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ABSTRACT 

Since mineral oil contamination from food packaging to food has become a public health concern, several 

laboratories are investigating possibilities to develop a simply and affordable analytical method for 

measuring mineral oil saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons (MOAH) in 
cardboard.  

The present study investigated on the behalf of Metsä Board Oy (Finland) an efficient analytical method 

for the determination of mineral oil in cardboard by using cardboard extraction (sample separation), a 

solid phase extraction (SPE) process (purification) and gas chromatography-flame ionization (GC-FID) 

(mineral oil quantitation). Also, mass spectrometry (MS) was used for the identification of MOSH and 
MOAH components. In general a simple test which is easy to carry out on-site is needed to comply with 

safety regulations in packaging products.  

We found out that when used a glass column with a 10 mm inner diameter and filled with activated silver 

silica gel (containing 0.3 % AgNO3) as a sorbent bed for the SPE process, the MOSH fraction was eluted 
with 13 mL of n-hexane. The MOAH fraction was eluted with 15 mL of solvent mixture of 70 % 
dichloromethane (DCM), 25 % n-hexane. 5 % toluene and gravitational elution to control the elution 

speed provided the best results.  

In this study, it was suggested that the amount of solvent used during the SPE process will gain intensive 

attention since the handling and evaporation of it is time consuming.  
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1 INTRODUCTION 
 

Mineral oil (MO) consists of a complex mixture of hydrocarbons with two fractions /1/:  
i) The mineral oil saturated hydrocarbons (MOSH) comprising linear and branched alkanes as well as 

alkylsubstituted cyclo-alkanes. ii) The mineral oil aromatic hydrocarbons (MOAH) mainly including 

alkylsubstituted polyaromatic hydrocarbons. Paper and cardboard are known sources of mineral oil, and 
they are also used for packaging of food product. 

According to numerous research, the migration of MO from packaging to food endangers human health 

because some of these substances especially MOSH and MOAH can have carcinogenic and mutagenic 

properties /1 - 6/. Lately the estrogenic activity of aromatic compounds present in mineral oil in printing 

inks has been proven /7/. 

Since mineral oil contamination from food packaging to food became a public health concern, several 

laboratories are investigating possibilities to develop a simple and affordable analytical method for 

measuring MOSH and MOAH in cardboard.  

The method of choice used in many laboratories involves the cardboard extraction with solvent followed 

by analysis via high performance liquid chromatography-gas chromatography (HPLC-GC) /8 - 14/. 

However, this method is very complex, requires expensive equipment and highly knowledgeable 

operators. Thus, a simple test which is easy to carry out on-site is needed to comply with safety 

regulations in packaging products /1,15,16/. Although many manual analytical methods have been 

developed /17 - 26/, it is still difficult to control the eluent speed to make it easily replicable, and to avoid 

the appearing of MOSH in MOAH fraction.  

The present study investigated on the behalf of Metsä Board Oy (Finland) an efficient manual analytical 

method for the determination of mineral oil in cardboard. This was achieved through the following step: 

 Optimisation of GC parameters such as the column choice, injection volume, the temperature 

inlet and column oven, carrier gas flow and solvent choice. 

 

 Use of a commercial cartridge in cardboard analysis: strata tubes. 

 

 Efficiency test for cardboard extraction by using time factor, cardboard sample mass effect and 

the solvents suitability. 
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 Output test (standards) to determine the output of the cartridge by using the standards solutions. 
The output of the cartridge gives information on the retention capacity of the cartridge. 
 

 Optimisation of solid phase extraction by using activated silver silica gel (containing AgNO3) and 

solvent mixture.  

 
 Analysis of samples with GC-FID to determine the peaks and the “hump” of unsolved 

components.  

 

 Mass spectrometry (MS) was used to determine the identity of the peaks. Manual integration was 

used to calculate the amount of MOSH and MOAH in cardboard. 
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2 PAPERS AND PAPERBOARD  
 

Beside the use in packaging, paper and paperboard have many applications. These include, for example, 
newsprint, books, tissues, stationery, photography, money, stamps and general printing. In 2012, paper 

and paperboard produced for packaging applications accounted for 52% of total world paper and 

paperboard production /27/. Also, about 44% of the fibre used worldwide was virgin fibre and the rest, 

56%, was from recovered paper. Non-wood pulp represents 3.4%. Wood is still the main source of raw 

material for paper and paperboard production. 

 

2.1 Typical wood composition 
 
Wood is essentially composed of cellulose (41-53%), hemicelluloses (25-41%), lignin (16-33%), 
extractives (2-5%), inorganics (<1%) and nitrogen compounds (traces) (Fig.1) /28/.  

 

 
Figure 1. General classification and content of the chemical wood components /28/. 
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2.1.1 Cellulose 
 

Cellulose, the major (40-45%)  chemical component of wood fibre dry weight, is composed of linear 

chains of D-glucose linked by ß-1,4-glycosidic bonds (Fig. 2) with the degree of polymerisation that range 

from 10,000 in native wood to 1,000 in bleached kraft pulps /28,29/. Each ß-D glucopyranose unit 

possesses hydroxyl groups at C2, C3 and C6 positions, capable of undergoing the typical reactions 

known for primary and secondary alcohols. The molecular structure imparts cellulose with its 
characteristic properties: hydrophilicity, chirality, degradability and broad chemical variability initiated by 

the high donor reactivity of hydroxyl groups. 

 

 
Figure 2. The structure of cellulose /29/. 

 

2.1.2 Hemicelluloses 
 

Hemicelluloses are matrix heteropolysaccharides present in almost all plant cell walls /29/. They are 

easily hydrolysed by dilute acid or base, and also by hemicellulase enzymes. The main hemicelluloses of 
softwood are galactoglucomannans and arabinoglucuronoxylan (Fig. 3), while in hardwood 

glucuronoxylan is the main component. 

 

 
Figure 3. Chemical structure of glucuronoxylan in hardwood /29/. 
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Hemicellulose building units are hexoses, pentoses and deoxyhexoses. Small amounts of specific uronic 

acids are also present /28/. 

 

2.1.3 Lignin 
 

Lignin is a complex polymer of aromatic alcohols known as monolignols, binding the cells, fibers and 

vessels in wood /28/. Lignin can be defined as a polyphenolic material arising primarily from enzymic 
dehydrogenative polymerisation of three phenylpropanoid unit (Fig. 4): trans-coniferyl alcohol, trans-

sinapyl alcohol and trans-p-coumaryl alcohol. 

 

 
Figure 4. The three phenyl propane monomers in lignin /30/.   

 

2.1.4 Extractives 
 

Extractives are low-molecular-weight compounds present in wood; they can be extracted with neutral 

organic solvent or water from wood, bark, or foliage /28, 29/. The extractives comprise compounds of 

both lipophilic and hydrophilic such as: aliphatics, terpenoids, phenolic components, alkanes, proteins, 

monosaccharides and their derivatives. They play an important role in the pulping and papermaking 

processes. There are thousands of different extractives present in wood, which are also sources of 

contaminants in cardboard for food packaging. 

 

2.2 Fibre separation  
 

The processes by which wood or other fibrous feedstocks are converted into a product mass with 
liberated fibers is called pulping /28/. The pulping process of wood may be based on either mechanical or 

chemical methods.  
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2.2.1 Mechanical pulping  
 
Mechanical pulping applies mechanical force to wood in a crushing or grinding action, which generates 

heat and softens the lignin thereby separating the individual fibres (Fig. 5). As it does not remove lignin, 

the yield of pulp from wood is very high. 

 

The most basic form of mechanical pulping, which is still in practice in some mills today, involves forcing a 

debarked tree trunk against a rotating grinding surface /31/. This process uses a large amount of energy 

and results in a very high-yield product known as stone groundwood (SGW) pulp. Alternatively, lignin can 

be softened using heat or by the action of certain chemicals; this reduces the mechanical energy needed 
to separate fibres during pulping and reduces fibre damage, leading to higher quality pulp. Wood in chip 

form may be heated prior to or during pulping, in which case the pulp is known as thermomechanical pulp 

(TMP); application of chemicals such as sodium sulphite and sodium hydroxide yields chemimechanical 

pulp (CMP); and when the two processes are combined, the resulting pulp is called chemi-

thermomechanical pulp (CTMP). 

 

 
Figure 5. The production of mechanically separated pulp /31/. 

 

2.2.2 Chemical pulping  
 
Chemical pulping uses chemicals to separate the fibres by dissolving the non-cellulose and non-fibrous 

components of the wood (Fig. 6). There are two main processes characterised by the names of the types 

of chemicals used: 
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 The sulphate, or kraft, process uses strong alkali; it is most widely used today because it can 

operate on all types of wood feedstocks, and the chemicals can be recovered and reused.  

 

 The other main process is known as the acid sulphite process, which uses strong acid.  

 

In both processes, the non-cellulose and non-fibrous material extracted from the wood is used as the 

main energy source in the pulp mill and in the integrated mills /31/. Chemically separated pulp comprises 

of 74% of virgin wood fibre production. It has a lower yield than the mechanically separated pulp due to 

the fact that the non-cellulose constituents of the wood have been removed. This results in pulp which 
can undergo a high degree of interfibre bonding.  

 

 

 
Figure 6. Production of chemically separated bleached pulp /4/. 
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Kraft pulping 

Kraft pulping is the conversion process of wood into pulp by using sodium hydroxide and sodium sulfide 
in an aqueous solution. In the cooking process the main goal is to facilitate the disintegration of wood into 

fibrous product such as cellulose, hemicelluloses, lignin and resins. Hemicelluloses can be divided into 

three major organic group /29/: glucomannan, xylan and other carbohydrate groups. The final product, 

pulp, is consisting cellulose, hemicellulose with some residue of lignin and resins. 

 
Reaction equation of kraft pulping: 
 
The mixture of sodium hydroxide (NaOH) and sodium sulphide (NaS2) known as white liquor, is used for 

the conversion of wood chips into wood pulp. 

 

NaOH + NaS2 + WOOD                                 Na-org. + S-org. + NaHS        (Equation 1) 

 

After cooking, the spent cooking liquor, known as black liquor, is separated by washing from the pulp, is 

concentrated in an evaporator and then combusted in the recovery furnace for the recovery of cooking 

chemicals and the generation of energy /28/. The pulp then undergoes different processes such as 
screening, washing, and bleaching to have the final product.  

 
Sulphite pulping 
 

In sulphite pulping, lignin undergoes two types of reactions /28/: sulphonation and hydrolysis, which are 

responsible for delignification. Sulphonation generates hydrophilic sulphonic acid (-SO3H) groups, while 

hydrolysis breaks aryl ether linkage between the phenylpropane units, thus lowering the average 

molecular mass and creating new free phenolic hydroxyl groups. Both of these reactions increase the 
hydrophilicity of the lignin and facilitate its water-solubility. 

 

Because of the sensitivity of glycosidic linkages toward acid hydrolysis, depolymerisation of wood 

polysaccharides cannot be avoided during acid sulphite pulping. Hemicelluloses are attacked more 

readily than cellulose due to their amorphous state and a relatively low degree of polymerisation. 
 
Kraft pulping vs. sulphite pulping  

The production of sulphite pulps is much smaller than the production of kraft pulps. Sulphite pulps are 

often used in special purposes in papermaking rather than being an alternative market pulp grade for kraft 

pulps /32/. Very little unbleached sulphite pulp is made and the yield is a little bit higher which can be 

attributed to the lower pH in the cooking. 
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The main reasons of more limited applicability of sulphite pulps are as follows: 

 It is not possible to use pine as raw material in the acid cooking process which limits the raw 

material base of sulphite pulping. 

 

 The strength properties of the pulps as measured by the papermaker are generally not as good 
as those of kraft pulp, although for some specialty pulps these properties may be equally good or 

even better. 

 Environmental problems have in many cases been more expensive to solve and this has 

decreased the cost-competitively compared to the kraft pulping. The sulphite process is 

characterised by its high flexibility compared to the kraft process, which is a very uniform method, 

that can be carried out only with highly alkaline cooking liquor. 

 

2.3 Recycled fibre  
 

Waste paper and paperboard are also collected, sorted and repulped by mechanical agitation in water 

(Fig. 7) /31/. There are several different qualities of repulped fibre depending on the nature of the original 
fibre, how it was processed and how the paper or paperboard product was converted and used. Each 

time paper or paperboard is repulped, the average fibre length and the degree of interfibre bonding is 

reduced. 

 
Figure 7. Production of pulp from recovered paper/board (recycling) /31/. 
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There are several classifications, based on type and source, of recovered paper and paperboard which 

reflect their value for reuse. Classifications range from ‘white shavings’ (highly priced), newspapers 

(medium priced) to ‘mixed recovered paper and board’ (lowest priced). 

 

2.4 Terminology and classification of paper and paperboard 
 

Preparing fibres for paper manufacture is known as ‘stock preparation’. The properties of fibres can be 

modified by processing and the use of additives at the stock-preparation stage prior to paper or 

paperboard manufacture /31/. In this way, the papermaker can in theory start with, for example, a 

suspension of bleached chemically separated fibre in water, and by the use of different treatments 

produce modified pulps which can be used to make grades as diverse as blotting paper, bag paper or 
greaseproof paper. The surface structure of the fibre can be modified in a controlled way by mechanical 

treatment. The classification and terminology of paperboard depends on specific industry, locale and 

personal choice. The classifications in papers are generally as those described below. 

 

2.4.1 Papers 
 
Tissues 
 

These are lightweight papers with grammages from 12 to 30 g/m2. The lightest tissues for tea and coffee 

bags which require a strong porous sheet are based on long fibres such as those derived from manila 

hemp /31/. To maintain strength during immersion in boiling water, wet strength additives are used. Heat-

sealed tea and coffee bags require the inclusion of a heat-sealing fibre, such as PP. 
 
