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The Distribution of Nitrogen-bearing Lipid Biomarker in the Shell Bar
Paleolake Sediments from Qarhan Paleolake, Qaidam Basin

PU Yang"?, ZHANG Hu-cai", LEI Guo-liang”, CHANG Feng-qin", YANG Ming-sheng®

1) State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese
Academy of Sciences, Nanjing, Jiangsu 210008;
2) Graduate University of Chinese Academy of Sciences, Beijing 100049;
3) Key Laboratory of Boyang Lake, MOE, School of Environmental and Chemical Engineering, Nanchang Universiy,.
Nanchang, Jiangxi 330031

Abstract: A series of analogs of fatty acid amide and fatty nitrile were identified along the shell bar section of the
Qaidam Basin in Qinghai-Tibet Plateau by using the gas chromatography-mass spectrometry (GC-MS). On such a
basis, the distribution characteristics of the nitrogen-bearing lipids have been discussed in detail in this paper. Ac-
cording to previous studies and geographical conditions of the Qaidam Basin, the authors hold that the early
diagenesis partly converted the fatty acid amide into the fatty nitrile. However, the ratio of the unsaturated fatty
acid amide to the saturated one is relatively stable in the profile, indicating that there existed no obvious selectivity
between these two types of fatty acid amides during the diagenetic processes including various biological, chemi-
cal and physical actions. It is therefore concluded that the depositional environment in the Qarhan paleolake was
relatively aerobic during the organic component deposition. Being the first description of the fatty acid amide and
fatty nitrile in paleolake sediments, this report provides the basis for the nitrogen-bearing lipids investigation in
lake sediments.

Key words: nitrogen-bearing molecular fossil; paleolake sediments; fatty acid amide; fatty nitrile; Qinghai-Tibet plateau

( 40871096) «“ ”
:2010-01-21; :2010-04-08
, 51980 H 1210008,
73 : 025-86882091 E-mail: puyangnew@126.com



156

( ,2008)

>

( , 2007)

(Xie et al., 2005)

( , 2001; , 2005),

( , 2003)

>

(Eglinton and Eglinton, 2008)

E

, /
(Ishiwatari et al., 2006; Dunn et al., 2008;

Zhang et al., 2010) (Chu et al., 2005)
( , 2001) (Morris, 1972)

B

(bioregulator)

B

(Bezuglov et al., 1998)

(Wu et al., 1997; Kawasaki et al., 1998;

Dembitsky et al., 2000; Marketon et al., 2002; Ucar
and Ozkan, 2008) (Rogge et al., 1991; Si-

moneit et al., 2003) (Regtop et al., 1982)

:®

Cn+2 s

1 WHREEETE

> E

36°30N, 96°12E (1 )

( , 2007a; , 2007b;
Zhang et al., 2008a; Zhang et al., 2008b; s
2008),

43.5 224 cal. ka BP (

3 )

— , —
0.05%~0.22% , 0.11%( ,
2008),
, ( , 2007) (Liu et

al., 2009) ,

(Zhang et al, 2004; , 2004)
( , 2007Db)



157

90° 91 92° 93 94 95 96°
I I I 1 I I I
; FE X m
] ﬂ stugy area
39°+ \j
A
38°F -
ITE
36°F
— @y LI Ik 7K AR
0 200 km river basin margin salt lake
' ' RbE 2 T4k D A
sapmling site playas fresh water or
brackish lake
1 MREXEAMETEE @R Chen and Bowler, 1986 1£2)
Fig. 1 Location of the study area (modified after Chen and Bowler, 1986)
CaCO; 5
o 2 BRERRMZAL AP R
cm 90 2a
20
5 30 2, >
100 - . > 1
(93:7) 24 h,
, 20 min, , 2b
5-15 72 ,
mg, s
, _ C14~Cy,
, GC-MS 2c 97
> > HCN
GC-MS >
R-C=N 2b ¢
- R 18
HP6890/5973N GC-MS :
DB-5 (30 mx0.25 mmx0.25um), 80 59, 72 ,
, 3 /min 300 , 20 min, )
300 , : > 38.38 44.43
EL 70 eV, 230 , 5094 ;

