5 0,524 <0.2 64,9 

WSP6315-58  0,0032 0,0314 10,2 <0.01 <0.0005 <0.01 0,618 <0.5 1,52 1,58 412 

WSP6315-59  0,0018 0,0047 13,6 <0.005 <0.0005 <0.01 0,146 <0.5 0,843 1,05 279 

WSP6315-60  0,0022 0,0015 7,61 <0.005 <0.0005 <0.01 0,168 <0.5 1,01 0,64 474 



 

   
 

 

 

 


