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COMPARABLE INVESTIGATION OF THE MOLECULAR SIZE 
DISTRIBUTION AND THE AMOUNT OF HUMIC SUBSTANCES ISOLATED 
FROM ONKALO, OLKILUOTO, 2010. 

 
ABSTRACT 

The humic substances at groundwater from Onkalo, Olkiluoto were studied in order to 
determine the molecular size distribution and the amount of humic substances. Humic 
substances were isolated from the water sample using DAX-8 resin and eluted with 0.1 
M NaOH. The molecular size distribution was defined using high performance size 
exclusion chromatography (HPSEC) and ultraviolet (UV) or reflactive index (RI) 
detector. Two calibration standard sets (poly(styrene sulfonate) sodium salt (PSS) or 
polyethylene glycol (PEG) standards) with distinct structures as well as two eluents 
(0.05 M NaNO3 or 0.01 M Na-acetate) were studied and the results were compared with 
the previous ones. The calibration standards and eluents were found to have major effect 
on the measured parameters. The amount of humic substances was determined using 
total organic carbon (TOC) measurements. 

Keywords: DAX-8, Fulvic acids, Groundwater, Humic acids, HPSEC



ONKALON POHJAVEDESTÄ ERISTETTYJEN HUMUSAINEIDEN 
MOLEKYYLIKOKOJAKAUMAN JA MÄÄRÄN VERTAILUTUTKIMUS, 2010. 

 
TIIVISTELMÄ 
 
Olkiluodon ONKALOn pohjaveden humusaineiden molekyylikokojakaumaa ja määrää 
tutkittiin. Humusaineet eristettiin käyttäen DAX-8 hartsia ja eluoitiin 0,1 M NaOH:lla. 
Molekyylikokojakauman määrittämiseen käytettiin korkean erotuskyvyn kokoeks-
kluusiokromatografista (HPSEC) menetelmää ja ultravioletti (UV) tai taitekerroin (RI) 
detektoreja. Humusaineiden analysoinnissa käytettiin eri kalibrointistandardeja ja 
eluentteja (0,05 M NaNO3 tai 0,01 M natrium asetaatti-liuos) ja tuloksia vertailtiin 
aiempiin. Eri kalibrointistandardeilla ja eluenteilla saadut tulokset erosivat toisistaan 
merkittävästi. Humusten määrä laskettiin kokonaisorgaanisen hiilen (TOC) määritys-
menetelmää käyttäen. 
 

Avainsanat: DAX-8, Fulvohapot, HPSEC, Humushapot, Pohjavesi 

 
 



LIST OF SYMBOLS AND ABBREVIATIONS 
 
DOC Dissolved organic carbon 
FA Fulvic acids 
HA  Humic acids 
HPSEC High performance size exclusion chromatography 
HS Humic substances 
IHSS International Humic Substances Society 
LOQ Limit of quantification 
Mn Number-average molecular weight 
Mw Weight-average molecular weight 
MW Molecular weight 
PEG Polyethylene glycol 
PEO Polyethylene oxide 
PSS Poly(styrene sulfonate) sodium salt 
QC Quality control 
RI Reflactive index 
RT Retention time 
SEC Size exclusion chromatography 
TOC Total organic carbon 
UV Ultraviolet 
UV254 Ultraviolet detection at 254 nm 
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1 INTRODUCTION  

Aquatic humic substances (HS) are complex organic compounds, which are mainly 
derived from soil humus and terrestrial and aquatic plants. The colour of the dissolved 
and precipitated humic substances varies from light to dark brown. They generally 
comprise one third to over half of the dissolved organic carbon (DOC) in natural surface 
waters. The composition of the humic substances varies depending of the source. The 
classification of dissolved organic matter into humic and non-humic solutes is based on 
the isolation method.  

