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Abstract 
 

This work focuses on wood extractives in effluents from the CTMP plant at Skoghall Mill. 

Pulp and paper industry effluents contain mostly natural compounds which are part of the 

trees. They are toxic to aquatic life but harmless in nature, as they are present in low 

concentrations. Processing tons of wood, such as in a pulp mill, strongly increases the 

concentrations of the toxic compounds (Ali, M. and Sreekrishnan, T., 2001) which have to be 

treated before transferring to the aquatic environment. 

 

Extractives can be found in different forms, as micelles soluble in water, unprocessed in fibers 

or absorbed on the surface of fibers. It is important to know in which forms extractives are 

mostly present in the effluent, so that they can be treated more efficiently. It is desired to have 

extractives absorbed on the fibers and fibrils present in the waste water, so they can be 

separated from the water and treated separately, e.g. burned for energy recovery. Dissolved 

extractives complicate the oxygen transfer in an aerated biological treatment step with their 

surface active properties (Sandberg, 2012). 

 

The aim of this study is quantification of extractives on the fibers suspended in the waste 

water and extractives dissolved in the water. The distribution between the two forms is an 

important input when designing future effluent treatment. Wood extractives itself are a wide 

group with different compounds. This work focuses on the main groups present in waste 

water: resin acids, free and esterified fatty acids and, free and esterified sterols. These groups 

are analyzed in different process waters and waste water before the waste water treatment 

plant. The measured concentrations of extractives were as expected, higher in process and 

effluent waters, lower in white water. Most of the extract was dissolved in the water and 

unfortunately fiber samples contained very low concentration from the total extract in the 

samples. 
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Sammanfattning 
 
Detta arbete fokuserar på extraktivämnen i avloppsvatten från CTMP-fabriken vid Skoghalls 

Bruk. Skogsindustriella avloppsvatten innehåller huvudsakligen naturliga föreningar som 

kommer från veden. De är giftiga för vattenlevande organismer men ofarliga i naturen, 

eftersom de förekommer i låga koncentrationer. Vid industriell hantering av ved, t ex vid ett 

massabruk, ökar koncentration av dessa föreningar i avloppsvatten (Ali, M. and Sreekrishnan, 

T., 2001), som måste behandlas innan det når recipienten. 

 

Extraktivämnen förekommer i olika former, såsom i miceller lösta i vatten, obearbetade inuti 

fibrerna och absorberade på fiberytan. Det är viktigt att veta i vilken form extraktivämnena i 

avloppsvattnet huvudsakligen föreligger, så att de kan behandlas mer effektivt. Det är 

önskvärt att ha extraktivämnena absorberade på fibrer och fibriller som finns i avloppsvattnet, 

så att de kan separeras från vattnet och behandlas separat, t.ex. brännas för energiutvinning. 

Extraktivämnen lösta i vatten försvårar syresättningen i ett luftat biologiskt reningssteg genom 

sina ytaktiva egenskaper (Sandberg, 2012). 

 

Vedens extraktivämnen är en stor grupp av olika föreningar. Detta arbete fokuserar på de 

viktigaste grupperna i avloppsvatten: hartssyror, fria och föresterade fettsyror samt fria och 

förestrade steroler. Dessa grupper har analyserats i olika processvatten och avloppsvatten 

innan avloppsvattenreningen. Syftet med denna studie är kvantifiering av extraktivämnen på 

fibrerna suspenderade i avloppsvattnet och extraktivämnen lösta i vattnet. Fördelningen 

mellan de två formerna är en viktig input när man skall utforma framtidens avloppsrening. 

Uppmätta extrakthalter var som förväntat, högre i process- och avloppsvatten, lägre i 

bakvattnet. Större delen av extrakt var löst i vattenfasen och tyvärr fanns endast en mindre del 

av totala extraktet på fiberfasen.  
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List of symbols and abbreviations 
 

CTMP: Chemi Thermo Mechanical Pulp 

LLE: Liquid-liquid extraction 

SPE: Solid phase extraction 

GC: Gas Chromatography 

GC-FID: Gas Chromatography-Flame Ionisation Detector 

GC-MS: Gas Chromatography-Mass Spectrometer Detector 

EC: End-capped 
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Introduction 
 

The amount and type of extractives in process water, white waters and effluents is dependent 

on a couple of factors, such as the raw material, additives that are used in the paper-making 

process and the process itself.  

 

Usually from the paper production from 1 ton of paper are generating around 10 to 50 m
3 

of 

wastewater (EuropeanCommission, 2001). Pulp and paper mill effluents, which are released 

in the freshwater, can have big impact on the ecosystems and all organic life (flora and fauna) 

in the recipient. There have been observed physiological and skin diseases in fish and also a 

significant reduction in the number of young fish and reproduction problems and changes and 

disruption of their population structure and growing rate at the southern lake Saimaa in 

Finland. (Karels, A. et al., 1999) 

 

Extractives do not only cause environmental problems; they can also generate problems in the 

paper production and in the final products paper and paperboard. In the production process, 

extractives cause problems such as biofilms on the machine equipment, “stickies” and 

deposits (Lacorte, S. and Lattore, A et al., 2003) which can cause visual spots in the paper. 

When present in the final product the extractives can give rise to and taint and odour problems 

if the paperboard is used for food packaging (Ek, M., Gellerstedt G. et al., 2009). For these 

reasons extractives has attracted big interest and is an important research area in the forest 

industry. When producing paperboard for food packaging they have to be eliminated in the 

production stage and treated in the waste water before leaving the mills.  