GC-MS 280



158

’ ) NIST
2Da( 3), 9- ,
27 (Simoneit et al., ( 3), 41.40
2003), 30.16 35.92 42.16 9-
3
v
TIC m/z 72 2
4
A (a) 1 | l (b)
| UM AL LLLL,
Jf 10. 00 30. 00 50. 00 70.00 90. 00 10,00 30,00  50.00  70.00  90.00
>z {4 1 1 1/ min i B0 1)/ min
b
= 8
m/z97 m/z 73 j
S | ¢
S (d)
" P 1 L
10.00  30.00  50.00  70.00  90.00 L0. 00 20. 00 000 70, 00 30, 00
i 1 14 1]/ min {4 7 I 1)/ min
[EI I Wi 72 R I I W [E] Jis Wt 72 A 0 00 15 101 0 S o A0 075 Ul A O A
fatty acid amide fatty nitrile fatty acid unsaturated fatty nitrile unsaturated fatty acid unsaturated fatty
: acid amide
E2 #BHREETRE(Q). RIWFESTF 72 EHREAILE (D). REFHESF 97 FRIRE®EE(C).

REMFER T 73 FRIREBGIEE(D) (B b 1 c PAAREHFER 1 ESIN)
Fig. 2 GC-MS mass chromatogram of total ion current, fatty acid amide (m/z 72), fatty nitrile (m/z 97) and n-fatty

59
72

o]
I
NH?

T TN TN

acids (m/z 73) identified in lake sediments

59

CisHssNO

NHz

CisHs7NO
8]

1/1‘\/\/\/\/\/\/\/'\/\

126
llJ 238 2T1 (Ei) i 128 ) 283 (b)
. koot oo — N0 B ¥ 0 S A S—
fet 0 100 200 300 Y] { 100 200 300 100
= m/z - n/z
= al
a 22 . .
3 55 1z CisHuN CisHasN
97
T S TN /\/\/\/\/\/\/\/\/
124
85
31“
.
192 26 s,
1 l (c) l l (d)
l 265
T T T l T T T T T T T T T T Lk Bl T T T # Il T T T T T T T
0 100 200 300 100 0 100 200 300 100
m/z m/z

Fig. 3 Mass spectrometry of 9-Octadecenamide(a), Octadecanamide(b), 9-Octadecenenitrile(c) and Octadecanenitrile(d)

B3 9-+/\EEikz(a). E+/\BtER(b). 9-+/\EHE(b). E+/\IEHEREE()



159

F 1 BRI NFR S E B A AR A & A
HEBERABR Bt ik S BERA R B IR R B A S K %
Table 1 Related information of n-fatty acid amide
and fatty n-nitrile in lake sediments of the shell bar
section, Qaidam Basin

1 227 90%  Ci4sH2NO 38.38
2 255 94%  Ci6H33NO 44.43
39 281 98%  CisH3sNO 50.26
4 283 95%  CisH3NO 50.94
5 209 91% CisHN 30.16
6 237 98% Ci6H3 N 35.92
7 9- 263 ? CisHisN 41.40
8 265 98% C,3H3sN 42.16
“ NIST(National Institute of Stan-

dards and Technology)

3 BREERFMERA S WAL I 5e 3w )
HE SRR R #e fh it 72

3.1
C Cis )
( 2d);
C14 CZO 5
) ( 2b)
Simoneit et al. (2003)
(NH,;)HCO; , 300 72

(Cig.1) ® 20

( C20:l C22:l) (Simoneit et al., 2003)

(Bezuglov et al., 1998)

(Ucar and Ozkan, 2008)
(Zostera marina)

(1.1%) (1.2%)(Kawasaki et
al.,, 1998)

: (Rhizoclonium hiero-
glyphicum) , Cy
Cis (Dembitsky et al.,
2000); (Lyngbya ma-
juscula) malyngamide ,

(Wu et al., 1997);
Ci2-Cig N- - (AHLs),
(Marketon et
al., 2002); (Coolia monatis)
(Tanaka et al., 2000)
/ ,

( , 2008)



160

12~17 cm 94~97 cm 145~149 cm
M 1 A I 111 denind : L. il
4 | 1000 30.00 50.00 70.00 90.00 10.00 30.00 50.00 70.00 90.00 10.00 30.00  50.00 70.00  90.00
= £+ B 1) /min £/ & & A /min 5 ® B [f] /min
=
183~185 cm 220~222 cm 258~260 cm
N . |1|JI.I,r. IIIJ
10.00  30.00  50.00 70.00 90.00 10.00 30.00 50.00 70.00 90.00 10.00 30.00  50.00 70.00  90.00
{4 B B (6] /min £ B B (6] /min & B B 6] /min
[o] At RRER: unsaturated fatty acid amide [s] fRAIHE T RRRER saturated fatty acid amide

