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ABSTRACT

Urban snow contains pollution that originates from sources such as atmospheric precipitation, 
traffic emission, and de-icing chemicals. These pollutants accumulate in the snow during the winter 
and are released when the snow starts to melt. In Sweden, the municipal organizations are 
responsible for snow handling within the municipalities and the National Road Administration 
(SNRA) for snow handling on the main roads. Today, no general guidelines are given for how the 
municipalities should handle the snow, taking environmental aspects into consideration. To 
minimize the negative effects from snow handling, the Swedish Environmental Protection Agency 
presented a snow separation strategy. The purpose of this strategy was to separate urban snow into 
“heavily”- polluted and “less”- polluted categories. In implementing the strategy, municipalities 
may see difficulties arise when identifying criteria for “heavily polluted” and “less polluted” snow 
due to the large variations in snow quality within urban areas.

The objective of this thesis was to study the conditions for developing an environmentally 
sustainable snow handling strategy. The research was carried out in three parts: snow handling 
strategies, pollutions in urban snow and pollution pathways from urban snow. First of all, a survey 
was conducted dealing with snow handling strategies used in a number of Swedish municipalities. 
The results concerning pollution in snow are based on field studies. Snow samples were collected in 
two Swedish municipalities and along a highway in the northern part of Sweden; the snowmelt 
process and the influence of road salt were studied through a laboratory experiment.  

The inventory of snow handling strategies in Swedish municipalities showed that the strategies have 
not changed much over a ten-year period.  A study for the city of Luleå showed that the yearly 
traffic-related emissions and costs were reduced by increasing the use of local snow deposits. On 
the other hand, local snow deposits may lead to an increased risk of accidents and to negative local 
effects, such as delayed growing season, flooding, and drainage problems.

Pollutants in urban snow such as metals and polycyclic aromatic hydrocarbons and particles have 
been studied and a comparison of snow quality in two Swedish municipalities, Luleå and Sundsvall, 
was made. This comparison showed that total concentrations of copper, lead, and zinc were quite 
similar for sampling sites with no and low traffic. Because of a longer winter period and a lower 
average temperature in Luleå, a higher accumulated amount of substances was found in Luleå. 
Also, the use of salt and warmer and shorter winter periods in Sundsvall resulted, to some extent, in 
lower average total concentrations in the snow pack, but the results show larger variations 
throughout the season, which may be harder to predict - an important issue when developing snow 
handling strategies. A comparison of PAH concentrations showed that the results in this study were, 
to some extent, lower than the results from other studies of snow quality. The pollutants’ pathway 
from urban snow and the effects on melt water quality when using road salt as de-icing chemical 
have been studied in a snow-melting experiment. The study shows that the use of salt has the largest 
effect at the beginning of the melting period when the chloride is transported, resulting in lower pH 
and an increased transport of dissolved metals. When snow melts, larger particles stay on the 
ground, while smaller particles, to a greater extent, are transported with the meltwater. A 
comparison of the transport of particles from snow containing salt or no salt showed that an overall 
larger amount of particles transported with the meltwater if salt is used as a de-icing chemical in a 
snow handling strategy. A proposal for establishing standard values is discussed, taking results from 
Swedish investigations into consideration. A first set of guidelines towards developing a more 
sustainable snow handling strategy is also proposed, which could, preliminarily, be used by 
municipalities when developing their snow handling strategies. 
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SAMMANFATTNING                     

Urban snö innehåller föroreningar som härstammar från bland annat atmosfärsikt nedfall, trafik 
relaterade utsläpp och halkbekämpning. Föroreningarna ackumuleras i snön under vintern för att 
sedan frigöras under våren när snön smälter. I Sverige är kommunerna ansvariga för snöhanteringen 
inom tätorten, men Vägverket har oftast hand om större vägar. I dagsläget finns inga generella 
riktlinjer för hur snöhanteringen bör utföras på miljömässigt bästa sätt. För att minska 
snöhanteringens miljöpåverkan presenterade Svenska Naturvårdsverket en snösepareringsstrategi 
som innebär att urban snö delas in i mer eller mindre förorenad snö. Svårigheter kan uppstå i 
samband med implementerandet av en separeringsstrategi på grund av stora föroreningsvariationer i 
urban snö.

Målet med avhandlingen var att studera de förutsättningar som krävs för att uppnå en miljömässigt 
uthållig snöhantering. Forskningen har utförts i tre delar: snöhanteringsstrategier, föroreningar i 
urban snö samt spridning av föroreningar från urban snö. En enkätundersökning angående dagens 
snöhanteringsstrategier i svenska kommuner har genomförts och den urbana snökvaliten har 
studerats genom flera fältundersökningar. Snöprover har tagits och analyserats i två svenska 
kommuner och längs en större väg. Snösmältningsprocessen och hur den påverkas av vägsalt har 
studerats genom ett laboratorieförsök

Resultatet från enkätundersökningen visade att snöhanteringstrategierna i svenska kommuner inte 
har förändrats nämnvärt över en 10-års period. En studie för Luleå kommun visade att ett ökat 
användande av lokal snödeponier kan minska utsläppen av CO2, CO och NOx och minska 
transportkostnaderna avsevärt. Å andra sidan kan ett ökat användande av lokala snödeponier leda 
till ökad risk för olyckor, lokala effekter som försenad växtsäsong, översvämningar och 
dräneringsproblem. 

Föroreningar i urban snö som metaller, PAHer och partiklar har studerats och en jämförelse av 
snökvaliten i två svenska kommuner, Luleå och Sundsvall har genomförts. Det visade sig att den 
totala koncentrationen av metallerna koppar, bly och zink var förhållandevis lika i de båda 
kommunerna längs vägar med ingen eller låg trafikbelastning. Däremot visade resultaten att en 
längre och kallare vinterperiod, liknande den i Luleå, gjorde att snön innehöll en större mängd 
föroreningar vid säsongens slut. Saltanvändning och en varmare vinter gjorde att 
föroreningskoncentrationerna i snön i Sundsvall var generellt lägre, men uppvisade större 
variationer under vintern som är svårare att förutsäga, en viktig del i utvecklingen av en uthållig 
snöhantering. Resultaten från snöprovtagningen visade också att PAH koncentrationerna i denna 
studie var överlag lägre än i andra liknande studier. Vägsaltets effekt på smältvattnet visade sig vara 
störst i början av en smältperiod, när den största delen av kloriden transporterades. Detta resulterar i 
ett lägre pH samt en ökad transport av lösta föroreningar. När kloridkoncentrationen minskade så 
fanns inte längre någon markant skillnad mellan föroreningstransporten från snö som innehöll salt 
eller inte innehöll salt. Höga kloridkoncentrationer bidrog även till att en större mängd partiklar 
transporterades med smältvattnet. 

Ett första förslag till schablonvärden i urban snö har tagits fram med hjälp av resultat från svenska 
snöprovtagningar, samt förslag till rekommendationer för att uppnå en mer uthållig snöhantering. 
Dessa kan i första hand användas av kommuner vid utvecklandet av sina snöhanteringstrategier.
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1. BACKGROUND 

1.1 SNOW HANDLING STRATEGIES 
Snow handling practices consist of several activities: removing snow from roads by ploughing and 
then transporting the snow to snow deposits and increasing road safety by using de-icing chemicals 
and antiskid materials. In Sweden, the municipal organizations are responsible for snow handling 
within the municipalities and the National Road Administration handles snow on the main roads. To 
reduce the negative environmental effects of snow handling, Malmqvist (1985) and SEPA (1990) 
suggested a snow-separation strategy. In this strategy, snow is separated into “heavily polluted” and 
“less polluted” categories. As well, urban areas are divided into smaller areas according to their 
snow quality. Snow that is “heavily polluted” should be transported to a snow deposit appropriately 
designed, located, and operated to minimize the negative environmental effects. On the other hand, 
“less polluted” snow can be stored in local snow deposits to reduce environmental effects caused by 
its transportation. When implementing the strategy, municipalities may see difficulties arise when 
identifying criteria for “heavily polluted” and “less polluted” snow due to the large variations in 
snow quality within urban areas.

Oberts (2003) suggested several changes in cold-climate BMPs to control and limit the pollutants 
that are released with snowmelt. Oberts (2003), also, recommends that treatment of runoff from 
heavily travelled roads should focus on the collection and detention or filtration of particulates; 
however, treatment of runoff from early in the event and in suburban areas should focus on 
infiltration and dilution. 

In Canada, The Transportation Association of Canada has created a Synthesis of Best Practices 
related to, for example, winter maintenance operations. To increase the environmental control, this 
document provides guidelines towards planning, designing, operating and maintaining a snow-
disposal site. For example, the discharge of meltwater must comply with local water quality 
regulations (TAC, 2003).

The city of Sapporo, Japan has implemented a master plan for snow and ice control. It consists of 
five goals, one of which is to create environmentally sound snow- and ice-control measures. Three 
sub goals are also mentioned: to minimize the snow transports by developing built-up-areas within 
the city; to decrease the transport snow by establishing a local snow- disposal system; and to use 
energy sources such as riverwater, treated sewage, and residual heat from waste incineration plants 
to run snow disposal facilities (City of Sapporo, 2000). To reduce the amount of snow that has to be 
transported to snow deposits, the City uses snow- melting systems. Sapporo has five snow-flowing  
gutter systems, which use mainly treated sewage to melt snow. Also, snow-melting tanks and road 
heating are applied (City of Sapporo, 2000). 

Today, in Sweden, no general guidelines for snow handling are given. However, the Swedish 
National Road Administration has developed guidelines for handling road runoff (SNRA, 2004B). 
Local stormwater policies are available in some cities, where, in some cases, snow handling is also 
mentioned. An example is the local stormwater policy for the city of Stockholm. They recommend 
an increased use of land-based snow deposits; however the water-based snow deposits in the central 
areas of Stockholm may still be used for snow dumping (Stockholm Water, 2002). Difficulties may 
arise when translating guidelines for handling stormwater into guidelines for handling snow, due to 
the large differences in accumulation and runoff and also the effects of using chemicals in de-icing 
and friction material. Also, SEPA has set guidelines for the contamination of groundwater, surface 
water, and soil that can be applicable to snow handling (SEPA, 2001; SEPA, 2000; SEPA, 1997). 
Guidelines, specific for snow handling, need to be developed to increase the environmental control 
of these activities. The EU Water Framework Directive has the objective to achieve a good 
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ecological status in all water bodies in of the European Union until 2015 (Achleitner et al., 2005). 
The environmental effects from snow handling on receiving water bodies are important to consider 
when developing water management to achieve the objectives in the directive.    

1.1.1 Snow deposits 
Snow deposits may be divided into local snow deposits and central snow deposits (Picture 1). Local 
snow deposits are usually small deposits located within central or housing areas that receive snow 
from nearby areas. Central snow deposits, on the other hand, are much larger, are often located 
outside central areas, and receive snow from all parts of a municipality (Reinosdotter, 2003). The 
use of central snow deposits often leads to an increased amount of heavy traffic in the area that may 
cause a safety risk and environmental issues and becomes an economic burden to the local 
municipalities. However, an increased use of local snow deposits will raise other questions such as 
land use, local effects, potential for accidents, and public acceptance that also must be considered. 

Picture 1. Local and central snow deposits  

Snow deposits may be placed either on land or in water. If snow is dumped into a watercourse, the 
particle-bound pollutants will form sediment on the bottom, while the dissolved pollutants will 
enter the biota. If the snow is dumped on land, the particle- bound pollutants will form sediment 
that stays on the ground, and most of the dissolved pollutants will transport with the meltwater 
(Viklander, 1994; Westerström, 1995) to a recipient, i.e. surface water or groundwater. The land-
based snow deposits are, therefore, beneficial from an environmental control point of view. In 
Sweden today, most snow deposits are placed on land due to the environmental effects. However, in 
some municipalities, snow deposits are placed in watercourses due to the lack of land available for 
use as a snow deposit within a short transportation distance (Reinosdotter, 2003). The municipality 
of Anchorage, Alaska performed studies at snow deposit sites from 1998 to 2001. The studies 
showed that, through site design, the melting process can be manipulated to increase the control of 
chloride and turbidity in the meltwater (Wheaton and Rice, 2003). Pollutants transported from snow 
deposits have been studied by Pierstorff and Bishop (1980). They collected snow samples from two 
snow dump sites and the analyses indicated high levels off pollutants as a result of the 
environmental input that occurred between snow fall and transport to a snow deposit. Droste and 
Johnston (1993) studied snow and snowmelt quality in Ontario, Canada. Four snow dump sites 
were studied and the result showed that the snowmelt generally contained lower concentrations of 
pollutants than the snow also the sediments left on the deposit site where found to be heavily 
contaminated. 
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1.1.2 Controlling slipperiness 
De-icing chemicals and antiskid materials are used to maintain the safety on roads during 
wintertime. Sodium chloride (NaCl) is most commonly used; however, calcium chloride (CaCl) and 
magnesium chloride (MgCl2) are sometimes used when temperatures fall below -250C (Oberts et 
al., 2000). North America and Europe consume large amounts of NaCl. However, in northern and 
central Europe, the amount of salt used is generally smaller than the amount used in North America 
(International Association of Mayors of Northern Cities, 1994). In the U.S., the use of de-icing 
chemicals, mainly NaCl, has increased since the 1960s, and more than 10 million tons are used each 
year (Novotny et al., 1999). Swedish cities generally use sand, salt, or a mixture of both sand and 
salt. During the winter season of 2001/2002, 265 000 tons of NaCl were used on Swedish roads, 
almost a 20 % increase compared to the previous season (SGU, 2003). The use of NaCl as a de-icer 
is an environmental issue. For example, NaCl damages vegetation, increases corrosion, and may 
contaminate ground water and surface water (Norrström and Bergstedt, 2001). The environmental 
impacts of an extensive use of NaCl as de-icer have been documented by for example Amrhein et 
al. 1992; Thunqvist  2000; and Marsalek 2003 reported that the use of road salt is an emerging issue 
in stormwater management. A Finish study showed that 35-50 % of the salt used on roads in 
Helsinki transports to natural streams, while the remaining are either absorbed into the soil or 
transported with removed snow or sand that have been spread on the roads during the winter (Ruth, 
2003). Novotny et al. (1998) found that using salt as a de-icer results in an increase in the dissolved 
metals in salt-laden snowmelt and, consequently, in an increase in toxicity. Alternative chemicals 
for de-icing have been tested, mainly CMA (calcium magnesium acetate), Sodium formate and 
calcium acetate; these chemicals are, on the other hand, more expensive than common sodium 
chloride. Urea has mainly been used at airports, due to its low corrosion effect on aluminium. Due 
to its high nitrogen content, the environmental aspects have been discussed (Ljungberg, 2000). 
Using friction material, such as sand, causes clogging of stormwater pipes and may cause an 
increase in road wear (SNRA, 2001). In springtime, street sweeping is used to remove the sediments 
from the streets. German and Svensson (2002) found that the total amounts of sediments and metals 
from streets decreased after street sweeping. However, the sediment that remained on the street was 
more fine-grained than it was before sweeping and contained a larger proportion of metals. Ellis and 
Rewitt (1982) indicated that street sweeping is particularly efficient in removing particles larger 
than 250 μm.
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1.2 URBAN SNOW QUALITY 
Snow in urban areas, similar to stormwater, contains pollutants from different sources such as 
atmospheric precipitation, traffic emission, and de-icing chemicals. Oberts (1986) indicated that 
high concentrations of, for example, solids, lead and zinc originate from the use of antiskid material 
and de-icing salt. However, there is a large difference in the pollutants’ behaviour in snow 
compared to their behaviour in stormwater due to that pollutants accumulates in the snow during the 
winter period and then are released and transported with the meltwater during springtime. The 
pollutants in stormwater and urban snow also increase during winter time due to, for example, the 
use of studded tires, increased heating, and the use of antiskid agents that create a sandpaper effect 
and an increase in road wear (SNRA, 2004A).

The amount of pollutants in urban snow is affected by a number of factors -- type of area 
(Malmqvist, 1983; Lygren et al., 1984; Viklander, 1999B), traffic load, type of traffic, the time 
between snowfall and removal, the type of de-icers used, and the time of year (Lisper, 1974; 
Viklander, 1998B). The pollutants’ pathways are also affected by snow handling activities and type 
of winter climate (Reinosdotter, 2003). Sansalone and Buchberger (1996) found that the major 
source of metals and solids accumulation in highway snow origins from traffic and maintenance 
activities. A large amount of the pollutants in urban snow has been found to be particulate bound 
(Viklander, 1999A; Glenn and Sansalone, 2002; Reinosdotter, 2003). The distribution between 
particle- bound pollutants and dissolved pollutants is affected by the amount of suspended solids, 
i.e. urban snow containing high loads of particles contains fewer parts of dissolved pollutants 
(Viklander, 1999; Glenn and Sansalone, 2002; Reinosdotter, 2003). The dissolved fraction is also 
affected by residence time, pH, alkalinity, and hardness (Glenn and Sansalone, 2002).

The metal content in urban snow and runoff has been quite extensively studied throughout the 
years, for example, by Scott (1980), Malmqvist (1983), Baekken (1994), Novotny et al., (1998), 
Viklander (1998B), Viklander (1999B ), Glenn and Sansalone (2002), and Reinosdotter (2003). 
However, the content of organic pollutants in urban snow, such as polycyclic aromatic 
hydrocarbons (PAH), has been studied less. Traffic sources, such as exhausts, tire wear, and road 
material are the main antropogenic PAH source. Also, heating units can contribute to PAH in the 
environment (KemI, 2003). Among toxic chemicals, PAHs represent an important class because of 
the established human carcinogenicity of some subsets (Sharma et al., 1994). The accumulation of 
PAH in urban snow packs has been studied, for example, by Boom and Marsalek (1988).  In that 
study, no significant difference between PAH content in urban runoff and snowmelt was found. 
Also, Sharma and McBean (2001) compared the PAH deposition to snow surface in Ontario, 
Canada between two different years of sampling. It was shown that the PAH deposition pattern 
follows the meteorology and emissions in the city. Other PAH studies done include those by 
Gjessing et al. (1984) who studied the transport of pollutants from a highway and found that during 
wintertime, a considerable amount of the pollution was deposited within 5m of the road. Hautala et 
al. (1995), who analysed snow samples including PAHs along a roadside at two sites - a forest and 
open field showed the differences in accumulated pollutants between sites. Viskari et al. (1997) 
collected snow samples along a highway travelled by 15 000 vehicles per day at 4 distances - 10, 
30, 60, and 100 m - and showed that snow pack can be used as a collector to determine PAH 
compounds. Lindgren (1998), analysed the PAH content in snow banks along a highway in the 
northern Swedish region. The result, generally, showed that the snow contained low concentrations 
of PAH. 

The particle composition in urban drainage is interesting for two reasons: function of drainage 
systems and water quality aspects (Sansalone and Tribouillard, 1999).The particle content in snow 
originates mainly from traffic, industries, road wear, and snow handling maintenance. In Sweden, 
road wear has decreased fourfold over a ten-year period, primarily due to the further development 
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of studded tires and also to a decrease in the use of this type of tire. Still, the more than 100 000 
tons of pavement worn from Swedish roads each year contributes to the particle content in 
stormwater and urban snow (SNRA, 2001). Heavy metals such as zinc, lead, chromium, copper, and 
nickel also originate from tire wear (Muschack, 1990). Kupiainen and Tervahattu, (2005) showed 
that the use of sand as friction material during wintertime increases the particulate emissions. 
Particles > 2 μm in urban areas most commonly originate from mechanical processes, such as 
abrasion of road material, tire and brake linings, and soil dust raised by wind and turbulence 
(Wåhlin et al., 2001). Westerlund (2005), who compared the particle content in runoff during a melt 
period and a rain period, found that significant larger particle concentrations were found during the 
melt period than in the rain period. A study by Sansalone et al. (1998) showed that rain runoff from 
a highway contained a relatively few number of particles larger than 25 μm. Daub et al. (1994) 
compared mean concentrations of suspended solids in rain runoff and meltwater runoff. The result 
showed that a two-to fivefold higher concentration may be expected in meltwater. The particle size 
distribution and metal content in street sediments have been studied, for example, by Viklander 
(1998A), who found that the largest metal content was connected to particles smaller than 75 μm 
and that the metal content seemed to decrease with increasing particle size. Ellis and Revitt (1982) 
found that metals were associated with different particle sizes for roads with different traffic loads. 
For roads with higher traffic loads, a larger percentage of the metals were associated with smaller 
particles than for roads with less traffic. The pollutants in street sediments have also been studied, 
for example, by Stone and Marsalek (1996). They studied trace metals in sediments collected in 
Ontario, Canada and the results from that study showed that a large part of the total metal load in 
the sediments was associated with coarser particles. 

