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   Introduction. It has been pointed out that the ratio of abun-
dance of n-C16 (palmitic) and n-C18 (stearic) acids to that of n-C2o-
n-C30 fatty acids (Lower Molecular Weight Fatty Acids/Higher 
Molecular Weight Fatty Acids: LFA/HFA) is a possible index of 
contribution of autochthonous organic matter (OM) relative to alloch-
thonous OM in sediments (Cranwell 1974; Ishiwatari and Hanya 
1973, 1975). 

   However, it has become clear that the LFA/HFA ratio for the 
200-meter core sample (11-196 m in depts) from Lake Biwa is very 
much lower than expected from the data of O13C (Nakai 1972) and 
fossil diatom concentration (Mori unpublished). This suggests that 
chemical change of fatty acids proceeds faster than we have expected 
before (Ishiwatari 1976). 
   Under these circumstances, the present study was initiated to see 
whether such a low LFA/HFA ratio observed for the 200-m core 
sample is due to their post-depositional change or not. For this pur-

pose, changes of fatty acid composition in a 5-m core sample were 
examined, since no study has been conducted for the near surface 

(0-1o m) sediment. 
   Materials and methods. An approximately 5-meter core sample 

was taken in 1973 near the site where the 200-m core sample had 
been taken. The sample was cut every 5 cm and stored at 4°C until 
analysis. 
   Two forms of fatty acids : unbound (extracted with benzene/ 
methanol) and bound (released from a sediment sample on saponifica-
tion with KOH/methanol upon extraction of unbound fatty acid) were 
analyzed in this study. Analytical procedures of fatty acids will be 
described elsewhere. This paper presents only the results of total 

(unbound plus bound) normal saturated fatty acids, although 
branched C14-C17 mono-carboxylic, mono- and poly-unsaturated fatty 
acids were also determined.
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   Results. Table I shows the analytical results of total carbon, 
total fatty acids and LFA/HFA for the 5-m core sample. Total carbon 
content decreases from the surface to 10-50 cm then gradually in-
creases with depth and becomes nearly constant in 3-5 m. This 
tendency is essentially similar to that reported by Hone et al. (1971) 
for a core sample from the same lake. Interestingly, the vertical dis-
tribution of total carbon very much resembles that of the cell number 
of fossil diatoms reported by Negoro (1967), suggesting that the 
majority of organic matter in the core sample is autochthonous. 
   The ratio of total fatty acids to TOM (total organic matter calcu-

lated from TOC : see Table I) is in the range of 2.7-8.0 x 10-3 and 

decreases with depth in upper 1-2 m layers and becomes practically 
unchanged. The ratios are in the same range as that observed for 
a sediment of Lake Haruna (4.1-16.9 x 10-s). 
   The LFA/HFA ratio shows essentially a decreasing tendency 

with depth, although some minima and maxima are present at various 
depths.

   Discussion. Since a nearly linear relationship is seen between 

the total carbon content and the total cell number of fossil diatoms 

as mentioned above, and both values increase with depth, it is clear 

that the relative contribution of autochthounous OM to allochthonous 

OM increases with depth. If this statement is correct and the LFA/ 
HFA ratio is preserved from the time of deposition to the present, the 

LFA/HFA ratio should show an increasing tendency with depth in

Table I. Analytical 

   acids for

results of total 

a 5-meter core

carbon 

sample

and fatty
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contradiction with the observation. The discrepancy indicates a pos-
sible diagenesic change of fatty acid composition in the sediment core, 
as suggested in a previous paper (Ishiwatari 1976). 

   In order to examine the extent of change in fatty acid composition 
during diagenesis in the core, the percentage of presumably remaining 
fatty acid (Remaining FA (%)) was calculated by the following 
equation, assuming that TOM at each depth is the same in origin 

(autochthonous) and its amount is preserved unchanged in those 
depths: 

          Remaining FAni (%) _ (FAni J TOCi) X 100, 
                            (FAns/TOCS) 

where FAR, and FAni are respectively the amount of fatty acid with 
carbon chain length n at the surface sediment (0-5 cm) and at a depth 
i ; TOCS and TOC1 are total organic carbon (assumed here to be equal 
to total carbon) at the surface sediment and at a depth i, respectively. 
   Calculated Remaining FA (%) decreases with depth for C14-C26, 

is practically constant for C28, and slightly increases for C30. Fig. 1 
shows the vertical variation of Remaining FA (%) for C16, C24 and 
C28 as examples. This trend is more clearly indicated in Fig.2 which 

gives the relation between Remaining FA (%) and the chain length 
of fatty acid at depth of 4.0-4.7 m. It appears that Remaining FA 