 

Paper mill effluents contain suspended solids such as fibers and extractives that are dissolved 

in the water, unprocessed in the fibers or absorbed on fiber surfaces. The goal in the primary 

treatment of the effluent is sedimentation of the suspended solids. This mechanical method is 

cheap and as more extractives that can be removed in this stage, less resources will be needed 

for the further treatment. There are different extractive groups and compounds which, only in 

this experiment around 150 different compounds have been detected but not all of them 

quantified and qualified. 

 

The aim of this study is quantification of extractives on the fibers suspended in the waste 

water and extractives dissolved in the water. The distribution between the two forms is an 

important input when designing future effluent treatment. This work is focusing on 

quantification of resin acids, fatty acids and sterols in fiber and water samples of process 

waters and waste water from Skoghall board-mill.  

 

Resin acids 
 

Resin acids are tricyclic diterpenes that occur naturally in the resin of the tree. They are 

protecting the tree from microbial and insect damages (Makris, 2003). Figure 1 shows three 

examples from the resin acid family. They have similar structure and mostly the red colored 

group determines their identity. 
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Figure 1: 3 examples from resin acid family. They have similar structure and mostly the red colored group determines 

their identity. 

 

Resin acids are very strong and stable when it comes to chemical degradation which leads to 

their almost untouched condition after the bleaching and pulping stage. (Dethlefs, F. and 

Fresenius, S., 1996) 

 

They are the most toxic compounds from wood extractives (Back, E. and Allen, L., 2000). 

When contacted with fish, resin acids have the ability to be stored in their tissues and when 

they come to the concentration of 0.4 mg/L or more, are causing different kinds of liver 

problems for fish (Mattsoff, L. and Oikari, A, 1987). 

 

Fatty acids and triglycerides  
 

Trees use fatty acids as nutrient reserves. They are aliphatic acids that have 16 to 24 carbons 

in the chain. They can be saturated and unsaturated and together with glycerol form 

triglycerides (Figure 2). Compared to resin acids, fatty acids are not so soluble in water. Fatty 

acids are proven to be toxic and unsaturated ones are apparently even more toxic but still they 

are less toxic than resin acids (Back, E. and Allen, L., 2000). 
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Figure 2: Representative view of a triglyceride. 3 fatty acids (in black) bonded by ester bonds to glycerol (in red) 

 

Sterols and sterylesters 
 

Sterols in wood are very similar to hormones found in animals. They both have equally the 

same hydrocarbon skeleton with 5 rings. Figure 3 shows hydro carbon skeleton of sterols and 

the red marked group determines their identity. 
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Figure 3: Sterol hydrocarbon skeleton with four rings. R group determines the type of the sterol. 

Actually their main function is to have the role of hormones in the trees. Sterols are found to 

frequently form esters (steryl ester) when they are combined with fatty acids. This makes 

sterols more resistive when it comes to the pulping process (Back, E. and Allen, L., 2000). 

Since they are so resistive, when leaving the paper-mill, sterols can have a negative impact on 

the fauna of the waters that are close where the paper-mills release their waters. (Tremblay, L 

and G. van der Kraak) has shown that fish that are exposed to sterols from the pulp and paper-

mill effluents lead to problems with the hormone levels and the induced enzyme activity 

shows that sterols are toxic. 

 

Micelles and solubility of extractives 
 

In aqueous environment, fatty and resin acids behave different than neutral compounds as 

sterols. In basic conditions, acids are dissociating and their charged forms dissolve in water, 

which also depends on temperature and metal ion concentrations of the water. Amphiphilic 

compounds like fatty- and resin acids have hydrophilic parts with high solubility in water and 

hydrophobic part with high solubility in non-polar solvents. These molecules with the polar 

head groups tend to concentrate in aqueous environment and aliphatic tails concentrate toward 

air or hydrocarbons. With these properties they can self-associate to form colloids like 

micelles. Figure 4 shows an illustration of a mixed micelle with resin and fatty acids having a 

solubilized sterol in the interior.  

 

 
Figure 4: Illustration of cross section of a spherical mixed micelle with resin and fatty acids, with a solubilized sterol 

in the interior (Ek, M., Gellerstedt G. et al., 2009). 
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Aims of the present study 
 

Extractives can be found in different forms in mill effluents. It is important to know in which 

forms extractives are mostly present, so that they can be treated more efficiently. It is desired 

to have extractives absorbed on the fibers and fibrils present in the waste water, so they can be 

separated from the water and treated separately, e.g. burned for energy recovery. It is not 

desired to have extractives dissolved in the water, as they are complicating the oxygen 

transfer in an aerated biological treatment step with their surface active properties (Sandberg, 

2012). 

 

The aim of this study is quantification of extractives on the fibers suspended in the waste 

water and extractives dissolved in the water. The distribution between the two forms is an 

important input when designing future effluent treatment.  

 

Wood extractives itself are a wide group with different compounds. This work focuses on the 

main groups present in waste water: resin acids, free and esterified fatty acids and, free and 

esterified sterols. These groups are analyzed in different process waters and waste water 

before the waste water treatment plant.  

Methods 
 

There are two different extraction methods for the water samples. Liquid-liquid extraction 

(LLE) is among the oldest and most used methods for the analysis. In LLE, the choice of 

solvent is important to extract interested analytes. Despite that LLE is the most used method, 

it is labour-intensive and time consuming. 