During snowmelt, the pollutants that accumulate in the snow during the winter are released, often 
during a short period of time. Pollutant transport in winter runoff includes three different processes: 
snow pack elution, meltwater infiltration into soils, and surface runoff (Sægrov et al., 2000). Also, 
during the winter period, pollutants have been removed through snow handling maintenance. The 
snowmelt procedure is of importance when one is studying the pollutants’ pathways from urban 
snow. It also provides valuable information when one is planning snow handling maintenance, for 
example, deciding when to remove snow if meltwater treatment is required. When studying the 
meltwater from natural snow, Westerström (1989) found a strong enrichment of ions in the early 
meltwater. A similar result was found by Schondorf and Herrman (1987). When studying the 
transport of pollutants, they found that pollutants were released in the form of two shocks, where 
dissolved pollutants transported early and particle-bound pollutants transported at the end of the 
melting period. The variations in concentrations in meltwater during melting have also been studied 
in Norway by Johannessen et al. (1975) and Johannessen and Henriksen (1978), who found that the 
first 30 % of the meltwater contained 70-80 % of the total amount of ions such as H+ and Cl-.
Viklander (1992) analysed the meltwater from snow deposits containing urban snow. Due to the 
high content of particles, compared to natural snow, no early acid shock was found in that study. 
Viklander 1996 presents the percentage of the total amount of Cu, Pb and Zn that transported with 
meltwater from urban snow for a pilot study, full-scale study and laboratory study. The result were 
as follows: 10% of the Cu, 0.5% of the Pb and 7% of the Zn for the pilot study; 6.5% of the Cu, 1% 
of the Pb and 10% of the Zn for the full-scale study; and 28% of the Cu, 42% of the Pb and 30% of 
the Zn for the laboratory study. The effect of the melting-freezing cycle on the pollutants’ transport 
has been studied by Colbeck (1981). The result indicated that ions during the melt-freezing period 
could transport from the upper snow layers and concentrate in the lower layers where they quickly 
could be removed with the first meltwater.  
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2. OBJECTIVE 

The overall goal of the thesis was to study the conditions for developing an environmentally 
sustainable snow handling strategy. The research was carried out in three parts: 

Snow handling strategies: 
Collecting information regarding snow handling strategies in Swedish municipalities today. 
In addition, obtaining a better understanding for the origin and development of these 
strategies. Also, compare the sustainability in increasing the use of local snow deposits 
compared to central snow deposits  
(Paper I) (Paper VI)

Pollutions in urban snow: 
The purpose was to study the pollutants in urban snow such as heavy metals, polycyclic 
aromatic hydrocarbons and particles. To investigate the variations in snow quality with 
regard to snow handling strategies and winter climate. In addition, study how the 
concentrations of pollutants in snow vary with distance from the road. 
(Paper II, Paper III, Paper IV and Paper VII)

Pollutant pathways from urban snow: 
The objective was to analyze the pathway of pollutant from urban snow and the influence of 
salt as a de-icing chemical on meltwater quality by studying particle size distribution, 
dissolved and particulate bound phase metals and calculating a mass balance. 
(Paper V)
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3. FIELD STUDIES 

3.1 METHOD 

3.1.1 Survey among Swedish municipalities (Paper I and VI) 
The survey was based on a questionnaire sent to fourteen, geographically spread, Swedish 
municipalities (technical and environmental departments) (Table 1). The questionnaire contained 
questions regarding snow handling strategies, snow deposits, economy, and environmental control. 
If difficulties with interpreting data occurred, complementary personal communications were made. 
Also, a field trip was carried out to eight of the municipalities, which included visits to snow 
deposits and discussions with employees.  

Table 1. Presentation of the municipalities investigated.
Municipality Latitude 

(0)
Area
(km2)

Number of 
inhabitants

Yearly average
snow fall (weq)
 (mm)2

1. Boden1 65 4297 29 000 141 
2. Borlänge 60 586 47 000 193 
3. Göteborg 57 449 475 000 101 
4. Härnösand 62 4065 25 000 204 
5. Kiruna 68 19 447 24 000 231 
6. Luleå1 65 1807 72 000 194 
7. Skellefteå1 64 6839 72 000 243 
8. Sollefteå1 63 5434 22 000 183 
9. Sundsvall1 62 3206 93 000 195 
10. Umeå1 63 2317 103 000 262 
11. Växjö 57 1673 75 000 135 
12. Ånge        62 3065 11 000 180 
13. Örnsköldsvik1 63 6418 56 000 255 
14. Östersund1 63 2228 59 000 133 

1) A complementary field trip was made to the municipalities. 
2) The yearly average snowfall is calculated as the amount of precipitation, in water equivalent, during the months 
when the average temperature is below zero. (SMHI, 2001) 

3.1.2 Snow sampling in the municipalities of Luleå and Sundsvall (Paper II, IV and VII)  
Study area
Snow samples were collected in Luleå and Sundsvall during the winter of 2002/2003. Luleå is 
located at 650 latitude and Sundsvall at 620 latitude. Luleå has, generally, a longer winter season, 
with lower temperatures than Sundsvall. Sundsvall, to some extent, uses salt as a de-icer, while 
Luleå uses only friction material. The data concerning temperature and precipitation were obtained 
from the Swedish Meteorological Institute (SMHI). Samples were collected at six sites in each 
municipality (Table 2). Three are located in a housing area and three in a central area.  
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Table 2. Sampling sites in Luleå and Sundsvall.
Luleå Sundsvall 

Traffic load None Low High None Low High 
Housing area       
Average daily traffic load  0 1500 6500 0 200 6000 
De-icer of choice None Friction 

material
Friction
material

None Friction material Friction 
material

Central area 
Average daily traffic 0 13 000 21 900 0 13 200 36 400 
De-icer of choice None Friction 

material
Friction
material

None Friction material  
and salt 

Salt

Sampling procedure
Snow samples were collected every fourteenth day during the winter of 2002/2003. In Luleå, the 
samples were collected from December 17 to April 14 (nine sampling occasions in total). In 
Sundsvall, the samples were collected from January 7 to March 6 (five sampling occasions in total). 
The lower number of sampling occasions in Sundsvall was due to a milder and shorter winter 
period. Snow samples were collected from the snow bank beside the road with an ice drill. To avoid 
contamination, the ice drill was acid washed and covered with Teflon spray. A hole was drilled 
vertically through the snow bank all the way to the ground. All the snow in the hole was collected 
and placed in plastic acid-washed beakers and the diameter and depth of the sampling hole were 
measured. Depending on the density of the snow and the height of the snow bank, the diameter of 
the hole varied between 13- 20 cm. At some sampling occasions, at the beginning and at the end of 
the winter season, several samples were collected and mixed together to ensure that the volume 
needed to perform analyses was collected. The samples collected at sites with no traffic were, in 
both central and housing areas, taken at sites where the snow had not been affected by snow 
handling.

Picture 2. High traffic site in the central area of the municipality of Luleå

3.1.3 Snow melt study (Paper V) 
Sampling locations
The snow was collected from the snow pile along a road in the central part of Luleå. The road has 
an average daily traffic load of 21 900. The municipality of Luleå performs the winter road 
maintenance and uses sand exclusively as the de-icer. About 4m3 of snow was collected with a 
tractor. The snow was split in two piles, and crushed and mixed together. One of the piles was 
mixed with road salt used by the Swedish National Road Administration. 
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Experimental setup
The piles were put on a plastic surface in a garage with no heat, so the temperature in the garage 
was affected by the outdoor temperature. The piles then melted during a three-to four- week period. 
Before the snow started to melt, reference samples were taken from the snow. All the meltwater was 
collected in plastic buckets and analysed. To be able to study the effects of salt, the first five 
samples were collected every 10 litres, and after that, a sample was collected every 20 litres. The 
temperature was measured in the garage during the whole melting period. The sediment that 
remained on the plastic surface was collected. 

Picture 3. Snowmelt study 

3.1.4 Snow sampling along a highway (Paper III) 
Meteorological parameters
Data concerning wind speed, wind direction, temperature, and precipitation were gathered from the 
Swedish National Road Administration’s permanent weather station. The weather station had the 
following sensors: a Vaisala for measuring wind direction and wind speed and an optic AeroTech 
Telub for measuring precipitation and temperature.  

Sampling procedure 
Snow samples were collected at three occasions during the winter of 2004 from a snow pack along 
a highway in the Luleå region, Sweden, with an average daily traffic load of 9200 vehicles. The 
sampling site is located east of the main road. Snow samples were taken perpendicular to and at 
different distances from the road. The samples were collected from March 16, just about when the 
melting period started, to April 20, when the snow had almost melted away. Samples were collected 
with an ice drill. A hole was drilled vertically through the snow pack all the way to the ground. All 
the snow in the hole was collected and placed in plastic acid-washed beakers when metals were to 
be analysed and in glass beakers when PAH samples were collected. The diameter and depth of the 
hole were measured. A sample was also collected at a site with no traffic, to work as a reference 
sample.  

Picture 4. Snow sampling along a highway
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3.1.5 Laboratory analyses 
pH was measured with an Ignold meter for ion weak waters at room temperature, 200C. Total metal 
concentrations were analysed with a plasma mass spectrometer, (ICP-MS) with detection limits for 
Cu 1μg/l; Pb 0,6 μg/l; Zn 4 μg/l; Al 18 μg/l; Cd 0,05 μg/l and Fe 20 μg/l. The dissolved 
concentration was measured after filtration using a filter opening of 0,45 m with detection limits 
for Cu 0,1 μg/l; Pb 0,01 μg/l; Zn 0,2 μg/l; Al 0,2 μg/l; Cd 0,002 μg/l, and Fe 0,4 μg/l.  

Suspended solids concentrations were analysed by “water investigations, SS-EN 872” (SIS 1994) - 
a European standard based on filtering through glass-fibre filter, with filter size 1.6 μm.
Conductivity was measured with a radiometer, CDM 210. Chloride concentrations were measured 
by “water investigations, SIS 02 81 20” (SIS 1974) with the detection limit 1 mg/l.  

PAH was analysed by “HPLC”. The dissolved concentration was measured after filtration using a 
1 m glass-fibre filter.  The limit to detect the sum of 16 PAH was 0.4 μg/l. 

The particle size distribution was analysed with a Coulter Multisizer II particle counter for particles 
within the range of 4 to 120 μm. The analysis method is based on the aperture sizes and counts 
particles by measuring changes in electrical impedance produced by non-conductive particles 
suspended in an electrolyte. 
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3.2 RESULTS AND DISCUSSION 

3.2.1 Snow handling strategies 
Snow handling maintenance includes activities such as removing snow from the streets, 
transporting and dumping the snow at snow deposits, and controlling the slipperiness by using de-
icing or antiskid material. Often, municipalities have a snow handling strategy describing their 
snow handling maintenance. The origin of this strategy is described in Figure 1. (Paper I)

         

               

Figure 1. The origin of snow handling strategies 

Snow handling strategies are influenced by a number of factors, such as environmental issues, 
economy, regulations, the urban environment, and acceptance from inhabitants. The snow handling 
strategy itself causes a number of impacts such as damage to the environment, stress on the local 
budget, and complaints from inhabitants. These impacts can, on the other hand, force the local 
authorities to change and develop their snow handling strategy. These impacts, then, become an 
influencing factor and have an indirect effect on the snow handling strategy, indicated by the dotted 
line in Figure 1. From an environmental point of view, the main effects that have to be considered 
when developing a snow handling strategy are air pollution, pollution of the receiving waters, 
pollution of the soil, and local effects such as impacts on vegetation and biodiversity (Paper VI).

The development of snow handling strategies involves different interest groups, for example 
sanitary engineers, traffic engineers, transport companies, environmental offices, and local 
inhabitants. Developing a strategy that takes all interest groups into consideration can lead to 
difficulties. The use of multi-criteria tools as a decision-support mechanism when it comes to local 
snow handling strategies was tested in a Swedish municipality in 2004 (Söderberg et al, 2005). The 
result showed that the participants were positive to the idea of using of these kinds of decision-
support software.

In Sweden, current snow handling strategies are not very different from those used 10 years ago 
(Paper I). In Swedish municipalities, streets are cleared by conventional methods, such as snow 
ploughs, road graders, and tractors. An increasing number of municipalities have started to use 
ground- heating systems in their city centres and on their pedestrian and bicycle paths. Snow is 
cleared from the streets if a snowfall exceeds 3-12 cm, depending on the type of road. Usually, main 
roads and pathways have the highest priority. Initiations of snow clearance by municipal workers 
are determined by a predetermined snow depth, snow quality, and ambient temperature. Clearance 
starts at lesser depths if the snow is wet and dense than if the snow is cold and dry. Commonly, 
municipalities have few large central snow deposits and a number of smaller local snow deposits 
placed in residential areas. The strategy is, in most cases, based on using the deposit with the 
nearest hauling distance. Factors that are influencing the location of the snow deposit are 
environmental, economical, and transportation distance (Paper I). A case study in Luleå showed 

Snow handling 
strategy

Different kinds 
of impacts 

Influencing 
factors
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that an increased use of local snow deposits can decrease the traffic-related emissions and reduce 
costs (Paper VI).

3.2.2 Pollutions in urban snow 
The metal content in urban snow has mainly been studied in Paper II, III and VII. These papers
contain the results from three field studies: the snow sampling in the municipalities of Luleå and 
Sundsvall and the snow sampling along a highway in the Luleå region. 

In Table 3, metal concentrations, suspended solids, chloride and pH (mean and standard deviation 
(Sd)) found in the collected snow samples in the municipality of Luleå and Sundsvall are shown 
(Paper II).

Table 3. Results from the snow samples in Luleå and Sundsvall  
Luleå Sundsvall 

Traffic load  None Low High None Low High 
Housing area        
  mean ± Sd mean ± Sd mean ± Sd mean ± Sd mean ± Sd mean ±Sd 
pH  5.7±0.23 6.3±0.22 7.3±0.47 5.0±0.3 6.5±0,4 7.1±0.21 
SS  mg/l 29±35 747±460 5667±7619 11±5.0 66±39 1842±1009
Cl  mg/l N.d 2.8±0.6 5.2± 2.3 N.d 3.1±1.9 116±70 
Cutot μg/l 3.8±3.0 99±59 626±996 2.8±1.3 6.4±2.6 150±80 
Cudis μg/l 0.8±0.3 7.1±3.6 5.1±2.9 1.7±0.76 1.7±0.4 3.5±1.5 
Pbtot μg/l 2,3±2.4 35± 24 130±181 2.6±0.9 5.6±3.9 53±26 
Pbdis μg/l 0.9±1.6 0.5±0.5 0.09±0.04 1.0±0.6 0.16±0.08 0.08±0.03 
Zntot μg/l 15±8.0 228±124 1256±1673 27±24 45±23 549±305 
Zndis μg/l 7.2±3.4 13.5±5.0 3.8±3.4 23±24 14±5.8 8.1±4.0 
Central area 
pH  8.0±0.64 7.3±0.38 8.3±0.36 6.0±0.3 8.6±0.2 8.5±0.5 
SS  mg/l 185±232 4471±3144 7889±6744 31±18 6684±2313 3175±1363
Cl  mg/l N.d 4.4±2.8 20±15 N.d 324±241 1131±2051
Cutot μg/l 20±24 310±245 1022±1089 11±2.0 845±353 554±254 
Cudis μg/l 1.5±0.8 4.5±2.45 7.0±5.3 3.0±0.9 6.7±3.8 3.7±1.6 
Pbtot μg/l 15±16 119±87 217±232 8.1±1.5 237±78 140±53 
Pbdis μg/l 0.1±0.06 0.3±0.6 0.08±0.03 0.5±0.4 0.05±0.03 0.05±0.02 
Zntot μg/l 114±138 931±659 2233±2308 42±12 3008±1226 1896±1033
Zndis μg/l 3.9±3.1 7.1±6.7 1.5±1.0 17±2.2 1.1±0.1 1.1±0.4 

When comparing the total concentrations of copper (Cu), zinc (Zn), and lead (Pb) from the snow 
samples collected in Luleå and Sundsvall, it was found that, in the central area the metal 
concentrations at the no traffic sites were quite similar for the two municipalities. The 
concentrations were also low compared to other sites in the central area. Higher concentrations were 
found at the no traffic site in the central area compared to the no traffic site in the housing area for 
both Luleå and Sundsvall. This is due to a higher content of airborne pollutants in central areas and 
demonstrates the importance of site to snow quality.  

For the site with low traffic in the central area, higher mean concentrations of all the studied metals 
were detected in Sundsvall compared to Luleå. This may be a result of the higher traffic load at the 
low traffic site in the central parts of Sundsvall. A similar problem occurred at the low traffic site in 
the housing area resulting in higher mean concentrations in the municipality of Luleå. In addition, 
the metal concentrations in urban snow are affected by meteorological parameters.  

For the site with high traffic, higher concentrations of both suspended solids and total metal 
concentrations were found in Luleå compared to Sundsvall. This is due to the more extensive use of 
antiskid material as de-icer in the municipality of Luleå. Longer winter seasons, as those found in 
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Luleå, also result in higher accumulated metal concentrations and a higher mean concentration of 
metals at the high traffic sites in both housing and central area in Luleå. The use of sodium chloride 
(NaCl) as a de-icing chemical at the high traffic site in Sundsvall leads to that snow continuously 
melting, which results in lower accumulated concentrations at the end of the winter season. Also, 
much higher chloride concentrations were found at the high traffic site in the central part of 
Sundsvall than at the respective site in Luleå. The chloride concentrations tended to increase with 
traffic load, even for Luleå (Paper VII). This is explained by the fact that the salt is brought into 
the city by vehicles from the highways, which are salted.

In a comparison of the dissolved metal concentrations at different sites, higher concentrations were 
found, in most cases, at those with no traffic. This is due to the low concentrations of suspended 
solids at these sites. However, higher dissolved metal concentrations were detected at the no traffic 
site in the central parts of Sundsvall compared to the site in Luleå. This is most likely connected to a 
notably lower pH at this site. Lower concentrations of dissolved metals can be expected for the 
snow in Sundsvall, especially at the site with high traffic in the central area. Because of the higher 
winter temperature and the use of salt, the snow is continuously melting during the winter season, 
and the meltwater transports the dissolved pollutants away from the snow pile. A large part of the 
metals in urban snow are particulate bound. The percentage dissolved metals seemed to decrease 
with increasing traffic load, resulting in the highest percentage of dissolved metals at sites with low 
or no traffic (Paper VII).

In Paper III, the metal content in snow along a highway and its variation with distance from the 
road were studied. The results for the total metal concentrations showed that there was a decrease in 
metal concentrations with distance from the road. A large part of the total amount of metals was 
found in the snow bank 1m closest to the road, when calculating the total amount of metals in the 
snow bank within 3 m closest to the road (Paper III). In comparison, the total metal concentrations 
found along the highway were of the same magnitude as those from the low traffic sites in the 
central areas, which also had the most similar traffic load. 

The variations in snow quality over time can be studied either by analysing the concentrations 
(mg/L) or by analysing the unit mass loads (mg/m2). Evaluating the mass loads gives a clearer 
picture of how snow handling activities will affect the amount of pollutants over time due to that the 
mass loads are affected by snow handling activities and less affected by meteorological parameters 
(Paper II).

In Figure 2, the total mass loads of suspended solids and copper, and their variation over time are 
shown for the high traffic site in the central parts of Luleå and Sundsvall (Paper II).
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Figure 2. Total mass loads for suspended solids and copper, at the site with high traffic in 
Luleå (left) and Sundsvall (right). 

Studying the unit mass loads in Luleå and Sundsvall over time showed somewhat clearer picture of 
the accumulation of pollutants occurs over the winter season, since decreases in mass loads often 
can be related to snow handling activities. Snow handling activities that affect the metal content in 
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snow are snow ploughing, removing of snow from the snow pile and transporting it to a snow 
deposit, scraping snow and ice off the roads and using antiskid material and de-icing chemicals. The 
pattern of accumulation of pollutants, over time, was often clearer for Luleå than for Sundsvall. 
Consequently, the snow in a city that has a lower winter temperature and that does not use salt 
shows a clearer accumulation of pollutants, which is easier to predict. 

The particle content in urban snow was analyzed from the snow samples in the municipality of 
Luleå, and the result is presented in Paper IV.

The particle concentrations and mass loads found in the snow samples are presented in Table 4. 

Table 4. Particle concentrations and mass loads for each particle size, mean ± standard deviation
Type of area 
(Vehicles/day)

4-6 μm 6-9 μm 9-15 μm 15-25 μm 25-40 μm 40-120 μm 

Housing area Concentrations (number/mL) * 103

0 5 ± 5 2 ± 3 1 ± 2 0.6 ± 0.6 0.1 ± 0.1 0.05 ± 0.04 
1500 170 ± 180 80 ± 80 50 ± 40 10 ± 11 4 ± 2 1 ± 1 
6500 1360 ± 1720 720 ± 930 360 ± 470 80 ± 100 20 ± 20 6 ± 6 
Central area       
0  17 ± 20 10 ± 14 7 ± 10 3 ± 4 1 ± 1 0.5 ± 0.3 
130001 790 ± 550 470 ± 320 230 ± 150 70 ± 40 20 ± 10 7 ± 5 
21900 2450 ± 2200 1240 ± 1120 530 ± 490 140 ± 130 30 ± 30 10 ± 10 
Housing area Mass loads (number/m2) *109

0 0.4 ± 0.4 0.2 ± 0.2 0.1 ± 0.1 0.04 ± 0.05 0.01 ± 0.01 0.004 ± 0.003 
1500 16 ± 20 8 ± 11 4 ± 5 1 ± 1 0.3 ± 0.3 0.1 ± 0.2 
6500 92 ± 50 48 ± 27 24 ± 16 6 ± 3 1 ± 0.6 0.4 ± 0.2 
Central area       
0  2 ± 4 1 ± 3 0.9 ± 2 0.4 ± 0.7 0.1 ±0.2 0.03 ± 0.05 
130001 88 ± 60 52 ± 35 26 ± 16 8 ± 5 2 ± 1 0.9 ±0.6 
21900 321 ± 228 164 ± 120 70 ± 52 19 ± 14 4 ± 3 2 ± 1 

The highest mean concentrations, and mass loads, were found for the particle sizes 4-6 μm. The 
particle concentrations, and mass loads, decreased as particle size increased, and increased with 
traffic load for all sampling sites, Also, the particle concentrations seemed to increase with 
increasing traffic load. The difference in particle load, between sites, are caused by traffic loads, 
number of heavy vehicles, use of traffic lights and intersections and stops, and use of antiskid 
material. Variations in particle content over time are explained by precipitation, temperature and 
snow management. 