Because of the low concentration of aquatic humic substances, the material must first be 
isolated and concentrated for further studies. The fraction of humic substances that are 
not soluble in water at a pH lower than 2, are defined as humic acids (HA). The fraction 
of humic substances that is soluble under all pH conditions are referred to as fulvic 
acids (FA) (Malcolm 1990). The method used in concentrating and isolating the 
dissolved organic matter should be effective in isolation of the aquatic humic matter at 
the same time keeping the chemical and structural composition unaffected as it occurs 
in its original state in an aquatic environment (Aiken et al. 1985). The most frequently 
used isolation procedure for humic substances is the column chromatographic method 
by non-ionic sorbents such as XAD resins (polymethyl methacrylate) or analogous 
materials (Leenheer 1981, Thurman et al. 1981 and Peuravuori et al. 1997).  

Molecular weight (MW) is one of the fundamental properties that needs to be known in 
order to understand the physical and chemical characteristics and chemical reactivity of 
humic substances. The MW of HS has an effect especially on their adsorption and metal 
complexing behaviour. Determination of the MW of humic substances is a difficult task 
because HS are a complex mixture of natural, heterogeneous organic materials with 
different structures and a broad molecular size distribution. Size exclusion 
chromatography (SEC) is a widely used method for determining the molecular size 
distributions.  

This research aims to the safe spent nuclear fuel repository. Detailed information of the 
geo-chemical behaviour of radioactive and thus possibly hazardous metal ions under 
environmental conditions is necessary for the long-term storage of radioactive waste. In 
the immobilization or mobilization of the metal ions due to the complexation and 
colloid formation, humic substances might play an important role. Therefore, the goal of 
the current study was to determine the amount of humic substances and the molecular 
size distribution in the groundwater of a shallow depth in the bedrock at Olkiluoto and 
to compare the results with the previous ones to find out the changes in the organic 
content. The aim was also to study and compare the results when using a different 
column, calibration standards and eluents in the SEC analysis of humic substances. The 
methods were modified from the ones found in the literature. This was the first time 
when the water at the sampling point ONK-PVA5 was studied. 
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2 EXPERIMENTAL 

2.1 Sampling 

Groundwater samples were collected on 3rd of June 2010 from groundwater stations 
ONK-PVA1 (depth about –20 m b.s.l.) and ONK-PVA5 (depth about –228 m b.s.l.) in 
ONKALO, Olkiluoto, Finland. The water flow was hindered at the groundwater station 
ONK-PVA3 (depth about –85 m b.s.l.) thus the sampling was performed at ONK-PVA5 
instead. The samples were on-line pressure filtered in situ, using Whatman mixed 
cellulose ester, 0.45 �m filters. The tubing material used in the sampling was nylon. The 
glass containers (2 l) used to collect and store the samples were washed with 6 % 
HNO3, high-purity MQ water and ethanol. Three parallel samples were taken from both 
sampling point. The samples were stored at 6 ºC and protected from the light by 
aluminium foil around the glass containers.  
 

2.2 Chemicals and standards 

Methanol (J. T. Baker) was of the “Baker Analyzed” quality. 

n-Hexane was of the “Baker resi-analyzed” quality. 

Analysis grade 1.0 M HCl and NaOH (Reagecon, Shannon Free Zone, Shannon, Co. 
Clare, Ireland) (all the solutions used were made to high-purity MQ water). 

Pro analysis grade NaNO3 and sodium acetate (Merck) dilutions were used as mobile 
phase in HPLC measurements. 

Acetic acid (Suprapur 100 %, Merck) was used to adjust the pH of sodium acetate 
solution. 

DAX-8 resin (Supelite DAX-8, Supelco) was used for the isolation of humic substances 
from groundwater. 

Reference solutions containing humic and fulvic acids were made by dissolving 
International Humic Substances Society (IHSS) Nordic Aquatic Humic Acid Reference 
(1R105H) and IHSS Nordic Aquatic Fulvic Acid Reference (1R105F) in MQ-water. 
Reference solutions were treated as samples. 

QCWW4 reference solution (Eurofins A/S) was used as a quality control sample for the 
total organic carbon (TOC) determinations.  