4 NFERFE AR [E B LSRG B Bt AR ik 8 5 %o (m/z 72)
Fig. 4 Distribution of n-fatty acid amide in different layers of the shell bar section, Qaidam Basin (m/z 72)

( 13%),
(Kawamura et al.,
1980) , , (Evans et al., 1985) ( 2a)
(Kawamura and Ishiwatari, 1981) ,
(diagenesis)
(catagenesis) (metagenesis)
( , 2007a; , 2007b; Zhang et s
al., 2008a; Zhang et al., 2008Db; ,2008)
3.2 ( ,2007)
( 6)
s (Radovic et al., ,
2001) (Fuente et al., 2007)
4 S

(shale oil) >



161

Buff: R EAZARTR . EARMGEI Ry

AL B M AR
2% CWk:
, ,
, . 2008.
[J].
. 2001.

, 2007.
, 28(6): 555-560.

, 46(11): 960-962.
, LUCKE, A, WUNNEMANN, B,

273-278.

>

s

s

s

, 33(2): 197-204.

5

,37(9): 1185-1191

5

[J].
. 2008.

(1.

. 2007.

[J1.

. 2007.

, 31(3): 209-221.

[J].

, 4703):

, EVERSHED R P, MADDY, D,

CHAMBERS F M. 2003.

[J].

, 23(5): 521-528.

27(4): 511-521.

s

s

103-111.

5

, 26(4):291-298.

5

29(3): 293-305.

5

. 2001.

s

. 2004.

, 24(1): 88-94.

. A,

s

, 52(6): 707-714.

. 2008.

[J].

. 2007b.

, 28(1):

.2005.

[J].

[I].

,22(2): 149-155.
References:

BEZUGLOV V, BOBROV M, ARCHAKOV A. 1998. Bioactive
amides of fatty acids[J]. Biochemistry (Moscow), 63(1):
22-30.

CHANG Feng-qin, ZHANG Hu-cai, CHEN Yue, YANG
Ming-sheng, NIU Jie, FAN Hong-fang, LEI Guo-liang,
ZHANG Wen-xiang, LEI Yan-bing, YANG Lun-qing. 2008.
Sedimentation Geochemistry and Environmental Changes
during the Late Pleistocene of Paleolake Qarhan in the Qaidam
Basin[J]. Journal of China University of Geosciences, 33(2):
197-204(in Chinese).

CHEN Jiang, WAN Li, LIANG Si-hai, JIN Xiao-mei, CHEN Li.
2007. A tentative discussion on the trend of ecological envi-
ronment change in Qinghai-Tibet Plateau[J]. Acta Geoscien-
tica Sinica, 28(6): 555-560(in Chinese).

CHEN K Z, BOWLER J M. 1986. Late Pleistocene evolution of salt
lakes in the Qaidam Basin, Qinghai Province, China[J]. Pa-
lacogeography, Palacoclimatology, Palacoecology, 54: 87-104.

CHU Guo-Qiang, SUN Qing, LI Sheng-Qiang, ZHENG Mian-Ping,
JIA Xin-Xian, LU Cai-fen, LIU Jia-qi, LIU Tung-sheng. 2005.
Long-chain alkenone distributions and temperature depend-
ence in lacustrine surface sediments from China[J]. Geo-
chimica et Cosmochimica Acta, 69(21): 4985-5003.

FUENTE D L, SANZ M L, MARTIEZ-CASTRO I, SANZ J,
RUIZ-MATUTE A 1. 2007. Volatile and carbohydrate compo-
sition of rare unifloral honeys from Spain[J]. Food Chemistry,
105(1): 84-93.

DEMBITSKY V M, SHKROB I, ROZENTSVET O A. 2000. Fatty
acid amides from freshwater green alga Rhizoclonium hiero-
glyphicum[J]. Phytochemistry, 54(8): 965-967.

DUAN Yi. 2001. Pentacyclic triterpenoid ketones in peat from
Gannan Marsh[J]. Chinese Science Bulletin, 46(17):
1433-1436.

DUNN R J K, WELSH D T, TEASDALE P R, LEE S Y,
LEMCKERT C J, MEZIANE T. 2008. Investigating the dis-
tribution and sources of organic matter in surface sediment of
Coombabah Lake (Australia) using elemental, isotopic and
fatty acid biomarkers[J]. Continental Shelf Research, 28(18):
2535-2549.

EGLINTON T I, EGLINTON G. 2008. Molecular proxies for pa-
leoclimatology[J]. Earth and Planetary Science Letters,
275(1-2): 1-16.