The smallest particle size, 4-6 μm, constituted approximately 50 % of the total amount of particles. 
Overall, particles larger than 25 μm generally constitute a very small fraction of particles in urban 
snow, despite traffic load. 

The relationship between heavy metals, i.e. copper (Cu), lead (Pb) and zinc (Zn), and particle-size 
distribution was studied by using a simple linear regression. The result showed high correlation 
factors for smaller, as well as, larger particle sizes. However, in general, higher correlation factors 
tended to be found at the high traffic sites, with the highest correlation factors for Cu and the lowest 
for Pb.

The content of PAHs in urban snow was studied by collecting snow samples at three occasions 
during the winter of 2004 from a snow pack along a highway in the Luleå region, Sweden, with an 
average daily traffic load of 9200 vehicles (Paper III). Samples were collected at various distances, 
from 0 m to a maximum 4.7 m from the road. The samples were collected from March 16, just 
about when the melting period started, to April 20, when the snow had almost melted away. 
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In Figure 3, the total and dissolved concentrations of the sum of 16 PAH are shown at different 
distances from the road and at three sampling occasions. The individual total concentrations of the 
different PAHs are presented in Paper III.
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Figure 3. Total and dissolved sum 16 PAH concentrations 

No clear patterns over time were found for the total concentrations of PAH. However, the total 
concentration of PAH tended to decrease with distance from the road. The dissolved concentration 
of PAH increased over time, and seemed to decrease with distance from the road.  

In Table 5, a comparison of the PAH concentrations found in this study is made with other studies 
of PAH in snow and run off (Paper III). The PAH concentrations detected in the snow bank along 
a highway in the Luleå region were lower than in other similar studies (Table 5). However, some of 
the other studies were made several years ago, which may indicate a decrease in PAH 
concentrations due to a decrease in emissions from vehicles.  

Table 5. Comparison of PAH concentrations
PAH ( g/l) This study1) Gjessing et al.

(19844))
Boom and 
Marsalek (19882))

Lindgren
(19983))

Naphtalene <0.17 - <0.17 0.195 - - 
Acenaphtylene <0.25 - <0.25 - <0.50 – 0.15 -
Acenphftene <0.007 - <0.007 - <0.50 – 0.098 - 
Fluorene 0.03 - 0.03 1.237 <0.50 – 0.237 0.096 
Phenantrene 0.7 - 1.0 6.787 <0.50 – 3.56 1.385 
Antracene 0.1 - 0.07 0.246 - 0.379 
Fluoranthene 0.4 - 0.6 3.143 <0.50 – 7.02 2.665 
Pyrene 0.4 - 0.6 3.066 <0.50 – 3.75 2.002 
Benzo(a)antracene 0.1 - 0.2 - - 0.677 
Chrysene 0.2 - 0.5 - - 1.147 
Benzo(b)fluoranthene 0.1 - 0.2 1.501 <0.10 – 0.647 - 
Benzo(k)fluoranthene 0.03 - 0.04 - <0.10 – 0.99 - 
Benzo(a)pyrene 0.07 - 0.1 - <0.10 – 0.558 0.602 
Dibenzo(ah)anthracene <0.005 - 0.007 - - - 
Benzo(ghi)perylene 0.03 - 0.09 0.319 <0.10 – 0.466 0.551 
Indeno(123cd)pyrene 0.01 - 0.07 - <0.10 – 0.496 - 
Sum PAH 2.2 -3.5 - -  

1) Show the total concentration for the sample taken 0 m from the road (min-max) at the three sampling occasions. 
2) Snow pack samples taken in an industrial urban area with numerous anthropogenic sources of PAHs. 
3) Samples taken from the snow bank along the E4 highway, 10 200 vehicles per day, in northern Sweden 
4) Samples taken from a snow pack along a highway with 19 400 vehicles. The table shows the concentrations found 50 
from the road. 
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3.2.3 Pollutant pathways from urban snow
The pollutant transport from urban snow was mainly studied in the snow-melting study presented in 
Paper V, where two snow piles, one with road salt added and the other one containing very low 
concentrations of road salt, were melted and meltwater analyses were performed.  

The results from the [H+] showed that the pile with salt had some faster transport at the beginning of 
the melting period. However, the transport of [H+] showed a similar result after 60% of the 
meltwater. The result from chloride concentrations from the pile with salt showed a very high 
transport of chloride at the beginning of the melting period. From the snow pile, 95% of the 
chloride was transported in the first 30% of the meltwater. The pattern for suspended solids (SS) 
was found to be quite similar for the two piles.  The transport seemed to remain quite constant 
throughout the melting period, with an increase of SS at the end of the melting period. So, the 
pollutants from urban snow may be expected in two phases with an increase in ions in the first 
meltwater and an increase in suspended solids in the last meltwater.  

The dissolved and total amounts of copper (Cu) for both snow piles is shown in Figure 4. 
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Figure 4. The dissolved and total copper and zinc results for the snow piles with salt and 
no salt

The total amount of Cu showed a similar result to the suspended solids, an increase of the total 
amount of metals at the end of the melting period, which was more evident for the pile with salt.  A 
small difference in dissolved metal pathways was seen between the two piles. Some more rapid 
transport of dissolved Cu was shown for the pile with salt, i.e. 90% of the dissolved Cu had been 
transported when 60% of the meltwater had been collected. For the pile without salt, 90% of the 
dissolved Cu had been transported when 70% of the meltwater had been collected.  

Due to the high chloride concentrations in one of the snow piles, there was a difference in melting 
time. The snow pile containing salt melted eight days faster than the pile without salt. In addition, 
since 90% of the chloride was transported with the first 20% of the meltwater, the main differences 
were seen during this period, especially for dissolved metals and the pH. When most of the chloride 
had been transported after the first two samples, no clear difference could be seen for the two piles. 
This finding indicates that the chloride concentration has an effect on the pollutant pathways.

No evident differences existed in the transport of particles between the two piles, except for the 
largest particle size, 40-120 m. Due to the larger flow from the pile with salt added, there was a 
more rapid transport of larger particles from this pile. 
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A mass balance was calculated showing the percentages of suspended solids, total metals, and 
particles that either remained on the surface or were followed with the meltwater. The results are 
shown in Table 6.

Table 6. Percentage suspended solid, metals, and particles of different sizes that transported with 
the meltwater 
 SS 4-6  

m
6-9

m
9-15

m
15-25

m
25-40

m
40-120

m
Particles
Total

Cutot Zntot

Salt  9 17 16 15 14 13 13 16 20 17 
No salt 4 7 6 6 6 5 5 6 8 7 

Overall, the result showed that larger particles stayed on the surface, whereas smaller particles, to a 
greater extent, were transported with the meltwater. Also, the percentage of particles remaining on 
the surface after melting decreased with increasing particle size. According to this study, the use of 
salt as a de-icer results in that the meltwater will contain larger amounts of particles and metals than 
if friction material is being used.  
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3.3 CONCLUSIONS 
An inventory of snow handling strategies in Swedish municipalities showed that the strategies have 
not changed much over a ten-year period. The origin of a snow handling strategy can be explained 
by using impacts and influencing factors. When municipalities are developing a more 
environmentally sustainable snow handling strategy, they have to consider air pollution, pollution 
of the receiving waters, pollution of the soil, and local effects such as impacts on vegetation and 
biodiversity. For example, a study for the city of Luleå showed that the yearly traffic-related
emissions of CO2, CO, and NOx were reduced by 40 % and the yearly cost for transporting snow 
was reduced by nearly 80 % by an increased use of local snow deposits. On the other hand, local 
snow deposits may lead to an increased risk of accidents and local effects such as delayed growing 
season, flooding, and drainage problems. The development of snow handling strategies has to 
include all groups of interest. Using a multi-criteria tool may simplify the developing process.  

By collecting snow samples in the municipality of Luleå and Sundsvall and along a highway in the 
Luleå region, Sweden, the pollutants in urban snow in the form of heavy metals, particles, and 
polycyclic aromatic hydrocarbons have been studied. A comparison of snow quality in two Swedish 
municipalities, Luleå and Sundsvall showed that total concentrations of copper, lead, and zinc were, 
somewhat, similar at sites with no and low traffic. For sites with high traffic, some higher 
concentrations were found in Sundsvall than in Luleå, probably due to differences in traffic load at 
those sites. A longer winter period and a lower average temperature, similar to the winter climate in 
Luleå, results in higher accumulated amount of substances in the snow bank. Also, the use of salt 
and warmer and shorter winter periods in Sundsvall result, to some extent, in lower average total 
concentrations in the snow pack. But the results show larger variations throughout the season, 
which are harder to predict - an important issue when developing snow handling strategies. The 
particle concentrations and mass loads in the municipality of Luleå showed that the mean value of 
particles decreased as particle size increased. The smallest particle fraction, 4-6 μm, constituted 
approximately 50 % of the total number of particles. When studying the relationship between heavy 
metals, i.e. copper (Cu), lead (Pb) and zinc (Zn), and particle-size distribution by using a simple 
linear regression. High correlations factors were found alternatively for smaller and larger particle 
sizes. However, in general, higher correlation factors tended to be found for the sites with high 
traffic. The variations in snow quality with distance from the road have been studied along a 
highway in the Luleå region in northern Sweden. The highest total metals and PAH concentrations 
were found closest to the road and at the end of the season. However, a comparison of PAH 
concentrations showed that the results in this study were some lower than the results from other 
studies of snow quality. Also, from a sustainable snow handling point of view, calculations from 
this study showed that if 1m of the snow pack closest to the road is removed before the melting 
period starts, up to 57 % of the total metal and PAH concentrations would be removed, if 
calculating the amount of pollutants in the snow pack 3m from the road.  

The pollutants’ pathway from urban snow and the effects of using salt as a de-icing chemical have 
been studied in a snow melting experiment. The study shows that the use of salt has the largest 
effect at the beginning of the melting period when the snow contains high chloride concentrations, 
resulting in lower pH and an increased transport of dissolved metals. When the chloride 
concentration decreases, no clear difference between pollutant transport from snow containing salt 
or no salt could be seen. This result might indicate that only high concentrations of chloride will 
have an effect on the dissolved fraction. When snow melts, larger particles stay on the ground, 
while smaller particles, to a greater extent, follows with the meltwater. A comparison of the 
transport of particles from snow containing salt or no salt showed that an overall larger amount of 
particles transported with the meltwater, if salt is used as de-icing chemical in a snow handling 
strategy.
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4. SUSTAINABLE SNOW STRATEGIES 

New data on urban snow quality are presented in this thesis. Analyses have been made on heavy 
metals, polycyclic aromatic hydrocarbons, and particles in urban snow. These snow quality results 
could contribute to a development of standard values for pollutants in urban snow, valuable 
knowledge when developing a sustainable snow handling strategy. 

4.1 STANDARD VALUES 
The use of salt, and warmer and shorter winter periods resulted in lower average total 
concentrations of pollutants in the snow pack, but the results show larger variations throughout the 
season, which are harder to predict (Paper VII). The prediction of snow quality is an important 
issue when discussing the snow handling separation strategy and an increased use of local snow 
deposits.

Due to high costs for sampling and analyzing the pollutants in snow, municipalities may use 
standard values instead of taking snow samples when developing their snow handling strategies. 
Over the years, standard values for stormwater and also recommendations for handling stormwater 
and road runoff have been developed. However, comparing standard values and recommendations 
for handling stormwater and road runoff with those for snow handling will lead to several 
difficulties, since accumulation of pollutants in snow will, periodically, result in much higher 
concentrations than in rainwater runoff, and during the melting period, a release of pollutants 
occurs, which results in high concentrations of pollutants released into the environment. In this 
thesis, a first proposal for standard values is produced, taking results from Swedish investigations 
into considerations (Table 7).

Table 7. Proposals for standard values for urban snow and a comparison of metal concentrations 
found in snow with metal concentrations found in stormwater (Paper VII)

Urban snow 
Average Daily Traffic < 5000 5000- 10 000 10 000-20 000 > 20 000 Central area 
Proposal for standard value 
snowA)

SS (mg/l) 
Cl (mg/l) 
Pb ( g/l)
Zn ( g/l)
Cu ( g/l)

10-1000 
0-3
2-50
20-250 
3-100

1800-5700 
5-100
50-150 
550-1500 
150-600 

4500-6500 
4-300
100-250 
900-3000 
300-850 

2000-8000 
20-1100 
150-250 
650 - 2000 
250-1000 

Stormwater 
Average Daily Traffic < 5000 10 000- 

15 000 
15 000-30 000 > 30 000 

Standard value stormwaterB)

SS (mg/l) 
Pb ( g/l)
Zn ( g/l)
Cu ( g/l)

-
-
-
-

75(50-200) 
20(5-40) 
100(50-300) 
35(10-50) 

100(50-1000) 
25(5-500) 
45(10-100) 
0,5(0,2-1) 

1000(100-5000) 
30(20-1000) 
250(100-1000) 
60(10-800) 

A. Shows maximum and minimum mean values and are based on snow samples taken at three different studies. Snow 
samples were collected in Luleå by Viklander (1997), and in Luleå and in Sundsvall by Reinosdotter (Paper II and 
VII).  
B. Shows mean concentrations and maximum and minimum concentrations based on a study by Malmqvist et al. 
(1994). 
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Due to the accumulation factor, the stormwater standard values are lower than the proposed 
standard values for snow. The standard values for snow are based on studies made in northern 
Sweden. The studies of snow quality have shown large variations in the metal content, even though 
the traffic loads are quite similar. Therefore, analyses of each specific situation are necessary. Also, 
since large variations in snow quality, with large standard deviations, occur over the winter season, 
sometimes the maximum and minimum concentrations have to be considered. Standard values for 
concentrations of chloride and suspended solids are uncertain since the use of de-icing chemicals 
and antiskid material has a large effect on the concentrations. The results in this thesis show that the 
use of sodium chloride (NaCl) as a de-icing chemical can cause meltwater to contain larger amounts 
of particles and metals than if friction material is used. An increase in dissolved metal 
concentrations can also be expected as a result of using NaCl as a de-icer. Therefore, the use of 
antiskid material and de-icing chemicals has to be re-evaluated with concern for each snow 
handling strategy.  Also, in some cases, pollutants such as polycyclic aromatic hydrocarbons can be 
of special concern. The traffic loads used in this study are set after typical traffic loads on Swedish 
roads; other countries with larger cities and roads may classify the terms low and high traffic 
differently.

4.2 MANAGEMENT 
Table 8 shows a first proposal towards recommendations for handling urban snow from different 
urban areas.  The proposals are based on a comparison of recommendations for stormwater (SNRA, 
2004) and of the differences in quality between stormwater and snow. Also, the proposal should be 
further developed using international experiences of snow handling and also the experiences that 
are gathered in municipalities by people that work with snow handling on a daily bases.

Table 8. Proposal for treatment recommendations for urban snow  (Paper VII) 
Average Daily 
Traffic

< 5000 5000 - 10 000 10 000 - 20 000 > 20 000 
Central area 

Urban snow pack 
treatment 
recommendations 

No treatment 
required. Can be 
left to melt on 
the ground, 
dumped in local 
snow deposits 
or in some 
occasions into 
watercourses.

Snow should be 
dumped on land 
both local and 
central snow 
deposits can be 
used.

Snow should be 
dumped on a 
central land 
based snow 
deposit.
Meltwater
should not be 
led directly into 
a recipient. 

Snow should be removed from 
the streets and dumped on a 
central land-based snow 
deposit where flow control and 
treatment are possible. 

Comments Valid for both 
snow from 
housing areas 
and central 
areas.

Valid for both 
snow from 
housing areas 
and central 
areas.

If using 
infiltration, the 
groundwater 
level and soil 
condition have 
to be considered. 

When discussing meltwater 
treatment, the sensitivity of the 
recipient has to be taken into 
consideration.

If increasing the use of local snow deposits, comparisons with quality criteria from the Swedish 
Environmental Protection Agency (Paper VII) show that snow from sites with no traffic (central 
and housing area) and from sites with low traffic in a housing area can be classified as “less 
polluted”. Snow from central areas with low or high traffic and snow from housing areas with high 
traffic should be considered as “heavily polluted.” If a separate recommendation were given for 
cold cities where the prediction of snow quality is easier due to very little snow melt during the 
winter season, it would be to take care of the very last snow along streets at the end of the winter 
season. Then it would be possible to control the particulate bound metals; however, to control the 
dissolved fraction, the snow must be transported before the temperature rises above zero degrees.
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The results in this thesis demonstrate that the pollutants in urban snow show great variations. 
Variations could be seen over time, within a municipality and between municipalities. The 
differences are, in several cases, dependent on the differences in snow handling strategies and 
winter climate. Snow handling activities consists of, for example, snow ploughing, both polluted 
and less polluted snow (Picture 5), levelling the snow bank due to traffic safety (Picture 6), and 
scraping the roads from snow ice in the spring. It has been established that these activities have a 
large influence on the pollutants in the snow bank along roads. The activities may cause both 
increases and decreases in mass loads and concentrations in the snow bank depended on type of 
activity and also which pollutants that are being studied and if it is in particle bound or dissolved 
phase. The pollutions in snow at sites with no traffic are mainly affected by atmospheric deposition 
and meteorological parameters.  

Picture 5. Ploughing of polluted and less polluted snow 

Picture 6. Levelling the snow bank. 

The variations in snow quality is an important issue if separating snow into “heavily polluted” and 
“less polluted” categories for the purpose of increasing the use of local snow deposits and
discussing how to achieve a sustainable snow handling management strategy. The variations also 
make the setting of standard values for urban snow and general recommendations for snow handling 
complicated. A first proposal of these types of standard values and guidelines towards a more 
sustainable snow handling strategy is proposed.

Reaching a more environmentally sustainable snow handling strategy requires an effort from each 
municipality. It is necessary to take into consideration each municipality’s conditions concerning 
environmental issues, economy, regulations, the urban environment, and acceptance from 
inhabitants. The local variations in snow quality and winter climate and use of de-icing chemicals or 
antiskid material have to be evaluated. Also, the use of snow deposits has to be discussed. An 
inventory of available space for an increased use of local snow deposits and also an analysis of the 
need to treat meltwater at the central snow deposits have to be considered, taking the local recipient 
into consideration.  Finally, it is important to increase the cooperation between those responsible for 
snow handling in municipalities and the Swedish Road Administration and also between those 
groups of interest that are affected by the local snow handling strategy. 
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ABSTRACT 

In Sweden, the municipal organizations are responsible for snow handling practices such as 
removing, transporting and dumping the snow and controlling the slipperiness in urban areas. Main 
roads are handled by the national road administration.  These practices achieve their objective of 
road safety and uninterrupted traffic flow, but cause inconveniences such as noise and exhausts 
fumes during the ploughing and transporting of the snow and, in addition, put great strain on the 
municipality’s budget. Questions guided this study have been of explorative and descriptive nature 
in order to better understand the conditions under which local snow handling strategies are 
developed. The questions in focus are: What kind of action space do the municipalities have in 
choosing different snow handling strategies? What kind of strategies do Swedish municipalities 
have today regarding snow handling in general, and transport and snow deposits in particular? 
Which impacts are regarded as the most important to consider? Which factors are perceived as the 
most critical? The results are based on two inventories of snow handling practices in 1990, 
(Viklander 1991) and 2001.  The result showed that the formal action space for the municipalities is 
quite extensive. The informal action space formed by local organizational culture could although be 
more delimited. But overall, the municipalities have the opportunity to choose between different 
snow handling strategies if they want to. Handling snow in the central parts of a city represents 50 
to 80 percent of municipalities’ total budgets for snow handling. This indicates that a more efficient 
snow handling in the central parts could be profitable. Decreasing transportation distance to the 
snow deposit by an extended use of local snow deposits may lead to a more efficient snow handling 
in the central parts. Environmental control of snow deposits in Swedish municipalities is rare. To 
protect recipients such as ground water and surface water environmental control of melt water from 
snow deposits has to be required.

