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Abstract 

Creosote is a product name given to a mixture of several hundred compounds, which is often 

used to protect wooden poles from rot and insect damage, however it has also been linked to 

causing cancer in humans. Alternative materials for power poles include concrete, steel, 

composite and non-treated wooden poles. This report looks at Mälarenergi Elnät ABs 17,000 

creosote coated poles and their patterns of pollution. GIS analyses in ArcGIS were used to 

evaluate which creosote poles are most critical to replace by implementing a system of 

"penalty points" based on the spatial distribution of the poles. 15 of the creosote poles were 

selected for a field study to investigate how much creosote is leaked to the ground. 

1,000 of the power poles were assigned penalty points of 10 or higher which could be a 

starting point in pole replacement, although the penalty points system could be used in many 

different ways for this purpose. Of the 15 power poles investigated during the field work, 5 

showed higher leakage than recommended by Naturvårdsverkets guidelines for sensitive 

ground use. These 15 poles only make up 0,1% of Mälarenergi Elnät ABs total creosote coated 

poles, but the results are considered alarming enough to at least merit further studies of the 

creosote leakage. 
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1. Introduction 

Mälarenergi AB is a company based in Västerås, Sweden, functioning as a provider of electric 

power and district heating. They were formed in 1861 to keep Västerås’ street gas lights on: 

there were only forty at the time, but today they provide electric power to 150,000 homes and 

have several subsidiaries, including Mälarenergi Elnät AB (Mälarenergi AB, 2015a). 

Mälarenergi Elnät AB provides electrical power for the municipalities of Arboga, 

Hallstahammar, Kungsör, Köping and Västerås (Mälarenergi AB, 2015a). Mälarenergi AB owns 

65% of the stocks in the company, the rest is owned by Arboga, Hallstahammar and Kungsör 

municipalities (ibid.). Figure 1 shows the power grid extent of Mälarenergi Elnät AB. A map of 

all power poles in the area can be seen in Appendix 1. 

 

Figure 1. Grid extent with background map. Scale 1:500 000. 

Today, Mälarenergi Elnät AB approximates that they have 17,000 power poles coated with 

creosote in their grid (Lindmark, 2014). Because wooden poles are subject to deterioration and 
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can be attacked by bacteria, insects, fungi, et. c., the wood has to be protected to increase 

their lifespan (Vidor, et al., 2010). Creosote has been used to impregnate wood since the 

1800s, and protects it from, for example, rot (Bolin & Smith, 2011). Creosote is a rather 

environmentally sound alternative for wooden poles, but it has been linked to causing cancer 

in humans and is therefore not the safest substances to have in the environment (Lindmark, 

2014; Svenska kraftnät, 2013). 

On May 1 2013 the EU Biocides Directive permitted creosote use for another five years 

(Kemikalieinspektionen, 2013). Mälarenergi AB has several goals relating to the environment, 

and one of those is to lower the amount of ground and water pollution by reducing the use of 

chemical and other dangerous compounds (Mälarenergi AB, 2015b). Because of this, 

Mälarenergi wants to look into the possible replacement of the creosote poles, even if 

creosote is still permitted for use for wooden power poles. 

1.1 Creosote 

Creosote is a product name given to a mixture of several hundred compounds, mostly 

composed of polycyclic aromatic hydrocarbons (PAH) or similar substances (Andersson-Sköld, 

et al., 2007). Cyclic aromatic compounds (AC) is made up from about 85% PAH, 10% phenolics, 

and the rest is oxygen, sulfur or nitrogen heterocyclics (Padma, et al., 1998). These compounds 

make up about 90% of creosote, with the rest being tar acids, tar bases, aromatic amines, 

sulfur-containing heterocycles and oxygen-containing heterocycles (Melber, et al., 2004; 

Andersson-Sköld, et al., 2007). The PAHs are the cause of the most common characteristics of 

creosote: the high viscosity and the low water solubility (Andersson-Sköld, et al., 2007). 

However, because creosote is made up of a large number of different compounds and many 

different variations exist, these properties can vary a lot between different types of creosotes 

(ibid.). In general, creosote is an oily liquid with a brownish color and distinct odor (Melber, et 

al., 2004). 

Two main types of creosote exist: wood-tar creosote and coal-tar creosote, and it is the latter 

that has been linked to causing cancer in humans (Englund & Ollerstam, 2015). Coal-tar 

creosote is the product of coal-tar distillation: it is mostly used for impregnating wood and has 

been used that way since 1800s (Svenska kraftnät, 2013; Bolin & Smith, 2011). While there are 

other materials for power poles available, creosote-coated wood has the benefit of not 

affecting the environment and climate as much as the others, only having a negative effect on 

human health (Lindmark, 2014; Andersson-Sköld, et al., 2007). This is of course not entirely 

positive, and subsequently creosote is banned under the REACH regulation, with an exception 
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for industrial use of creosote, such as impregnating wood for railroads and power poles. 

However, if the wood is regularly in contact with consumers, it is still banned under the REACH 

regulation (ibid.), since creosote can enter the human body through breathing, consumption 

and through skin contact (Andersson-Sköld, et al., 2007). 

Even though creosote is a high-viscosity material, leakage to the surrounding environment 

does occur. In general creosote will leak very low distances in the ground, usually just a few 

decimeters from the impregnated wood (Lindmark, 2014; Svenska kraftnät, 2013). Some 

compounds in creosote are water soluble and have the potential to travel farther if the wood 

is in contact with water or wet soil, but these molecules tend to break down rather quickly 

(Andersson-Sköld, et al., 2007). Usually no creosote is found more than 10 meters from the 

source material (Lindmark, 2014). Because consumption of crops or even consumption of soil 

with creosote in (the last one is mostly applicable to small children, though many geologists 

likes to sample soil by tasting it and are potential victims as well) is one common way to get 

creosote into the human body, a safety distance of 50 meters from creosote power poles to 

wells have been proposed by Svensk Energi (Lindmark, 2014; Andersson-Sköld, et al., 2007). 

How far the creosote can travel is determined by the permeability of the soil. In a study by 

Jernlås (2012) it was found that creosote has the potential to spread four decimeters from the 

power pole in sand, about one centimeter in silt (maximum four decimeters, in rare cases), and 

two decimeters in clay (with some exceptions of up to eight decimeters). Four decimeters from 

the poles the amount of PAH found is low enough that it is below the guidelines for sensitive 

ground usage (Svenska kraftnät, 2013). In a vertical direction, meaning the flow downwards, it 

took eight decimeters to reach the same low amounts of PAH (ibid.). 

Mälarenergi Elnät AB wants to know which materials are best to replace the creosote-coated 

poles with, as well as which power poles are most critical to replace based on their spatial 

distribution, and how much creosote is leaked to the ground. This report will investigate these 

questions on behalf of the company. 

1.2 Aim 

The aim of this study is to i) investigate and suggest alternatives to creosote-coated wooden 

poles, ii) use GIS analysis to examine which of Mälarenergi Elnät ABs creosote-coated power 

poles are near wells, water protection areas, in soil types with high drainage capacity or other 

particularly sensitive areas and therefore most critical to replace, and iii) study the leakage of 

creosote to the ground through field work and lab analysis. 
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2. Alternative to creosote poles 

In Sweden there are 5 million power poles made out of wood, and 4 million of those are said 

to be impregnated with creosote (Lindmark, 2014). According to one calculation it would cost 

society 100 billion SEK to replace all these wooden poles with something other than creosote 

impregnated wood (Svenska kraftnät, 2013). Just replacing the 17,000 power poles in 

Mälarenergi Elnät ABs power grid would cost around 200 million SEK (Lindmark, 2014). 