(%) increases with increasing chain length of fatty acid, except for

Fig. 1. Vertical variation of remaining fatty acid (%) for C16, C,4 and C,S.
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C16 and C18 acids. The exception might be related to the possible 

presence of those fatty acids in fossil diatoms and other organisms. 
   The tendency of vertical change of Remaining FA (%) observed 
for the 5-m core sample is more clearly seen for the 200-m core sample. 
Fig. 3 shows Remaining FA (%) for C16, C22, C26 and C3,0 as examples, 
calculated from the data of unbound fatty acids (Ishiwatari and 
Hanya 1975). Remaining FA (%) decreases with depth for C16-C22, 
but that for C26-C30 gradually increases over the first 100 m, becom-
ing about 2-3 times higher than FAS/TOCS and remaining constant 
thereafter. This fact suggests a new formation of C26-C30 fatty acids 
during diagenesis possibly through oxidation of the corresponding 
fatty alcohols. 

   Matsuda and Koyama (1977) have found a similar tendency 

(LFA/HFA decreases with depth) for a 1.5 m sediment core sample 
from Lake Suwa and claimed that it may be due to microbial activity 
in the sediment. The present results have shown that LFA/HFA 
decreases not only in near surface sediment layers but also in deeper 
layers where microbial activity is not considered to be active. Accord-
ing to Hayashi and Takii (unpublished), the number of aerobic hetero-
trophic bacteria rapidly decreases from n x 105/g (wet sediment) for

Fig. 2. Relation between 
 and chain length (Data 

 plotted).

remaining fatty acid 

at 4.O-4.7m in depth

(%) 
are
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the surface to nx 102/g for 2 m in depth in the same core sample that 

we have studied. Therefore, the chemical stability of fatty acids 
apparently plays an important role in their transformation. 

   Conclusion. The present study has shown that the LFA/HFA 
ratio generally decreases with depth, probably as a result of chemical 

reaction involving formation, decomposition and polymerization of 
fatty acids. Therefore, an appropriate correction with respect to 

diagenetic change is needed for the use of LFA/HFA as an index of 

relative contribution of autochthonous OM to allochthonous OM. 
Precise correction will be possible when the mechanism of formation 

and transformation of fatty acids is made clear quantitatively.

Fig. 

 in

3. Vertical variation of remaining 

the 200-meter core sample.

fatty acid (%)

                          References 

Cranwell, P. A. (1974) : Monocarboxylic acids in lake sediments: Indicators, 
 derived from terrestrial and aquatic biota, of paleoenvironmental trophic levels. 

  Chem. Geol., ,14, 1-14. 
Hone, S. et al. (1971) : Paleolimnological study on lacustrine sediments of Lake 
  Biwa-ko. Disaster Prey. Res. Inst. Annuals, 14B, 745-762. 
Ishiwatari, R., and T. Hanya (1973) : Organic geochemistry of a 200-meter core 

 sample from Lake Biwa. I. Identification of fatty acids by combined gas chro-



80 R, ISHIWATARI and K. KAWAMURA [Vol. 54(B),

  matography-mass spectrometry. Pron. Japan Acad., 4'9, 731-736. 
Ishiwatari, R., and T. Hanya (1975) : Organic geochemistry of a 200-meter core 
  sample from Lake Biwa. II. Vertical distribution of mono- and di-carboxylic 

  acids and polynuclear aromatic hydrocarbons. Proc. Japan Acad., 51, 436-441. 
Ishiwatari, R. (1976) : Fatty acids and perylene in a 200-meter core sample from 
 Lake Biwa. A discussion. Paleolimnology of Lake Biwa and the Japanese 

  Pleistocene (S. Hone, ed.), vol. 4, pp. 246-252. 
Matsuda, H., and T. Koyama (1977) : Early diagenesis of fatty acids in lacus-

 trine sediments. I. Identification and distribution of fatty acids in recent sedi-
 ment from a freshwater lake. Geochim. Cosmochim. Acta, 41, 777-733. 
Nakai, N. (1972) : Carbon isotopic variation and the paleoclimate of sediments 

 from Lake Biwa. Proc. Japan Acad., 48, 516-521. 
Negoro, K. (1967) : An analytical study of diatom shells in the bottom deposits 
  of Lake Biwa-ko, based on a new core-sample. Jap. Jour. Limnol., 28, 132-135.


