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ABSTRACT 

The purpose of this sampling campaign was to test different filtering methods and filter 

membranes, to determine the colloid concentration and to characterise the composition 

of the colloid phase at ONKALO groundwater station ONK-PVA1 at Olkiluoto. The 

sampling was done on 18 to 19 April 2006.  

The filtering methods tested were downhole in-situ filtration and in-line syringe 

filtration. The membranes tested were Anopore 0.2-µm membrane and Nuclepore 

0.05 µm membrane. The Anopore filter was designed to be 0.02 µm, but according to 

the SEM micrograph the nominal pore size of the membranes was 0.2 µm. 

The size distributions were determined by single particle analysis of the SEM 

micrographs taken from the used filter membranes. The size distribution can be 

expressed as a function of the Pareto power law (Buffle, 1988). Parameters A and b of 

the Pareto power law distribution were determined by using the least square sum 

method. The particle and mass concentrations were then calculated using the Pareto 

power law. The size distribution varied between the filtering methods, so that the 

syringe filtered samples indicated less aggregation than the downhole filtered samples. 

The colloid concentrations were higher in the Nuclepore filter membranes. This is 

probably due to the shorter settling time prior to the sampling or differences in the 

membrane pore size and material. The concentration of the colloid phase determined 

from the anopore membranes (0.05…1 µm) was 0.2…0.4 mg/L.  

The water samples were analysed at the accredited laboratory of Consulting Engineers 

Paavo Ristola Ltd. The differences in the element concentrations were not detectable 

between the filtered and unfiltered samples. Contamination with, e.g., nickel, 

aluminium and organic carbon was evident. The valves, fittings and filter membranes 

probably caused the contamination. An EDS spectrum was taken from the downhole 

filtered Nuclepore membrane. The filter cake showed traces of aluminium, silicon and 

magnesium. 

Keywords: colloid, filtering, sampling, groundwater 



ONKALON POHJAVESIKOLLOIDIEN NÄYTTEENOTTO JA 
KARAKTERISOINTI 

TIIVISTELMÄ

Tämän kokeen tarkoituksena oli testata kolloidinäytteenottoon soveltuvia eri 

suodatusmenetelmiä ja suodatinkalvoja. Lisäksi tehtävänä oli määrittää kolloidien

pitoisuus ja karakterisoida kolloidifaasin koostumus ONKALON pohjavesiasemasta 

ONK-PVA1:n vedestä. Näytteet kerättiin 18-19.4.2006. 

Testatut suodatustekniikat olivat in-situ kairareiässä tehtävä suodatus ja ns. in-line 

ruiskusuodatus. Testatut suodatinkalvot olivat Anopore 0,2 µm ja Nuclepore 0,05 µm. 

Anopore-suodattimen nimellisen huokoskoon kuului olla 0,02 µm, mutta SEM 

mikrofilmin perusteella huokoskoko oli 0,2 µm. 

Kolloidien kokojakaumat määritettiin yksittäispartikkelianalyysillä SEM mikrokuvista, 

jotka oli otettu näytteentotossa käytetyistä suodatinkalvoista. Kolloidien kokojakauma 

voidaan ilmaista Pareto neliölailla (Buffle, 1988). Pareto neliölain parametrit A ja b 

määritettiin sovittamalla käyrä analyysiaineistoon. Käyräsovitus tehtiin pienimmän 

neliösumman menetelmällä. Partikkeli- ja massakonsentraatiot laskettiin käyttäen 

Pareto neliölakia. Kokojakauman muoto vaihteli käytetyn suodatusmenetelmän mukaan 

siten, että ruiskulla suodatetuissa näytteissä oli nähtävissä vähemmän aggregoitumista 

kuin in-situ suodatetuissa näytteissä. Kolloidien konsentraatio oli suurempi Nuclepore 

kalvolla suodatetuissa näytteissä. Tämä johtunee joko lyhyemmästä asettumisajasta 

ennen näytteenottoa tai suodatinkalvojen erilaisesta materiaalista ja huokoskoosta. 

Kolloidien konsentraatio oli ONK-PVA1:ssä Anopore-suodatinkalvoista määritettynä 

0,2…0,4 mg/l (0,05…1 µm). 