Replacing the creosote power poles is not only an economical problem, but an ecological one 

as well since all poles will affect the environment and the humans in different ways. The 

carcinogenic effects of creosote has already been mentioned, but other than that creosote 

does not affect the environment too much and is the most ecologically and economically 

sound alternative (Lindmark, 2014; Svenska kraftnät, 2013). 

Possible alternate materials to use for power poles are concrete, steel, veneer or composite 

materials (Lindmark, 2014; Svenska kraftnät, 2013; Erlandsson, 2011). None of these are 

cheaper than creosote, though they may have other good qualities, such as a longer life span, 

as can be seen in Figure 2. 

 

Figure 2. Lifespan comparison for a selection of materials used for power poles. 

2.1 Steel poles 

Steel poles are, as the name suggests, made from steel. They have a high strength to weight 

ratio and do not need to be impregnated with dangerous compounds to be resistant to insect, 

animal and bird damage (Harness, 1998). They are also recyclable, though wooden poles do 

have that benefit as well. Compared to a wooden pole, a steel pole will not rot or be attacked 
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by fungi, it is also not vulnerable to for example woodpecker damage (something that is a 

problem in parts of the United States) or forest fires (more of a problem in Australia, though as 

was shown in the 2014 Västmanland wildfire, not something that Sweden is wholly unaffected 

by) (Harness, 1998; Wong & Rahmat, 2010; Wong, et al., 2009). However, steel can rust 

(Harness, 1998). 

Despite all these benefits, steel poles are the worst alternative to creosote poles from an 

environmental perspective. In a study comparing steel poles, composite poles, concrete poles 

and wooden creosote poles, the steel pole had the worst effect on the environment, no matter 

if the category was climate, eutrophication, acidification, ground ozone, eco toxicity or human 

toxicity (Svenska kraftnät, 2013). The toxicity for humans and the environment was mostly due 

to the metals being released into the environment, but it tested high in the other categories as 

well (ibid.). This study points out that steel poles have a lifespan of 80 years, though the 

comparisons are made on the assumptions that all the poles in the study have a lifespan of 50 

years (Erlandsson, 2011). 

A study looking at the difference between concrete, steel and penta-treated utility poles found 

that the steel poles were a lot worse than the penta-treated utility poles, but not nearly as bad 

as the concrete poles (Bolin & Smith, 2011). These were tested for their greenhouse gas 

emissions, fossil fuel use, acid rain potential, water use, smog, eutrophication and ecological 

toxicity, and steel poles tested higher than penta-treated poles but lower than concrete poles 

in all instances but smog, where it tested the lowest. 

In summary, steel poles do suffer from many of the same problems as wooden poles, but have 

a larger impact on the environment than wooden poles do. As opposed to creosote-treated 

wooden poles they have not been linked to cancer. 

2.2 Concrete poles 

Concrete poles are made out of concrete, and offer many of the same benefits that steel poles 

do, since they are not made out of wood either. Many concrete poles are reinforced with steel 

on the inside, which makes them even stronger (Erlandsson, 2011; Elfgren, 2015a). Concrete is 

a cheap material that has been used since our ancient history (Elfgren, 2015b). 

In the study by Erlandsson (2011) the concrete poles were said to have a lifespan of 60 years. 

Looking at the life cycle analysis, concrete poles turned out to have a higher human toxicity 

than creosote poles (which was mostly released during the production and not installation and 

usage), as well as climate and eutrophcation effect, but a lower ecological toxicity compared to 
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all the materials (Svenska kraftnät, 2013). The human toxicity effect was still very small 

compared to the steel poles, and concrete poles tested lower than steel poles in all 

comparisons (Erlandsson, 2011). 

However, in the study by Bolin & Smith (2011) the cradle-to-grave impact of concrete poles 

was much higher than steel or penta-treated poles in six of the seven categories that were 

examined: the penta-treated pole tested higher than both concrete and steel poles in regards 

to smog. 

Regardless of whether concrete or steel poles have the highest impact on the environment, it 

seems they both have a higher impact than the chemically treated wooden poles. 

2.3 Composite poles 

Technically, composite materials are any materials where two or more components differ 

greatly from each other: concrete poles with steel reinforcing are an example of composite 

materials (Johannesson, 2015), however concrete poles are not what is usually referred to as 

“composite poles”. 

Jerol Industri AB is the only Swedish distributor that offers composite poles for every 

application, such as power poles or poles for holding up signs (Jerol Industri AB, 2015). These 

poles are generally referred to as Jerol poles, and were the subject of a study visit to Upplands 

Energi AB. They are made from polyester reinforced with fiberglass (Erlandsson, 2011). 

The Jerol pole is the pole that has been examined in the study by Erlandsson (2011), 

comparing it to the concrete, steel and creosote-coated pole. It has been been speculated to 

have the same lifespan as a steel pole, 80 years, though Jerol Industri AB says there are 

manufacturers claiming to make composite poles with a 120 years lifespan (Erlandsson, 2011). 

In the study it is clear that the composite pole has the lowest effect on ecological and human 

toxicity, though it affects the climate and acidity of the environment more than creosote and 

concrete poles: looking at eutrophication and ozone it is on par with the other alternatives. 

However, since conrete was found to have a much higher effect on the environment compared 

to steel poles in the study by Bolin & Smith (2011), one might wonder if concrete poles really 

are better than the other alternatives. 

Erlandsson (2011) concludes the study by saying that creosote is probably the best alternative 

from an environmental perspective, followed by composite poles and concrete poles, where 

composite poles are a better alternative when looking at the toxicity criteria. This is all true 
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when assuming that all poles have a lifespan of 50 years, like the creosote-coated poles do 

(Svenska kraftnät, 2013), but as have been mentioned the lifespan for the other poles are 

slightly longer than that. Over a long period of time, it is possible creosote might do more 

harm to the environment since they would need to be replaced more often. 

2.4 Other materials 

There are other materials available for power poles, but these have not been studied as 

extensively as the other poles mentioned. The report by Lindmark (2014) mentions a 

stonefiber reinforced pole called a StonePole, but no further mentions of said pole has been 

found and it is not discussed in this report. 

Another alternative is the so called veener pole, made from fir trees, and manufactured as the 

Ecopole by Eco pole AB. An Ecopole is a hollow pole made from veneer, merged together with 

a special type of glue (Eco pole AB, 2015). Gislaved Energi has replaced some of their creosote-

coated poles with the Ecopoles, possibly the first use in Sweden of these as power poles 

(Gislaved Energi, 2015). They replaced 14 of their creosote poles with Ecopoles, reasoning that 

even if creosote is not yet forbidden, is it best to replace them with something less 

environmentally dangerous already (ibid.), similar to how Mälarenergi Elnät AB reasons. 

Ecopoles have an expected lifespan of 25-40 years (see Appendix 2) and are not impregnated 

against rot, insect attacks or similar problems: the glue is expected to offer some protection 

against negative effects (Eco pole AB, 2015). Given that only Gislaved Energi has started using 

these poles and that they have only had them since late February 2015, it is too early to 

compare these poles to the other alternatives, though the production process is less 

environmentally damaging than for other poles. 

2.5 Study visit to Upplands Energi 

The study visit to Upplands Energi took place on April 1 2015, to listen to their experiences of 

replacing their creosote-impregnated poles with the composite poles known as Jerol Poles, 

from Jerol Industri AB. They first started replacing the poles in 2010, and now have around 400 

Jerol poles in their grid. 

