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GC-MS analysis of organic residues in the 
potsherd samples from Vantaa Maarinkunnas 

ABSTRACT 

In order to examine the origin of organic residues in pol sherd samples, analyses for fat , prote in , 
carboh ydrates, a nd se lected minor compone nts were carri ed out. A total of e leven pol shercl 
samples were a nalysecl . No protein or carbohydrate residues were cl e tec tecl in the samp les. The 
samples, however, did contain res idues of fatty acids , the ir clecompos ition products, chol estero l, 
ancl benzoic ac id identifi ed ancl quantifi ed by GC-MS analysis. C ho lestero l identifi ed in the 
sampl es indica tes the presence of anima l fat. Further, the fa tty ac id composi ti on. in particular 
the ratios of 16:0/ 18:0 ancl 16: 1/1 8: 1 fa tt y acids , as we il as the presence of phytani c ac id in the 
samples , suggest that the fat present is of marine ori gi n. Benzoic acicl, a new fincling in archaeo­
logica l contexts , was detected in a ll e leven samples, suggesting the presence of c ranbe rry or 
cowberry in the pottery. However, the origin of benzoic acid in archaeological samples req uires 
further research. 

lntroduction 

Even though orga ni c materials in prehistoric contexts have gone through major 
changes due to microbial growth or the ir low chemical stability , residues of the 
ori ginal components are often sti ll detectable. GC- MS analysis is a sensitive and 
hi ghl y specific method that provides a powerful too l for analys ing o rganic residues 
present at minor levels in prehistoric samples. 

Thi s study was designed to detect and identify organic compounds in the charred 
resid ues in samples from pot sherds, in order to ga in information about the origin 
of the organ ic material stored or cooked in the vesse ls. 

Sample description 

The sherds to be samp led for charred food remains (food cru st) were not se lected 
before the pottery went through the routine processes of cleaning and cata loguing. 
The cleaning involves gentle brushing to remove excess sand from the surfaces of 

• Correspondence concern ing thi s art icle shou ld be addressed to Petra Pesonen, Nati ona l Board or 
Antiquiti es, Finl and. 
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the artifacts. Touching the sherds and, especially , the crust unnecessarily was 
avoided as far as possible. The same rule has been followed while the sherds have 
been residing in their cardboard boxes - the normal manner of storing the finds in 
the collections of the National Museum of Finland (NM) . 

For this study , eleven sherds were selected. The selection was based on the 
presence of a sufficient amount of crust for the analyses, and also on the assigna­
bility of the sherds to one or other of the recognized Comb Ceramic styles. The 
samples were scraped with a scalpel from the inner surface of the sherds . Sample 
size varied , depending on the amount of organic residue on the sherd surface. From 
some sherds, several square centimetres of charred material was obtained. The first 
three sherds were sampled by Markku Reunanen in the spring of 1999 at Abo 
Akademi in Turku; the remaining samples were procured by Petro Pesonen at the 
National Board of Antiquities in the autumn of the same year. 

Analytical procedure 

The samples from the pot sherds were ground to crumbs. A 50 mg portion of 
ground sample was placed in a test tube and 0.2 mg of heneicosanoic acid was 
added as an internal standard. The sample was first hydrolysed by mixing it with 5 
ml of hydrolysis solution. The hydrolysis solution contained 0.5-M KOH in 
ethanol:water (90: 10% v/v) , and the sample was allowed to hydrolyse at 70°C for 
two hours . After the completion of the hydrolysis, the solution was centrifuged, 
and the supernatant was diluted with 10 ml of distilled water. The water solution 
was acidified with 0.5-M sulphuric acid to pH 2, and then extracted with three 2 ml 
doses of diethyl ether. The ether extracts were combined and evaporated to dry­
ness. Finally, the dry extract was dissolved in 200 µI of pyridine, and silylated by 
adding 150 µI of N ,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) and 50 µI of 
trimethylchlorosilane (TMCS) . The silylation was completed at 70°C for a period 
of 15 minutes. 

