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ABSTRACT

Urban runoff often contains high concentrations of particles. Pollutants that 
adsorbs to surfaces of particulate material will be transported to receiving waters 
or a sewage treatment plant. For the recipient, the particles in the runoff are a 
significant cause of water quality impairment. The particles are associated with 
impacts of surface waters such as increased turbidity, and effects on water-living 
organisms and fish. The particle concentration is one of the most common 
parameters to measure in urban runoff.  

The main objective was to investigate and compare the accuracy of analysis 
methods for measuring total particle concentration in urban runoff. The methods 
to be compared are total suspended solids (TSS), suspended sediment 
concentration (SSC-A, SSC-B and SSC-C), and one new method; multiple filter 
method (MFM). 

General differences between the analysis methods:
Handling of sample:  SSC and MFM – analysis of entire sample 

 TSS –aliquot analysis  
Filter pore size:  TSS and SSC – 1.6 μm 

 MFM – 0.45 μm 

The studies were performed with artificial and natural runoff samples. Three 
studies with artificial samples were performed a) high amount of small particles, 
b) high amount of large particles and c) different particle intervals. The study 
with natural runoff samples, were performed with rainfall runoff, undisturbed 
snow and snowmelt runoff.

The result for artificial samples showed that SSC and MFM gave comparable 
result irrespective of particle concentration or size, approximately 100 % of the 
initial concentration. TSS which measures the suspended solids underestimates 
the particle concentration with 55-90 %. Measured concentrations for samples 
with particles larger than 0.063 mm were underestimated. The underestimation 
increased with increased particle size.
For rainfall runoff samples a statistical analysis, ANOVA test, showed that 
MFM gave a significantly higher result than SSC-B and TSS at a confidence 
level of 95 %. These result implied that small particles of size 0.45 – 1.6 μm 
influence the results. The ANOVA test showed no significant difference 
between SSC-B and TSS. The results from this study show that the particle size 
distribution has importance for the result and the particle concentrations showed 
to have no influence.





SAMMANFATTNING

Dagvatten är en bidragande orsak till försämringen av vattenkvaliteten i sjöar 
och vattendrag bland annat eftersom dessa ökar grumligheten i recipienten vilket 
påverkar växter, vattenlevande organismer och djur. Partiklar i dagvatten är 
dessutom av intresse eftersom en stor del av föroreningarna sitter adsorberade på 
partiklarna, vilka transporterar föroreningarna till recipienter. En av de mest 
analyserade parametrarna vid karaktärisering av dagvatten är suspenderade 
partiklar.

Syftet med denna uppsats var att studera och jämföra metoder för analys av 
koncentrationen partiklar i dagvatten. Metoderna är Suspenderade ämnen (TSS), 
Sediment koncentration (SSC-A, SSB-B och SSC-C) och en ny metod Multi 
filter metod (MFM) som är under utveckling. 

Generella skillnader mellan metoderna: 
Provhantering:  SSC and MFM –analys hela prov 

 TSS – analys delprov
Porstorlek filter:  TSS and SSC – 1,6 μm 

 MFM – 0,45 μm 

Försök har utförts med artificiella och naturliga dagvattenprov. För det 
artificiella dagvattnet utfördes tre försök a) stor andel små partiklar, b) stor andel 
stora partiklar och c) olika partikelintervall. Försöken på naturliga dagvatten 
utfördes på dagvatten från regn och snösmältning. 

Resultaten från prov med artificiellt dagvatten visade att metoderna SSC och 
MFM ger jämförbara resultat, oberoende av koncentration eller 
partikelfördelning var resultatet cirka 100 % av invägd mängd. TSS som mäter 
suspenderade ämnen och där ett delprov tas ut vid analys, underskattade den 
invägda partikelkoncentrationen med 55-90 %. För prov med partiklar större än 
0,063 mm underskattades uppmätt koncentration, underskattningen ökade med 
ökad partikelstorlek.  
För dagvatten från regn visade en statistisk analys ANOVA test att metoden 
MFM ger ett signifikant högre resultat (95 %) jämfört med SSC-B och TSS. 
ANOVA testet visade ingen signifikant skillnad mellan metoderna SSC-B och 
TSS. Detta tyder på att små partiklar i intervallet 0,45-1,6 μm påverkar 
resultatet. Resultatet visar att partikelstorleksfördelningen har betydelse för 
analysresultatet, däremot påverkar koncentrationen inte resultatet. 
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Particle Concentrations - Analysis Methods for Urban Runoff 

 INTRODUCTION 
Urban runoff is one of the most important causes of pollution that leads to the 
decline of receiving waters. The particles in runoff and soluble contaminants 
that adsorb at the surfaces of particulate material are a major cause of water 
quality impairment in seas and watercourses. Larger particles in urban runoff 
settle out, but smaller particles remain suspended in the runoff and travel greater 
distances. The particles are associated with numerous impacts on surface waters, 
including increased turbidity, effects on aquatic environments and changes of 
the habitat for water-living organisms and fish (U.S.EPA, 1993).  

Rain runoff, snowmelt runoff and snow along highways and roads often contain 
various pollutants, such as heavy metals, particles, bacteria, salts, and organic 
compounds. The most common metals in urban runoff are lead, zinc, iron, 
copper, cadmium, chromium, and nickel (Hvitved-Jacobsen and Yousef, 1991, 
and Marsalek et al., 1997). Most of the pollutants are attached to particles of 
different sizes (Stone and Marsalek, 1996, and Viklander 1998). Westerlund et
al. (2003) showed that the runoff concentrations of TSS were different between 
snowmelt and rain events, with an eight times high concentration during 
snowmelt. Stormwater runoff is a significant cause of water quality deterioration
and the serious ecological degradation of aquatic environments, such as and the 
suspended solids in runoff influence the decline of fishery resources (Bilotta and 
Brazier, 2008). 

Sediment in stormwater can be classified in different size fractions see Figure 1 
(Roesner et al., 2007). The impact of different size fractions on receiving waters 
are a) coarse solids destroy and change habitats for water-living organisms 
through sedimentation as well as transport of toxic elements b) fine and 
dissolved solid fractions increase turbidity and transport harmful toxins. 

2μm 75 μm 5 mm

Course sand 
Course gravel 
Trash
Large debris 

Very fine sand 
Very fine gravel 
Detritus

Silt
Course clay 
Organic fines 
Phytoplankton

Fine clays 
Colloids
Bacteria
Viruses

Gross Solids Coarse Solids Fine Solids Dissolved Solids

Figure 1. Solids Size Classification Diagram 
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Particle Concentrations - Analysis Methods for Urban Runoff 

Particle concentrations in urban runoff are the most common parameters 
measured in runoff monitoring. The most common method for measuring 
particles is the conventional TSS, in Sweden the SS-EN 872:2005. This method 
is used to determine suspended solids in wastewater and raw water. In the 
United States, two laboratory analytical methods are predominantly used to 
measure the concentration of suspended solids in surface waters; suspended-
sediment concentration (SSC) and total suspended solids (TSS). In SSC, the 
entire sample is analysed, whereas for TSS a subsample of the sample is 
analysed.
In Gray et al. (2000) and Clark et al. (2008), when SSC and TSS were 
compared, the results showed that TSS gave a noticeably lower concentration. In 
Westerlund et al. (2007) the calculated particle mass balance indicated that the 
measured TSS was noticeably lower than the measured total particle load. Since 
TSS measures the suspended solids, larger and heavier particles will not be a 
part of the measurement. The results depend on the particle size distribution in 
the sample and on the aliquot collection technique. 

The starting point of this thesis was the conclusions made from the studies 
above, which describe an underestimation of total particle concentration when 
using TSS analysis. In this thesis, the accuracy of different analytical 
measurement methods for measuring the total particle concentration in urban 
runoff will be investigated. Apart from already existing methods that will be 
investigated and compared, SSC-B and TSS, a new method, the Multiple Filter 
Method (MFM), is introduced. 