Key words: de-icer, snow handling, snow deposit, urban snow 

INTRODUCTION

For people in areas with winter climate, snow has its benefits and its drawbacks. On the positive 
side people enjoy skiing and other outdoor activities and love the beauty of a snow-clad city. On the 
negative side, snow creates different kinds of problems. Awareness of environmental aspects on 
snow handling has increased in recent years. Specifically, there has been interest in the 
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environmental effects of polluted snow, the effects of snow handling practices (emissions from 
lorries) and slipperiness control operations (use of sand and salt). One strategy to reduce the 
negative effects of snow implies that the snow is separated into “heavily polluted” and “less 
polluted“ snow (Malmqvist, 1985; SEPA, 1990). Urban areas should, according to this strategy, be 
divided into different districts, depending on the snow quality, since the degree of pollution varies 
with time (Lisper, 1974; Viklander, 1998) and the type of area (Malmqvist, 1983; Viklander, 1999).  
In Sweden, the municipal organizations are responsible for snow handling practices such as 
removing, transporting and dumping the snow and controlling the slipperiness. These practices 
achieve their objective of road safety and uninterrupted traffic flow, but cause inconveniences such 
as noise and exhausts fumes during the ploughing and transporting of the snow and, in addition, put 
great strain on the municipality’s budget. Also, handling the snow cause effects on snow quality. 
For example, as snow becomes more polluted, its structure changes. And when large amounts of 
snow are relocated to local or central snow deposits, melt water will affect the surrounding areas in 
the spring. Snow handling is thereby a complex process that is affected by a number of factors, and 
in turn causes a number of impacts on the surroundings (figure 1). Different strategies for snow 
handling can be chosen in different municipalities due to a number of factors.  

                               
               Snow handling 
                                       strategies 

Different kinds             Influencing 
                      of impacts                                                          factors 

                         

Figure 1. Snow handling is influenced by a number of  factors together generating the chosen 
strategy in each location, a strategy that in turn causes different kinds of impacts. These impacts can 
indirectly influence the choice of strategy, indicated by the dotted line.

Impacts generated by different snow handling alternatives are part of the decision-support in a local 
planning and decision-making process, but not seen as primarily influencing factors. This 
circumstance is indicated by the dotted line in Figure 1.  A separation of influencing factors and 
impacts are although beneficial both from an analytical perspective as well as a practical. From an 
analytical point of view the process is better understood, and more likely to describe in general 
terms, if prerequisites are separated from effects. The municipalities more or less have to adjust to 
influencing factors, but can decide and choose between different impacts generated by different 
alternatives.  

Economy is for instance in general an influencing factor, since it is a prerequisite in need to be 
taken into consideration in the planning process. A chosen snow handling strategy can although 
cause some unexpected expenses, which then in practice is to be seen as an impact. Similarly, snow 
handling can over time generate land conflicts, and ground claims, which in general are factors 
influencing the choice of snow deposit, but which in some cases can become an impact. Figure 1 
can be used to explain and understand the development of different snow handling strategies, but it 
can also be used as a point of departure when doing comparative assessments between different 
alternatives. A significant amount of city snow is today transported to centralised snow deposits, 
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which are usually located outside of city centres and housing areas. If, for instance, more local snow 
deposits should be used, crucial factors and impacts ought to be included in the analysis.

AIM

To better understand the conditions under which local snow handling strategies are developed 
Questions of explorative and descriptive nature in order guided this study. The questions in focus 
are:

What kind of action space do the municipalities have in choosing different snow handling 
strategies?  
What kind of strategies do Swedish municipalities have today regarding snow handling in 
general, and transport and snow deposits in particular?  
Which aspects are regarded as the most important to consider?  

METHOD

The results are based on two inventories of snow handling practices in 1990, (Viklander, 1991) and 
2001. The survey was based on questionnaires sent to eighteen respectively seventeen 
municipalities (technical and environmental departments) and the county administrations. (Table 1). 
The number of municipalities (technical and environmental departments) where selected 
geographically to be representative for Sweden. The county administrations that were connected to 
the municipalities were also investigated. The variation in number and investigated municipalities 
in 1990 and 2001 can be explained by new established contacts and lack of information from some 
municipalities. If difficulties with interpreting data occurred, complementary personal 
communication where made. Also, a field trip was carried out to eight of the municipalities, which 
included visits to snow deposits and discussions with employees. The questionnaire also contained 
a multiple rating question where the municipalities were asked to rank given aspects regarding snow 
deposits, starting with the largest impact. The given aspects were: economy, environment, 
transports, accidents and ground claim. The given aspects made it, not only, easier to interpret and 
compare the answers, but also easier for the municipalities to answer the question which results in a 
high answering frequency. It was also possibly for the municipalities to add impacts that were not 
included. Since the terms impacts and influencing factors where not introduced to the investigated 
municipalities the term aspect has been used when describing problems that snow handling may 
cause. Material used, beside the questionnaire, is literature and personal communication, both 
individual and in group with local bureaucrats. Data regarding precipitation and temperature was 
handled by SMHI (Swedish Meteorological and Hydrological Institute).
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Table 1: Presentation of the municipalities investigated.
Municipality Latitude 

(0)
Area
(km2)

Number of 
inhabitants

Yearly average  
snow fall (weq)
 (mm)5)

1. Boden4 65 4297 29 000 141 
2. Borlänge 60 586 47 000 193 
3. Göteborg 57 449 475 000 101 
4. Härnösand 62 4065 25 000 204 
5. Kiruna 68 19 447 24 000 231 
6. Kramfors3     
7. Linköping3     
8. Luleå4 65 1807 72 000 194 
9. Skellefteå2,4 64 6839 72 000 243 
10. Sollefteå4 63 5434 22 000 183 
11. Stockholm     
12. Sundsvall2,4 62 3206 93 000 195 
13. Umeå2,4 63 2317 103 000 262 
14. Vilhelmina1     
15. Växjö 57 1673 75 000 135 
16. Ånge 62 3065 11 000 180 
17. Örnsköldsvik2,4 63 6418 56 000 255 
18. Östersund4 63 2228 59 000 133 

1) The municipality only participated in the investigation in 1990 by Viklander 
2) The municipality only participated in the investigation in 2001. 
3) The municipality (both technical and environmental department) participated in 1990 and only environmental 

department in 2001. 
4) A fieldtrip where made to the municipalities. 
5) The yearly average snow fall is calculated as the amount of precipitation, in water equivalent, during the months 
when the average temperature is below zero. (SMHI, 2001) 

IMPACTS AND INFLUENCING FACTORS - EXAMPLES 

Impacts caused by snow handling which can be assumed are environmental, social and security-
related. Environmental impacts included here is both natural resource management as well as 
quality of water, air and soil. Social referring to consequences caused on the local inhabitants due to 
snow handling activities, it can be both positive and negative. Security-related comprises traffic 
safety, slipperiness and risk of accidents with children playing with the snow. Categories of 
influencing factors most probable to consider are geographical conditions, institutional structure, 
the built environment and the economy. These factors  are not specific for just snow handling, but 
for municipal policy-making in general (Söderberg, 1999; Wihlborg, 2000). More detailed 
knowledge on crucial factors for development of snow handling strategies are almost absent this far. 
Geographical conditions comprise both factors related to climate conditions as well as soil 
characteristic. Variations in climate and precipitation from year to year make it very difficult for the 
municipal organisation to set up a general local policy for handling snow. Local strategies are 
affected by the amount of precipitation, the size of the snowfall and the temperature. Institutional 
structure refers to organisational factors like involved actors and division of responsibility for snow 
handling within each municipality, and institutional factors like regulations that work on a national 
level. Norms, routines, rules and procedures are always developing over time in relation to an 
activity and thereby cause habits and standard operation procedures of both formal and informal 
kind (March and Olsen, 1989; Scott, 1995). The built environment represents critical factors like 
composition of road net, access to ground  for snow deposits, which in turn evoke transport 
distances. The built environment constitutes a prerequisite for the contemporary action space, it 
contributes to the existing world views among the actors, but it also represents a possibility for 
enhancing change. Economy is an influencing factor that is put forward in many policy studies. It is 
in some studies highlighted as a goal obstructing environmental concerns, but in relation to the 
vision of sustainable development, economy is one of the dimensions to be included (WCED, 1987; 
CSD, 1996).  Snow handling is an activity that is tax financed and a part of the municipal budget, a 
budget under continuous restrictions.
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GENERATED IMPACTS AND INFLUENCING FACTORS – WHAT DO WE KNOW? 

The area with most attention of the ones described above is environmental impacts. Social impacts 
and security-related effects are less studied both in the Swedish context as well as internationally as 
well as influencing factors. Environmental impacts caused by snow handling have been in focus for 
some studies during the last decades. Snow removed from streets and parking areas is dumped 
either on water or on land. If the snow is dumped directly into a watercourse, all substances are 
spread out in the water. Particle-bound substances form sediments on the bottom, while the 
dissolved fractions, to a large extent, enter the biological systems. For snow that is transported to a 
land deposit, most of the dissolved substances leave the snow with the melt water (Viklander, 1994; 
Westerström, 1995, and Colbeck, 1981). Melt water from snow deposits often has a recipient that is 
different from the recipient of storm water. The sediments, as well as a major part of the particle-
bound pollutants, remain at the surface of the deposit area (Viklander, 1994 and Lockery et al.,
1983), and have been found to be heavily contaminated (Droste and Johnston, 1993). The sediments 
are left for a long period of time, probably with a slow leakage of substances, cleared off the deposit 
area surface and transported to another deposit, or re-used as filling material. The mobility of metals 
depends on such factors as type of soil, humus content, water quality, and geochemical 
environment. If pH of the soil decreases, the capacity to attach metal ions decreases and adsorbed 
ions may be released. High salt concentration decreases the adsorption of heavy metals. Milne and 
Dickman (1977) showed that the lead concentrations in sediments at a snow deposit area in Ottawa, 
Canada were more than one order of magnitude greater than those of un-contaminated sediments. 
Scott (1980) showed that some of the sodium and chloride were leached from the soil during the 
summer months, but that much of the salt and lead had still accumulated from year to year. The 
average amount of snow precipitation in Swedish cities varies greatly from year to year. During a 
ten-year period, snow precipitation varied by a factor of two (SMHI) 

RESULTS AND DISCUSSIONS 

What kind of action space do the municipalities have in choosing different snow handling 
strategies?  
The action space for local policy-making related to snow handling is of both a formal and informal 
kind. Regulations and laws frame a formal action space. The informal action space is dependent 
more on local organizational culture, and routines and norms which have established over time 
apart from rules and regulations.  

Swedish municipalities are responsible according to regulations, to handle the snow in urban areas. 
Handling of snow is financed by tax money and tariffs from other actors than the municipality, 
which are using the snow deposits. Snow handling is under the responsibility of the local technical 
offices.  The work includes  ploughing, spreading de-icing chemicals and anti skid material, 
clearing and managing snow deposits. In most of the municipalities included in this study, both 
council workers and independent contractors remove the snow. The snow deposits are under 
supervision of local environmental offices, which are also in charge of controlling the 
environmental aspects that are associated with snow handling. The Swedish Environmental 
Protection Agency (SEPA) has recommended that the municipalities shall have the responsibility 
for supervision of the snow deposits, and not the County Administrations.    

The only recommendation regarding snow deposits given by the County Administrations has been 
that the snow should be deposited on land. Municipalities using water based snow deposits are 
normally recommended to find an alternative snow deposit on land. Interpreting the data from the 
groundwater and recipient samples can be a problem, because many deposits have been used for 
several years without any referent samples being taken from the time the deposit area was first used. 
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Therefore, the results cannot be put in context. For example, scientists cannot determine which 
metals occur naturally and which have been left as deposits from snowmelt. The action space can 
also be limited according to more informal aspects like conflicting objectives between the different 
local administrative offices. The office responsible for the parks in the cities does, for instance, in 
some of the municipalities, dislike snow deposits in parks. It causes damage to the vegetation. The 
local environmental offices show on quite different attitudes, which also affect the organizational 
culture in the municipality as such. Local politicians are in general not so interested in these 
questions, but can sometimes take part in the debate in a manner, which is perceived as based “more 
on ideology than knowledge” by the local bureaucrats. In general, it can be concluded that the local 
technical offices in the municipalities do have an action space, and thereby the ability to choose 
between different snow-handling strategies. 

What kind of strategies do Swedish municipalities have today regarding snow handling in general, 
and transport and snow deposits in particular?
Snow handling strategies, including snow clearing, transportations, snow deposit and de icing, 
varies greatly between municipalities. The municipalities were asked to describe their snow 
handling strategy focusing on mentioned activities. Comparisons between, and discussions of, the 
results from the questionnaires 1990 and 2000 showed that the snow handling strategies in most 
municipalities had not changed. Therefore, the facts presented here are valid for both years, even 
when no year is mentioned. 

Snow handling
Snow handling strategies employed in Swedish municipalities were found to be generally similar in 
the number taking part in this study. Streets were cleared by conventional methods, such as snow 
ploughs, road grades and tractors. Steps and entrances were cleared manually. An increased number 
of municipalities are using ground heating systems in city centre and on pedestrian and bicycle 
paths. Snow is cleared from the streets if a snowfall exceeds 3-12 cm, depending on the type of 
road. Usually, main roads and pathways have the highest priority. Initiation of snow clearance by 
municipal workers was determined by a predetermined snow depth, (which varied between 
municipalities), snow quality, and ambient temperature. Table 2 shows the criteria for Borlänge. 
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Table 2. Criteria for snow depths and the time of preparation, from the municipality of Borlänge. 
 Starting depth (cm) Ready time 

(h) 
Pedestrian and bicycle paths 4 - 6 4 
Central areas 4 - 6 4 - 8 
Streets with low traffic 8 8 
Streets with high traffic 4 - 6 4 

As previously mentioned, snow quality and ambient temperature, are factors that city administrators 
consider when deciding for clearance to take place. Clearance starts at lesser depths if the snow is 
wet and dense, than if the snow is cold and dry. One municipality also prescribed a "cold weather" 
limit of -30 C, below which temperature snow clearance would wait, if possible. In most cities some 
kind of de-icer is used, generally sand, salt or a mixture of both. A report written in 1998 (Swedish 
National Association of Local Authorities KF -99) shows that 10% of the northern municipalities 
were using pure salt, 35 % were using a mixture between sand and salt and 55 % were not using salt 
at all. In the southern part of Sweden, 61 % of the municipalities were using pure salt for de-icing. 
Over a ten-year period, Swedish municipalities have been increasing their use of salt as a de-icer, 
which in turn contribute to the pollutants from the cities’ snow deposits. The increasing use of salt 
is associated with the milder winter temperatures that have occurred. The Swedish National Road 
Administration’s goal of decreasing the number of people killed yearly in car accidents probably 
has had some effect on road maintenance. Warmer temperatures in the southern part can explain the 
difference in salt use between the northern and southern part of Sweden. Because this area gets 
relatively small amounts of snow compared to the northern area, the snow handling strategy is 
different. Most municipalities removed snow walls that were built up as a result of snow ploughing 
from their central areas, larger road intersections, and busy roads. Factors determining the necessity 
for snow removal included the amount of snow, available space, room for traffic to pass, and road 
safety. Some municipalities removed the dirtiest snow throughout the spring, while others did it 
after scraping the streets with road graders at the end of the spring snow period.

Snow deposits
Most municipalities today have a few large central snow deposits and numerous smaller deposits in 
residential areas. The principle of using the snow deposit with the shortest hauling distance is 
commonly practiced. Snow from the centre is usually transported to a central snow deposit. The 
central snow deposits are, in most municipalities, located on land. There are, however, a few 
exceptions where the municipalities have located their central snow deposit on the shore of a lake, a 
river or the sea. Mainly the municipalities themselves use the snow deposit sites. However, 
building, transportation and industrial companies also use the sites. The National Road 
Administration and the inhabitants of the community also, in some municipalities, use them. 
Management and follow-up maintenance of the deposit sites varied greatly. Some sites were 
manned and some were not. All sites were cleaned in the spring, and most of the sand and gravel 
deposits were trucked to a landfill site except in one case where the sand and gravel was washed 
and reused as antiskid material. Most municipalities investigated mentioned that, in housing areas, 
local snow deposits (larger than 1500 m3) are being used. Of the total amount of snow transported, 
most of it still ends up at the central snow deposit due to space limitations. According to Sundvall 
(2000), Luleå is, to some extent, using local snow deposits. The amount of snow deposited is highly 
related to the amount of snow precipitation and the use of local snow deposits can vary from year to 
year depending on the yearly amount of snow. Figure 2 shows the relationship for the community of 
Luleå during 1994 and 2001. The temperature during the snowfall and the amount of snow that falls 
during one snowfall also affects the amount of snow deposited. 
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Figure 2. Relationship between precipitation in the form of snow and amount of deposit 
snow in the community of Luleå between 1994 and 2001. 

Which aspects are regarded as the most important to consider? 
To identify aspects regarding snow deposits that the municipalities considered to be of most 
importance, the technical and environmental departments where asked to rank given aspects in 
order of importance (table 3). The given aspects where: environment, economy, transportation, 
ground claim and accidents. Beside the given aspects also littering, aesthetics, and lack of local 
deposits where mentioned by the municipalities as important. One point was given to the most 
important aspect, two points to the second aspect, and so on. 

Table 3: Most important aspects regarding snow deposits 
Importance Technical Department  Points Environmental Department  Points 
Most Environment 19 Environment 18 
 Economy 26 Transports 26 
 Transports 35 Land use 30 
 Accidents 43 Economy 35 
Less Land use 44 Accidents 46 
Total  167  155 

Environmental aspects where mentioned as the most important aspects to consider from both the 
environmental and technical departments. To some extent, the technical department focuses more 
on economical and the environmental department on the environmental aspects. Interpreting the 
result can be difficult because several aspects are broad in scope; for example, transportation affects 
both the economy and the environment. The majority of the municipalities surveyed, are medium 
sized where land use does not seem to be a large problem. Land use is, then, a problem connected to 
the size of the city. 

Land use
Municipalities were asked to mention the three most important aspects regarding the location of the 
central snow deposit. The answers were as follows: 

1. Distance from the city centre and available ground 
2. No houses in the area 
3. The recipient 

Closeness, and therefore, reduced transport distances were aspects described by all the 
municipalities as being important for determining the location of a deposit. When comparing the 
response from the question concerning important aspects about snow deposits (table 3) with the 
municipalities response on what controlled the placing of the central snow deposit, it showed that 
few of the aspects that were defined as important was taken into consideration when deciding were 
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to place the central snow deposit. Environmental, for example, was defined as the most important 
aspect but was only mentioned as the third aspect (recipient) that controlled where to place the snow 
deposit. This indicates the difficulties to combine interests from different interests such as technical 
and environmental departments and the community inhabitants. Other aspects mentioned by the 
communities were: Cooperation with industries and military, a good road network, topography and 
environmental claims from the environmental department. 

Environment
Snow that is transported to a land deposit contains dissolved substances that usually leave the snow 
with the melt water. Melt water from snow deposits often has a recipient that is different from the 
recipients of storm water. Sediments, as well as a major part of the particle-bound pollutants, 
remain on the surface of the deposit area and have been found to be heavily contaminated. The 
sediments are left for a long time, probably with a slow leakage of substances, cleared off the 
deposit surface area and transported to another deposit, or re-used as fill material. The mobility of 
metals in the sediments depends on factors as type of soil, humus content, water quality, and 
geochemical environment. From an environmental point of view, experts must properly investigate 
the proposed location of a snow deposit. The results from the inventory showed that few Swedish 
municipalities have set up environmental control programs for their snow deposits. Several 
municipalities, however, had separately analyzed the snow from the snow deposit, sampled the 
groundwater from the flow close to the deposit and the melt water’s recipient. One of the 
municipalities has taken melt water into consideration. It leads the melt water by ditches to an oil 
separator. In most cases, however, the melt water passes directly to a lake, river or stream. 

Quantitative measurements of pollutant concentrations in snow, melt water, ground water and 
receiving water are rare. If the measurements are conducted at all, grab sampling is the most 
commonly used technique.

One municipality has, as of 2001, adopted the policy of separating snow into "clean" and "dirty" 
snow. Remaining municipalities used the nearest deposit.  

The snow handling process is to a great extend affecting the snow quality and further on also the 
environment. Environmental aspects that should be considered are: How long time does the snow 
walls remain at the side of the road before we collect it and transport it to a snow deposit? What 
kinds of vehicles are being used? Is sand or salt used as de-icers? Snow transports are usually done 
with heavy vehicles, such as dump trucks. The exhaust volume from these vehicles is high; 
therefore, the environmental effects created by the exhaust fumes have to be examined in relation to 
the environmental impact of not removing the snow and letting it melt on site or in local snow 
deposits. Other effects, such as noise and traffic safety, must also be taken into consideration.  

The municipalities where asked to estimate the yearly costs for snow handling and how large part of 
the total budget road clearing, transportations and de icing contributes with. They where also asked 
to estimate how large part of the total costs that snow handling in the centre contributes with. 

Economy
In the cities, handling the snow in the central parts represents nearly 50 to 80 percent of 
municipalities’ total budgets for snow handling, a percentage that seems to have remained constant 
over a ten-year period. This high percentage indicates that a more efficient snow handling strategy 
is needed. 

Table 4 shows the five largest expenses of the total snow budget from three different municipalities 
during 2000. The three municipalities are of different size, are located along the coast or in the 
interior, and belong to three different provinces. 
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Table 4: The six largest expenses (in alphabetical order), of the actual costs for snow- handling (M 
€), and percentages of the total amounts from three different municipalities for year 2000. 
 Sundsvall Sollefteå Skellefteå 
De-icing (%) 18  11  8  
Machines   9  
Salaries  11   
Sand deposit 12  9  10  
Scraping 15    
Snow removal  19  23  40  
Transportations 9  18  13  
Total cost* (M €) 2.2  0.3 1.5  
Per inhabitant (€) 23 16 21  
*(including all costs) 

Snow removal, which accounts for approximately one fourth of the total snow handling budget, is a 
large expense along with transport and de-icing. Sweeping up the sand and salt in the spring and 
placing it in a deposit is also very costly. Entrepreneurs are usually hired by the municipalities to 
transport the snow. And since the cost is calculated by how many kilometers the snow is being 
transported, it would be both environmentally and economically advantageous to make the snow 
transportation distances shorter and the methods more efficient. Costs per m3 for transported snow 
in the municipalities investigated are generally 0,3 EURO/m3. Cost parameters are transport 
distance, and the amount of snow transported. The amount of snow transported varies with the 
distance to available snow deposit and the quantity of fallen snow. 

