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PREFACE

This report is one part of the Interreg IVB Nortea3Region Programme project “diPol” which
aims at retaining sustainable and healthy urban caradtal waters despite potential adverse
effects of climate change. The report describesat@mpt to assess the impact of shallow urban
groundwater on the Goéta River estuary. It focuseshe present situation in order to assess the
magnitude of the problem and to provide a baseduidher research concerning the conse-
guence of climate change with respect to polluti@us from the urban groundwater.

The study was financed by the Swedish Geotechmetitute (SGI) and the EU Interreg IVB
North Sea Region Programme. The authors woulddikecknowledgé&sryaab, the regional
sewage works of the Goteborg region in Sweéternhe cooperation with respect to the
analyzing of samples, Goteborg Vatten (the wateragament, Goteborg City) for their help
with finding suitable sampling points, and BengsBio (SGI) for reviewing the report.

August, 2012
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SUMMARY

As the central parts of the Goteborg city to adaggtent is built on filling materials from vari-
ous origin, there may be a pollution potential eatgry from earlier as well as on-going urban
activities. Earlier investigations on groundwatéservation wells in the city centre and in the
outskirts of Goteborg have been used as well dieemvestigations on groundwater leaking
into the stormwater pipe systems in periods of whether (drainage water). Complementary
analyses of drainage water have been carried altcamparisons have been made between
water from observation wells and drainage waterm@arisons have also been made with
stormwater and treated sewage water. The pollltiad from the different types of water has
then been assessed.

The investigations indicate that the pollution Ideaim the urban groundwater is not generally a
great problem. Most of the pollutions from the @gems to emanate from precipitation, corro-
sion of building materials, and present anthropagaeativities, e.g. traffic, which are transport-
ed by the stormwater to the Géta River and itsaggt A good strategy to prevent the Gota
River estuary from urban pollutants is to take Hartmeasures to reduce the pollutants in the
stormwater.
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1 INTRODUCTION

1.1  About the diPol project

This report is one part of the Interreg IVB NorteaSRegion Programme project with the acro-
nym diPol (J-No 35-2-51-08). DiPol intends to makeontribution to retain sustainable and
healthy urban and coastal waters despite potesdiadrse effects of climate change. European
urban areas face a number of environmental problimhk as air pollution, traffic volumes,
scarcity of recreational areas, generation of lamemes of waste and waste water, and histori-
cal industrial legacies. Within the Water framew®kective (WFD, 2000) the water related
problems are mapped and linked to their sourcesveder, the management options do not
consider possible risks within a catchment arean{furban areas to coastal zones) under ex-
treme conditions. Solutions need to be forward-legkand take into account future risks such
as the impacts of climate change. They should e@siribute to national, regional and global
policies (Technical Report of the EC 2007-013). &dion and awareness of the link between
societal behaviour and development, environmeniality and economic development is nec-
essary for the long-term mitigation of environmand climate related problems.

While direct consequences of climate change onrudevelopment (e.g. flooding) have been
addressed in a number of projects, secondary iatfdits of increased urban runoff, higher
contaminant loads in rivers during more frequeoobds, the risks of rising groundwater levels
in industrialized areas and of stronger rainfallstbe contamination of urban waters has re-
ceived little attention until now. Ultimately the@mtaminated fresh water ends up in the coastal
waters. Increased introduction of contaminants sudface waters in the coastal zone may
counteract sustainable urban development (humdthhgaality of life, economic attraction) as
well as European environmental strategies sucha®WD and the planned European Marine
Strategy.

Within the diPol project, activities have been wadrout at four case sites located at different
areas of the river-coast continuum in the Nortleunope. The sites have been chosen exempla-
rily for areas that are affected to a differenteettfrom continental impacts of climate change
(increase of rainfall, rising groundwater levelsgreased frequency of high and low river dis-
charge) and coastal ones (sea level increase, storges). The sites are: (1) the inner Oslo-
Fjord, Norway, which is an example for Northern &pean cities located at fjords with a high
marine influence; (2) the Gota River near Goteb&wgeden, which is an example for coastal
cities located at the river mouth, with both mararel freshwater influence; (3) Wilhelmsburg
near Hamburg, Germany, which is an example forudraas influenced more by large rivers
than by marine waters; (4) the Harrestrup streacthKaidveboderne Lagoon near Kopenhagen,
Denmark, which is an example for urban environmetsmall rivers with little marine influ-
ence.

The project consortium consist of nineteen partrreresenting five countries, and with the
Technical University Hamburg-Harburg (TUHH) as lgsdtner. More information can be
found on the diPol web sitattp://www.tu-harburg.de/iue/dipol/home-copy-1.html

1.2 Aim and objectives

The work described in this report aim@destimatehe extent to whiclurbangroundwaterto-
day affecturbansurfaceand coastal waters ama provide a basifor further research needed in
order to assess tlimpactof future climate change on these waters.

It is reasonable to believe that the city has asicmmable impact on the urban water quality due
to all activities that takes place within urbanaadt is reasonable to believe that all theseracti
ities have an impact also on the groundwater, asactinants are infiltrated from various sur-
faces. In a study by Cato (2006) on sediment qualdng the Goéta River, it was found that the
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content of pollutants in sediments in the Géta Rigemuch lower upstream Goteborg than in
the harbour area. This indicates that the cityehaignificant impact on the sediment and water
quality in the estuary but also that most sedint@ntaoccurs in the estuary. The pollutants orig-
inating from the city are considered to have maifferdnt diffuse sources. For example, a
large part of the city is built on filling materiaf unknown origin which could also be a source
of pollution.

This report describes an attempt to estimate tbpegties of the shallow ground water in the
city of Goteborg and the present load of differemhpounds from the groundwater to the sur-
face water.

2 METHODOLOGY

Shallow urban groundwater quality in the Gotebdty area have been studied by Mossmark
(2003) and Norin (2004) among others. The urbanmptwater quality has also been of interest
when the contribution of pollutants from groundwdgsaking into stormwater pipes has been
estimated (Mattsson 1999). However, no attemptastess the pollution load to the coastal
waters from the urban groundwater have been fouide literature.

Estimating the pollution load from groundwater m @rbanized area presents itself with many
difficulties and the information on the urban grdwater quality in the Géteborg city area is
therefore scarce. The uppermost soil in the urleah&@eas is often not natural but consists of
filling in material which may differ considerablggarding hydraulic as well as chemical prop-
erties. In addition, underground constructions Btermwater and sewage water pipe systems
influence the groundwater flow.

In order to avoid large number of monitoring wedlé the monitoring of urban groundwater,
sampling of water during try periods from the stamter pipe system has instead been used as
a method. These pipes are in a large part of tiyesituated below the groundwater table and
the water in these pipes during dry periods witlelior no flow of surface runoff, is considered
to represent the urban groundwater. In order tingdjsish it from “true” groundwater observed

in monitoring wells it is hereafter callettainage waterBased on this, the groundwater quality
in the Goteborg city area have in this study bessessed by means of:

1. Analysis of previous studies on urban groundwatgdity from the study site and anal-
ysis of existing data from monitoring programs meljag groundwater quality in gen-
eral from the site.

2. Additional sampling and analyses of urban groundwégaking into stormwater pipe
system @rainage watey. Sampling points were chosen to represent difiteisgoe of ur-
ban pollution sources; urban highway (Gullbergsmptadustrial/residential area (J&-
rnbrott), residential area (Fiskebéck), area witlainty filling material (Gull-
bergsvassgatan) and industrial area with fillindemal (Hisingen).

3. Assessment of groundwater discharge based on fiaticip and infiltration factors.

The additional water samples were analysed at AhRSotatory Group, ALS Scandinavia AB,

except high precision mercury analyses that werdechout by the Swedish environmental
Research Institute (IVL). Results and methods @sedelated in appendix 1.
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3 SITE DESCRIPTION

3.1 Study area

The system under study is the Goteborg city aréatlae major rivers/streams having their out-
flow in the Goteborg city area, and the harbouwast of Goteborg. Goteborg is situated on the
south west coast of Sweden, a city of about 930i0B&bitants in the metropolitan district, of
which approximately 550 000 lives in the populataamtre. It is the second largest city in Swe-
den and the fifth largest city within the Nordicuetries. The main river is the Gota River, that
stretches from lake Vanern (lake volume: 153)kto the outlet at the city of Géteborg. The
Gota River catchment downstream lake Vénern comerarea of about 3 000 krand the river
has a mean flow of 550¥s (Gota &lvs vattenvardsforbund, 2011). South wfidélv, the river
divides into two branches; the northern branch Nbedre River) receives 3/4 of the total flow,
whereas the remaining water passes Goéteborg thrigghouthern branch (still referred to as
Gota River) (Gota alvs vattenvardsforbund, 2011).

The southern branch divides the city in a northpart and a southern part and the main tributar-
ies having their ouflows in city centre area are 8avean stream, Mdlndas an stream and the
Kvillebacken stream.

The city was founded in 1621 and has a long histdriyndustrial activities (mainly ship yards,
engineering industry and textile industry) and linggional Trade. The city is today the fifth
largest in Scandinavia.

3.2 Topography

Goteborg is situated at the mouth of the Gota RiVlae elevation varies between sea level to
somewhat more than 100 meters above the sea Tewellandscape is cut through by a number
of major fracture zones, of which the Géta Rivelleyais the most important. The fracture
zones have been carved out during several glacgatmd formed valleys, filled with large
quantities of sediments. The sediment thickneshénGota River valley may exceeds 100 me-
ters in several areas.

3.3 Bedrock

The bedrock in the Goteborg area consists mainfciafic igneous rock types such as granites,
gneissic granites, granodiorites and tonalites gL&P09). North of the city centre is an enclave
of metagreywacke.

3.4  Soil

The valleys in the Goteborg area normally havdack thoil layer consisting of clay underlain by

a rather thin layer of till above the bedrock. (flawial deposits of gravel, sand and silt found
under the clay at some locations. The till andglaeial deposits constitute a confined aquifer.
On higher ground the bedrock is often covered thralayer of till. At the highest points and at
steep slopes outcrops of the bedrock can be sé&entillThas in these areas been washed away
and the material has sometimes been depositedndy sadiments overlaying the clay at the
valley sides. A schematic cross section of the@gchl properties of the Gota River valley is
shown in Figure 1. In this part of the diPol paijthe urban groundwater in the filling material
has been studied.
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Figure 1. Schematic cross section of the geologioaperties of the Gota River valley. (after Hultén
1997).

3.5 Filling material

As in many other cities situated adjacent to rivéne lower areas have commonly been filled
with material to even out topographic differencggsch materials often originates from various
sources, both natural and man-made. In Géteboeghibkness of these fills varies from one to
seven meters. This layer is rather heterogeneowsver studies have shown that it mainly

consists of sand and gravel located on top of ahtwils (Hultén 1997). The filling material has

a generally high hydraulic conductivity and is ddesed as an aquifer that is highly exposed to
anthropogenic contamination (Mossmark 2003).

In older parts of the city there is often an olddbed beneath the current streets, old houses
have a foundation of wooden piles, and there isnoét cultural layer on top of the clay layer
(Hultén 1995). The cultural layer consists of oiigdrousehold waste. Parts of old buildings are
often found in the filling material. In a mixturemtaining these old features, there are new fill-
ing materials, utilities and foundation construnoThe upper part of the natural soil, which in
most old parts of the city consists of clay, isaftmixed with filling material.

The thickness of the filling material varies grgatlithin the city centre, as such material has

been used to even out topographic differences kodti@ extend the harbour into the river. The

thickest layer of filling material can be found s&st to the river and is generally more than

three meters in depth, in some locations as treéckeaen meters. In the rest of the older parts of
the city centre, the filling material is betweeb and 3.0 meters thick. In more newly construct-

ed areas the thickness of the filling materiaésslthan three meters (Mossmark 2003).
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4 PREVIOUS INVESTIGATIONS OF GROUNDWATER QUALITY

4.1  Groundwater quality in shallow quaternary depos its above
sea level

This section summarizes results from analyses afrgiwater samples taken in natural quater-
nary deposits within the study site.

