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Abstract: The characteristics of biomarkers extracted from needles of the modern living pine
with different growing periods were systematically analyzed by gas chromatography-mass
spectrometry(GC/MS). Abundant biomarkers were recognized, including n-alkanes, n-al-

kan-2-ones and saturated fatty acid methyl esters, fatty acid ethyl esters. With the increas-
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ing of growing periods, the carbon number distribution ranges of n-alkanes from Cy to Cs,
were found, showing an odd carbon predominance with the maxima at nC,, in all samples.
The average ratio of 2C,; /22 C,, " of n-alkanes is lower(0. 013), suggesting that terrestri-
al high plants are main origins of pine needles and record the typical characteristics of re-
search region (arid and desert region). The ratio of 22C,; /22 Cs, ", OEP and CPI values of
n-alkanes decrease regularly with the increasing of the growing periods record the related
climate information; saturated fatty acid methyl esters, fatty acid ethyl esters and n-alkan-
2-ones were all detected from the initial growth(2 months) to wilting, the result shows that
the three types of compounds are formed mainly in the growth of pine needle leaves. The
ratio of 22C,,~ /22C,, T of fatty acid methyl esters and n-alkan-2-ones in all samples increase
gradually with the increase of growing periods, indicating low carbon-numbered fatty acid
methyl esters(C,;—C,,)and the n-alkyl-2-ones(<ZC,,) might be a provenance of their own
products during the growing periods of pine needles. The average ratio of >C,;~ /2 Cy, ™ of
fatty acid ethyl esters is lower(0. 007), suggesting the fatty acid ethyl esters with high car-
bon-numbered predominance in samples. Furthermore at different growing periods of pine
needles, the CPI values of fatty acid methyl esters and fatty acid ethyl esters show odd,
even carbon predominance, respectively. And the CPI values of high carbon-numbered n-al-
kan-2-ones show odd carbon predominance. The distribution characteristics of these com-
pounds are similar to those of them in the modern soil, indicating they might be the main
sources of corresponding various organic matter in the modern soil.

Key words: gas chromatography-mass spectrometry ( GC/MS); pine needles; different

growing periods; biomarkers
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Fig.1 The chromatogram of n-alkanes (m/z 85) in pine needles with different growing periods
1
Table 1 Distribution characteristics and analytical data of n-alkanes in all samples
Crax CPIV OEP? Cor ™ /Co ™
S 2 18~37 29 3.30 3.88 0.02
N 14 19~35 29 2.48 2.76 0. 01
Ss 26 19~35 29 2.45 2.15 0.01
1CPI= [Czs FCor +CHCog +C31 +Cs3 | Co5 +Cor +Coy +C31 +Cs /9
: Cos+Cos+Cyo+Cao+Car | Cog FCog+Cog+Cyo+Cap™
o Ci5+6C27 +Cag
R TORE S To
2.2 o 3 CPI
3 13.4.10.3 9.3, 11. 0,
, 2, o
(nCyy.4-C) s
(71(:24: U_(IZ) 30 (2 °
) ,
b .
) o 2 ,
° 2 ’ 2 S1.S:. S Coo~Css »
(Cis ~Cy) sy 2 , 3
14 , 26 2Cy /2CyT 0. 005.,0. 005
(Cpy ~Cyp) , 0.012, 0. 007,
2, 2 3 ,

E CZli/Z CZZ . 4
0. 086, (Cay0-C1)/(nCyy -C) o Si.S;
0.4, Cu Hy COOC, H;

0.009.,0. 039
0.1.,0.2

b b

Cy; His COOC, Hs 5 S,



5 317
’ 2. 3 -2~
b o
CPI 0.08.0. 14 0.22, )
0.15, , o
b b
b
100 201 100 3
S,
30-2
o o
(5] (5]
s s
-§ 50F —§ 50F 22-2 .
© ©
< < 34-2
26-2
0 0 i l .lL 1 JA
100 o1 301 100 30-3]
S, S,
18-150-1
o L
(5] 14-1 Q
g 1201 32-1 g
= 50F g S0r .
2 £ 24-2 N
< <
2872 34-2
22-2
0 0 [ l Lol ll il
100 100 2
S,
o L
2 £ 30-2
< 50 S 50t
s =) 22-2
=) =]
© °
< < 32-2
28-2 34-2
. 1 IR I 1 AT
30 40 50 60 70 80
£,/ min t,/ min
:24-1 524-2
2 (m/z 74) (m/z 88)
Fig. 2 The chromatogram of fatty acid methyl ester(m/z 74) and fatty acid ethyl ester(m/z 88) of
pine needles extraction with different grouing periods
2
Table 2 Distribution characteristics and analytical data of organic ester compound in all samples
Crnax CPIV Co1~ /Co2
S1 2 13~35 31 13.4 0. 009
S2 14 11~35 31 10. 3 0.039
S3 26 11~35 31 9.3 0. 086
S1 2 24~36 26 0.08 0. 005
S2 14 24~36 32 0. 14 0. 005
S3 26 24~36 26 0.22 0.012
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Table 3 Distribution characteristics and analytical data of n-alkan-2-ones in all samples
/ Crnax CPIV OEP® Cop~ /Cop ™
S1 2 11~33 29 6.00 3.45 0.14
S2 14 11~33 29 9. 40 5.48 0.32
S3 26 11~33 13 6. 36 3.39 0.83
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