Objectives
The main objective of this thesis is to investigate and compare analysis methods, 
for measurement of the total particle concentration in urban runoff.  
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Particle Concentrations - Analysis Methods for Urban Runoff 

METHOD
To investigate and compare the analysis methods, different sample sets were 
used, as described in the following chapter. 

Determination of suspended solids
The conventional TSS-analysis (EN 872:2005) is used to determine suspended 
solids in raw waters, wastewaters and effluents by filtration through a glass fibre 
filter. The lower limit of determination is about 2 mg/l and no upper limit was 
established. The principle of TSS is to use a vacuum or pressure filtration 
apparatus and filtrate the sample (a well-mixed aliquot from the sample bottle 
using a graduated cylinder) through a glass fibre filter with an average pore size 
of 1.6 μm. The sample volume used in this study was between 25-250 ml, the 
filter is dried at 105°C ± 2°C after filtration, and weighing determines the 
residue mass of the filter.  

Determining Sediment Concentration
The Standard Test Method for Determining Sediment Concentration in Water 
Samples, SSC (ASTM D 3977-97, 2007) includes three different test methods: 
Evaporation, Filtration, and Wet-sieving-filtration. The choice of method 
depends on the initial concentration of the samples. These test methods cover 
the determination of sediment concentrations in water and wastewater samples 
collected from lakes, reservoirs, ponds, streams, and other water bodies. In this 
case the filtration method (SSC-B) was chosen. 

SSC-B filtration is only used on samples containing sand concentrations of less 
than approximately 10,000 ppm and clay concentrations of less than 
approximately 200 ppm. The principle of SSC- B: The sample consisting of 
sediment and dissolved solids is weighed and then the entire sample is filtrated 
through a glass fibre filter with a pore size of 1.5 μm using porcelain or 
borosilicate glass crucibles with fritted glass bases. However, in this study, 
Whatman GF/A glass fibre filters with a pore size of 1.6 μm are used instead of 
the 1.5 μm glass fibre filter. The filters used have the same pore size as the glass 
fibre filter used in the TSS analysis. The crucibles and sediment are then dried 
and weighed.

Multiple Filter Method
The Multiple Filter Method, MFM, determines the particle concentration in 
urban runoff. The entire sample is vacuum filtrated through three filters with 
different pore sizes (25, 1.6 and 0.45 μm), with the smallest filter size at the 
bottom. The 25 and 1.6 μm pore size filters were used to avoid clogging the 0.45 
μm filter. Subsequent to the vacuum filtration, the filter is dried at 105°C ± 2° C 
and the mass of the residue on the filters is determined by weighing. 
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Particle Concentrations - Analysis Methods for Urban Runoff 

Sample sets 
Artificial samples 
High amount of small particles                                       
The first set of artificial samples was prepared by mixing sediment with a high 
concentration of small particles from a gully pot with a known particle size 
distribution of up to 1 mm, with tap water. The particle size distributions were 
<0.063 mm, 45%; 0.063-0.125 mm, 20%; 0.125-0.250 mm, 25%; 0.250-0.500 
mm 5%; and 0.500-1.0 mm, 5%; (see Figure 2). The prepared concentrations 
were set at 200, 400, 600, 800, 1,000, 2,000, 4,000 and 8,000 mg/l. The artificial 
water samples were prepared by weight and each particle size of the washed 
sediment from the gully pots was mixed with 300 ml of tap water. After sample 
preparation, 5 samples of each concentration were analysed, comprising a total 
of 120 samples.  

High amount of large particles
The second set of artificial samples using large particles was also prepared by 
mixing gully pot sediment with a known particle size distribution of up to 4 mm 
(see Figure 2) and tap water. The sample concentrations 4,000 and 8,000 mg/l 
were chosen in this study. Before the sediment was mixed with tap water, the 
washed sediment fractions were mixed according to the sieve curve in Figure 2 
and then split into subsamples. A guidance for obtaining representative 
laboratory analytical subsamples was used for subsample division (Gerlach and 
Nocerino 2003). Finally, the subsamples were weighed to create the artificial 
runoff and 300 ml of tap water was added to each sediment subsample. For the 
concentrations of 4,000 and 8,000 mg/l, 5 samples were analysed, comprising a 
total of 60 samples. 

Different particle intervals 
The third sample set was prepared with different particle intervals by mixing 
each particle interval (<0.063, 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, 1-2 and 
2-4 mm) of washed sediment from gully pots with 300 ml tap water. The 
prepared concentrations were set to 1,000 and 4,000 mg/l. For each 
concentration (1,000 and 4,000 mg/l) and particle intervals, 5 samples were 
analysed comprising a total of 210 samples. 
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Particle Concentrations - Analysis Methods for Urban Runoff 
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Figure 2. The particle size distribution for the artificial sample sets; high amount of large 
particles and high amount of small particles. 

Natural runoff samples 
Rainfall runoff 
The rainfall runoff samples were collected from a manhole connected to a gully 
pot at Södra Hamnleden in the central part of Luleå. Three samples were 
collected during each of three rainfall events, and each sample was split into five 
subsamples of 300 ml. For every rain event, 15 subsamples were analysed with 
each method. In total 135 samples were analysed. 

Snowmelt runoff 
In order to study the influence of the winter season, three sample sets were 
collected snowmelt runoff 1, snowmelt runoff 2, and undisturbed snow. After 
the snow had been melted, the snow and the snowmelt runoff were sieved. No 
particles were larger than the 500 μm mesh and the samples were subsequently 
and arbitrarily collected. The sample sizes were specifically 300 ml for 
snowmelt runoff and 1000 ml for the snow, due to the low concentrations of 
TSS. The choice of mesh size was due to earlier studies that showed that most of 
the pollutants were associated with particles smaller than 500 μm (Pitt and Amy 
(1973), Woodward-Clyde (1994) and Vaze and Chiew, (2004)). For snowmelt 
runoff 1 and 2 as well as undisturbed snow, 5 subsamples were analysed with 
each method. In total 45 samples were analysed.
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Particle Concentrations - Analysis Methods for Urban Runoff 

RESULTS
Artificial samples
High amount of small particles
The result for the artificial samples with high amount of small particles showed
a similar measured result for methods SSC-B and MFM (see Figure 3), within 
94% of the mean initial concentration irrespective of concentration.  TSS gave a 
lower measured concentration, approximately 40% of the initial concentration. 
TSS gave a higher CV for the measured concentrations compared to the initial 
concentrations, as well as to the other two methods, SSC and MFM, indicating 
that TSS had a larger measurement uncertainty. 

0
20
40
60
80

100

200 400 600 800 1000 2000 4000 8000

mg/l

%

SSC-B
MFM
TSS

Figure 3. The measured mean concentration in percentage of mean initial concentration 
for samples with high amount of small particles. 

High amount of large particles
The result for the sample with high amount of large particles showed that the 
concentration did not influence the accuracy of MFM or SSC- B (see Figure 4), 
i.e. the measured and initial particle concentrations were similar. However, TSS 
gave very low concentration, since only 10% of initial particle concentration 
was observed.
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Figure 4. The measured mean particle concentration in percentage of mean initial 
concentration for samples with high amount of large particles. 
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Different particle intervals 
For the samples with different particle intervals SSC-B and MFM gave similar 
results irrespective of particle concentration or particle size (see Figure 5); the 
results were approximately 100% of initial concentrations. The TSS analysis 
results for the smallest fraction <0.063 were about 90% of the initial 
concentration independent of sample concentration. The measured concentration 
then decreased to under the detection limit for particles larger than 0.5 mm 
irrespective of particle concentration.