 

Solid phase extraction (SPE) is another improving method which can handle large dilute 

volumes such as treated effluents. This method drastically reduces solvent use in the analysis. 

Unfortunately SPE has some important disadvantages comparing to the LLE. According to 

(Rigol, A. Lacorte, S. et al., 2003); 

◦ SPE column can apply selective adsorption for some extractives and cause loss of 

analyte by breakthrough.  

◦ Samples must be filtrated and this could cause loss of analytes through adsorption on 

filters. 

◦ Unsatisfactory results have been obtained with some resin acids. 

◦ SPE method has different reproducibility at pH values different than 5 (Mosbye, J. et 

al., 2000) 

 

Soxlet extraction is the most used method for the fiber samples which is cheap and easy to 

apply when compared to accelerated solvent extraction. 

 

For the separation of extractives, GC has been the most commonly used method as it provides 

sensitive selectivity (Rigol, A. Lacorte, S. et al., 2003). However, long analysis and 

derivatisation is needed when applying with this technique. 

 

Liquid chromatography is also used for the determination of dehydroabietic acid and for the 

non-aromatic resin acids (Rigol, A. Lacorte, S. et al., 2003). HPLC method is less time 

consuming as water samples can directly be introduced to the column without any extraction. 

But separating various resin acid isomers is difficult as they have similar analyte-column 
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hydrophobic interaction. HPLC is good for the total amount resin acid determination but GC 

is preferable for the determination of various resin acids. 

 

In this work LLE is used to isolate extractives from water samples and Soxhlet extraction is 

used for the fiber samples. GC-MS is used for the identification and GC-FID is used for the 

quantification of the extractives. 

Material 
 

Apparatus 

Shaker 

Micro pipettes 100µl, 1ml and 2 ml 

Rotary evaporator 

Heating block 

Vials 4 ml and 4 µl suitable for auto sampler 

Gas chromatographs with FID and mass spectrometer detector 

 

Chemicals   Brand Name 

Acetone   Merck, for analysis 

Methanol   Merck, 99,9% 

Petroleum ether  Merck, BP 40-60 ⁰C > 90% 

Diethyl ether   Merck, 99,7%  

Sulphuric acid, 1 M  Merck, 95 – 97% 

Ethanol    Merck, > 99,5% 

Sodium sulphate  Merck, 99,0 % water free  

Potassium hydroxide  Merck 

Bromocresol green  Orbeco-Hellige 

Bis(trimethylsilyl)trifluoroacetamide Alfa aesar, 99% 

Dried acetone  Merck, Dried by sodium sulphate 

13-methylpentadecanoic acid  Sigma-Aldrich, 98% 

(C16:0ai)      

Cholestanol    Sigma-Aldrich, 95% 

 

Internal standard solution 
 

Prepare a standard solution with final concentrations of 100 µg/l 13-methylpentadecanoic acid 

and cholestanol dissolved in acetone. 

Sampling and sample preparation 
 

Samples have been taken from three different process water sources and one from the total 

waste water source. They are named as follows: 

B250: Filtrate from pressed wood chips 

B257: Washing filtrate (dirty)  

BV4: Washing filtrate (clean) 

Total waste: Collected total effluent before external treatment. 

 

All the sampling preparations have been done from Skoghall mill specialists. Analytes have 

low solubility in water and they can associate with the fibers on the sample. Therefore it is 



7 

 

important to separate fibers and the process water at their process temperature (around 80 ⁰C). 

Samples were weighed and filtrated from fibers. Filtrated samples were stored in 50 ml plastic 

flasks and wet fibers from 1 liter filtrated sample were stored in plastic bags. All samples 

were frozen before analyzing. Wet fiber samples have to be dried before Soxhlet extraction. 

Freeze drying for 24 hours is an appropriate way of drying the fibers with a minimum loss of 

extractives (Willför, S. Hemming, J. et al., 2004-2009). 

Sample processing 
 

There are two different extraction methods used in this work. Fiber samples extracted with 

Soxhlet extraction (Scan-CM-49:03) and filtrates extracted by liquid-liquid extraction 

methods (Scan-w-151XE). 

 

Soxhlet extraction: Weighed dry fibers were placed on the cellulose thimble 

and 1 ml of internal standard was added. Thimble covered with glass whool and placed in 

Soxhlet extractor with 100 ml acetone. Boiling was performed for at least 16 total extract 

cycles at 70 ⁰C. After the extraction, solvent evaporated with rotary evaporator until dryness. 

Extract transferred to 4 ml vial using acetone. Solvent evaporated in a heating block at 60 ⁰C 

under N2 stream. Extract dried additionally in a vacuum drier for 20 min at 40 ⁰C and dried 

extract weighted for the total amount of analyte. 

 
Liquid-liquid extraction (LLE): Filtrated sample transferred to a separation 

funnel and sample flask rinsed analytically with water. Sample flask cleaned with acetone and 

methanol, as they are used in the extraction. 2 ml of internal standard was added to the funnel 

and pH adjusted to between 2 and 3 with sulphuric acid. 50 ml acetone, 25 ml methanol and 

100 ml petroleum ether was added and placed to shaker for 10 minutes. Water phase was 

collected in an E-flask. Organic layer was washed with 25 ml solution of: 1 part of water, 2 

parts of acetone and one part of methanol. Organic layer dried in a new E-flask with Na2SO4. 