From the Swedish Geological Survey’s groundwatdaliise (SGU 2010), analyses results
from samples taken from four wells in the Gotebarga was used. In this study. Some parame-
ters have been sampled at many occasions (up txelkions), while others only have been
sampled at very few occasions. Mean concentrationseveral parameters and for the four
wells monitored during the years 1986-2005 are shiowlable 1. Mean of means and mean of
medians are shown in Table 2. The locations ofwtbls are shown in Figure 2. Lang (2009)
looked further into other investigations and gatlderesults from analyses made on groundwater
samples from 20-200 wells (depending on parameétdh)e Goteborg area, see Table 2. Moss-
mark (2003) reports mean concentration from thmeeigdwater wells in a recreation area not
far from the city centre. These results are alsmshin Table 2. The locations of these wells are
shown in Figure 3.

Table 1 Mean concentration in groundwater from faulls in the Géteborg area.

SGU Brottkarr SGU Harlanda SGU Save SGU Torslanda
20014-2008 200014-2004 20014-2034 20014-2013

pH 4.8 4.7 6.5 5.6
Cond. (mS/m) 13.9 10.6 19.5 18.7
Alk. (mg HCO3/1) 3.3 2.7 29 5.6
Acid (mg HCO3/I) 0.74 0.91 0.61 0.90
S04 (mg/1) 13.4 16.3 20.5 16.7
Cl (mg/1) 23 17 24 39

F (mg/l) 0.14 0.25 0.29 0.29
TOC (mg/l) 46 3.1 2.0 3.2
NO3 (mg/l) 0.2 0.24 3.6 0.24
NO2 (mg/l) 0.007 0.007 0.013
NH4 (mg/l) 0.12 0.14 0.16 0.08
Na (mg/l) 9.87 9.74 14.9 19.33
K mg/) 0.40 0.51 2.47 1.34
Ca (mg/l) 1.6 2.1 10.1 6.8
Mg (mg/I) 2.3 1.9 5.3 3.0
Fe (mg/l) 23 13 1.6 3.6
Mn (mg/1) 0.13 0.21 0.23
Si02 (mg/l) 7.5 9.5 17.4 10.5
Al (ug/l) 2810 1530 1010 1490
cd (pg/1) 0.24 0.25 0.13 0.13
Cr (ug/1) 0.18 0.56 0.17 0.66
Cu (pg/l) 3.10 3.15 4.61 3.22
Pb (ug/l) 16.7 5.1 2.0 2.6
Zn (ug/1) 58 27 37 26
As (ug/l) 0.88 0.48 0.55 0.97
Ni (ug/1) 1.17 1.44 0.77 3.06
Co (ug/1) 3.0 1.6 0.15 1.0
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Table 2. Groundwater quality in groundwater wetithe Goteborg area (SGU 2010, Lang 2009 and
Mossmark 2003). Bold figures represent the chosekdyaund concentrations.

SGU SGU Wells in sedi- Wells in the berock Recreation area
ments (mean)
Mean of Median values
means from 4 Mean of Median values (Lang 2009) GB 193, 329 and 312
wells (table 2) medians (Lang 2009) (Mossmark 2003)
pH 5.4 5.35 7.1 7.3 6.6
Cond. (mS/m) 15.7 14.4 24 37 23
Alk. (mg HCO3/1) 10.2 9.5 78 107 42
Acid (mg HCO3/I) 0.79
S04 (mg/l) 16.8 16 6.7
Cl (mg/l) 26 24 30 44 29
F (mg/l) 0.24 0.25
TOC (mg/1) 3.2 3.7
NO3 (mg/l) 1.1 1.0 1 1
NO2 (mg/1)
NH4 (mg/l) 0.12 0.05 9.1
Na (mg/l) 13.46 13.7 29 65 12
K mg/1) 1.18 1.15 5.1 5.9 8.6
Ca (mg/l) 5.1 4.9 18 23
Mg (mg/l) 3.1 3.1 4.6 5.4
Fe (mg/l) 2.2 0.73 0.16 0.21 11
Mn (mg/l) 0.19 0.10 0.106 0.110 0.66
Si02 (mg/l) 10.5
Al (pg/l) 1710 696 20 10 7.5
cd (pg/l) 0.19 0.12 0.07
Cr (ug/1) 0.39 0.27 0.7 0.17
Cu (pg/l) 3.52 1.28 25 50 2.5
Pb (ug/l) 6.6 1 0.75 0.1
Zn (pg/l) 37 22 32 147
As (ug/l) 0.72 0.83 0.2
Ni (ug/l) 1.61 1.69 21 2.6
Co (pg/l) 1.4 1.27 43

As is seen in Table 2, the results from the wellshe SGU database, the values compiled by
Lang (2009) and the ones from the recreation dvesgmark 2003) show a fairly god correla-
tion, although the values from the SGU databasevsbwer values for pH, alkalinity, and am-
monia. Typically, wells in coarse grained matefiave lower pH than wells in more fine
grained material. Lang (2009) reports a pH meai%.dffor groundwater wells in backwash
sediments. Low pH-values are not surprising comsigethe acidic bedrock from which the
sediments are formed and the rather acid rain aitraverage pH level around 4.5 (Hansén
2002). The values given by Lang (2009) tend to draesvhat higher than the values from the
SGUgroundwater wells and the recreation area. iilaig be explained by the many wells locat-
ed near the city centre in the compilation by L&2@09).

A closer look into the SGU database (raw data tsnmade available in this report) reveals that

the series of groundwater analyses from the SGUswehtain shorter periods of high concen-

trations of metals for which there seem to be m@amations. As a result the median values are
often lower than the mean values.

As background concentrations, the mean of mediatasdration from the SGU database are
chosen, with the exception of aluminum. The aluminconcentration seem to be out of line
and the value 10 ug/l (bedrock, Table 1) is usstkad. The chosen concentrations for the rep-
resentation of background values are shown witk figures in Table 2. These relatively low
values are chosen as background values in ordeo nmiderestimate the influence of pollutants
on the groundwater.
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wzﬁbb
Flgure 2 Locatlon of SGU monltorlng wells 20014 8020014 2004 20014-2013
and 20014-2034 ( © Sveriges geologiska undersdkning

4.2  Groundwater quality in areas with filling mater  ial

4.2.1 Inorganic substances

Mossmark (2003) report on the results from analgdesoundwater samples taken in the centre
or near the centre of the town. In his study hedei the wells into seven groups based on land
use: urban forest (3 wells), industrial sites (3gyelurban highway (one well), major city streets
(3 wells), residential area (one well), city centriégh pedestrian shopping streets (3 wells), and
urbanized wetland (2 wells). The locations of tredlsvare shown in Figure 3 and the results are
shown in Table 3.

Mattsson (1999) report on the results from studfesater quality in stormwater pipes. Samples
were taken during periods of little or no precipda. The water in the pipes was considered as
groundwater leaking into the pipes. The studiesevearrried out in three areas: an urban high-
way, an area with mixed industrial and residertiiaildings and a residential area. The results
are also shown in Table 3.
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Figure 3. Location of monitoring wells used by Moag(2003) and Norin (2004). Squares marks wells

that were used for long-term analyses.

A review of nine Swedish studies of the base flovgtormwater pipes has recently been carried
out by Arwidsson (2011). In this review, the batenfis defined as “the water present in
stormwater ditches and stormwater pipes beforeafted a stormwater peak”, which should be

very similar to “drainage water”. Medians from thiee studies are shown in Table 3.

Metal concentrations in water leaking in to the agavwater system (drainage and infiltration
water, hereafter referred to as DI water) have alsen calculated based on the relationship
between different flow rates and corresponding metancentrations at the Goteborg
wastewater treatment plant (Balmer and Davidss@®R0rhe average concentrations from the
period 2004 — 2008 are shown in Table 3. The Dlewamounts to nearly 50 % of the total
flow to the wastewater treatment plant and Balnmet Bavidsson (2009) concluded that, alt-

hough the concentrations were low, the DI watenstebe a significant source of metals.
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The results from Mossmark (2003), Mattsson (199@yyidsson (2011) and Balmer and Da-
vidsson (2009) show a fairly good correlation, gtder chromium and zinc, although the sam-
pling was done with different strategies. The higtleromium concentration in the stormwater
pipes could be due to the concrete in the pipdgrigachromium. Zink may come from the well

material. Some of the wells in the Mossmark stuldgwsed extremely high concentrations of
zinc. The concentration of copper given by Balmed ®avidsson (2009) is also high in com-
parison with the other concentrations.

Table 3. Measured concentrations in groundwatenfi@areas of different land uses. Water samples were
taken from wells (Mossmark 2003) and from stormwvpiges (Mattsson 1999; Arwidsson 2011). Con-
centrations in DI water were calculated by Balmeddvavidsson (2009).

Mossmark Mattsson Arwidsson Balmer &
Davidsson
City Urban Major Industrial = Residen- Urban Industri- Residen- Mean of 9 DI water
centre highway city site tial area highway al/ tial area studies in
street residen- Sweden
tial area
pH 7.1 5.6 6.9 7.3 7.0 7.9 8.4 7.8
Cond. (mS/m) 117 102 220 230 68 238 55 49
Alk. (mg 142 280 304 196
HCOs/1)
Acid (mg
HCOs/1)
SO, (mg/1) 32 11 35 126 2.0
Cl (mg/l) 246 325 622 579 65
F(mg/l)
NH, (mg/1) 4.4 42 5.3 9.1
Na (mg/l) 36 20
K mg/1) 50 8.7 26 34 13
Ca (mg/l) 71 8.9 106 194 86
Mg (mg/l) 14 2.4 23 54 22
Fe (mg/l) 0.13 184 2.5 0.9 2.7
Mn (mg/l) 0.30 41 0.47 0.65 1.5
Hg (ug/l) 0.095
Al (pg/l) 67 0.5 21 7.2 0.6
Cd (ug/l) 0.03 0.2 0.43 0.10 0.3 0.11 0.09 0.50 0,05 0.12
Cr (ug/1) 0.2 0.2 0.67 0.93 0.3 8 4.1 2.0 1.4 3.0
Cu (ug/1) 3.5 3.2 4.5 6.3 3.2 7.1 9.7 5.1 6.6 40
Pb (ug/l) 0.7 0.2 0.2 0.5 0.29 1.6 0.36 1.4 23
Zn (ug/1) 187 655 4742 32 6180 20 45 31 24 43
Ni (ug/1) 6.9 35 15 32 15 6.8 6.5 2.6 3.1 3.2
Co (ug/!) 1.23 4.8 1.7 1.8 4.4
Ba (ug/l) 28 21 110 76 17
Sr (ug/1) 278 42 539 795 407

4.2.2 Organic substances

Some of the wells used by Mossmark (2003) had pusly been used by Carlsson and Johans-
son (2002) for the monitoring of some organic coomuts. These results are shown in Table 4
and Table 5. In addition, analyses of nonyl phen@ed phthalates were carried out on

groundwater from well GA 15, but concentrations\abdetection limit were only found for di-

(2ethylhexyl)phtalate (11 pg/l, not shown in thielés).
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Table 4. Chlorobenzenes, hydrocarbons, PCBs and PAldsthiee wells in the city centre.
(ng/l)(Carlsson and Johansson 2002). For well lomasi, see Figure 3.

Well GB 1825 GA 15 GB 1913
Chloro benzenes <1 <1 <1

Sum hydrocarbons 960 370 1400
Sum PCB <1 <1 <1

Sum PAH 6 <3 4

Table 5. PAHs in wells GB1825 and GA 15 (ug/l) (Gatsand Johansson 2002).
For well locations, see Figure 3.