1000 mg/l

0 20 40 60 80 100

<0.063 mm 

0.063-0.125 mm 

0.125-0.25 mm 

0.25-0.5 mm 

0.5-1 mm

1-2 mm 

2-4 mm 

%

4000 mg/l

0 20 40 60 80 100

<0.063 mm 

0.063-0.125 mm 

0.125-0.25 mm 

0.25-0.5 mm 

0.5-1 mm

1-2 mm 

2-4 mm 

%

SSC-B MFM TSS

Figure 5. The measured mean concentration of particles in percentage of mean initial 
concentration for different particle intervals. 

Natural runoff samples 
Rainfall runoff 
For rainfall runoff samples (see Figure 6), SSC-B gave 5-25% higher particle 
concentration than TSS, apart from samples 1:2 and 1:3. Method MFM gave 15-
45% higher particle concentration than TSS and 5-35% higher than SSC-B. In 
this study, a statistical analysis one-way ANOVA test was performed to 
determine if a significant difference existed between the methods for the 
different samples. The ANOVA test gave a p-value of less than 0.05, which 
implied that the particle concentration for MFM was significantly higher than 
for both SSC-B and TSS at a confidence level of 95%. The ANOVA test 
resulted in no significant difference between SSC-B and TSS. To see the 
particles distributed in the sample, an analysis of particle size distribution was 
performed with a Beckman Coulter Multisizer 3. The three samples from rain 
event 3 were analysed, with results showing that 90% of the particles were <5 
μm. 
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Figure 6. The average of five subsamples for each individual method divided by the 
average of the subsamples for all methods; in total 15 samples. 

Snowmelt runoff      
The results for the snowmelt runoff 1, snowmelt runoff 2 and undisturbed snow 
are shown in Figure 7. TSS gave a 10-20% lower particle concentration than 
SSC-B and MFM, for snowmelt runoff 1 and 2. For undisturbed snow with a 
low particle concentration, the result was within 95 % for all three methods. 
However, to determine if a significant difference existed between the methods, a 
statistical analysis one-way ANOVA test was performed. The ANOVA test gave 
a p-value less than 0.05 for sample snowmelt runoff 2, which implied that SSC-
B and MFM gave a significantly higher particle concentration compared with 
TSS at a confidence level of 95%. For the snowmelt runoff 1 and undisturbed 
snow samples the ANOVA test showed no significant difference between the 
methods.
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Figure 7. Measured mean particle concentrations for snowmelt runoff.  
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DISCUSSION  
The results from the artificial sample sets show that irrespective of concentration 
and particle size, SSC–B and MFM show similar results, i.e. approximately 
100% of initial concentration. However, TSS which measured the suspended 
solids gave a noticeably lower result; the measured particle concentration was 
around 10-40% of initial concentration. In the different particle interval study, 
the TSS results were relatively similar to the SCC–B and MFM results when the 
particles were smaller than 0.063 mm. The concentrations measured with TSS 
then decreased to under the detection limit for particles larger than 0.5 mm. The 
result shows no difference between SCC-B and MFM, i.e. small particles 
between 0.45 - 1.6 μm will not influence the result.. Since no influence was 
detected for small particles, the explanation may be that the particles’ surface 
tension can influence the small particle concentration of particles 0.45 – 1.6 μm, 
but the most likely cause is that the smallest particles will be transported through 
the gully pot and will not be a part of the sediment that was used.  
TSS gave a low measured particle concentration, irrespective of particle sizes 
larger than 0,063 mm and irrespective of particle concentration. Gray et al.
(2000) compared SSC and TSS (SM 2540 D) and showed that TSS 
concentrations were 25-34% less than the SSC concentrations. The largest 
difference was found for samples with a sand concentration of more than 25% of 
the sample. However, the two TSS methods differ in the way the subsample is 
collected. The TSS (SM 2540 D) requires sampling with pipette and TSS (EN 
872:2005) requires sampling with a “shake and pour”-teqnique. The result 
showed that the accuracy of TSS analysis depends on the particle size 
distribution in the sample, which also was shown by Clark et al. (2008).
For snowmelt runoff, undisturbed snow and rainfall runoff where the particle 
concentrations were unknown, a mean concentration was calculated for SSC-B, 
MFM and TSS from five subsamples. The results showed that for snowmelt 
runoff, SSC-B and MFM had a 10-20% higher particle concentration than TSS. 
For undisturbed snow samples with low particle concentrations, the results for 
the particle concentrations were similar for all three methods. MFM gave up to 
45% higher particle concentrations than SSC-B and TSS for rainfall runoff 
which contained a high concentration of small particles (90 % smaller than 5 
μm).  
To determine if a significant difference existed between the methods a statistical 
analysis was performed for snowmelt runoff, undisturbed snow and rainfall 
runoff. The one-way ANOVA test that was conducted showed no significant 
difference between SSC-B, MFM and TSS for snowmelt runoff and undisturbed 
snow, apart from one snowmelt runoff sample where TSS gave a significantly 
lower concentration at a confidence level of 95%.
For rainfall runoff the particle concentration was significantly higher for MFM 
compared to SSC-B and TSS at a confidence level of 95%. The ANOVA test 
resulted in no significant difference between SSC-B and TSS. This result from 
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the analysis of rainfall runoff indicates that particles smaller than 1.6 μm 
influence the result.
Gray et al. (2000) and Clark et al. (2008) showed that large particles influence 
the measurement of particle concentrations. This study has shown that small 
particles <1.6 μm also influence the result. These small particles are of interest 
because their impact on surface waters causes increased turbidity and changes 
the habitat of water-living organisms and fish (U.S.EPA, 1993), and therefore 
pollutants like metals (Zn, Cu and Pb) whose mass increases with decreasing 
particle size (Sansalone and Buchberger, 1997).
This study shows the importance of the choice of analysis method. Depending of 
the measurement objective and water characteristics, the choice of analysis 
method is crucial. From a management perspective (pipes, ponds, etc.) TSS will 
underestimate the total particle concentration and mass balances will evidently 
be underestimated. The settable particles which are not reported due to the 
underestimation, can settle in pipes, ponds and at the bottom of water bodies and 
hinder a good hydraulic function as well as having a long term toxic effect. 
However for determining environmental impacts like increases in turbidity, 
transport of harmful heavy metals, toxic organics and nutrients, and acute 
toxicity it is important to measure small particles. This shows the importance to 
use the right analysis method depending on the objectives of the investigation.  

10



Particle Concentrations - Analysis Methods for Urban Runoff 

CONCLUSIONS
For artificial samples, both SSC-B and MFM gave accurate result within 94 

% of the initial concentrations. TSS gave noticeably lower results than SSC-B 
and MFM (55-90 %). 

The result for TSS shows that samples containing particles larger than 0.063 
mm will give an underestimation of the result. The underestimation increased 
with increased particle size. 

This study shows that the measurements of particle concentrations in runoff 
are only influenced by the particle size distribution, the concentrations having no 
importance. 

The result for rainfall runoff samples showed that MFM gave a significantly 
higher particle concentration than SSC-B and TSS at a confidence level of 95%. 
This result showed that the small particles of size 0.45 – 1.6 μm influence the 
result.
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Analysis of total particle concentration in artificial stormwater

ABSTRACT
The measurements of highway runoff particles are important due to their 
negative impact on receiving waters. Also, a large number of pollutants, such as 
heavy metals and PAHs, are often bound to the particles. In Sweden, the most 
common method to measure particles in urban runoff is total suspended solids 
(TSS), which has been shown to underestimate the particle concentrations. In 
this study, the analysis methods of suspended sediment concentration (SSC-B), 
multiple filter method (MFM) and TSS were compared using three different 
artificial sample sets with different concentrations and particle size distributions. 
The study showed that SSC-B and MFM gave comparable results and good 
accuracy within 94 % of initial concentration. TSS gave a noticeably lower 
measured concentration than initial concentrations (45-90 %) and higher 
uncertainties for samples with particles larger than 0.063 mm. The lower 
measured concentration and higher uncertainties, depends on the fact that TSS 
only measures the suspended particles.    