EVANS E J, BATTS B D, CANT N W, SMITH J W. 1985. The
origin of nitriles in shale oil[J]. Organic Geochemistry, 8(5):
367-374.

ISHIWATARI R, YAMAMOTO S, SHINOYAMA 8. 2006. Lignin
and fatty acid records in Lake Baikal sediments over the last
130Kyr: A comparison with pollen records[J]. Organic Geo-
chemistry, 37(12): 1787-1802.

KAWAMURA K, ISHIWATARI R, YAMAZAKI M. 1980. Identifi-
cation of polyunsaturated fatty acids in surface lacustrine
sediments[J]. Chemical Geology, 28: 31-39.

KAWAMURA K, ISHIWATARI R. 1981. Polyunsaturated fatty
acids in a lacustrine sediment as a possible indicator of paleo-
climate[J]. Geochimica et Cosmochimica Acta, 45(2):
149-155.



162

KAWASAKI W, MATSUI K, AKAKABE Y, ITAI N, KAJIWARA T.
1998. Volatiles from Zostera marina[J]. Phytochemistry, 47(1):
27-29.

LIU X Q, DONG H L, YANG X D, HERZSCHUH U, ZHANG E L,
STUUT J-B W, WANG Y B. 2009. Late Holocene forcing of
the Asian winter and summer monsoon as evidenced by proxy
records from the northern Qinghai-Tibetan Plateau[J]. Earth
and Planetary Science Letters, 280(1-4): 276-284.

MARKETON M, GRONQUIST M, EBERHARD A, GONZALEZ J.
2002. Characterization of the Sinorhizobium meliloti sinR/sinl
locus and the production of novel N-acyl homoserine lac-
tones[J]. Journal of Bacteriology, 184(20): 5686-5695.

MORRIS R J. 1972. The occurrence of wax esters in crustaceans
from the North-east Atlantic Ocean[J]. Marine Biology, 16(2):
102-107.

RADOVIC B S, CARERI M, MANGIA A, MUSCI M, GERBOLES
M, ANKLAM E. 2001. Contribution of dynamic headspace
GC-MS analysis of aroma compounds to authenticity testing of
honey[J]. Food Chemistry, 72(4): 511-520.

REGTOP R A, CRISP P T, ELLIS J. 1982. Chemical characteriza-
tion of shale oil from Rundle, Queensland[J]. Fuel, 61(2):
185-192.

ROGGE W F, HILDEMANN L M, MARUREK, M A, CASS, G R.
1991. Sources of fine organic aerosol. 1. Charbroilers and
meat cooking operations[J]. Environmental Science Technol-
ogy, 25(6): 1112-1125.

SIMONEIT B R T, RUSHDI A I, BINABAS M R, DIDYK B M.
2003. Alkyl Amides and Nitriles as Novel Tracers for Biomass
Burning[J]. Environment Science Technology, 37(1): 16-21.

TANAKA I, MATSUOKA S, MURATA M, TACHIBANA K. 2000.
Absolute configuration of a ceramide with a novel
branched-chain fatty acid isolated from the epiphytic
dinoflagellate, Coolia monotis[J]. Bioscience, Biotechnology,
and Biochemistry, 64(9): 1842-1846.

UCAR S, OZKAN A R. 2008. Characterization of products from the
pyrolysis of rapeseed oil cake[J]. Bioresource Technology,
99(18): 8771-8776.

WU M, MILLIGAN K E, GERWICK W H. 1997. Three new ma-
lyngamides from the marine cyanobacterium Lyngbya majus-
cula[J]. Tetrahedron, 53(47): 15983-15990.

WU Yan-hong, LUCKE ANDREAS, WUNNEMANN BERND, LI
Shi-Jie, WANG Su-min. 2007. Holocene climate change in the
Central Tibetan Plateau inferred by lacustrine sediment geo-
chemical records[J]. Science in China series D: Earth Science,
50 (10): 1548-1555.

XIE S C, PANCOSTR D, YIN H F, WANG H M, EVERSHED R P.
2005. Two episodes of microbial change coupled with
Permo/Triassic faunal mass extinction[J]. Nature, 434(24):
494-497.

XIE Shu-cheng, LAI Xu-long, HUANG Xian-yu, MA Xiang-ru,
YANG Shu-juan. 2007. Principles, methodology and applica-
tion of molecular stratigraph[J]. Journal of Stratigraphy, 31(3):
209-221(in Chinese).