Greaseproof 
 
The fibres are treated (hydrated) so that they become almost gelatinous. Grammage range is 30–70 g/ m2 

/31/. 

 
Glassine 
 

This is a SC greaseproof paper. It is non-porous, greaseproof and can be laminated to paperboard. It 

may be plasticised with glycerine /31/. It may be embossed, PE coated, aluminium foil laminated, 
metallised or release-treated with silicone to facilitate product release. Grammage range is 30–80 g/ m2. 
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Vegetable parchment 
 

Bleached chemical pulp is made into paper conventionally and then passed through a bath of sulphuric 

acid, which produces partial hydrolysis of the cellulose surface of the fibres /31/. Some of the surface 
cellulose is gelatinised and redeposited between the surface fibres forming an impervious layer closing 

the pores in the paper structure. The process is stopped by chemical neutralisation and the web is 

thoroughly washed in water. This paper has high grease resistance and wet strength. It can be used in 

the deep freeze (i.e. −20°C storage environment) and in both conventional and microwave ovens. It can 

be silicone treated for product release. Grammage range is 30–230 g/m2. 

 
Label paper 
 
These may be coated, machine glazed (MG), wood-free (FW) or MF (machine finished – calendered) 

kraft papers (100% sulphate chemical pulp) in the grammage range 70–90 g/m2 /31/. The paper may be 

coated on-machine or cast coated for the highest gloss in an off-machine or secondary process. The term 

‘finish’ in the paper industry refers to the surface appearance. This may be: 

 

● MF –  smooth but not glazed. 

● WF – where one or both sides are dampened and calendered to be smoother and glossier than MF. 

● MG – with high gloss on one side only. 
● SC – which is dampened and polished off-machine to produce high gloss on both sides. 

 

Depending on the environment in which the label is to be used, various functional chemicals may need to 

be added, for example for labelling packages containing fatty products, grease-resistant chemicals, such 

as fluorocarbons, may be included. 

 
Bag papers 

 

It has several uses for wrapping and for bags where it may have an MG and a ribbed finish. Thinner 

grades may be used for lamination with aluminium foil and PE for use on form, fill, seal machines /31/. For 

sugar or flour bags, coated or uncoated bleached kraft in the range 90–100 g/ m2 is used. 

 
Sack kraft 
 

Paper used in wet conditions needs to retain considerable strength, at least 30%, when saturated with 
water /31/. To achieve this, resins such as UF and MF are added to the stock. These chemicals cross-link 
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during drying and are deposited on the surface of the cellulose fibres making them more resistant to 

water absorption. 

Microcreping, as achieved for example by the Clupak process, builds an almost invisible crimp into paper 

during drying, enabling it to stretch up to 7%. When used in paper sacks, this feature improves the ability 
of the paper to withstand dynamic stresses, such as occur when sacks are dropped. 

 
Impregnated papers 
 

Papers are made for subsequent impregnation off-machine. Such treatment can, for example, be with 

wax, vapour phase inhibitor for metal packaging and mould inhibitors for soap wrapping /31/. 

 
Laminating papers 
 

Coated and uncoated papers based on both kraft (sulphate) and sulphite pulps can be laminated to 

aluminium foil and extrusion coated with PE. The grammage range is 40–80 g/ m2 /31/. 

 

2.4.2 Paperboard 
 
Solid bleached board (SBB) 
 

This board is made exclusively from bleached chemical pulp. It usually has a mineral pigment-coated top 

surface, and some grades are also coated on the back. This paperboard has excellent surface and 

printing characteristics /31/. It gives wide scope for innovative structural designs and can be embossed, 

cut, creased, folded and glued with ease. This is a pure cellulose primary (virgin) paperboard with 

consistent purity for food product safety, making it the best choice for the packaging of aroma and flavor-

sensitive products. SUB is used where there is a high strength requirement in terms of puncture and tear 

resistance and/or good wet strength is required such as for bottle or can multipacks and as a base for 
liquid packaging. 

 
Folding boxboard (FBB) 
 

This board comprises middle layers of mechanical pulp sandwiched between layers of bleached chemical 

pulp /31/. The top layer of bleached chemical pulp is usually coated with a white mineral pigment coating. 

The back is cream (manila) in colour. This paperboard is a primary (virgin fibre) product with consistent 

purity for food product safety and suitable for the packing of aroma- and flavour-sensitive products. It is 
used for packing confectionery, frozen, chilled and dry foods, healthcare products, cigarettes, cosmetics, 

toys, games and photographic products. 
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White-lined chipboard  
 
White-lined chipboard (WLC) consists of middle plies of recycled pulp recovered from mixed papers or 

carton waste. The top layer, or liner, of bleached chemical pulp is usually white mineral pigment coated. 

The second layer, or under liner, may also comprise bleached chemical pulp or mechanical pulp. This 

product is also known as newsboard or chipboard. The overall content of WLC varies from about 80 to 

100% recovered fibre depending on the choice of fibre used in the various layers. WLC is widely used for 

dry foods, frozen and chilled foods, toys, games, household products. 

 

2.5 Packaging papers and paperboards advantages  
 
In an age where environmental and waste management issues have a high profile, packaging based on 
paper and paperboard (Fig. 8) has important advantages /32/: The majority of paper-based packaging 

grades are now produced using recycled recovered fibre. As such, paper and paperboard packaging 

forms a very important end product for the recovered paper sector. The main raw material (wood or other 

suitable vegetation) is based on a naturally renewable resource. In most cases it is sustainably sourced 

from certified plantations. The growth of these raw materials removes carbon dioxide from the 

atmosphere, thereby reducing the greenhouse effects. As such they have a smaller carbon footprint than 

materials made from non-renewable resources, such as petrochemical derivatives. When the use of the 
package is completed, most types of paper and paperboard packaging can be recovered and recycled. 

Furthermore, they can all be incinerated with energy recovery, and if none of these options is possible, 

most are biodegradable in landfill.  

 

 

Figure 8. Paperboard and cardboard (left) /33/ and paperboard boxes (right) /34/. 
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3 METSÄ GROUP Oy 
 

Metsä Group can trace its origins back to 1934. Metsä Group focuses on five core businesses: tissue and 
cooking papers (Metsä Tissue), consumer packaging paperboards (Metsä Board), pulp (Metsä Fibre), 

wood products (Metsä Wood), and wood supply and forest services (Metsä Forest) /35/. Metsä Group’s 

sales totalled EUR 4.9 billion in 2013, and it employs approximately 11,000 people. The Group operates 

in some 30 countries. 

 
Metsä Board 

Metsä Board is Europe’s leading primary folding boxboard and white-top liner producer and a major paper 

supplier such as high-quality office paper, cast-coated paper and board and wallpaper base /35/. 

Lightweight and ecological consumer packaging based on fresh forest fibres, and high performance 

cartonboards for consumer packaging are the core strength of Metsä Board. This company also offers 
high quality papers for office use, specialty papers for labels, forms and several other end uses. 

Metsä Board focuses on renewing product concepts and improving the efficiency of their production units. 
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4 MINERAL OIL  
 

Mineral oil hydrocarbons (MOH) are hydrocarbons containing 10 - 50 carbon atoms /1/. Crude mineral oils 
are by far the predominant source of the MOH, but equivalent products can be synthesised from coal, 

natural gas or biomass. 

  

MOH consist of the three major classes of compounds /1, 14/: paraffin (comprising linear and branched 

alkanes), naphthenes (comprising alkyl substituted cyclo-alkanes), and aromatics (including polyaromatic 

hydrocarbons (PAHs), which are generally alkyl-substituted and only contain minor amounts of non-

alkylated PAHs). Mineral oil aromatic hydrocarbons (MOAH) may also contain minor amount of nitrogen- 
and sulphur-containing compounds. Contamination with polyolefin oligomeric saturated hydrocarbons 

(POSH), example from plastic bags, heat sealable layers or adhesives may interfere with MOSH analysis. 

 

4.1 Mineral oil saturated hydrocarbons  
 

Among MOSH, sub-classes should be distinguished based on molecular mass ranges and structure. Two 

sub-classes were identified based on molecular mass /1/: MOSH up to n-C16 and MOSH from n-C16 to n-
C35. Based on the MOSH structure, distinction should be made among n-alkanes, branched alkanes and 

cyclic alkanes. Additionally, hydrocarbons with structures similar to MOSH, such as polyalphaolefins and 

oligomeric polyolefin (POSH), should be distinguished from the MOSH. 

 
MOSH fractions in packaging  

The fractions of MOSH in packaging according to the migration phase /17/: 

- <C16 

- C16-C24 : Limit for migration through gas phase  

- C24-C35 : Limit for migration with wetting contact 

 
 

Structure of MOSH  

Mineral oil saturated hydrocarbons are branched or unbranched alkyl groups, the structure of MOSH 

found in crude oil are presented in Figure. 9. 
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                  Figure 9. Examples of the different classes of MOSH found in crude oil /1/. R, 

               branched or unbranched alkyl groups with 0 to > 20 C-atoms. 

 

4.2 Mineral oil aromatic hydrocarbons  
 

MOAH are highly alkylated mono- and/or polyaromatic hydrocarbons from mineral oil. In partially 

hydrogenated mineral oils both, saturated and aromatic rings can be found. Hydrocarbons having at least 

one aromatic ring are considered as MOAH, even if they predominantly consist of saturated carbons. 

Technical grades of MOH typically contain 15-35 % MOAH. 
 

MOAH structure and classification in packaging  

 
The MOAH fractions are classified according to the migration phase of the components /1,18,36/: 

- <C24 : Migration through gas phase  

- C24-C35 : Migration with wetting contact 

 

Structure of MOAH  

 

The different classes of MOAH found in crude oil are described in Figure 10. 
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                Figure 10. Examples of the different classes of MOAH found in crude oil /1/. R, branched            

             or unbranched alkyl groups with 0 to > 20 C-atoms. 
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4.3 Structure of mineral oil with sulphur and nitrogen compounds 
 

Mineral oil comprises also sulphur and nitrogen compounds (Fig. 11). 

 

              Figure 11. Examples of different classes of sulphur and nitrogen compounds in crude oil /1/. 

 

4.4 Mineral oil sources and migration in cardboard 
 

4.4.1 Mineral oil sources  
 

The main mineral oil sources in cardboard are from recycled paper and board, printing inks applied to 

paper and board, MOH are used as additives in the manufacture of plastic, adhesives are used in food 

packaging, wax coating is directly applied to food /1/. Food additives, processing aids and other uses 

contribute to MOSH level. Further sources are machinery used for harvesting (diesel oil and lubrificating 

oil) and solvents consisting of individual alkanes or complex MOH mixtures containing cyclic and open 
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chain alkanes of carbon numbers ranging from C10 to C14, used as cleaning agents, may contaminate 

food products as well. 

4.4.2 Migration of mineral oil in food 
 
Migration of mineral oil hydrocarbons into dry foods almost exclusively proceeds through the gas phase 

by evaporation from paperboard and recondensation in food (Fig. 12), possibly via an intermediate 

recondensation on an internal bag of paper or plastic /17/. This means that a certain vapour pressure is a 

prerequisite for a significant mass transfer. In the absence of a functional barrier, the migration of the 

substances of sufficient volatility tends to be high (70-80% of the content in the paperboard). 

 

There are two types of migrations: Direct migration, and indirect migration. Direct migration proceed 

through the packaging of the food, while indirect migration proceed through the intermediate packaging of 
the packed food.   

 

 
     Figure 12. Transfer mechanisms of mineral oil into food /37/.  

 

4.5 Toxicology 
 
All mineral oil hydrocarbons (MOH) are mutagenic unless they are treated specifically to remove MOAH 

/1,37,38/. The mutagenicity of MOH is caused mainly by 3-7 ring MOAH, including non-alkylated 

polycyclic aromatic hydrocarbons (PAHs). MOSH are not carcinogenic, though long chain MOSH can act 

as tumor promoters at high doses. 
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MOSH from C16 to C35 may accumulate and cause micro-granulomas in several tissues including lymph 

nodes, spleen and liver /3/. In the absence of toxicological studies on MOSH mixtures typical of those 

humans are exposed to, the European Food Safety Authority (EFSA) considered inappropriate to 

establish a health based guidance value for MOSH. 
 

MOAH with three or more, non- or simple-alkylated, aromatic rings may be mutagenic and carcinogenic. 

Some highly alkylated MOAH can also act as tumour promoters, but they are not carcinogenic 

themselves. Some simple MOAH, such as naphthalene, are carcinogenic by a non-genotoxic mode of 

action, involving cytotoxicity and proliferative regeneration. 

 

For MOAH mixtures there are not dose-response data on the carcinogenicity and hence it is not possible 

to establish a reference point (RP) upon which to base a margin of exposure (MOE) calculation, which 
would normally be approach for the risk characterization of MOAH mixtures. Some impact of PAHs are 

shown in Table 1 

 
Table 1. Impact of PAHs on Human health /37/ 

 
 
 



 

21 
 

Typical contaminants in paperboard. 
 

For long, the paper industry has faced a series of challenges to contaminants in recycled fibres such as 

/39/: 

 Polychlorinated biphenyls (PCBs) which came from carbonless copy paper (largely now 

   resolved following phase out of PCBs). 

 Di-isopropyl napthalenes (DIPN), which arose from ink jet inks. 

 Di-isobutyl phthalate (DIBP) from inks. 

 Primary aromatic amines from inks. 

 Micheler’s ketone and benzophenone related photoinitiators from UV cured inks. 

 Mineral oil saturated hydrocarbons and mineral oil aromatic hydrocarbons (MOSH and 
MOAH) from newspaper inks. 

 Other harmful molecules. 