Water phase was transferred to separation funnel and same procedure repeated again with 50 

ml acetone, 15 ml methanol and 50 ml petroleum ether. Organic layer was transferred to the 

same flask containing the previous organic layer and solvent evaporated to the dryness in 

rotary evaporator. Same procedure repeated as it was described for Soxhlet extraction after 

the rotary evaporation. 
 

Derivatisation and hydrolyzation of esters: Analytes of interest are slightly 

polar compounds due to resin- and fatty acids carboxylic group, and sterols hydroxyl group. 

For making extractives less polar, more volatile and more suitable for GC analysis, they have 

to be derivatized by silylation. 

 

As it is described before, fatty acids and sterols could exist as triglycerides and steryl esters in 

the samples. GC equipment used in this work is not suitable to analyze those big molecules, 

such as triglycerides and steryl esters, therefore ester bonds are hydrolyzed to get free fatty 

acids and free sterols. Final extract should be divided in two parts (Figure 5). First part is 

silylated directly but in the second part ester bonds are hydrolysed before the silylation. 

 

Final extract was diluted with sufficient dry acetone and separated to two different 4 ml vials. 

Figure 5 shows an overview of derivatisation process and hydrolysation of esters. For 

simplifying the picture, just fatty acids are shown. A, is the sample which is going to be 

derivatised directly and B, is the sample which is first hydrolysed and then derivatised.  
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Figure 5: Overview of processing the final extract for analysis. 

 

Vials were dried at heating block (60 ⁰C) under N2 stream. For derivatisation 100 µl dry 

acetone and 100 µl BSTFA were added. Closed vials heated for 20 minutes at 70 ⁰C. 

 

For hydrolysis of esters, 0,1 ml 0,5 M KOH was added and closed vial heated for 3 hours at 

70 ⁰C. 1 ml MQ water and 1 drop bromocresol green were added. Solution shook and pH 

adjusted with H2SO4 until the color changes to yellow  p       3). Solution shook again and vial 

filled with diethyl ether. Solution shook again and organic layer separated to a new vial. 

Extract dried in heating block (60 ⁰C) under N2 stream. Additionally extract dried in vacuum 

drier at 40 ⁰C for 20 minutes.  
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GC-analysis 
 

2µl of extract from each sample is injected in to the gas chromatography. 

GC-FID parameters: 

Agilent Technology 6890N 

Equilibrium time: 1 min. 

Maximum temperature: 325 ºC 

Initial temp: 120 ºC 

Split mode, 20:1 

 
Table 1: Gradient temperature program 

# Rate (ºC) Final temp (ºC) Final time (min.) 

1 6 290 23 

2 4 300 10  

 

Carrier gas: Helium 

Pressure: 5.5 psi 

Column: HP-5 5% Phenyl Methyl Siloxane 

Nominal length: 30 m 

Nominal diameter: 320 µm 

 

Calculation 
 

Quantitative determinations for the analytes on GC-FID are achieved with internal standard 

additions to the samples. 

 

Internal standard is a similar compound to the analytes with a known amount added to the 

sample. It should behave similarly both in extraction and on GC analysis.  

 

To use an internal standard, relative response of the detector should be measured for the two 

species. 

 
                      

                         
   

                       

                         
  

 
  

   
   

  

   
  

 

Where F is the response factor and when F is determined, same formula is used to calculate 

unknown analyte concentrations. 

 

In this experiment, internal C16:0ai is used as internal standard for fatty acids and resin acids, 

and cholestanol used for the sterol quantifications. 

 

Response factors for the analytes are calculated according to (Norborg, 1999). Fatty acids and 

most of the resin acids have the response factor 1 for the internal standard C16:0ai. Some of 

the resin acids levopimaric acid, dehydroabietic acid and abietic acid have different response 

factors 0.9, 0.9 and 0.8 respectively. Sterols have response factor 1 for the cholestanol. 
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In the experiment, extractives other than resin acids, fatty acids and sterols have been 

analyzed and unfortunately response factor for these compounds couldn’t be calculated as we 

haven’t had reference compounds for them. Their concentrations were calculated with 

response factor 1, using cholestanol as an internal standard.  

 

Solid phase extraction 
  

SPE method (Mosbye, J. et al., 2000) is applied additionally to observe if it gives similar 

results as the LLE. For the experiment, Isolute C18 (EC) columns were provided from 

Biotage. Non-polar and polar SPE sorbents have the capacity to retain the extract between 1 

and 5% of the sorbent mass. Columns are packed with 1 g sorbent and theoretically they have 

50 mg extract absorption capacity. For the columns, the only suitable sample which could be 

used without dilution was BV4. Sample had average 7 mg extract from 50 ml sample bottles. 

And it was same column which was used in (Mosbye, J. et al., 2000). This method has never 

been tested before at Stora Enso Research Center, Karlstad, and there was no vacuum 

manifold system for the SPE columns. Instead of buying this for the test, a handmade 

apparatus was build. Figure 6 shows the used items for the vacuum system. A plastic pipette, 

where reservoir is cut off is used as a elongated tip at the SPE column output. Then it is 

installed to the Büchner flask as it is shown on Figure 7. 

 

 

 
Figure 6: Used items for the handmade vacuum manifold system build up. 
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Figure 7: Handmade SPE vacuum manifold system   

 

Instead of internal standards and organic solvents mentioned in (Mosbye, J. et al., 2000), the 

same chemicals were used as in the LLE experiment. Because of dichloromethanes hazardous 

effects, methanol and acetone used for the elution. 