When comparing these three municipalities, one finds a correlation between the size of the city 
centre and the costs. The larger city centers, the larger the costs per inhabitant. Inhabitants of 
smaller municipalities possibly accept less snow removal than do those of larger municipalities. 
Table 4 shows the budget for 2000, but it can vary greatly from one year to another, due to, for 
example, changes in the climate. If one year receives little snow, then maybe more money has to be 
spent on sand or salt as de-icers. 

Figure 3 shows that the budget for snow handling is, to some extent, related to the yearly amounts 
of snow precipitation. This relationship is important to consider when one is comparing snow 
budgets between different municipalities and different years. 
The economical situation is also dependent on other factors, such as costs for machines and weather 
prognoses.

Figure 3. Relationship between precipitation in the form of snow and the total snow-
handling budget for the community of Sundsvall, 2000.
The high costs in 1999 can be explained by unusual high costs for de-icers and sand deposits.
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In general, most municipalities are receiving less financial funding to handle winter roads. A 
conflict is to be expected because inhabitants are demanding higher standards for clearing the 
snow.

CONCLUSIONS 

The formal action space for the municipalities is quite extensive. The informal action space formed 
by local organizational culture could although be more delimited. But overall, the municipalities 
have the opportunity to choose between different snow-handling strategies if they want to 

Comparisons between, and discussions of, the results from the questionnaires 1990 and 2000 
showed that the snow handling strategies in most municipalities had not changed over a ten year 
period.

Handling snow in the central parts represents 50 to 80 percent of municipalities’ total budgets for 
snow handling. This indicates that a more efficient snow handling in the central parts could be 
profitable.

Decreasing transportation distance to the snow deposit by an extended use of local snow deposits 
may lead to a more efficient snow handling in the central parts. 

Environmental control of snow deposits in Swedish municipalities is rear. To protect recipients such 
as ground water and surface water environmental control of melt water from snow deposits has to 
be required.
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Abstract. In municipal planning of locations of snow deposits and investigations of the environ-
mental effects of snow dumping, the partitioning of contaminants between particulate and dissolved
matter is of great importance. This paper compares snow quality in two Swedish municipalities –
Luleå and Sundsvall over time. The two municipalities have differences in used de-icing material
and winter conditions. Because Luleå has a longer winter season and a lower average temperature,
higher accumulations of chemicals were found in Luleå than in Sundsvall. A multiple regression
analysis indicated relationships between the dissolved fraction of heavy metals and the concentration
of suspended solids and chloride.

Keywords: de-icing, heavy metals, snow deposit, snow quality, urban snow

1. Introduction

In contrast to rain runoff or snowmelt, snow removal allows management to select
the location where pollutants will end up after the snow melts. Thus, management
may develop strategies for controlling pollution contained in collected snow. When
planning such strategies, management must consider snow quality (Oberts et al.,
2000). Snow removed from streets and parking areas may be dumped either on land
or in water. In land disposal, the dissolved substances, to a great extent, leave the
snow with the melt water (Westerström, 1995; Colbeck, 1981; Viklander, 1997),
while the sediments remain on the surface. The quality of snow along roads depends
on factors such as the type of area (Malmqvist, 1983; Viklander, 1999), traffic load,
type of traffic, the time between snowfall and removal, the type of de-icers used,
and the time of year (Lisper, 1974; Viklander, 1998). Common sodium chloride
(NaCl) is the de-icer of choice in most of North America (Oberts et al., 2000) and
Europe. In northern and central Europe, the amount of salt used is generally smaller
than the amount used in North America (International Association of Mayors of
Northern Cities, 1994). In Sweden, a larger amount of salt is used on main roads
maintained by the Swedish Road Administration than on urban roads and streets.
In municipalities, differences in salt use are found between northern and southern
municipalities. Swedish National Association of Local Authorities (1990) shows
that 10% of the northern municipalities and 61% of the southern municipalities in
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Sweden were only using salt for de-icing. Remaining municipalities were using
sand or a mixture of sand and salt. Using NaCl can increase the corrosion of vehi-
cles and road surfaces, the damage to roadside vegetation, and the contamination of
groundwater and surface waters (Norrström and Bergstedt, 2000). Applying NaCl
to road surfaces has secondary effects in addition to contributing Na and Cl to the
runoff. Sodium easily exchanges with Ca and Mg in soils, destroying soil structures
and mobilizing organic matter (Oberts et al., 2000). In planning locations of snow
deposits and investigations of the environmental effects of snow dumping, under-
standing how much of contaminant dissolves and how much remains particulate is
of great importance. Westerlund et al. (2003) found that in Luleå, Sweden, metal
elements are more particulate bound during the snowmelt period than during the
rain period, when they are characterized by a higher percentage of dissolved frac-
tions. Using salt as de-icer results in an increase in the dissolved metals in salt-laden
snowmelt and, consequently, in an increase in toxicity (Novotny et al., 1998).

2. Study Purpose

This paper compares snow quality in two Swedish municipalities – Luleå and
Sundsvall over time, at sampling sites with similar traffic loads. The two mu-
nicipalities differ in use of de-icing material and in local winter conditions. The
comparison is based on total concentrations, dissolved concentrations, and mass
loads of selected constituents.

3. Study Area

3.1. SAMPLING LOCATIONS

Snow samples were collected in Luleå and Sundsvall during the winter of 2002/2003
(Table I). Luleå, located at 65◦ latitude, has an average annual snowfall of 194 mm
water equivalent. Sundsvall, located at 62◦ latitude, has an average annual snowfall

TABLE I

Sampling points in Luleå and Sundsvall

Sampling point Vehicles/day De-icer materia used

Sundsvall No traffic 0 None

Sundsvall Low traffic 13 200 Friction material, salt

Sundsvall High traffic 36 400 Salt

Luleå No traffic 0 None

Luleå Low traffic 13 000 Friction material

Luleå High traffic 21 900 Friction material
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TABLE II

Dates of snow removal in Luleå and Sundsvall

December, 2002 January, 2003 February, 2003 March, 2003 April, 2003

Luleå∗ 20, 27 10, 11, 13, 14, 16 2 5

18, 21, 22, 25, 26

Sundsvall 28 4, 5, 17

∗From March 17 the streets were snow and ice.

Picture 1. Map of Sweden.

of 195 mm water equivalent (Picture 1). Normally, Luleå has a longer winter season,
with lower temperatures than Sundsvall. In winter road maintenance, Sundsvall, to
a great extent, uses salt as a de-icer, while Luleå uses only sand. The dates of snow
removal in Luleå and Sundsvall are shown in Table II. Six sampling points were
used in each municipality. Three points were located in the central part at sites with
no traffic, low traffic and high traffic respectively. Samples were also collected in
residential areas and will be presented in a separate paper.

3.2. SAMPLING PROCEDURE

Snow samples were collected every fourteenth day during the winter of 2002/2003.
In Luleå, the samples were collected from December 17 to April 14 (nine sampling
occasions). In Sundsvall, the samples were collected from January 7 to March 6
(five sampling occasions) (Table III). The difference in sampling frequency between
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TABLE III

Sampling occasions in Luleå and Sundsvall

Sampling
occasion 1 2 3 4 5 6 7 8 9

Luleå 021217 030108 030122 030205 030219 030306 030320 030401 030414
Sundsvall 030107 030127 030217 030225 030306

Luleå and Sundsvall was due to a milder and shorter winter in Sundsvall. Snow
samples were collected from the snow bank beside the road with an ice drill. The
ice drill was covered with Teflon spray to avoid sample contamination. The samples
were placed in plastic beakers and the diameter and depth of the sampling holes
were measured.

3.3. LABORATORY ANALYSES

pH was measured with an Ignold meter for ion weak waters at room temperature,
20 ◦C. Total heavy metal concentrations were analyzed with a plasma mass spec-
trometer, (ICP-MS) with detection limits for Cu 1 μg/l; Pb 0.6 μg/l and Zn 4 μg/l.
The dissolved fraction was measured after digestion and filtration using a filter
opening of 0.45 μm with detection limits for Cu 0.1 μg/l; Pb 0.01 μg/l and Zn
0.2 μg/l. Suspended solids concentrations were analyzed by “Water Investigations,
SS 02 81 12” a standard based on filtering through glass-fibre filter, with filter size
1.6 μm, (SIS, 1996). Conductivity was measured with a radiometer, CDM 210.
Chloride concentrations were measured by “water investigations, SIS 02 81 20”
with detection limit 1 mg/l (SIS, 1974).

4. Result and Discussion

Luleå – In Luleå, the average and median total concentrations of SS, Cu, Pb and Zn
were, in all cases, highest at the site with high traffic. The largest concentration of
dissolved Cu, Pb and Zn varied among the different sampling sites. Small amounts
of chloride were measured at low traffic and high traffic sites, even though Luleå
did not use salt as de-icer. No chloride concentration was detected at the site with
no traffic.

Sundsvall – In Sundsvall, the average and total concentrations of suspended
solids, Cu, Pb and Zn tended to be higher at the low-traffic site than at the high-
traffic site. The pH at the site with no traffic seemed to be extremely low, compared
to the pH at the other sampling sites. Also, no chloride concentration was detected.
High concentrations of chloride were found at the high-traffic site. The largest
concentrations of dissolved Cu, Pb and Zn varied among the different sampling sites.
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Figure 1. Comparison between the total concentrations of suspended solids, Cu, Pb and Zn at the site
with no traffic in Luleå and Sundsvall. The first columns represent the first sampling occasions and
the second columns represent the second sampling occasions, respectively.

4.1. COMPARISON OF TOTAL CONCENTRATIONS

No traffic – The results showed that the total concentrations of suspended solids, Pb,
Cu and Zn were, to some extent, similar at the site with no traffic in both Luleå and
Sundsvall (Figure 1). Some higher concentrations of Pb were found in Sundsvall.
The concentrations were quite low compared to the findings at the other sampling
sites and remained fairly constant during the winter period.

Low traffic – The total concentrations of suspended solids, Pb, Cu and Zn were,
on almost every sampling occasion, higher in Sundsvall due to difficulties in finding
sampling sites with similar traffic loads in different municipalities (Figure 2).

High traffic – The concentrations of suspended solids were, on all sampling
occasions, higher in Luleå than in Sundsvall. In Luleå, sand is used exclusively in
winter road maintenance as a de-icer, while in Sundsvall salt is used as a de-icer
(Figure 3). A mixture of sand and salt is used at the site with low traffic in Sundsvall,
while the site with high traffic is de-iced only with salt; therefore the amounts of
suspended solids at the site with low traffic were higher than at the site with high
traffic in Sundsvall. The results showed that the total concentrations of Pb, Cu and
Zn were rather similar at the sites with high traffic in both Luleå and Sundsvall.
In some cases, a higher concentration of Zn was found in Sundsvall. The highest
concentrations of chloride were found at the site with high traffic in Sundsvall, were
only salt is used as a de-icer. The average concentration was more than 50 times
higher than at the site with high traffic in Luleå. An average concentration of chloride
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Figure 2. Comparison between the total concentrations of suspended solids, Cu, Pb and Zn at the site
with low traffic in Luleå and Sundsvall. Due to difficulties with finding sampling sites, the sampling
site with low traffic in Luleå has two fewer sampling occasions than the other sampling sites in Luleå.

Figure 3. Comparison between the total concentrations of suspended solids, Cu, Pb and Zn at the site
with high traffic in Luleå and Sundsvall.

of 20 mg/l was found at the site with high traffic in Luleå, primarily because salt
is used as a de-icer on national roads by the Swedish Road Administration. Likely,
the traffic carries the chloride into the central parts of the municipality.

At all sampling points, the total concentrations of Cu were the highest, followed
by Zn and Pb. The concentration of suspended solids and the total concentration
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of Pb, Cu and Zn showed, to a great extent the same pattern throughout the winter
season.

Large differences in total concentrations of suspended solids, Pb, Cu and Zn
were found between Luleå and Sundsvall at the end of the winter period. High
concentrations in accumulated snow were found in Luleå but not in Sundsvall, most
likely because of a shorter winter period in Sundsvall. The last sample was collected
in Sundsvall on March 6 and the last sample was collected in Luleå on April 14.

4.2. COMPARISON OF DISSOLVED FRACTION

The highest dissolved fractions of Pb, Cu and Zn were found at the sites with no
traffic in Luleå and Sundsvall, where the concentrations of suspended solids were
also low. The site with no traffic in Sundsvall had a higher dissolved fraction than
the site with no traffic in Luleå, a result that can be related to a notably lower
average pH in Sundsvall. The dissolved fractions of Pb, Cu and Zn (Figures 4–6)
were low at the sites with low and high traffic in both Luleå and Sundsvall, and
most of the metals seemed to be particle bound. The dissolved concentrations of
Pb at the site with no traffic and the site with low traffic seemed to decrease in time,
since the dissolved metals were transported by the melt water. At the site with high
traffic, the dissolved concentrations of Pb seemed to decrease in Sundsvall, while
they tended to fluctuate in Luleå. However, the dissolved concentrations at the site
with high traffic in both Luleå and Sundsvall were very low. At both the site with
low traffic and the site with high traffic, the dissolved concentrations were higher in
Luleå than in Sundsvall. Because snow in Sundsvall is continuously melting due to
the higher temperature and the use of salt, the melt water transports the dissolved
pollutants away from the snow piles.

Figure 4. Comparison between dissolved concentration of Pb (μg/l) in Luleå and Sundsvall.
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Figure 5. Comparison between dissolved concentration of Zn (μg/l) in Luleå and Sundsvall.

Figure 6. Comparison between dissolved concentration of Cu (μg/l) in Luleå and Sundsvall.

Residence time, solid loadings, alkalinity, hardness and pH influence metal
partitioning (Glenn and Sansalone, 2002). Plots of the percentage of dissolved
concentrations divided by total concentrations of Cu, Zn and Pb as a function of the
concentration of suspended solids for all sampling points in Luleå (Figure 5) show
a relationship between the concentration of SS and the percentage of dissolved
fractions. A similar pattern was found also for the other metals (Figure 7). Also,
in Sundsvall, a similar pattern was found (Figure 8), except that the difference in
dissolved fractions between the sites with low and high traffic was small, a result
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Figure 7. Dissolved fraction of Zn, Cu, and Pb (%) as a function of suspended solids (g/l) in Luleå.

Figure 8. Suspended solids (g/l) as a function of dissolved fraction of Zn, Cu, and Pb (%) in Sundsvall.

that can be related to the higher concentration of suspended solids at the site with
low traffic. In both Luleå and Sundsvall, Cu showed the highest dissolved fractions
followed by Zn and Pb. For low concentrations of suspended solids, Zn showed
a higher dissolved fraction than Cu, but, for higher concentrations of suspended
solids, Cu showed a higher dissolved fraction.

To further investigate the relationship between dissolved fraction and the con-
centration of suspended solids and chloride, Statgraphics software was used to
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calculate the adjusted R2. By using multiple regression analysis, a strong correla-
tion was found between dissolved concentrations of Pb, Cu and Zn on the one hand
and suspended solids and chloride on the other hand with high traffic in Sundsvall.
The R2 adjusted for Pb was 99.9%, for Cu 99.2% and for Zn 74.6%. When one
is interpreting the results, the few sampling occasions have to be considered. A
similar relationship was not found for the other sampling points with much lower
concentrations of chloride. This result might indicate that only when the concen-
tration of chloride is high enough it will affect the dissolved fractions. Therefore,
for the remaining sample points, simple regression was used to investigate if lin-
ear or exponential relationship could be found between suspended solids and the
dissolved fractions of Pb, Cu and Zn. For dissolved Cu at the site with high traffic
in Luleå, R2 adjusted was 78%, using an exponential model. For the remaining
sampling points, no relationship could be found by using simple regression. The
dissolved fraction must, therefore, also be affected by other factors.

4.3. UNIT MASS LOAD

The mass loads per unit area are a function of density, volume, and concentration
of pollutants. The unit mass load was calculated by formula (1):

M L = Csnow
V M S

A
(1)

where ML = Mass load (mg/m2), Csnow = Concentration of substances in snow
(mg/m3), V M S = Volume of melted snow (m3), A = Area of sample (m2).

Evaluating the mass loads can give a clearer picture of how snow-handling prac-
tices and temperature will affect the amount of substances in the snow (Viklander,
1997).

Luleå – The mass loads tended to have larger variations at the site with low
traffic (Figure 9) and the site with high traffic (Figure 10) in Luleå, while the site

Figure 9. Total mass loads for suspended solids, Cu, Pb and Zn at the site with low traffic in Luleå.
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Figure 10. Total mass loads for suspended solids, Cu, Pb and Zn at the site with high traffic in Luleå.

Figure 11. Total mass loads for suspended solids, Cu, Pb and Zn at the site with no traffic in Luleå.

Figure 12. Total mass loads for suspended solids, Cu, Pb and Zn at the site with no traffic in Sundsvall.

with no traffic (Figure 11) had only a small increase during the winter season and
with a larger increase at the end of the season.

Sundsvall – The mass loads of suspended solids, Cu, Pb and Zn at the site with
high traffic (Figure 12) and the site with low traffic (Figure 13) showed an increasing
pattern. The site with no traffic (Figure 14), on the other hand, showed a decreasing
pattern for suspended solids. The patterns for Pb, Cu and Zn at the sites with no
traffic and high traffic are, to a certain extent, similar.

The result of the mass loads show, to some extent, the effect that snow handling
will have on the amount of pollution. The decrease in mass loads can often be
related to snow removal. The pattern of accumulation of pollutants is clearer in
Luleå, where the winter season is longer and the snowmelt begins later in the
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Figure 13. Total mass loads for suspended solids, Cu, Pb and Zn at the site with low traffic in
Sundsvall.

Figure 14. Total mass loads for suspended solids, Cu, Pb and Zn at the site with high traffic in
Sundsvall.

season. The mass loads were generally higher in Luleå than in Sundsvall, even
though the concentrations were generally higher in Sundsvall, probably because
the larger amount of snow in Luleå diluted the substances in the snow. However,
the amount of pollutions was larger in Luleå.

The mass loads in Sundsvall also showed an increasing pattern, but the use of
salt and the higher winter average temperature increased the snowmelt rate and,
therefore, had an effect on the mass loads. The mass loads for dissolved Cu, Pb and
Zn in Luleå showed a similar pattern for each type of sampling site. The mass loads
of dissolved Zn are shown in Figure 15. For the sites with no traffic and low traffic,

Figure 15. Dissolved mass loads for Luleå no traffic, low traffic and high traffic respectively.
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Figure 16. Dissolved mass loads for Sundsvall, no traffic, low traffic and high traffic respectively.

the mass loads varied during the season, though it showed a decreasing pattern at
the end of the season. The site with high traffic showed a clearly decreasing pattern.

The mass loads for dissolved Cu, Pb and Zn for Sundsvall showed a similar
pattern for each sampling site. The mass loads for dissolved Zn are shown in
Figure 16. The result showed a decreasing pattern at all sampling sites.

The decreasing dissolved mass loads show that the dissolved metals are trans-
ported with the melt water when the snow melts a result that was difficult to demon-
strate by only analyzing the concentrations.

5. Conclusions

The total concentrations of Cu, Pb and Zn were similar in Luleå and Sundsvall for
the sampling points at the sites with no and low traffic. For the sites with high traffic,
some concentrations were higher in Sundsvall than in Luleå, probably due to differ-
ences in traffic load. Due to a longer winter period and a lower average temperature
in Luleå, a higher accumulated amount of substances was found in Luleå than in
Sundsvall. When multiple regression analysis was used, a negative relationship be-
tween the dissolved fractions and concentration of suspended solids and chloride
was found, giving an adjusted R2 of 99% for both Pb and Cu, and 75% for Zn, at the
sampling point with high traffic in Sundsvall. A similar relationship was not found
for the remaining sampling points with much lower concentrations of chloride. This
might indicate that only high concentrations of chloride will have an effect on the
dissolved fraction. For the remaining sampling points a relationship could be seen
between the dissolved fraction and the concentration of suspended solids, though
it could not be explained by simple regression and linear and exponential models.
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different parts of the city of Luleå, Sweden’, Water, Air and Soil Pollution 114, 377–394.
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ABSTRACT 

The particle content in urban snow has been studied along roads with different traffic loads and in 
different types of areas. Snow samples were collected from a housing area and a central area, in the 
municipality of Luleå, northern Sweden. The study showed that the mean particle concentrations, 
and mass loads, decreased as the particle size increased, with the smallest particle fraction, 4-6 μm, 
constituting approximately 50% of all particles. In general, higher correlation factors tended to be 
found for the high traffic sites. However, no clear relationship was found between particle and 
metal concentrations when using a linear regression analysis. To better understand the variations of 
particles, in urban snow, meteorological parameters such as precipitation and temperature, snow 
management activities, for example ploughing, scraping, leveling and the use of anti-skid material 
and de-icing chemicals, as well as, local conditions and activities have to be regarded.