Vesinäytteet analysoitiin Insinööritoimisto Paavo Ristola Oy:n akkreditoidussa 

laboratoriossa. Erot suodatettujen ja suodattamattomien vesien kemiallisessa 

koostumuksessa eivät olleet havaittavia. Suodatetuissa näytteissä oli havaittavissa mm. 

nikkelin, alumiinin ja orgaanisen hiilen kontaminaatiota. Kontaminaation aiheutti 

todennäköisesti käytetyt venttiilit ja sovittimet sekä suodatinkalvot. EDS-spektri otettiin 

Nuclepore-suodatinkalvosta, jota oli käytetty in-situ suodatuksessa. Spektrissä oli 

havaittavissa alumiinia, piitä ja magnesiumia. 

Avainsanat: kolloidi, suodatus, näytteenotto, pohjavesi 
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1 INTRODUCTION 

ONKALO is the underground rock characterisation facility that is currently being 

excavated for nuclear waste disposal research purposes. For long-term safety evaluation, 

characterisation of groundwater colloids is essential owing to the fact that groundwater 

colloids may transport radionuclides released from a faulty fuel canister. Colloids are 

generally referred to as particles that do not appear to be sedimented even after a long 

period of time. The sizes of colloid particles are usually from 1 nm to 1000 nm. 

Colloids in natural groundwaters consist mainly of inorganic material (e.g. clay, oxides 

and carbonates) and organic material (mainly humic and fulvic acids). Owing to their 

small size, nano-micrometer particles may be transported along fractures in the bedrock. 

The transportation is controlled by groundwater movement, attachment-detachment 

kinetics and sedimentation rates.  

The sampling of groundwater colloids is a very demanding task, since the colloid phase 

is easily altered by changes in the ambient conditions and the concentration of colloids 

in groundwater is usually very low. At Olkiluoto, Laaksoharju et al. (1993) determined 

a colloid concentration of 184 µg/L from water samples taken from borehole OL-KR1. 

Owing to the low concentrations, the risks of contamination are obvious. 

The purpose of this study was to develop sampling and colloid characterisation 

procedures, to test the performance of different filter membranes and different filtering 

techniques, and to estimate the composition of the colloid phase on the basis of the 

water chemistry results of filtered and unfiltered water samples.  The colloids of interest 

are stable colloids that reflect the in-situ conditions. The precipitation caused by 

atmospheric oxygen is minimised by performing the sampling in situ or in line.  

The size distribution of the colloid phase is continuous and can be expressed as a 

function of the Pareto power law (Buffle, 1988). The power law parameters can be 

obtained by, e.g., the single particle analysis of micrographs taken from the filter 

membranes. The colloid concentrations can also be calculated using the filter surface, 

filtered volume and counted particles. 
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2 SAMPLING EQUIPMENT 

The sampling equipment was built from a downhole filtration unit, a packer assembly, a 

syringe filtration unit and sample containers. The downhole filtration unit was 

assembled as follows: A 1-µm prefilter was attached to a modified geoprobe mechanical 

bladder pump, which was attached to the packer. The whole filtration unit was placed in 

the borehole, and so the filtration was done in situ. Thrusting the inner tube, which runs 

through the packer, operated the pump. The water sample was driven by the pump 

stroke through the filter and the inner tube to the sample container, which had a nitrogen 

atmosphere. 

The syringe filtration unit was built of a gastight syringe that was used to press the 

water sample through the filter membrane. The filtration was done in line and the 

sample was collected in a sample container, which had a nitrogen atmosphere. The 

valves were used to control the sample flow to different locations, e.g., to bypass the 

filter or to collect the unfiltered sample or to remove air from the system. 

Figure 1. Sampling equipment. In the foreground, there is the prefilter for the downhole 

filtration unit attached to the pump nozzle. The packer and also the valves of the syringe 

filtration unit are in the middle. The sample container is at the rear end of the packer 

assembly.
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2.1 Preparations 

The downhole filtration unit was filled with nitrogen gas before installing the unit in the 

borehole. The syringe filtration unit was also attached to the packer assembly and every 

sample outlet was sealed with Parafilm . After the packer was installed, the packer by-

pass valve was opened, so that the water flow rate was approximately 200 mL/min.  