Well GB 1825 GA15
naphtalene 0,029 <0.34
acenaphthylene 0.041 <0.25
acenaphthene 0 0.12

flourene 0.048 0.061
fenanthrene 0.088 0.092
anthracene 0.023 <0.13
fluoranthene 0.17 <0.30
pyrene 0.15 <0.37
benzo(a)anthracene 0.073 <0.07
chrycene 0.051 <0.16
benzo(b)fluoranthene 0.066 <0.27
benzo(k)fluoranthene 0.032 <0.05
benzo(a)phyrene 0.079 <0.26
dibenzo(ah)anthracene 0 <0.12
benzo(ghi)perylene 0.066 <0.04
indeno(123cd)pyrene 0.066 <0.06
Sum carcinogenic PAH 0.37 <0.05
Sum other PAH 0.61 0.27

Sum 16 EPA-PAH 0.98 0.27

Based on the studies by Carlsson and Johansso)(20d Lindgren (1998), Norin (2004)
suggested that the PAH composition given in Takdeesindication on that the wear from rub-
ber tyres probably is a main contributor to PAHHa shallow groundwater. As shown in Figure
4, there are high concentrations of, pyrene, flotrane and phenantrene, which is typically for
the release of tyre rubber (Lindgren 1998). Anaysere also made on stormwater sampled
during periods of little or no precipitation (Mattsn 1999), however the detection limit for these
analyses were rather high (0.1 pg/l) and the cdraions of analysed substances were below
detection limit.
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Figure 4. PAH distribution in shallow groundwater (well no. GB 1825, Norin 2004). The larger propor-
tion of pyrene, flourantene and phenantrene typically indicates influence from rubber tyres (Norin, 2004).

4.3 Temporal variations

Studies on the seasonal variation in concentrations have been carried out by Mossmark (2003)
and have been further discussed by Norin (2004). Mossmark concludes that the most significant
variations in chemical composition of the groundwater were found to be caused by seasonal
factors such as the use of de-icing chemicals (i.e. NaCl) and seasonal variation in groundwater
recharge, depending on precipitation, evapotranspiration and surface run off, which led to fluc-
tuations in the redox potential. Irrespective of the fact that deposition of de-icing chemicals is
the only factor caused solely by anthropogenic activities, alteration of the balance of the hydro-
logical cycle has occurred due to urbanization.

According to Norin (2004), periods with a large recharge rate stimulate a macro pore flow,
which results in less ion exchange capacity. The urban soil structure permits macro pore flow to
a greater extent than natural soils, due to the permeable filling material, pipes and underground
buildings. Furthermore, when more water percolates through the vadose zone it is likely to dis-
solve sulphate that has precipitated during the previous dry period and thereby become more
acidic before reaching the groundwater.

Periods with more acidic groundwater were brief in all of the locations, probably because the
pH was neutralized by the extra high alkalinity caused by the composition of the filling material
(Figure 5). The wells B1 and B2 described as urbanized wetland (see Figure 3) are situated fur-
ther away from the city centre with less filling materials than the other wells which can explain
lower pH values in these wells.

The alkalinity of groundwater remained relatively high even during acid pulses. According to
Vinka and Arebéck (1994), this can be explained by the presence of aggressive carbon dioxide
(COy) in groundwater. Bicarbonate (HG@Dis retained in solution by an alteration of the equi-
librium between bicarbonate and carbonic acigd®), which is caused by an increased con-
centration of aggressive carbon dioxide resulting from acid attacks on calcium carbonate (Ca-
C0;). Hydrogen ions (B will remain mobilized, instead of being buffered by bicarbonate,
which results in a lower pH value.

Norin (2004) also found a decreasing trend in lead content in the shallow groundwater from the
year 1996 to 1999 (Figure 6). The decrease was especially significant for the three wells located
along roads with moderate to heavy traffic (GB 1825, B1 and B2). Sales of leaded petrol were
discontinued in Sweden in 1994, and the previous excess of lead in groundwater in the vicinity
of roads should be reversed by now (Norin 2004).
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Figure 5. Seasonal changes of pH at five observation wells in the centre of Géteborg (Mossmark 2003).
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Figure 6. Lead concentrations (Norin 2004).
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S NEW INVESTIGATION ON URBAN GROUNDWATER QUALITY —
ANALYSES ON DRAINAGE WATER

5.1 Sampling points

Sampling and analysis was carried out on water febonmwater pipes as described in the
Methodology (section 2) and is hereafter refercedds drainage water.

Samples were taken from five locations, shown iguFé 7. These locations were chosen to
represent different type of urban pollution sour(s=e Methodology). Three of these sampling
points (Gullbergsmotet, Jarnbrott and Fiskebackyevetso used by Mattsson (1999). Two new
sampling points (Gullbergsvassgatan and Hisingeajewchosen to represent the shallow
groundwater in the filling material near the cignére. The run off areas for the three sampling
points near the town centre are shown in Figure 8.

Hisingeﬂ '-ﬁf-n o' Gullbergsmotet

% '.1;".;.{Gullbergsvass gatan

L

o Fiskebiack r.:- jé_ﬁi}jj-ott

Figure 7. Sampling location for the sampling of diage water in stormwater pipes.
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Figure 8. Run off areas for three of the samplingn{® The sampling points are marked with arrows

Gullbergsmotet (urban highway)

A sample was taken from a pumping station situatedhe south side of the Gota River, near
the entrance to the Tingstad tunnel under the kiiglure 8). The area next to the river consists
of filling material. The inlet to the pumping stati is several meters below the see level. The
pumps were run manually to lower the water tablgenrthe level of the inlet pipe, and a sample
could be taken from a free falling flow as can bersin Figure 9. The flow was estimated to 1.5

to 2 litres per second

Figure 9. Inlet pipe at the pumping station at Galpsmotet. A sample was taken
from the free falling flow. (Photo: SGI).
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Jarnbrott (industrial/residential area)

At the time for the study carried out by Mattss@899), the stormwater pipes ended in a small
stream leading to the sea south of the Goteborgeceéfoday, a construction is built to dam up
the water in order to lead it to a pond in wherduypants can precipitate before they reach the
stream (Figure 10). The construction also facdit@h overflow of water to the stream in case of
extreme flow rates. The construction made it difico do the sampling as planned for, howev-
er there was a small leakage under the bottomeottimstruction and water from this leakage
could be sampled. Due to the arrangements the Watercould not be estimated.

Figure 10. Sampling point at Jarnbrott (photo: SGI).

Fiskebéack (residential area)
The sample was taken from inside a 1500 mm stormvgape at the same location as the sam-
ple from the study by Mattsson (1999).

Gullbergsvassgatan (area with filling material)

A sample was taken from a pumping station (Figug itdmuch the same way as at Gull-
bergsmotet. This pumping station is however muchllemand the flow was estimated to only
0.03 litres per second. The sampling point is ledatear railroad tracks in the east and large
areas for container traffic in the west.
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Figure 11. The pumping station at Gullbergsvassgépdoto: SGI).

Hisingen (industrial area with filling material)
A drainage water sample was taken from an 800 marmstater pipe.

5.2 Results

5.2.1 Metals

Analyses were made both on filtered samples (0% and on unfiltered samples after diges-
tion. The filtered samples had, not surprisingbyyér concentrations, but, with the exception for
Pb, Al and Fe, the difference between the filteard the unfiltered samples were not dramatic.
It is unclear if the analyses made 1992 were &Heor not, but the concentrations seem to be
lower for most metals 2010, even if the concerdrafrom 1992 are compared with the unfil-
tered samples from 2010. The samples from “Hisihdeve somewhat higher concentrations
than the other samples, but otherwise there a@eaao distinction between areas with different
land uses.

Analyses results concerning metals are shown irleT@bln addition, mercury was analysed
with a high resolution method. The results are shawTable 7. Some of the results is also
illustrated with diagrams (Figure 12). The resntticates the following:
* The concentrations of metals have decreased diec&€292 measurements with the ex-
ception of copper.
e The metal concentrations 2010 do not differ mudmfthe background values with the
exception of cupper.
* The concentrations in filtered and unfiltered samamre in the same order of magnitude
with the exception of iron, aluminium and lead.
* The samples from Hisingen 2010 seem to have higbecentrations than the other
samples from 2010, otherwise there seem to begmifisant differences between areas
with different land use.
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Table 6. Metal concentrations in stormwater pipesirty a dry period (drainage water) in June 2010.
Concentrations from 1992 (Mattsson) are shown &mnpgarison.

Gullbergsmotet (GM) ::t';:e(’g;‘g)ss' Jérnbrott (J) Fiskebick (F) Hisingen (H)
SAM- * * *

ELEMENT PLE 92-01  10-06 10-06 10-06 10-06 | 92-01 10-06 | 10-06 | 92-01 | 10-06 | 10-06 | 10-06| 10-06
filtrering

0.45um; yes no yes no yes no yes no yes no
digestion no yes no yes no yes no yes no yes
Ca mg/| 79.7 84.7 182 185 54.8 54.1 45.5 46.6 34.9 35.4
Fe mg/| 0.0064 1.36 0.0087 24.8 0.0337 | 0.807 0.0338 0.411 0.146 4.06
K mg/| 19.2 213 15.8 17 7.09 7.41 6.18 7.06 6.3 7.5
Mg mg/| 229 24.6 15.6 16.3 9.09 9.53 8.77 9.56 6.44 7.12
Na mg/| 305 339 277 291 102 105 54.8 57.2 137 137
Si mg/| 6.91 12.2 5.45 6.6 14.3

Al ug/l 5.92 488 <0.2 <50 4.72 140 30.7 259 36.1 812
As ug/l 1.3 2.21 <0.6 1.65 0.349 1.19 1.38 1.19 391 6.34
Ba ug/l 54.9 69.5 175 288 31.5 37.5 21 26.8 4.28 34.4
Cd g/l 0.11 0.0349 <0.05 | <0.002 <0.05 0.09 0.019 | <0.05 0.06 | 0.0272| <0.05| 0.0296 | 0.0854
Co ug/l 0.252 0.496 0.131 0.201 0.096 | 0.317 0.104 0.297 0.28 0.652
Cr ug/l 8 0.166 <0.9 0.195 <0.9 4.1 0.165 <0.9 2| 0.223 <0.9| 0.392 1.82
Cu ug/l 7.1 6.97 5.3 0.105 1.22 9.7 6.57 9.67 5.1 5.92 6.21 8.18 15.4
Hg ug/l <0.002 <0.02 | <0.002 <0.02 <0.002 | <0.02 <0.002 | <0.02 | 0.0022 | <0.02
Mn ug/l 205 257 1240 1340 291 100 215 40.6 130 204
Mo ug/l 2.93 2.77 1.08 1.11 2.25 2.22 3.19 3.17 1.19 1.27
Ni ug/l 6.8 1.18 1.69 0.384 <0.6 6.5 1.87 2.36 2.6 1.41 1.64 11 2.55
P ug/l 22.7 2.34 19.7 141 19400

Pb pg/! 0.29 0.0133 0.768 <0.01 <0.6 1.6 | 0.0266 0.79 0.36 | 0.0243 <0.6 | 0.0421 3.55
Sr pg/! 310 534 173 160 68

Zn ug/l 20 6.26 13 1.42 4.68 45 13.5 21.7 31 9.55 18.1 9.28 44.7
Sb ug/l 0.605 0.613 0.413 0.619 0.525 | 0.548 0.303| 0.348 | 0.682 1.06
B ug/l 208 225 170 182 62 67.8 116 127 209 209
Sn ug/l <0.05 <0.5 0.297 <0.5 <0.05 <0.5 <0.05 1.13| 0.0639 | 0.701
Ag ug/l <0.05 <0.5 <0.05 <0.5 <0.05 <0.5 <0.05 <0.5 <0.05 <0.5
Bi ug/l <0.005 <0.05 <0.005 <0.05 <0.005 | <0.05 <0.005 <0.05 | <0.005 0.335

*From Mattsson 1992
Table 7. Mercury concentrations from high resolntamalysis.
Gullbergsmotet | Gullbergsvassgatan Jarnbrott Fiskeback Hisingen
Hg ng/l 2.6 1.2 2.9 3.3 9.4
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Figure 12. Diagrams for some metals and PAH. Abbr@nat H =Hisingen, GM = Gullbergsmotet,
GVG = Gullbergsvassgatan, J = Jarnbrott and F = Fiskek. The number indicates the sampling year.
a = filtered, b = unfiltered. Red line = backgrodivalues from Table 2.
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5.2.2 Physical parameters and nutrients

In Table 8, physical parameters and nutrients ftbim complementary sampling in 2010 is
compared with the results from the 1990 and thed1€88npling occasions. Again the sample
from Hisingen shows highest concentrations. It bamoted that both the samples from Gull-
bergsvassgatans pumping station and from Hisingew $iigh amounts of suspended solids. In
the case of Gullbergsvassgatan a major part obtispended solids consists of Fe (there is a
huge difference in concentrations between filtexed unfiltered samples, see table 5), while for
Hisingen the major part seems to consist of orgamixstances.