Keywords: Heavy metals, particle size distribution, snow activities, urban snow.

INTRODUCTION

Particle composition in urban drainage is important for two reasons: the function of drainage 
systems and the water quality aspects (Sansalone and Tribouillard, 1999). Urban snow contains 
particles, mainly, originating from traffic, industries, road wear and snow-handling maintenance. In 
Sweden, road wear has decreased fourfold over a ten-year period, mainly due to the further 
development of studded tires and a decrease in the use of this type of tire (SNRA, 2001). Still, more 
than 100,000 tons of pavements are worn from Swedish roads each year (SNRA, 2001). Tire 
particles are mostly of organic origin with a high chemical oxygen demand (COD). Heavy metals 
such as zinc, lead, chromium, copper, and nickel also originate from tire wear (Muschack, 1990). 
Snow handling activities has an effect on snow quality (Viklander, 1998A; Reinosdotter and 
Viklander, 2005). The use of antiskid material produces a large amount of particles that accumulate 
in the snow pack. In Sweden, the use of sand as an antiskid material is common on smaller roads 
and in areas where low winter temperatures prevent the use of salt. Around 150-250 g of sand per 
square meter of road is commonly spread (Ljungberg, 2000). Oberts (1986) indicated that high 
concentrations of, for example, solids, lead and zinc originate from the use of antiskid material and 
de-icing salt, and suggested that a more judicious use of materials is beneficial from an 
environmental point of view. Sansalone et al (2003) analysed the physical characteristics and metal 
content of residuals found in urban snow along a highway in Ohio, USA. Their findings indicated 
that a large part of the mass of heavy metals was associated with the particle fractions larger than 
250 μm. When snow melts, the particles either stay on the ground or follow with the meltwater. 
Studies of urban snow, and snowmelt, have shown that a large part of the particles stay on the 
ground after snowmelt (Viklander, 1994). Reinosdotter and Viklander (2007) studied the particle 
transport during snowmelt and compared snow with our without road salt.  The results showed that, 
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overall, a larger amount of particles transported with the meltwater from snow containing salt. 
Westerlund (2005) studied the particle content in road runoff during melt and rain periods, the 
particle content were significant larger during the melting period. Particles are, also, removed by 
road maintenance, such as snow removal or street sweeping in the spring. Particle-size distribution 
and metal content in street sediments from the first spring sweeping has been studied by, for 
example, Viklander (1998B), the results showed that that the largest metal content was connected to 
particles smaller than 75 μm, and that the metal content tended to decrease as particle size 
increased. Ellis and Revitt (1982) found that metals were associated with different particle sizes for 
roads with different traffic loads. On roads with higher traffic loads, a larger percentage of the 
metals were associated with smaller particles than on less trafficked roads. Stone and Marsalek 
(1996) have studied trace metals in street sediments collected in Ontario, Canada. Their results 
showed that a large part of the total metal load in the sediments was associated with coarser 
particles.  

AIM

The aim of this paper was to study the variations of particles in urban snow due to time, and type of 
area, in addition the affects of metrological aspects and snow management were included. The 
relationship between particle and heavy metal concentrations was studied. 

METHOD

Sampling
Snow samples were collected during the winter of 2002/2003 in the municipality of Luleå, Sweden 
at nine occasions during a sampling period of 118 days. The snow samples were collected at six 
sites, three sites in a housing area and three in the central area (Table 1).  

Table 1. Sampling sites
Traffic load 
(vehicles/day)

Samplingpoint Type of area 

0 No traffic Housing area 
0 No traffic Central area 

1500 Low traffic Housing area 
6500 High traffic Housing area 

13 000 Low traffic Central area 
21 900 High traffic Central area 

Snow management, including snow removal, transport of snow to a snow deposit, and the use of 
anti-skid material was carried out during the winter 2002/2003, i.e. two times in December, ten 
times in January, one time in February and one time in April. From March 17, the roads were 
scraped of snow and ice that had accumulated during the winter period, 5,619 tons of macadam (4-8 
mm) was used as antiskid material within the municipality.  

Sampling method 
The snow samples were collected with an ice drill. To avoid contamination, the ice drill was acid 
washed and covered with Teflon spray. A hole was drilled vertically through the snow bank all the 
way to the ground. All the snow in the hole was collected and placed in plastic acid-washed 
beakers, and the diameter and depth of the sampling hole were measured. At the beginning and end 
of the winter season, several samples were mixed together to ensure that sufficient volume needed 
to perform analyses was collected. Snow samples collected at sites without any traffic had not been 
affected by snow handling practices. 
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The collected samples were analysed for particle distribution. Dissolved and total heavy metal 
concentrations, chloride, suspended solids, pH and conductivity were also measured in the 
municipality of Luleå; (Reinosdotter and Viklander, 2005; Reinosdotter and Viklander, 2006).  

Laboratory analysis
A Coulter Multisizer II particle counter analysed the particle-size distribution for particles within 
the range of 4 to 120 μm. The method of analysis is based on the aperture sizes and counts particles 
by measuring changes in electrical impedance produced by non-conductive particles suspended in 
an electrolyte. Suspended solids concentrations were analysed by “Water Investigations, SS-EN 
872” (SIS 1996), a European standard based on filtering through a glass-fibre filter, with a filter size 
of 1.6μm. Total heavy metal concentrations were analysed with a plasma mass spectrometer (ICP-
MS), with detection limits for Cu 1μg/l, Pb 0.6 μg/l, and Zn 4 μg/l. The dissolved fraction was 
measured after digestion and filtration using a filter opening of 0.45 μm with detection limits for Cu 
0.1 μg/l, Pb 0.01 μg/l, and Zn 0.2 μg/l.

RESULTS AND DISCUSSION 

Meteorological parameters 
Figure 1 shows the temperature and precipitation during the sampling period, and the dates and 
black dots represent the sampling occasions. 

Figure 1. Temperature and precipitation during the sampling period (SMHI, 2003) 

During the sampling period, heavy snowfalls occurred in addition to sampling occasions two, three 
and four. The temperature rose above 0oC in the end of the sampling period and the precipitation 
fell in the form of rain or rain mixed with snow, affecting mainly sampling occasions seven, eight 
and nine. 
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Particles 
The particle concentrations and mass loads are presented in Table 2. 

Table 2. Particle concentrations and mass loads for each particle size, mean ± standard deviation
Type of area 
(Vehicles/day)

4-6 μm 6-9 μm 9-15 μm 15-25 μm 25-40 μm 40-120 μm 

Concentrations (number/mL) * 103

Housing area       
0 5 ± 5 2 ± 3 1 ± 2 0.6 ± 0.6 0.1 ± 0.1 0.05 ± 0.04 
1500 170 ± 180 80 ± 80 50 ± 40 10 ± 11 4 ± 2 1 ± 1 
6500 1360 ± 1720 720 ± 930 360 ± 470 80 ± 100 20 ± 20 6 ± 6 
Central area       
0  17 ± 20 10 ± 14 7 ± 10 3 ± 4 1 ± 1 0.5 ± 0.3 
130001 790 ± 550 470 ± 320 230 ± 150 70 ± 40 20 ± 10 7 ± 5 
21900 2450 ± 2200 1240 ± 1120 530 ± 490 140 ± 130 30 ± 30 10 ± 10 

Mass loads (number/m2) *109

Housing area       
0 0.4 ± 0.4 0.2 ± 0.2 0.1 ± 0.1 0.04 ± 0.05 0.01 ± 0.01 0.004 ± 0.003 
1500 16 ± 20 8 ± 11 4 ± 5 1 ± 1 0.3 ± 0.3 0.1 ± 0.2 
6500 92 ± 50 48 ± 27 24 ± 16 6 ± 3 1 ± 0.6 0.4 ± 0.2 
Central area       
0  2 ± 4 1 ± 3 0.9 ± 2 0.4 ± 0.7 0.1 ±0.2 0.03 ± 0.05 
130001 88 ± 60 52 ± 35 26 ± 16 8 ± 5 2 ± 1 0.9 ±0.6 
21900 321 ± 228 164 ± 120 70 ± 52 19 ± 14 4 ± 3 2 ± 1 
1) Due to sampling difficulties caused by large removal of snow, the site with low traffic in the central area had to be 
changed. Therefore, this site contains only seven sampling occasions, which is considered for all calculations further on 
in the paper. This may have resulted in a higher mean value, since lower concentrations usually are being found at the 
beginning of the winter season. 

Site variations 
At all sampling sites, the highest mean concentrations, and mass loads, were found for the particle 
sizes 4-6 μm. The particle concentrations, and mass loads, decreased as particle size increased, and 
increased with traffic load for all sampling sites, with one exception for the high traffic site in the 
housing area compared the low traffic site in the central area. Large standard deviations were found 
for all sites and sizes, because of large variations, in particle content, during the winter season, 
caused by snow management, precipitation and snowmelt. 

For the two sites with no traffic, higher mean concentrations, and mass loads, were found in the 
central area compared to the housing area, the largest differences were found for the largest particle 
sizes. One explanation of the differences in particle content is the closeness to roads that increases 
the airborne pollutants from traffic activities in the central area. Gjessing et al (1984) found that a 
large amount of the pollutants, in a road area, are deposited within 5 m from the roadside during the 
wintertime, however, airborne pollutants may also be transported a considerable distance and can be 
traced 300 m from a highway. The site with no traffic in the central area, also, had a construction 
site nearby, which could have affected the particle content. 

In the housing area the site with high traffic had a five to nine time’s higher mean concentrations 
than the site with low traffic while the traffic load was four times higher. The corresponding values 
for the central area were a one and a half to three for the concentrations and one and a half for the 
traffic. For the mass loads, the values were three to six time’s higher at the high traffic site in the 
housing area and a two to four time’s higher mass load for the high traffic in the central area. For 
both areas, the largest difference was found for smaller particles, in contrary to the no traffic sites.

The difference in particle load, between sites, are caused by traffic loads, number of heavy vehicles, 
use of traffic lights and intersections and stops, and use of antiskid material. Particles > 2 μm in 
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urban areas most commonly originate from mechanical processes, such as abrasion of road material, 
tire and brake linings, and soil dust raised by wind and turbulence (Wåhlin et al, 2001). The amount 
of particles from road wear is dependent on traffic load, type of tires, type of vehicles, road material 
and road conditions, such as the presence of snow, ice, sand and salt (SNRA 2004). Particles 
originating from exhaust are usually in the range of 50-100 nm (Wåhlin et al, 2001) and, therefore, 
have little effect on the particle sizes in this study. 

Time variations 
Figure 2 shows the time variation of particle concentrations (number/mL) and mass loads 
(number/m2), of different sizes at the central- and housing area.

                               Housing area    Central area 
          Concentration                     Mass load  Concentration                    Mass load

Figure 2. Variations of particle concentrations and mass loads over time in the housing area (no, 
and central area (no, low and high traffic from the top to bottom) 

All sampling sites showed large variations, in both, particle concentrations and mass loads over 
time. In general, the concentrations increased with time for the last part of the winter. In the 
beginning of the winter heavy snow falls affected, mainly, sampling occasions two, three and four, 
which, generally, showed lower concentrations than sampling occasion one. Snowfall during this 
period led to more intensive snow management. This increased the amount of fresh snow in the 
snow bank, which in turn may cause a dilution and decrease the particle concentration. Explanations 
of variations in particle are, then, precipitation, temperature and snow management. 

Warmer winter temperature in addition to rain connected to sampling occasions seven, eight and 
nine resulted in that the snow started to melt. This led to an increase in particle concentrations and 
mass loads in the snow bank that were seen for example the low traffic site in the central area.  

Different winter weather conditions results in snow managements that affect the particle content. 
Snowfall early in the winter season led to intensive ploughing that affected sampling occasions two, 
three and four. Therefore, no clear pattern could be seen for these occasions. At the end of the 
sampling period, snow and ice were scraped from the roads. This led to an increase of particle 
content in the snow bank that was seen for example at the high traffic site in the central area. 
Warmer weather during sampling occasions six, seven, eight and nine may increased the use of 
friction material, leading to an increase in particle mass loads. Kupiainen and Tervahattu (2005) 
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showed that the use of sand as friction material during the wintertime increases particulate 
emissions. The available space to store snow along a road may also be of importance, for example if 
the ploughed snow is spread over a larger area or stored in a higher snow bank. The low traffic site 
in the housing area showed a clear decrease in the pollutant mass load during the last two occasions. 
Comparing the height of the snow bank revealed a sudden decrease from 41 cm to 16 cm, evidently 
the snow bank had been removed, which led to a decrease in pollutants. The same pattern was 
noticed between sampling occasions six and seven for the high traffic site in the housing area, and 
between one and two for the low traffic site in the central area. The no traffic site in the housing 
area, which had not been affected by snow management, showed an increase in particle mass load 
over time.  

The sites with traffic had the greatest increase for the largest particles, 40-120 μm. The size of the 
antiskid material could explain the greater increase in larger particles at sites with traffic. For all 
sampling sites, the smallest particle fraction, 4-6 μm, constituted approximately 50%. A difference 
was noticed between particle fractions, and the percentage decreased with larger particle size. A 
more evident decrease in percentage could be seen around 25 μm. Particles larger than 25 μm 
generally constitute a very small fraction of particles in urban snow, despite traffic load. This study 
did not consider particle weight, only the number of particles. Sansalone et al. (1998) also found 
this when analysing the particle content in runoff from a highway, i.e. that rain runoff contained 
relatively few particles larger than 25 μm. 

There was little or no difference in particle sizes over time. One reason for that could be due to the 
overall small size of particle studied. Larger differences might have been found if a larger particle 
size interval had been analyzed.

Metals
A large part of the metals in urban snow are particulate bound (Reinosdotter and Viklander, 2005). 
Therefore, studying the relationship between particle distribution and heavy metals is of importance 
from an environmental point of view.  The particle bound concentrations for copper (Cu), lead (Pb), 
and zinc (Zn) as mean and standard deviation are shown in Table 3. The total and dissolved metal 
concentrations are presented in Reinosdotter and Viklander (2005). 

Table 3. Particle-bound metal concentrations, mean ± standard deviation 
Type of area
(Vehicles/day)

Cupart (mg/L) Pbpart (mg/L) Znpart (mg/L) 

Housing area    
0 2 ± 3 1 ± 3 7 ± 9 
1500 89 ± 64 33 ± 26 206 ± 134 
6500 609 ± 955 127 ± 184 1352  ± 1760 
Central area    
0  18 ± 24 14 ± 17 107 ± 138 
13000 295 ± 246 101 ± 92 842 ± 683 
21900 982 ± 1113 208 ± 238 2145 ± 2374 

The particle-bound mean metal concentrations showed similar results as the particle concentrations,
i.e. high standard deviations and higher mean concentrations at the site with no traffic in the central 
area compared to the site with no traffic in the housing area. The concentrations increased as the 
traffic load increased, except for the site with high traffic in the housing area compared to the site 
with low traffic in the central area, explained by differences in snow management between the two 
sites.

The relationship between heavy metals, i.e. copper (Cu), lead (Pb) and zinc (Zn), and particle-size 
distribution was studied by using a simple linear regression. Statgraphics software performed the 
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analyses. The linear relationship is described by the adjusted R2 values, shown in Table 4. When 
using an exponential relationship, lower adjusted R2 values were found than when using a linear 
relationship; therefore, those values are not presented here. 

Table 4. Adjusted R2 values for the particle-bound concentration of heavy metals against particle-
size distribution.
 4-6 μm 6-9 μm 9-15 μm 15-25 μm 25-40 μm 40-120 μm 
Housing area       
No traffic       
Cupart 84 94 90 86 87 51 
Pbpart 56 70 65 60 85 39 
Znpart 80 90 88 86 72 30 
Low traffic       
Cupart 72 49 64 90 77 32 
Pbpart 8 -1 9 34 24 -2 
Znpart 48 31 45 69 58 18 
High traffic       
Cupart 99 99 75 91 96 56 
Pbpart 99 99 78 93 97 60 
Znpart 99 99 80 95 97 63 
Central area       
No traffic       
Cupart 80  86  91  96  93  96  
Pbpart 74  84  87  94  90  97  
Znpart 88  92  96  99  97  96  
Low traffic       
Cupart 74  70 70  63  66  73 
Pbpart 65  61 58 52  57  60 
Znpart 66  61 68 54 59  73 
High traffic       
Cupart 93  95  95  95  91  76  
Pbpart 94 97  95  96  92  77  
Znpart 91  95  93 94  90 77  

High correlation factors were found for smaller, as well as, larger particle sizes. However, in 
general, higher correlation factors tended to be found at the high traffic sites, with the highest 
correlation factors for Cu and the lowest for Pb. For the no traffic sites, higher correlation factors 
were found in the central area, for all metals and particle sizes, indicating different types of sources 
for the two sites.  

Metal partitioning as a function of particle size is important as it controls the transport of particle-
bound pollutants. It is also of importance when discussing pollution control (Stone and Marsalek, 
1996). German and Svensson (2002) found a clear relationship between fine particle fractions 
(<0.25 mm) and metal concentrations when studying the metal content in street sediments. 
Sansalone and Tribouillard (1999) found an increase in metal concentrations with decreasing 
particle size when studying zinc, cadmium, lead and copper, while analysing the particle 
composition of stormwater runoff from a highway in Ohio, USA.  Westerlund (2005) found, when 
analysing the relationship between particle size and total metal concentrations in meltwater that the 
highest correlation was found for particle sized 6-9 μm. The correlation then decreased as the 
particle size increased. A similar result was not seen in this study. Comparing the particle 
concentrations in this study with those found during the melting period in Westerlund (2005) the 
mean concentration of particles was substantially higher in this study. For the smallest fraction, 4-6 
μm, the difference was quite small and, on some occasions, the concentrations were higher in 
Westerlund (2005). However, for the larger particle sizes, the concentrations were evidently higher 
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in this study. There is an important difference in studying meltwater samples and snow samples. 
Snow samples contain all particles accumulated in the snow during the winter, whereas meltwater 
contains particles that are transported with the runoff. Higher particle concentrations are, therefore, 
expected in snow compared to meltwater.  

CONCLUSIONS 

Both the concentrations and mass loads, decreased as particle size increased. For all sampling sites, 
the smallest particle fraction, 4-6 μm, constituted approximately 50% of the total number of 
particles. 

High correlations factors were found alternatively for smaller and larger particle sizes. However, in 
general, higher correlation factors tended to be found for the sites with high traffic. 

To better understand the variations of particles, in urban snow, meteorological parameters such as 
precipitation and temperature, snow management activities, for example ploughing, scraping, 
leveling and the use of anti-skid material and de-icing chemicals, as well as, local conditions and 
activities have to be regarded. 
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ABSTRACT 

A snow-melting experiment was performed to study its effects through the use of urban snow from 
a snow pile along a road in central Luleå, Sweden. Two snow piles were formed, with one 
containing road salt, and melted during similar conditions. All meltwater was collected and 
analyzed. The purpose was to study what influence the use of salt as a de-icer has on meltwater 
quality and the pathway of pollution from urban snow. The study indicated that the use of salt in 
urban snow might increase the dissolved metal phase in the meltwater. Also, the use of salt seems to 
have the largest effect at the beginning of the melting period when the chloride is transported. Of 
total chloride, 90% was transported with 20% of the first meltwater. The particulate bound 
concentrations of metals showed a fairly constant transport, but a rapid increase at the end of the 
melting period that was more evident for snow containing high chloride concentrations. Overall, a 
larger transport of particles was found for the pile with salt due to a more rapid melting time. The 
mass balance showed that the transport of suspended solids and the total amount of heavy metals, to 
a larger extent, was transported with the meltwater from the pile with salt.  

Keywords: Chloride, de-icer, salt, snow quality, heavy metals 

INTRODUCTION

Controlling slipperiness is an important part of handling snow. Sodium chloride (NaCl) is primarily 
used for de-icing, but calcium chloride (CaCl2) and magnesium chloride (MgCl2) are also used
when winter temperatures fall below -25oC (Oberts et al. 2000). North America and Europe have a 
high consumption of NaCl.  In the U.S., more than 10 million tons per year of salt are spread on 
public highways (Novotny et al. 1999). Swedish cities generally use sand, salt, or a mixture of both. 
During the winter 2001/2002, 265,000 tons of NaCl was used on Swedish roads, almost a 20% 
increase compared to the previous season (SGU 2003).  The use of NaCl as a de-icer is an 
environmental issue because it damages vegetation and increases corrosion. Also, NaCl can 
infiltrate the ground and severely contaminate water resources and damage soil structure. Snow 
from urban areas contains heavy metals (Malmqvist 1983; Viklander 1999; Glenn et al. 2002; 
Reinosdotter and Viklander 2005) and organic compounds such as PAH (Boom and Marsalek 1988; 
Lindgren 1998; Reinosdotter et al. 2006). Novotny et al. 1998 found that using salt as a de-icer may 
result in increased dissolved metals in salt-laden snowmelt and, consequently, in an increase in 
toxicity for the biota. Viklander 1994 has studied the quality of meltwater from urban snow 
deposits, and found that 30% of the runoff contained 92% of the chloride and that only a small 
fraction of the total amount of pollutants followed the meltwater runoff. The major fractions were 
fixed to particles and remained with the gravel on the ground. Also, no acid shock was found at the 
beginning of the melting period. The variations of concentrations in meltwater from newly fallen 
snow during melting were studied, for example, in Norway by Johannessen et al. 1975 and 
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Johannessen and Henriksen 1978, who found that the first 30% of the meltwater contained 70-80% 
of the total amount of ions such as H+ and Cl-. Consequently, snowmelt is the major factor in the 
acidification of freshwaters in Norway. Westerström 1989 found a similar result when studying 
meltwater quality during wintertime in the Luleå region of northern Sweden. This result also 
showed a strong enrichment of ions in the meltwater at the beginning of the melting period. 
Schondorf and Herrman 1987 studied the transport of compounds from snow and found a release of 
pollutants in the form of two shockwaves, when dissolved pollutants were released at the beginning 
of the melting period and particle-bound pollutants were released at the end. Colbeck 1981 studied 
the melt-freeze cycle effect on the transport of pollutants, suggesting that ions during the melt-
freezing period could be transported from the upper snow layers and concentrated in the lower 
layers where they quickly could be removed with the first meltwater.  Abrahams et al. 1988 
performed melting experiments with newly fallen snow in a rural area in Scotland and showed that 
the concentrations of trace elements were 1.3-5.4 times higher in the first 10% of the meltwater than 
in the bulk snow.