Poly(styrene sulfonate) sodium salt standards (PSS) with MWs 1 100, 3 610, 6 520 and 
14 900 g/mol and Varian Polyethylene Glycol (PEG) calibration kit PEG-10 standards 
with MWs of 1 010, 1 970, 3 930, 7 920, 12 140 and 21 300 g/mol were used as a 
calibration standards for the molecular size distribution investigations (Figure 1). New 
sets of standards were selected since the ones used in the previous tests did not include 
the molecular weights assumed for the studied humic substances according to the 
previous studies. Previously used Varian Polyethylene Oxide (PEO) standard set had 
the lowest molecular weight of 20 000 g/mol, thus it did not cover lower molecular 
weights. The PEG and PEO standards are kind of the same with the exception that the 
name PEG is used when the molecular weight of the polymer is below 20 000 g/mol 
and PEO when it is above 20 000 g/mol. 
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a)      b)  

Figure 1. PSS (a) and PEG/PEO (b) standards. 
 

2.3 Isolation of humic substances and pretreatment of samples 

Prior to isolation, the resin was first cleaned according to Thurman et al. (1981) with 
slight modifications. The DAX-8 material was cleaned by rinsing the resin in a beaker 
with 0.1 M NaOH and thereafter with methanol until the pH was neutral. Next, the resin 
was Soxhlet-extracted sequentially for 6 h with n-hexane and methanol. DAX-8 was 
stored in methanol at 6 ºC until used. 

The cleaned DAX-8 polymer in methanol was slurry-packed into a 160-mm I.D. class 
column, resulting in an 8-cm sorbent bed. The packed column was rinsed with MQ 
water until it was free of methanol. The groundwater sample, acidified to a pH 2.5 with 
1.0 M HCl, was placed in a separatory funnel and slowly drained through the resin. The 
humic and fulvic substances adsorbed on the resin were eluted with 60 ml of 0.1 M 
NaOH. The final solution was neutralized with HCl prior to analysis. 

The same procedure was performed for 1.0 l reference solution containing humic and 
fulvic acid refrences and for blank sample (MQ water) as for groundwater samples. 

During the isolation procedure one of the separation funnels (ONK-PVA1) went broken 
while adjusting the water flow. Thus, there were only two parallel samples from ONK-
PVA1 left for the analysis. 

There was also an attempt to separate HA and FA from the isolated samples by 
adjusting the pH near 1. The acidified samples were filtered using 0.45 μm mesh size 
filter to remove the precipitated HA (not visibly seen). Then the filter was flushed with 
0.1 M NaOH in order to remove the HA from the filter. The pH of the both fractions 
was adjusted to neutral prior to analysis. 
 

2.4 TOC analysis 

The TOC measurements of isolated groundwater, reference solution and blank samples 
were performed with the TOC-V CPH (Shimadzu Corporation) analyzer connected to 
an ASI-V autosampler (Shimadzu Corporation). The TOC analyzer was calibrated to the 
range of 0.5 to 20 mg/l. Quality control samples (QC WW4, 2.0 and 20.0 mg/l) were 
analyzed at the beginning and at the end of each run. 
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2.5 Molecular size distribution 

Size exclusion chromatography (SEC) is a widely used method for determining the 
molecular size distributions. It can provide simultaneously the number-average 
molecular weight (Mn) and the weight-average molecular weight (Mw), which are 
parameters used to describe the MWs of mixtures of molecules like humic substances. 
However, even though the method is valid for the kind of analysis, the results are highly 
dependent of the analysis parameters and conditions used. In addition, the humic 
substances differ from each other depending of the sampling place. Thus, the method 
needs to be optimized for each case. 

High performance SEC (HPSEC; Waters 2695 Separations Module) with Waters 2414 
reflactive index (RI) detector was used to investigate the molecular size distribution of 
isolated humic substances. Also ultraviolet (UV) detection (Hewlett Packard, Series 
1050) at 254 nm (UV254) was used but with PSS standards only, since the extremely low 
UV absorbance of PEG standards. The column (PL Aquagel-OH 30) used in the 
previous studies was not available for further testing and macroporous silica-based 
TSKgel G3000SW column (7.5 i.d. × 600mm) was used for the separation. The column 
selected has found to provide effective separation of the humic substances in HPSEC 
(Peuravuori et al. 2005). 