INTRODUCTION
Suspended solids are a significant cause of water quality degradation and the 
serious ecological degradation of aquatic environments and influence the decline 
of fishery resources (Bilotta and Brazier, 2008). In urban runoff are the particle 
concentration also important, since many pollutants, such as heavy metals and 
PAHs, are particle bound (Lau and Stenstrom, 2005).  
High concentrations of suspended solids in urban runoff may influence water 
quality and negatively impact the physical, chemical and biological properties of 
the water body (Bilotta and Brazier, 2008). In receiving waters, the solids can 
increase turbidity and reduce light penetration as well as change the habitat for 
fish and other water-living organisms (U.S.EPA, 1993).  
Urban runoff conveys a variety of materials and chemicals that greatly impact 
water quality and habitat conditions in the receiving water (Marsalek et al., 
2006). Snow, rainfall and snowmelt runoff along roads and highways often 
contain major loads of pollutants, such as particulates, heavy metals, bacteria, 
salts, and organic compounds that originate from anthropogenic activities, e.g. 
traffic activities, vehicle component wear, fluid leakage, tire and pavement wear, 
corrosion and atmospheric deposition (Hvitved-Jacobsen and Yousef, 1991; 
Viklander, 1998). The choice of snow handling practices in areas with cold 
climate, will affect the runoff quality as well as the use of anti–skid material 
(Reinosdotter and Viklander 2006; Reinosdotter and Viklander 2007). 
The most common method in Sweden for measuring particles is the 
conventional total suspended solids (TSS) SS-EN 872:2005, used to determine 



suspended solids in wastewater and raw water. Municipal and commercial 
laboratories commonly use this method.  
An earlier comparison of analytical methods by Gray et al. (2000) and Clark et
al. (2008) showed that the TSS method gave a noticeably lower concentration 
compared to suspended sediment concentration (SSC). In an earlier study of 
polluted snow, the particle pathways were determined during snowmelt through 
mass balances of the (TSS) load. The calculated particle mass balance indicated 
that the measured TSS was noticeably lower than the measured total particle 
load (Westerlund 2007). 

The results from the studies above, which describe an underestimation of total 
particle concentration when using the TSS analysis, was used as a starting point 
in this study to investigate the accuracy of five different methods, one new and 
four existing methods to measure more accurately the total particle 
concentration in stormwater, snow and snowmelt. The new method to be 
investigated and compared to already existing methods is the Multiple Filter 
Method (MFM). The existing methods to be investigated are the conventional 
TSS-analysis, and SSC Method A, B, and C. 

The objective of this study is to investigate an analysis method under 
development, MFM, and compare its accuracy to other conventional methods. 

EXPERIMENT SETUP 
Analysis method 
The conventional Determination of suspended solids, (TSS)-analysis (EN 
872:2005) is used to determine suspended solids in raw waters, wastewaters and 
effluents by filtration through a glass fibre filter. The lower limit of the 
determination is about 2 mg/l and no upper limit was established. The principle 
of TSS is to use a vacuum or pressure filtration apparatus and filtrate the sample 
(a well-mixed aliquot from the sample bottle using a graduated cylinder) 
through a glass fibre filter with an average pore size of 1.6 μm. The sample 
volume used in this study was between 25-100 ml, the filter is dried at 105°C ± 
2°C after filtration, and weighing determines the residue mass of the filter.  

The Standard Test Method for Determining Sediment Concentration in Water 
Samples, SSC (ASTM D 3977-97, 2007) includes three different test methods: 
Evaporation, Filtration, and Wet-sieving-filtration. The choice of method 
depends on the initial concentration of the samples. These test methods cover 
the determination of sediment concentrations in water and wastewater samples 
collected from lakes, reservoirs, ponds, streams, and other water bodies. In the 
three SSC methods the entire sample is analyzed.  



(SSC- A)-Evaporation is only used with sediments that settle under the influence 
of gravity. The principle of SSC- A: After the sediment has settled, most of the 
supernatant water is poured or siphoned away. The remaining volume of water 
sediment mixture is measured so that a dissolved solids correction can be 
applied later. The sediment and an aliquot of the water sediment mixture are 
then dried and weighed.

(SSC- B)-Filtration is only used on samples containing sand concentrations of 
less than approximately 10,000 ppm and clay concentrations of less than 
approximately 200 ppm. The principle of SSC- B: The sample consisting of 
sediment and dissolved solids is weighed and then filtrated through a glass fiber 
filter with a pore size of 1.5 μm using porcelain or borosilicate glass crucibles 
with fritted glass bases. However, in this study, Whatman GF/A glass fiber 
filters with a pore size of 1.6 μm are used instead of the 1.5 μm glassfiber filter. 
The used filters have the same pore size of the glass fiber filter used in the TSS 
analysis. The crucibles and sediment are then dried and weighed.

(SSC- C)-Wet-Sieving-Filtration covers the concentration measurements of two 
particle-size fractions (sand-size particles and a combination of silt and clay-size 
particles). This test method is useful when large samples must be collected in the 
field, but only small subsamples can be shipped back to the laboratory. The 
principle of SSC-C is to sieve the sample through a sieve with a 62 or 63 μm 
mesh. The analysis includes the entire coarse fraction, but only a small, 
measured aliquot of the fine fraction. The coarse fraction from the sieve is dried 
and weighed and the aliquot is analyzed by the filtration or evaporation method.  

The Multiple Filter Method, (MFM), determines the particle concentration in 
urban runoff. The entire sample is vacuum filtrated through three filters with 
different pore sizes (25, 1.6 and 0.45 μm), the smallest filter size in the bottom. 
The filters with pore size 25 and 1.6 μm were used to avoid the clogging of the 
0.45 μm filter. Subsequent to the vacuum filtration, the filter is dried at 105°C ± 
2° C and the mass of the residue on the filter is determined by weighing. 

Sample preparation
Particle distribution 
To create these measurements sieved and washed sediment from gully pot in the 
central part of Luleå was used. Two different types of sediment characteristics 
were used, a high amount of large particles (from gully pot particle size 
distribution graph) and a high amount of small particles (sediment distribution 
similar to Clark et al. (2008)) see Figure 1. Three different artificial sample sets 
were prepared to simulate stormwater samples with different characteristics, 
such as dissimilar concentrations and particle size distributions.  
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Figure 1. The particle size distribution for the artificial sample sets.

Artificial water sample  
High amount of large particles 
In the first sample set with a high amount of large particles the concentrations 
4,000 and 8,000 mg/l were chosen. Before the sediment was mixed with tap 
water, the washed sediment fractions were mixed according to the sieve curve in 
Figure 1 and then split into subsamples. A guidance for obtaining representative 
laboratory analytical subsamples was used for subsample division (Gerlach and 
Nocerino 2003). Finally, the subsamples were weighed to create the artificial 
stormwater and 300 ml of tap water was added to each sediment subsample. For 
the concentrations of 4,000 and 8,000 mg/l, 5 samples were analysed, with a 
total of 60 samples. 

High amount of small particles                                       
In the second samples set with a high amount of small particles was prepared by 
weighing each particle size of the washed sediment from the gully pot and 
mixing it with 300 ml of tap water. The particle size distributions were <0.063 
mm, 45%; 0.063-0.125 mm, 20%; 0.125-0.250 mm, 25%; 0.250-0.500 mm 5%; 
and 0.500-1.0 mm, 5%; (see Figure 1). The prepared concentrations were set at 
200, 400, 600, 800, 1,000, 2,000, 4,000 and 8,000 mg/l. To reduce the surface 
tension and to receive a homogenous sample, 0.05 g/l SDS (sodium dodecyl 
sulphate) was added to the sample, which was then placed in an ultrasonic bath 
for 5 minutes. After sample preparation, 5 samples of each concentration were 
analysed, with a final total of 120 samples. 