The analysis continued with the separation and identification of the silylated 
components by gas chromatography-mass spectrometry (GC-MS). The GC-MS 
was executed with an HP 6890-5973 GC-MS instrument equipped with a HP-1 MS 
methyl polysiloxane column (15 m x 0.25 mm i.d., 0.25 µm film thickness). The 
GC oven was temperature programmed from 60°C to 290°C, with a 8°C/min . 
heating rate. The split-injector and detector transfer line temperatures were held at 
260°C and 280°C, respectively. Helium was used as the carrier gas at a constant 
flow rate of l ml/minute. Mass spectra were recorded at 70 eV electron impact 
energy. Spectral identifications were obtained from mass spectral libraries , quanti­
tative data from the GC-peak areas of the components. The quantity calculations 
were based on uncorrected peak areas relative to the internal standard. 

Figure I shows an example of a GC-MS analysis result from a pot sherd sample 
from Vantaa Maarinkunnas . 

Two of the samples (NM 30464: 12554 and NM 30464: 14065) were analysed for 
carbohydrates and peptides. 50 mg of ground sample containing 0.2 mg of adipic 
acid as the internal standard was hydrolysed at 70°C with 5 ml of 1-M hydrochloric 
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acid solution. After four hours of hydrolysis, the sample tube was centrifuged. The 
supernatant was divided in two equal portions, which were then evaporated to 
dryness. The dried residues were dissolved in 200 µI of pyridine. For an analysis of 
monosaccharides, one of these portions was silylated by adding 200 µI of hexame­
thyldisilazane (HMDS) and 100 µI ofTMCS. The mixture was allowed to stand for 
30 min. before analysis by GC-MS under the same conditions as described above. 
The second portion was silylated by adding 300 µI of N-(tert-butyldimethylsilyl)­
N-methyltrifluoroacetamide (MTBSTFA) with 1 % tert-butyldimethylchlorosilane 
(TBDMSCI) . This sample was analysed for amino ac ids by the GC-MS. However, 
no monosaccharides or amino acid res idues were detected in the samples. 

Results and discussion 

The GC-MS analyses showed that most of the samples contained residues of fatty 
acids and their decomposition products , as weil as cholesterol and benzoic acid 
(Tables l , 2, and 3). 

Total fatty acid content: 

The total fatty acid content of the samples was low, varying from 0.2 to 3.65 mg/g 
(Table 1). Four samples (:12833, :1249, :12554, and :14065) out of eleven con­
tained relatively high levels (more than I mg/g) of fatty acids (Fig. 2). The fatty 
acid compositions of these four samples are shown in Figure 3. 

The bulk of the fatty acids was made up of the two saturated fatty acids, palmitic 
and stearic acid, which in these four samples represented 67-80% of all the farty 
acids identified. Saturated fatty acids are the most stable of the fatty acids and, as 
expected, their levels in the samples were the highest. Palmitic (16:0) and stearic 
( 18 :0) ac ids are typical saturated fatty acids found in a wide range of foods. 
Palmitic acid is the most common fatty acid in fats, and both marine and terrestrial 
animals contain a considerable amount of it. Stearic acid is less common in edible 
samples than palmitic acid, but especially prominent in tallow and ruminant animal 
fats (Padley & al. 1994 ). 

The ratio of stearic to palmitic acids ( 18:0/16:0) has been used to determine the 
origin of fat in archaeological samples (lsaksson 1992 and 1996; Hansson & lsaks­
son 1994). Reference ratios above 0.8 are claimed to indicate fat of terrestrial 
mammal origin, while lower values indicate marine origin. The fatty acid composi­
tion data of current food items (Table 4) also suggest that a higher va lue (0.6- 0.7) 
of 18 :0/16:0 is characteristic of food of terrestrial ori g in , whereas a low value (0. 1-
0.2) indicates a marine origin for the fat (fish or sea mammal s). ln this study the 
ratio varied from 0.2 to 0.4 in a ll eleven samples (Ta ble 1 ). This suggests that the 
fats in the samples are of marine origin. 
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Tab/e /. Fatty ac id composition o f samples from pot she rds. 
Chemical analysis of potsherd samples Markku Rcunanen, Abo Akademi Anu Hopia, HY 

Fally aciJ (mg/g) 