Two eluents 0.05 M NaNO3 and 0.01 M sodium acetate solutions were tested for 
HPSEC measurements. The pH of both eluents was adjusted to 7.0. For NaNO3 solution 
HCl/NaOH and for sodium acetate solution acetic acid was used. The flow rate of 0.6 
ml/min was used and the sample volume was 60 μl. All the samples were filtered with 
0.45 μm nylon filters prior to analysis. 
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3 RESULTS 

The TOC measurements gave the estimated amount of HS in the groundwater. 
Molecular size distribution determinations with SEC, however, described the MWs of 
the mixtures of humic substances. The results are given for each sample, thus the 
variation (or error) of the method can be seen between the differences in the results of 
parallel samples. Parallel analyses of each parallel sample were not performed since the 
error of the analysis was insignificant (especially when compared to the error of the 
method) and the time for analyzing the set of samples by SEC would have been 
extremely long which could have endangered the stability of the samples. 
 

3.1 TOC results 

The results of the TOC measurements are presented at Table 1. The TOC content in 
isolated sample was expected to be humic substances. Thus, the TOC content in ONK-
PVA1 groundwater sample was mainly humic substances but in the ONK-PVA5 sample 
the humic substances covered only about 50 % of the TOC content. The results of 
isolated samples were calculated to equate the volume of the original sample (~2 l). The 
volume of the isolated sample was about 33 times to original sample (~2 l sample 
concentrated to 60 ml). The measured concentrations of the QC samples (2.0 and 20.0 
mg/l) prior to sample run were 1.971 and 19.51 mg/l and after the sample run 1.936 and 
18.89 mg/l. The highest TOC result for MQ water tested as a sample was 0.44 mg/l. 

 
Table 1. The results of TOC measurements. *Calculated for the original ~2 L volume. 

 
TOC at original 

sample (mg/l) 
TOC (HS) at isolated 

sample (mg/l)* TOC recovery (%)

ONK-PVA1 3.8 3.6 95 
4.3 3.6 84 

ONK-PVA5 
1.8 0.79 44 
1.4 0.77 55 
1.4 0.68 49 

Reference 
sample 1.4 1.4 100 

 

3.2 Molecular size distribution 

The molecular size distribution of the groundwater and reference samples was studied 
with two set of standards (PSS and PEG). Also two distinct eluents, NaNO3 and Na-
acetate was tested. However, the Na-acetate was found to be unsuitable for PSS 
standards (poor linearity, calibration: R2=0.92), thus the results are not shown. Peaks 
with significant intensity for HS were not found from the blank samples (MQ samples). 
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3.2.1 Calibration with PSS standards 

A calibration curve of log MW vs. retention time is shown in Figure 2. The calibration 
curve was used to determine the MW, Mn and Mw of the samples. Mn and Mw were 
determined using Equations 1 and 2, where hi is the height of the measured peak eluted 
at retention time Ri and Mi is the molecular weight of the peak at retention time Ri, 
determined from the calibration curve. When the peak response exceeded 10 times the 
standard deviation of the average values of the baseline, it was considered as a peak 
(limit of quantification, LOQ). 

 
UV detection 
 

 
Figure 2. The HPSEC calibration curve of PSS standards (MWs 1 100, 3 610, 6 520 
and 14 900 g/mol) with UV254 detection (NaNO3 eluent). 
 

 

      (1) 

      (2) 

 

The calculated results of reference and groundwater samples ONK-PVA1 and ONK-
PVA5 are presented at Table 2. The MW is presented at a range since the multiple peaks 
in the chromatogram (Figure 3). 
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Figure 3. HPSEC chromatograms of blank, ONK-PVA1, ONK-PVA5 and Reference 
samples (NaNO3 eluent, UV254 detection). 
 