Different particle intervals 
 In the third sample set with different particle intervals were prepared by mixing 
each particle size (<0.063, 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, 1-2 and 2-4 
mm) of washed sediment from gully pots with 300 ml tap water. The prepared 
concentrations were set at 1,000 and 4,000 mg/l, common concentrations for 
snowmelt runoff and snow. For each concentration (1,000 and 4,000 mg/l 
respectively) and fraction, 5 samples were analysed of a total 210 samples.



RESULTS
Concentrations
For the sample set with high amount of large particles, five different analysis 
methods: TSS, MFM, and SSC-A, B and C were used. The results in Table 1 
show that the different methods gave a similar CV, aside from the sample with 
the concentration of 4,000 mg/l, analysed with SSC-A and MFM which had 
higher CV. However, the high CV here does not tell us anything about the 
accuracy of the methods, since the CV was equally high for the initial and 
measured concentrations; these are valid for all samples and methods. Instead, 
the high CV is likely due to a particle difference in the subsamples that occurred 
when the washed and mixed sediment fractions were split into subsamples. The 
CV for measured TSS is acceptable, even if the measured particle concentration 
is much lower than the initial one. Consequently, a low CV does not necessarily 
mean that the result is correct.
Since SSC-A and SSC-C gave comparable results to SSC-B and MFM, these 
methods were only used for this sample set.

Table 1. Particle concentrations and CV for initial (IC) and measured (MC) samples. The
values in the table are mean values estimated from 5 samples for each 
concentration and analysis method. 

Method SSC-A SSC-B SSC-C MFM TSS
Conc. (mg/l)  IC MC IC MC IC MC IC MC IC MC 
4000  
Mean±
CV(%) 

4057 
±19 

4122 
±20 

3974 
±9.1 

3578 
±9.3 

3874 
±11 

3954 
±9.6 

3622 
±31 

3606 
±31 

3601 
±6.7 

409 
±7.5 

Min-max 3066- 
5117 

3035-
5123 

3594-
4455 

3578-
4458

3379- 
4219

3463- 
4252

1915- 
4624

1884-
4620 

3401-
3876 

384- 
459

8000  
Mean±
CV (%) 

7528 
±15 

7502 
±15 

6696 
±8.0 

6650 
±8.1 

6596 
±10 

6594 
±10 

8967 
±9.8 

8937 
±10 

8655 
±8.8 

830 
±12 

Min-max 6481-
9358 

6384-
9412 

6109-
7493 

6053-
7436 

5614- 
7273 

5585- 
7276 

7582- 
9865 

7561-
9889 

7778-
9691 

738- 
970 

The results from the second set with high amount of small particles are 
presented in Table 2. The initial and measured results were similar for the 
methods SSC-B and MFM. The coefficient of variance (CV) for the initial and 
measured particle concentrations for SSC and MFM was within 2% for each 
concentration, aside from the sample with the lowest concentrations that gave a 
higher CV. For samples with a low particle concentration a few large particles 
influence the result more than the small and usually give a higher CV. TSS gave 
a higher CV for the measured concentrations compared to the initial 
concentrations i.e. the TSS will not measure the right amount. In addition TSS 
gave a higher CV for the measured concentration compared to SSC and MFM, 
meaning that TSS had a larger measurement uncertainty. 



Table 2. Particle concentration (mg/l) and CV (%) for initial (IC) and measured (MC) 
samples. The values in the table are mean values estimated from 5 samples for 
each concentration and analysis method. 

Method SSC-B MFM TSS
Conc. (mg/l) IC MC IC MC IC MC 
200  
Mean± CV (%) 202±1.4 198±2.9 201±0.94 189±4.2 202±1.1 67±9.5 
Min- max 198-205 189-204 199-204 177-196 199-204 56-71 
400 
Mean± CV (%) 399±0.50 396±1.3 401±0.81 400±0.90 399±0.84 182±2.0 
Min- max 397-402 389-401 398-406 394-403 394-402 177-186 
600  
Mean± CV (%) 603±0.50 582±1.7 600±0.52 586±1.3 598±0.59 257±6.1 
Min- max 595-603 566-592 596-604 578-596 594-602 239-276 
800 
Mean± CV (%) 800±0.66 782±1.3 801±0.31 773±0.67 802±0.24 348±7.0 
Min- max 791-804 771-794 798-805 766-779 799-804 324-386 
1000  
Mean± CV (%) 997±0.35 985±0.45 996±0.52 980±0.86 990±1.3 402±4.2 
Min- max 994-1002 979-990 987-1000 971-989 968-1000 384-427 
2000  
Mean± CV (%) 1981±0.50 1957±0.63 1987±0.36 1955±0.46 1987±1.3 732±13 
Min- max 1968-1989 1941-1972 1975-1992 1943-1967 1944-2009 623-879 
4000  
Mean± CV (%) 3956±1.9 3936±1.9 3991±0.18 3964±0.30 3988±0.33 1382±9.6 
Min- max 3822-4002 3808-3981 3982-4000 3950-3981 3972-4002 1242-1524 
8000 
Mean± CV (%) 7972±0.45 7933±0.48 7947±0.83 7878±1.4 7949±0.82 3052±4.6 
Min- max 7927-8001 7890-7982 7860-8001 7752-8001 7833-7985 2864-3210 

Different particle intervals 
The results for the different particle intervals show that SSC and MFM gave 
similar CVs for the initial and measured concentration, irrespective of particle 
size or concentration; see Table 3. For the smallest size (<0.063 mm) TSS gave 
similar results for both the initial and measured CV. For the initial concentration 
the CV was constantly low for all particle sizes, while for the measured 
concentration the CV increased with increasing particles size. The high CV 
shows that uncertainties increase for samples with larger particles. The 
measured concentrations of CV for the different methods cannot be compared, 
because of the difference of initial sample concentrations.  



Table 3. Particle concentration (mg/l) and CV (%) for initial (IC) and measured (MC) 
samples with different particle sizes. The values in the table are mean values 
estimated from 5 samples for each concentration and analysis method. 
1000 mg/l 4000 mg/l

Method SSC- B MFM TSS SSC- B MFM TSS
Size (mm) IC MC IC MC IC MC IC MC IC MC IC MC 
<0.063  
Mean±
CV (%) 

1036 
 ±6.0 

1027 
±6.0 

1050 
±3.4 

1034 
±3.0 

1029 
±7.2 

918 
±11 

4041 
±1.5 

4017 
±1.5 

4030 
±1.2 

3989 
±1.2 

4048 
±1.1 

3719 
±1.2 

Min-max 972- 
1131 

965-
1121 

989-
1082 

980-
1053 

957-
1145 

770-
1042 

3977-
4106 

3957-
4086 

3992-
4087 

3949-
4047 

3993- 
4120 

3672-
3787 

<0.125      
Mean±
CV (%) 

1018 
±2.7 

1017 
±2.0 

1031 
±6.8 

1020 
±6.2 

1038 
±4.9 

274 
±50 

4012 
±0.93 

4015 
±1.2 

4022 
±1.5 

4000 
±1.5 

4041 
±1.6 

1905 
±8.2 

Min-max 988- 
1054 

987-
1051 

996-
1158 

987-
1133 

1000-
1114 

166- 
498 

3966-
4067 

3982-
4101 

3969-
4093 

3940-
4075 

3973- 
4128 

1709-
2117 

<0.250  
Mean±
CV (%)

1030 
±3.6 

1031 
±3.6 

1023 
±2.6 

1003 
±2.8 

1019 
±3.7 

200 
±43 

4022 
±0.75 

4000 
±1.0 

4045 
±1.2 

4009 
±1.0 

3988 
±0.80 

809 
±20

Min-max 996- 
1072 

994-
1084 

993-
1054 

969-
1046 

982-
1076 

86- 
272 

3989-
4071 

3954-
4064 

3991-
4094 

3959-
4057 

3954 
-4030 

651- 
1069 

<0.5  
Mean±
CV (%) 