Upplands Energi’s experience with the Jerol pole has mostly been positive: working with them 

is very similar to working with the wooden poles, and does not require any extra equipment or 

training for the maintenance workers. It can also be placed in the same hole as the old 

creosote wooden pole. Another benefit is that the composite pole does not leak electricity, 

which wooden poles do. Leakage current flow is a problem that gets worse the older the 
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wooden pole is (Wong & Rahmat, 2010; Wong, et al., 2009), but is not present in Jerol poles, 

according to Upplands Energi. 

A composite pole is three times more expensive than a wooden pole impregnated with 

creosote, but Upplands Energi is of the opinion that it is very much worth investing in. The 

maintenance workers in particular were very happy to get rid of the creosote coated poles. 

3. Methods 

The method is split into two parts. The first part describes a geospatial analysis done in ArcGIS 

to figure out which of the 17,000 creosote poles in Mälarenergi Elnät ABs grid that are most 

critical to replace. The second part describes the field work, where soil samples were collected 

to analyze the contamination of creosote in the soil next to the power poles.  

3.1 GIS analysis 

Data for the GIS analysis has been provided by Mälarenergi Elnät AB as well as downloaded 

from Lantmäteriet, SGU and Metria AB, see Table 1. The coordinates for the power poles were 

provided by Mälarenergi Elnät AB, the water protection areas downloaded from Metria AB and 

ancillary data from Lantmäteriet and SGU. 

Table 1. Data used in the report. 

Name Description Produced Distributor Origin 

Elstolpar_sammanfat
tade.xlsx 

Coordinates for power 
poles extracted from X-
Power 2015-03-09 

Mälarenergi 
Elnät AB  

Brunnar.lyr Well locations 2014 SGU http://maps.slu.se/get/  

VSO.shp 
Water protection areas 
in Sweden 2006 Metria AB 

https://www.geodata.se/G
eodataExplorer/GetMetaD
ata?UUID=ae8d79d2-a799-
4e1b-b500-05747a428816 

nv_get.shp Nature protection areas  Lantmäteriet http://maps.slu.se/get/  

Jordarter 1 miljon.lyr Soil map 2014 SGU http://maps.slu.se/get/  

grundvattentillgang_i
_jordlagren.shp Ground water data, 1 m Unknown SGU http://maps.slu.se/get/ 

hl_get.shp Rivers Unknown Lantmäteriet http://maps.slu.se/get/  

ms_get.shp Lakes Unknown Lantmäteriet http://maps.slu.se/get/  

Using ArcGIS these files were all converted into raster files with a spatial resolution of 10 

meters. This was chosen to get the best resolution for the power poles. According to 

Mälarenergi Elnät AB, the actual location of the poles could vary with up to ten meters, so 10 

meter resolution was chosen to cover this error margin. 

http://maps.slu.se/get/
https://www.geodata.se/GeodataExplorer/GetMetaData?UUID=ae8d79d2-a799-4e1b-b500-05747a428816
https://www.geodata.se/GeodataExplorer/GetMetaData?UUID=ae8d79d2-a799-4e1b-b500-05747a428816
https://www.geodata.se/GeodataExplorer/GetMetaData?UUID=ae8d79d2-a799-4e1b-b500-05747a428816
https://www.geodata.se/GeodataExplorer/GetMetaData?UUID=ae8d79d2-a799-4e1b-b500-05747a428816
http://maps.slu.se/get/
http://maps.slu.se/get/
http://maps.slu.se/get/
http://maps.slu.se/get/
http://maps.slu.se/get/
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The coordinates for wells and power poles were converted to raster using the points to raster 

function, and the other datasets with polygons to raster. 

Pollution is often separated into two different classes: point source pollution and non-point 

source pollution, where the former refers to pollutants stemming from one single source, such 

as a treatment plants or a single power pole (Guru, 2012; Kiedrzyńska & Zalewski, 2012). In this 

case, with the data provided by Mälarenergi, it is quite clear that the GIS analyses performed 

are of point source pollutions. These are very easy to identify and analyze (Sivertun & Prange, 

2003; Guo, et al., 2006). Once they have been identified, these sources are also easy to 

monitor, and for the past ten to fifteen years, all the available literature has been focusing on 

creating methods for controlling and identifying non-point source pollution, since identifying 

those requires much more complex analyses (Guo, et al., 2006).  

Examples of point source pollution can be found in some more recent research. In a study by 

Spanou & Chen (2000), an object-oriented tool for controlling point-source pollution in river 

systems was described; however the software that the method was designed for is not 

available anymore. Zushi & Masunaga (2011) used spatial linear regression to analyze spatially 

distributed pollution factors, which were later presented visually using GIS. Another study, by 

Fisher, et al. (2006), used Ripley’s K to analyze and identify clusters of point source polluters 

through point pattern analysis; though, since this method requires high data density, it might 

not be an option for studies using fewer data points. 

This study is done on point source pollution and therefore has not been able to rely on much 

of the current research, on account of most of that focusing on non-point source pollution. 

For full work flowchart, see Appendix 3. The datasets were processed to create separate raster 

images for power poles within 50 meters of a well, within 50 meters of another water body, 

within Nature Protection Areas, within Water Protection Areas, on ground water supply and on 

different soil types. Every pole fulfilling these criteria were then assigned “penalty points” 

designed to identify the power poles that would be most critical to replace, see Table 2. 

Table 2. The different criteria looked at and the penalty points assigned to power poles fulfilling those criteria. 

Criteria Points Criteria Points 
Peat 1 Within 50 meters of a well 5 

Clay-silt 2 Within Water Protection Areas (WPA) 5 

Post glacial sand-coarse sand 3 Within Nature Protection Areas (NPA) 5 

Glacifluvial sediments 4 Ground water supply <1 l/s 1 

Moraine 5 Ground water supply 1-5 l/s 2 

Bedrock 6 Ground water supply 5-25 l/s 3 

Water 7 Ground water supply 25-125 l/s 4 

  Within 50 meters of a river or lake 5 
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Five penalty points were assigned to each criterion: a pole within 50 meters of a well, river or 

lake would be in violation of the security distance proposed by Svensk Energi (Lindmark, 2014). 

The ground water supply criterion was assigned the same amount of penalty points as their 

respective class: class 5 did not appear in the study area. Water and Nature Protection Areas 

were considered especially sensitive and assigned five penalty points each. The soil penalty 

points were assigned by a similar method used by Burman (2009), where the soils were 

assigned higher penalty points the higher their permeability. 

After each raster image was constructed, the attribute tables were joined with the original 

power pole table to recapture all other data for each pole, such as ID number, type of pole and 

its coordinates. A separate column for the assigned penalty points was added to each raster, 

since one raster image represented one type of penalty point. Joining all soil or ground water 

raster images could not be done without losing either their separate classes or the ID number, 

hence they were all treated separately. 

All tables were extracted to Microsoft Excel were the soil tables were joined into one (since 

they incorporated all the poles available for analysis). The rest had all data except the “value” 

(randomly assigned by ArcGIS when converted to raster, with the same value for every pole 

pixel in all raster layers), “penalty points” and “description of points” fields removed.  When 

added to ArcGIS, the “value” field could be used to join these tables together using the Joins 

and relate function. That resulted in an Excel document with each poles ID and classification, 

as well as columns describing which of the criteria from Table 2 they fit into. Combining the 

different penalty points from each criterion gave the total amount of penalty points for each 

pole, which hypothetically could range from 1 to 31. 