Table 8. Physical parameters and nutrients.

Gullbergs- | . _— His-
Gullbergsmotet Jarnbrott Fiskeback ing-

vassgatan en
ELEMENT SAMPLE 90-09 92-01 10-06 10-06 90-09 92-01 10-06 | 90-09 92-01 10-06 10-06
pH 7.9 7.9 8.1 7.3 8.4 8.4 7.5 8 7.8 8 8
conductivity mS/m 226 238 220 234 41 55 88.7 26 49 58.8 81.9
alkalinity mg HCO3/I 240 502 150 160 290
ammonium mg/| 0.394 2.29 0.347 0.451 <0.050
nitrate mg/| 7.17 2.22 5.8 941 <2.00
chloride mg/| 639 612 174 751 105
coDcr mg/| 30 34 25 33 24 20 22 9 22 23 116
DOC mg/| 5.97 10.6 6.58 6.4 24.2
TOC mg/| 7.79 10.7 6.92 6.51 26.5
N-tot mg/| 2.9 2.3 2.2 2.1 1.4 2.39 1 2.3 3.26 2.17
P-tot mg/| 0.085 0.06 0.071 0.159 022 012 0065 | 023 015  0.149 35.3
suspended
solids mg/| 5.5 7 7.2 51.7 6 63 <5.0 <1 <5 <5.0 65.4
alkalinity mg HCO3/I

5.2.3 Tin organic substances and phthalates

Remarkably, monobuthyltin was found in all sampl@ibuthyltin and tributhyltin was found at
Gullbergsvassgatan and Hisingen. Tributhyltin wiae éound at Fiskebéack. Phthalates were
found in the sample from Hisingen. In the other gl®1the concentrations were below the de-
tection limit. The concentrations of tin organidstances and phthalates are shown in Table 9.
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Table 9. Tin organic compounds and phthalates.

Gullbergsmotet |  Gullbergsvassgatan Jarnbrott | Fiskeback Hisingen
ELEMENT SAMPLE 10-06-17 10-06-17 10-06-17 10-06-17 10-06-17
monobutyltin ng/l 46 15 50 26 50
dibutyltin ng/l <1.0 2 <1.0 <1.0 2.5
tributyltin ng/l <1.0 2.7 <1.0 4.1 1.4
tetrabutyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
monooctyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
dioctyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
tricyklohexyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
monophenyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
diphenyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
triphenyltin ng/l <1.0 <1.0 <1.0 <1.0 <1.0
dimethylphthtalat ug/l <0.60 <0.60 <0.60 <0.60 <0.60
diethylphthalat ug/l <0.60 <0.60 <0.60 <0.60 2.59
di-n-propylphthalat ug/l <0.60 <0.60 <0.60 <0.60 <0.60
di-n-buthylphthalat ug/l <0.60 <0.60 <0.60 <0.60 1.73
di-isobuthylphthalat ug/! <0.60 <0.60 <0.60 <0.60 2.06
di-penthylphthalat ug/l <0.60 <0.60 <0.60 <0.60 <0.60
di-n-octylphthalat ug/l <0.60 <0.60 <0.60 <0.60 <0.60
di-(2-ethylhexyl)phthalat  pg/I <13 <13 <13 <13 19.2
butylbensylphthalat ug/l <0.60 <0.60 <0.60 <0.60 0.83
di-cyclohexylphthalat ug/l <0.60 <0.60 <0.60 <0.60 <0.60

5.2.4 Polyaromatic hydrocarbons (PAH)

The water samples from the five sampling pointsanaralysed at the Swedish Environmental
Research Institute. To benefit from low detectiomts, the samples were analysed with a non
accredited method “A20". Water samples were liguiduid extracted with pentane and con-
centrated before being purified and fractionate@itboa gel. The analysis was performed with
high-resolution liquid chromatography (HPLC) andgoilescence detector. The results are
shown in Table 10 and Figure 13 and 14. Canadiaietjues for the protection of aquatic life
are shown for comparison.
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Table 10. PAHs (ug/l) in drainage water samples ftbefive sampling points and guidelines for the
rotection of aquatic life (Canadian Council of Miters of the Environment, CCME 2007).

Gullbergsmotet ::tI;:ergsvass- Jarnbrott Fiskeback Hisingen CCME
naphthalene 0.0031 0.050 <0.0029 <0.0029 0.015 11
acenaphthulene
acenaphthene 0.012 0.960 0.0011 <0.00029 0.031 5.8
fluorene 0.0055 0.160 0.0027 0.00038 0024 3.0
fenanthrene 0.007 0.071 0.0026 <0.0009 0.040 0.4
anthracene 0.001 0.052 0.0024 0.000026 0.0035 0.012
fluoranthene 0.009 0.250 0.0033 0.00051 0.033 0.04
pyrene 0.0086 0.150 0.0061 0.00064 0.031 0.025
benzo(a)anthracene 0.00073 0.0045 0.00028 0.00015 00017 0.018
chrycene 0.0013 0.0052 0.0014 0.00022 0.0082
benzo(b)fluoranthene 0.0013 0.0018 0.0013 0.00019 0.0053
benzo(k)fluoranthene 0.00044 0.00062 0.00039 <0.000038 0.0019
benzo(a)phyrene 0.00079 0.00093 0.00064 <0.000077 0.0023 0.015
dibenzo(ah)anthracene 0.00026 0.00044 0.00053 <0.000096 0.0010
benzo(ghi)perylene 0.00125 0.0013 0.00029 <0.00029 0.0072
indeno(123cd)pyrene <0.00069 <0.00067 <0.00067 <0.00067 0.0025
Sum carcinogenic PAH
Sum other PAH
Sum PAH 0.052 1.70 0.023 0.0021 0.210

The concentrations are generally lower than thes @ieen by Carlsson and Johansson (2002)
(Table 4) and in the same order of magnitude oeta¥van the ones given in Table 5. The high-
est concentrations were found at GullbergsvassgatdnHisingen where at least some of the
concentrations exceeded the Canadian guidelinescdhcentrations at Fiskeback, the residen-
tial area, were very low. As seen from Figure 13 dm, the concentrations at Gull-
bergsvassgatan were much higher and are showgume=i4. The PAHs at Gullbergsvassgatan
could probably originate from the railroad yardtive area. The characteristics of leaching be-
haviour of old railroad ties impregnated with cretesare shown in Figure 15, illustrating that it
is mostly the more dense compounds that are lefeékage.
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Figure 13. Concentrations of individual PAH at Hisamg Gullbergsmotet, Jarnbrott and Fiskeback.
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Figure 14. PAH concentrations at Gullbergsvassgatan.
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Figure 15. Surface leaching characteristics for mdlroad ties impregnated with
creosote (Andersson-Skald et al. 2008).

6 COMPARISON OF WATER QUALITY

The results can give us a clue concerning the degfreollution of the ground water in the city
compared with the background concentrations givefable 2. As a very rough estimate the
compounds in the groundwater have been dividedfiméogroups as shown in Table 11. The
table shows that of the metals it is only coppet th a large extent occurs in drainage water
from the filling material compared to what is fouindgroundwaters from background soils.

Table 11 Concentrations in drainage water (filteaimples) within the city compared with background
values.

Group Compounds
Concentrations less than 50 % of background values Cd, Co, Pb, Zn
Concentrations 50 — 150 % of background values Fe, Cr, Ni,
Concentrations 1,5 — 3 times background values Mg, Al, As,
Concentrations 3 — 10 times background values K, Cu, Mn, conductivity
Concentrations > 10 times background values Ca, Na, alkalinity

Pollutant standard concentrations in stormwater egdculated by Alm et al. (2010). The calcu-

lations were based on long-term sampling over séyears, using sampling proportional to the
flow. The concentrations, expressed as mean camatiems, are shown in Table 12. As can be
seen from the table, the concentrations of metalhé urban groundwater and the drainage
water are lower than the concentrations in thersiater.

30 (37)



Table 12. Calculated standard concentrations inrstwater (Alm et al. 2010), measured concentrations
in drainage water (this study, in bold letters), té4gon (1999), and measured concentrations in urban

groundwater (Mossmark 2003).

P N As Pb Cu Zn Ccd Cr Ni Hg SS PAH  BaP***
16
Land use mg/l mg/l g/l pg/l  pg/l pe/l pg/l upe/l g/l pe/l mg/l  ug/l pg/l
Back- From table 2 0.8 1 13 22 0.12 0.27 1.7
ground
values
Road (5 Stormwater (a) 0.14 1.7 2.4 14 31 62 0.24 1 1.2 0.06 79 0.67 0.03
000 vpd*)
Road (15  Stormwater (a) 0.2 2 2.4 21 59 116 0.3 2.6 2.5 0.06 95 1.1 0.035
000 vpd*)
Road (30 Drainage water 0.02 1.3 0.013 6.9 6.3 0.035 0.17 1.18 0.0026 0.052 0.0008
000 vpd*) (GM 2010)
Drainage water 0.29 7.1 20 0.11 8 6.8
(GM 1992) (c)
Stormwater (a) 0.24 2.4 2.4 31 72 197 0.44 5 4.4 0.06 115 1.5 0.042
Groundwater 0.2 3.2 655 0.2 0.2 35
(b)
Parking Stormwater (a) 0.1 1.1 2.4 30 40 140 0.45 15 4 0.05 140 1.7 0.06
area
Villaarea Stormwater (a) 0.2 14 3 10 20 80 0.5 4 6 0015 45 0.6 0.05
Terrace/  Drainage water  0.14 1.4 0.024 5.9 9.6 0.027 0.22 1.4 0.0033 0.002 0.00007
row house (F 2010) 1
area Drainage water 0.36 5.1 31 0.5 2 2.6
(F 1992) (c)
Stormwater (a) 0.25 1.5 3 12 25 85 0.6 6 7 0.02 45 0.6 0.05
Residen- Drainage water 0.02 0.35 0.027 6.6 13.5 0.019 0.17 1.9 0.0029 0.023 0.0006
tial area (J 2010)
Drainage water 1.6 9.7 45 0.09 4.1 6.5
(4 1992) (c))
Stormwater (a) 0.3 1.6 3 15 30 100 0.7 12 9 0.025 70 0.6 0.05
Groundwater 3.2 6180 0.3 0.2 15
(b)
Holiday Stormwater 0.2 33 33 5 20 80 0.5 2 5 0.015 50 0.3 0.03
house
area
Small Stormwater (a) 0.15 5 3.3 5 15 50 0.2 0.2 1 0.012 38 0 0
summer
house
area
City area Stormwater (a) 0.28 1.9 2.4 20 22 140 1 5 8.5 0.05 100 0.6 0.1
Groundwater 0.7 3.5 187 0.03 6.9
(b)
Industrial  Drainage water 0.0023 0.6 0.01 0.1 1.4 0.002 0.2 0.38 0.0012 1.7 0.0023
(GVG 2010)
Drainage water 19 3.9 0.042 8.2 9.3 0.029 0.39 1.1 0.0094 0.21 0.0009
(H 2010)
Stormwater (a) 0.3 1.8 4 30 45 270 15 14 16 0.07 100 1 0.15
Groundwater 0.5 6.3 32 0.1 0.93 32
(b)
Park Stormwater (a) 0.12 1.2 4 6 15 25 0.3 3 2 0.02 49 0 0
Seas** Stormvater (a) 0.032 1.5 0.3 3 5 30 0.11 0.17 0.4 0.01 0 1.9 0.01
Woodland Stormwater (a) 0.035 0.75 6 6.5 15 0.2 0.5 0.5 0.005 34 0 0
Farming Stormwater (a) 0.22 5.3 4 9 14 20 0.1 1 0.5 0.005 100 0 0
area
Grass area Stormwater (a) 0.2 1 4 6 15 30 0.3 2 0.5 0.005 45 0 0
Wetland Stormwater (a) 0.05 0.9 4 6 7.5 13 0.15 0.15 0.5 0.005 16 0

a (Alm et al. 2010), b (Mossmark 2003), c (Mattsson 1999)
*vpd=average daily traffic, vehicles per day