Sa mple 7:0 8:0 9:0 IO:O 11:0 12:0 13:0 14:0 15:0 16:0 17:0 18:1 18:0 18:3 16:0 16:0 20:0 16:1 18: 1 15:0 15:0 Ph)'tanoir TOTA L % % 18:0/ 16:1/ 

(anteiso ) ( iso) (:.111teiso) (iso) acid (mg/g) Palmitic Stear ic 16:0 18:1 

KM 30464: 11178 0 0.02 0.02 0 .01 0.02 0.03 0.01 0.4 0.01 O.o3 0 .1 + 0.65 61.5 15.4 0.3 0.0 

KM3046-l5694 0 0.03 0.01 0.01 0.02 0.03 0.18 0.02 0.06 0.56 67.9 10 .7 0.2 0.0 

KM30464:16650 0 0.()2 0.01 0.1 0.02 0.02 0.03 0.2 50.0 10.0 0.1 0.0 

KM:30464: 13300 0 0.03 0.02 0 .01 0.03 0.04 0.02 lU8 0.03 0.1 + 0,66 57.6 15.2 0.3 0.0 

KM: 30464 : 12889 0 0.07 0.05 0.03 0.56 0.07 0.09 0.87 64.4 10.3 0.2 0.0 

KM30464 l 2833 0 0.0 1 0.02 0.01 0.02 0.01 0.05 0.05 0.87 0.02 0.06 0.28 0.0 1 0.0 1 0.01 + 1.43 60.8 19.6 0.3 0.0 

KM30464 12606 0 0.04 0.04 0.02 O.<n 0.01 0.56 0.01 0.19 0.0 1 0.01 + 0.92 60.9 20.7 IU 
KM30464: 1249 0.13 0.13 0.11 0.13 0.05 0.1 1 0.08 1.8 0.04 0.09 0 .58 0.05 0.06 0.07 0.05 + 3.48 51. 7 16.7 0.3 0.6 

KM 30464 : 12554 0.04 0.04 0.02 0.01 0.01 0.01 II.I I 0.02 0.85 0 .01 0. 12 0.28 0 0.01 0.03 0.04 om 0.01 0 ++ 1.64 51.8 17.1 0.3 0.3 

KM 30464: 14065 0.03 0.04 0.04 0.02 0.02 0.03 0.08 0.52 1.88 0.04 0. 14 0 .58 0.01 0.03 0.02 0.04 0.06 0.05 0.02 + 1.6.'i 5 1.5 15.9 ll.3 0.3 

KM30464: 12601 0.01 0.0 1 0.01 0.01 0.01 0.19 0.02 0.08 + 0.34 55.9 23.5 0.4 

Table 2. Fatt y ac id deco mposition products in samples o f pol sherds. 
Chemical analysis of potsherd samples Markku Reunanen, Abo Akademi Anu Hopia, HY 

Glyccrol (mg/g) Hydrocarbons (mg/g) Hydroxy acid.s (mg/g) Dicarhoxylic ac ids (mg/g) 

Sam 1>le 4:0 6:0 8:0 20:0 Dihydroxy 2.3- 9, 10- 9.10- 2-h~·droksi- Propanoic Butanoic Pentanoic Hcxanoic Hcptanoic Octanoic Non.inoic Dccanoic TOTAL 

acctic dihydroxy dihydroxy hydroxy 3-methyl (mg/g) 

acicl hul)Tic palmitic stearic pentanoic 
acid acid acid ~u·icl 

KM30464:131 78 0.02 0.06 0.06 O.tn 0.01 0.02 0.01 0.2 1 

KM 30464:5694 0.03 0.06 0.07 0.05 0.21 

KM 30464: 16650 0.03 0.04 0.02 0 0 0 0.09 

KM:30464: 13300 0.02 0.03 0.04 0.03 0.01 0.01 0. 14 

KM:30464: 12889 0.29 0.08 11.06 0.62 0.15 1.2 
KM 30464: 12833 0.01 0.04 0.04 0.02 0.02 0.05 0.18 

KM 30464: 12606 0.03 0.07 0.05 0.02 0.02 o.m 0.22 
KM30464: 1249 0. 13 0.06 0. 12 0.06 0.07 0.15 0.03 0.08 0.06 0.76 

KM30464: 12554 0.02 0.01 0.38 0.49 0.01 0.0 1 11 .()2 0 .02 0.11 0.04 0.07 0.09 0.02 1.29 

KM30464: 14065 0.07 0.0 1 0.38 0.79 0.03 0.02 0.08 0.01 0.()3 0.02 0.05 0.06 0.03 1.58 
KM 30464: 1260 1 0.03 0.01 0.0 1 0.01 0.02 0.08 



Ta/Jle 3. Minor components in samples from pol sherds. 