 
Table 2. The results of HPSEC measurements when calibrated with PSS standards 
(detector: UV254). 

  MW Mn Mw 
Reference sample 590 – 1 190 948 992 

ONK-PVA1 580 – 1 220 927 981 
580 – 1 220 942 994 

ONK-PVA5 
560 – 1 030 762 802 
560 – 1 010 745 783 
560 – 1 020 750 790 

 
 
Also the separated fractions of HA and FA were analyzed. However, the Mn and Mw 
results of the FA samples were almost the same as of the non-separated sample and the 
peak intensities of HA samples were remarkably low (Figure 4). Only in case of ONK-
PVA1 sample, some HA were detected but with low peak intensities and with almost 
equal retention times to FA and non-separated samples. The possibilities are that the 
separation did not work or that the humic substances consisted mainly of FA and the 
quantity of the larger molecules was low. Anyhow, the studies with the separated 
samples were no longer continued. 
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Figure 4. HPSEC chromatograms of separated FA and HA samples of ONK-PVA1 and 
ONK-PVA5 sample (NaNO3 eluent, UV254 detection). 
 
RI detection 
The calibration was performed as for UV detection. The calibration curve for PSS 
standards with RI detection is illustrated at Figure 5. 

 
Figure 5. The HPSEC calibration curve of PSS standards (MWs 1 100, 3 610, 6 520 
and 14 900 g/mol) with RI detection (NaNO3 eluent). 
 

The HPSEC chromatogram is presented at Figure 6 and the results for the reference and 
groundwater samples at Table 3. 
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Figure 6. HPSEC chromatograms of blank, ONK-PVA1, ONK-PVA5 and Reference 
samples (NaNO3 eluent, RI detection). 
 
Table 3. The results of HPSEC measurements when calibrated with PSS standards 
(detector: RI). 

  MW Mn Mw 
Reference sample 560 – 1 170 859 919 

ONK-PVA1 
560 – 1 160 754 820 
560 – 1 160 767 833 

ONK-PVA5 
560 – 990 622 647 
560 – 770 601 614 
560 – 990 627 654 

  

The results with both detectors, UV254 and RI, were very similar and no significant 
differences in the measured parameters MW, Mn and Mw were found. Thus, both 
detectors were found to be applicable. 
 

3.2.2 Calibration with PEG standards 

The calibration for PEG standards were performed as for PSS standards. The calibration 
curves, when NaNO3 and Na-acetate were used as an eluent, are illustrated at Figure 7. 
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Figure 7. The HPSEC calibration curve of PEG standards (MWs 1 010, 1 970, 3 930, 7 
920, 12 140 and 21 300 g/mol) with RI detector (NaNO3 and Na-acetate eluents, 
standard 1 010 g/mol with NaNO3 only) 
 

The results of the reference and groundwater samples when using PEG standards for 
calculations and NaNO3 as an eluent are presented at Table 4. 

 

Table 4. The results of SEC measurements when calibrated with PEG standards and 
NaNO3 was used as an eluent. 

  MW Mn Mw 
Reference sample 2 030 – 3 540 2 815 2 926 

ONK-PVA1 
2 010 – 3 520 2 556 2 681 
2 010 – 3 520 2 587 2 713 

ONK-PVA5 
2 010 – 3 120 2 199 2 250 
2 010 – 2 570 2 141 2 167 
2 010 – 3 100 2 216 2 269 

  

The procedures when the Na-acetate was used as an eluent were the same as for NaNO3. 
An exception was made in the amount standards. The standard with the MW of 1 010 
g/mol was left out of calibration since the peak was not clear. The calibration curve is 
presented at Figure 7. The HPSEC chromatograms are presented at Figure 8 and the 
results of the reference and groundwater samples at Table 5. 
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Figure 8. HPSEC chromatograms of MQ, ONK-PVA1, ONK-PVA5 and Reference 
samples (Na-acetate eluent, RI detection). 
 