** Atmospherical deposition

*** BaP=benzo(a)pyrene
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7 ASSESSMENT OF POLLUTION LOAD FROM GROUNDWATER TO
SURFACE WATER

The Géteborg city area amounts to about 198 kdnwhich 58 km (30 %) refers to impervious
areas and 140 Kn{70 %) refers to green spaces (SCB 2010). Thératfon area for ground-
water recharge is hence set to 70 % of the togal. aean annual precipitation during the statis-
tical period 1961-1990 amounted to 758 mm and thamiemperature to 7.7 degrees. A rough
estimate of the evapotranspiration can be calalilatth Tams formula:

E=2215+29T

where E is the evapotranspiration and T the meapdeature. The annual evapotranspiration in
the Goteborg area can be calculated to 445 mmtendrinual recharge of groundwater to ap-
proximately 300 mm. Within the Goteborg city, thenaal groundwater recharge can be esti-
mated to 198*1Dm™70 %*0.3 m = 41*16 m?’. If the runoff coefficient is set to 0.85 (which i
the value used by Alm et al. (2010) for roads aarkipg lots) for the impervious surfaces, the
annual amount of stormwater can be calculated & 18 m™30 %*0.758 m*0.85 = 38*10

me.

However, 39 krhof the Géteborg city have a combined stormwater sewage water system
(Jansson 2011) where both types of water is ledldeteewage water treatment plant. The actual
annual amount of stormwater lead directly to thvenithe tributaries or the estuary is hence
(198 knf-39 knf)* 30 %*10°*0.76 m*0.85 = 31*16 n’.

Between year 2001-2010 the annual mean water fio@&ita River varied from 145%s to 235

m’/s (Goéteborgs vattenvardsférbund 2010). The 10-yezan amounts to 170%s, or 5.3*16
3

m°/yeatr.

Measured mean concentrations in the drainage &0 are given in Table 13. Results are
given for both filtered samples and unfiltered atdigested samples. The concentrations are
compared with mean concentrations for stormwatanfthe same types of areas (road 30000
vpd, terracehouse area, residential area and ialustea) given in Table 12. Comparisons are
also made with background concentration and coratons in Gota River at Alelyckan fresh
water intake.

The pollution load given in Table 13 are calculatexn the concentrations and corresponding
water flows. Table 13 indicates that leakage ofatserom the filling material is not generally a

great problem. Only for copper and arsenic thedgeakis significantly higher than for natural

soils surrounding Goteborg. The main contributionmetals and PAH to the Gota River from

the city seems to emanate from the stormwater. Mewthe huge volume of water also make
the Gota River an important contributor to theltiad to the estuary.
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Table 13. Concentrations in various waters (ug/l).

Drainage PIEITELL
Back- & water Treated " .
round water unfiltered Stormwater | Storm water sewage Gota River
& filtered (this | " baseflow (1) | (2) & ()
values ) digested water (3)
g (this study)

As 0.8 1.51 2.51 3.1 0.28
Pb 1 0.023 1.26 1.4 22 0.24 0.35
Cu 1.3 5.5 7.56 6.6 43 9.2 1.33
Zn 22 8 20.4 24 160 11 3.7
cd 0.12 0.022 0.06 0.05 0.8 0.01 0.009
Cr 0.27 0.23 1.1 1.4 6.8 0.82 0.34
Ni 1.7 1.12 1.77 3.1 9.1 4.1 0.76
Hg 0.0039 0.044 0.02 0.00159
PAH 16 0.4 0.93
BaP 0.0008 0.07

(1)Arwidsson 2011. Stormwater baseflow is defined as the water present in storm water ditches and storm water pipes after a

storm water peak.
(2)Alm et al. 2010
(3)GRYAAB 2011

(4)Gota dlvs Vattenvardsforbund 2011

Table 14. Pollution load from various waters to tstuary (kg/year).

Elements Transport (kg/year)
Background
values (.prowded ) e
the drainage Drainage
water Treated " .
water would have | water unfiltered Storm- sewage Gota River
had the same filtered (this | . water 8 at Alelyckan
. digested water (1)
concentrations as | study) (this study)
the background v
values)
Water m3/s 13 1.3 13 1 3.7 170
water, million
m3/year 41 41 41 31 118 5300
As 32.8 61.91 102.91 95 88 1484
Pb 41 0.94 51.66 680 34 1855
Cu 53.3 2255 309.96 1300 1122 7049
Zn 902 328 836.4 5100 1445 19610
cd 4.92 0.90 2.46 25 1.4 47.7
Cr 11.07 9.43 45.1 210 100 1802
Ni 69.7 45.9 72.57 280 488 4028
Hg 0.16 1.4 2 8.43
PAH 16 16.4 29 12
BaP 0.03 2.2
(1)GRYAAB 2011

8 DISCUSSION

In this part of the diPol-project we have focusead the contribution from urban shallow
groundwater to the overall water quality in theuasy. Samples were taken from stormwater
pipes during periods of little or no precipitation order to obtain representative samples for
large areas without having a large number of mainigowells. This approach provides some
uncertainties though as sewage water or drinkingemfaom leaking pipes systems may leak
into the storm water pipes. The pipe material fiteghy contribute to pollutants, and solution
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and desorption of pollutants from sediments witthia pipe system may be other sources of
error.

Comparisons have been made with earlier analyeas $tormwater pipes and from monitoring
wells within the Goteborg area. The correlatiorss iarmost cases fair, that is to say within the
same order of magnitude. Taking samples of draimager is therefore considered to be a use-
ful method to estimate the concentrations of palita in shallow urban groundwater. Compari-
sons have also been made with earlier analyses dtwsarvation wells in natural soil in the
outskirts of Goteborg. In most cases it has nohladde to gain information on data concerning
the observation wells such as exact location, mailerial and depth. It is also unclear whether
the samples have been filtered or digested befmabyses.

It can also be discussed whether groundwater isrbpsesented by filtered or unfiltered sam-
ples. In the case of groundwater, particles latban 0.45 um are often regarded as artefacts
caused by the sampling technique. On the other Ham@nvironment in the pipe system may
lead to precipitation of metals and filtering mawd to an underestimation of the metal content.
Regardless of if filtered or unfiltered samples ased for the transport calculations, the storm-
water seems to be the largest contributor of metadsPAH from the city to the surface water.

Although low background concentrations were chdsearder not to underestimate pollution
this project indicates that leaking of pollutarmnh the filling material in the city is not general
ly a major problem. Only for copper and arsenicléakage is significantly higher than for nat-
ural soils surrounding Goteborg

Only a few new samples were taken in this study iaiés not been possible to account for
seasonal variations of the water quality. More dampnd analyses are hence needed to con-
firm the results. In addition, there are great ek long time observations from well docu-
mented sampling points and analyses techniques.

9 CONCLUSIONS

Taking samples from drainage water (stormwater9ghe&ing periods with little or no precipi-
tation) is considered to be a useful method tarede the concentrations of pollutants in shal-
low urban groundwater, although there are severatces of error. A good knowledge of the
stormwater pipe system is required and suitableoBagpoints can be hard to find.

This project indicates that leaking of pollutamsnh the filling material in the city is not a ma-

jor problem. Only for copper and arsenic the leakiagsignificantly higher than for natural soils

surrounding Goteborg. This should however not Ipeegext to reduce the remediation of con-
taminated sites which may have significantly higaerounts of pollutants than the investigated
areas.