Chemical analysis of potsherd samplcs Markku Reunanen, Abo Akademi Anu Hopia, HY 

Sample Benzoic Pyrrole Phtalic Phyta- Penta- Hepta- Choles- Squa- Benzo-
acid carboxylic acid noic deca- deca- terol lene phenone 

acid acid nitrile nitrilc 

KM 30464 : 13 178 0 ,08 0,01 0,03 + 
KM 30464:5694 0, 11 0,02 
KM 30464: 16650 0 ,06 0,01 
KM :30464: 13300 0 ,22 0,05 + 
KM: 30464: 12889 0 ,69 
KM 30464: 12833 0,06 0,02 0,01 + 0,04 0,01 0,04 
KM 30464: 12606 0 ,26 0,03 + 
KM 30464: 1249 0.32 0, 11 0,09 + 0,03 0,05 
KM 30464: 12554 0, 18 ++ 0,06 0,03 
KM 30464: 14065 0, 1 + 0,01 0,02 
KM 30464: 12601 0, 1 + 

The total content of fatty acids in the samples (mg/g) 

4 - / 

Fig. 2. The total content of fatt y ac ids in the samples . 
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The fatty acid composition of the samples containing > 1 mg/g fatty acids 
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Fig. 3. The fatt y acid composi tion of the samples containing > 1 mg/g fatty acids. 

Branched-chain fally acids: 

□ KM30464: 12833 

■ KM30464:1249 

IDKM30464:12554 

[ □ KM30464:14065 

Fatty acids with a branched chain (anteiso and iso fatty acids) were also identified 
in the samples at levels of up to 0. 11 mg/g. Branched-chain fatty acids are present 
at significant levels in bacterial lipids, butter fat, and tallows and waxes (Padley & 
al. 1994). Since their presence may indicate microbial growth that is very likely to 
have occurred in the sample material , using these fatty acids to interpret the origin 
of sample fat is of limited value. The hydroxy fatty acids that in this study have 
been classified as decomposition products may also have been formed through 
microbial growth in the sampled material. 

Phytyl-based fatty ac ids differ in their origin and synthetic pathway from other 
branched-chain fatty acids. Their structure is based on diterpene phytol derived 
from chlorophy ll. Phytanic acid, which was detected in the samples , is among the 
most common homologues of these fatty acids (Fig. 4 ). This fatty acid occurs 
widely in marine and terrestrial herbivore animal fats (Masters-Thomas & al. 1980). 
High levels - up to 700 mg/100 g - have been reported especially in some fish oils. 
Phytanic acid has also been identified in ancient sediments (Gunstone & al. 1994 ). 

Unsaturated fatty acids: 

The level of unsaturated fatty acids in the samples was low (Tab le 1 ). Unsaturated 
fatty acids oxid ize and decompose easily in the presence of heat, oxygen, and 
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The total content of fatty acid decomposition products 

1,6 

1,4 

1,2 

ci 
c, 
.§. 
C 

" c 
0 
u 

0,6 

Fig. 4. The total content of fatty acid decomposition products. 

metals (Chan 1988). Thus, the low leve l of these fatty acids in archaeo logica l 
samples was expected. Oleic ac id ( 18 : 1) was identified in nine of the eleven 
analysed samp les, and palmitoleic acid (16: 1) in three. In addition , one sample 
contained traces of linole ic acid . 