AIM

The aim of this laboratory experiment was to study what influence the use of salt as a de-icer has on 
meltwater quality and the pathway of pollution from urban snow. Particle size distribution and 
dissolved and particulate bound phase metals will be studied and mass balance will be calculated.

 METHOD 

Experimental setup
About 4 m3 of snow was collected with a tractor from a snow pile along a road in central Luleå, 
with an average daily traffic load of 21,900 vehicles. The Municipality of Luleå performs winter 
road maintenance along the road, and sand is exclusively used as the de-icer. The snow was mixed 
and split into two piles, where one pile was mixed with road salt used by the Swedish National 
Road Administration. The snow was put on a plastic surface in a garage (Picture 1) with no heat; 
hence, the temperature in the garage was greatly affected by the outdoor temperature. The piles then 
melted during a three to four-week period. Before the snow started to melt, reference samples were 
taken from the snow. All meltwater was collected in plastic buckets and analyzed. To study a 
possible first flush of chloride, more frequent sampling was preformed at the beginning of the 
melting period. The first 5 samples were collected every 10 litres and after that, a sample was 
collected every 20 litres. The temperature was measured in the garage during the whole melting 
period. After melting, the remaining sediment on the plastic surface was collected and weighed.

Picture 1. Experimental setup and the melting process. 
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Laboratory analyses 
pH was measured with an Ignold meter for ion weak waters at room temperature, 200C, and to three 
decimals.  Heavy metal concentrations were analyzed with a plasma mass spectrometer (ICP-MS) 
with detection limits for Cu 1μg/l and Zn 4 μg/l. The dissolved fraction was measured after 
filtration using a filter opening of 0.45 m with detection limits for Cu 0.1 μg/l and Zn 0.2 μg/l. 
Suspended solids concentrations were analyzed by “Water Investigations, SS-EN 872” (SIS 1996), 
a European standard based on filtration through a fibreglass filter with a filter size of 1.6 μm.  
Conductivity was measured with a CDM 210 radiometer. Chloride concentrations were measured 
by “Water Investigations, SIS 02 81 20” (SIS 1974) with a detection limit of 1 mg/l. 

RESULTS AND DISCUSSION 

Physical parameters 
Physical parameters from the snow melting study are shown in Table 1. The total volume of 
meltwater was 282 L for the snow pile with salt and 287 L for the pile without salt. The mean flow 
for the pile with salt was higher than for the pile without salt; therefore, the pile with salt melted 
eight days faster than the pile without salt.

Table 1. Results from the study  
 Salt No salt 
Snow density (kg/m3) 377 373 
Total volume meltwater (l) 282 287 
Flow (ml/h) (mean ± Sd) 601 ± 239 

(804 ± 870) 
551 ± 286 

Sediment on surface after melting (g) 3104  3064  

Due to difficulties with the collection of meltwater in the beginning of the melting period for snow 
with salt, a third sampling occasion resulted in an exceptionally high flow of 4,060 ml/h. This value 
has therefore been excluded when calculating the mean and standard deviation. However, the mean 
and standard deviation in parenthesis include this value. 

The flow for each sampling occasion as a function of time is showed in Figure 1.  
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Figure 1. Flow for each sampling occasion during the melting period. 

The third value for the pile with salt has been excluded, see Table 1.
Higher flows were calculated at the beginning of the sampling period. For the first sampling 
occasions, the pile with salt showed a larger flow, occasionally over 1,000 ml/h, and a maximum 
flow of over 4,000 ml/h. A decrease in flow could be seen for both piles at the end of the melting 
period. The temperature was below 0oC on two occasions, March 31 and April 10, resulting in a 
lower flow for the sampling occasions associated with these dates. 
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Chemical composition of snow and meltwater 
Before the piles started to melt, two snow reference samples, S1 and S2, were collected from the 
snow. The mean concentrations and standard deviations (Sd) for the meltwater and snow samples 
are shown in Table 2.

Table 2. Results from the snow and meltwater samples 
 Salt No salt 
 Snow 

(S1; S2) 
Meltwater 

 (mean ± sd) 
Snow

(S1; S2) 
Meltwater 

 (mean ± sd) 
pH 7,4; 7,7 7,2 ± 0,1 7,3; 7,8 7,3 ± 0,2 
Conductivity
(mS/m) 

681; 839 1959 ± 2969 5; 18 5,4 ± 4,4 

Suspended solids 
(SS) (mg/l) 

1600; 2600 201 ± 116 1700; 2300 92,2 ± 119 

Chloride
(Cl) (mg/l) 

2100; 2700 7765 ± 12890 5,5; 43 8,3 ± 6,6 

Coppertot
(Cu) (μg/l)

176; 213 39 ± 25 181; 239 18,7 ± 12,8 

Zinctot
(Zn) (μg/l) 

415; 548 81 ± 53 451; 697 48,1 ± 32,5 

Cudis (μg/l) 5,5; 2,6 3,6 ± 4,1 1,5; 1,6 2,7 ± 2,6 
Zincdis (μg/l) 1,4; 4,4 7,3 ± 4,0 2,1; 2,1 5,6 ± 2,2 
Cudis (%) 1,2; 2,9 13 ± 15 0,67; 0,83 18 ± 16 
Zincdis (%) 0,26; 1,1 13 ± 11 0,31; 0,46 16 ± 8 

The snow samples from the two snow piles showed similar results for the concentrations of SS and 
total concentrations of Cu and Zn. Higher concentrations of dissolved Cu and to some extent Zn 
were found in the reference samples from the snow pile with salt added. Much higher Cl 
concentrations and conductivity were found in the snow reference sample and meltwater originating 
from the snow pile with salt added. Also, higher mean concentrations of SS and metals, both 
dissolved and total, were measured in the meltwater with high Cl concentrations. Low dissolved 
metals as a percentage of totals were found in the snow samples. However, the meltwater for both 
piles contained evidently higher percentages, perhaps indicating that the melting process increases 
the dissolved metal phase. 

The number of particles in the meltwater, mean and standard deviation, were calculated (Table 3).

Table 3. Number of particles (mean ± Sd) in the meltwater 
Size ( m) 4-6  6-9  9-15  15-25 25-40  40-120  
Salt (mean ± sd) 924 ± 569 446 ± 317 183 ± 138 46 ± 32 10 ± 6 3 ± 2 
No salt 501 ± 546 222 ± 261 101 ± 127 28 ± 35 6 ± 7 2 ± 3 

The number of particles decreased with increasing particle size. However, despite the particle size, 
a higher mean number of particles were found in the meltwater with high chloride concentrations. 
The higher number of particles in the meltwater containing higher chloride concentrations could be 
due to the higher flow for this pile, resulting in an increased transport of particles with the 
meltwater. 

The concentrations of dissolved Cu and Zn and Cl are shown in Figure 2. 
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  Salt       No salt 

Figure 2. Dissolved metal concentration and chloride concentration, particulate bound metal 
concentrations and suspended solids concentrations and pH

The results from Figure 1 indicated that the dissolved metal concentrations showed a similar pattern 
to the chloride concentration. The meltwater from the snow pile with salt added not only had higher 
concentrations of chloride, but also higher concentrations of dissolved metals for the first two 
sampling occasions. When the chloride concentration decreased, the dissolved metal concentrations 
also decreased and the difference in dissolved metal concentrations between the meltwaters was 
very small. This result also showed an apparent connection between chloride concentrations and 
dissolved metal concentrations.  The pH results showed that the pile with salt had a large decrease 
in pH during the first part of the melting period (Figure 3). However, the mean pH value remained 
close to neutral over the entire melting period. After the large decrease, the pH was found to be 
relatively similar between the two snow piles, most likely because most of the chloride had then 
been transported from the snow pile. Viklander 1994 investigated meltwater quality from a snow 
deposit containing snow from urban areas, where the pH varied between 6.0 and 7.2, which is 
similar to this study. So-called acid shocks have been found when performing melting experiments 
with natural snow, where the pH varied between 3.3 and 5.5 (Westerström 1989).

Mass balance 
A mass balance (%) for the laboratory study was calculated using the following relationship:

100
snowsnow

meltwatermeltwater

VolumeionConcentrat
VolumeionConcentrat    (1)

The percentages of suspended solids, total metals and particles that remained on the surface or were 
transported with the meltwater are shown in Table 4. A comparison of the distribution of suspended 
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solids and total metals showed that a higher percentage was transported with the meltwater from the 
pile with salt than without. This difference could be due to the larger flow from and melting rate of 
the pile with salt.  

Table 4. Percentage suspended solid, metals and particles of different sizes that transported with the 
meltwater.  
 SS 4-6  

m
6-9

m
9-15

m
15-25

m
25-40

m
40-120

m
Particles
Total

Cutot Zntot

Salt (%) 9 17 16 15 14 13 13 16 20 17 
No salt 4 7 6 6 6 5 5 6 8 7 

The result showed that larger particles stayed on the surface, whereas smaller particles, to a greater 
extent, were transported with the meltwater. The percentage of particles remaining on the surface 
after melting decreased with increasing particle size. A comparison of particle transport from the 
two snow piles showed that an overall larger amount of particles and metals were transported with 
meltwater from the pile with salt. This larger transport is most likely due to the faster melting 
caused by the higher chloride concentration, thus resulting in a higher flow for the snow pile with 
salt added. Viklander 1996 presents the percentage of the total amount of Cu, Pb and Zn that 
transported with meltwater from urban snow for a pilot study, full-scale study and laboratory study. 
The resulting percentages that transported with the meltwater are shown as follows: 10% of the Cu, 
0.5% of the Pb and 7% of the Zn for the pilot study; 6.5% of the Cu, 1% of the Pb and 10% of the 
Zn for the full-scale study; and 28% of the Cu, 42% of the Pb and 30% of the Zn for the laboratory 
study. These results are mostly comparable to the results for the snow pile without salt in this study. 
This is because the urban snow used in Viklander 1996 is collected in the Luleå region, and 
therefore most likely contains low chloride concentrations due to the Municipality of Luleå only 
using friction material as de-icer. The chloride concentrations for the laboratory study varied 
between 6.7 and 7.2 mg/l (Viklander 1994). According to this study, when salt is used as a de-icer 
in snow handling management, the meltwater will contain larger amounts of particles and metals 
than if using friction material.

Pollutant pathways 
The results from the [H+] (Figure 3) showed the pile with salt to have a faster transport of [H+] at 
the beginning of the melting. However, the transport of [H+] showed similar result after 60% of the 
meltwater. A large early release of ions such as H+ and Cl- during snowmelt was found by 
Johannessen and Henriksen 1978; Schondorf and Herrman 1987; and Westerström 1989.  

The transport of chloride from the pile with salt is shown in Figure 3.
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Figure 3. The pH, Cl and SS results for the snow pile with salt and no salt 

The result showed a very high transport of chloride at the beginning of the melting period. From the 
snow pile, 95% of the chloride was transported in the first 30% of the meltwater, which was similar 
to the results found by Viklander 1992, who found that 92% of the chloride was transported in the 
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first 30% of the meltwater. Due to very low chloride concentrations in the pile without salt, the 
values are not included in Figure 3. 
When the transport of suspended solids (SS) from the snow piles was compared (Figure 3), the 
comparison showed the transport of SS to be quite similar between both piles.  The transport 
seemed to remain quite constant throughout the melting period, with an increase of SS at the end of 
the melting period.  

The transport of dissolved and total amounts of copper (Cu) and zinc (Zn) for both snow piles is 
shown in Figure 4. A more moderate rapid transport of dissolved Cu was shown for the pile with 
salt, i.e. 90% of the dissolved Cu had been transported when 60% of the meltwater had been 
collected. For the pile without salt, 90% of the dissolved Cu had been transported when 70% of the 
meltwater had been collected. Some slower transport for Zn was shown compared with Cu. When 
80% of the meltwater had been collected, 90% of the dissolved Zn had been transported for the pile 
with salt, and nearly 90% for the pile without salt.

Some differences could also be seen when comparing the transport of the total Cu and Zn. While 
the pile without salt had a fairly constant transport of the total Cu and Zn, the pile without salt had a 
low transport at the beginning of the melting period and a high transport at the end, when 40% of 
the total Cu and Zn were transported with the last 20% of the meltwater. The transport increase of 
the total amount of metals for the pile with salt was more evident at the end of the melting period 
than for the pile without salt. This result was also seen for the suspended solids. Therefore, the 
amount of total metals showed a similar pattern to the suspended solids.

Results from similar studies showed that 30% of the first meltwater from a laboratory experiment 
contained 68-73% of the total Zn and 53-70% of the total Cu (Johannessen and Henriksen 1978). 
Viklander 1994 found that the first 30% of the meltwater contained 43% of the total Cu, when 
melting a snow deposit containing 200 m3 of snow. Compared with this study, the first 30% of the 
meltwater transported 20% of the total Zn and 23% of the total Cu for the pile with salt, and 26% of 
the total Zn and 27% of the total Cu for the pile without salt.
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Figure 4. The dissolved and particulate bound copper and zinc results for the snow pile with salt 
and no salt

The results showed a difference in melting time, when the snow pile with salt melted eight days 
faster than the pile without salt, even though the piles melted during similar conditions. Since 90% 
of the chloride was transported with the first 20% of the meltwater, some differences between the 
two snow piles could be seen during this period, especially for dissolved metals. A lower pH and 
higher dissolved concentrations of both Cu and Zn were found for the pile with salt, for the first two 
samples. When most of the chloride had been transported after the first two samples, the transport 
showed a similar pattern for both piles. This finding indicates that the chloride concentration affects 
the dissolved metal concentration. Novotny et al. 1998 detected this effect when comparing snow 
samples collected in Milwaukee, USA and Edmonton, Canada, which indicated that the use of salt 
results in an increase in dissolved metals.  

A difference in the transport of the particulate bound concentrations of Cu and Zn could be seen. 
The pile without salt showed a fairly constant transport; however, the pile with salt added showed a 
slow transport at the beginning of the melting period and a more rapid transport at the end. 
Schondorf and Herrman 1987 also found this pattern when studying the transport of compounds 
from snow and found a release of pollutants in the form of two shock waves, where dissolved 
pollutants were released at the beginning of the melting period and particle-bound pollutants were 
released at the end. The same result could also be somewhat seen in this study, mainly for the 
pollutants transported from the snow pile with salt added.

The transport of particles showed similar patterns for both piles, except for the large particles (40-
120 m), where the meltwater from the snow pile with salt added showed a faster transport, most 
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likely because the larger flow from the pile with salt added transported the larger particles from the 
snow pile (Figure 5). 
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Figure 5. Particle transport for the pile with salt and no salt for different particle sizes. 

An increase in particle transport was seen at the end of the melting period, especially for particles 
smaller than 40 μm. Westerlund 2005 found these same events when analyzing meltwater 
transported to a gully-pot collecting meltwater and rainwater from a road with 7,400 vehicles per 
day.

5. CONCLUSIONS 

The laboratory study indicated that the use of salt in urban snow may increase the dissolved metal 
phase in the meltwater. Studying the pollutants pathway also showed that the use of salt seems to 
have the largest effect at the beginning of the melting period when chloride is transported. Of the 
total chloride, 90% was transported with 20% of the first meltwater. The particulate bound 
concentrations of metals showed a fairly constant transport with a rapid increase at the end of the 
melting period, which was more evident for snow containing high chloride concentrations. An 
overall larger transport of particles was found for the pile with salt due to a more rapid melting time 
and a larger flow. The result from the mass balance showed that the transport of suspended solids 
and the total amount of heavy metals, to a larger extent, transported with meltwater from the pile 
with salt.
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TECHNICAL NOTES

Handling of Urban Snow with Regard to Snow Quality
Karin Reinosdotter1 and Maria Viklander2

Abstract: Snow-handling strategies employed in Swedish municipalities today are not very different from those used 10 years ago.
However, to reduce the environmental negative effects of snow from urban areas, such as contamination of ground water, surface water
and soil, in 1990 the Swedish Environmental Protection Agency �SEPA� presented a snow-separation strategy. The separation strategy
implies that the snow is separated into “heavily polluted” and “less polluted” snow. In this study, snow from different urban areas, i.e.
housing areas and central areas with different traffic loads, was compared. The results show the importance of both the location and time,
that is, what happens to the snow while it stays at the ground. A comparison was made with quality criteria for stormwater and for
different types of recipients to establish the quality criteria required for snow to be handled in local snow deposits. To decrease, for
example, municipalities’ costs for analyzing pollutants in snow, proposals for establishing standard metal concentrations in snow and for
recommending snow-handling strategies were discussed.

DOI: 10.1061/�ASCE�0733-9372�2006�132:2�271�

CE Database subject headings: Heavy metals; Snow; Snowmelt; Snowpacks; Urban areas; Sweden.

Introduction

Snow-handling strategies employed in Swedish municipalities
today are not very different from those used 10 years ago �Rei-
nosdotter 2003�. However, to reduce the environmental negative
effects of snow from urban areas, such as contamination of
ground water, surface water, and soil, Malmqvist �1985� and
SEPA �1990� presented a snow-separation strategy. The separa-
tion strategy implies that the snow is separated into “heavily pol-
luted” and “less polluted” snow. According to this strategy, urban
areas should, be divided according to snow quality. Snow that is
heavily polluted should be transported to a snow deposit appro-
priately designed, located and operated to minimize the negative
environmental effects. Another way to reduce the environmental
effects is to increase the use of local snow deposits to store less
polluted snow. However, the use of local snow deposits will raise
other questions such as land use, local effects, potential for
accidents, and public acceptance that also must be considered
�Reinosdotter et al. 2003�. Difficulties may arise when identifying
the criteria for the type of urban snow that may be considered less
polluted or heavily polluted. Also identifying recommendations to
use to compare local recipients of melt water from urban snow
can be difficult. The quality of snow in urban areas is dependent
not only on factors such as type of area �Malmqvist 1983;

Viklander 1999�, traffic load, type of traffic, the length of time the
snow stays on the ground before it is collected, type of de-icer,
and time of year �Lisper 1974; Viklander 1998� but also on snow-
handling strategy and winter climate �Reinosdotter and Viklander
2005�. Sodium chloride �NaCl� is the de-icer of choice in most of
North America �Oberts et al. 2000�, whereas friction material, salt
or a mixture of both are commonly used in, for example, Sweden.
The partitioning between the dissolved and particulate bound
fractions can be influenced by pH, alkalinity, solid loadings, hard-
ness, and residence time �Glenn and Sansalone 2002�. They also
found that metals such as Cu, Pb, and Zn were highly particulate
bound. The same pattern was found by Viklander �1997� and
Reinosdotter and Viklander �2005�.

Aim

The aim of this work was to study snow quality in different parts
of an urban area—a housing area and a central area—using snow
samples collected at sites with different traffic loads in two Swed-
ish municipalities. The two municipalities were selected due to
differences in their choice of antiskid material and their winter
climate. The results are discussed with regard to the snow-
separation strategy, i.e., methods of dividing urban snow into
heavily polluted and less polluted and the snow quality variations
over time throughout the winter season. A comparison is also
made with international quality criteria for stormwater and for
different types of recipients. Recommendations for handling snow
from different urban areas are also discussed.

Study Area

Snow samples were collected in Luleå and Sundsvall during Win-
ter 2002/2003 �Fig. 1�. Luleå is located at 65° latitude and Sunds-
vall at 62° latitude. Normally, Luleå has a longer winter season,
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with lower temperatures than in Sundsvall. Sundsvall, to a great
extent, uses salt as a de-icer, whereas Luleå uses only friction
material. The data concerning temperature and precipitation were
obtained by the Swedish Meteorological Institute and are shown
in Fig. 2 for the sampling period. Samples were collected at six
sites in each municipality �Table 1�. Three are located in a hous-
ing area and three in a central area.