 

2 ml of internal standard and 20 ml acetone were added to the sample and stirred vigorously 

for 30 minutes. The samples were filtrated with glass microfiber filter (approximate pore 

diameter 1.6 µm). 

 

The column was solvated with 10 ml methanol and washed with 10 ml distilled water. The 

sample matrix was applied to the column with flow rate around 5ml/min. Before the elution, 

the column was dried by suction for 30 minutes, and then eluted with 15 ml methanol and 15 

ml acetone. The eluted extract was handled in the same way as in the LLE method for rest of 

the experiment. 
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Results and Discussion 
 

The experiment requires hand work and time consuming laboration which also takes extra 

time for evaluating complicated chromatograms with considerable number of compounds. 

Considering the limited time, three replicates have been done just for sample BV4 (Table 2), 

and rest of the samples were analyzed once. 

 

Repeatability 
 

Table 2 shows the repeatability of the LLE-based method. Filtrate of BV4 replicated 3 times 

and %RSD gave reasonable results for the methods repeatability. 

 
Table 2: Replicated filtrate samples for repeatability observation of the method (all the results are in mg/l unit). 

BV4 (mg/l) Sample 1 Sample 2 Sample 3 
Relative Standard 
Deviation %RSD 

Extract 112 111 104 4 

  Total Free Ester. Total Free Ester. Total Free Ester. Total Free Ester. 

Fatty acids 45 2 42 47 2 45 39 2 37 9 11 9 
Saturated 3 0 3 3 0 3 3 0 2 8 3 9 
Unsaturated 41 2 39 43 2 42 36 1 35 9 14 9 

Sterols 6 1 5 7 1 6 6 1 5 8 3 9 
Resin acids 17 

  
18 

  
16 

  
6 

   

Table 2 also shows detailed concentrations of resin acids, fatty acids and sterols in Filtrate 

BV4. 

Free, denotes for the free form of the compounds for fatty acids and sterols. Esterified (Ester.) 

denotes for esterified amount of compounds respective to fatty acids and sterols. And total is 

the sum of esterified and free forms.  

Resin acids don’t consist in such forms and their concentration is written under the total 

column. Saturated and unsaturated forms of fatty acids have also been calculated. 

 

Total extract 
 

Table 3 shows obtained extracts in the water from the filtrated samples.  

 
Table 3: Obtained total extracts in the water from filtrated samples 

# Filtrate 
Total Extract 

(g/l) 

B250 1.09 
B257 0.94 
BV4 0.11 

Total waste 0.84 

 

All raw data for the quantification tables can be seen in appendix A.  
 

Table 4 shows obtained extracts in the fibers from the filtrated samples and dry fiber content 

of the samples. 
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Table 4: Obtained total extracts from fiber samples, and dry fiber content. 

# Fiber samples Dry Fiber  
(g/l) 

Total extract 
(Fwater + fiber) 

(mg/l) 

Fiber extract 
(mg/l) 

Extract % 
from fiber 

Extract % 
from Fwater 

B250 1.71 49,01 38,57 79 21 
B257 0.04 2,21 2,02 92 8 
BV4 0.59 3,64 3,26 90 10 

Total waste 0.61 19,10 16,64 87 13 

 

After the filtration of the samples, filtrated fibers contain some amount of water (shown as 

Fwater on Table 4). Extract content of the filtrated water samples is already known from 

Table 3 and with the help of this information water extract in fiber samples can be calculated. 

Table 3 also shows the relative percentage of extracts in those two phases. 

 

Figure 8 is a visual representation of the total extracts from all filtrate and fiber samples. 

 
Figure 8: Comparison of total extract from all fiber and filtrate samples 

Table 5 shows total extracts both from filtrate and fiber samples with their relative 

percentages. Total fiber extract states, total obtained extract from fibers and, extract in water 

content of the wet fibers (Fwater). 

 
Table 5: Total extract from fiber and filtrate samples with their relative percentages 

# Sample Total extract (g/l) 
Total Fiber extract % 

(Fwater + fiber) 
Filtrate extract % 

B250 1.14 4 96 
B257 0.94 0 100 
BV4 0.12 3 97 

Total waste 0.86 2 98 

                

The major part of the extractives are found in the water fraction and that very little amount of 

extractives (<5% from the total amount of extractives) is found to be unprocessed in fibers 

and adsorbed onto the fibers. 
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Quantification of fatty acids, resin acids and sterols 
 

Table 6 shows detailed quantification of fatty acids, resin acids and sterols. 

 
Table 6: Quantification results for extractives in the filtrate (all the results are in mg/l unit) 

# Filtrate 
(mg/l) 

B250 B257 BV4 Total waste 

Extract  1093 939 112 837 

 
Total Free Ester. Total Free Ester. Total Free Ester. Total Free Ester. 

Fatty acids 327 20 307 372 18 354 45 2 43 385 14 371 
Saturated 18 4 15 39 5 34 3 0 3 34 3 31 
Unsaturated 309 17 292 333 14 320 41 2 40 351 11 340 

Sterols 50 8 42 66 11 55 6 1 5 58 10 48 

Resin acids 181 
  

83 
  

17 
  

90 
  Unidentified 220 37 184 15 8 7 1 0 1 44 34 10 

 

The row with the name “Unidentified” is discussed later under the Unidentified compounds 

heading 
 

Table 7 shows same results as Table 6 for the fiber samples. 
 

