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Composition of n-Alkanes in Soils of the Yellow River Estuary Wetlands and

Their Potential as Organic Matter Source Indicators

YAO Peng'*, YIN Hong-zhen', YAO Qing-zhen', CHEN Hong-tao', LIU Yue-liang’

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical
Engineering, Ocean University of China, Qingdao 266100, China; 2. Institute of Marine Organic Geochemistry, College of Chemistry
and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 3. Yellow River Delta National Nature Reserve
Administration Buearu, Dongying 257091, China)

Abstract: Surface soil samples from the Yellow River Estuary Wetlands were analyzed for total organic carbon (TOC) and n-alkanes.
Molecular indicators of n-alkanes were calculated and their potential as organic matter source indicators was discussed and compared
among different sampling areas and times. C,;-C,; n-alkanes with odd-to-even predominance were observed in most surface soils of the
wetlands, suggesting the dominant contribution of terrestrial higher plants for the soil organic matter (SOM ), and the ubiquitous
presence of unresolved complex mixture indicated the presence of petroleum contamination. Total n-alkane concentrations in soils varied
from 0. 57 pg-g ' t03.90 wg-g ', and distinct spatial and temporal differences were observed. In April 2009 (dry season) , total n-
alkane concentration was higher than that in June 2009 ( during water-sediment regulation) with the maximum concentration observed at
the core area of the wetlands, followed by the north side of the Yellow River after the last pontoon bridge, and the abandoned channel
area of the Yellow River. The opposite trend of total n-alkane concentration was observed in June. The variation of total n-alkane
concentration at two sampling time points were positively correlated with TOC and negatively correlated with sediment grain size,
suggesting the influence of hydro-environment on the accumulation of soil organic matter. Molecular indicators of n-alkanes, such as
average chain length (ACL), odd-even predominance (OEP) , alkane index ( Al), carbon preference index (CPI) and Terrigenous/
Aquatic Ratio (TAR) indicated that the maturity of organic matter in soils of the wetlands was low, and the dominant source of the
SOM was terrestrial higher plants and mainly herbaceous plants. Compared with other indicators, TAR is better in reflecting the
variation of hydro-environment.

Key words: Yellow River Estuary Wetland; soil organic matter; source; n-alkanes; molecular indicator
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Fig. 1 Sampling sites of surface soils in the wetlands of the Yellow River Estuary in April and June 2009
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Fig. 2 A typical GC spectrum of n-alkanes in surface soils from the wetlands of the Yellow River Estuary
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Table 1  Concentrations of TOC, median sediment size, concentrations of total n-alkanes and molecular
indicators for surface soils from the wetlands of the Yellow River Estuary
P TOC/ % HERAR/pm T-ALK/pg-g ™! ACL CPI TAR Al OEP
AR
47 o6A 48 e6H 47 6 47 o6A 4 6H 470 e6J 4A 65 4H 6 f
A2 0.34 0.14 35.37 40.22 1.63 0.82 27 28 7.19  6.81 13.47 55.91 0.97 1.12 8.6l 8.98
A3 0.64 0.02 14.04 37.02 3.33 0.57 28 28 8.70 5.21 42.55 26.16 0.69 1.83 10.89 6.56
A4 0.90 0.31 19.07 29.26 3.04 1.33 27 27 7.03  7.22 819 6.19 0.96 1.35 9.06 9.24
BO 0.11 0.15 41.04 41.78 1.18 1.40 27 28 5.67 5.71 6.55 9.42 1.40 1.20 7.37 7.03
Bl 0.75 0.40 18.99 31.33 2.54 1.98 28 27 5.87 6.40 76.96 11.99 1.18 0.99 7.48 8.39
B2 0.24 0.39 23.41 28.39 1.50 1.38 27 28 6.42 6.28 5.31 14.29 1.61 1.54 7.68 7.57
B3 0.45 0.30 13.54 14.08 1.67 1.46 28 28 5.89 6.14 20.11 14.64 1.33 1.42 17.73 7.61
B4 0.48 0.29 24.13 23.79 3.90 1.41 28 28 7.47 6.71 45.66 11.38 1.02 1.54 7.52 8.15
B5 0.44 0.12 12.17 32.83 2.67 0.90 27 28 5.45 6.94 7.93 9.65 1.13 1.64 17.06 8.69
B6 0.37 0.24 15.01 30.62 1.45 0.99 28 28 6.20 7.04 27.68 13.98 1.31 1.34 17.31 8.90
B7 0.42 0.29 13.03 27.65 1.85 1.30 29 28 6.62 6.61 29.82 11.42 1.48 1.23 8.02 8.77
B8 0.26 0.22 23.50 34.63 1.51 1.06 26 28 5.35 6.24 4.48 20.44 1.23 1.30 6.98 7.86
Cl1 0.14 0.25 35.54 39.66 0.90 1.34 28 26 5.83 6.11 21.20 3.23 1.23 1.31 17.63 8.23
c2 0.22 0.31 28.19 32.96 1.10 1.98 29 27 6.54 6.91 40.60 9.24 1.41 0.79 7.90 9.44
C3 0.28 0.13 20.01 32.40 1.90 0.97 27 26 4.96  6.23 7.34  6.24 1.12 1.41 6.06 8.51
C4 0.31 0.29 17.96 28.70 1.06 1.03 28 28 5.14  6.58 15.69 13.46 1.41 1.39 6.37 8.27
C5 0.35 0.41 15.95 15.37 1.44 2.10 28 27 5,20 4.63 14.77 5.89 1.65 1.32 594 547
D) T-ALK: IE MR iy ACL: A9BEL ; CPL B R S5H 8 TAR: BEVEIL; S 1/ S M. BB E AR A i S Cop s 51 RIE MBS 1 B
> Cisar Z M5 ALKERRIEEG OEP A HLBAE ; 285 hR R R ACL = (D0 1C,] xi)/( > [€,]), 2k ¢, AREBRECH i 19 pihhiks