The main contribution of metals and PAH to the GRtaer from the city seems to emanate
from the stormwater. Thus, a good strategy to prepellution of the Gota River estuary from
the city is to take further measures to reducepibleutants in the stormwater, preferably by
action at the pollution sources, traffic and aillygidn. However, more thorough investigations
are needed to confirm the above conclusions.
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Analys av vatten
Er beteckning GM
2010-06-17
Labnummer 010323384
Parameter Resultat Osékerhet () Enhet Metod Utf Sign
filtrering 0,45pm; metaller* JA 1 1 AKR
Ca 79.7 9.6 mg/l 2 E AKR
Fe 0.0064 0.0012 mg/l 2 H AKR
K 19.2 2.3 mg/l 2 E AKR
Mg 22.9 2.8 mg/l 2 E AKR
Na 305 41 mgl/l 2 E AKR
Si 6.91 1.01 mg/l 2 E AKR
Al 5.92 1.17 Hg/l 2 H AKR
As 1.30 0.24 Hgll 2 H AKR
Ba 54.9 6.7 Hg/l 2 E AKR
Cd 0.0349 0.0062 Hg/l 2 H AKR
Co 0.252 0.071 pg/l 2 H AKR
Cr 0.166 0.147 gl 2 H AKR
Cu 6.97 1.19 ug/l 2 H AKR
Hg <0.002 pg/l 2 F AKR
Mn 205 25 pgll 2 E AKR
Mo 2.93 0.52 pg/l 2 H AKR
Ni 1.18 0.32 pgll 2 H AKR
P 22.7 4.4 pgll 2 H AKR
Pb 0.0133 0.0086 Hg/l 2 H AKR
Sr 310 39 pgll 2 E AKR
Zn 6.26 1.15 pg/l 2 H AKR
Sb 0.605 0.136 Hg/l 3 H AKR
B 208 32 pg/l 3 E AKR
Sn <0.05 pg/l 3 H AKR
Ag <0.05 ug/l 3 H AKR
Bi* <0.005 ugil 3 S AKR
monobutyltenn 46 ng/l 4 2 ANFR
dibutyltenn <1.0 ng/l 4 2 ANFR
tributyltenn <1.0 ng/l 4 2 ANFR
tetrabutyltenn <1.0 ng/l 4 2 ANFR
monooktyltenn <1.0 ng/l 4 2 ANFR
dioktyltenn <1.0 ng/l 4 2 ANFR
tricyklohexyltenn <1.0 ng/| 4 2 ANFR
monofenyltenn <1.0 ng/l 4 2 ANFR
difenyltenn <1.0 ng/l 4 2 ANFR
trifenyltenn <1.0 ng/l 4 2 ANFR
dimetylftalat <0.60 pg/l 5 3 AKR
dietylftalat <0.60 pgll 5 3 AKR
di-n-propylftalat <0.60 g/l 5 3 AKR
di-n-butylftalat <0.60 pg/l 5 3 AKR
di-isobutylftalat <0.60 Hg/l 5 3 AKR
di-pentylftalat <0.60 ug/l 5 3 AKR
di-n-oktylftalat <0.60 pgll 5 3 AKR
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Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
di-(2-etylhexyl)ftalat <13 pg/l 5 3 AKR
butylbensylftalat <0.60 pg/ 5 3 AKR
di-cyklohexylftalat <0.60 ug/l 5 3 AKR
pH 8.1 6 O JOTA
konduktivitet 220 mS/m 7 O JOTA
alkalinitet 240 mg HCO3/l 8 O JOTA
ammonium 0.394 0.079 mg/| 9 3 AKR
nitrat 717 1.43 mg/l 10 3 AKR
klorid 639 128 mgl/l 11 3 AKR
CoDCr 25.0 7.5 mg/l 12 3 AKR
DOC 5.97 1.19 mg/l 13 3 AKR
TOC 7.79 1.56 mg/l 14 3 AKR
N-tot 2.20 0.66 mg/l 15 3 AKR
P-tot 0.071 0.014 mg/l 16 3 AKR
suspenderad substans 7.2 1.4 mg/l 17 3 AKR
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Er beteckning GVG
2010-06-17
Labnummer 010323385
Parameter Resultat Osékerhet () Enhet Metod Utf Sign
filtrering 0,45um; metaller* JA 1 1 AKR
Ca 182 22 mg/| 2 E AKR
Fe 0.0087 0.0016 mgl/l 2 H AKR
K 15.8 1.9 mg/l 2 E AKR
Mg 15.6 1.9 mg/| 2 E AKR
Na 277 37 mg/! 2 E AKR
Si 12.2 1.8 mg/l 2 E AKR
Al <0.2 pg/l 2 H AKR
As <0.6 Hg/l 2 H AKR
Ba 175 21 Hg/l 2 E AKR
Cd <0.002 ug/l 2 H AKR
Co 0.131 0.032 ug/l 2 H AKR
Cr 0.195 0.039 pg/l 2 H AKR
Cu 0.105 0.028 Hg/l 2 H AKR
| Hg <0.002 pg/l 2 F AKR
Mn 1240 219 pa/l 2 H AKR
Mo 1.08 0.20 pg/l 2 H AKR
Ni 0.384 0.091 ugl 2 H AKR
P 2.34 0.74 [Te]] 2 H AKR
Pb <0.01 Hg/l 2 H AKR
Sr 534 66 pg/l 2 E AKR
Zn 1.42 0.30 pg/l 2 H AKR
Sb 0.413 0.091 pg/l 3 H AKR
B 170 26 pg/l 3 E AKR
Sn 0.297 0.082 pg/l 3 H AKR
Ag <0.05 pg/l 3 H AKR
Bi* <0.005 Hg/l 3 S AKR
monobutyltenn 15 ng/l 4 2 ANFR
dibutyltenn 2.0 ng/l 4 2 ANFR
tributyltenn 2.7 ng/l 4 2 ANFR
tetrabutyltenn <1.0 ng/l 4 2 ANFR
monooktyltenn <1.0 ng/| 4 2 ANFR
dioktyltenn <1.0 ng/l 4 2 ANFR
tricyklohexyltenn <1.0 ng/l 4 2 ANFR
monofenyltenn <1.0 ng/l 4 2 ANFR
difenyltenn <1.0 ng/l 4 2 ANFR
trifenyltenn <1.0 ng/l 4 2 ANFR
dimetylftalat <0.60 pg/l 5 3 AKR
dietylftalat <0.60 pg/l 5 3 AKR
di-n-propyiftalat <0.60 pg/l 5 3 AKR
di-n-butylftalat <0.60 ug/l 5 3 AKR
di-isobutylftalat <0.60 pg/l 5 3 AKR
di-pentylftalat <0.60 pg/l 5 3 AKR
di-n-oktylftalat <0.60 pg/! 5 3 AKR
di-(2-etylhexyl)ftalat <1.3 pg/l 5 3 AKR
butylbensylftalat <0.60 pg/l 5 3 AKR
di-cyklohexylftalat <0.60 pg/l 5 3 AKR
pH 7.3 6 0 JOTA
konduktivitet 234 mS/m 7 0 JOTA
alkalinitet® 502 mg HCO3J/ 18 2 CL
ammonium 2.29 0.458 mgl/l 9 3 AKR
nitrat 2.22 0.44 mg/l 10 3 AKR
klorid 612 122 mg/| 1 3 AKR
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Labnummer 010323385
Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
CcOoDCr 33.0 9.9 mg/| 12 3 AKR
DOC 10.6 2.12 mgl/| 13 3 AKR
TOC 10.7 2.14 mg/l 14 3 AKR
N-tot 2.10 0.63 mg/| 15 3 AKR
P-tot 0.159 0.032 mg/l 16 3 AKR
suspenderad substans 51.7 10.3 mg/l 17 3 AKR

As: Férhéjd rapporteringsgréns pga kloridstérning
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2010-06-17
Labnummer 010323386
Parameter Resultat Osakerhet (%) Enhet Metod Utf Sign
filtrering 0,45pm; metaller* JA 1 1 AKR
Ca 54.8 6.6 mg/| 2 E AKR
Fe 0.0337 0.0059 mg/! 2 H AKR
K 7.09 0.89 mg/l 2 E AKR
Mg 9.09 1.12 mg/l 2 E AKR
Na 102 14 mg/| 2 E AKR
Si 5.45 0.79 mg/l 2 E AKR
Al 4.72 0.99 pg/t 2 H AKR
As 0.349 0.084 ug/l 2 H AKR
Ba 31.5 3.9 Hg/l 2 E AKR
Cd 0.0190 0.0049 ygll 2 H AKR
Co 0.0960 0.0200 pg/l 2 H AKR
Cr 0.165 0.036 pgll 2 H AKR
Cu 6.57 1.13 pg/l 2 H AKR
| Hg <0.002 pall 2 F AKR
Mn 2.91 0.53 ug/l 2 H AKR
Mo 2.25 0.40 pg/l 2 H AKR
Ni 1.87 0.36 pg/l 2 H AKR
P 19.7 3.7 pg/l 2 H AKR
Pb 0.0266 0.0097 ug/! 2 H AKR
Sr 173 21 pg/l 2 E AKR
Zn 13.5 2.5 pgll 2 H AKR
Sb 0.525 0.125 pgll 3 H AKR
B 62.0 11.0 ug/l 3 E AKR
Sn <0.05 gl 3 H AKR
Ag <0.05 ug/l 3 H AKR
Bi* <0.005 pg/l 3 S AKR
monobutyltenn 50 ng/l 4 2 ANFR
dibutyltenn <1.0 ng/l 4 2 ANFR
tributyltenn <1.0 ng/l 4 2 ANFR
tetrabutyltenn <1.0 ng/l 4 2 ANFR
monooktyltenn <1.0 ng/l 4 2 ANFR
dioktyltenn <1.0 ng/l 4 2 ANFR
tricyklohexyltenn <1.0 ng/l 4 2 ANFR
monofenyltenn <1.0 ng/| 4 2 ANFR
difenyltenn <1.0 ng/l 4 2 ANFR
trifenyltenn <1.0 ng/l 4 2 ANFR
dimetylftalat <0.60 ug/l 5 3 AKR
dietylftalat <0.60 pg/l 5 3 AKR
di-n-propylftalat <0.60 pg/l 5 3 AKR
di-n-butylftalat <0.60 g/l 5 3 AKR
di-isobutylftalat <0.60 ug/l 5 3 AKR
di-pentyliftalat <0.60 ug/l 5 3 AKR
di-n-oktylftalat <0.60 ug/l 5 3 AKR
di-(2-etylhexyl)ftalat <13 ug/l 5 3 AKR
butylbensylftalat <0.60 yg/l 5 3 AKR
di-cyklohexylftalat <0.60 pg/l 5 3 AKR
pH 7.5 6 0 JOTA
konduktivitet 88.7 mS/m 7 0 JOTA
alkalinitet 150 mg HCO3/| 8 0 JOTA
ammonium 0.347 0.069 mg/l 9 3 AKR
nitrat 5.80 1.16 mg/l 10 3 AKR
klorid 174 34.8 mg/l 11 3 AKR
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2010-06-17

Labnummer 010323386
Parameter Resultat Osékerhet (%) Enhet Metod Utf Sign
CoDCr 22.0 6.6 mg/l 12 3 AKR
DOC 6.58 1.32 mg/l 13 3 AKR
TOC 6.92 1.38 mg/| 14 3 AKR
N-tot 2.39 0.72 mg/l 15 3 AKR
P-tot 0.065 0.013 mg/l 16 3 AKR
suspenderad substans <5.0 mg/l 17 3 AKR
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Er beteckning F
2010-06-17
Labnummer 010323387
Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
filtrering 0,45um; metaller* JA 1 1 AKR
Ca 45.5 5.4 mg/| 2 E AKR
Fe 0.0338 0.0059 mg/| 2 H AKR
K 6.18 0.76 mg/| 2 E AKR
Mg 8.77 1.08 mgl/l 2 E AKR
Na 54.8 7.3 mg/l 2 E AKR
Si 6.60 0.96 mg/l 2 E AKR
Al 30.7 5.2 pg/l 2 H AKR
As 1.38 0.25 ugll 2 H AKR
Ba 21.0 2.6 ug/l 2 E AKR
Cd 0.0272 0.0049 pg/l 2 H AKR
Co 0.104 0.021 pg/l 2 H AKR
Cr 0.223 0.043 pg/l 2 H AKR
Cu 5.92 1.02 pg/l 2 H AKR
| Hg <0.002 pg/l 2 F AKR
Mn 21.5 3.8 Hg/l 2 H AKR
Mo 3.19 0.56 ug/l 2 H AKR
Ni 1.41 0.24 pg/l 2 H AKR
P 141 26 ug/l 2 H AKR
Pb 0.0243 0.0094 ugll 2 H AKR
Sr 160 20 pg/l 2 E AKR
Zn 9.55 1.75 pg/l 2 H AKR
Sb 0.303 0.067 pgll 3 H AKR
B 116 18 pg/l 3 E AKR
Sn <0.05 ug/l 3 H AKR
Ag <0.05 ug/l 3 H AKR
Bi* <0.005 pg/l 3 S AKR
monobutyltenn 26 ng/l 4 2 ANFR
dibutyltenn <1.0 ng/l 4 2 ANFR
tributyltenn 41 ng/l 4 2 ANFR
tetrabutyltenn <1.0 ng/l 4 2 ANFR
monooktyltenn <1.0 ng/l 4 2 ANFR
dioktyltenn <1.0 ng/l 4 2 ANFR
tricyklohexyltenn <1.0 ng/l 4 2 ANFR
monofenyltenn <1.0 ng/l 4 2 ANFR
difenyltenn <1.0 ng/l 4 2 ANFR
trifenyltenn <1.0 ng/l 4 2 ANFR
dimetylftalat <0.60 pg/l 5 3 AKR
dietylftalat <0.60 pg/l 5 3 AKR
di-n-propylftalat <0.60 ug/l 5 3 AKR
di-n-butylftalat <0.60 ug/l 5 3 AKR
di-isobutylftalat <0.60 pg/l 5 3 AKR
di-pentylftalat <0.60 pg/l 5 3 AKR
di-n-oktylftalat <0.60 pg/l 5 3 AKR
di-(2-etylhexyl)ftalat <13 ug/l 5 3 AKR
butylbensylftalat <0.60 pg/l 5 3 AKR
di-cyklohexylftalat <0.60 pg/l 5 3 AKR
pH 8.0 6 0 JOTA
konduktivitet 58.8 mS/m 7 O JOTA
alkalinitet 160 mg HCO3/I 8 0 JOTA
ammonium 0.451 0.090 mg/l 9 3 AKR
nitrat 9.41 1.88 mg/l 10 3 AKR
klorid 75.1 15.0 mg/l 1 3 AKR
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Er beteckning F