The CONTAM Panel considered the toxicological data retrieved on single MOSH and MOAH components 

of the relevant mixtures as inappropriate for the risk assessment for MOH mixtures /1,17/.  However, the 

CONTAM Panel concluded that it is likely that the no-observed-adverse-effect level (NOAEL) of 19 mg/kg 

body weight per day for the most potent MOSH used will be sufficiently protective for the range of MOSH 
to which humans are exposed. The limit of potential toxicological relevant in food was defined as 0.01 

mg/kg in food. 
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5 ANALYSIS OF MINERAL OIL IN FOOD AND CARDBOARD 
 

The migration of mineral oils in food through packaging is harmful for humans. To solve this issue, 
different methods are being used in mineral oil analysis. These methods have advantages and 

disadvantages which should be taken into account to evaluate their efficiency. The important steps for 

method development are the extraction from packing material or foods, aliquot required for analysis, the 

choice of the analysis devise, and the information obtained from the analysis devise. Prior to the 

cardboard extraction process, the storage of the sample requires extreme care. 

 

5.1 Sample storage 
 
The sample history is needed in order to establish its reliability, because the paperboard sample should 
not be taken from the top of the stack to avoid components loss into air /17/. The paperboard should not 

be in contact with any sources of external contaminants. For best storage condition, the sample should be 

wrapped in aluminum foil on one hand to avoid evaporation outwards and on the other hand external 

contamination. The protected sample should be stored at low temperature (refrigerator). 

 

5.2 Cardboard extraction 

5.2.1 Solvent extraction 
 
The mineral oil can be extracted from the paperboard by solvent extraction. Lipids extracted with non-

polar solvents contained less polar lipids than those extracted with polar solvents /40/. Therefore, the 

combination of polar and non-polar solvents is recommended. For efficient extraction, the solvent must be 

able to solubilise the target compounds and minimising co-extraction of interferences /41,42/. The 

extraction techniques in use are solvent extraction with a solution of ethanol/hexane (1:1, v/v) /36/ or 

hexane/acetone (1:1, v/v), pressurised solvent extraction (PSE) /25/ and also the use of absorbent 

material such as modified polyphenylene oxide (MPPO) or molecularly imprinted polymers /43 - 46/. The 
methods as well as the choice of the extraction solvents are the most important parameters to optimize 

for the cardboard extraction. 

 

5.2.2 Pressurised liquid extraction  
 
Beside the classic solvent extraction, pressurised liquid extraction (PLE) is a well-established sample 

preparation technique which uses high temperatures and high pressures for rapid and efficient analyte 
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extraction from solid samples /25,42/. The solvent is pumped into an extraction vessel containing the 

sample. The high-pressure allows maintaining the solvent as liquid at temperatures well above its 

atmospheric boiling point. As the temperature increases, the viscosity of the solvent is reduced thereby 

increasing its ability to wet the matrix and solubilise the analytes. Higher temperatures also cause a 
higher diffusion and desorption rate, increasing extraction efficiency. 

 

5.3 Separation process  
 

The separation process or chromatography is a technique that is used in analytical chemistry for the 

purification, selective extraction and enrichment of analyte in complex samples. The extraction techniques 

widely employed are liquid-phase extraction (LPE) planar chromatography, solid-phase extraction (SPE), 
solid-phase microextraction (SPME), and matrix solid-phase dispersion (MSPD) /46/. 

 

5.3.1 Liquid-phase extraction  
 

Liquid phase extraction (LPE) involves the separation of two or more substances in an analyte through a 

process in which two solvents are employed to separate an analyte from a mixture /47/. The two solvents 

are such that they do not mix with each other (immiscible). The solvents are also chosen such a way that 
the analyte is much more soluble in one than the other. This involves analytes being distributed between 

the two solvents according to certain chemical properties, mainly polarity and pH.  

 

In cardboard extraction, this technique is used to separate the water soluble compounds from the extract 

by mixing 10 mL of water with 5 mL of the extract /20/. 

 

5.3.2 Planar chromatography (paper chromatography and thin-layer chromatography)  
 
In paper chromatography or thin-layer chromatography (TLC), the mobile phase is a liquid and the 

stationary phase is a piece of filter paper, or a solid absorbent which is coated onto a solid support as a 
thin-layer /48/. The sample mixture is applied to a stationary phase, the edge of paper or plate is 

immersed in a solvent, and the solvent moves up the thin-layer or paper by capillary action. Components 

of the mixture are carried along with the solvent up the thin-layer to varying degrees, depending on the 

compound's preference to be adsorb onto the thin-layer versus being carried along with the solvent.  

 

The coupling of planar chromatography with direct analysis in real time time-of-flight mass spectrometry 

(DART-TOF-MS) is nowadays in use in forensic /49,50/. This consists in cutting the plate within a track 

led to substance zones positioned on the plate edge which was directly introduced into the DART stream. 
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Mass signals were obtained instantaneously within seconds. According to forensic science, the coupling 

was perfectly suited for identification and qualitative purposes, but it was initially critical for quantification 

of results. Therefore, this method is not suitable for quantification of mineral oil in cardboard.  

 

5.3.3 Column chromatography (solid phase extraction)  
 
SPE is an extraction method that uses a solid phase and a liquid phase to isolate the analyte of interest 
from a complex solution /50/. The solid phase (usually silica) is the stationary phase in the column which 

is able to adhere gas or liquid particles on its outer surface. After filling the sorbent, the mobile phase 

(solvent) is passed through the dry column to make it wet and the column must remain wet throughout the 

experiment. The sample to be separated is then loaded at the top of the wet column. The solvent used as 

mobile phase is then eluted through the column, the analytes in the sample interact and retain on the 

sorbent according to their affinity (example: polarity or pH), the separation occur then. The most used 

column chromatography techniques in mineral oil analysis are SPE, and HPLC. They are able to separate 

MOSH and MOAH in cardboard extract. There are many adsorbent materials used for chromatographic 
separation in solid phase extraction, and the most used are: silica gel, modified or bonded silica, and 

activated alumina. SPE is robust separation technique; by improving the selectivity of the sorbent bed to 

pick up the analytes will give a bright future to this separation technique.  

 

5.3.4 Adsorbent materials in solid phase extraction 
 

Sorbents are chemicals or materials that can capture liquids or gases. Adsorbents adhere substances 

over the surface of the adsorbing material /51/. The mineral oil can be extracted from the paperboard by 

adsorbent materials such as: activated aluminum oxide, activated carbon, calcium sulfate, calcium oxide, 

clay, molecular sieves or zeolites, organic polymers and silica gel. 

We will focus more on the adsorbents in used: silver silica gel, activated aluminum oxide, and modified 

polyphenylene oxide. 

 
Activated silver silica gel column 

 
The efficiency of the separation of MOSH and MOAH from the paperboard extract, is the most 

challenging in method development for mineral oil analysis. This separation can be achieved through 
activated manual silver silica gel column or commercially manufactured silica gel column. Activated silver 

silica can also be combined to activated aluminum oxide for better MOSH separation. 
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Silica 

Silica gel has hydroxyl groups termed silanol (Si-OH) groups. Silanol groups are the polar groups through 
which other functionalities can be attached (see Fig. 13) /52/. The silanol group can absorb compounds 

onto the silica surface by hydrogen bonding, among others. 

 

 
             Figure 13. Types of silanol groups and siloxane briges on the surface of 

             amorphous silica /52/. 

 
Silver nitrate and silica 
 

The theory behind the association of silver nitrate and silica (Fig. 14a and Fig. 14b) for the components 

separation is based on the fact that silver ions can complex with unsaturated compounds (π bond) /53/. 
Silver ions (Ag+), like the ions of other transition metals, interact specifically with unsaturated compounds 

to form weak charge transfer complexes with olefinic double bonds. As illustrated in Figure 14b, the 

unsaturated compound acts as an electron donor and the silver ion as an electron acceptor. 
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Figure 14a.  Silver nitrate and silica /54/.      Figure 14b. The Dewar model of interaction between a 

                                                                                 silver ion and an olefinic double bond /55/. 

 

The principle of silver silica gel in solid phase separation is described as following: 

The properties of macroporous silica gel make it the most important adsorbent used in chromatography 

column. The polar analytes (white component in Fig. 15) in the sample interact and retain on the polar 

sorbent while the solvent, and non-polar components (in red) such as MOSH pass through the cartridge 
/56/. 

 

 
                 Figure 15. Selective extraction with silica sorbent /56/. 

 

The silver nitrate impregnated silica gel modifies the separation characteristics of the sorbent layer, by 
increasing discrimination of certain compounds, particularly those containing carbon–carbon double 

bonds, such as MOAH (see Fig. 16) /56/.  
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              Figure 16. Selective extraction with silver nitrate modified sorbent /56/. 

 
Advantages and disadvantages of manual silver silica cartridge 
 

Before the column is filled with activated silver silica gel for the separation, the preparation of the gel will 

take almost three days. The amount of silver nitrate used has varied from 0.3% to 10% of the silica 

weight, according to the degree of separation of MOSH and MOAH wished. 

 

The advantages are mainly the higher retention capacity of mineral oil compared to the use of aluminum 

oxide. With activated silver silica gel MOSH and MOAH can be separated efficiently prior to gas 

chromatographic (GC) analysis. 
 

As disadvantages, the preparation of silver silica cartridge is time consuming, it has also a relatively short 

life time (2 weeks, stored at room temperature in dark) /1,13/.  
 
Commercial silica gel cartridge 
 

The commercial silica gel cartridges are readymade for use.  
 

As advantages, this saves time. They have also long lasting life time since there is no expiraction date for 

their use. 

 

As disadvantages, the commercial silica gel cartridges deal with contamination. It’s extremely difficult to 

get rid of these contaminants. In consequence more hexane is needed for the washing process, and the 

analysis result for MO is not reliable if analysis of low concentration is performed.  
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Activated aluminum oxide 
 
The activated aluminum oxide selectively retains long chain n-alkanes /11/. The aluminum oxide (Al2O3) 

activated at 400 °C removes 20 % of the n-C20, 80 % of the n-C21 and virtually all higher mass n-alkanes. 
Al2O3 activated at 600 °C removes 30 % n-C19 and 90 % n-C20. This means that the capacity for retaining 

n-alkanes is achieved by the higher activation temperature. For efficient separation of MOSH and MOAH, 

the association of silver silica gel first, followed by aluminum oxide in the column has been used prior to 

GC-FID analysis. 

 
Advantages and disadvantages 

As advantages, activated aluminum oxide is good for the separation of aliphatic compounds. 

As disadvantages, its preparation is also time consuming, and it selectively retains only long chain 

alkanes. 

Modified polyphenylene oxide 
 

Modified polyphenylene oxide (MPPO) is a porous polymer material with a high molecular weight. It is 

very stable at high temperature (Tmax = 350 ºC), it has a high surface area and a low specific mass (0.23 

g/cm3). MPPO has the property to adsorb mineral oils. The adsorption has been tested /43,46/ by 

covering a sample with MPPO and held at the desired time-temperature test condition, where the 

maximum temperature applicable was 175 ºC. The exposure was followed by extraction of the adsorbent 

using an organic solvent depending on the used specific analytical method. 

 
This mineral oil absorbent has a great advantage, only the volatile components are extracted. As 

disadvantages, the high cost of the MPPO material and a costly special devise are needed for his use. 

 

5.3.5  Matrix solid-phase dispersion  
 
Matrix solid phase dispersion (MSPD) is an analytical process for the preparation, extraction and 

fractionation of solid, semi-solid and/or highly viscous biological samples /57 - 59/. MSPD is based on 

several simple principles of chemistry and physics, involving forces applied to the sample by mechanical 

blending to produce complete sample disruption and the interactions of the sample matrix with a solid 

support bonded-phase (SPE) or the surface chemistry of other solid support materials. The main 
difference between MSPD and SPE is that, in MSPD the sample is dispersed throughout the column and 

retained in not only the first few millimeters. MSPD has some major advantages such as straightforward 

application, ability to simultaneously perform extraction and cleanup in a single step with good recovery 

and precision /60,61/. The application of MSDP reduces analysis time, use smaller sample size, increase 
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sample throughput and shorten turn-around time. This method is providing the reduction in solvent use 

and the expense of purchase and disposal, as well as providing analytical results that are equal to or 

better than classical methods, makes MSPD an attractive alternative approach to investigate for 

cardboard extraction. 
 

5.3.6  Solid phase microextraction  
 

Solid-phase microextraction (SPME) was developed to facilitate rapid sample preparation both in the 

laboratory and on-site where the investigated system is located. In the technique, a small amount of 

extracting phase that is dispersed on a solid support is exposed to the coated fiber for a well-defined 

period of time /62 - 64 /. According to the extraction procedure, the coated fibre is immersed directly in the 

sample, where the analytes are concentrated. The transport of analytes from the matrix into the coating 
begins as soon as the coated fiber has been placed in contact with the sample.  After equilibrium has 

been reached (from a few minutes to several hours depending on the properties of the analytes 

measured) or after a defined time the coated fibre is withdrawn and transferred either to a GC injection 

port, HPLC valve, or MS for analysis.  

SPME sampling can be performed in 3 basic modes (Fig.17): (a) direct extraction, (b) headspace 

extraction and (c) extraction with membrane protection. Figure 7 illustrates the differences between these 

modes. 
 

 
 
Figure 17 Modes of SPME operation: direct extraction (A), headspace SPME (B), and membrane-

protected SPME (C) /62/. 

 

As advantages, SPME saves analysis time, reduces solvent use and apparently a simple techniques. The 

other advantage is that this technique can be used to studies the distribution of analytes in a complex 
multiphase system and to specialise in different forms of analytes in a sample. These potential 

advantages can motivate investigation for the use of SPME in the analysis of mineral oil in cardboard. 
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5.4 Analysis equipments in mineral oil determination 
 

5.4.1 Gas chromatography 
 

In gas chromatography (Fig. 18), gaseous mobile phase transport the analyte through the column, and 

separate analytes before the flow through a detector, then the response is displayed on the computer for 

analysis /65/. Mass spectroscopy (MS) is sometimes used to identify the components prior to determine 

the amount of analytes.  