Table 5. The results of HPSEC measurements when calibrated with PEG standards and 
Na-acetate was used as an eluent. 

  MW Mn Mw 
Reference sample 8 280 – 21 690 14 821 16 305 

ONK-PVA1 
8 140 – 20 190 12 754 14 350 
8 100 – 19 840 12 890 14 449 

ONK-PVA5 
8 120 – 18 620 9 879 10 678 
8 090 – 15 990 9 485 10 101 
8 070 – 18 870 9 915 10 739 
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4 DISCUSSION 

4.1 The amount of humic substances 

The amount of humic substances at ONKALO, Olkiluoto has been studied for many 
years. The current results have been compared with the previous ones at Table 6. The 
amount of humic substances has remained at equal level at the water taken from ONK-
PVA1 and ONK-PVA3 between the samplings. The sampling at station ONK-PVA5 
has not been performed earlier, thus there is not a comparable value for the result. 
According to the results, the amount of humic substances reduces when the sample is 
taken from the groundwater station situating further beneath the earth’s surface. 

 
Table 6. The HS (mg/l) results at ONKALO, Olkiluoto in the previous and current study. 

 Groundwater station Amount of HS (mg/l) 

Manninen and Mäkelä 2006 ONK-PVA1 3.2 

Current study ONK-PVA1 3.6 

Mäkelä and Manninen 2007 ONK-PVA3 3.0 

Mäkelä and Manninen 2008 ONK-PVA3 2.8 

Current study ONK-PVA5 0.75 

 

4.2 Molecular size distribution 

4.2.1 Effect of the used eluent 

There were major differences in the MW, Mn and Mw values obtained from the HPSEC 
measurements using different eluents. The retention times (RT) of the PEG standards 
were equal with both eluents but the sample RT’s were remarkably different depending 
on the eluent. Thus, the calculated MW, Mn and Mw values of the measurement when 
Na-acetate was used as an eluent, were about 5 times higher than when eluent was 
NaNO3. 

The selection of the eluent has been considered to be the most critical step in studying 
aquatic humic solutes by HPSEC (Peuravuori and Pihlaja 1997). With different eluents 
the elution volume, i.e. the volume of eluent between the start of the elution and the 
peak maximum of studied substance, has varied substantially with otherwise equal 
conditions. Both of the eluents used have been employed also previously in 
determination of molecular size distribution of humic substances using the same column 
(Peuravuori and Pihlaja 1997, Conte and Piccolo 1999 and Peuravuori et al. 2005). The 
eluent composition, especially pH and ionic strength, is reported to have a significant 
impact on the separation of the components by HPSEC (�wietlik and Sikorska 2005). 
Both, eluents with low and high ionic strengths have been employed in the literature. In 
the current study the ionic strength was low. Since the contradictory results, the 
applicability of an eluent with higher ionic strength should be studied. 
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4.2.2 Effect of the calibration standards 

The results were considerably different depending of which standards were used for the 
calibration. With PEG standards the calculated values describing the molecular weight 
of humic substances in the sample were 2 to 3 times higher to the results calculated 
using PSS standards. However, it has been shown that the MW determinations of humic 
substances by size exclusion chromatography are subject to high variability (Zhou et al. 
2000, Peuravuori and Pihlaja 1997). Several factors, especially the type of the 
calibration standard, have been reported to influence the MW determinations by 
HPSEC.  

In the previous study by Mäkelä and Manninen (2008) the molecular weight parameters 
for ONK-PVA3 water were MW=5 800, Mn=4 300 and Mw=5 600. The results differ 
from the current ones (groundwater stations ONK-PVA1 and ONK-PVA5). However, 
the used column was different from the one used in the current study and the calibration 
standards were now selected more carefully (the PSS and PEG standards mostly 
covered the molecular weight range needed). In the current study the reference sample 
was isolated similarly to groundwater samples without separating HA and FA. 
Previously the isolation was not performed but the HA and FA samples were measured 
separately from the water dilution. 