3.2 Field work 

The focus of the field work was to determine how much creosote is leaked to the ground from 

the wooden poles, and how far from the poles that creosote spreads. This was done after the 

GIS analysis, and mostly meant to look into how big the contamination of creosote was, and 

not to be treated as a basis for the GIS soil analysis. 

To perform a statistical analysis, it was decided that 30 soil samples would be acquired, since 

that is generally thought to be the least samples necessary to get statistical significance, 

though some sources do not agree on this (Kufs, 2010). The field work was also planned to be 

done over one or two days, and by taking two samples at each pole that would mean visiting 

15 power poles in total: a higher number than 30 samples would have resulted in a higher 
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statistical significance, but would have taken more time than what was assigned for this part of 

the project. 

15 poles were selected in an area called Kvicksund, in the southern part of Mälarenergi Elnät 

AB’s power grid, as shown in Figure 3: 

Figure 3. The field work area in relations to Mälarenergi Elnät ABs grid extent. 
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This area was selected because it offered a wide range of soil types (see Figure 4) while also 

featuring power poles assigned rather high points. There was also a varied ground water 

hydrology, which would result in power poles fulfilling a wide range of criteria. 

 

Figure 4. Soil map or the area selected for field work. 

 

Figure 5. Close-up of the area selected for the field work. 

In Figure 5 we see that three poles were selected for each soil type. One soil sample was taken 

next to each power pole, and then for the first pole in each soil type a sample was collected 1 

meter from the pole, for the second pole at 5 meters’ distance and for the third pole at 10 

meters’ distance, to compare how far the creosote spread in the different soil types. 
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Table 3. The fifteen poles selected for the field work. 

Pole ID Soil type Well WPA NPA Lakes/ 
rivers 

Ground 
water 

Pole type Points 

5536845 Bedrock Yes No No No No Power pole, lv 11 

5536844 Bedrock Yes No No No No Power pole, lv 11 

5536843 Bedrock No No No No No Power pole, lv 6 

5535050 Moraine Yes No No Yes No Wooden pole, lv 15 

5562701 Moraine Yes No No No No Wooden pole, lv 10 

5562705 Moraine Yes No No Yes No Wooden pole, lv 15 

5558580 Glacifluvial No No No No Class 3 Wooden pole, lv 7 

5537145 Glacifluvial No No No No Class 3 Power pole, lv 7 

5537144 Glacifluvial No No No No Class 3 Power pole, lv 7 

5558213 Clay-silt No No No No No Wooden pole, lv 2 

5558212 Clay-silt No No No No No Wooden pole, lv 2 

5558211 Clay-silt No No No No No Wooden pole, lv 2 

5562708 Water No No No Yes No Wooden pole, lv 13 

5562709 Water No No No Yes No Wooden pole, lv 13 

5562710 Water No No No Yes No Wooden pole, lv 13 

After the collection of the samples, they were sent to Alcontrol AB for analysis, using their 

PAH16 package. This particular analysis looks at the PAH content in the ground, and was 

chosen because the company does not offer a particular creosote analysis. Ordering a second 

analysis looking at the phenolic and creosol content in the ground was suggested, but decided 

against since the PAH analysis seemed sufficient to indicate contamination. 

The PAH analysis included 11 different PAHs: acenaphthene, acenaphthylene, naphthalene, 

anthracene, phenanthrene, fluoranthene, flourene, pyrene, benzo(a)anthracene, chrysene, 

dibenz(a,h)anthracene. These, along with five other PAHs not mentioned in this report, are 

often split into three categories, based on their molecular weight. The guidelines set by 

Naturvårdsverket (2009) for how much of these substances are allowed in the environment 

are based on these three groups, and can be found in Table 4. 

Table 4. The PAHs analyzed by Alcontrol and the different groups they belong to (Naturvårdsverket, 2009). 

PAH-
group 

Molecular weight PAHs included Guidelines for sensitive ground 
use 

PAH-H High benzo(a)anthracene 
chrysene 
dibenz(a,h)anthracene 

1 mg/kg 

PAH-M Medium anthracene 
phenanthrene 
fluoranthene 
flourene 
pyrene 

3 mg/kg 

PAH-L Low acenaphthene 
acenaphthylene 
naphthalene 

3 mg/kg 

The field work was performed on May 6 and May 12 2015 by going out to the selected poles 

and sampling the soil by digging. The digging was done downhill form the poles, unless that for 

some reason was not possible. 
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4. Results 

In the following section the results are presented with the GIS results first followed by the field 

work results. The GIS study resulted in several maps available as appendices. 

4.1 GIS analysis 

After processing the 16867 power poles in Mälarenergi Elnät Abs power grid it became clear 

that the majority of the power poles would be assigned penalty points lower than 10, see 

Figure 6. A map of the penalty points’ distribution can be seen in Appendix 4. A map with poles 

with 10 penalty points or higher is in Appendix 5, and 15 and higher in Appendix 6. 

 

Figure 6. How the penalty points were distributed over the power poles. 

Looking at the ten poles with the highest penalty points in Table 5, we can see that they 

fulfilled the following criteria: 

Table 5. A closer look at the ten poles with the highest assigned points. 

Soil type ID Class Near 
wells 

Ground 
Water 

NPA WPA Lakes/ 
rivers 

Points 

Water 5544809 Power pole, lv Yes Class 3   Yes 20 

Water 5565718 Wooden pole, lv Yes Class 3   Yes 20 

Water 5537628 Power pole, lv Yes Class 3 Yes   20 

Water 5556276 Wooden pole, lv Yes Class 2   Yes 19 

Water 5556277 Wooden pole, lv Yes Class 2   Yes 19 

Water 5556055 Wooden pole, lv Yes Class 2   Yes 19 

Glacifluvial 5565778 Wooden pole, lv  Class 4 Yes Yes  18 

Glacifluvial 22700230 Wooden pole, lv  Class 4 Yes Yes  18 

Glacifluvial 5565776 Wooden pole, lv  Class 4 Yes Yes  18 

Glacifluvial 5563038 Wooden pole, lv Yes Class 4  Yes  18 

Here we see that every pole with a high number is on a ground water supply, generally those 

with a higher class. Most of them are close to wells, and those that are not are instead near 
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Water and Nature Protection Areas. Those who are not near Nature or Water Protection areas 

are near lakes or rivers. The soil type is either glacifluvial sediments (associated with ground 

water supply) or “water”. 

In Figure 7 we see how many poles in total fell within each criterion. Near wells (see Appendix 

7), on ground water supplies (see Appendix 8), or near water in general (see Appendix 9), are 

the biggest categories, each with around 1000 poles or more. This means over 10 % of the 

power poles are near wells or on a ground water supply, meaning it is very likely this water will 

be consumed by humans at some point. 

Only a few hundred power poles are within Water or Nature Protection Areas (see Appendix 

10 and Appendix 11), but they are largely represented in Table 5, with the highest numbered 

poles. 

 

Figure 7. Poles that fell within each criteria. 

In Figure 8 we see that a great majority of the poles are on moraine or clay-silt, one soil type 

with a rather high permeability and one with a predicted creosote spread of a few 

centimeters. The 400 poles designated as water are most likely misinterpreted as water, and 

are actually just placed close to the shoreline.  
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Figure 8. Power poles distribution over the different kinds of soil (see also Appendix 12). 

The comparison in Figure 9 was made in an attempt to determine what amount of points was 

to be considered a high amount. It shows, for example, that with the poles assigned to the soil 

type “peat”, with the lowest possible penalty point, all but 24 are accounted for. The others 

could have been assigned anything from 2 points and up. In all cases but “Water”, the amount 

of poles assigned to the soil type is higher than the amount of poles assigned the 

corresponding points. 