For the first sampling the packer was installed the day before, so that the water 

conditions in the borehole could be balanced over night. For the second sampling the 

balancing time was 1.5 hours.  

Before collecting the samples, the sample containers were assembled and all airlocks 

were filled with deionised water. The sample containers were sealed and covered with 

aluminium to avoid oxygen diffusion. Oxygen was removed from the containers by 

flushing them with nitrogen gas.

2.2 Sampling 

Five water samples were collected; one unfiltered sample and four samples filtered with 

different filter membranes and filtering devices. The sample details are summarised in 

Table 1. 

Table 1. Samples collected from ONK-PVA1 groundwater station 

Sample Filter Settling time Device 

Unfiltered 1 µm GWV prefilter 15 h none 

P-0.2-A 1 µm prefilter and 0.2 µm 

Anopore

15 h downhole unit 

S-0.2-A 1µm and 0.2 Anopore 15 h syringe 

P-0.05-N 1 µm prefilter and 0.05 µm 

Nuclepore

1.5 h downhole unit 

S-0.05-N 1 µm prefilter and 0.05 µm 

Nuclepore

1.5 h syringe 
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Syringe filtration using 0.2-µm Anopore membrane 

Before collecting the sample, the syringe filtration unit was flushed with nitrogen and 

air bubbles were removed from the system by pumping water through the by-pass valve 

until all visible gas bubbles were flushed away. 

During the filtration, a leakage between the hoses Luer connection and syringe was 

detected. The leakage was fixed by tightening the connection, which had loosened while 

handling the syringe. The filtration required considerable force but the filter was not 

clogged at any time. Approximately 10 mL of water leaked past the syringe plunger 

while pushing the plunger down. The amount of the water that was filtered was 280 mL.

Downhole filtration using 0.2-µm Anopore membrane 

The sample collection valve was opened and, after a few strokes, water began to flow 

into the sample container. The water flowed through the filter easily, which could 

indicate possible filter damage or leakage in the filter holder and filter connection. The 

amount of the water filtered was 400 mL. 

Syringe filtration using 0.05-µm Nuclepore membrane 

The filter clogged almost immediately and so the filtration was terminated. Only 

approximately 20 mL of water was filtered.  

Downhole filtration using 0.05-µm Nuclepore membrane 

The filter was clogged only after a few pump strokes. The pumping required 

considerable force and for this reason the pump was dismembered from the packer 

assembly and the filtration was forced to be terminated. Approximately 20 mL of water 

was filtered. 

Figure 2. Syringe filtration in process.
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Figure 3. Installation of the packer assembly in ONK-PVA1 groundwater station. 
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3 EXPERIMENTAL 

3.1 Single particle analysis  

SEM micrographs were taken from each filter membrane with a magnification series of 

1500, 3500, 4500, 5500 and 6500. The particle size distributions were determined by 

counting each observed particle and dividing the particles into size groups. From the 

SEM micrographs, particles that were over 0.2 µm could be reliably detected.

The particle concentration was determined with the single particle analysis. The single 

particle analysis is based on the Pareto power law. The size distribution was produced 

for each filter membrane. The distribution was calculated by the following equation:  

V
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Ø
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  (1) 

where corresponds to the sum of the various micrographs examined, dN/dØ is the 

number of detected particles in size group dØ, s is the active surface area of the filter 

and V is the filtered volume. The method assumes that each micrograph is 

representative of its colloid loading (Degueldre et al. 1996/I).  

The mass concentration was determined by the following equation: 
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where  is the particle density and Ø is the particle diameter. The density of the particles 

was assumed to be 2 g/mL and the shape was assumed to be spherical.  

The concentration of the colloid phase can be estimated if parameters A and b of the 

Pareto power law are determined (e.g. Degueldre et al. 1996/I). The size distribution of 

colloids is continuous (Buffle, 1988) and their normal size distribution can be given as a 

Pareto power law:  

b-Ø
Ø

][
A

d
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   (3) 

where A and b are constants (at size intervals), Ø is the size and [coll] is the cumulative 

colloid particle concentration for size Ø (e.g. Degueldre et al. 1996/I). From the 

observed data, parameters A and b were estimated with the least square sum method.  
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where aeA , xi = diameter of i and yi = particle concentration for size xi.

Table 2. The used size intervals and xi values for the least square method. 