Table 7: Quantification results for the fiber extractives (all the results are in mg/l unit) 

# Fiber 
(mg/l) 

B250 B257 BV4 Total waste 

Extract  40.9 1.8 3.7 19.5 

 
Total Free Ester. Total Free Ester. Total Free Ester. Total Free Ester. 

Fatty acids 7.7 1.5 6.2 0.3 0.0 0.2 1.0 0.2 0.8 7.2 0.6 6.6 
Saturated 0.8 0.4 0.4 0.1 0.0 0.0 0.1 0.1 0.1 0.6 0.2 0.3 
Unsaturated 6.9 1.1 5.8 0.2 0.0 0.2 0.8 0.1 0.7 6.6 0.3 6.3 

Sterols 2.4 0.3 2.2 0.0 0.0 0.0 0.1 0.0 0.1 0.9 0.1 0.8 
Resin acids 4.8 

  
0.0 

  
0.1 

  
1.7 

  Unidentified 28.7 18.8 9.9 0.5 0.2 0.3 0.2 0.1 0.1 7.3 5.1 2.2 

 

Following figures, Figure 9, Figure 10, Figure 11, Figure 12, Figure 13 and Figure 14 are 

representative views of Table 6 and Table 7. 

 

Figure 9 shows total amount of resin acids, fatty acids and sterols obtained from filtrate 

samples. 
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Figure 9: Total amount of resin acids, sterols and fatty acids in filtrate samples 

 

Sample B250 has the highest unidentified compound concentration (shown in Figure 9). This 

is a rough value for the unidentified compounds. There were no reference compounds to 

determine their exact quantification. Some of the unidentified compounds had similar 

retention times as fatty acids and were difficult to interpret chromatograms. 

 

Figure 10 shows esterified and free forms of the fatty acids and sterols in filtrate samples. The 

dominant compounds are esterified forms of fatty acids which could also tell that triglycerides 

are the dominant group from all extractive groups. 

  
Figure 10: Total amount of free and esterified, fatty acids and sterols in filtrate samples. 

 

 

Figure 11 shows saturated and unsaturated fatty acids in free and esterified forms in filtrate 

samples. Unsaturated forms are the dominant group of the compounds and they exist in steryl 

esters and triglycerides. 
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Figure 11: Saturated and unsaturated fatty acids in free and esetified forms in filtrate samples 

 

Figure 12 shows total amount of resin acids, fatty acids and sterols in fiber samples. Here 

again unidentified compounds are the dominant group in sample B250 and same comments as 

filtrate samples could be considered for the unidentified compounds. 

B257 has the lowest amounts of fibers which expected to have lowest amount of extractives. 

 

  
Figure 12: Total amount of resin acids, sterols and fatty acids in fiber samples 

 

Figure 13 shows esterified and free forms of the fatty acids and sterols in fiber samples. 

Esterified forms of fatty acids are again dominant group compared to sterols and resin acids.  
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Figure 13: Total amount of free and esterified, fatty acids and sterols in fiber samples. 

 

Figure 14 shows saturated and unsaturated fatty acids in free and esterified forms in fiber 

samples. Also in the fiber samples unsaturated and esterified forms of the fatty acids are the 

dominant group comparing to resin acids and sterols. 

 
Figure 14: Saturated and unsaturated fatty acids in free and esetified forms in fiber samples 

 

The major part of the extractives appears to be unidentified compounds in fiber samples. 

 

Results for the SPE method 
 

According to (Mosbye, J. et al., 2000), better reproducibility gained at pH 5. For the SPE 

experiment sample BV4 used and its pH were 7. Two experiments performed at pH 7 and one 

at pH 3, adjusted with sulphuric acid. 

 

The SPE experiments focused on determination of free fatty acids, free sterols and resin acids. 

Determination of the esterified forms of fatty acids and sterols was not tried in this work. 
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Sample BV4 contained very small amounts of fibers. Initially, SPE without prior filtration of 

the sample was tried, but unfortunately the column clogged after ~10 ml sample introduction. 

For the next experiments BV4 filtrated with Whatman glass microfiber filters (with 

approximate pore diameter 1.6 µm). 

 

Table 8 shows comparison of average results from LLE experiment and SPE experiments at 

pH 7 and pH 3. 

 
Table 8: Average values of free fatty acids, free sterols and resin acids compared with SPE method in pH 7 and pH 3. 

(all the results are in mg/l unit) 

Total Extract (mg/l) 
LLE average (n=3) SPE (pH 7) SPE (pH 3) SPE average (n=2) 

109 19 119 69 

     

Free fatty acids 2.1 2.6 1.6 2.1 

Saturated 0.5 0.6 0.1 0.4 

Unsaturated 1.7 2.0 1.4 1.7 

Free sterols 1.2 1.0 1.1 1.1 

Resin acids 17.0 15.6 18.4 17.0 

 

 

The extract obtained at pH 7 gave very low yield of analytes compared to LLE, but it gave 

reasonable quantification results with internal standards. 

 

To trace the remainder of the analytes, additional experiments performed. The sample matrix 

that eluted from SPE column was analyzed with LLE. But filtrated fibers and filter analyzed 

in different way. Fibers and filter doped in acetone and heated at 60 ºC in ultrasonic sound for 

60 minutes. Solvent evaporated and extract analyzed on GC-FID. Fibers and filter didn’t 

contain the extract. Obtained extract was 0 mg and chromatograph signals were very low to 

calculate significant values. Rest of the extract found in the eluted sample matrix from SPE 

column which is extracted with LLE. 