 

Figure 9. A comparison between poles assigned points less than 8 and how the poles were assigned to the 
different soil types. 

4.2 Field work 

The complete results for all analyzed PAHs in the soil samples can be found in Appendix 13. 

This section details the amount of PAH-H, PAH-M and PAH-L, defined more precisely in Table 4. 
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In Figure 10, we can see that the biggest leakage occurred in the glacifluvial sediments and the 

bedrock sediments. Nothing was found ten meters from the power poles, but only in one 

instance was a higher amount found far from the pole rather than next to it. The guidelines 

from Naturvårdsverket (2009) for PAH-H are 1 mg/kg, and as seen in Figure 10, and two poles 

exceed that. 

0 is actually <0.08 but had to be defined as full number to construct the graph: commas had to 

be used for the same reason. This is assumed to mean no amount of PAH-H could be found. 

 

Figure 10. The total amount of PAH-H in the ground next to the selected power-poles. The number after the poles 
ID refers to how many meters from the pole the sample was taken. 0 is actually <0.08 but has been defined as a 
full number for the construction of the graph. Commas are used for the same reason. 

Not surprisingly, the results in Figure 11 mostly resembles those in Figure 10. Except that the 

sample right next to pole 5537145 in glacifluvial sediments had a much higher PAH-M content 

than the others. As the guideline for PAH-M from Naturvårdsverket (2009) suggests a 

maximum of 3 mg/kg , and no pole exceeds that, with 5537145 being the exception that has 

an amount almost ten times above that. 

As with Figure 10 0 is <0.05 in reality, but has been defined as 0 for the sake of a readable 

graph. 
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Figure 11. The total amount of PAH-M in the ground next to the selected power-poles. The number after the poles 
ID refers to how many meters from the pole the sample was taken. 0 is actually <0.05 but has been defined as a 
full number for the construction of the graph. Commas are used for the same reason. 

In Figure 12 we see similar results as in Figure 10 and Figure 11, with the exception of 

5537145-00, where we once again can see a much higher amount of PAH than in the other 

samples. However, with Naturvårdsverket (2009) putting their guidelines at 3 mg/kg, these 

results are hardly even worth noticing. 

0 in Figure 12 is really <0.03, meaning some values contained just enough PAH-L to be 

noticeable. 
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Figure 12. The total amount of PAH-L in the ground next to the selected power-poles. The number after the poles 
ID refers to how many meters from the pole the sample was taken.  0 is actually <0.03 but has been defined as a 
full number for the construction of the graph. Commas are used for the same reason. 

The data for the moraine analysis is presented in its own graph. In Figure 13, because of the 

unusual high amounts in some of the poles. Two of the poles show high amounts of PAHs close 

to the pole, and the others did not contain any PAHs at all. 

In these we see a much higher PAH content than for the other soil types, especially in pole 

5562701, in the samples taken right next to the power pole. The PAH-H content is 180 mg/kg, 

which is critically above the critical 1 mg/kg limit set by Naturvårdsverket (2009). The PAH-M 

and PAH-L content are also above the guidelines, and the content for pole 5535050 only gets a 

pass for the PAH-M value.  

The 0 values have been corrected in the same way as in the previous graphs. 
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Figure 13. The total amount of PAHs in the moraine soil type. The number after the poles ID refers to how many 
meters from the pole the sample was taken. 0 is actually <0.08 for PAH-H, <0.05 for PAH-M, and <0.03 for PAH-L 
but has been defined as a full number for the construction of the graph. Commas are used for the same reason. 

5. Discussion 

The usage of creosote poles can best be summed up by the old expression damned if you do, 

damned if you don’t. While it is important to find materials that are environmentally secure, 

this must be balanced by concerns for human health. Many things that are dangerous to the 

environment are of course bad for human health as well, but when it comes to creosote the 

fact that it has been linked to cancer in humans cannot be ignored. For that reason, it seems 

likely it will be banned for use within the coming years (although there is  the sentiment that 

the government would never ban something that would negatively affect the wood working 

industry, since it is one of Sweden’s biggest industries), and that companies using it must be 

prepared for this. 

As we have seen none of the materials available to replace creosote with is a clear winner, 

since they are either worse for the environment but not carcinogenic, slightly better in some 

aspects but not others, or simply a lot more expensive than creosote-treated poles. In a 

perfect world money would not be an issue when it comes to human or environmental health, 
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but this is not a perfect world and economical aspects cannot be completely left out of the 

calculations, even though this project has not had that part as the main focus. 

Of the materials researched it seems that the composite poles, the Jerol poles in particular, are 

the best alternative, since they have the least effect on the environment of the researched 

materials, as well as not being carcinogenic and are similar enough to the creosote poles that 

working with them is not that different from what the maintenance workers are used to.  

The veneer poles, the so called Eco poles, are certainly environmentally friendly given that 

they are made from wood and glue only. However, due to them not being protected from rot, 

insects, fungi and so on, their life span is quite short (see Figure 2). Their lifespan could be as 

low as half the age of creosote-coated poles, and creosote poles are the most short-lived of 

the materials looked at. The Eco poles are very new to the market, and it is too early to say if 

they are a sound investment or not. Having to replace your poles twice as often as the poles of 

today are replaced is hardly environmentally or economically friendly. 

Since concrete and steel poles are clearly environmentally threatening (though which one is 

worse is not entirely clear based on the literature that has been reviewed), and should only be 

considered in a worst case scenario, where creosote is being leaked at a rate that is considered 

too high to sustain, that only leaves the composite pole, the Jerol pole. Their lifespan matches 

that of the steel pole, predicted to be about 80 years. One prediction says that while creosote 

poles in general have a lifespan of 50 years, the first poles will have to be replaced after only 

30-35 years due to rot damage (Erlandsson, 2011). This means that on average, two creosote 

poles will be needed during the same time that one composite poles can survive. However, 

since a Jerol pole is three times more expensive than a creosote pole, the overall cost will still 

be higher when replacing creosote-coated poles with the Jerol pole. 

Despite this, I would recommend that Mälarenergi Elnät AB use the composite pole over the 

steel or concrete poles. While the others may be cheaper alternatives and at least not 

carcinogenic like the creosote poles, their effect on the environment is too high to be a viable 

replacement when something like the composite pole exists. There is no sense in replacing the 

creosote poles with something that is worse for the environment simply because it does not 

cause cancer, when more environmentally friendly alternatives exist, despite the cost. The 

veneer pole is interesting and could be a good investment depending on the price, but I will 

not speak out for or against them given how little research has been done on them so far. 
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The replacement of the poles could be done in many different ways. It was requested that the 

results be presented not with individual poles, but rather as power lines assigned penalty 

points. However, since Mälarenergi Elnät AB has only provided the coordinates for individual 

poles and not any data showing how they are connected, this was not possible. 

Poles could be replaced based on criteria, such as every power pole that is within 50 meters of 

a well, since those wells would have a small chance of being affected by run-off creosote. That 

would mean about 2,000 out of 17,000 have to be replaced, which would be cheaper than 

replacing them all at the same time. If another criterion is deemed more critical, then poles 

within those areas would be selected to be replaced first. This way the poles could be replaced 

in a succession, instead of every pole being replaced at once. 

However, since many poles fulfill more than one criterion the replacement could be based on 

the penalty points themselves, focusing on the 1,000 poles that had more than 10 points, 

followed by the 1,000 poles with 10 points. This would be another way to get started on those 

poles that are most likely to cause harm to the environment. In this case, as seen in Figure 9, 

any pole with a number higher than 6 could be considered a high-risk pole. 