Size inteval (µm) xi

0.1–0.2 0.15 

0.2–0.3 0.25 

0.3–0.4 0.35 

0.4–0.5 0.45 

0.5–0.6 0.55 

0.6–0.7 0.65 

0.7–0.8 0.75 

0.8–0.9 0.85 

0.9-1.0 0.95 

When parameters A and b were determined, the cumulative colloid concentration for a 

given size interval could be calculated by the equation: 

b)-(1

M

b)-(1

m ØØ
1

][
b

A
coll   (6) 

An integrated colloid concentration can be determined from a minimum value of Ø(m), 

which is given, e.g., from the lower detection limit, to the maximum size, Ø(M), for 

which colloids are not found in significant concentration (Degueldre et al., 1996/I).  

The mass concentration can be determined by combining equations 2 and 3. The mass 

concentration was then calculated by linear numerical integration, keeping parameters A 

and b constant. 
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3.2 Solution analysis 

The water samples were analysed at the accredited laboratory of Consulting Engineers 

Paavo Ristola Ltd. The water samples were stored frozen in the sample containers. 

ICP-MS/ICP-AES (Inductively Coupled Plasma Mass Spectrometry/ Inductively 

Coupled Atomic Emission Spectrometry) 

ICP-MS and ICP-AES spectrometry was used to analyse the concentration of inorganic 

elements in the filtered and unfiltered water samples. The aim was to determine the 

composition of the colloid phase by evaluating the chemical differences in the filtered 

and unfiltered samples. Any contamination caused by the materials used in the sampling 

could also be detected.

ICP-MS is a mass spectrometry that is very sensitive and capable of simultaneously 

analysing a large range of elements at low concentrations (below 0.001 mg/L). It is 

based on coupling together inductively coupled plasma as an ion source with a 

quadrupole mass spectrometer as a method of detecting the ions. 

In ICP-MS, argon gas is used to produce a high temperature plasma (7000-10 000 K) 

sustained with a radiofrequency electric current. The water sample is sprayed to the 

plasma with argon gas and the ions of the elements are formed when the sample flows 

through the plasma.  

The ions from the plasma are extracted through a series of cones and electric lenses into 

a mass spectrometer.  The ions are separated on the basis of their mass-to-charge ratio 

and a detector receives an ion signal proportional to the concentration. The instrument 

used in this work was Agilent 7500 ce. 

The element concentrations of the samples were determined using calibration with 

external standards. Internal standards (indium and scandium) were used to correct 

instrumental drifts and matrix effects. Each sample was analysed three times using the 

normal mode and collision/reaction cell modes (hydrogen or helium gas added to the 

cell). In the semi-quantitative analysis, all element concentrations were calculated by 

the computer software using the internal database and the data from a single multi-

element standard solution and sample data. The semi-quantitative analysis technique is 

capable of determining a concentration of over 70 elements with almost as good an 

accuracy (approximately +/- 30%) as the external standard method (about +/- 10%).     

Sulphur and silicon were analysed by a Perkin-Elmer 4300 DV ICP-AES (Atomic 

Emission Spectrometer), which uses argon gas-based ICP to produce excited atoms that 

emit radiation at a wavelength characteristic of a particular element. The concentrations 

were determined by measuring the emission intensity of the selected wavelengths of 

sulphur and silicon. Quantitative analysis was performed using external standards, and 

reference materials were used to check the analysis performance.   
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CE (Capillary Electrophoresis) 

Inorganic anions were analysed for control purposes. There should be no significant 

differences in the anion concentration between the filtered and unfiltered samples. 

Inorganic anions (fluoride, chloride, nitrate, sulphate) were analysed by a capillary 

electrophoresis (CE), Waters Quanta 4000. The water sample was filtrated through a 

0.45-um filter and a vacuum purged (hydrostatic injection) into a capillary tube, where 

the anions were separated according to their mobility in an electric field. The capillary 

tube is filled with electrolyte and both ends of the capillary tube are connected to 

electrodes with different charges. The equivalent ionic conductance of the anions is 

related to the ratio of the ion’s net charge to the ionic size in the solution. The small and 

higher-charge ions migrate faster towards the opposite electrode than larger and less 

charged ions. Ions were detected using the method of reverse ultraviolet detection at a 

wavelength of 254 nm. External calibration standards were used for calibration and 

commercial reference materials for quality control. The chloride peak was used to 

control and correct migration times.   