Sampling Procedure

Snow samples were collected every 14th day during Winter 2002/
2003 �Table 2�. In Luleå, the samples were collected from De-
cember 17, 2002, of to April 14, 2003 �nine sampling occasions in
total�. In Sundsvall, the samples were collected from January 7,
2002, to March 6, 2003 �five sampling occasions in total�. The
lower number of sampling occasions in Sundsvall was due to a
milder and shorter winter period. Snow samples were collected
from the snow bank beside the road by using an ice drill. To avoid
contamination, the ice drill was acid washed and covered with
Teflon spray. A hole was drilled vertically through the snow bank
all the way down to the ground. All snow in the hole was col-
lected and placed in plastic acid washed beakers and the diameter
and depth of the sampling hole were measured. Depended on the
density of the snow and the height of the snow bank, the diameter
of the hole varied between 13 and 20 cm. At some sampling
occasions, in the beginning and at the end of the winter season,
several samples were collected and mixed together to ensure that
the volume needed to perform analyses was collected. The
samples collected at sites with no traffic were, in both central and
housing areas, taken at sites where the snow had not been affected
by snow handling.

Laboratory Analyses

pH was measured with an Ignold meter for ion weak waters at
room temperature, 20°C and three decimals. Heavy metal con-
centrations were analyzed with a plasma mass spectrometer with

detection limits for Cu 1 �g/L, Pb 0.6 �g/L, and Zn 4 �g/L.
The dissolved fraction was measured after filtration using a filter
opening of 0.45 �m with detection limits for Cu 0.1 �g/L, Pb
0.01 �g/L, and Zn 0.2 �g/L. Suspended solids concentrations
were analyzed by “Water Investigations, SS-EN 872” �SIS 1996�
a European standard based on filtering through a glass fiber filter,
with a filter size 1.6 �m. Conductivity was measured with a ra-
diometer, CDM 210. Chloride concentrations were measured by
“Water Investigations, SIS 02 81 20” �SIS 1974� with detection
limit 1 mg/L.

Result

The total concentrations of metals and suspended solids in Luleå
tended to spread over a wider range with a couple of higher
values recorded during the very last sampling occasions, which
also resulted in a higher mean value for these sampling sites
�Table 3�. The median in Luleå, was, to a great extent, lower than
the mean concentration, which implies peaks in the concentra-
tions. For the dissolved substances, the results were not as evident
as for the total concentrations.

Suspended Solids

For the sites with no traffic, the mean concentrations of suspended
solids, in both Luleå and Sundsvall, were found to be low. How-
ever, some higher concentrations of suspended solids were found
at the site in the central area in Luleå, which might be explained
by a nearby construction area. At the site with low traffic, the
concentration of suspended solids in the housing area was higher
in Luleå. This result can be explained by a higher traffic load and
by the use of friction material in Luleå. For the sites in the central
area, some higher mean concentrations of suspended solids were
found in Sundsvall than in Luleå, although the traffic load is
approximately the same. The higher concentration is probably
explained by less amounts of snow, which results in less dilution.
For the sites with high traffic the mean concentrations of sus-
pended solids were higher in Luleå than in Sundsvall in both the
housing area and the central area. The higher concentration in
Luleå is due to the use of friction material as de-icer.

pH

Some higher concentrations of suspended solids were found at the
site with no traffic in the central area in Luleå; this resulted in a
higher mean pH of 8.0. For the other sites with no traffic, the pH
varied between 4.8 and 7.4. These values are slightly higher com-
pared to those found in Luleå, in 1995; at that time, the values
varied between 3.3 and 5.5 �Viklander 1997�. The higher concen-

Table 1. Sampling Sites in Luleå and Sundsvall

Traffic load

Luleå Sundsvall

None Low High None Low High

Housing area

Average daily traffic load 0 1,500 6,500 0 200 6,000

De-icer of choice None Gritting Gritting None Gritting Gritting

Central area

Average daily traffic 0 13,000 21,900 0 13,200 36,400

De-icer of choice None Gritting Gritting None Gritting and salt Salt

Fig. 1. Studied cities, map of Sweden
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trations of suspended solids at sites with traffic reflected on the
pH, which increased with increased concentration of suspended
solids.

Chloride

The concentration of chloride increased with traffic load; this ten-
dency was also the case in Luleå, even though no salt was used in
the city �Fig. 3�. Similar results were found in the study carried
out in Luleå in 1995 �Viklander 1997�. The most likely explana-
tion for this is that the salt is brought into the city by the cars from
highways which are salted. However, much higher chloride con-
centrations were found in Sundsvall. For all sites with no traffic,
the chloride concentration was so low that it was not detected.

Total Metal Concentration

For the sites with no traffic, the mean total concentrations of the
metals studied were higher for the central sites compared to the
sites in the housing area �in both cities�; however, the highest
concentrations were found in Luleå. For the central areas, the
concentrations of the metals studied were approximately twice as
high in Luleå as in Sundsvall. For the housing areas, the mean for
Cu and Pb were in the same range, whereas Zn was almost twice
as high in Sundsvall, most likely due to local variations. For Cu,
Pb, and Zn, at the sites with high traffic, similar to the mean
concentration of suspended solids, the highest mean concentra-
tions were found in the central area, and the highest concentra-
tions were found in Luleå.

Dissolved Metal Concentration

The concentrations of the dissolved metals showed much more
complex results compared to the total, demonstrating that the dis-
solved concentrations are dependent on not only the site charac-
teristics but also the snow characteristics such as pH and the
amount of solids. Overall, the results for the dissolved fraction are
hard to interpret, thus further investigations are needed.

Quantities of Dissolved and Particle-Bound Metals
The amounts of dissolved metals as percentage of the total
amounts varied with the type of metal and the site �Fig. 4�. For

each type of area, central and housing, respectively, in both cites,
there was a clear decrease in the dissolved fraction with an in-
crease in traffic load. Also, the interval decreased with increased
traffic, thus the variations were quite limited for sites with signifi-
cant amounts of suspended solids, whereas for the sites with less
suspended solids, the dissolved fraction varied greatly. For the
sites with the high traffic load in the central areas less than 2% of
the copper and 1% of lead and zinc was in solution. A larger
portion of the dissolved pollutants can be expected in urban areas
with low concentrations of suspended solids � Reinosdotter and
Viklander 2005�, such as housing areas with low average daily
traffic.

Comparing sites with similar traffic load in Luleå and Sunds-
vall, Sundsvall showed, to some extent, a higher percentage of
dissolved metals, except for the site in Luleå in the housing area
with no traffic, where the percentage of dissolved metals were
very high. However, the comparison between the two cities
showed no clear pattern and the intervals were, occasionally,
larger in Luleå and in Sundsvall.

Time Variations
The time variations of the mass load �g/m2� of suspended solids
in the housing areas for Luleå and Sundsvall are illustrated in Fig.
5. The snow quality results from the central area and their time
variations are discussed in more detail in Reinosdotter and
Viklander �2005�. That study showed that high amounts of sus-
pended solids in accumulated snow were found in Luleå at the
end of the season at sites with traffic. This pattern was not as
pronounced for Sundsvall. The amount of suspended solids found
in the housing area in Luleå and Sundsvall �Fig. 2�, at sites with
traffic, did not show the same pronounced increase at the end of
the season as the results from the central area. There seemed to be
larger variations in amounts of suspended solids over time for
sites with higher traffic, possibly due to more intensive snow
handling at these sites. The different results for the two cites are
explained by the local conditions. In cities with longer periods of
temperature below zero, the snow stays on the ground for a long
time, which allows the substances to accumulate, compared to
cities with cold periods interrupted with warmer weather, which
allows the snow to melt between snow falls. The use of salt can
also cause this type of melting/freezing condition. In the central

Table 2. Sampling Occasions in Luleå and Sundsvall

Sampling
occasion 1 2 3 4 5 6 7 8 9

Luleå Dec. 17, 2002 Jan. 8, 2003 Jan. 22, 2003 Feb. 5, 2003 Mar. 19, 2003 Mar. 6, 2003 Mar. 20, 2003 Apr. 4, 2003 Apr. 14, 2003

Sundsvall Jan. 7, 2003 Jan. 27, 2003 Feb. 17, 2003 Feb. 25, 2003 Mar. 6, 2003

Fig. 2. Air temperature and precipitation in Luleå and Sundsvall during Winter 2002/2003
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areas, the pattern for the amount of suspended solids and heavy
metals was similar. This was not the case in the housing areas,
most likely due to the higher amount of dissolved metals. The
accumulation of pollutants in snow has also been observed by
Lisper �1974�, who found higher concentrations in composite
snow compared to newly fallen snow.

Discussion

The impact of traffic on snow quality has been showed in other
studies in Gothenburg, Sweden, for example, where the mean
concentrations of pollutants in snow from streets were about 10
times higher than the corresponding mean concentrations in snow
from grass surfaces �Malmqvist 1983�. Herrmann �1975� found
that the snow was more polluted at centers of motor traffic com-
pared to snow, for example, in park areas. He also showed that the
concentrations of sodium and chloride in newly fallen snow in
Munich, Germany, exceeded the corresponding values in Alpine
snow by up to ten times. The concentrations of heavy metals in
snow in Sapporo, Japan, clearly increased toward the center of the
city, and it was found that the greatest source of heavy metals in
the city was from industrial activity �Sakai et al. 1988�. The
snow-handling operations affect the structure and characteristics
of snow as it is collected, transported, and dumped onto a snow
wall or transported to a snow deposit. Baekken �1994� found that
the concentrations of heavy metals in snow walls showed poor
correlation with the traffic load. Baekken assumed that the lack of
correlation could be explained by factors such as the use of gravel
and salt. A study in Finland by Hautala et al. �1995� showed that
the deposition on roadsides exceeded the normal background
deposition and was caused by traffic emissions and winter main-
tenance. High concentrations can, despite low traffic loads, be
found in housing areas, especially during the melt period. How-

ever, since the mean concentrations of suspended solids and met-
als were higher at the site with no traffic in the central areas than
at the same site in the housing area, some higher concentrations
might be expected in a central area and local variations in snow
quality might be expected due to, for example, heavy traffic and
intersections. A distinction was also found between different cities
due to climate and snow-handling strategies. The prediction of
snow quality may be an issue in cities with snow-handling strat-
egies and winter climate similar to those for Luleå; however, the
use of salt and the warmer and shorter winter periods result, to
some extent, in lower average total concentrations in the snow
pack, but the results show larger variations throughout the season,
which are harder to predict.

Handling of urban snow with regard to snow quality: A com-
parison of the variations of the total metal concentration over time
obtained in the two municipalities, based on quality criteria for
lakes and watercourses given by SEPA �2001�, showed that the
total metal concentrations at the sampling sites in the two munici-
palities were found to be high �Fig. 6�. Also, the mean total con-
centrations were exceeding the quality criteria for Cu, Pb, and Zn

Table 3. Results from the Sampling Sites in the Housing Area and the Central Area in Luleå and Sundsvall, Mean and Standard Deviation �Sd�

Traffic load Unit

Luleå Sundsvall

None Low High None Low High

Housing area

Mean±Sd Mean±Sd Mean±Sd Mean±Sd Mean±Sd Mean±Sd

pH 5.7±0.23 6.3±0.22 7.3±0.47 5.0±0.3 6.5±0,4 7.1±0.21

SS mg/L 29±35 474±460 5,667±7,619 11±5.0 66±39 1,842±1,009

Cl mg/L N.d 2.8±0.6 5.2±2.3 N.d 3.1±1.9 116±70

Cutot �g/L 3.8±3.0 99±59 626±996 2.8±1.3 6.4±2.6 150±80

Cudis �g/L 0.8±0.3 7.1±3.6 5.1±2.9 1.7±0.76 1.7±0.4 3.5±1.5

Pbtot �g/L 2,3±2.4 35±24 130±181 2.6±0.9 5.6±3.9 53±26

Pbdis �g/L 0.9±1.6 0.5±0.5 0.09±0.04 1.0±0.6 0.16±0.08 0.08±0.03

Zntot �g/L 15±8.0 228±124 1,256±1,673 27±24 45±23 549±305

Zndis �g/L 7.2±3.4 13.5±5.4 3.8±3.4 23±24 14±5.8 8.1±4.0

Central area

pH 8.0±0.64 7.3±0.38 8.3±0.36 6.0±0.3 8.6±0.2 8.5±0.5

SS mg/L 185±232 4,471±3,144 7,889±6,744 31±18 6,684±2,313 3,175±1,363

Cl mg/L N.d 4.4±2.8 20±15 N.d 324±241 1,131±2,051

Cutot �g/L 20±24 310±245 1,022±1,089 11±2.0 845±353 554±254

Cudis �g/L 1.5±0.8 4.5±2.45 7.0±5.3 3.0±0.9 6.7±3.8 3.7±1.6

Pbtot �g/L 15±16 119±87 217±232 8.1±1.5 237±78 140±53

Pbdis �g/L 0.1±0.06 0.3±0.6 0.08±0.03 0.5±0.4 0.05±0.03 0.05±0.02

Zntot �g/L 114±138 931±659 2,233±2,308 42±12 3,008±1,226 1,896±1,033

Zndis �g/L 3.9±3.1 7.1±6.7 1.5±1.0 17±2.2 1.1±0.1 1.1±0.4

Fig. 3. Concentration of chloride at the sampling sites in Luleå
�white� and Sundsvall �black� with different traffic load �striped
column=housing area and plane column=central area�. Intervals
�minimum and maximum� for nine samples in Luleå and five samples
in Sundsvall are shown.
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at all sites, except for the sites with no traffic, in both the housing
areas and central areas for the whole winter season. At the site
with low traffic in the housing area in Sundsvall, the concentra-
tions were lower than the quality criteria, but in Luleå, the quality
criteria were exceeded for Cu and Pb. However, it has to be kept
in mind that the quality criteria by SEPA are set for the whole
recipient, so the concentration will be diluted. Another important
issue to be considered is that if a land-based snow deposit is used,
the pollutants will have different recipients, such as surface water,
groundwater, or soil due to the fraction between dissolved and
particulate pollutants; therefore, the total concentration will not
always end up in the same recipient. If land-based snow deposits
are being used, then quality criteria for contamination of soil and
groundwater should also be considered. If water-based snow de-
posits are used, the total concentration will end up in the same
recipient. So, the fractions between particulate-bound and dis-
solved pollutants as well as snow-handling strategy used also
have to be considered. Therefore, valuable information can be
found when dissolved concentrations are compared with the qual-
ity criteria for lakes and watercourses. At all sampling sites in
both Luleå and Sundsvall, the dissolved concentrations of Cu, Pb,
and Zn were lower than the quality criteria throughout the season.
Even though the total concentrations of metals appear to be high,
further research is needed concerning the toxicity and metal spe-
ciation. With regard to the total concentrations, when considering
snow quality, the results show that snow from the housing areas
with no or low traffic is more suitable for storing in local snow
deposits as less polluted snow, according to the snow-separation
strategy. Even snow from housing areas with high traffic can con-
tain high metal concentrations and is, in some cases, comparable

to snow from central areas, so it should be considered as heavily
polluted. Snow from central areas with no traffic can also be
classified as less polluted according to the results of this study.
Consequently, snow from central areas with low or high traffic
and snow from housing areas with high traffic should be consid-
ered as heavily polluted. Due to high costs for sampling and
analyzing the pollutants in snow, municipalities can use standard
values instead of taking snow samples when discussing their
snow-handling strategies. However, comparing recommendations
for handling stormwater and road runoff with those for snow han-
dling can lead to several difficulties since accumulation of pollut-
ants in snow will, periodically, result in much higher concentra-
tions than in rainwater runoff. A proposal for standard values is
produced, taking results from Swedish investigations into consid-
erations �Table 4�. Table 4 also shows a comparison of standard
metal concentrations for stormwater, international quality criteria
and Swedish recommendations for handling of stormwater.

Fig. 4. The dissolved amounts/fraction of metals studied as percentages of the total amounts, intervals �minimum and maximum� for nine samples
in Luleå �white� and five samples in Sundsvall �black� at sites with different traffic load �striped=housing area and plane=central area�

Fig. 5. Mass load of suspended solids at the sampling sites in the
housing areas in Luleå �white� and Sundsvall �black� with different
traffic load. Nine samples collected in Luleå and five samples in
Sundsvall at each site are shown, each column represents a sampling
occasion.
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Because of the accumulation factor, the stormwater standard
values are lower than the proposed standard values for snow. The
standard values for snow are based on studies made in northern
Sweden where studies of snow quality have shown very large
variations in the metal content, even though the traffic loads are
quite similar. Therefore, analyses of each specific situation are
necessary. Also, since large variations in snow quality, with large
standard deviations, occur over the winter season, sometimes the

maximum and minimum concentrations have to be considered.
Standard values for concentrations of chloride and suspended sol-
ids are uncertain since the antiskid procedure has a very large
effect. Therefore, these concentrations have to be re-evaluated
with concern for each snow-handling strategy. The traffic loads
used in this study are set after typical traffic loads on Swedish
roads; other countries with larger cities and roads may classify the
terms low and high traffic differently. Table 5 shows a first pro-

Fig. 6. Comparison of the total concentration of Cu in Luleå and Sundsvall, central areas and housing area, compared with the quality criteria for
lakes and watercourses by SEPA �2001�

Table 4. Proposals for Standard Values for Urban Snow, Comparison of Metal Concentrations Found in Snow with Metal Concentrations Found in
Stormwater, International Quality Criteria

Urban snow

Average daily traffic �5,000 5,000–10,000 10,000–20,000 �20,000 central area

Proposal for standard
value snowa

SS �mg/L�

Cl �mg/L� 10–1,000 1,800–5,700 4,500–6,500 2,000–8,000

Pb ��g/L� 0–3 5–100 4–300 20–1100

Zn ��g/L� 2–50 50–150 100–250 150–250

Cu ��g/L� 20–250 550–1,500 900–3,000 650–2,000

Stormwater

Average daily traffic �5,000 10,000–15,000 15,000–30,000 �30,000

Standard value
stormwaterb

SS �mg/L� 75 �50–200� 100 �50–1,000� 1,000 �100–5,000�

Pb ��g/L� 20 �5–40� 25 �5–500� 30 �20–1,000�

Zn ��g/L� 100 �50–300� 45 �10–100� 250 �100–1,000�

Cu ��g/L� 35 �10–50� 0.5 �0.2-1� 60 �10–800�

Recipient

International quality
criteria

SEPA, ground
waterc

SEPA, surface
waterd

EPA, United Statee EPA, Canadaf

Pb ��g/L� �10 �15 2.5 1–7

Zn ��g/L� �1,000 �300 120 30

Cu ��g/L� — �45 9 2–4
aShows maximum and minimum mean values and are based on snow samples taken at three different studies. Snow samples were collected in Luleå by
Viklander �1999�, and twice in Luleå and in Sundsvall by Reinosdotter and Viklander �2005�.
bShows mean concentrations and maximum and minimum concentrations based on a study by Malmquist et al. �1994�.
cSEPA �2001�, class 5: condition class very high concentration.
dSEPA �2000�, class 5: condition class very high concentration. Metal concentrations that affect aquatic organisms, even at short term exposure.
eConcentrations with purpose to protect all forms of aquatic life and all aspects of the aquatic life cycles, including the most sensitive life stage of the most
sensitive species over the long term �Canadian Water Quality Guidelines 2003�.
fShows the highest concentration of a material in surface water to which an aquatic community can be exposed briefly without resulting in an unacceptable
effect �U.S. EPA 1999�.
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posal toward recommendations for handling of urban snow from
different urban areas. The proposals are based on a comparison of
recommendations for stormwater �SNRA 2004� and of the differ-
ences in quality between stormwater and snow. Also, the proposal
should be further developed using international experiences of
snow handling.

Several parameters such as time that passes between snow fall
and removal, can, however, affect the pollution rate and, later on
the snow-handling strategy. In the United States, Sansalone and
Buchberger �1996� observed a significant increase in the concen-
tration of metals and solids during several days after snow events.
A study in Oslo, Norway, showed that fresh snow after one week
of storage was as much polluted as the snow wall on which it was
deposited �Baekken 1994�. Pierstorff and Bishop �1980� ex-
plained high levels of pollutants in snow at the dump site snow as
a result of pollutant accumulation between the time of precipita-
tion and removal to the dump site. Other parameters are sources
of pollution, e.g., industries, type of traffic, and time of year
�Lisper 1974; Viklander 1998�, choice of de-icer and snow-
handling strategy. If a recommendation were given for cold cities,
it would be to take care of the very last snow along streets at the
end of the winter season. However, to control the dissolved frac-
tion, the snow must be transported before the temperature rises
above 0°C.

Conclusions

The results from these two cities show the importance of both the
location and also time, that is, what happens to the snow as it
stays on the ground. In general, the result showed lower total
concentrations in the housing areas, although, at certain occa-
sions, high concentrations may occur. Snow from sites with no
traffic �central and housing area� and from sites with low traffic in
a housing area can, according to the results in this study, be clas-
sified as less polluted. Consequently, snow from central areas
with low or high traffic and snow from housing areas with high
traffic should be considered as heavily polluted. The dissolved
metals showed much more complicated results than the total con-
centrations did for both the cities, so further research is needed.
The use of salt and warmer and shorter winter periods result, to
some extent, in lower average total concentrations in the snow
pack. But the results show larger variations throughout the sea-
son, which are harder to predict. Due to high costs for sampling
and analyzing the pollutants in snow, municipalities can use stan-
dard values instead of taking snow samples when discussing their

snow-handling strategies. However, comparing recommendations
for handling stormwater and road runoff with those for snow han-
dling can lead to several difficulties since accumulation of pollut-
ants in snow will, periodically, result in much higher concentra-
tions than in rainwater runoff. A proposal for standard values is
produced, taking results from Swedish investigations into consid-
erations.
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