The standard sample is used to report the different fractions in the mineral oil. The most important in 

quantitative analysis is proper calibration of the GC /66/. By determining the relationship between the 

magnitude of a peak for a known amount of analyte in a standard, one can then use that relationship (the 

calibration curve) to estimate the amount of that analyte in a sample  of unknown concentration.  

 

                   Figure 18. Schematic diagram of gas chromatography /65/.  

 

As advantages, GC allows fast analysis and can be automated. Small samples (μl or μg needed) can be 

analysed. GC devise is reliable, relatively simple to use and it is also quite cheap. It allows on-line 
coupling with other devices such as mass spectrometry (MS), GC MS/MS, GCxGC-MS, LP-GC and 

HPLC-GC. Gas chromatography has some very sensitive detectors (detection limits easily on ppm level, 

often ppb), and highly accurate quantification (1-5% RSD-relative standard deviation-) /67/. 

The disadvantage of GC is the fact that it is limited to volatile samples, and is not suitable for 

thermally labile samples. Also some samples may require intensive preparation; sample must be 

soluble and should not react with the column. The use of GC requires usually MS to confirm the peak 

identity /67/. 
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5.4.2 HPLC- GC/MS 
 

HPLC is a chromatographic method in which the mobile phase is a liquid which is forced under high 

pressure through a column containing fine particles that give high resolution separation /65/. 

It is possible to combine GC/FID to HPLC (Fig. 19), and MOSH and MOAH determination can be 

performed using online or off-line liquid chromatography-gas chromatography-flame ionization detector 

(LC-GC/FID) /68/. 

 

         Figure 19. Schematic diagram of HPLC-GC /68/. 

The advantages and disadvantages can be compacted as follows /69/:  

 High efficiency in pre-separation: efficient sample clean-up. 

 Whole fraction of sample material is transferred to GC: Low detection limit. 

 Closed system: Rules out sample contamination during preparation. 

 Can largely be automated: A minimal amount of manpower.  

 Recommended method for routine use (e.g., MOSH/MOAH analysis: 35 injections/day). 
 

 Difficult to detect coelution (two compounds escaping from the tubing at once). 

 High cost equipment needed to conduct HPLC.  

 Complex operation: Requires a trained technician to operate. 

 The equipment has low sensitivity to some compounds because of the speed of the process. 
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5.4.3 Mass spectroscopy  
 

Mass Spectrometry (MS) is a powerful technique for identification of unknown compounds when studying 

molecular structure. A mass spectrum is a presentation of the masses of the positively charged fragments 

versus their relative concentrations /70/. There are several ionisation techniques, the most used ionisation 

technique is electron impact (EI); where a standardised electron beam energy (70 eV) is generally 

applied. Mass spectra are then obtained at the electron beam energy of 70 eV. The simplest event that 
occurs is the removal of a single electron from the molecule in the gas phase by an electron of the 

electron beam to form the molecular ion, which is a radical cation (M
+•

). The symbol 
+• : indicates that 

the molecule has lost an electron (Equation 2), the molecular ion has unpaired electron and is positively 
charged.  

 

                   70 eV 

M                                         M
+•

   +  e
-   (Equation 2) 

Molecule                            Molecular 
                                            ion 
 

The selection of the sample inlet depends on the sample and the sample matrix. If the analyte is 

sufficiently volatile, with high vapour pressure, and is thermally stable, it is introduced directly into the 

source region /71/. Liquids and solids are usually heated to increase the vapour pressure for analysis. If 

the analyte is thermally labile (it decomposes at high temperatures) or if it does not have a sufficient 

vapour pressure, the sample must be directly ionised from the condensed phase.  

For qualitative analysis, a mass spectrometer can identify a chromatographic peak by comparing its 

spectrum with a library of spectra /64/. The confirmation ion is used for qualitative identification. The 

confirmation ion or spectra might be expected to be 65% as abundant as the quantitation ion. If the 

observed abundance is not close to 65%, then we suspect that the compound is misidentified. Another 

method to identify a peak is to compare its retention time with that of an authentic sample of the 
suspected compound. Retention time comparison is a common method when FID is used. 

Factors affecting MS performance are sample concentration, the matrix, analyte type, buffers and purity, 

purity of organic solvent, purity of curtain gas and collision cell gas, run time and number of samples run. 

MS can be coupled to GC (GC-MS), to LC (LC-MS and in tandem (MS-MS). The library of spectra should 

be updated to make the matching of the unknown molecules easier. Also for better results, high resolution 
mass spectrometry is recommended since it not only provides a specific molecular mass value, but it may 

also establish the molecular formula of an unknown compound. 
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5.4.4 Fourier transform infrared  
 

Most advanced and common IR-spectroscopic method is based on FT-IR (Fourier transformer). The FT-

IR principle is the absorption measurement of different IR frequencies by a sample (gas, liquid, or solid) 

positioned in the path of an IR beam /72,73/. The IR spectrometry use interferometry technique to scan 

the sample. The interferogram is the superimposed waves obtained after sample scan in order to extract 

information. Fourier transform which is a mathematical process is then used to convert the interferogram 
(raw data) into spectrum for easy analysis (Fig. 20). 

 

Figure 20. The conversion of the interferogram into spectrum by Fourier transform /74/. 

The main goal of IR spectroscopic analysis is to determine the chemical functional groups in the sample. 

Different functional groups absorb characteristic frequencies of IR radiation. FT-IR can be combined with 

GC (GC-IR), LC (LC-IR) and HPLC for qualitative and quantitative analysis. By using various sampling 
accessories, IR spectrometers can analyse gases, liquids and solids samples. Fourier transform Infrared 

(FT-IR) is the most advanced IR spectrometers. 

As advantages, the IR spectrometer is more qualitative rather than quantitative. It is more useful to 

determine the chemical functional groups in the sample. 

The disadvantages are: a lot of compounds are not IR active and therefore, they cannot be detected. The 

sample preparation is time consuming due to the complexity of IR device. IR is a destructive analysis 

method due to sample treatment. Minimal elemental information is given for most samples. Background 

solvent or solid matrix must be relatively transparent in the spectral region of interest. 
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5.4.5 Nuclear magnetic resonance  
 

Nuclear magnetic resonance (NMR) is a physical property of the nuclei to absorb and re-emit 

electromagnetic radiation when it is placed in a magnetic field /72/. This magnetic property of nuclei is 

used to determine qualitatively or quantitatively the component. 

 
Advantages and disadvantages 

NMR spectrometer is a non-destructive sample analytical instrument. In addition the technique is 

quantitative, detects very fine structure and it is good for the identification and proof of structure of 

chemical compounds. This instrument allows coupling with MS and HPLC as well /72/. 

NMR spectrometer is one of the most sophisticated analytical instruments available. Pure compounds are 

usually required; mixtures are much more difficult to deal with. Background interferences become a 
limitation with very dilute samples. The method cannot distinguish among magnetically equivalent 

monomers and dimers. Low sensitivity is the principal limitation of the method. NMR device is also very 

expensive device, measuring is time consuming and the spectra takes long time to interpret. 

 

5.5 Conclusions 
 

Considering the advantages and limitations of the different methods used in mineral oils analysis above, 

GC-FID/MS and HPLC-GC/MS will retain positively more attention for their applicability (limited to volatile 

samples). These analysis methods are fast, cheap, easy to use and also efficient. GC-FID/MS is cheaper 

compared to HPLC-GC/MS, and also easier to use. Meanwhile, investigations can be done on the new 

separation processes such as MSPD, SPME and so on to improve the analysis results of mineral oil in 
cardboard.   

Since mineral oil from packaging to food endangers human health, In 2011, an envisioned limit of 0.6 
µg/kg for MOSH < n-C25 and of 0.15 mg/kg for MOAH< n-C25 have been proposed by the German 

Federal Ministry of Food, Agriculture and Consumer protection (BMELV) /20,52/. To the European Union 

level, besides some regulations /15,16/, discussions with the member states on the need for a general 

maximum level for mineral oil in food are ongoing.  
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6 GENERAL THEORIES 

6.1 Optimization of GC parameters 
 

Laboratories are looking for ways to speed up analysis time and improve peak resolution without 

compromising results. Sample introduction, column separation and detector performance can be 

optimised to improve the GC sensitivity, selectivity and baseline stability /75 - 77/. To achieve these 

goals, different parameters such as column choice, carrier gas linear velocity, temperature ramp rate, 

injection volume and detector temperature can be tuning up. 

 
Theory 

The purpose of developing chromatographic separation is to sort out the mixture of analytes. The 
optimisation of GC parameters is based on the general resolution equation (Fig 21) /64,75-77/. 

 

Figure 21. The resolution equation and factors that affect it /77/. 

There are three parameters that control resolution, namely efficiency (N), the retention (k), and 

selectivity (α) factor.  
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Selectivity (α) and stationary phase 

Selectivity or separation factor (α) has the greatest impact on resolution, and it is strongly affected by 
stationary phase polarity and selectivity /77/. Stationary phase selectivity is defined by IUPAC as the 

extent to which other substances interfere with the determination of a given substance. If the stationary 

phase and analyte polarities are similar, then the attractive forces (e.g., hydrogen bonding, dispersion, 

dipole-dipole interactions and shape selectivity) are strong and more retention will result. Greater 

retention often results in increased resolution. In general, highly polar stationary phases have lower 

maximum operating temperatures. 

 

Retention factor (k), the choice of film thickness and column inner diameter (ID) 

The retention factor (k) of a column is based on the time an analyte spends in the stationary phase 

relative to the time it spends in the carrier gas /77/. When the temperature increases k decreases, so at 

higher temperatures analytes stay in the carrier gas longer and are less retained. In practice, if the value 

of k is too large, the peak will broaden, which can reduce resolution by causing peaks to overlap or 

coelute. Smaller ID columns produce higher retention factors (k) compared to larger ID columns. This is 

due to less available mobile phase (carrier gas) volume in the column. When analyzing extremely volatile 

compounds, a thick film column should be used to increase retention; more separation is achieved 
because the compounds spend more time in the stationary phase. But when analyzing high molecular 

weight compounds, a thinner film column should be used, as this reduces the length of time that the 

analytes stay in the column and minimizes phase bleed at higher elution temperatures. 

 

Efficiency (N) 

The efficiency (N) is related to the column length. Longer columns provide more resolving power than 

shorter columns of the same inner diameter, but they also increase analysis time and should be used only 

for applications demanding the utmost in separation power /77/. Column length should only be considered 
once the stationary phase has been determined. 

 

Carrier gas type and linear velocity 

Carrier gas choice and linear velocity significantly affect column separation efficiency, which is best 
illustrated using Van Deemter plots (Fig. 22) /64,77/. The optimum linear velocity for each gas is at the 

lowest point on the curve, where plate height (H) is minimised, and efficiency is maximised. Nitrogen 

provides the best efficiency, compared to nitrogen; helium has a wider range for optimal linear velocity, 
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but offers slightly less efficiency. Helium is the carrier gas of choice, not only for its compatibility with most 

detectors, but also because it is easier to pump in GC-MS compared to hydrogen. For a flame ionisation 

detector, nitrogen (N2) gives a lower detection limit than helium (He). 

 

Figure 22. Operating carrier gas at the optimum linear velocity will maximise efficiency at a given 

temperature. Red circles indicate optimum linear velocities for each carrier gas. 

Under the isothermal conditions, if the linear velocity deviates from the optimum linear velocity (Uopt), 

relative peak broadening and loss of resolution is observed /64,76/. At linear velocities above the 

optimum flow, chromatographic efficiency decreases due to a nonequilibrium of the solute between the 

stationary and mobile phases. Increasing flow rate results in an increase in the peak capacity, due to the 

peak widths getting narrower and the temperature gradient effectively being decreased. Selectivity and 

the retention factor can be improved by changing the column chemistry (stationary phase polarity), carrier 

gas linear velocity and temperature ramp rate. The thicker the film, the lower the maximum temperature; 
exceeding the maximum temperature can result in column bleed and should be avoided. 

 

6.2 ”Hump” and unresolved components in GC chromatogram 
 
The mineral hydrocarbons primarily or exclusively form a hump of unresolved components, either 

consisting of branched alkanes, branched paraffins and cyclic naphthenes or of alkylated aromatics /78/. 
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The peaks integration included also the unsolved humps in MOSH and MOAH chromatograms for reliable 

results of the determination of mineral oil in cardboard.  

The hump of unresolved components that are termed unresolved complex mixture (UCMs) can be 

identified with comprehensive two-dimensional gas chromatography (GCxGC) /79,80/. GCxGC links two 

capillary columns, with different stationary phases, via a modulator that creates packets of analytes by 

temporarily focusing the effluent leaving the first column before entering the second column. The 

separation of these packets by the second column produces a chromatogram with a high signal-to-noise 

ratio. Furthermore, the separation power of the first column is conserved into the second column, in a way 

that compounds not resolved by the first column may be resolved by the second column. However, it is 
important to know that the overlapping compounds and the mixed spectra have no solution from the GC 

libraries. 
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7 EXPERIMENTAL 
 

7.1 Equipment and reagents used for all experimenttals 

7.1.1 Glassware and SPE tubes  
 
The glassware equipment was washed and rinsed with UHQ water, acetone and distilled n-hexane just 

before use. The glass column (ID 10 mm, length 13.5 cm) used were emptied and cleaned, they were 

originally Extrelut NT1 column (Fig. 23), manufacturer Merk KGaA – Germany. The commercial SPE 

cartridges used were Strata EPH (2.5 g / 6 mL) Teflon tubes (Fig. 24), Company Phenomenex.  
The vacuum manifold used in fractionation was Phenomenex SPE Teflon (Fig. 25), company 

Phenomenex. 