1058 
±3.4 

1059 
±3.3 

1032 
±2.6 

1023 
±2.5 

1060 
±2.6 

11
±47 

4050 
±1.8 

4044 
±1.7 

4035 
±1.1 

4024 
±1.5 

4064 
±1.5 

0.042 
±26 

Min-max 1015-
1094 

1016-
1095 

1003-
1069 

998-
1061 

1022-
1100 

5-
18

3972-
4140 

3972-
4141 

3985-
4107 

3960-
4122 

3996- 
4143 

0,028-
0.058 

<1   
Mean±
 CV % 

1062 
±8.9 

1063 
±9.1 

1060 
±8.6 

1056 
±8.1 

1049 
±4.5 

<2±# 3999 
±1.1 

4003 
±0.97 

4033 
±1.5 

4022 
±1.5 

4067 
±1.9 

4
±98 

Min-max 962- 
1194 

961-
1196 

973-
1211 

978-
1199 

1020-
1032 <2-4 

3949-
4062 

3967-
4062 

3952-
4099 

3943-
4080 

3974- 
4155 <2-10 

<2  
Mean±
CV (%) 

1001 
±4.1 

1003 
±4.0 

1012 
±2.6 

1011 
±2.5 

983 
±4.6 

<2±# 4036 
±1.7 

4053 
±1.9 

4035 
±1.4 

4037 
±2.5 

4032 
±2.1 

<2±#

Min-max 957- 
1066 

960-
1067 

994-
1060 

993-
1055 

941-
1058 <2 

3965-
4136 

3973-
4174 

3980-
4121 

3909-
4191 

3973- 
4175 <2 

<4  
Mean±
CV (%) 

1043 
±9.0 

1056 
±8.2 

1020 
±8.0 

1023 
±8.0 

1038 
±1.9 

<2±# 4023 
±0.65 

4034 
±0.61 

4032 
±1.3 

4042 
±1.2 

4068 
±0.99 

<2±#

Min-max 928- 
1190 

962-
1195 

935-
1141 

938-
1143 

1018-
1063 <2

4004-
4066 

4006-
4071 

3969-
4088 

3992-
4093 

4014- 
4111 <2 

# The CV could not be calculated because the concentration was under the detection limit. 

DISCUSSION 
The result showed that SSC-B and MFM gave comparable measurements, 
within 6% of the mean initial concentrations independent of concentration or 
particle distribution. The conventional TSS-analysis gave poor results when 
comparing the initial particle concentration with the measured concentration, i.e. 
only 10 – 45 % of initial particle weight was measured when using TSS. The 
samples containing a higher amount of large particles will influence the result 
more than samples with a higher amount of small particles see Figure 2. The 
better analysis accuracy of SSC-B and MFM could partly be explained by the 



difference between the methods. The entire sample was analyzed when 
analysing the samples with SSC-B and MFM, whereas the analysis was 
performed on a subsample when TSS was used. The TSS subsampling technique 
could significantly influence the results since a visual observation showed that 
the largest particles tended to slide along the bottom and were therefore not 
included in the subsample. Comparing initial concentration – measured 
concentration of the three methods it can be seen that, SSC-B and MFN gave 
similar results where TSS gave much lower results; see Figure 2. 
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Figure 2. The measured mean particle concentration in percentage of initial mean 
particle concentration for sample sets with different concentrations – high 
amount of large particles (4000 - 8000 mg/l) and high amount of small 
particles (200 – 8000 mg/l).

The measured particle concentrations for SSC-B and MFM were approximately 
100% of initial concentration, independent of particle size or concentration; see 
Figure 3. The TSS analysis results for samples with particles <0.063 mm were 
about 90% of the initial mean particle concentration, and the measured 
concentration then decreased to 1% of the initial mean concentration for samples 
with particle sizes between 0.25-0.5 mm. For particle sizes larger than 0.5 mm, 
the measured mean concentrations were under the detection limit, as has been 
mentioned, due to the weight of the particles.



1000 mg/l

0
20
40
60
80

100

<0.063 mm

0.063-0.125 mm

0.125-0.25 mm

0.25-0.5 mm

0.5-1 mm
1-2 mm

2-4 mm

%

SSC- B

MFM

TSS

4000 mg/l

0
20
40
60
80

100

<0.063 mm

0.063-0.125 mm

0.125-0.25 mm

0.25-0.5 mm

0.5-1 mm
1-2 mm

2-4 mm

%

SSC- B
MFM
TSS

Figure 3. The measured mean particle concentration in percentage of initial mean particle 
concentration: different particle intervals. 

The results for the  sample sets, with different concentrations and particle size 
distributions, showed that the method TSS underestimated the particle 
concentration and gave a high uncertainty for samples with particles larger than 
<0.063 mm. This agrees with an earlier study in Pennsylvania that compared 
analytical methods for measuring solid concentrations in stormwater runoff 
(Clark and Siu, 2008) and showed that TSS “shake-and-pour” gave a noticeably 
lower concentration when the samples contained sand particles. Gray et al.
(2000) also showed that TSS (SM Method 2540 D) and SSC gave similar results 
when most of the particles were smaller than 62 μm. That study also showed 
that the difference between SSC and TSS was larger for samples with a sand 
concentration of more than 25% of the sample.  
SSC and MFM have shown good results, irrespective of the particle 
concentration or size. It is important that the method for measuring particles in 
highway runoff deal with all particle sizes. Earlier results by Pitt and Amy 
(1973) and Woodward-Clyde (1994) indicated that half of the heavy metals 
found in street sediments were associated with particles sizes between 60-200 
μm, and 75% were associated with particles size smaller than 500 μm. The 



highest concentrations of copper, zinc, and phosphorus were associated with 
sediment particles size between 74 and 250 μm (Dempsey et al., 1993 and Vaze 
and Chiew, (2004)). 

By using the methods SSC-B and MFM it is possible to measure an accurate 
result for urban runoff, since particle sizes larger than 2 mm not will be 
transported with rainfall runoff. Figure 4 shows particle size distributions for 
smaller and larger particles from this study and for street sediments swept by a 
street sweeping machine (Viklander 1998). Street sediment contains larger 
particles up to 8 mm, but not all will be transported with rainfall runoff, particles 

2 mm will remain on the street (Sartor and Boyd, 1972). However, the results 
for samples with higher concentrations of small and large particles show that 
both SSC-B and MFM gave accurate results for samples with particle sizes up to 
4 mm. For TSS which measures suspended solids are the larger particles are not 
a part of TSS measurements, so this method is not recommend for measuring 
particle concentrations in urban runoff. 
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Figure 4. The particle size distribution for high amount of small particles, high amount 
of large particles and street sediment 

CONCLUSIONS
Both SSC-B and MFM gave accurate results within 94 % of initial concentration 
for all samples independent of concentration and particle size.
TSS gave noticeably lower results than SSC-B and MFM (55-90 %), the 
measurements results being dependent on particle size distribution, and will not 
be influenced by the concentration. TSS gave a higher CV for the measured 
concentrations as compared to the initial concentrations but also compared to the 
SSC and MFM, which showed that TSS has a larger measurement uncertainty. 
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ABSTRACT
Rainfall and snowmelt runoff contain high concentrations of particles. High 
concentrations of pollutants, such as heavy metals and PAHs are adsorbed to the 
smallest particles. Measurements of runoff particles are important because of 
their impact on the receiving water. In this study, the accuracy of the methods of 
total suspended solids (TSS), suspended sediment concentration (SSC-B) and 
multiple filter method (MFM) was compared, using urban runoff with different 
characteristics. For rainfall runoff samples, containing 90% particles smaller 
than 5μm, showed the result that MFM measurements were significantly higher 
than SSC-B and TSS at a confidence level of 95%. The method SSC-B and 
MFM gave similar results for snowmelt runoff, TSS gave a 10-20 % lower result 
and up to three times higher coefficient of variance (CV).