Most importantly though, the replacement has to be practical, and replacing one pole and 

then moving on to a completely different power line or part of the grid and then replacing 

another single pole would not be very practical … and probably not environmentally friendly 

either. The entire power line would most likely be replaced at once, or all poles within one 

area. For that purpose, a map showing the penalty points areas has been included in Appendix 

14. From this map, the power poles within a certain area with high points could be selected for 

replacement all at once. 

As seen in Appendix 6 some of the power poles with high points are rather clustered, while 

others are more scarcely distributed over the map. Another possible way would be to identify 

the poles with the high penalty points, and then replace the entire power line that that pole 

belongs to. This replacement process could start with those poles with the highest penalty 

points and then work its way to the poles with lower ones. 

While the GIS analysis has been done to the best of my ability, the data it was based on cannot 

be completely accurate which means that these results are not going to be completely 

accurate. As has already been stated, the soil maps were flawed and possibly other data was 

as well. These results cannot be treated as hard facts, but should rather be considered 

guidelines to keep in mind when replacing the power poles. 
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Looking at the data from the field work, the data suggests that some creosote is leaked to the 

ground, but not from every pole. One of the glacifluvial poles, which had signs posted on them 

warning about the fact that they were newly coated with creosote, did not show any leakage 

at all, which might be because it was so new none had started to leak yet: something that was 

probably the opposite case for the other poles  

Even though nine poles were actually moraine rather than just three (since the water and 

bedrock categories were moraine too, based on my knowledge of soil type), the “moraine” 

type had much higher values than any of the others. This can possibly be explained by the fact 

that a heavy rainfall took place on the morning that these poles were sampled. The clay-silt 

poles were sampled the same day, but were much older and had most likely been drained of 

their creosote a long time ago. Since almost no creosote was found in the moraine pole 

samples taken farther from the poles, it seems likely that a high amount leaked to the ground 

on account of the rain. This cannot be proven unless samples of the same poles are taken on a 

day that has been relatively dry though, but it could possibly explain why these results were 

much higher than the others. 

It is in one of those moraine poles that we see the most extreme example of PAH leakage, far 

above the critical values from Naturvårdsverket: the PAH-L is just above the critical limits, the 

PAH-M is 36 times higher than the limit and the PAH-H is an incredible 180 times higher than 

the limit. None of the other poles were even close to those amounts, even if they did exceed 

the limits, which means this result could either be an outlier that should not have been 

counted, or more samples of more poles are needed before anything can be said with 

certainty. 

The 15 poles sampled make up 0.1% of the total poles in Mälarenergi Elnät ABs grid, and the 

results from this part of the study needs to be taken with several handfuls of salt. Even so, with 

5 out of 15 poles leaking more creosote than allowed into the ground, it could possibly mean 

that a third of all poles are leaking too much creosote. Although such a small portion of the 

creosote poles cannot be considered representative for the entire grid, and could at the most 

be considered a pilot study for creosote leakage in Mälarenergi Elnät ABs grid. 

5.1 Error sources 

As with any work, this study contains a number of possible error sources, and a brief discussion 

on potential errors done in the GIS analysis and the field work is discussed here. 
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5.1.1 GIS analysis 

It is worth noting that with a spatial resolution of 10 meter the raster files ended up losing 

around 200 power poles during the conversion, presumably because two or more poles fell 

within the same pixel and it could only be assigned to one of the poles. With a higher spatial 

resolution less poles were lost, which would support this theory. However, even at a spatial 

resolution of 1 meter, around 50 poles were lost and thus it was impossible to include all poles 

in the analysis. Most likely these poles ended up with the same penalty points as the poles that 

“took” their pixels, which suggests that if the poles are to be replaced based on this analysis, 

all poles within the same area should be replaced at once, to cover the missing poles. 

The accuracy of the soil data can also be questioned, since it does not seem likely that any 

power poles are placed on water, yet nearly 400 power poles were classified this way in the 

soil analysis. Poles classified as being placed on water must, on the other hand, be near a lake 

or river, which means replacing them should have a high priority and therefore this is not 

considered a problem in the context of this report. 

Another problem is the data provided by Mälarenergi. The classes extracted from their grid 

were the high and low voltage wooden poles, as well as high and low voltage power poles. The 

wooden poles are definitely creosote-impregnated wooden poles; however, the poles only 

titled “power poles” could include wooden poles as well as poles made of other materials. The 

only way to know for sure would be to manually check each and every pole, which is not 

possible for this report. Looking at Figure 14 we can see that more than 75% of the power 

poles are defined as wooden poles, meaning it is certain that most of the power poles in the 

analysis are creosote coated poles that should be replaced. 

 

Figure 14. The different types of power poles in the analysis. 
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5.1.2 Field work 

The poles were selected due to their different soil types, which had been assigned in the GIS 

analysis. As can clearly be seen when comparing Figure 4 and Figure 5, the shorelines does not 

match up, and the three poles defined as “water” in the soil analysis, are not actually standing 

in water. Rather they were very close to the edge of the water, and the soil in at least one of 

the samples from those poles was saturated with water. 

The bedrock category was also wrong, and the actual soil type that was sampled was a 

moraine. The same was true for the water category, since – as can clearly be seen in Figure 5 – 

those poles were just a hundred meters from the moraine poles. 

The original maps used for the field works did not include the poles that would not be 

sampled. This was because it was assumed that the poles’ IDs would be clearly visible on the 

pole and make them easy to identify out in the field, however this was not the case. Figuring 

out which poles were actually selected for the analysis was harder out in the field than 

expected, and resulted in the wrong poles being sampled more than once. Table 6 shows 

which poles ended up being replaced compared to the selected poles. They were however 

labeled with the original pole names in most instances, since their new ID numbers could not 

be identified while out in the field. 

Table 6. The actual poles that were sampled in the field. 

Sample 
ID 

Actual ID Soil type Near 
wells 

WPA NPA Water Ground 
water 

Pole type Points 

5536845 5536842 Bedrock No No No No No Power pole, lv 6 

5536844 5536843 Bedrock No No No No No Power pole, lv 6 

5536842 5536841 Bedrock No No No No No Power pole, lv 6 

5562705 5562707 Water No No No Yes No Wooden pole, lv 12 

The three poles in clay-silt were not the ones selected either, and the identity of these poles is 

unknown since they do not show up in the maps of Mälarenergi Elnät ABs power poles. They 

were, however, connected to the actual poles, and may have been low voltage telephone 

poles. In any case, they were clearly old poles and any creosote would have leaked from them 

since a long time ago. Near these poles a pile of old creosote poles that had been removed and 

replaced was found, hinting that the same fate would soon meet these poles. 

The ages for all the poles are unknown, but it was clear that some of them were older than 

others. The glacifluvial poles had clearly been impregnated with creosote quite recently, and 

had signs on them with warnings about it. Other poles were clearly much older and any 

creosote had been leached a long time ago. 
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The moraine and clay-silt poles were sampled on May 6, when there had been a heavy rainfall 

all morning, which could possibly affect the outcome of the analysis, since the soil would be 

wet and saturated with water when they were sampled. The other nine poles were sampled on 

May 12, when no intense weather changes had occurred. 

6. Conclusions 

While a number of alternatives to creosote poles exist and some definitely have more benefits 

than others, it is not necessary to replace all poles with the same new material: there might be 

places where a veneer pole is a better fit than a composite pole and vice versa. In those cases 

a mix of poles that are not creosote-coated could also work well as a replacement. 