            

Figure 23. Extrut NT1 /81/.                       Figure 24. Strata EPH 2.5 g/ 6 mL /82/.   Figure 25 .Phenomenex SPE teflon  
                                                                                                                                                                  vacuum manifold /83/. 

     

7.1.2 Reagents 
 
The solvents used were n-hexane (purity ≥ 97%, manufacturer Sigma-Aldrich USA), ethanol (purity ≥ 

99.5%, manufacturer Altia Oy Rajamäki-Finland), acetone (purity ≥ 99.5%, manufacturer: Sigma-Aldrich 

USA), dichloromethane (DCM) purity ≥ 99.9 (from SIGMA-ALDRICH – USA) and toluene (from 

RATHBURN Chemical Ltd–Walkerburn, Scotland).  
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The silica gel (0.063-0.200 mm), was from Merck KGaA-Germany. The silver nitrate (AgNO3) was from 

J.T.Baker B.V. Deventer, Holland. 

 

7.1.3 Standards and internal standard  
 

 Standard (STD) 
 Alkane std (C7-C44)  - 100 ppm (ASTM D2887 Supelco – USA) 

 DIPN – 10 ppm (from Sigma – Aldrich – USA) 

 
Internal standard (ISTD) for solid phase extraction 

 MOSH 
 C13 – 13.66 µg/mL (from Sigma – Aldrich – USA) 

 Cyclohexyl cyclohexane (Cycy) – 13.76 µg/mL (from Sigma-Aldrich – USA) 

 5α-cholestane (Cho) – 19.80 µg/mL (from Sigma-Aldrich – USA) 
 

 MOAH 
 2-Methylnaphthalene (2MN) – 11.44 µg/mL (from Sigma-Aldrich – USA) 
 1,3,5-tri-tert-butylbenzene (TBB) – 11.25 µg/mL (from Sigma-Aldrich – USA) 

 Perylene (per) – 22.72 µg/mL (from Sigma-Aldrich – USA) 
 

7.2 GC OPTIMISATION 

7.2.1 Column information 
 

The column was Phenomenex ZB-5HT Inferno (the length 30 m, ID 0.25 mm and the film thickness 0.25 

µm). The minimum temperature limit for the column was 45 °C, and the maximum limit was 400/430 °C 

(Isothermal program).  Column is made from fused silica and outside is outside is polyimide-coated. 
Stationary phase was 5% phenyl, and 95% dimethylpolysiloxane. The recommended use are: diesel 

fuels, high boiling petroleum products, high molecular weight waxes, long-chained hydrocarbons, motor 

oils, polymers/plastics, simulated distillation, surfactants and triglycerides. 
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7.2.2 GC parameters  
 

Tables 1 through 4 give the different settings used to optimise GC performance. Three methods were 

used: JGZBO1, JGZBMO1_10, and JGZBMO1_15.  

 

Table 2. Injection parameters 

INJECTION PORTSPL 1 

Method name JGZBMO1 JGZBMO1_10 JGZBMO1_15 

Injection volume (µL) 1.0 1.0 2.0 

 

The injection parameters which were same in all methods were the injection mode (splitless), temperature 

(340 °C) and pressure (133.4 kPa). 

Table 3. Column parameters 

Column Oven 

Method name JGZBMO1 JGZBMO1_10 JGZBMO1_15 

Maximum temperature (°C) 350 350 340 

Total program time ((min) 28.25 43.50 32.67 

Temperature ramp rate (°C/min) 20 10 15 

 

The column parameters which were the same in all methods were the initial temperature (45 °C) and the 

initial column flow rate (1.92 mL/min). Linear velocity was 40 cm/sec and helium was used as the carrier 

gas. Thus, pressure and flow rate were changing during temperature program.  

Table 4. Detector parameters 

DETECTOR 

Method name JGZBMO1 JGZBMO1_10 JGZBMO1_15 

Temperature (°C) 360 360 340 
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The detector parameters which were same in all methods were the sampling rate (40 msec) and the 

makeup gas was helium.  

 

7.3 EXTRACTION 

7.3.1 Cardboard extraction efficiency 
 

The efficiency of mineral oil extraction from cardboard is a very important factor for better results in the 

cardboard mineral oil analysis. This laboratory work aim was to determine the time factor in extraction, the 
cardboard sample mass effect, and the solvent efficiency in cardboard extraction. The comparative 
solvents used were n-hexane/ethanol (1:1,v:v) and n-hexane/acetone (1:1,v:v) with a sample B. Welle as 

the paperboard grade. The raw cardboard extract was then analyzed with GC-FID, for the comparative 

study.   

 

Chemicals 

The solvents used were n-hexane (purity ≥ 97%, manufacturer Sigma-Aldrich USA), ethanol (purity ≥ 

99.5%, manufacturer Altia Oy Rajamäki-Finland) and acetone (purity ≥99.5%, manufacturer Sigma-
Aldrich USA). Glassware and other equipment were rinsed with distilled acetone and n-hexane before 

use. The properties of the solvents used are given in Table 5. 

Table 5. The properties of the solvents used  

 

Solvent 

Chemical formula Boiling point 
(ºC) 

Density 
(g/mL) 

 

Polarity 

Solubility 
in water (%) 

 

Hexane 

 

C6H14 

 

68 

 

0.6548 

 

0 

 

0.001 

 

Acetone 

 

CH3-C(=O)-CH3 

 

56 

 

0.786 

 

5.1 

 

100 

 

Ethanol 

 

CH3-CH2-OH 

 

79 

 

0.798 

 

5.2 

 

100 
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GC analysis 

GC analyses were performed using method JGZBMO1-15. The parameters of this method and the 
equipment are presented in chapter 7.2.2 GC parameters. 

 

Cardboard extraction 

Triplicate samples of B. Welle cardboard 1 g of each were cut into little pieces and were extracted with 10 

mL of a mixture of hexane/ethanol (1:1, v/v) for periods of 1 h, 2 h and 3 days with 10 mL of a mixture of 

hexane/ethanol (1:1, v/v). The same extraction process was performed also with triplicate samples of 2 g 

each of B. Welle cardboard.  

The efficiency evaluation of solvents was performed using two samples of 1 g each of B. Welle extracted 

for 2 hour with 10 mL of a mixture of hexane/ethanol (1:1, v/v), and 10 mL of hexane/acetone (1:1, v:v). 

The extracts were then analysed with GC-FID. 

 

7.3.2 Used extraction method 
 
Cardboard samples were extracted according to the method described by Lorenzini et al. /84/ and Moret 

et al. /20/, with slight modifications (2 g sample used instead of 1 g). The cardboard B3ARR sample (2 g) 

was cut into small pieces, and extracted by immersion into hexane/ethanol (1:1) at room temperature for 

2 h. The hexane extract phase separation was made by mixing 5 mL of cardboard extract with 10 mL of 
UHQ water in the tube. The hexane extract on the top was then transferred using a pipette into a narrow 

closed small bottle (the extraction container). 

 

7.4 FRACTIONATION 

7.4.1 Preparation of silver silica gel 
 
Silver nitrate cleaning  

A portion (about 3 g) of silver nitrate (AgNO3) was washed with 10 mL of n-hexane. The mixture of silica 

gel and hexane was let settle, and then hexane was pipetted. This washing operation was done 3 times. 
Silver nitrate was then evaporated to dryness in the oven at around 50 ºC. Washing and heating at 400 

°C were used for cleaning. Heating at 400 °C cleaned and activated silica. 
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Silver silica gel with 10% of silver nitrate preparation  

Silver silica gel was prepared according to Moret et al. /20,84/. It was prepared by adding drop by drop 

while agitating, a solution of silver nitrate (3 g in 4 mL UHQ water, previously washed with hexane to 

remove possible interference) to 30 g of silica gel heated at 400 ºC overnight. The flask was protected 

from the light, closed and shaked vigorously for about 20 seconds.  The silver silica gel was blended for 

30 min, using a rotary evaporator without applying the vacuum. It was left to rest for 12 h (protecting from 

the light). The blended silver silica was dried at 75 ºC overnight to eliminate residual water. Finally, the 

silver silica gel covered with an aluminum foil was stored in a desiccator. 

 

Silver silica gel (0.3%) 

The silica was activated by heating 33.3 g of silica gel at 400 ºC overnight; it was cooled for 2 hours at 

least. The washed silver nitrate (100 mg) was transferred into a round flask containing 33.3 g of highly 

activated silica gel. The flask was protected from the light, closed and shaken vigorously for about 20 

seconds. The silver silica gel was blended for 30 min, using a rotary evaporator without applying the 

vacuum. It was left to rest for 12 h (protecting from the light). The blended silver silica was dried at 75 ºC 

overnight to eliminate residual water. Finally, the silver silica gel covered with an aluminum foil was stored 

in a desiccator. 

Once ready, the silver silica gel containing 0.3% AgNO3 can be used for two weeks while storing at room 

temperature in the dark /1,13/.  

 

7.4.2 Fractionation with silver silica (0.3% AgNO3) 
 
The fractionation of MOAH was made with a mixture solvent of 20% DCM, 5% toluene and 75% hexane. 

The empty glass column was filled with 3 g of silver silica gel (0.3% AgNO3). The filled column was then 

placed into a vacuum manifold in the close valve position. The cardboard used in this experiment was 

B3ARR. 

 

Silver silica gel cartridge cleaning up 

The dry sorbent was mixed with 5 mL of n-hexane. The sorbent bed was soaked with solvent for 3 min 

and was let to settle by gentle vibration. The solvent was drained by opening the valve and the cartridge 
conditioned with 10 mL of hexane. The solvent level was lowered to the top of the packed bed avoiding 

drying of the stationary phase. 
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Sample loading 

Sample:  250 µL of ISTD (see Chapter 7.1.3) was pipetted on the column. 

 
Fractions collection 

MOSH fraction: The sample was eluted with 6 mL of n-hexane. The eluent was collected into a tube and 

concentrated to 0.5 mL (weight 0.33 g, density of hexane 0.659 g/mL) 

MOAH fraction: Elution was continued with 10 mL of solvent mixture (20% DCM, 5% toluene and 75% 

hexane), the eluent was collected into a tube and concentrated to 0.5 mL. 

The fractions were then analysed by GC. 

 

7.4.3 Fractionation with STRATA EPH SPE tubes 
 

The fractionation of MOAH was made with a mixture solvent of 20% DCM, 5% toluene and 75% hexane. 

The Strata (2.5 g/6 mL) Teflon tube was placed into a vacuum manifold in the close valve position. 

 

Strata SPE tube cleaning  

The dry sorbent was washed with 4 mL of n-hexane, 3 mL of solvent mixture, 8 mL of DCM and followed 

by 20 mL of n-hexane. The sorbent bed was soaked with solvent for 3 min and was let to settle by gentle 

vibration. The solvent was drained by opening the valve and the cartridge conditioned with 20 mL of 

hexane. The solvent level was lowered to the top of the packed bed avoiding drying. 

 

Sample loading 

500 µL of cardboard extract and 250 µL of ISTD (see Chapter 7.1.3) were loaded by pipetting on the 

column. 
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Fractions collection 

MOSH fraction: The sample was eluted first with 4 mL of n-hexane, then with 2 mL of solvent mixture 

(20% DCM, 5% toluene and 75% hexane). The eluent was collected into a tube and concentrated to 0.5 

mL (weight 0.33 g, density of hexane 0.659 g/mL) 

MOAH fraction: The elution was continued with 10 mL of solvent mixture, eluent was collected into a 

tube and concentrated to 0.5 mL. 

The fractions were then analysed by GC. 

 

7.4.4 Fractionation with silver silica (0.3% AgNO3) vs. silver silica (1% AgNO3) 
 

Two empty glass columns were filled respectively with 4 g of silver silica gel (0.3% AgNO3) and 4 g of 

silver silica gel (1% AgNO3). The fractionation procedure was the same for both columns. Elution 

procedure for each column was performed by gravitation. 

 

Column cleaning  

Each dry sorbent was mixed with 7 mL of n-hexane. The sorbent bed was soaked with solvent for 3 min 

and then settled by gentle vibration. The solvent was drained by opening the valve and the cartridge was 
conditioned with 10 mL of hexane. The solvent level was let down to the top of the packed bed avoiding 

drying of the stationary phase. 

 

Sample loading 

For each column 250 µL of ISTD was loaded by pipetting. 

 

Fractions collection 

MOSH fraction: The column loaded with standards sample was eluted with 13 mL of n-hexane. The 

eluent was collected into a tube and concentrated to 0.5 mL (weight 0.33 g, density of hexane 0.659 

g/mL) 

MOAH fraction: Elution was continued with 15 mL of solvent mixture (70% DCM, 25% n-hexane, and 5% 

toluene), eluent was collected into a tube and concentrated to 0.5 mL. 
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The fractions were then analysed by GC. 

 

Cardboard extraction 

Triplicate samples of B. Welle cardboard 1 g of each were cut into little pieces and were extracted with 10 
mL of a mixture of hexane/ethanol (1:1, v/v) for periods of 1 h, 2 h and 3 days with 10 mL of a mixture of 

hexane/ethanol (1:1, v/v). The same extraction process was performed also with triplicate samples of 2 g 

each of B. Welle cardboard.  

The efficiency evaluation of solvents was performed using two samples of 1 g each of B. Welle extracted 

for 2 hour with 10 mL of a mixture of hexane/ethanol (1:1, v/v), and 10 mL of hexane/acetone (1:1, v:v). 
The extracts were then analyzed with GC-FID. 

 

7.4.5 Output test (standards) 
 

Most of the analytical methods used with silver silica gel cartridge for MOSH and MOAH determination in 
cardboard, do not evaluate the output of the cartridge. Thus, an approach was also to investigate the 

output of the method (yield) by performing whole procedure for evaluation of the results and method. 

Through this laboratory work the output of the cartridge can give a clear view of the retention capacity of 

the sorbent bed. 