TOC (Total Organic Carbon) 

The total organic carbon analysis was performed to evaluate the concentrations of any 

colloidal humic and fulvic substances, and also contamination caused, e.g., by filter 

membranes could be evaluated. 

The total organic carbon was analysed by the Shimadzu TOC-V instrument, which 

complies with international standards like EPA 415.1, EPA 9060A, ASTM D2575 and 

SFS-EN 1484. The total organic carbon (TOC) is the result after subtracting the total 

inorganic carbon (TIC) from the total carbon (TC). In the total carbon analysis, the 

water sample (100 µl) is injected into an oxygen combustion tube, where the carbon is 

converted into carbon dioxide after catalytic combustion (680 
o
C) in an oxygen stream. 

Excess of water and halogens are removed by solid traps and the carbon dioxide is 

measured by an infrared detector. Inorganic carbon is measured by adding hydrochloric 

acid to the water sample, purging the sample with air and measuring the released carbon 

dioxide by an infrared detector. A linear nine-point calibration graph is used for the 

quantitative analysis. Control samples and certified reference materials were used to 

check the method performance.        
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4 RESULTS 

4.1 Filter performance 

The Anopore membrane is made of aluminium oxide. The porosity of the membrane is 

25…50 %. The Nuclepore membrane is made of polycarbonate and its porosity is 

<15 %. Filter clogging did not occur in the Anopore filters while the Nuclepore filters 

were clogged almost immediately. 

According to the manufacturer, the nominal pore size of the Anopore filter was 

0.02 µm, but the SEM micrographs (Fig. 4 and 5) and the size distributions showed that 

the pore size was rather 0.2 µm than 0.02 µm. The pores of the Nuclepore filter were not 

visible in the SEM micrographs. The SEM micrographs were taken by Mikrofokus Oy. 

Figure 4. SEM micrographs of the downhole filtered membranes. The Nuclepore 

membrane is on the right and the Anopore membrane on the left. The difference in the 

colloid load of the membranes is significant. 
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Figure 5. SEM micrographs of the syringe filtered membranes. The Nuclepore 

membrane is on the right and the Anopore membrane on the left. The amount of 

particles larger than 1 µm is significantly smaller than in the downhole filtered 

samples. The explanation for this could be that particle aggregates are formed of the 

filter surface while the filter is immersed in the borehole. 

4.2 Single particle analysis 

4.2.1 Particle concentration 

The size distributions vary in shape between the filtering methods. Variation in particle 

concentration is seen between the settling times and filter membranes.  

The syringe filtered samples (S-0.2-A and S-0.05-N) show less aggregation than the 

packer filtered samples (P-0.2-A and P-0.05-N). This is seen, e.g., in Table 3 by 

evaluating parameter b of the Pareto power law. According to Fillea & Buffle (1993), 

when parameter b = 4, aggregation has not occurred, whereas b < 4 aggregation may 

have occurred. The effects of aggregation are also seen when comparing Figures 4 and 5 

and examining the concentrations of particles over 1 µm in Figure 6. When comparing 

the filtering methods, it is seen that the concentrations of particles over 1 µm are higher 

in the downhole filtered samples. When comparing the settling times or filter 

membranes, it is seen that the particle concentrations are higher in the Nuclepore 

filtered membranes. 
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Table 3. ONK-PVA1 colloid size distribution parameters. 

Sample b A 

S-0.02-A 1.7 5.8 x 10
9

S-0.05-N 1.7 2.0 x 10
11

P-0.02-A 0.50 3.8 x 10
6

P-0.05-N 0.6 2.0 x 10
8

Figure 6. Size distribution (pt/mL) obtained by a single particle analysis of the 

micrographs. The continuous lines represent the size distribution estimates calculated 

from the Pareto power law. The grey area represents the cut-off of the 1-µm prefilter. 