There are many ways that the selection for which power poles should be replaced could be 

done, but ultimately it comes down to how Mälarenergi Elnät AB wants to go about the 

replacement. Several suggestions has been made in this essay, but in the end the decision lies 

with Mälarenergi Elnät AB and their priorities in replacing the poles. 

None of our findings suggest that dangerous compounds leaked more than 5 meters from their 

pollution source, and even then the amount of leaked compounds were substantially lower 

than the suggested limits by Naturvårdsverket. Based on what was found in this study, it does 

not seem like the creosote poles are leaking dangerously high amounts of creosote into the 

environment, and with a safety distance of 50 meters to wells and water bodies, it seems 

unlikely that any creosote would leak very far and affect humans. 

From this study it would appear that despite the problems with creosote, it is not worth 

replacing them with something that is worse for the environment, even if the law might say 

differently in a few years. 
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8. Appendixes 

 

 

 

  

Appendix 1. Map showing all powerpoles in Mälarenergi Elnät ABs power grid. 
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Appendix 2. Product description of Ecopoles provided by EcoPole AB via e-mail 
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Appendix 3. Workflow chart for GIS analysis. 

Step Input Operation/function/module Output Comment 

1 [Stolpar.shp] Point to raster [Stolpar.tif] Cell size = 10 

     

2 [Extent.shp] Polygon to raster [Extent.tif] Extent of area 

     

3 [Extent.tif] Reclassify, 0 = 1 [Extent3.tif] All extent classified as 1 

     

4 [Stolpar.tif], [Extent.tif] Raster calculcator: [Stolpar.tif] * [Extent.tif] [Stolpar_clip.tif] Removing additional 0 data without 

removing pole with FID 0 

     

5 [Brunnar.shp] Point to raster [Brunnar.tif]  

     

6 [Brunnar.tif] Euclidean distance [Brunnar_euclid.tif]  

     

7 [Brunnar_euclid.tif] [Brunnar_euclid.tif] > 50 [Brunnar_50_dist.tif]  

     

8 [Brunnar_50_dist.tif] Reclassify, 0 = 1, 1 = NoData [Brunnar_50_reclass.tif]  

     

9 [Stolpar_clip.tif], [Brunnar_50_reclass.tif] [Stolpar_clip.tif] * [Brunnar_50_reclass.tif] [Brunnar_stolpar.tif] Poles 50 meters from a well 

     

10 [Brunnar_stolpar.tif] Raster to point [Brunnar_stolpar.shp]  

     

11 [VSO.shp] Clip [VSO_extent.shp] Cell size = 10 

     

12 [VSO_extent.shp] Polygon to raster [VSO.tif]  

     

13 [VSO.tif] Reclassify, all old values = 1 [VSO_reclass.tif]  

     

14 [VSO_reclass.tif], [Stolpar_clip.tif] [VSO_reclass.tif] * [Stolpar_clip.tif] [Stolpar_VSO.tif] All poles within water protection areas 
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15 [Stolpar_VSO.tif] Raster to point [Stolpar_VSO.shp]  

     

16 [nv_get.shp] Clip [Naturskydd_extent.shp]  

     

17 [Naturskydd_extent.shp] Polygon to raster [Naturskydd.tif] Cell size = 10 

     

18 [Naturskydd.tif] Reclassify, all old values = 1 [Naturskydd_reclass.tif]  

     

19 [Naturskydd_reclass.tif], [Stolpar_clip.tif] [Naturskydd_reclass.tif] * [Stolpar_clip.tif] [Stolpar_naturskydd.tif] All poles within nature protection areas 

     

20 [Stolpar_naturskydd.tif] Raster to point [Stolpar_naturskydd.shp]  

     

21 [grundvattentillgang_i_jordlagren.shp] Clip [Grundvatten_extent.shp] Cell size = 10 

     

22 [Grundvatten_extent.shp] Polygon to raster [Grundvatten.tif]  

     

23 [Grundvatten.tif] Reclassify, 2001 = 1, 2002-2004 = NoData [Grundvatten_klass1.tif] Only class 1 

     

24 [Grundvatten.tif] Reclassify, 2002 = 1, 2001, 2003-2004 = NoData [Grundvatten_klass2.tif] Only class 2 

     

25 [Grundvatten.tif] Reclassify, 2003 = 1, 2001-2002, 2004 = NoData [Grundvatten_klass3.tif] Only class 3 

     

26 [Grundvatten.tif] Reclassify, 2004 = 1, 2001-2003 = NoData [Grundvatten_klass4.tif] Only class 4 

     

27 [Stolpar_clip.tif], [Grundvatten_klass1.tif] [Stolpar_clip.tif] * [Grundvatten_klass1.tif] [Stolpar_grund_klass1.tif] Poles within class 1 

     

28 [Stolpar_clip.tif], [Grundvatten_klass2.tif] [Stolpar_clip.tif] * [Grundvatten_klass2.tif] [Stolpar_grund_klass2.tif] Poles within class 2 

     

29 [Stolpar_clip.tif], [Grundvatten_klass3.tif] [Stolpar_clip.tif] * [Grundvatten_klass3.tif] [Stolpar_grund_klass3.tif] Poles within class 3 
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30 [Stolpar_clip.tif], [Grundvatten_klass4.tif] [Stolpar_clip.tif] * [Grundvatten_klass4.tif] [Stolpar_grund_klass4.tif] Poles within class 4 

     

31 [grundvattentillgang_i_jordlagren.shp] Clip [Jordart_extent.shp]  

     

32 [Jordart_extent.shp] Polygon to raster [Jordarter.tif]  

     

33 [Jordarter.tif] Reclassify, Vatten = 1, all others = NoData [Jordart_vatten.tif] Only water 

     

34 [Jordarter.tif] Reclassify, Berg = 1, all others = NoData [Jordart_berg.tif] Only rock 

     

35 [Jordarter.tif] Reclassify, Morän = 1, all others = NoData [Jordart_moran.tif] Only moraine 

     

36 [Jordarter.tif] Reclassify, Torv = 1, all others = NoData [Jordart_torv.tif] Only peat 

     

37 [Jordarter.tif] Reclassify, Lera-silt = 1, all others = NoData [Jordart_lerasilt.tif] Only clay-silt 

     

38 [Jordarter.tif] Reclassify, Isälvssediment = 1, all others = NoData [Jordart_isalv.tif] Only glacifluvial deposits 

     

39 [Jordarter.tif] Reclassify, Postglacial sand-grus = 1, all others = 

NoData 

[Jordart_postglacial.tif] Only post-glacial sand-coarse sand 

     

40 [Jordart_vatten.tif], [Stolpar_clip.tif] [Jordart_vatten.tif] * [Stolpar_clip.tif] [Stolpar_vatten.tif] Poles on water 

     

41 [Jordart_berg.tif], [Stolpar_clip.tif] [Jordart_berg.tif] * [Stolpar_clip.tif] [Stolpar_berg.tif] Poles on rock 

     

42 [Jordart_moran.tif], [Stolpar_clip.tif] [Jordart_moran.tif] * [Stolpar_clip.tif] [Stolpar_moran.tif] Poles on moraine 

     

43 [Jordart_isalv.tif], [Stolpar_clip.tif] [Jordart_isalv.tif], [Stolpar_clip.tif] [Stolpar_isalv.tif] Poles on glacifluvial deposits 
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44 [Jordart_postglacial.tif], [Stolpar_clip.tif] [Jordart_postglacial.tif], [Stolpar_clip.tif] [Stolpar_postglacial.tif] Poles on postglacial sand-coarse sand 

