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ABSTRACT 

Humic substances are a general category of naturally occurring, biogenic, heterogeneous 
organic substances that can be characterised as being yellow to black in colour, of high 
molecular weight and refractory. Surface tension measurement defined humic substances as 
surface active substances. Unless micellar structural model of humic substances has been 
suggested, in the same time there are only a few studies about the factors that affect the 
surface activity of humic solutions. The objective of this study was to study changes in 
surface activity depending on the origin and properties of humic substances. 

The surface tension-pH curves of humic substances featured a minimum for all solutions, 
declining steeply from higher and lower pH values. The decrease in surface tension with 
decreasing pH reflects the gradual neutralization of acidic sites, which created amphiphilic 
species that migrated to the surface. Surface tension of solutions of humic substances 
decreased with increasing concentration, as well as in presence of metal salts. Many 
industrially produced humic materials demonstrated no or insignificant impact on surface 
tension of their solutions, but humic substances isolated from natural environments (water, 
soil, peat, sediments) demonstrated significant impact of surface tension of their solutions. 
Thus there exist direct links between origin, structure of humic substances and their ability to 
influence surface tension of aquatic solutions. 
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I INTRODUCTION 

Humic substances (HS) are the most widely found naturally occurring organic substances. 
Humic substances are a general category of naturally occurring, biogenic, heterogeneous 
organic substances that can generally be characterised as being yellow to black in color, of 
high molecular weight and refractory. Humic substances can be divided into three fractions: 
a) humin is the fraction of humic substances that is not soluble in water at any pH; b) humic
acid (HA) is the fraction of humic substances that is not soluble in water under acidic
conditions (below pH 2), but becomes soluble at greater pH; c) fulvic acid is the fraction of
humic substances that is soluble under all pH conditions [!). Humic substances form most of 
the organic component of soil, peat and natural waters, they influence the process of 
formation of fossil fuels, and they play a major role in the global carbon geochemical cycle.
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Interaction of humic substances with xenobiotics may modify the uptake and toxicity of these 
compounds, and affect the fate of pollutants in the environment [2]. Structure of humic 
substances is characterised by presence of numerous aromatic, carboxylic and phenolic 
functionalities, linked together with alkylmoieties, imparting a measure of flexibility to the 
polymer chains. The molecular weight range commonly quoted for fulvic acids is 500 to 5000 
daltons (DA), while it is> 5000 Da for humic acids and can extend to values> I 000 000 Da 
(I]. Aqueous solutions of humic substances are generally polydisperse, with size ranges 
differing according to the origin - aqueous, terrestrial, or marine - of the material in question. 

Surface tension measurement defined humic substances as surface active substances [3]. The 
amphipilic nature of humic substances has given rise to the micellar model for these 
compounds [4]. Other studies have indicated that the spontaneous aggregation of aquatic 
solutions of humic substances can be intramolecular (involving single polymer molecule) or 
intermolecular (involving multiple chains) (5 - 7] and the interior of these assemblies is 
relatively hydrophobic, while the exterior is more hydrophilic. It has been suggested the way 
of arrangement of humic substances in solutions to describe as pseudomicellar [5]. 

Unless micellar structural model of humic substances has been suggested, in the same time 
there are only a few studies about the factors that affect the surface activity of humic 
solutions. The objective of this study is to study changes in surface activity depending on the 
origin and properties of humic substances. 

2 MATERIALS AND METHODS 

Humic substances were isolated from soil, peat and water in Latvia, representing different 
environments. Humic acids were extracted and purified using procedures recommended by 
the International Substance Society [8]. The obtained humic substances were characterised as 
described earlier by their elemental, functional and spectroscopic characteristics (9 - 13]. 
Industrially produced humic substances (Humid Acid Aldrich, USA, Lignohumate, RET, 
Russia) and synthetic humic material were used for comparison [16]. 

Surface tension measurements were taken with tensiometer Kruss K6, fitted with a 19 mm 
diameter platinum ring. Samples were prepared for measurement diluting till the appropriate 
concentration standard solution at humic substances (1000 mg/L) and equilibrating for 24 
hours. Solutions were placed in a shallow glass dish of 50 mm diameter and the platinum ring 
was inserted in the middle of the container to avoid edge effects and equilibrated for 90 min. 
The ring was raised through manual operation of the torsion mechanism and the tension 
readings at the instant of surface detachment were noted. Kinetic measurements were 
performed after adding the appropriate amount of metal ions stock solution to IO ml of humic 
solution, stirring for I min and then taking data at appropriate intervals. All measurements 
were taken in triplicate at a temperature of 22 C and mean results are used in the figures with 
standard deviation not more than ±2 rnN/m. 

The surface excess values, r (mol/cm2), (which represents the amount of HA molecules at an 
air-water interface), were calculated from the slope of (dy/dlnC) in a concentration 
dependence of surface tension, Gibb's adsorption equation described it as follows: 

1
f=---x --3I__ 

RT dlnC 
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where: R is the gas constant, T is absolute temperature, y is the surface tension of the HA 
solution, and C is the concentration of humic substances (14]. 

Slope at the surface tension changes - !:iyl!:iC is the change in surface tension (mN/m) per unit 
change in dissolved organic carbon concentration (mg C/L) (15] for interval at concentration 
150 - 250 mg/L. 