é\i; CPI = 1/2[ ZL25_35(0dd)/z(,24_34(even) + zC25_35(0dd)/ZCZG_%(CVCH)]; TAR = (C27 + ng + C}[)/(Cw + C17 + C]g);
DT/ DM = (D Chs35)/( > Crsp ) s AT = 2C5/(Coy + Cag) 5 OEP = (Cyy +6Cag + Cy; )/ (4Cog +4Cyy)
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Fig. 3 Average concentrations of TOC, median sediment size, n-alkanes and molecular indicators for

surface soils from different sampling areas in the wetlands of the Yellow River Estuary



3462 EZ

B 33 %

AT BT AR A, TR BB B AT ALt AR N b -
ALK FHABED Rl A B A XL, 1 C X
SRAL T BT EGE | E A FHRBGER K, BTLL 2 AR
R 1] Y 2R A AN AR .
R2 BTARMHRREHHEILE, FOMEHE
RENRYEMRESEEE
Table 2 Selected studies showing content ranges of total

n-alkanes in surface sediments from the coasts,

estuaries and coastal wetlands of China

X I T-ALK/pg-g ™' SCHik
it 0.39 ~4.94 [35]
AT B 40830 1 3, 0.35~5.75 [40]
[ 0.38 ~2.55 [36]
I 0.32~1.16 [32]
KT 128 ~2.84( %) (1]

1.15 ~2. 79 (1BZ%)

B 1 HE 0.57 ~3.90 LN

*3 BWMOEMFE T EFNR, RENZNIES
KR & B RS FIEtRMHE LS
Table 3  Correlations of TOC and median sediment size with
concentrations of total n-alkanes and molecular indicators

for surface soils from the wetlands of the Yellow River Estuary

- TOC FhE R

4 H 6 H 4 H 6 H
TOC 1 1 -0.54*  -0.61%*
R ER TR ~0.54" ~0.61%* 1 1
T-ALK 0.75** 0.81** —0.37 -0.45
ACL 0. 45 0.04 0. 00 0.18
CPI 0. 43 -0.39 -0.17 0.32
TAR 0. 41 -0.25 -0.19 0.29
Al -0.53* -0.41 0.02 -0.15
OEP 0. 48 -0.03 0.01 0.30

1) * 5 P<0.05, %} P<0.01

2.2 BRI TIRAR R AR R A HILBOR IR
2.2.1 K ACL

F-H4%5E K (average chain length, ACL) 7] LI HF
FERUUBA DL A ORI, ACL fH <21 #8711
P A5 A FA, 25 2o A 6 7 Il U5 A U B TR 5
AT > 27 TR RS A G R 1L ]
DU, B0 R 3 b g IE M e ke ACL £ fE,
Tt 4 HidsE 6 B R T4 T 27, B ih
SRALAYREIROC . A B SRR B0 B B8 SRR
RAE4 H VAL T8 HOE Y C XIS 3 Rk
JTE6 A ACL BB R 26 , fi 7 ik 26 X 35k it 52 3]
— VIR ARSI TR 3 A XN SRR T —
RAE R, T e 6 (18 4) , A 4 rh]
DA Y 45 00 TE A8 e J 187 DA 8 ik 47 250 0E A4 o S
Cyy o Coo BT Cy o 3, S A IEA ke B /. X —

4R 5 Hu 28 FEH 11 | Wang %7 7824 [ Plum
Island £h77 18 # % Tanner 2515 75 36 [# 2 /R i o] £k
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Fig. 4 Typical carbon number distribution of n-alkanes

in surface soils from the wetlands of the Yellow River Estuary

2.2.2 AL OEP

OEP J& [ BAT AL B B 1 8 A, — AR DL
FURIE > 1.6, BUEAJEIM A 1.0 ~ 1. 25 ARFF5E
BRAEEFRZE TN OEP KT 1.6(F 1), 2
AHUT A A B I, ] R M T A iR
B AT A LR SR IE R 0. Bk
U, ANTR] 8 X8, AN ] A SR A B[] OEP {25 £k i [l
FEARRARK FE4 AAH A, B, C AT RECH
PARLE 6 A MK, RLE 4 A HHKZE
B TR S T 1 SR A T R A7 B Y
WA BA U, 1 6 H vl REH TIRK AT, Em
TN, 525 M 9 DI )
2.2.3 LilRtein Al

YT REHARAK Y LA C,y BT Cy h T, FARM )
RV IR e ke 2 DL €y, i 5 R H H b 4R
AL[2C,,/(Cyy + Cy) I REIRTTR AR A W)
FEAAEL ) AT HE), AT > 1 278 LU A A B 0K
JEAR T AL < 1 W3R 7R DUR AR W) R U604 Ry
FE ONE L FE 3 T LAE B O 4
IERIERER AR E s K F 1, R T3
AFEYIAEIX — DX IR 7 L, ELURIF 9 DX 30 i A
AR ARG R ). X 55 BT = A U A R D) AR
R ARAAEY BT 5 HBIAR /N E— By, R
FEXIE A 1 AL(EAE 4 AT 1,A3 REESHA
0. 69, 3 1] RE 2 PR Ay 3k — [X 388 25 v Yo i 1 400, X dk
PSR DL R O R R, (R A A — S R AR T
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AREWIA K 6 AR, A ISR NS 1S
Hi PR XA 0 X, A2 B 0T 3R 7K IR > 118 5% i 2 e R
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VAR A5 A W R UE I DR R A WL LA B
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