Table 9 shows LLE extraction of the water phase from SPE experiment.  

 
Table 9: LLE extraction of the eluted sample matrix gained from SPE (pH 7) experiment. (all the results are in mg/l 

unit) 

 SPE water phase (LLE)  

Total Extract (mg/l) 86.9 

  

Free fatty acids 1.5 
Saturated 0.1 
Unsaturated 1.3 

Free sterols 1.3 

Resin acids 18.1 

 

Results from the eluted sample matrix gave similar results as SPE pH 3 shown on Table 8. 

When the sample matrix applied to the column it had pH value 7 but when it extracted with 

LLE, pH adjustment done as usual to pH 3. These results could point also pH dependency of 

the extract methods. Total extracts of SPE at pH 7 and extract from the same sample matrix 

with LLE on Table 8 and Table 9 can be summed, which give 106 mg/l. They are the weighed 

extracts. Gained total result is almost the same value as obtained extract from a single LLE 

experiment. Extractive groups like resin acids, fatty acids and sterols cannot be summed from 
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Table 8 and Table 9. They are pointing same sample concentration which is calculated by 

same internal standards. 

 

As it is mentioned before, if resin acids and fatty acids are in their dissociated forms then they 

can be soluble in water. Therefore another try performed with pH adjustment at pH 3. 

Obtained extract at pH 3 was even higher than LLE method (Table 8). 

 

When LLE method applied, internal standards always had similar ratio close to one  

 

 
                    

                        
      

 

Figure 15 is a chromatogram of sample BV4 from LLE experiment. Internal standard, C16:0ai 

has peak area 1247, and cholestanol has 1271. The ratio between them is 0.98. 

 

 

 
Figure 15: Chromatogram of filtrated BV4 from LLE method  

This ratio between the internal standards in SPE method is very different. Figure 16 is a 

chromatogram of BV4 from SPE experiment. C16:0ai has peak area 94 and cholestanol has 

527. The ratio between them in SPE method is 0.18.  
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Figure 16: Chromatogram of filtrated BV4 from SPE experiment. 

Differences of the area ratios explain that each compound has different interaction with the 

column sorbent and they are eluted in different amounts. Therefore using internal standards 

for each different group of compound is important for the quantification in SPE method. 

Quantification of resin acids with SPE method shown in Table 8 could be wrong, because 

internal standard for the resin acids C16:0ai is used.  

 

Unidentified compounds 
 

Unidentified compounds are those which had no record in the retention time database of GC-

FID software. Figure 17 and Figure 18 shows six of the common compounds detected on GC-

FID and identified on GC-MS detector respective to filtrate and fiber samples.  

They have different identification probabilities, shown in brackets after the name in the 

diagrams. Real identification with reference compounds hasn’t been done. It is just a 

representation of some probabilities. They can be natural compounds, additives from the 

paper mills, products of some uncontrolled reaction, oxidized, or thermally unstable 

compounds. 

 

Some of the compounds shown in Figure 17 and found information: 

Thunbergol and geranylgeraniol are from another of extractives group called diterpenes. 
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Figure 17: Some observed compounds other than sterols, fatty acids and resin acids in filtrate samples 

 

Figure 18 shows same representation as Figure 17 for the fiber samples. 

 
Figure 18: Some observed compounds other than sterols, fatty acids and resin acids in fiber samples 

Conclusions 
 

In LLE, methanol and acetone are used for washing lignin from the organic layer (Saltsman, 

W. and Kuiken, K, 1959), but the focused analytes are also methanol and acetone soluble. In 

GC analysis big molecules like lignin couldn’t be identified and for this reason the washing 

stage could be skipped. At the same stage methanol could cause unwanted esterification 

reactions. Figure 19 shows overview of the esterification reaction. 
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Figure 19: Esterification reaction. Carboxylic acids esetrified by alcohols with acid catalyst 
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According to column providers Biotage, pH control is very important for development of a 

new method. No information is provided about columns pH range use, but non-polar SPE 

columns in general are known to have stable pH range 2 to 7.5 and even above and below 

these values. With SPE method obtained extract at pH 3 was 10 times greater than obtained 

extract at pH 7. The reason for that could be different from just pH adjustment: Sample bottle 

on experiment at pH 7 was washed with little amount of acetone and applied to the column 

before the elution. This procedure could cause to lose the extractives to the water phase. 

 

Vacuum manifold systems are important part of the SPE method for reproducibility and 

elution of the extracts. Experiment in this work, with a vacuum flask didn’t have a stable flow 

rate which could cause loss of the analyte by breakthrough. 

 

Some differences and similarities between SPE and LLE are noticeable: 

 pH adjustment is critic in both methods and SPE requires additional study to find 

optimum pH for the method. 

 SPE columns are applying different adsorption for different compounds and for each 

group of extractives; it is required to use different internal standards. 

 It could be difficult to perform routine analysis with SPE method. Sorbent amount in 

the column determines the amount of extract going to be retained. 

 SPE is very easy method to apply and it takes half of the time required for a single 

LLE. But a standard vacuum manifold system, simultaneously can handle 20 samples 

in a time whic can save enormous laboration work and time. 

 SPE can handle large volume of samples like treated effluents but this analysis could 

be difficult with LLE. 

 SPE drastically reduces solvent use as it requires very little amount of solvent for the 

elution. 

 

It is recommended to continue this study with SPE method development as it gave reasonable 

good results compared to LLE at pH 7. 