The particles larger than 1000 nm are sampling artefacts caused by, e.g., the 

agglomeration of smaller particles. 
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4.2.2 Colloid mass concentrations 

The colloid concentrations (mg/L) varied between the settling times and filter 

membranes. The Nuclepore filters (settling time 1.5 h) had approximately 40 times 

higher colloid concentrations than the Anopore filters.  The mass concentrations of the 

colloids (0.05…1 µm) determined from the filter membranes varied between 0.23 mg/L 

(Anopore) and 11.2 mg/L (Nuclepore). Table 4 shows the calculated colloid 

concentrations for a size range from 0.05 to 1 µm. The results of the Nuclepore 

membranes may have been biased, since the amount of water filtered was low and the 

filters were clogged. The mass distribution is shown in Figure 7. 

 Table 4. Calculated colloid concentrations. Particle concentration (size range of 

0.05…1 µm) and mass concentration mg/L (0.01…1 µm). 

Sample pt/l mg/L 

S-0.05-N 2.2 x 10 
12

 11 

S-0.2-A 4.7 x 10 
11

 0.2 

P-0.05-N 5.3 x 10 
12

 10 

P-0.2-A 1.9 x 10
11

 0.4 

Figure 7. Colloid mass concentration distribution (g/mL). The data is obtained from a 

single particle analysis of the micrographs. The continuous lines represent the mass 

concentration estimates calculated using parameters A and b of the Pareto power law.  

The grey area represents the cut-off of the 1-µm prefilter.  The particles larger than 

1000 nm are sampling artefacts caused by, e.g., the agglomeration of smaller particles. 
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4.3 Solution analysis 

The analysis results between the filtered and unfiltered samples did not show significant 

variations. Aluminium concentrations were higher in the filtered samples than in the 

unfiltered sample. The Anopore membrane is made of aluminium oxide and it is 

therefore possible that the aluminium came from the membrane. Nickel contamination 

was evident in all filtered samples. The used valves and couplings probably caused the 

contamination.  

All the filtered samples seem to be contaminated, as the total elemental concentrations 

are higher than in the unfiltered sample.  

Table 5. Element concentration from water samples (µg/l). (ICP-MS quantitative 

analysis, dilution factor 1). The samples were analysed several times. The most 

representative results are shown in this table. (The results of the semi-quantitative 

analyses are shown in Appendix 1.) 

Analysis unfiltered S-0.05-N S-0.2-A P-0.05-N P-0.2-A 

Al 7 19 33 35 28 

As 0 0 0 0 0 

B 280 296 290 276 276 

Ba 2 4 3 3 2 

Be 0 0 0 0 0 

Ca 54 080 62 920 60 400 52 740 59 040 

Cd 0 0 0 0 0 

Co 0 2 1 1 2 

Cr 0 1 0 0 0 

Cu 1 1 1 8 2 

Fe 25 8 23 40 31 

Zn 51 29 8 30 8 

K 6 862 6 930 6 916 7 026 7 238 

Mg 19 796 19 790 20 300 20 620 21 480 

Mn 59 82 73 64 68 

Mo 21 22 20 18 13 

Na 225 200 224 200 227 400 227 800 237 400 

Ni 6 98 34 81 5 

Pb 0 1 0 3 1 

Sb 0 1 1 1 3 

Se 0 0 0 0 0 

Sn 0 4 5 8 1 

Tl 0 0 0 0 0 

U 4 4 4 4 3 

V 0 0 0 0 0 
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Table 6. TOC (total organic carbon), TIC (total inorganic carbon), DOC (dissolved 
organic carbon), DIC (dissolved inorganic carbon), fluoride, chloride, sulphate, 

sulphur and silicon concentrations (mg/L). 

The TOC and DOC concentrations are significantly higher in the filtered samples than 

in the unfiltered sample. This indicates contamination caused, e.g., by filter membranes. 

The TIC and DIC concentrations in the filtered samples are equal or even lower than in 

the unfiltered samples. The chloride and sulphate concentrations are equal in the 

unfiltered and S-0.2-A samples but higher in the P-0.2-A sample. The unfiltered and S-

0.2-A samples were collected at the same time and the P-0.2-A sample a few minutes 

later. The sulphur concentration was higher in all the filtered samples compared with the 

unfiltered sample. The silicon concentrations, on the other hand, were lower in all the 

filtered samples than in the unfiltered sample. 