XIE Shu-cheng, LIANG Bing, GU Yan-sheng, YANG Huan. 2008.
Distributions of n-alkan-2-ones in quaternary paleosols in-
dicative of paleoclimate changes[J]. Acta Palaeontologica
Sinica, 47(3): 273-278(in Chinese).

XIE Shu-cheng, LIANG Bing, GUO Jian-qiu, YI Yi, EVERSHED R
P, MADDY D, CHAMBERS F M. 2003. Biomarkers and the
related global change[J]. 23(5):
521-528(in Chinese).

ZHANG Cheng-jun, CHEN Fa-hu, SHANG Hua-ming, CAO Jie.

2004. The paleoenvironmental significance of organic carbon

Quaternary  Science,

isotope in lacustrine sediments in the arid China: an experi-
mental from Sanjiaocheng palaeolake in Mingin[J]. Quater-
nary Science, 24(1): 88-94(in Chinese).

ZHANG Hong-liang, LI Shi-jie, FENG Qing-lai, ZHANG Shi-tao.
2010. Quaternary International. Environmental change and
human activities during the 20th century reconstructed from
the sediment of Xingyun Lake, Yunnan Province, China[J].
212(1): 14-20.

ZHANG Hu-Cai, FAN Hong-Fang, CHANG Feng-Qin, ZHANG
Wen-Xiang, LEI Guo-Linag, YANG Ming-Sheng, LEI Yan-Bin,
YANG Lun-Qing. 2008a. AMS dating on the Shell Bar section
from Qaidam Basin, NE Tibetan China[J].
Radiocarbon, 50(2): 255-265.

ZHANG Hu-Cai, LEI Guo-Liang, CHANG Feng-Qin, PU Yang,
FAN Hong-Fang, LEI Yan-Bin, YANG Ming-Sheng, ZHANG
Wen-Xiang, YANG Lun-Qing, 2008b. Chronology of the shell
bar section and a discussion on the ages of the Late Pleisto-

Plateau,

cene lacustrine deposits in the paleolake Qarhan, Qaidam ba-
sin[J]. Frontiers of Earth Science in China, 2(2): 225-235.

ZHANG Hu-cai, CHANG Feng-qin, LI Bing, LEI Guo-liang,
CHEN Yue, ZHANG Wen-xiang, NIU Jie, FAN Hong-fang,
YANG Ming-sheng. 2007. Branched aliphatic alkanes of the
Late Pleistocene paleolake deposits from the Qaidam Basin,
NE Tibetan Plateau[J]. Chinese Science Bulletin, 52(9):
1248-1256.

ZHANG Hu-cai, LEI Guo-liang, CHANG Feng-qin, FAN
Hong-fang, YANG Ming-sheng. ZHANG Wen-xiang. 2007b.
Age Determination of shell bar section in salt lake Qarhan,
Qaidam Basin[J]. Quaternary Science, 27(4): 511-521(in Chi-
nese).

ZHANG Hu-cai, WANG Qiang, PENG Jin-lan, CHEN Guang-jie.
2008. Ostracod assemblages and their paleoenvironmental
significance from shell bar section of paleolake Qarhan, Qai-
dam basin[J]. Quaternary Science, 28(1): 103-111(in Chinese).

ZHANG Z H, ZHAO M X, YANG X D, WANG S M, JIANG X Z,
FRANK O, GEOFFREY E. 2004. A hydrocarbon biomarker
record for the last 40 kyr of plant input to Lake Heqing,
southwestern China[J]. Organic Geochemistry, 35(5): 595-613.

ZHAO Xi-tao, WU Zhong-hai, HU Dao-gong, YAN Fu-hua, MA
Zhi-bang, MAI Xue-shun, YAN Xi-Li. 2005. The discovery of
late Pleistocene highstand lacustrine sediments of the Co
Ngoin Lake and adjacent areas, Tibet[J]. Acta Geoscientica
Sinica, 26(4): 291-298(in Chinese).

ZHENG Mian-ping, LIU Xi-fang, YUAN He-ran, ZHANG
Cheng-jun, WANG Hai-lei. 2008. Some Characteristics of
stratigraphic sequences and lacustrine sediments of main qua-
ternary lakes on the Qinghai-Tibet Plateau[J]. Acta Geoscien-
tica Sinica, 29(3): 293-305(in Chinese).

ZHU Da-gang, ZHAO Xi-tao. 2001. Nam Tso lacustrine sediments
and the ancient big lake in northern Tibet Plateau[J]. Acta
Geoscientica Sinica, 22(2): 149-155(in Chinese).