     

45 [Jordart_lerasilt.tif], [Stolpar_clip.tif] [Jordart_lerasilt.tif], [Stolpar_clip.tif] [Stolpar_lerasilt.tif] Poles on clay-silt 

     

46 [Jordart_torv.tif], [Stolpar_clip.tif] [Jordart_torv.tif], [Stolpar_clip.tif] [Stolpar_torv.tif] Poles on peat 

     

47 [hl_get.shp] Polyline to raster [Vattendrag.tif ] Cell size = 10 

     

48 [ms_get.shp] Polygon to raster [Lakes.tif] Cell size = 10 

     

49 [Vattendrag.tif ] Reclass, NoClass = 0, All others = 1 [Vattendrag_reclass.tif]  

     

50 [Lakes.tif] Reclass, NoClass = 0, All others = 1 [Lakes_reclass.tif]  

     

51 [Vattendrag_reclass.tif], [Lakes_reclass.tif] [Vattendrag_reclass.tif] * [Lakes_reclass.tif] [Vatten_lakes.tif] Combines lakes and rivers 

     

52 [Vatten_lakes.tif] Reclassify, 0 = NoData, 1-2 = 1 [Vattenlakes_reclass.tif]  

     

53 [Vattenlakes_reclass.tif] Euclidean distance [Vattenlakes_euclid.tif]  

     

54 [Vattenlakes_euclid.tif] [Vattenlakes_euclid.tif] > 50 [Vattenlakes_50.tif]  

     

55 [Vattenlakes_50.tif] Reclassify, 0 = 1, 1 = NoData [Vattenlakes_50_reclass.tif]  

     

56 [Vattenlakes_50_reclass.tif], [Stolpar.tif] [Vattenlakes_50_reclass.tif] * [Stolpar.tif] [Vattenlakes_stolpar.tif] All poles within 50 meters of lakes or 

rivers 

     

57 [Jordarter.tif] Reclassify, Soils to their points [Jordart_reclass.tif]  

     

58 [Brunnar_50_reclass.tif] Reclassify, 1 = 5, NoData = 0 [Brunnar_ponts.tif]  
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59 [grundvattentillgang_i_jordlagren.shp] Polygon to raster [Grundvatten_reclass.tif] Cell size = 10 

     

60 [Grundvatten_reclass.tif] Reclassify, Classes to their points, NoData = 0 [Grundvatten_points.tif]  

     

61 [nv_get.shp] Polygon to raster [Naturskydd_new.tif] Cell size = 10 

     

62 [Naturskydd_new.tif] Reclassify, 1 = 5, NoData = 0 [Naturskydd_points.tif]  

     

63 [Vattenlakes_50_reclass.tif] Reclassify, 1 = 5, NoData = 0 [Vattenlakes_points.tif]  

     

64 

[VSO_polygon.shp], 

[grundvattentillgang_i_jordlagren.shp] 

Clip [VSO_polygon.shp] to 

[grundvattentillgang_i_jordlagren.shp] [VSO_new.shp]  

     

65 [VSO_new.shp] Polygon to raster [VSO_new.tif] Cell size = 10 

     

66 [VSO_new.tif] Reclassify, 1 = 5, NoData = 0 [VSO_points.tif]  

     

67 

[Jordart_reclass.tif], [Brunnar_points.tif], 

[Grundvatten_points.tif], 

[Naturskydd_points.tif], 

[Vattenlakes_points.tif], [VSO_points.tif] 

[Jordart_reclass.tif] + [Brunnar_ponts.tif] + 

[Grundvatten_points.tif] + [Naturskydd_points.tif] + 

[Vattenlakes_points.tif] + [VSO_points.tif] [Points_area.tif]  
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Appendix 4. All power poles with their assigned points. 
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Appendix 5. Power poles with assigned points 10 or higher. 



40 
 

 

  

Appendix 6. Power poles with assigned points of 15 or higher. 
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Appendix 7. Map showing power poles near wells. 
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Appendix 8. Map showing power poles in relation to ground water supply. 
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Appendix 9. Map showing power poles near water. 
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Appendix 10. Map showing power poles within water protection 
areas. 
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Appendix 11. Map showing power poles within nature protection areas. 
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Appendix 12. Map showing power poles in relation to soil types. 
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Appendix 13. The complete results from the soil analysis from the field work in mg/kg. 

Pole Soil type Acenaphthene Acenaphthylene Naphthalene Anthracene Phenanthrene Flouranthene Flourene Pyrene 
Benzo[a] 
anthracene 

Chrysene 
Dibenz [a,h] 
anthracene 

5536845–00 Bedrock 0 0 0 0 0 0 0 0 0 0 0 

5536845–10 Bedrock 0 0 0 0 0 0 0 0 0 0 0 

5536844–00 Bedrock 0 0,04 0 0,18 0,15 0,63 0 0,39 0,062 0,3 0 

5536844–05 Bedrock 0 0 0 0 0 0 0 0 0 0 0 

5536842–00 Bedrock 0 0 0 0 0,042 0,31 0 0,24 0,069 0,11 0 

5536842–01 Bedrock 0 0 0 0 0 0 0 0 0 0 0 

5535050–00 Moraine 0,19 0,73 0,1 1 5,2 11 0,41 5,9 0,33 2,8 0,13 

5535050–05 Moraine 0 0 0 0 0 0 0 0 0 0 0 

5562701–00 Moraine 0,27 2,8 0,13 5,1 7,1 37 1,4 59 39 55 2,7 

5562701–01 Moraine 0 0 0 0 0 0 0 0 0 0 0 

5562705–00 Moraine 0 0 0 0 0 0 0 0 0 0 0 

5562705–10 Moraine 0 0 0 0 0 0 0 0 0 0 0 

5558580–00 Glacifluvial 0 0 0 0 0 0,031 0 0 0 0 0 

5558580–10 Glacifluvial 0 0 0 0 0 0 0 0 0 0 0 

5537145–00 Glacifluvial 0,23 0,22 0,03 0,68 6,7 14 0,38 7,3 0 0,11 0 

5537145–05 Glacifluvial 0 0,044 0 0,057 0,27 0,57 0 0,51 0,17 0,25 0,039 

5537144–00 Glacifluvial 0 0 0 0 0,034 0,13 0 0,06 0 0 0 

5537144–01 Glacifluvial 0 0 0 0 0,11 0,22 0 0,18 0,043 0,11 0 

5558213–00 Clay-silt 0 0 0 0 0 0 0 0 0 0 0 

5558213–10 Clay-silt 0 0 0 0 0 0 0 0 0 0 0 

5558212–00 Clay-silt 0 0 0 0 0 0 0 0 0 0 0 

5558212–05 Clay-silt 0 0 0 0 0 0 0 0 0 0 0 

5558211–00 Clay-silt 0 0,036 0 0 0 0 0 0 0 0 0 

5558211–01 Clay-silt 0 0 0 0 0 0 0 0 0 0 0 

5562708–00 Water 0 0 0 0 0 0 0 0 0 0 0 

5562708–10 Water 0 0 0 0 0 0 0 0 0 0 0 

5562709–00 Water 0 0 0 0 0 0 0 0 0 0 0 

5562709–05 Water 0 0 0 0 0 0 0 0 0 0 0 

5562710–00 Water 0 0 0 0 0 0,049 0 0,038 0 0,035 0 

5562710–01 Water 0 0 0 0 0 0 0 0 0 0 0 
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Appendix 14. The areas and their penalty points and the power poles. 
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