3 RES UL TS AND DISCUSSION 

The effect of humic substances on surface tension depends on their amphiphlic character and 
tendency to accumulate at the water-air interface. It is known that the behaviour of humic 
substances in aquatic solutions depends on their concentration, pH, metal ion concentrations 
[5 - 7] and the same factors determines the influence of humic substances on the surface 
tension and the formation of pseudomicelles, since both are manifestations of the same 
solution properties. In the same time it is well known the dependence of properties of humic 
substances on their origin [I]. To study the changes of ability of humic substances to 
influence surface tension depending on their origin, we have used well characterised humic 
substances, isolated from soils, peat and aquatic sources (9 - 13] as well as industrially 
produced and synthetic humic matter. 
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Figure 1. Variation of surface tension for humic acid solutions depending on their 
concentrations. 

All studied humic substances demonstrate ability to influence surface tension of their 
solutions (Figure I, 2). In concentration intervals from 50 mg/L to 1000 mg/Ly dropped from 
56 - 70 mN/m to 43 - 59 mN/m. The relative ability to influence surface tension can be 
characterized with slope at the concentration surface tension graph and it is higher for HA 
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Figure 2. Variation of surface tension for industrially produced and synthetic humic acid 
solutions depending on their concentrations, 

from soil (Table ]), but lowest for industrially produced and synthetic HA (Figure 2, Table 
]), Probably, the reason for so significant differences can be the origin of industrially 
produced humic substances (usually they are extracted from low-rank coal), 
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Figure 3. Variation of surface tension with pH for 100 mg/L humic acid solutions. 

56 

596 



··- �-------.... 54 

44 

NaCl 

Kalmar ECO-TECH '05 and 

The Second Baltic Symposium on Environmental Chemistry 

KALMAR, SWEDEN, November 28-30, 2005 

The surface tension-pH curves featured a minimum for all solutions, declining steeply from 
higher and lower pH values, The measured surface tension was greatest at high pH (> 8) in all 
cases, since the humic solute was highly anionic (and therefore very hydrophilic) under those 
conditions, The decrease in surface tension with decreasing pH reflects the gradual 
neutralization of acidic sites, which created amphiphilic species that migrated to the surface, 
The degree to which this occurred differed for different humic substances, being last 
pronounced for the fulvic acid, This may be attributed to the high functional group density on 
these relatively small molecules, which allowed fairly extensive H bonding with the aqueous 
solvent throughout the pH range and hindered the development of a strong amphiphilic 
character. In all cases the surface tension increased again in the low pH ranges where 
continued neutralization produced increasingly hydrophobic molecules with low surface 
activity, 
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Figure 4. Variation of surface tension with sodium chloride concentration/or soil humic acid 
solution. 
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Figure 5, Variation of surface tension of 100 mg/L soil humic acid solution (pH 6) on metal 
ion concentration, 

Presence at inorganic ions reduced the surface tension at humic solution indicating a salting 
out effect, but also formation of complexes with significantly differing ability to influence 
surface tension of aquatic solutions. So significant differences in the surface tension of humic 
solutions depending on the ion type, significant differences have been observed (Figures 4, 
5). 
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Figure 6. Variation of surface tension with time for 250 mg/L humic acid solutions. 
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l f  in the presence of sodium and magnesium ions the surface tensions decreased with 
increasing metal ion concentration, then for chromium (Ill) ion the curve indicate abi lity to 
interact with humic substances forming complexes with increased surface activity. 

Table 1. Slope at the surface tension changes l 50 - 250 mg/! and the surface excess values. 

Humic substance Slope, (mN!m)l(CIL) Surface excess values, mol!cm2 

Tehum HA -0.039 - 1 ,0863 · 1 0
4 

Aldrich HA -0. 0 1 2  -7,4220 · 1 o· 

Mexicano FA -0. 0 1  1 -4,0 1 00 · 1 0· 

Lignohumate HA -0.0 1 3  -4 . 5296 · 1 o· 

Synthetic HA with tannin 
Synthetic HA (resorcin) 
Soil HA (Typical podsol) 
Soil HA (Humus gley) 
Soil HA (Sod podsol ) 
Aquatic HA (Daugava) 
Peat HA (Olaine) 

-0.0  1 5  
-0 .0 1 2  
-0.02 1 
-0.028 
-0.0 1 5  
-0.00 1 
-0 .0 1 2  

-5 . 3246 · 1 o· 

-4. 1 0 1 3  · 1 0"6 

- 1  ,2095 · 104 

- 1  ,6075 · 104 

- 1  ,0399 · 104 

- 1  ,0256 · 1 04 

-5 ,4370 · 1 0·5 

Peat HA (Spigu) 
Peat HA (Livanu) 

-0.059 
-0.0 1 6  

-4,5084 · 1 o· 
-9,0744 · 1 0·5 

Peat HA (Kemeru) -0.005 -8 ,2688 · I o· 

Also the kinetics of the development of surface tension (Figure 6) shows significant changes 
of the surface tension, in the same time similar for al l studied humic substances. The kinetics 
of the changes in surface tension i l lustrates the importance of the rearrangement of humic 
molecules in the solutions and impact of these processes on the surface tension. 

4 CONCLUSIONS 

The surface tension-pH curves of humic substances featured a minimum for all solutions, 
declining steeply from higher and lower pH values. The decrease in surface tension with 
decreasing pH reflects the gradual neutralization of acidic sites, which created amphiphil ic 
species that migrated to the surface. Surface tension of solutions of humic substances 
decreased with increasing concentration, as well as in presence of metal salts . Many 
industrially produced humic materials demonstrated no or insignificant impact on surface 
tension of their solutions, but humic substances isolated from natural environments (water, 
soil, peat, sediments) demonstrated significant impact of surface tension of their solutions. 
Thus there exist direct links between origin, structure of humic substances and their abil ity to 
influence surface tension of aquatic solutions. 
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