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Abstract

We analyzed radiocarbon and the stable carbon isotope ratio for individual monocarboxylic (fatty) acids in an

aerosol sample (QFF 2138) and compared the results with data of the aerosol sample taken in another year. The fatty

acid concentration distribution of aerosol sample QFF 2138 showed a bimodal pattern with maxima at C16 and C26.

Stable carbon isotope ratios of the fatty acids ranged from )30.8& to )23.0& which indicates the animal and/or

marine algae origins for C16–C19 fatty acids and mainly terrestrial C3 plant origins for C>20 fatty acids. D14C values for

fatty acids ranged from )89.7& to +83.5&. Compared with QFF1969, we found that the D14C values of fatty acids

exhibited a wide diversity and D14C values for each fatty acid in QFF 2138 were largely different from those of QFF

1969.
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1. Introduction

A method of compound specific radiocarbon

analysis (CSRA) has recently been developed. This

method includes isolation of individual compounds

by preparative capillary gas chromatography, pre-

paration of graphite target for individual com-

pounds, and 14C measurement by accelerator mass
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spectrometry. Since the first report by Eglinton

et al. [1], this CSRA method has been applied to
various geochemical and environmental samples.

In the case of marine sediments, the CSRA method

has been used to elucidate ecology of bacteria (for

example autotrophic or heterotrophic, species of

organisms from biomarker D14C: [2]), to estimate

accurate ages from algae derived sterol D14C values

[3] and to quantify the contribution from the end

members using n-alkane 13C and 14C in marine
sediments [4]. Matsumoto et al. [5] firstly applied

this method to a modern atmospheric aerosol

sample and suggested a large contribution from
ved.
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continental dust such as Chinese loess (Kosa) due

to the significantly negative D14C values of

C24 +C26 fatty acids which are derived from ter-

restrial higher plants. However, the sampling per-
iod of Matsumoto et al. [5] was not when the dust

from the Asian continent was activated. Thus, we

needed to compare the D14C data in QFF 1969

using an atmospheric aerosol in the same season

and to elucidate the behavior of organic matter

of aerosols in the atmosphere.

Here we show the results of CSRA method for

fatty acids in an aerosol sample collected in the
same season as reported by Matsumoto et al. [5]

and we compare both aerosol samples in order to

discuss the sources of fatty acids.
2. Sample and method

The aerosol sample QFF 2138 used in this study
was collected on quartz fiber filter precombusted

at 450 �C, for 4 h. on the roof of the Institute of
Fig. 1. Sampling location of an aerosol s
Low Temperature Science, Hokkaido University,

Sapporo, shown in Fig. 1. The period for this

aerosol sampling was from 1 June to 21 June 2001.

Total air volume was 35251.2 m3 and total aerosol
mass was 1.4025 g. Thus, total aerosol concen-

tration was 39.785 lg/m3.

Lipid extraction from this sample, separation of

fatty acid fraction from extracted lipids, the de-

tailed method of methyl esterification, GC analysis

and stable carbon isotope analysis by GC/IRMS

were carried out based on the methods of Mat-

sumoto et al. [5].
In order to isolate sufficient quantities of indi-

vidual fatty acids for 14C age determination by

AMS we employed a preparative capillary GC

(PCGC) system equipped with a cooled injector

(CIS4, Gerstel, Germany), megabore column,

zero-dead-volume effluent splitter and cryogenic

preparative fraction collector (PFC, Gerstel). The

injection volume was 25 ll and the CIS is pro-
grammed from 25 �C (0.5 min) to 350 �C at 12

�C s�1 and held at 350 �C for 6 min. The GC oven
ample QFF 2138, Sapporo, Japan.
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temperature was programmed from 50 �C (1 min)

to 120 �C at 30 �C min�1, from 120 to 310 �C at 6

�C min�1 and then held at 310 �C for 30 min.

Individual compounds were isolated on a HP-5
fused silica megabore column (30 m · 0.53 mm i.d.

film thickness 1.0 lm). Helium was used as carrier

gas. A total of 107 consecutive PCGC runs were

performed in order to isolate microgram quantities

of the individual fatty acids. After the PCGC

separation, fatty acid methyl esters were purified

on a silica-gel column to eliminate any methyl

silicone contaminants derived from the GC col-
umn stationary phase. We separated the fatty acid

fractions into C16, C18, C20 +C22, C24 +C26 and

C28 +C30 +C32 +C34 fatty acids.