Analysis unfiltered S-0.05-N S-0.2-A P-0.05-N P-0.2-A 

TOC 13 n.a. 43 22 47 

TIC 43 n.a. 43 40 43 

DOC 11 n.a. 44 25 45 

DIC 46 n.a. 44 42 45 

F
- <0.15 n.a. <0.15 n.a. <0.15 

Cl
- 270 n.a. 270 n.a. 310 

SO
-
4 130 n.a. 130 n.a. 140 

S –tot 49 53 50 56 55 

Si 6.9 6.8 6.3 6.5 6.7 
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4.3.1 EDS 

An EDS spectrum was taken from the downhole filtered Nuclepore membrane (see Fig. 

4. right). EDS as well as the SEM micrographs were taken by Mikrofokus Oy. The 

spectra showed traces of aluminium, magnesium and silicon. The carbon peak is from 

the polycarbonate filter membrane while the gold peak is from the gold used for coating 

the sample. The EDS spectrum is shown in Figure 8. 

Figure 8. EDS spectra from the downhole filtered Nuclepore membrane (P-0.05-N). 
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5 DISCUSSION AND CONCLUSIONS 

The filters were supposed to have a nearly equal nominal pore size. However, the 

micrographs showed that the Anopore membrane had a pore size of 0.2 µm rather than 

0.02 µm. The Anopore membranes were not clogged and they were easier to handle 

than the Nuclepore membranes. The Nuclepore membranes were clogged almost 

immediately.  

The operation of the syringe filtration unit was slightly complicated because the valves 

were not attached to a panel. For future samplings it is recommended that the valves 

should be replaced with valves that can be attached to a panel. The downhole filtration 

unit was easier to operate. A handle should be installed in the pump so that it would be 

easier to operate.  

The colloid concentration was determined using the Pareto power law and SEM 

micrographs. The method is very useful but the particle counting requires a significant 

amount of work. Image analysing software could be useful to speed up the process.  

The colloid concentration of the ONK-PVA1 groundwater was 0.2…0.4 mg/L when 

determined from the Anopore membranes. The colloid concentrations of the Nuclepore 

membranes were higher, 10…11 mg/L. This difference in the concentration can be 

caused by several reasons, e.g., by the different pore size and structure of the 

membranes. The difference in the pore size is taken into account, however, while 

calculating the colloid concentrations. A more likely reason for the differences in the 

colloid concentrations is the different settling times used for the samplings. It is also 

possible that the polycarbonate membrane (Nuclepore) causes more agglomeration on 

the filter surface than the aluminium oxide membrane (Anopore). 

The colloid concentration determined from the water sample collected from ONK-

PVA1 is similar to the concentrations of other samples collected from similar 

environments.  Laaksoharju et al. (1993) determined a colloid concentration of 

0.184 mg/L from Olkiluoto borehole OL-KR 1 from a depth of 613-618 meters, and 

Düker and Ledin (1998) determined a colloid concentration of <0.5 to 3.0 mg/L from 

Laxemar, Sweden. 
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The chloride concentrations vary significantly in these samples. In general, the colloid 

concentration decreases with an increase in the water salinity. The chloride 

concentration itself does not solely dictate the concentration of colloids as shown in 

Table 7. The high colloid concentration in the deepest sample from Laxemar may be 

caused by artefact formation owing to oxygen diffusion 

Table 7. Colloid concentrations (mg/L) vs. chloride concentrations (mg/L) and depth. 

Samples from Olkiluoto, Finland and Laxemar, Sweden. 

Sample [coll] (mg/L) [Cl] (mg/L) Depth (m) 

ONK-PVA1 0.2 270 14.6 

VLJ-PVA1
(1 0.8* 805 37.5 

OL-KR1
(2 0.184 12600–12800 613–618 

Laxemar
(3 0.5–0.7 71 315–321.5 

Laxemar
(3 <0.5 14600 1090–1096.3 

Laxemar
(3 1.4–3.0 45400 1420–1705 

1) Vuorinen and Hirvonen (2005)  2) Laaksoharju et al. (1993)  3) Düker and Ledin (1998) 

* Fe-associated colloids 

The single particle analysis performed from the SEM micrographs showed that less 

aggregation occurred on the syringe filtered membranes than on the packer filtered 

membranes. It is possible that the colloid particles were aggregated onto the filter 

membrane while the downhole filtration unit was immersed in the borehole. Calcite 

precipitation was not significant in either of the methods.  