The ratio of palmitoleic to oleic acids ( 16: 1 /18 : 1) has been used to eva luate the 
origin of fat in archaeological samples (Isaksson 1992 and 1996). According to 
lsaksson, a low 16: 1 /18: 1 value indicates a terrestrial origin for the fat . Food 
composition tab les of current foods indicate that the ratio is very low (0. 1) for 
terrestri al an imal s, and somewhat higher (0.2- 0 .9; average 0.6) for foods of marine 
origin (Table 4 ). In the samples of the present study, the 16: 1 /18: 1 ratio ranged 
from 0.3 to 0.6 , which suggests a marine origin for the fa t and thus supports the 
interpretation of the 18:0/ l 6:0 ratio. 

Decomposition products of fa tty acids: 

Unsaturated fatty acids decompose under li ght, oxygen, heat, and trace meta ls into 
a variety of products, including a ldehydes, ketones , dicarboxylic ac ids, hydroxy 
acids, and hydrocarbons (Chan 1988). Although saturated fatty acids are more 
stable, it is likely that they have also gone through marked deterioration in the 
archaeological samples. The fatty acid decomposition products identified in thi s 
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Table 4. 18: 0/ 16:0 and 16: 1 / 18: 1 ratios of foods. 

18:0/16:0 and 16: 1/ 18: 1 ratios of' se lected food s 
Data se lected f'rom Gunstone 1994 "The Lipid Handbook" 

Fa11 y acid g/100 g edib le part 
Food sam ple 18:0 16:0 16: 1 18: 1 18:0/ 16:0 16: 1/18:l 
Butle r fa t 12, 1 27.8 1,84 30,3 0,4 0,1 
Lard (po rk )(average) 14,5 26 3,35 48,5 0,6 0, 1 
Beef tallow (average) 23 28,5 4,75 38 0,8 0,1 
Mutton ta ll ow 30,5 25 ,8 1,5 30 1,2 0,1 
Herring (average) 1,6 15,2 7, 1 18,45 0,1 0,4 
Trou t 4 17.9 11 ,2 2 1,2 0,2 0,5 
Sal mon 3,6 10 ,7 5 24,5 0,3 0,2 
Perch 4 ,7 20,3 7,9 9, 1 0,2 0,9 
Pike 3,3 18,9 9,4 18,8 0,2 0,5 
Whale (ave rage) 1,26 12,9 15,9 17,5 0,1 0,9 
Harbour sea l 1 11 15 29 0,1 0,5 
Harp sea l 7 9 27 0,1 0,3 

Data from US Department of Agriculture: Nutrient Database for Standard Ref'erence 

Beef ta ll ow 18,9 24,9 4 ,2 36 0,76 0,1 
Beef, chunk 2,5 4 ,87 0,99 7,8 0,51 0,1 
Yeal , shoulder 0,32 0,51 0, 1 0,86 0,63 0,1 
Ham 2, 16 4 ,06 0,53 7,7 0,53 0,1 
Lard 13,5 23 ,8 2,7 4 1,2 0,57 0,1 
Horse 0, 16 1,08 0,3 1 1,3 0,15 0,2 
Elk 0, 14 0,35 0, 13 0,23 0,40 0,6 
Rabbit 0, 11 0,52 0,08 0,54 0,21 0,1 
Chicken 6,2 20,6 6 35 ,9 0,30 0,2 
Lamb 0.005 0,047 0,002 0 , 11 5 0, 11 0,0 
Deer 0 ,5 1 0 ,4 1 0,03 0,63 1,24 0,0 
Pearch 0 ,04 0, 18 0,22 
Ee l 0, 19 1 1,585 1,255 2,772 0,12 0,5 
Pike 0.01 8 0.078 0,056 0,079 0,23 0,7 
Flounder (kampela) 0,071 0, 158 0,08 0, 12 0,45 0,7 
Rain bow trout 0, 139 0,42 1 0,203 0,6 14 0,33 0,3 
Pikepearch (kuha) 0,06 0, 16 0,38 
Bream (lahna) 0. 12 0,43 0,28 
Salmon, oil 4,25 9,84 4,82 16,98 0,43 0,3 
Burbot (made) 0,037 0 ,12 0,026 0,098 0,31 0,3 
Yendace (muikku) 0 ,1 0,44 0,23 
White fi sh 0 ,198 0 ,599 0,52 1,347 0,33 0,4 
Herring o il 0,818 11,704 9,642 11 ,955 0,07 0,8 
Herrin/Whole 0, 109 1,353 0,622 1,5 16 0,08 0,4 
Trout 0, 148 0,8 15 0,701 1,44 0,18 0,5 
Cod 0 ,03 0,091 0,01 6 0,061 0,33 0,3 
Mackere l 0,423 2,125 0,727 2,283 0,20 0,3 
Butte r 9.83 2 1,33 1,82 20,4 0,46 0,1 
Sunflower oil 3,5 5,4 0,2 45 ,3 0,65 0,0 
Peanut o il 2,2 9,5 0, 1 44,8 0,23 0,0 
Soybean o il 3,8 10,3 0 ,2 22,8 0,37 0,0 
Wheat 0,0 14 0 ,283 0,066 0 ,236 0,05 0,3 
Oat 0 ,065 1,034 0,01 3 2, 165 0,06 0,0 
Rye 0.009 0 ,27 1 0,0 1 0 ,28 0,03 0,0 
Barley 0.0 17 0,411 0,006 0,24 1 0,04 0,0 
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stud y are hydroca rbons, hyd roxy fa tty ac ids, and di carboxy li c acid. The g lycerol 
detected in the samples most like ly ori g inates in triacy lg lycero ls and other lipids 
with a g lycero l backbone. The leve l of decompos ition products in the sampl es 
vari es from 0 .2 to 1.6 mg/g (Table 2). In gene ral, samples with a hi gh fa tty ac id 
content al so have a high leve l o f decompos ition products (Figure 4), and the ir 
presence confirms the results of the fatty ac id analyses . 