The isolated fatty acid methyl esters (FAMes)

were combusted in the presence of CuO (800 �C, 2

h) and the purified CO2 was then converted to a

graphite target. Most of the isolated FAMes

samples were less than 100 lgC. Thus, graphiti-
zation was made using a technique of microscale
14C analysis developed by Uchida et al. [6]. The

IAEA 14C standards (C1 and C6) and NBS oxalic

acid (Hox II, RM-49) were used as the reference

standard samples. The detailed results for CSRA

used in this study, as well as accuracy and preci-

sion, is discussed in Uchida et al. [6]. 14C analyses

of graphite targets were conducted at the AMS
facility (NIES-TERRA) of the National Institute

for Environmental Studies [7–9]. To calculate D14C

values of fatty acids, we corrected the value of

esters using a simple mass balance equation

amongst D14C values of fatty acid, methyl group

of the derivative reagent (BF3/methanol, D14C ¼
�998‰) and their methyl ester [5].
3. Result and discussion

3.1. Fatty acid abundances

The fatty acid concentrations of QFF 2138 are

given in Table 1. These concentrations ranged

from 0.422 to 49.3 ng/m3 for C16–C34 fatty acids
and concentration of C16 fatty acid is the highest.

The relative difference in concentration between

QFF 2138 and QFF 1969 aerosol sample by
Matsumoto et al. [5] are also given in Table 1.

These range from 15% (C29) to 221% (C16). Espe-

cially, the ratios of C16–C19 fatty acids exceed

150%, suggesting that source releases of these fatty
acids from animals, terrestrial higher plants and

marine algae were enhanced in the collection

period of QFF 2138 relative to QFF 1969.

Distribution of QFF 2138 fatty acid shows a

bimodal pattern which was typically observed in

the geochemical samples around the Japan Islands

like leaf samples (for example, Zea mays, [10];

Taxus cuspidata, Matsumoto, unpublished data),
an aerosol sample [5], a riverine sediment (e.g.

[11]), estuarine sediments (e.g. [11]) and marine

sediments (e.g. [12,13]). Carbon preference index

(CPI, for C20–C32 fatty acids) is 5.45, which is

defined by the abundance ratio of even over odd

carbon numbered fatty acids. This result is much

lower than terrestrial higher plant [19.1, in leaf

waxes of Taxus cuspidata: C3 plant, unpublished
data by Matsumoto] and higher than QFF 1969

(4.12).

3.2. Carbon isotopic ratio of fatty acids

Stable carbon isotopic composition of fatty

acids range from )30.8& (C31) to )23.0& (C17)

(Table 1). These values almost correspond exactly
with QFF 1969 aerosol sample being within 1.5&

except for C28 and C29 fatty acids ()2.6& and

)4.4&, respectively). Thus, both aerosol samples

for each fatty acid probably have the same sources.

d13C values of C16–C19 fatty acids are reported in

various geochemical samples around Japan in

marine sediments (from )25.9& to )18.1&,

mainly marine algae [11]), in lacustrine sediments
()25.8& to )23.3&, L. Haruna, Gumma Pref.,

Japan, Matsumoto unpublished data) and in leaf

samples ()29.7&: Taxus cuspidate, C3 plant,

unpublished data by Matsumoto). Thus, it is

suggested that C16–C19 fatty acids originated from

these mixed sources. d13C values of C>20 fatty acids

range from )30.8& to )27.7&, which are heavier

than d13C of C>20 fatty acids in the terrestrial C3

plant leaf waxes ()32.3& to )29.1&, Taxus cus-

pidate, unpublished data by Matsumoto). These

compounds would be a mixture with a little ter-

restrial C4 plant material.



Table 1

Concentrations and carbon isotopic compositions for fatty acids in an aerosol sample QFF2138 and comparison with QFF 1969

Carbon number Concentration

(ng/m3)a
d13C

(&)

1r
(&)

Deviation of con-

centration from

QFF1969 (%)

d13C deviation

from QFF1969

(&)

16 49 �24.3 0.9 221 0.0

17 0.80 �23.0 1.7 165 1.5

18 16 �24.0 0.3 157 )0.7
19 0.44 �26.5 1.6 164 )0.7
20 4.5 �27.8 0.4 110 0.3

21 0.71 �28.9 1.1 96 )1.0
22 6.3 �28.9 0.2 113 0.1

23 1.3 �29.0 0.4 164 )0.1
24 6.5 �29.1 0.1 93 0.3

25 1.2 �28.8 0.6 132 )0.4
26 6.6 �30.4 0.1 87 )0.1
27 0.78 �29.4 0.9 46 0.3

28 4.3 �30.5 0.3 85 )2.6
29 0.42 �30.5 0.8 15 )4.4
30 2.1 �30.5 0.4 86 )0.3
31 0.92 �30.8 0.5 143 1.3