Colloids are easily mobilised by changes in the ambient conditions, such as changes in 

the flow rate. For this reason, the colloid sampling should be done when there is no 

blasting in the tunnel that can cause the mobilisation of sedimented colloids. When 

collecting colloid samples it is advisable to use longer settling times. One way to 

determine the settling time could be to calculate the time required for the well water to 

be purged at a constant flow rate at least twice. For example, for the ONK-PVA1 

borehole with a diameter of 76 mm and a length of 12 m and the flow rate being 

adjusted to 200 mL/min, the settling time should be at least 9 hours. 

The variations in the chemical compositions of the filtered and unfiltered water samples 

were mainly caused by contamination and analysis uncertainties. The colloid 

concentration of the water was low and therefore the differences in the composition of 

the filtered and unfiltered waters are minute. A better approach to determination of the 

composition of the colloid phase could be to analyse the particles attached to the filter 

rather than to analyse the differences between the filtrate and the unfiltered water. This 

approach requires larger amounts of water to be filtered in order to collect enough 

colloid particles that could be analysed. Another alternative method for the 

determination of the colloid phase could be to freeze-dry the filtered and unfiltered 

water samples. The remaining solid matter is then dissolved in a small amount of 

concentrated nitric acid. Thus the concentration of the dissolved solid matter in the 

solution to be analysed increases. After this the solution is analysed by, e.g., ICP-MS. 
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Water samples collected from the VLJ tunnel, from groundwater station VLJ-PVA 1, at 

Olkiluoto indicate that iron and aluminium are associated with the colloid phase. The 

estimated size range of the colloids was from 50 nm to 400 nm and the estimated 

concentration of the Fe-associated colloids was 0.8 mg/L and that of the Al-associated 

colloids 0.004 mg/L (Vuorinen and Hirvonen, 2005).

The colloid concentration reported is higher than that reported in this study. These 

results cannot be compared straightforwardly with each other, since different sampling 

methods were used. Vuorinen and Hirvonen (2005) based their colloid concentration

estimation on the difference in the chemical compositions of the filtrates, while in this 

study the concentration was calculated using the single particle analysis method. The 

water chemistries of groundwater stations VLJ-PVA1 and ONK-PVA1 are similar, but 

they do exhibit noticeable differences. For example, the concentrations of earth alkali 

metals and iron in the VLJ-PVA1 water are higher than in the ONK-PVA1 water 

sample.  

Table 8. Analysis results (mg/L) from groundwater stations VLJ-PVA1 (Vuorinen and 

Hirvonen, 2005) and ONK-PVA1. The VLJ-PVA1 Si analysis is from 1999, the other 

VLJ-PVA1 results are from 2003. The ONK-PVA1 results are from 2006. 

Analysis VLJ-PVA1 ONK-PVA1 

Al <0.05 <0.010 

K 23 7 

Ca 77 54 

Cl
- 805 270 

S-tot 46 49 

SO4 140 130 

Mg 31 20 

Na 540 225 

Fe 0.32 0.025 

Si 7.48 6.9 

DOC 7.2 11 

DIC 86 46 
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On the basis of the results and experience obtained from this work, the following 

recommendations and development suggestions are made: 

- The valves of the syringe filtration unit should be mounted to a panel. 

- When collecting samples of inorganic colloids, non-metallic material should be 

used.

- Calcite or iron precipitation was not detected with either filtration method. 

- pH, redox, dissolved oxygen and water temperature should be measured during the 

sampling. 

- Agglomeration occurs on the filter membrane. Owing to this, the contact time of the 

water and filter membrane should be minimised.  

- Single particle analysis of the SEM micrographs is a useful technique to determine 

the particle size distribution and colloid concentrations. Image analysis software 

could be used to speed up the analysis process. 

- Determination of the chemical composition of the colloid phase is a very demanding 

task owing to the low colloid concentration. The colloids should be concentrated 

before the analysis. One method of performing the concentration could be to freeze-

dry the filtrate and the unfiltered water samples. 

- The settling time prior to the filtration should be long enough, so that the colloids 

mobilised as a result of the installation of the packer are resedimented or flushed 

away.
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APPENDIX 1 

Analysis results 
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