Cholesterol and other sterols: 

In addition to fa tty acids, fa ts and oil s a lso conta in a number of minor components 
characteri sti c to the ir origin. lt was poss ible to analyse and identi fy sterol com­
pounds through the GC-MS analysis used in thi s study. The sterol compos ition of 
archaeolog ical samples has been used to identify the orig in of organi c materi al 
(l saksson 1998). The onl y sterol present in the samples of thi s study was cholester­
ol (Table 3), which is only present in animal ti ssue. Microbes, as weil as vegetable 
fa ts and oil s, have their own characteri sti c sterol s other than cholesterol. Thus, the 
presence of cholesterol in the samples : 12833, : 1249, : 14065, and : 12554 can be 
used as ev idence of animal fa t stored or cooked in the pots. 

Benzaic acid: 

Benzo ic ac id was present in a ll of the samples, and its leve l vari ed from 0 . 1 to 
0.7 mg/g (Table 3, Fig. 5). Thi s finding is new - the presence of benzo ic ac id has 
not been prev iously reported in the literature . Although it is possible that benzo ic 
ac id is a decompos ition product of other phenoli c compounds ori g ina ll y present in 
the samples , it is an important di scovery, since the onl y signifi cant sources of 
benzo ic ac id in the modern di et are cowberry (lingonberry; Va ccinium vitis-idaea) 
and c ranberry (Vaccinium oxycoccos/ microcarpum) . lts presence in the samples, 
thus, suggests that cowberry or cranbe rry may have been stored in the studied 
pottery vessels. However, furth er confirmation of the ori g in of benzo ic ac id in the 
samples is required before more conc lu sions can be drawn. 

Hi gh leve ls of benzoic acid are known to inhibit microbia l growth in food, and it 
is used as a food preservati ve (food additi ve E21 0) in modern food industry (Lind­
say 1996). 

Conclusions 

The presence of fa tty ac id res idues and cholesterol in the sampl es from pot sherds 
indi cates that the vesse ls have conta ined animal fa t. Further, the rati os of 16:0/1 8: 0 
and 16: 1/18: 1 fa tty ac ids suggest that the fa t has been of marine ori g in , deri ving 
fro m fi sh or sea mammals, such as sea ls or whales. The presence of phytanic ac id 
supports thi s inference, although it is also found in terrestri al animals. The benzo ic 
ac id detec ted in the samples suggests that, in addition to animal products, the 
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pottery may have contained cranberry or cowberry. Thi s is the first study reporting 
benzoic ac id in archaeolog ica l samples. The finding, therefore , needs further re­
search to confirm it. High levels of benzoic acid would inhibit microbial growth, 
such as fermentation or the development of mould in the food. 
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