2010-06-17
Labnummer 010323387
Parameter Resultat Osikerhet (&) Enhet Metod Utf | Sign
coDcCr 23.0 6.9 mg/| 12 3 AKR
DOC 6.40 1.28 mg/l 13 3 AKR
TOC 6.51 1.30 mg/l 14 3 AKR
N-tot 3.26 0.98 mg/l 15 3 AKR
P-tot 0.149 0.030 mg/l 16 3 AKR
suspenderad substans <5.0 mg/l 17 3 AKR
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Er beteckning H
2010-06-17
Labnummer 010323388
Parameter Resultat Osidkerhet (t) Enhet Metod Utf Sign
filtrering 0,45um; metaller* JA 1 1 AKR
Ca 34.9 4.2 mg/l 2 E AKR
Fe 0.146 0.019 mg/l 2 E AKR
K 6.30 0.97 mg/l 2 E AKR
Mg 6.44 0.80 mg/l 2 E AKR
Na 137 18 mg/! 2 E AKR
Si 14.3 2.1 mg/l 2 E AKR
Al 36.1 6.1 pgll 2 H AKR
As 3.91 0.67 pgll 2 H AKR
Ba 4.28 0.74 Hg/l 2 H AKR
Cd 0.0296 0.0052 pg/l 2 H AKR
Co 0.280 0.065 pg/l 2 H AKR
Cr 0.392 0.070 ug/l 2 H AKR
Cu 8.18 1.40 ug/l 2 H AKR
| Hg 0.0022 0.0007 pgll 2 F AKR
Mn 130 16 pg/l 2 E AKR
Mo 1.19 0.21 pgll 2 H AKR
Ni 1.10 0.20 Hgll 2 H AKR
P 19400 2380 Hg/l 2 E AKR
Pb 0.0421 0.0110 pg/l 2 H AKR
Sr 68.0 8.5 ug/ 2 E AKR
Zn 9.28 1.88 pg/l 2 H AKR
Sb 0.682 0.150 pg/l 3 H AKR
B 209 32 pg/l 3 E AKR
Sn 0.0639 0.0411 ug/l 3 H AKR
| Ag <0.05 Hg/l 3 H AKR
Bi* <0.005 pgll 3 S AKR
monobutyltenn 50 ng/l 4 2 ANFR
dibutyltenn 2.5 ng/l 4 2 ANFR
tributyltenn 1.4 ng/l 4 2 ANFR
tetrabutyltenn <1.0 ng/l 4 2 ANFR
monooktyltenn <1.0 ng/l 4 2 ANFR
dioktyltenn <1.0 ng/l 4 2 ANFR
tricyklohexyltenn <1.0 ng/l 4 2 ANFR
monofenyltenn <1.0 ng/l 4 2 ANFR
difenyltenn <1.0 ng/l 4 2 ANFR
trifenyltenn <1.0 ng/l 4 2 ANFR
dimetylftalat <0.60 pg/l 5 3 AKR
dietylftalat 2.59 0.91 pg/l 5 3 AKR
di-n-propylftalat <0.60 pg/l 5 3 AKR
di-n-butylftalat 1.73 0.60 ug/l 5 3 AKR
di-isobutylftalat 2.06 0.72 Hg/l 5 3 AKR
di-pentylftalat <0.60 pg/l 5 3 AKR
di-n-oktylftalat <0.60 yg/l 5 3 AKR
di-(2-etylhexyl)ftalat 19.2 6.7 Hg/l 5 3 AKR
butylbensyiftalat 0.83 0.29 ug/l 5 3 AKR
di-cyklohexylftalat <0.60 ug/l 5 3 AKR
pH 8.0 6 0 JOTA
konduktivitet 81.9 mS/m 7 0 JOTA
alkalinitet 290 mg HCO3/ 8 0 KABJ
ammonium <0.050 mg/l 9 3 AKR
nitrat <2.00 mg/l 10 3 AKR
klorid 105 21.0 mg/l 11 3 AKR
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Er beteckning H

2010-06-17
Labnummer 010323388
Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
CODCr 116 34.8 mg/| 12 3 AKR
DOC 24.2 4.84 mgl/| 13 3 AKR
TOC 26.5 5.30 mg/l 14 3 AKR
N-tot 217 0.65 mg/| 15 3 AKR
P-tot 35.3 7.05 mg/l 16 3 AKR
suspenderad substans 65.4 13.1 mg/l 17 3 AKR
Er beteckning GM.

2010-06-17 (
Labnummer 010323389
Parameter Resultat Osiékerhet (&) Enhet Metod Utf Sign
Ca 84.7 9.0 mg/l 19 E AKR
Fe 1.36 0.12 mg/| 19 E AKR |
K 21.3 1.8 mg/| 19 E AKR
Mg 24.6 2.2 mg/l 19 E AKR
Na 339 29 mg/| 19 E AKR
Al 488 65 pg/l 19 E AKR
As 2.21 0.87 pg/l 19 H AKR
Ba 69.5 6.0 pglt 19 E AKR
Cd <0.05 ug/ 19 H AKR
Co 0.496 0.149 pg/l 19 H AKR
Cr <0.9 Hg/l 19 H AKR
Cu 5.30 1.30 ug/l 19 H AKR
Hg <0.02 Hg/l 19 F AKR
Mn 257 24 pg/l 19 E AKR
Ni 1.69 0.55 pg/ 19 H AKR
Pb 0.768 0.231 pg/l 19 H AKR
Zn 13.0 4.8 pg/l 19 H AKR
Sb 0.613 0.175 pgh 3 H AKR
Mo 2.77 1.02 pg/l 3 H AKR
B 225 22 ug/l 3 E AKR
Sn <0.5 pg/l &) H AKR
Ag - <0.5 pg/l 3 H AKR
Bi* <0.05 ug/l &) S AKR

(
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2010-06-17
Labnummer 010323390
Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
Ca 185 20 mg/! 19 E AKR
Fe 24.8 2.2 mg/| 19 E AKR
K 17.0 1.4 mg/l 19 E AKR
| Mg 16.3 1.5 mg/| 19 E AKR
Na 291 25 mg/! 19 E AKR
Al <50 yg/ 19 H AKR
As 1.65 0.78 ug/! 19 H AKR
Ba 288 23 pg/! 19 E AKR
Cd <0.05 pg/ 19 H AKR
Co 0.201 0.218 ug/ 19 H AKR
Cr <0.9 pg/!l 19 H AKR
Cu 1.22 0.68 ug/! 19 H AKR
Hg <0.02 ug/! 19 F AKR
Mn 1340 123 pg/l 19 E AKR
Ni <0.6 pgl/! 19 H AKR
Pb <0.6 ug/l 19 H AKR
Zn 4.68 3.40 ug/! 19 H AKR
Sh 0.619 0.196 ug/! 3 H AKR
Mo 1.11 0.91 pg/! 3 H AKR
B 182 19 pg/l 3 E AKR
Sn <0.5 pg/l 3 H AKR
Ag <0.5 ug/! 3 H AKR
Bi* <0.05 pg/l 3 S AKR
Er beteckning Jérnbrott.
2010-06-17
Labnummer 010323391
Parameter Resultat Osakerhet (1) Enhet Metod Utf Sign
Ca 54.1 5.8 mg/l 19 E AKR
Fe 0.807 0.074 mg/! 19 E AKR
K 7.41 0.65 mg/l 19 E AKR
Mg 9.53 0.85 mg/! 19 E AKR
Na 105 9 mg/! 19 E AKR
Al 140 26 pgll 19 H AKR
As 1.19 0.71 pg/l 19 H AKR
Ba 37.5 3.8 pgll 19 E AKR
Cd <0.05 ug/l 19 H AKR
Co 0.317 0.143 ugh 19 H AKR
Cr <0.9 pg/! 19 H AKR
Cu 9.67 2.30 pgh 19 H AKR
Hg <0.02 pg/! 19 F AKR
Mn 100 9 ug/ 19 E AKR
Ni 2.36 0.97 pgl/l 19 H AKR
Pb 0.790 0.235 ug/) 19 H AKR
Zn 21.7 5.3 pg/ 19 H AKR
Sb 0.548 0.194 pg/l 3 H AKR
Mo 2.22 0.97 pg/! 3 H AKR
B 67.8 12.2 pg/l 3 E AKR
Sn <0.5 pgl/l 3 H AKR
Ag <0.5 pg/! 3 H AKR
Bi* <0.05 pg/ 3 S AKR
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Er beteckning F.

2010-06-17
Labnummer 010323392
Parameter Resultat Osékerhet (%) Enhet Metod Utf Sign
Ca 46.6 5.0 mg/l 19 E AKR
Fe 0.411 0.078 mg/l 19 H AKR
K 7.06 0.62 mg/l 19 E AKR
Mg 9.56 0.86 mg/l 19 E AKR
Na 57.2 5.0 mgl/l 19 E AKR
Al 259 45 g/l 19 E AKR
As 1.19 0.71 pg/l 19 H AKR
Ba 26.8 3.2 ug/l 19 E AKR
Cd <0.05 pg/l 19 H AKR
Co 0.297 0.221 pgf 19 H AKR
Cr <0.9 ugll 19 H AKR
Cu 6.21 1.30 pg/l 19 H AKR
Hg <0.02 pg/l 19 F AKR
Mn 40.6 4.0 yg/l 19 E AKR
Ni 1.64 0.89 pg/! 19 H AKR
Pb <0.6 pg/l 19 H AKR
Zn 18.1 4.7 pg/l 19 H AKR
Sb 0.348 0.160 pg/l 3 H AKR
Mo 3.17 1.05 ug/l 3 H AKR
B 127 15 g/l 3 E AKR
Sn 1.13 1.00 pgll 3 H AKR
| Ag <0.5 ugll 3 H AKR
Bi* <0.05 g/l 3 S AKR
Er beteckning H.

2010-06-17
Labnummer 010323393
Parameter Resultat Osékerhet (1) Enhet Metod Utf Sign
Ca 35.4 3.8 mg/l 19 E AKR
Fe 4.06 0.37 mg/! 19 E AKR
K 7.50 0.66 mg/! 19 E AKR
Mg 7.12 0.64 mg/| 19 E AKR
Na 137 12 mg/| 19 E AKR
Al 812 81 pg/ 19 E AKR
As 6.34 1.81 g/ 19 H AKR
Ba 34.4 3.6 pg/ 19 E AKR
Cd 0.0854 0.0375 pgh 19 H AKR
Co 0.652 0.171 yg/) 19 H AKR
Cr 1.82 0.45 pg/) 19 H AKR
Cu 15.4 2.9 ug/ 19 H AKR
Hg <0.02 pg/l 19 F AKR
Mn 204 19 pg/! 19 E AKR
Ni 2.55 0.88 pgl/) 19 H AKR
Pb 3.55 0.63 ug/l 19 H AKR
Zn 14.7 8.7 ug/! 19 H AKR
Sb 1.06 0.27 ug/! 3 H AKR
Mo 1.27 0.92 pg/l 3 H AKR
B 209 21 pg/l 3 E AKR
Sn 0.701 0.975 pg/l 3 H AKR
Ag <0.5 ug/) 3 H AKR
Bi* 0.335 ug/! 3 S AKR
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* efter parameternamn indikerar icke ackrediterad analys.

Metod

Filtrering; 0,45 ym

Bestamning av metaller utan féregaende uppslutning.

Provet har surgjorts med 1 m! salpetersyra (Suprapur) per 100 ml.
Detta géller dock ej prov som varit surgjort vid ankomst till laboratoriet.
Analys har skett enligt EPA-metoder (modifierade) 200.7 (ICP-AES)
och 200.8 (ICP-SFMS).

Analys av Hg med AFS har skett enligt SS-EN 13506 (modifierad).

Vid analys av W har provet gj surgjorts. Vid analys av Se har provet uppslutits med HCI i autoklav.

Om S har analyserats sa har provet forst stabiliserats med H202.

Tillagg av metaller till befintligt paket.

Paket OV-19A.
Bestdmning av tennorganiska foéreningar enligt metod DIN EN 1SO 17353 (F13).
Matning utférs med GC-FPD.

Paket OV-4.

Bestamning av ftalater, enligt metod baserad pa EPA 8061, 3510.
Extraktion med diklormetan, darefter svavelborttagning med kvicksilver.
Matning utférs med GC-MS.

Bestamning av pH enligt SS 028122 utg 2 modifierad
pH vid 25+2°C bestéms potentiometriskt med pH-meter och temperaturkompensering.