 

Elution solvents 

For MOSH elution, 13 mL of distilled n-hexane was used; while in the case of MOAH elution, 15 mL of the 

solvent mixture with the composition of 70% DCM, 25% n-hexane and 5% toluene was used. 

 

Fractionation procedure 

For the packed bed, 4 g of silver silica gel (0.3% AgNO3) was weighed into an empty glass cartridge (ID: 

10 mm, length: 13.5 cm) with quartz wool as a bottom frit. The flow rate can affect the retention of certain 

compounds and therefore, gravity flow was used instead of vacuum manifold which accelerate the flow 

rate. 

Dry sorbent was mixed with 10 mL of n-hexane, the sorbent bed was allowed to soak with the sorbent for 

3 min and settle by gentle vibration. The solvent was then drained and the cartridge conditioned with 10 
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mL of n-hexane, taking the solvent level to the top of the packed bed and avoiding drying the sorbent bed. 

The sample was loaded and eluted. 

 Sample loading 

 

ISTD (250 µL) solution was loaded onto the silver silica gel. 

 

 MOSH fraction 
 
The MOSH fraction was eluted with 13 mL of n-hexane, collected into a tube and concentrated to 

0.5 mL. The concentrated weight was 0.33 g according to the density of the n-hexane (0.659 

g/mL). To determine the accurate volume (0.50 mL) of the concentrated eluent, the tube was 

weighed two times. First, before collecting a fraction a tare weight for the tube was weighed. After 

the eluent was collected and concentrated the gross weight (tar weight plus 0.33 g) was weighed.    

 

 MOAH fraction 

 
The MOAH fraction was eluted with 15 mL of solvent mixture (70% DCM, 25% n-hexane and 5% 

toluene), collected into a tube and concentrated to 0.5 mL. The same procedure in MOSH was 

used to determine the accurate volume of the concentrate (0.50 mL). Nitrogen (N2) gas was used 

for the concentration (evaporation) of the samples. 
 

 GC analysis 

 

MOSH and MOAH fraction analysed with GC using method JGZBMO1_15. The STD and 

ISTD chromatograms were used to identify and classify the MOSH fraction peaks. Also MS 

was used for identification of the peaks in MOSH and MOAH chromatograms. 
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7.5 CONTAMINATIONS 

7.5.1 Silver silica gel  
 
Cartridge preparation 

For the packed bed, 4 g of silver silica gel (0.3% AgNO3) was weighed into an empty glass column (empty 

EXTRELUT N1) with quartz wool as a bottom frit.   

Dry sorbent was mixed with 7 mL of n-hexane, and then the sorbent bed was allowed to soak with the 

sorbent for 3 min and settle by gentle vibration. The solvent was then drained and the cartridge 
conditioned with 10 mL of n-hexane, taking the solvent level to the top of the packed bed while avoiding 

the drying of the sorbent bed. The sample was loaded and eluted. 

 

 Sample loading 

 
n-hexane of 250 µL was loaded onto the silver silica gel. 

 

 MOSH fraction 

 
The MOSH fraction was eluted with 15 mL of n-hexane, collected into a tube and concentrated to 

0.5 mL. The empty tube was weighed before using and after the eluent was collected it was 

concentrated to 0.5 mL. 

    

 MOAH fraction 

 
The MOAH fraction was eluted with 20 mL of solvent mixtures (45% DCM, 50% n-hexane and 5% 

toluene), then collected into a tube and concentrated to 0.5 mL. MOSH and MOAH fractions were 

analysed with GC.  Nitrogen (N2) gas was used for the concentration (evaporation) of the 

samples. 

 

7.5.2 Commercial SPE cartridges  
 

Commercial cartridges are useful in cardboard analysis for their time saving. This part of the project work 

focused on the investigation of possible contaminant presence by using blank test and GC analysis. 
Commercial SPE – tubes used for these contamination tests were Strata EPH –tubes. 
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i) First test 

Washing Strata tube 

The Strata EPH-tube was washed with 20 mL of n-hexane. 

Fractionation elution solvents 

For MOSH elution, 6 mL of n-hexane was used; while in the case of MOAH elution, 10 mL of DCM was 

used. These fractions were collected into tubes and concentrated to 0.5 mL for GC analysis. 

 

ii) Second test  

The Strata EPH-tube was washed with 4 mL of n-hexane, followed by 2 mL of solvent mixture 1 (20% 
DCM, 5% toluene and 75% hexane) and 20 mL of n-hexane.  

Fractionation elution solvents 

For MOSH elution, 4 mL of n-hexane was used followed by 2 mL of solvents mixture (20% DCM, 5% 

toluene and 75% hexane); while in the case of MOAH elution, 10 mL of the same solvent mixture was 

used. These fractions were collected into tubes and concentrated to 0.5 mL for GC analysis. 

iii) Third test   

Washing Strata tube 

The Strata tube was washed with 5 mL of n-hexane, followed by 6 mL of solvent mixture 2 (45% DCM, 
5% toluene, and 50% n-hexane) and 15 mL of n-hexane.  

Fractionation elution solvents 

For MOSH elution, 7 mL of distilled n-hexane was used; while in the case of MOAH elution, 10 mL of 

solvent mixture (45% DCM, 5% toluene and 50% n-hexane) was used. The different fraction was 

collected into a tube and concentrated to 0.5 mL for GC analysis 

7.5.3 Vacuum manifold valves  

To check the possible contaminants coming from the vacuum manifold valves, a blank test was made. 
Pure solvent such as n-hexane, toluene and dichloromethane (DCM) were used in three empty columns 

connected each to a valve on the vacuum manifold. The eluent of 6 mL of each solvent was collected in 

three tubes for GC analysis. 
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7.6 DEVELOPMENT OF THE ANALYSIS METHOD FOR MINERAL OIL IN  
CARDBOARD 
 

7.6.1 Introduction 
 

The goal of this master thesis was to develop an easy, suitable analytical manual method with high 

efficiency for MOSH and MOAH measurement, by using a solid phase extraction (SPE) process, gas 
chromatography-flame ionisation (GC-FID), and mass spectrometry (MS) for the identification of MOSH 

and MOAH components.  

For SPE process, the amount of activated silver silica gel (with 0.3% AgNO3) was increased to 4 g, and 

the column with 10 mm inner diameter was used. 2% toluene was added in the MOAH elution solvent 

mixture to deactivate silver nitrate for the efficient elution of MOAH, and also as a keeper preventing loss 
of volatile components during solvent evaporation.    

 
7.6.2 Equipment and reagents 
 
Glassware material, reagents, standard (STD) and internal standard (ISTD) are presented in Chapters 
7.1.2 and 7.1.3. 

 

7.6.3 Preparation of silver silica gel 

 

 Washing of silver nitrate 
A portion (about 3 g) of silver nitrate (AgNO3) was washed with 10 mL of n-hexane. The mixture 

of silica gel and hexane was kept to settle and then hexane was pipetted out. This washing 

operation was done three times. Silver nitrate was then let to evaporate to dryness in the oven at 

around 50 ºC.  
 

 Silica gel preparation of is activation heating step 
 
The silica was activated by heating 33.3 g of silica gel at 400 ºC overnight; it was let to cool for 2 

hours at least. The washed silver nitrate (100 mg) was transferred into a round flask containing 

33.3 g of highly activated silica gel. The flask was protected from the light, closed and shaken 

vigorously for about 20 seconds.  The silver silica gel was blended for about 30 min, using a 

rotary evaporator without applying the vacuum. It was let to rest for about 12 h (protecting from 
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the light). The blended silver silica was dried at 75 ºC overnight to eliminate residual water. 

Finally, the silver silica gel covered with an aluminum foil was stored in a desiccator. 
 
Once ready, the silver silica gel containing 0.3% AgNO3 can be used for two weeks while storing 
at room temperature in the dark /1,13/. 

 

 The use of silver nitrate impregnated silica gel 
 
The silver nitrate impregnated silica gel modifies the separation characteristics of the sorbent 

layer, by increasing the discrimination of certain compounds, particularly those containing 

carbon–carbon double bonds, such as mineral oil aromatic hydrocarbons (MOAH). The theory 

behind this separation is based on the fact that silver ions can complex with unsaturated 

compounds (π bond) /2/. 

 

7.6.4 Extraction of cardboard sample 
 

The cardboard B3ARR sample (2 g) was extracted by immersion hexane/ethanol (1:1) at room 

temperature for 2 h in a closed tube. The hexane extract phase separation was made by mixing 5 mL of 

cardboard extract with 10 mL of UHQ water in a tube. The hexane extract on the top was then poured out 

using a pipette into a narrow closed small bottle. 

 

Pre-separation by column liquid chromatography 

For the packed bed, 4 g of silver silica gel (0.3% AgNO3) was weighed into an empty glass cartridge 
(empty EXTRELUT N1) with quartz wool as a bottom frit. The flow rate can affect the retention of certain 

compounds, therefore gravity flow was used instead of vacuum manifold which accelerate the flow rate. 

Dry sorbent was mixed with 10 mL of n-hexane, and then the sorbent bed was allowed to soak with the 

sorbent for 3 min and settle by gentle vibration. The solvent was then drained and the cartridge 
conditioned with 10 mL of n-hexane, taking the solvent level to the top of the packed bed while avoiding 

the drying of the sorbent bed. The sample was loaded and eluted. 

 Sample loading 

 

The phase separated hexane extract of 250 µL and the ISTD of 250 µL were loaded onto the 
silver silica gel. 



 

53 
 

 MOSH fraction 

 
The MOSH fraction was eluted with 13 mL of n-hexane, collected into a tube and concentrated to 

0.5 mL. The empty tube was weighed before using and after the eluent was collected it was 

concentrated to 0.5 mL. The weight of the concentrated eluent should be 0.33 g; the density 
(0.659 g/mL) of n-hexane was used for the calculation of the volume of the concentrate. This 

method was used to determine the accurate volume of the concentrate. 

    

 MOAH fraction 

 
The MOAH fraction was eluted with 15 mL of solvent mixtures (70% DCM, 25% n-hexane and 5% 

toluene), then collected into a tube and concentrated to 0.5 mL. The same procedure in MOSH 
was used for the calculation of the volume of the concentrate, but with the use of toluene density 

(0.87 g/mL). Nitrogen (N2) gas was used for the concentration (evaporation) of the samples. 

 

7.6.5 Gas chromatographic analysis 
 

MOSH and MOAH fractions were analysed with GC using method JGZBM01_15 according to Chapter 

7.2.2. The ISTD chromatogram was used to identify the MOSH fraction peaks in cardboard B3ARR 
extract. Also MS was used for identification of the peaks in MOSH and MOAH chromatograms. 
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8 RESULTS AND DISCUSSIONS 

8.1 Optimisation of GC parameters 
 

The same raw extract of cardboard (B3ARR) was used with different analysis method. In the method 

JGZMO1 (Appendix 1), the initial temperature was 40 °C, a ramp rate of 20 °C/min the maximum column 

temperature was 360 °C, and the final hold time was 28.25 minutes. With these parameters, baseline drift 

appeared in the chromatogram (Appendix 1). The reason could be that the rate of the temperature 

increase was too fast (ramp rate of 20 ºC/min) or the end temperature was too high (column maximum 

temperature 360 ºC) /77,85/.  

The hump of unsolved compounds was very high in this chromatogram. The resolution of the peaks 

eluting in the middle of the chromatogram were insufficient.  By decreasing the ramp rate and increasing 

the injection volume the resolution can be improved. The solutes elution from the column stopped earlier, 

which indicates that the program time was short (28.5 minutes). 

Some adjustments of the parameters were done in the analysis method JGZMO1_10 (Appendix 2). The 

ramp rate was reduced to 10 °C/min, and the final hold time for maximum temperature was increased to 

43.50 minutes (total run time). As consequences on the chromatogram (Appendix 2), the baseline 

dropped down a bit, but there was excessive peak resolution. 

In the third analysis method JGZMO1_15, the ramp rate was increased to 15°C/min, the final hold time for 

maximum temperature was reduced to 32.67 minutes, and the injection volume was increased to 2 µL to 

increase the response of the GC, and increase the sensitivity of the GC method /86/. Chromatogram 

(Appendix 3) results revealed that the hump of unsolved compounds decreased, the baseline dropped 

down; the peaks resolution were good, and the hold time (32.67 minutes) was enough to ensure the 

solution of all the analytes from the column.  

 
Conclusions 

The parameters used (injection volume 2.0 µL, ramp rate 15 °C/min, column maximum temperature 340 

°C and detector temperature 340 °C) in the third method JGZMo1_15 gave the best results; therefore, 
this analysis method was the best choice among the three ones. The chromatogram of the raw extract of 

cardboard showed the hump of unsolved hydrocarbons above the baseline, topped by peaks which are 

mainly in order of appearance resin acids, alcohols and triglycerides (Appendix 4). 
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8.2 Commercial cartridge test for contaminants: use of Strata EPH tubes 

 
8.2.1 Strata EPH - first test  
 

In this test, the instructions from the user manual of the Strata tubes were followed. The Strata tubes 
were washed with 20 mL of n-hexane. The chromatogram of the washing hexane (Appendix 5) was 

compared to the chromatogram of the MOSH eluent (Appendix 6). From retention time fram 10 minutes to 

20 minute, a lot of contaminants appeared on MOSH chromatogram as illustrated by the short peaks. 
When comparing also DCM chromatogram (Appendix 7) with MOAH eluent chromatogram (Appendix 8), 

the appearance of peaks in MOAH illustrates the presence of contaminants.  