 

Triglyceride and steryl ester extraction with SPE method is not mentioned on (Mosbye, J. et 

al., 2000), but it shouldn’t be a problem to analyze them with the same method. SPE C18 

columns are retaining nonpolar extractives. Also an article found for the determination of 

triglycerides from vegetable oils with C18 SPE columns (Aluyur, E. et. al, 2009), which is 

proving that used columns in this experiment can be used as well for the triglyceride analysis. 

 

Solvent selection for the Soxhlet extraction can be a new additional study for the existing 

method. Instead of acetone, diethyl ether could be used as it is more selective solvent for the 

wood resin. (Back, E. and Allen, L., 2000). Another solvent mixture is used for the soxhlex 

extraction cyclohexane:acetone (9:1) (SCAN-CM-67:03, 2003) which could be compared for 

the best results. 

 

Using different internal standards is recommended also for the separation of the extractives. 

Injection stage of the sample to the GC instrument could play important role for the 

quantification of the compounds. Analytes have different volatility and low volatile 

compounds can have discrimination in split mode between the column and outlet. Using 

internal standard for all different groups of compounds could eliminate this problem. 

 

For the effluent treatment, it was desired to have higher extract amounts on fiber samples as it 

is easier to treat fibers in the effluent. Unfortunately the amount of extracts in fiber samples, 
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found to be < 5%  from the total extract of 1 liter sample. Most of the extract was dissolved in 

water samples. 

 

The most dominant interested extractive group from all samples was found to be fatty acids 

and they consist mostly in esterified forms. Sterols are dominantly found to consist in 

esterified forms. Free forms of the compounds are the minority group from the interested 

analytes. Unidentified compounds are dominant group from the total extract in fiber samples. 

 

Figure 20 shows literature value for the extract percentages for different kind of trees.  

 
Figure 20: Composition of the diethyl ether extract in pine, spruce and birch wood (Ek, M., Gellerstedt G. et al., 2009) 

Skoghall board-mill is mostly using spruce trees and the obtained experimental extraction 

agrees with the literature value (Figure 21).  

Experimentally determined result for the fiber sample B250, which is at the beginning of 

production stage, has similar experimental extraction percentages.  

 

 
Figure 21: Fiber extraction percentages for the B250 

Figure 21 shows experimental extract percentages from fiber sample B250. In Figure 20 last 

serie is the total amount of sterols and other neutrals but in same literature it is not defined 

which neutrals are mentioned. Therefore Figure 21 shows only sterols at the last serie. 

 

As it is mentioned, most of the extractives are dissolved in the water fraction. This study 

could be continued with analyzing treating effluents at different temperatures and pH values 

to see if extractives absorbed on fiber surfaces will be in different amounts.  
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Appendix  A 
 
Table 10: Detected and analyzed compounds both in fiber and filtrate samples. 

Fatty acids Resin acids Sterols 
14:0 Pimaric- Campesterol 
15:0 Sandaracopimaric- Campestanol 
16:1 Isopimaric- Sitosterol 
16:0 Palustric- Sitostanol 
18:1 Levopimaric- Lupeol 
17:0 Dehydroabietic- Cycloartenol 
17:1 Abietic- Metylencycloartenol 
17:0 Neoabietic-  
18:3 7-Oxodehydroabietic-  
18:2   
18:1   
18:0   
19:2   
19:1   
20:0   
22:1   
22:0   
24:0   

 

Table 11: Raw sample weights taken from Skoghall mill. It is the weight of samples before filtration and storage. 

# Sample  Raw sample before filtration and storage (g) 

B250  1059 

B257  907 

BV4  1126 

Total waste  1173 

 

 
Table 12: Filtrated and stored samples actual volume and obtained extracts 

# Filtrate Volume (ml) Extract (mg) 

B250 65.05 71.1 

B257 65.04 61.1 

BV4 59.74 6.70 

Total waste 64.98 54.4 

 

 
Table 13: Replications for the repeatability test for sample BV4 

# Filtrate Volume (ml) Extract (mg) 

BV4 – 1 59.74 6.7 

BV4 – 2 64.31 7.2 

BV4 – 3 61.09 6.4 
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Table 14: Raw data for fiber samples, calculated extracts for the contained water on fiber samples and extract from 

the fibers. 

# Fiber Wet 
Fiber 

(g) 

Dry 
Fiber 

(g) 

Water on 
fiber (g) 

Total extract from fiber 
(Fwater + fiber) (mg) 

water 
extract 

(mg) 

Fiber 
extract 

(mg) 

B250 11.92 1.8092 10.11 51.9 11.05 40.85 
B257 0.21 0.0351 0.17 2.0 0.16 1.84 
BV4 4.49 0.6624 3.83 4.1 0.43 3.67 

Total 
waste 

4.16 0.7155 3.44 22.4 2.88 19.52 

 

 
Table 15: Raw data for the SPE method and LLE for the SPE 1’s water phase 

# Filtrate Volume (ml) Extract (mg) Extract (g/l) 

SPE 1 (pH7) 64.46 1.2 0.019 

LLE for the water phase 
of SPE 1 (pH7) 

64.46 5.6 0.087 

SPE 2 (pH3) 62.50 7.48 0.120 

 

  



III 

 

Appendix  B 
 

 
 

Figure 22: Example of a chromatogram. Chromatogram from B250, filtrated water sample, extracted with LLE 

method. Left one is a chromatogram without hydrolisation. Right side is the hydrolysed samples. 