According to literature the use of for example protein standards have led to misleading 
information of the molecular weight and size distribution of humic solutes (Peuravuori 
and Pihlaja 1997). However, it was suggested that PSS standards would be applicable 
for the calibration of HPSEC in studying the molecular weights of humic substances. In 
the study by Peuravuori and Pihlaja (1997) the differences in humic substances 
molecular weights were about 2 to 3 times when calibrated by protein or PSS standards 
(Table 7). Also in other studies protein standards, have resulted in humic acid molecular 
weights over 5 times too high, which have urged on the usage of PSS standards (Chin et 
al. 1994). The Mn values according to Peuravuori and Pihlaja (1997) were 5 056 and 3 
873 for HA and FA, and Mw values 19 440 and 6 102. Thus, the results of the current 
study are divergent from these values (Table 7). However, different eluents were used 
within the studies. Similar results as in the currents study were received with PSS 
standards when using Suwannee River HA and FA standards by IHSS (Reemtsma and 
These 2003). Humic substances are, according to previous studies, more branched and 
cross-linked than PSS standards (Peuravuori and Pihlaja 1997). Even tough the PSS 
standards have been considered to be suitable standards in studying the molecular 
weights of humic substances, since they behave similarly during chromatographic 
elution on HPSEC (Peuravuori and Pihlaja 1997 and Chin et al. 1994). 

The reference substance results calculated using PEG standards in calibration were 
more like the results in the study by Peuravuori and Pihlaja (1997) even though 
different detector was used (RI in the current study vs. UV254). When the calibration 
was done using a set of standards and other compounds (PSS, PEG and protein 
standards among others) the Mn and Mw values were 6 204 and 23 370 for HA and 4 750 
and 7 428 for FA (Na-acetate eluent) (Peuravuori and Pihlaja 1997). With the protein 
standards (considered to be not very reliable) the same values were 12 106 and 28 354 
for HA and 9 213 and 12 163 for FA. In the current study the Mn and Mw values of the 
reference sample were about 3 000 when NaNO3 was used as an eluent and about 
15 000 and 16 000 when the eluent was Na-acetate. However, for reliable comparison of 
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the results same conditions (e.g. eluent, calibration standards and detector) should have 
been used. Earlier the results have been around 4 500 (Mn) and 8 000 (Mw) with UV300 
and NaNO3 as an eluent with a different column and calibration standards in use 
(Mäkelä and Manninen 2008). In the study where TSK G3000SW column and PEG 
standards were used with the phosphate buffer eluent (20 mM) the molecular weight 
parameters determined from lake water were considered to be relatively high compared 
to the literature (Allpike et al. 2005). Accordingly, it was stated that the comparison of 
the results is complicated when there are differences in analysis methods. PEG 
standards are expected to elute without or with mild interactions with the column, which 
is contrary to the humic substances. 
 
Table 7. Comparison of the molecular size distribution results of Nordic reference 
substances. 