 

8.2.2 Strata EPH- second test 
 
In this second test the volume of washing solvent was increased (5 mL hexane, 6 mL solvent mixture 
(75%, n-hexane, 20% DCM and 5% toluene), and 20 mL of hexane) to clean up the Strata tube. The 

chromatogram of the washing hexane (Appendix 5) was compared to the chromatogram of the MOSH 

(Appendix 9).  From retention time 10 minutes to 20 minute, a lot of contaminants appeared in MOSH 

chromatogram. When comparing also solvent mixture chromatogram (Appendix 10) with MOAH 

chromatogram (Appendix 11), from retention time 5 minutes to 24 minutes a lot of peaks appeared in 

MOAH region.  

 

8.2.3 Strata EPH - third test 
 

In the third test the washing solvent was also increased (5 mL hexane, 6 mL solvent mixture 2 (45% 

DCM, 5% toluene and 50% hexane), and 15 mL of hexane) to clean up the Strata tube. The 
chromatogram of the washing hexane (Appendix 5) was compared to the chromatogram of the MOSH 

fraction (Appendix 12).  There were specially no contaminants in MOSH chromatogram. However, when 

comparing the solvent mixture chromatogram (Appendix 10) with MOAH solvent mixture eluent (Appendix 

13), more contaminants appeared from retention time 6 minutes to 26 minutes. There was a large peak at 

12.60 minutes.  
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8.2.4 Conclusions 
 

Although an important amount of solvent and a solvent mixture were used to clean up the Strata EPH 

SPE tubes, the contaminants still appeared in the GC analysis of the samples from these three tests. The 

sources of these contaminants can be the solvents used, the sorbent bed or the valves of the vacuum 

manifold.  

 

8.3 Silver silica gel cartridge test for contaminants 
 

The silver silica gel cartridge was tested without using the vacuum manifold valves. When the hexane 
chromatogram (Appendix 5) was comparing with the MOSH chromatogram (Appendix 14), there was no 

contaminant appeared in MOSH. But when comparing the toluene chromatogram (Appendix 15) with 

MOAH chromatogram (Appendix 16), the contaminant from toluene appears in MOAH between the 

retention time 12 minutes and 13 minutes. The contaminants detected in MOAH chromatogram were 

originated from the toluene used in the solvent mixture.  Therefore, this test showed that the silver silica 

gel itself was clean. 

 

8.4 Contaminant test of the vacuum manifold valve 
 

When comparing the hexane chromatogram (Appendix 5) to the chromatogram of the hexane sample 

eluted through the valve (Appendix 17); there were several peaks appearing in the chromatogram of the 

hexane sample flown through the vacuum manifold valve. This clearly indicated that there were 
contaminants coming from the valves when hexane was used as solvent. 

The same thing could be observed when comparing the DCM chromatograph (Appendix 7) with the 

chromatogram of the DCM sample flown through the valve (Appendix 18). From the retention time 12 

minutes to 24 minutes, there were six peaks appearing in the chromatogram (Appendix 18). These peaks 

were the contaminants coming from the valve when DCM was used as solvent. 

The chromatogram of the toluene (Appendix 15) showed clearly contaminants from this solvent with the 

peaks appearing at retention times of 11 minutes to 14 minutes. The solvent bottle was not opened prior 

for this laboratory work. The same result appeared after several tests of this solvent. Therefore, these 

contaminants may come from the manufacturer of the solvent or due to the storage conditions. When 

comparing the chromatogram of toluene (Appendix 15) with that of the toluene sample eluted through the 
valve (Appendix 19), beside the contaminants coming from the toluene we could also see the 
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contaminants coming from the valve (retention time from 14 to 24 minutes) on the chromatogram 

(Appendix 19).   

As conclusion, these valves in the vacuum manifold were not inert to the solvents used (n-hexane, 

dichloromethane (DCM) and toluene). Therefore, there were sources of contaminants in the SPE 

process. To address this issue, attention should be focused on the choice of the valves of the vacuum 

manifold. Research should be made using fluorocarbon rubber (FKM) or perfluorocarbon rubber material 

for the valves /87-89/. The relative inertness of fluorocarbon rubbers is provided by fluorine-carbon bonds 

on the elastomer backbone. Fluoroelastomers having higher fluorine content have increasing fluids 

resistance derived from increasing fluorine levels. Therefore, perfluoroelastomers show broad chemical 
resistance similar to PTFE (Teflon) as well as good heat resistance. Polytetrafluoroethylene (PTFE) would 

be the best choice for valve material. For this experimental, according to the manufacturer manual, the 

valves were made from PTFE.  

 

8.5 Cardboard extraction efficiency 

8.5.1 Time factor in cardboard extraction 
 

Two samples of 1 g cardboard were extracted for 2 hours and 3 days each. Comparing the 

chromatographs of 2 hours extraction (Appendix 20) and 3 days extraction (Appendix 21), the total area 

for 2 h extraction was 7833430 and 8718787 for 3 days extraction time. Thus the total area increased by 

11.3% for 3 days extraction time respectively. This indicates that the concentration of the extract has 

increased by 11.3% when using 3 days extraction time. 
 

The total height of the biggest peaks for 2 h extraction was 1313960 and 1418559 for 3 days. This means 

that the total height has increased by 7.9% for 3 days extraction.  

 

8.5.2 Mass effect in cardboard extraction 
 
Two samples of 1 g and 2 g cardboard B. Welle were extracted each during 2 hours.  The result of the 
chromatogram (Appendix 20) shows that the total area of 1 g sample was 20417483, and 29489258 for 2 

g sample (Appendix 22). Therefore, the total area increase by 30.76% when the cardboard sample used 

was 2 g. Since the area is proportionally related to the concentration, using 2 g cardboard sample 

increases the concentration of the extract by 30.76%. The sum of heights (Appendix 20 and 22) 

increased by 22.76% when using 2 g cardboard. This indicated that the response of the GC increased 

with the amount of cardboard extracted. 
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8.5.3 Solvent effect in cardboard extraction 
 

The result of the chromatogram in Appendix 20 shows that the total area of 1 g sample extracted during 2 

hours with hexane/ethanol was 7833430. In the Appendix 23, the total area of the sample extracted with 

hexane/acetone during 2 hours was 7863979. This means that the use of acetone increased the total 

area by 0.4% (Appendix 23). The sum of heights in Appendix 20 was 1313960 and 1352884 in Appendix 

23; which meant that the use of acetone increased the height by 3 %.  
 

Acetone had a positive impact in cardboard extraction; but the increases were not significant (0.4% and 

3%). Acetone (boiling point 56 ºC) is extremely volatile compared to ethanol (boiling point 79 ºC); this 

could easily cause the evaporation of volatile components in the cardboard during SPE process. 

Therefore, hexane/ethanol is the most adequate solvent for cardboard extraction. 

 

8.5.4 Conclusions 
 

According to the results above, 2 g cardboard sample and 2 hours extraction time were found to be the 

best setup for cardboard extraction in the laboratory for MOSH and MOAH determination. Since acetone 

is extremely volatile compared to ethanol, hexane/ethanol is the recommended solvent. 

 

8.6 OUTPUT TEST (standards) 

8.6.1 Fractionation with ISTD  
 

The used amount of silver silica gel in the column was 4 g.  For the first fractionation ISTD was used as a 

sample. In the second fractionation ISTD (250 µL) added to STD (250 µL) were used as sample. The 

results in Table 6 determine the degree of separation of MOSH and MOAH by the cartridge used and also 
the output of the separation process.   

The MOSH (Appendix 24) and MOAH (Appendix 25) were clearly separated, there was no outcome of 

MOAH in MOSH fraction vice versa. Calculated from the data of Table 6, the average output of MOSH 

was 69% with R-square value of 0.9683 (close to 1). The average output of MOAH was 67%, with R-

square value of 0.9016. The output of the all system was 68%. 
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Table 6. Output results of MOSH and MOAH by using only ISTD as sample    

                  

  ISTD MOSH MOSH MOSH MOAH MOAH MOAH 

  (Area) ISTD ISTD ISTD ISTD ISTD ISTD 

  (Area) (%) (2*%) (Area) (%) (2*%) 

  C13 377292 119510 31,68 63,36 0 0 0 

MOSH Cycy 344615 126340 36,66 73,32 0 0 0 

  Cholest. 675814 236167 34,95 69,9 0 0 0 

  0 

 

0 

  2MN 371223 0 0 0 109109 29,39 58,78 

MOAH TBB 315565 0 0 0 111367 35,29 70,58 

  Per 714444 0 0 0 210733 29,5 59 

 

Increasing the silver silica gel to 4 g gave more silanol (Si-OL) group to absorb compounds onto the silica 

surface. By using the solvent mixture of 70% DCM, 25% hexane and 5% toluene, the strength of the 

MOAH elution solvent was increased.   

The retention power of the silver silica gel has an effect on the output of the chromatography columns. 

The retention of MOAH increases with the number of aromatic rings and decreases with alkylation. 

Therefore, highly alkylated compounds are eluted first. 

Toluene efficiently deactivates the retention power of silver nitrate for unsaturated hydrocarbons. Adding 

toluene to the eluent for MOAH optimizes the fractionation /18/. 

 

8.6.2 Fractionation with cardboard B3ARR extract 
 

In the fractionation of cardboard extract, MOSH and MOAH in ISTD were the desired components to 

calculate the output of the cartridge. In the result of Table 7, MOSH and MOAH were clearly separated. 

The general output of MOSH in ISTD was 100.22%, which clearly showed that there was addition of 

some similar component in the cardboard extract to the ISTD MOSH components. From Table 7, 

Cholestane output was 118.26%, which clearly showed that other component from the cardboard sample 

was added to cholestane peak. The output of MOAH in ISTD was 67% (Table 6), and 63% (Table 7), 

which meant the increasing of the components in the sample increased the retention capacity of the 
cartridge.  
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Table 7. The output of ISTD in the fractionation of cardboard B3ARR extract (Date: 09.04.2014) 

ISTD MOSH MOSH MOSH MOAH MOAH MOAH 

(Area) ISTD ISTD ISTD ISTD ISTD ISTD 

  (Area) (%) (2*%) (Area) (%) (2*%) 

  C13 371957 161594 43,44 86,88 0 0 0 

MOSH Cycy 352671 168421 47,76 95,52 0 0 0 

  Cholest. 660587 390588 59,13 118,26 0 0 0 

          0 

  2MN 342040 0 0 0 104800 30,64 61,28 

MOAH TBB 306308 0 0 0 109920 35,89 71,78 

  Per 680586 0 0 0 190465 27,99 55,98 

 

8.6.3 Conclusion 
 
According to the results of Table 6, the average output of the cartridge was 68% with ISTD used as a 

sample. Beside the retention capacity of the cartridge, the output of the cartridge was also affected by the 

evaporation of some volatile components of the extract during SPE process and the fractions 

concentration by nitrogen (N2). In Table 7, the output of the cholestane was 118.2%, which meant that 

some other component from the extract was overlapping with cholestane peak or could be even 

cholestane extracted from the cardboard. Therefore, extreme care had to be taken in the choice of the 

internal standard (ISTD) to improve the results of MOSH and MOAH calculation. Internal standard should 
be very similar, but not identical to the chemical species of interest in the samples. The output of MOSH 

and MOAH components were in the same range, which means that each one of these ISTD components 

can be used independently or together for the calculation of the concentration of the extract for MOSH 

and MOAH.  

 

8.7 Analysis methods for mineral oil determination in cardboard 

8.7.1 Fractionation with silver silica (0.3% AgNO3) vs. fractionation with Strata EPH  
 

Only the ISTD was used as sample during this experiment. The chromatogram results with silver silica 

(0.3% AgNO3) showed for MOSH (Appendix 26) a clear separation of C13, cyclohexyl cyclohexane (Cycy) 
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and 5α-cholestane (Cho).  However, in MOAH chromatogram (Appendix 27), C13, Cycy and Cho still 
appeared besides MOAH compounds such as 2-methylnaphthalene (2MN), 1,3,5-tri-tert-butylbenzene 

(TBB) and perylene (per). Therefore, MOSH and MOAH separation was not good. The reasons could be 

the insufficiency of MOSH elution, the high concentration of MOSH compounds or the speed control of 
the elution.   

The chromatogram results with Strata tube for MOSH fraction (Appendix 28) showed the appearance of 

TBB (MOAH component) in addition to C13, Cycy, and Per. There was also a broad peaks of 

contaminants compared to the silver silica MOSH chromatogram (Appendix 26). MOAH chromatogram 

(Appendix 29) showed clear separation of Met, TBB and Per. TBB appeared here as very short peak, but 
higher in MOSH chromatogram. This indicated that TBB is well eluted in MOSH than MOAH fraction. 

 
8.7.2 Fractionation with silver silica (0.3% AgNO3) vs. silver silica (1% AgNO3) 
 

The comparison of the amount of silver nitrate (0.3% and 1%) in silica gel for fractionation process, was 

done to determine which amount ensure better separation of MOSH and MOAH fractions. The results of 

MOSH and MOAH for silver silica (0.3%) (Appendices 30 and 31) and silver silica (1%) (Appendices 32 

and 33) were used to build the comparison curves for MOSH in Figure 26 and for MOAH in Figure 27. 

 

 

Figure 26. MOSH results with silver silica (0.3%) and silver silica (1%). 
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Figure 27.  MOAH results with silver silica (0.3%) and silver silica (1%). 

 

In Figure 26 the curve of MOSH fraction for silver silica (0.3%) was above the one for silver silica (1%). 

The same result occurred also with MOAH curves in Figure 27.The Y-axes unit is the peak area, which 
was proportionally related to the concentration of the component in MOSH or MOAH. Therefore, silver 

silica (0.3%) ensure the higher concentration of the solute in MOSH or MOAH fraction. The silver silica 

gel (0.3%) will be the choice for the development of method for the analysis of mineral oil in cardboard. 