INTRODUCTION
Precipitation contains particles scavenged from the atmosphere and as the runoff 
flows over land or impervious surfaces (paved streets, parking lots, and building 
rooftops) further particle accumulation and transport occur. In areas with cold 
climate, the choice of snow handling practices will affect the runoff quality as 
well as the use of anti–skid material (Reinosdotter and Viklander 2006; 
Reinosdotter and Viklander 2007). Urban runoff is highly polluted with 
constituents such as heavy metals, organic compounds, nutrients and sediment 
or other pollutants (Hvitved-Jacobsen and Yousef, 1991; Viklander, 1997). 
Many studies have shown that most of the pollutants e.g heavy metals are 
associated with the smallest sediment fractions (Lau and Stenstrom, 2005; 
Westerlund and Viklander, 2006). Earlier research by Sansalone and Buchberger 
(1997) indicated that Zn, Cu and Pb mass increases with decreasing particle size, 
for snow and rain events runoff.
Rainfall and snowmelt runoff, which contains high concentrations of small 
particles, is a major cause of particle waste to seas and watercourses. Runoff 
particles are associated with numerous impacts on surface waters, including 
increased turbidity, which affect aquatic life and change habitatfor water-living 
organisms and fish (U.S.EPA, 1993).
In Sweden, municipal and commercial laboratories commonly use the 
conventional SS-EN 872:2005 for measuring particles, a method to determine 
suspended solids in wastewater and raw water. An earlier comparison of 
analytical methods showed that total suspended solids (TSS) gave a noticeably 
lower concentration compared to suspended sediment concentration (SSC) 
(Gray et al., 2000 and Clark et al., 2008). Also, a study by Nordqvist et al.
(2010) using artificial stormwater showed that SSC-B and multiple filter method 
(MFM) gave a noticeably higher particle concentration for large particles 



compared to TSS. Small particles are also of interest, since much of the 
pollutants are bound to the smallest particle fraction. 

The main objective of this paper is to compare the accuracy and precision of 
three different methods, to measure the total particle concentration in urban 
runoff in different conditions due to seasonal variations. The methods to be 
compared are the new Multiple Filter Method (MFM) and the already existing 
methods conventional (TSS)-analysis SS-EN 872:2005 and ASTM D 3977-97, 
2007 Test Method B (SSC-B). 

METHODS
Analysis methods 
The Multiple Filter Method, (MFM), determines the total particle concentration 
in urban runoff. The entire sample is vacuum filtrated through three filters with 
different pore sizes (25, 1.6 and 0.45 μm), the smallest filter size in the bottom. 
The filters with pore size 25 and 1.6 μm were used to avoid the clogging of the 
0.45 μm filter. Subsequent to the vacuum filtration, the filter is dried at 105°C ± 
2° C and the mass of the residue on the filter is determined by weighing. 

The conventional Determination of suspended solids, (TSS)-analysis (SS-EN 
872:2005) is used to determine suspended solids in raw waters, wastewaters and 
effluents by filtration through a glass fibre filter. The lower limit of the 
determination is about 2 mg/l and no upper limit was established. The principle 
of TSS is to use a vacuum or pressure filtration apparatus and filtrate the sample 
(a well-mixed aliquot from the sample bottle using a graduated cylinder) 
through a glass fibre filter with an average pore size of 1.6 μm. The subsample 
volume used in this study was between 25 – 250 ml, the largest volume for 
undisturbed snow. Subsequently, the filter is dried at 105°C ± 2°C and the 
residue mass of the filter is determined by weighing. 

The Standard Test Method for Determining Sediment Concentration in Water 
Samples, (SSC-B) (ASTM D 3977-97, 2007), is for samples collected from 
lakes, reservoirs, ponds, streams, and other water bodies. The principle of SSC- 
B is to weigh the entire sample consisting of sediment and dissolved solids and 
then filtrate the sample through a glass fiber filter with pore size of 1.5 μm using 
porcelain or borosilicate glass crucibles with fritted glass bases. In this study, a 
Whatman GF/A glass fiber filter with a pore size of 1.6 μm is used, the same 
pore size of the glass fiber filter used in the TSS analysis. The crucibles are then 
dried at 105°C and the residue mass of the sediment is determined by weighing.  



Sample sets 
Rain runoff 
The rainfall runoff samples were collected from a manhole connected to a gully 
pot at Södra Hamnleden in the central part of Luleå. Three samples were 
collected during each of three different rainfall events, and each sample was 
split into five subsamples of 300 ml. For every rainfall event, 15 subsamples 
were analysed with each method. In total 135 samples were analysed. 

Snowmelt runoff 
In order to study the influence of the winter season, two snowmelt runoffs 
(snowmelt runoff 1 and 2) and one undisturbed snow sample were collected. 
The undisturbed snow sample was collected at sites where the snow had not 
been affected by snow handling and the snowmelt runoff from the gully pot at 
Södra Hamnleden. After the snow was melted, the snow and the snowmelt 
runoff were sieved (500 μm mesh). The choice of mesh size was due to earlier 
studies that showed most of the pollutants were associated with particles smaller 
than 500 μm (Pitt and Amy (1973), Woodward-Clyde (1994) and Vaze and 
Chiew, (2004)).  The subsamples were subsequently and arbitrarily collected. 
The subsample volume was specifically 300 ml for snowmelt runoff and 1000 
ml for the snow, due to the low concentrations of TSS. For snowmelt runoff 1 
and 2 as well as undisturbed snow, 5 subsamples were analysed with each 
method. In total 45 samples were analysed 

RESULTS AND DISCUSSION 
Rainfall  runoff 
The particle concentrations differed up to 10 times for rainfall runoff samples; 
see Table 1. Factors that affect the concentration and particle distributions in 
urban runoff include intensity and duration of rainfall, duration of dry periods 
between rain events and human activities. For rainfall runoff, SSC-B and TSS 
tend to give a lower particle concentration compared to MFM.



Table 1. Particle concentration in rainfall runoff samples (mg/l)  

* An analysis of particle size distribution was performed with a Beckman Coulter Multisizer 3. The three 
samples from rain event 3 were analysed, with results showing that 90% of the particles were <5 μm. 

Rainfall event 1 Rainfall event 2 Rainfall event 3 * 
Method SSC-B MFM TSS SSC-B MFM TSS SSC-B MFM TSS
Sample 1 
Subsample (mg/l) 
1 125 113 88 217 220 180 92 99 86
2 132 141 100 198 227 183 98 102 86
3 136 139 103 202 223 178 94 99 81
4 126 132 99 228 228 184 101 105 84
5 96 139 98 195 218 175 96 98 88

Sample 2 
Subsample (mg/l) 
1 85 148 140 16 20 12 22 27 22
2 108 119 140 12 16 12 23 24 19
3 95 128 134 11 16 12 21 27 19
4 130 124 136 13 16 11 22 28 18
5 102 126 131 16 16 11 21 28 18

Sample 3 
Subsample (mg/l) 
1 34 68 58 76 85 73 67 68 61
2 59 75 57 79 84 73 59 66 58
3 40 73 53 76 82 72 64 69 60
4 58 72 57 78 86 71 60 68 57
5 59 65 53 75 83 73 67 72 56

To compare the different methods, the average of five subsamples for each 
individual method was divided by the average of the subsamples for all 
methods; in total 15 samples (Figure 1). Figure 1 show that method MFM gave a 
higher particle concentration than method SSC-B and TSS (except for rainfall 
1:2). This could be explained by the high concentrations of small particles in the 
samples and that the method MFM measuring the small particles since the 
smallest filter pore size was 0.45 μm, compared to both TSS and SSC-B which 
had a smallest filter pore size of 1.6 μm. Nordqvist et al. have shown that TSS 
gave a underestimation of analysis result due to large particles in the samples. 