 Mn Mw Eluent Calibration Detector Reference 

HA+FA 948 992 NaNO3 PSS UV current study 

HA+FA 859 919 NaNO3 PSS RI current study 

HA+FA 2 815 2 926 NaNO3 PEG RI current study 

HA+FA 14 821 16 305 Na-acet. PEG RI current study 

HA 4 754 8 649 NaNO3 PEO UV300 
Mäkelä and 
Manninen 2008 

FA 4 266 7 164 NaNO3 PEO UV300 
Mäkelä and 
Manninen 2008 

HA 5 056 19 440 Na-acet. PSS UV254 
Peuravuori and 
Pihlaja 1997 

FA 3 873 6 102 Na-acet. PSS UV254 Peuravuori and 
Pihlaja 1997 

HA 12 106 28 354 Na-acet. protein UV254 Peuravuori and 
Pihlaja 1997 

FA 9 213 12 163 Na-acet. protein UV254 Peuravuori and 
Pihlaja 1997 

HA 6 204 23 370 Na-acet. multiple UV254 Peuravuori and 
Pihlaja 1997 

FA 4 750 7 428 Na-acet. multiple UV254 Peuravuori and 
Pihlaja 1997 

The humic substances and their molecular size distributions vary remarkably i.e. 
between different lakes (Peuravuori and Pihlaja 1997), not to mention between the 
surface waters and groundwater, and between countries and continents. Therefore, the 
universal method for studying the molecular size distribution of humic substances can 
not be available. Thus, the conditions and analysis method should be optimized for each 
case. For the above mentioned reasons, in the current study, calibration with the PSS 
standards was assumed to give the lower limit of the molecular weight parameters 
whereas with the PEG standards the parameters are more likely on the upper limit.  
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5 FURTHER SUGGESTIONS 

Since the importance of the used eluent (ionic strength and pH), further testing of 
eluents with varying ionic strengths and pH buffer is recommended. Also the suitable 
calibration standards as well as detectors should be further investigated. UV detection at 
various wavelengths could also support the testing, since it might provide information 
of the types of the humic substances, e.g. aromaticity. 
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6 CONCLUSIONS 

According to the isolation method with DAX-8 and TOC measurement the average 
amount of HS in ONK-PVA1 water was 3.6 mg/l and in ONK-PVA5 water 0.75 mg/l as 
organic carbon. The amount of HS covered 90 % of the TOC content of ONK-PVA1 
water and about 50 % of ONK-PVA5 water. In the previous experiments the DAX-8 
isolation has been proven to be reliable and the recoveries of the quality control sample 
have shown the method to be of good quality, also in the current study. The HS amounts 
were almost equal to the previous results and the amount of HS was lower at the water 
from the groundwater stations situating further beneath the earth’s surface.  

The molecular size distribution measurements in order to find out the MW, Mn and Mw 
of the humic matter were performed using HPSEC with UV254 and RI detection. The 
results were somewhat contradictory but yet in accordance with the literature. When 
PSS standards were used in calibration the detector did not affect significantly to the 
results. However, the selection of a suitable eluent and calibration standard was shown 
to be highly important. The MW results with PSS standard were considerably lower 
compared to the calibration with PEG standards. Thus, further studies are recommended 
to optimize the method for the evaluation of the humic substances from the ONKALO 
groundwater. When using PEG standards in calibration (NaNO3 eluent, RI detector), the 
average Mn value of ONK-PVA1 water was 2 500 and Mw was 2 700. Both of the values 
were about 2 200 for ONK-PVA5 water. When Na-acetate was used as an eluent the 
average Mn value of ONK-PVA1 water was calculated to be 12 800 and Mw value was 
14 400. The values for ONK-PVA5 water were Mn 9 800 and Mw 10 500. The same 
values with PSS calibration standards (NaNO3 eluent, RI detector) were Mn 760 and Mw 
830 at ONK-PVA1 water and Mn 620 and Mw 640 at ONK-PVA5 water. Somewhat 
higher values were obtained with the same conditions when UV254 detector was used 
(ONK-PVA1: Mn=940 and Mw=990; ONK-PVA5: Mn=750 and Mw=790). Altogether, 
clear differences between the sampling points were seen with smaller molecular weight 
parameters at ONK-PVA5 water. Calibration with the PSS standards was assumed to 
give the lower limit of the molecular weight parameters whereas with the PEG 
standards the parameters are more likely on the upper limit. 

The presence of the HS in the groundwater at ONK-PVA1 and ONK-PVA5 was 
evident. The MW value given for the HS is always more or less an estimation and 
depends on the column, eluent, standards and other parameters used. However, more 
data is needed for the follow-up of the state of the groundwater and further studies are 
recommended for optimizing the method. The comparison of the values with the 
previous ones and with literature was difficult since the analysis equipment/parameters 
(e.g. column, detector, eluent) were different. Altogether, the results obtained with the 
methods used in the current study, gives a good view of the molecular size distribution 
of the humic substances found in ONKALO. 
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