 

8.8 DEVELOPMENT OF THE ANALYSIS METHOD FOR MINERAL OIL IN 
CARDBOARD 

8.8.1 Results and discussion  
 

The internal standard (ISTD) was well separated in MOSH and MOAH fractions according to the 

chromatogram results in Figures 28 and 29 (see Appendices 34 and 35 for details). TBB did not appear in 

MOSH, C13 and the separation of Cycy was excellent as well as in the case of cholestane (see Appendix 

34). In MOAH fraction 2MN, TBB and perylene separation was also excellent, no interfering ISTD MOSH 

fraction in MOAH were found; see Figure 29 and Appendix 35 for more details.  
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Figure 28. GC-FID of MOSH chromatogram of cardboard B3ARR sample. 

 

 

Figure 29. GC-FID of MOAH chromatogram of cardboard B3ARR sample. 

 

MOSH fractions were well eluted due to an increase of the silver silica gel amount to 4 g into the column. 

This increased the retention surface of the polar sorbent for polar components in the extract. The solvent 
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of the column was relatively small 10 mm; this decreases the longitudinal diffusion effect of the analyte 

/90/.  

The alkanes in MOSH were identified in the chromatogram by using the standard (STD) chromatogram 

(see Appendix 36) and the retention step separating the peaks. The range of volatile component started 

from the retention time of 9.59 minutes for C12 to the retention time of 23.24 minutes for C35. From the 

retention time of 23.24 minutes the components migrating with wetting contact started. 

The range of alkanes from C12 to C36 was identified also by the MS (see Appendix 37). The 
inconvenience in the chromatogram was the increase of the ISTD (Appendix 38) component (cholestane) 

in MOSH due to the identical or overlapping component present in the cardboard extract.  

The MOAH fractions were also well separated as shown by the ISTD in MOAH. The MS result (Appendix 

39) shows the aromatic components in the cardboard extract. Only few acid components were present 

(see Appendix 39). 

8.8.2 MOSH Integration in GC chromatogram of B3ARR sample 
 
Integration parameters for MOSH 
 

The chromatograms integration of MOSH and MOAH were complex and time consuming. The manual 

integration was used to improve the efficiency by monitoring the parameters in Table 8. The integration 

started from the retention time of 4.75 min to 23.50 min, which was the range of the volatile component of 
MOSH (C10 to C35). 
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Table 8.  Integration parameters of MOSH and MOAH chromatograms 

Time (minute) Command Value 

0.000 Integration Off ****** 

0.000 HORIZ Baseline On ****** 

4.750 Width 5.000 

4.750 Slope 2000.000 

4.750 Drift 3000.000 

7.100 Integration On ****** 

7.100 Min. Area/Height 2000.000 

23.500 Integration Off ****** 

0.000  ****** 

 

 
Data comparison of hexane (black line) and MOSH (red line) shows clearly the drift of the baseline and 

the hump of unresolved components (Fig 30).  

 

 

Figure 30. Data comparison of hexane (black) and  MOSH (red) for B3ARR cardboard. 
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Hexane chromatogram was substracted from MOSH and MOAH chromatograms to avoid the drift of the 

baseline and also to take in account the hump of unsolved components in the integration. 

Hexane baseline was used then in the integration parameters of MOSH and MOAH for the determination 

of mineral oil in cardboard. This helps to draw manually the baseline to unify all the peaks and the hump 

of unresolved components. The Figure 31 (see Appendix 40 for more details) shows the integration of 

MOSH. The idea was to subtract hexane baseline with GC-software. 

   

Figure 31. Integration of MOSH (B3ARR). 

 

 The determination of MOAH follows the same procedure used for MOSH. Figure 32 (see Appendix 41 for 

more details) shows the integration of MOAH.  

 

Figure 32. Integration of MOAH (B3ARR) 

The integration area of MOSH and MOAH was used to calculate the amount of mineral oil in cardboard 

(see Fig 32). 
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8.8.3 Cardboard results 
 

The integration and the calculation results were given as follow: the MOSH fraction was 276.4 mg/kg 

cardboard (69.8%), and the MOAH fraction 119.6 mg/kg cardboard (30.2%). The total amount of volatile 

mineral oil in the cardboard B3ARR was 396 mg/kg cardboard. The amount of non-volatile mineral oil in 

the range over C35 is 107.3 mg/kg cardboard. MOSH fraction was 46.8 mg/kg cardboard and MOAH 

fraction was 60.5 mg/kg cardboard (see Appendix 42 for MOSH and MOAH calculations). 
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9 GENERAL CONCLUSION 
 

GC-FID is the simplest and affordable analytical equipment for the analysis of mineral oil in cardboard; it 
allows fast analysis and can be automated. FID is the only method available for a quantitative 

determination of mixtures of hydrocarbons which are not available as standards. However, FID is of 

modest sensitivity, which is a particularly severe drawback for MOSH and MOAH analysis as they form 

broad humps. In fact, 50–100 ng MOSH or MOAH is required to be measurable. 

The mineral hydrocarbons primarily or exclusively form a hump of unresolved components, either 
consisting of branched alkanes, branched paraffins and cyclic naphthenes or of alkylated aromatics. The 

peaks integration included also the unsolved humps in MOSH (Appendix 40) and MOAH (Appendix 41) 

chromatograms for reliable results of the determination of mineral oil in cardboard.  

According to the experiments, of the cardboard extraction 2 g cardboard samples and 2 hours extraction 

time were the best practical setup for laboratory work with hexane/ethanol (1:1/v:v) as solvent. For SPE 
process, the amount of activated silver silica gel (with 0.3% AgNO3) was increased to 4 g, and the column 

with 10 mm inner diameter was used. 2% toluene was added in the elution solvent mixture to deactivate 

silver nitrate for the efficient elution of MOAH, and also as a keeper preventing loss of volatile 

components during solvent evaporation.    

The results of the chromatograms (Appendices 34 and 35) show a clear separation of MOSH and MOAH 
from the ISTD used as samples. The clear sharp peaks on the top of the hump of MOSH mostly represent 

n-alkanes. The clear sharp peaks on the top hump of MOAH mostly represent the aromatic hydrocarbons. 

Gravitational elution was used to solve the elution speed control. Conforming to the integration and the 

calculation results, the MOSH fraction was 276.4 mg/kg cardboard (69.8%), and the MOAH fraction 119.6 

mg/kg cardboard (30.2%). The total amount of volatile mineral oil in the cardboard B3ARR was 396 

mg/kg cardboard. The amount of non-volatile mineral oil in the range over C35 is 107.3 mg/kg cardboard. 

The MOSH fraction was 46.8 mg/kg cardboard and the MOAH fraction was 60.5 mg/kg cardboard (see 
Appendix 42 for MOSH and MOAH calculations). 

Limitation of this method was the amount of solvent used during the SPE process, whereas less solvent 

is recommended.  

As recommendations, to avoid the overlapping of the chosen ISTD components with cardboard 

components, the chosen ISTD should not be identical to the cardboard extract components. For the 

better quality of the peaks, the chromatograph devices (GC and MS) should be cleaned up prior to the 

sample analysis. Also the GC-MS library should be updated to help the identification of most of the 

components.  
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It is suggested that the amount of solvent used during the SPE process will gain intensive attention since 

it was time consuming. Instead of using gravitational elution speed control one could have performed the 

experience employing a slower speed elution. Investigation should be done on the new SPE technology 

such as matrix solid-phase dispersion (MSPD), solid phase microextraction (SPME), nanotechnology in 
food packaging and food safety and so on. 
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Appendix 42  
MOSH AND MOAH MANUAL CALCULATION 

1. MOSH calculation  

Data 

The data are provided by the regents used during the laboratory work and the GC analysis 
results. 

ISTD used: C13  
Concentration of the ISTD in MOSH: Cistd  = 13.66 mg/L = 13.66 µg/mL 
Volume of ISTD loaded in the column: VL= 0.25 mL 
Volume of extract from 2 g cardboard: Vext = 5 mL 
Mass of C13 in 0.25 mL of istd loaded = 13.66*0.25 = 3.415 µg 
Area of C13 Aistd = 353087 
Total Integrated area of MOSH ATMOSH

 = 4820501 

Formula used for the calculation of the mass of MOSH and MOAH in cardboard 

Equation 1 

                                                                                                              (1) 

 

Legend: 

 ୀ  Mass of the MOSH in cardboard (mg)ࢊ࢘ࢇࢉ࢓

 ୀ Mass of the ISTD (mg)ࢊ࢚࢙࢏࢓

 ୀ Area of the integration of MOSHࢊ࢘ࢇࢉ࡭

  ୀ Area of the integrated ISTDࢊ࢚࢙࢏࡭
 

 

The use of the internal standard components ratio (r) in GC analysis 
 
When several ISTD components are used in the cardboard sample, the ratio (r) of internal 
standard (ISTD) components is used to determine the area of the overlapping ISTD component 
with cardboard component. 

 

݉
௖௔௥ௗ ୀ ஺೎ೌೝ೏

஺೔ೞ೟೏
∗௠೔ೞ೟೏

 



The Ratio (r) of C13 and cholestane (Cho)  

Equation 2 
r = ஺೎೓೚

஺೎భయ
 = ଺ଷଵସହସ

ଷହଷ଴଼଻
= ૚. ૠૡ 

 

The determination of the real area of MOSH in the chromatogram 

To calculate the real area of MOSH (ARMOSH
 ) in cardboard, the area of the internal standard 

components used such as C13 (Ac13 = 163723), Cycy (Acycy = 167107), Cho (Acho = 451968), 
and the area of non-mineral oil components must be substrate from the total integrated area of 
MOSH (ATMOSH

 = 4820501). The real area of MOSH is then used in the equation 3 to calculate 
the real mass of MOSH.  

 

The real MOSH area calculation 
 
ARMOSH = ATMOSH– (Ac13 + Acycy + ACho)      Equation 3 

ARMOSH  = Total area MOSH – (Ac13 + Acycy + (Ac13*1.78)) = 
             = (3862095-484387) – (135697 + 142818 +241540.66) = 2857652.34 

 
             

The determination of the real mass of MOSH in GC analysis 

Mass of MOSH in 0.25 mL of loaded sample 

The real area of MOSH is then used in the equation 1 to calculate the real mass of MOSH. 

mMOSH = ஺೎ೌೝ೏
஺೔ೞ೟೏

∗ ݉௜௦௧ௗ = ଶ଼ହ଻଺ହଶ.ଷସ
ଷହଷ଴଼଻

∗ 3.415 = 27.64 µg 

 

Mass of MOSH in 0.5 mL extract from 2 g cardboard 

mMOSH =  27.64*20 = 552.8 µg = 0.5528 mg 

Mass of MOSH in 1 kg cardboard for the range of C10 to C35 

mMOSH = 0.5528*500 = 276.4 mg / kg cardboard 

 

 



Non volatile MOSH calculation (range over C35) 

Total area of MOSH: AMOSH = 484387 
MOSH in 0.25 mL 
mMOAH = ஺ಾೀಲಹ

஺೔ೞ೟೏
∗ ݉௜௦௧ௗ = ସ଼ସଷ଼଻

ଷହଷ଴଼଻
∗ ૜. ૝૚૞ = 4.68 µg 

MOSH in 0.5 mL 
mMOAH = 4.68*20 = 93.6 µg =0.0936 mg 

MOSH in 1 kg cardboard 
mMOSH = 0.0936*500= 46.8 mg / kg cardboard 
 

 

2. MOAH calculation  

The procedure used for MOSH calculation is also applied for MOAH. 

Data 
ISTD used: 2-Methylnaphtalene (2MN)   
Concentration of the ISTD used: C2MN = 11.44 µg/ mL 
Mass of 2MN in 0.25 mL of ISTD loaded:  mistd = 11.44*0.25 = 2.86 µg 
Area of 2MN: Aistd = 330205 
Total Integrated MOAH area: AMOAH

 = 2703156-817726=1885430 

 

Area of MOAH in GC analysis 
 
AMOAH = 1885430- (A2MN +ATBB+APeryl) -AMercapto  
          = 1885430-(107492+111984+189209)-95775= 1380970 

 

Mass of MOSH in 0.25 mL of loaded cardboard sample 

mMOAH = ஺ಾೀಲಹ
஺೔ೞ೟೏

∗ ݉௜௦௧ௗ = ଵଷ଼଴ଽ଻଴
ଷଷ଴ଶ଴ହ

∗ ૛. ૡ૟ = 11.96 µg 

 

Mass of MOAH in 0.5 mL extract from 2 g cardboard 

mMOAH =  11.96*20 = 239.2 µg = 0.2392 mg 

 

Mass of MOAH in 1 kg cardboard for the alkanes range of C10 to C35  



mMOAH = 0.2392*500 = 119.6 mg / kg cardboard 

 
 
Calculation of MOAH in the range over C35 

Area of MOAH: AMOAH = Total area –Non aromatic components 
                                    =817726-31004-45667-42132= 698923 

MOAH in 0.25 mL 
mMOAH = ஺ಾೀಲಹ

஺೔ೞ೟೏
∗ ݉௜௦௧ௗ = ଺ଽ଼ଽଶଷ

ଷଷ଴ଶ଴ହ
∗ ૛. ૡ૟ = 6.05 µg 

MOAH in 0.5 mL 
mMOAH = 6.05*20 = 121 µg =0.121 mg 

MOAH in 1 kg cardboard 
mMOAH = 0.121*500= 60.5 mg / kg cardboard 

 
 

3. CALCULATION RESULTS FOR MOSH AND MOAH 

Volatile mineral oil in the range of C10 to C35 

MOSH = 276.4 mg / kg cardboard (69.80 %) 

MOAH = 119.6 mg / kg cardboard (30.2 %) 

Total amount of mineral oil in 1 kg cardboard: 396 mg 

Non-volatile mineral oil in the range over C35 

MOSH= 46.8 mg / kg cardboard 
MOAH= 60.5 mg / kg cardboard 
Total amount = 107.3 mg / kg cardboard 
 

To make the calculation simple and accurate, Microsoft Excel application was used. 

 