TSS tended to give a lower coefficient of variance (CV) than SSC-B and MFM 
(Figure 1), probably because the large and heavy particles, which influence the 
particle concentration more than the small particles, were not part of TSS. MFM 
tends to give a lower CV than SSC-B, which may be due to the fact that a part of 
the small particles will be transported through the filter with large pore size.
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Figure 1. The average of five subsamples for each individual method divided by the 
average of the subsamples for all methods; in total 15 samples. The CV (%) is 
calculated for each individual method, for rain events 1-3 (rain event:sample). 

For all samples, a statistical analysis one-way ANOVA test was performed to 
determine if a significant difference existed between the methods for the 
different samples. The ANOVA test gave a p-value of less than 0.05, i.e. the 
particle concentrations for MFM were significantly higher than SSC-B and TSS 
at a confidence level of 95%. The ANOVA test gave no significant difference 
between the SSC-B and TSS. 
The result showed that MFM gave the highest particle concentrations and the 
ANOVA test implied that the particle concentrations for MFM were 
significantly higher compared to SSC-B and TSS. In the case with rainfall 
runoff, the small particles 0.45-1.6 μm influence the result. Also, a visual 
observation supported the influence of 0.45-1.6 μm particles since the filtrate 
from MFM was more transparent compared to SSC-B and TSS. 

For rainfall runoff, with a high concentration of small particles, the results 
showed that MFM gave the highest particle concentration, aside from sample 
1:2. TSS had the lowest CV and a significantly lower particle concentration 
compared to MFM. However, in this case, the low CV does not reveal if the 
method measured what we want, i.e., all particles in the sample. Instead, the low 
CV could be explained by the particle distribution in the samples. When TSS 
was used, the analysis was performed on a subsample, where a visual 
observation showed that the largest particles tended to slide along the bottom 
and were therefore not included in the subsample. An earlier study by Nordqvist 
et al. (2010) showed that TSS underestimates the particle concentration for 



samples with particles larger than 0.063 mm. These larger particles influence the 
variance more than smaller particles; hence, the low CV for TSS. 
                                          
Snowmelt runoff 
The results for snowmelt runoff 1, snowmelt runoff 2 and undisturbed snow in 
Table 2 show that snowmelt runoff samples contained about 15-80 times higher 
particle concentrations than undisturbed snow. For snowmelt runoff 1, the 
particle concentrations were 2.5-3 times higher than for snowmelt runoff 2. TSS 
gave a larger spread between max and min value for snowmelt subsamples 
compared to SSC-B and MFM. SSC-B and MFM gave one divergent result for 
undisturbed snow samples, subsample 2 and 5, respectively.

Table 2. Particle concentration in snowmelt runoff 1, 2 and undisturbed snow (mg/l). 
Snowmelt runoff 1 Snowmelt runoff 2 Undisturbed snow 
SSC-B MFM TSS SSC-B MFM TSS SSC-B MFM TSS

Subsample (mg/l)
1 1083 1148 1158 377 367 303 19 18 18
2 1528 1246 923 381 328 284 22 19 19
3 1475 1289 924 378 345 284 19 18 17
4 1428 1130 982 377 346 291 18 18 17
5 1214 1373 1512 396 368 349 19 24 18

Figure 2 shows that the CV for TSS was considerably higher (1.5-3 times) for 
snowmelt runoff compared to SSC-B and MFM. TSS was influenced more 
compared to the other methods by large particles and had the largest spread 
among measured snowmelt subsamples (see, Table 2). For undisturbed snow 
samples, the CV was higher for SSC-B and MFM, which could be explained by 
the divergent subsamples in each sample set. The higher concentration in these 
two subsamples could be explained by the influence of one or more, large 
particles. However, if the divergent subsamples were disregarded, these methods 
resulted in the same or better CV compared to TSS (SSC-B 1.8 and MFM 3.6 
CV%).  

Figure 2. Measured mean particle concentration and the CV (%). 

300

400

500

1000

1500

2000

m
g/

l

0

500

Snowmelt
runoff 1

14
%

8.
1%

23
%

0

100

200

Snowmelt
runoff 2

2.
1%

4.
8%

9.
1%

0

5

10

 Undisturbed
snow

15

20

25

SSC- B MFM TSS

7.
5% 14
%

3.
5%



To determine if a significant difference existed between the methods for 
measuring particles in snowmelt runoff and undisturbed snow, a statistical 
analysis was preformed. To test this, a one-way ANOVA test was conducted. 
The ANOVA test gave a p-value less than 0.05 for sample snowmelt runoff 2, 
meaning that SSC-B and MFM gave significantly higher particle concentrations 
compared to TSS at a confidence level of 95%. For snowmelt runoff 1 and 
undisturbed snow samples, the ANOVA test showed no significant difference 
between the methods. 

In this study with rainfall runoff, MFM with the smallest filter pore size 0.45 μm 
resulted in significantly higher particle concentrations than SSC-B and TSS. 
Evidently, for rainfall runoff where much of the particles are small, the particle 
size will influence the result and MFM will give the most accurate 
concentration. Small particles are of interest because of their impact on surface 
waters to increase turbidity and change habitat for water-living organisms and 
fish (U.S.EPA, 1993). Small particles are also of interest since the mass of 
associated pollutants, such as metals, increases with decreasing particle size 
(Sansalone and Buchberger, 1997).

Methods SSC-B, MFM and TSS gave similar concentrations for snowmelt 
runoff and undisturbed snow with particles <500 μm, apart from snowmelt 
runoff 2 where TSS gave a significantly lower concentration. In earlier studies 
by Gray et al. (2000), Clark et al. (2008) and Nordqvist et al. (2010), TSS gave 
noticeably lower concentrations compared to SSC-B for samples with large 
particles. However, the spread between min and max value for subsamples in 
this study were higher for TSS than SSC-B and MFM, implying a large 
measurement uncertainty for the method.
When comparing particle concentrations for snowmelt runoff and rainfall runoff 
it shows that snowmelt runoff contain 10-90 times higher concentration. Also, 
an earlier study by Westerlund (2007) showed that the highest TSS 
concentrations were found for snowmelt events. The results showed eight times 
higher concentrations and five times more particles (4-120 μm) during snowmelt 
than rainfall events. This could be explained by the larger amount of available 
material during the snowmelt period. These studies showed that snowmelt 
transports larger particles than rainfall events, and that measuring the 
concentrations of both large and small particles is of great importance.
This study shows the importance of the choice of analysis method. Depending of 
the measurement objective and water characteristics, the choice of analysis 
method is crucial. From a management perspective (pipes, ponds, etc.) TSS will 
underestimate the total particle concentration and mass balances will evidently 
be underestimated. The settable particles which are not reported due to the 
underestimation, can settle in pipes, ponds and at the bottom of water bodies and 



hinder a good hydraulic function as well as having a long term toxic effect. 
However for determining environmental impacts like increases in turbidity, 
transport of harmful heavy metals, toxic organics and nutrients, and acute 
toxicity it is important to measure small particles. This shows the importance to 
use the right analysis method depending on the objectives of the investigation.  

CONCLUSIONS
The result shows that for rain runoff which contains a higher concentration of 
small particles, MFM gave significantly higher particle concentrations compared 
to SSC-B and TSS at a confidence level of 95%. This result shows that small 
particles (0.45-1.6 μm) influence the result. There was no significant difference 
between SSC-B and TSS. 
The methods SSC-B, MFM and TSS gave similar results for measurements in 
snowmelt runoff and undisturbed snow. The CV for TSS was considerably 
higher for snowmelt runoff, implying a large measurement uncertainty for the 
method.
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