32 2.1 �27.7 0.3 64 0.2

33 n.d.b n.d.b

34 1.4 �29.4 1.4 85 0.8

CPI (20–32) 5.45

aUncertainty in the concentration is 10% at maximum.
bNot detected.
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3.3. Radiocarbon analysis for individual fatty acids

D14C values of fatty acids range from )89.7&
to +83.5& decreasing with increasing carbon

number of fatty acid given in Table 2. The sources

of C16 fatty acid would be living organisms be-

cause they contain modern carbon with average

D14C values at 84.4& [14] (assuming d13C
values ¼ �25‰) at Asahikawa, which is 150 km

from Sapporo and is a semi-urban area. C18 fatty

acid is likely to be also derived from living

organisms, but somewhat older end members

would be mixed. C>20 fatty acids show relatively

old D14C (D14C< 0). This trend is same as other

geochemical samples such as marine surface sedi-

ments [13], a soil sample (Matsumoto, unpublished
data) and an aerosol sample [5]. Possible sources

for the aged C>20 fatty acids include aged soil

around the sampling site and contamination

associated with fossil fuel. For the first case, we

obtained a soil sample around the ILTS, Hokka-

ido University on July 2000. The sample was taken
at a depth of 10–20 cm from the surface and litter,
soil animals and visible roots were removed. As

the result of fatty acid analyses, all the D14C values

for C18–C32 fatty acids in the soil sample show

post-bomb values (Matsumoto, unpublished data).

Thus, adjacent soil is not likely to be the main

source of the aerosol sample. Second, we thought

fossil fuels as the source for the aged fatty acids. In

fact, CPI value for C20–C32 fatty acids of this
sample is 5.45, so that it appears to be explainable

by a small contribution from fossil fuel. However,

a mechanism and abundance is unknown for how

much fatty acids in fossil fuel contribute to

atmospheric aerosols. Further, it is not plausible

that only the abundances of C>20 fatty acids in

aerosols are effected by fossil fuel because fossil

fuel would contain more C16 and C18 fatty acids
rather than C>20 fatty acids since crude oil is

probably produced from biological materials.

Thus, we would not suggest the aged C>20 fatty

acids are derived from fossil fuel. As a conse-

quence, we suggest a more likely source are aged



Table 2

The 14C data for fatty acids in an aerosol sample QFF 2138 and QFF 1969

Fraction (carbon number of fatty acid) Purity

(%)a
QFF 2138 D14C

(&)

14C Age (yrs BP) 1r
(yr)

QFF 1969 D14C

(&)b

C16 99 83.5 Modern 94 407

C18 96 53.7 Modern 96

C20 +C22 98 )7.0 56 98

C18 +C20 +C22 44.1

C24 +C26 100 )12.0 97 94 )518
C28 +C30 +C32 )33.2
C28 +C30 +C32 +C34 98 )89.7 755 106

a Purity was determined when the individual fatty acids are obtained by PCGC system.
b From Matsumoto et al. [5]
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soils transported from Asian continent such as
Chinese loess suggested by Matsumoto et al. [5].

In order to discuss the geochemical cycles of

organic matter in land and atmosphere, we com-

pared data with another aerosol sample QFF 1969,

which was collected on June–July 1999 [5]. As

described above, the concentration of C16 fatty

acid in QFF 2138 is 121% higher than that of QFF

1969 and the age is younger than that of QFF
1969, which indicated 1970s [5]. Therefore, the

more abundant C16 fatty acid is likely due to re-

lease from adjacent living organisms that contain

modern carbon to the atmosphere. Both C24 +C26

fatty acids derived from terrestrial C3 plant show

negative D14C values. However, D14C values of

C24 +C26 fatty acids in QFF 2138 are much higher

than those of QFF 1969 ()518&, [5]). Basically,
the contribution of organic matter from Kosa is

expected to be lower since both samples are not

taken in the Kosa season. It would seem that the

behavior of organic matter in aerosols is different

from that of inorganic matter. In addition, the

large D14C differences for each fatty acid might

occur due to differences of climatic conditions such

as wind direction, the distribution of atmospheric
pressure and/or other physical and chemical

properties at the time when samples were collected.

Our preliminary results exhibited that the D14C

values of individual fatty acids have a wide vari-

ation for different aerosol sampling periods. In

order to elucidate the mechanism of organic mat-

ter in atmosphere, we need to collect aerosol

samples continuously. It should be especially
important to analyze in the Kosa season with the

CSRA method.
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