Matosakerhet (k=2):
Renvatten: +0.14 vid pH 6.87
Avloppsvatten: +0.14 vid pH 6.87

Bestamning av Konduktivitet enligt SS-EN 27888 utg 1
Direkt bestdmning av vattnets elektriska ledningsférmaga vid 25°C.

Métosékerhet (k=2):
Renvatten: +7% vid 14.7 mS/m och £7% vid 141 mS/m
Avloppsvatten: +9% vid 14.7 mS/m och 9% vid 141 mS/m

Bestdmning av alkalinitet enligt SS-EN 1SO 9963-2 utg 1
Provet titreras med saltsyra under avdrivande av koldioxid till slutpunkten pH 5.4.

Méatosékerhet (k=2):
Renvatten: +12% vid 24 mg/l eller 0.4 mekv/l och +8% vid 220 mg/| eller 3.7 mekv/I

Bestdmning av ammonium med FIA och spekirofolometrisk detektor enligt CSN 1SO 11732.

Filtrering av grumliga prover ingar i metoden.

10

Bestdmning av nitrat med jonkromatografi enligt metod baserad pa CSN 13O 10304-1&2.
Filtrering av grumliga prover ingar i metoden.

11

Bestamning av klorid med jonkromatografi enligt CSN 1SO 10304-1&2.

Filtrering av grumliga prover ingar i metoden.

12

Bestédmning av CODc; enligt metod CSN 1SO 15705.
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13 | Bestdmning av DOC enligt metod baserad pa CSN EN 1484.

14

Bestdmning av TOC enligt metod baserad pa CSN EN 1484,

15

Bestamning av totalkvave, N-tot, enligt EN 12260.
Bestamning av kvave med IR detektion.

16

Bestamning av totalfosfor, P-tot, med spektrofotometri enligt CSN EN ISO 6878.

17

Bestdmning av suspenderande dmnen.
Metoden ar baserad pa CSN EN 872,
Filtrering utférs med glasfiberfilter; porstorlek 1,5 pm.

18

Bestamning av alkalinitet enligt DIN EN 1SO 9963.

19

Bestamning av metaller.

Uppldsning och analys av vattenprov, 12 mi prov och 1,2 ml HNO3 (suprapur) har
behandlats i autoklav.

Vid analys av Ag har uppldsning skett med HCI i mikrovagsugn.

For Se har upplosning skett med HCI i autoklav vid 120°C i 30 minuter

Fér W ar provet upplést med HNO3 och HF.

Analys har skett enligt EPA-metoder (modifierade) 200.7 (ICP-AES)

och 200.8 (ICP-SFMS).

Analys av Hg med AFS har skett enligt SS-EN 13506 (modifierad).

Godkénnare

AKR

Anna-Karin Revell, Kemist

ANFR | Andreas Fredman, Kemist

CL

Camilla Lundeborg, Kemist

JOTA | Joanna Tagai, Kemist

KABJ | Karin Bjork, Kemist

Utf'

Matningen utférd med ICP-AES
Fér matningen svarar ALS Scandinavia AB, Aurorum 10, 977 75 Lulea, som ar av SWEDAC ackrediterat
laboratorium (Reg.nr. 2030).

Matningen utférd med AFS
For métningen svarar ALS Scandinavia AB, Aurorum 10, 977 75 Lulea, som &r av SWEDAC ackrediterat
laboratorium (Reg.nr. 2030).

H

Métningen utford med ICP-SFMS
F6r matningen svarar ALS Scandinavia AB, Aurorum 10, 977 75 Luled, som ar av SWEDAC ackrediterat
laboratorium (Reg.nr. 2030).

For métningen svarar ALS Scandinavia AB, Box 511, 183 25 Taby som &r av det svenska ackrediteringsorganet
SWEDAC ackrediterat laboratorium (Reg.nr. 2030).

Métningen utférd med ICP-SFMS
Fér matningen svarar ALS Scandinavia AB, Aurorum 10, 977 75 Luled, som ar av SWEDAC ackrediterat

' Utfsrande teknisk enhet (inom ALS Scandinavia) eller anlitat laboratorium (underleverantér).

ALS Scandinavia AB Webb: www.alsglobal.se Dokumentet dr godként och digitalt Anna-iKarin Revell

Box 511 E-post: info.ta@alsglobal.com signerat av 201007.07 17:09:24
183 25 Téaby Tel: + 46 8 52 77 5200 ALS Scandinavia AB

Sweden Fax: + 46 8 768 3423 Client Service

anna-karin.revell@alsglobal.com




W F By ‘

. . WEE Ara

RN Ealel g o T1008157%

A T by o
. '?“:a o~ SN
Sida 15 (15) Pogyres 2583SQGP4PS g
- (ALs

[RIRY [l Bl1F 4]

laboratorium (Reg.nr. 2030).

1 | Fér matningen svarar ALS Scandinavia AB, Aurorum 10, 977 75 Luled, som &r av SWEDAC ackrediterat
laboratorium (Reg.nr. 2030).

2 | For métningen svarar GBA, Flensburger Strafle 15, 25421 Pinneberg, Tyskland, som &r av det tyska
ackrediteringsorganet DAR ackrediterat laboratorium (Reg.nr. DAC-P-0040-97-10). DAR &r signatér till ett MLA inom
EA, samma MLA som SWEDAC ar signatar till.

Laboratorierna finns lokaliserade pa féljande adresser:

Flensburger Straflte 15, 25421 Pinneberg,

Daimlerring 37, 31135 Hildesheim,

Brekelbaumstrafie1, 31789 Hameln,

Wiedehopfstrafle 30, 45892 Gelsenkirchen,

Meifiner Ring 3, 09599 Freiberg,

Goldtschmidtstrale 5, 21073 Hamburg.

Kontakta ALS Taby fér ytterligare information.

3 | For méatningen svarar ALS Laboratory Group, Na Harfé 9/336, 190 00, Prag 9, Tjeckien, som &r av det tjeckiska
ackrediteringsorganet CAl ackrediterat laboratorium (Reg.nr. 1163). CAl &r signatér till ett MLA inom EA, samma MLA
som SWEDAC &r signatar till.

Laboratorierna finns lokaliserade i;

Prag, Na Harfé 9/336, 190 00, Praha 9,

Ceska Lipa, Bendlova 1687/7, 470 03 Ceska Lipa,
Pardubice, V Raji 906, 530 02 Pardubice.

Kontakta ALS Téby for ytterligare information.

Matosékerheten anges som en utvidgad osékerhet (enligt definitionen i "Guide to the Expression of Uncertainty in
Measurement”, ISO, Geneva, Switzerland 1993) berdknad med tackningsfaktor lika med 2 vilket ger en konfidensniva pa
ungefar 95%.

Matosakerhet frin underleverantér anges oftast som en utvidgad osékerhet beréknad med téackningsfaktor 2. For
ytterligare information kontakta laboratoriet.

Denna rapport far endast aterges i sin helhet, om inte utfardande laboratorium i férvag skriftligen godkant annat.
Resultaten galler endast det identifierade, mottagna och provade materialet.
Betréffande laboratoriets ansvar i samband med uppdrag, se aktuell produktkatalog eller var webbplats www.alsqglobal.se

Den digitalt signerade PDF filen representerar orginalrapporten. Alla utskrifter fran denna &r att betrakta som kopior.

ALS Scandinavia AB Webb: www.alsglobal.se Dokumentet &r godként och digitalt Anna-Karin Revell

Box 51t E-post: info.ta@alsglobal.com signerat av 2010.07.07 17:09:24
183 25 Téaby Tel: + 46 8 52 77 5200 ALS Scandinavia AB

Sweden Fax: + 46 8 768 3423 Client Service

anna-karin.revell@alsglobal.com
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ANALYSUPPDRAG

Uppdrag nr: AG2010-3763
Inkom datum: 2010-06-17
Analysdatum: 2010-08-25

Uppdragets omfattning: ~ Bestimning av polycykliska aromatiska kolviten(PAH) 15 st

vattenprover enligt metod A20 men med laghaltsbestamning

ANALYSRESULTAT:

Resultat: Tabell 1

Géteborg, 2010-08-31

IVL Svenska Miljoinstitutet AB

Erika Rehngren Annika Potter

Analytisk kemist Analytisk kemist
Denna rapport far endast aterges i sin helhet, om inte utfirdande laboratorium 1 forvig skriftligen godkint annat. 1(2)
Org.nr: 556116-2446 Box 21060, SE-100 31 Stockholm Box 5302, SE-400 14 Goteborg IVL Svenska Miljoinstitutet AB
VAT no.: SE556116244601 Vallhallavégen 81, 114 27 Stockholm Aschebergsgatan 44, 411 33 Goteborg IVL Swedish Environmental Research Institute Ltd.
Séate: Stockholm Tel: +46 (0)8 598 563 00 Tel: +46 (0)31 725 62 00

www.lyl.se Fax: +46(0)8 598 563 90 Fax: + 46 (0)31 725 62 90



Analysuppdrag AG 2010-3673 Bestimning av PAH i vatten med
icke ackrediterad lighaltsmetod
Tabell 1. Resultat

Kund ID F GM GVG
Lab ID 3763-1 3763-2 3763-3
Provvolym(L) 1.0 1.0 1.0
ng/L ng/L ng/L
Naphthalene <29 31 50
Acenaphthene <0.29 12 960
Fluorene 0.38 5.5 160
Phenantrene <0.90* 7.0 71
Anthracene 0.026 1.0 52
Fluoranthene 0.51 9.0 250
Pyrene 0.64 8.6 150
Benso(a)anthracene 0.15 0.73 45
Chrysene 0.22 1.3 52
Benso(b)fluoranthene 0.19 13 1.8
Benso(k) fluoranthene <0.038 0.44 0.62
Benso(a)pyrene <0.077 0.79 0.93
Dibenso(a,h)anthracene <0.096 0.26 0.44
Benso(g,h,i)perylene <0.29 15 13
Indeno(1,2,3-cd)pyrene <0.67 <0.69 <0.67
Summa analyserad PAH 2.1 52 1700
Kund ID H Jéarnbrott
Lab ID 3763-4 3763-5
Provvolym(L) 1.0 1.0
ng/L ng/L
Naphthalene 15 <29
Acenaphthene 31 1.1
Fluorene 24 2.7
Phenantrene 40 2.6
Anthracene 35 0.24
Fluoranthene 33 3.3
Pyrene 31 6.1
Benso(a)anthracene 1.7 0.28
Chrysene 8.2 14
Benso(b)fluoranthene 5.3 1.3
Benso(k) fluoranthene 19 0.39
Benso(a)pyrene 2.3 0.64
Dibenso(a,h)anthracene 1.0 0.53
Benso(g,h,i)perylene 7.2 2.9
Indeno(1,2,3-cd)pyrene 25 <0.67
Summa analyserad PAH 210 23

* Forhojd kvantifieringsgrins pga storning
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Statens geotekniska institut
Att: Thomas Rihm

Hugo Grauers gata 5B
412 96 Goteborg

Uppdrag: AG2010-3769

Inkom datum: 2010-06-17

Analysdatum:2010-08-24

Uppdragets omfattning: Bestimning av totalkvicksilver 1 vatten (metod A9).

ANALYSRESULTAT
Provmarkning | Provtagnings- Hgtot Méat- Anm.
datum (ng/L) osdkerhet
(tng/L)

F i.u 3.3 0.2
GM i.u 2.6 0.1
GVG i.u 1.2 0.1
H i.u 9.4 0.5
Jarnbro i.u 2.9 0.2

Mitomride: 0.1-1000 ng/L
Osakerheten ir angiven enhgt 95%0 konfidensintervall.

Goteborg 2010-11-04

IVL Svenska Milj6institutet AB

Ulla Hagestrom Camilla Hallinder Ehrencrona
Analytisk kemist Kualitetsansvarig

Denna rapport far endast 4terges 1 sin helhet, om inte utfirdande laboratorium i forvig skriftligen godkint annat.
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