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B 045%+0.16%, L EFRARE AN B A ERE, M BED AKX S ERK. & EHKE R (CiCy)
Hy 46 3t A B A T R R ALER B A B 9 B A (1.4240.73) pg/g F1 (0.34+0.21) mg/g., I X LA K £ E A4
B SRS, EERBENTHAEE; D REUNEE IR S, A —F W Ests . Ko
N HEEF O E MG RN REANRKS A 2% EH R LT EMEIE NS fop AR AE
WAZRE U RBEANRANKKREBER . L EGEHEAON RN, HFUERENE, LTHA
42.70%+18.18%, M fEH m sbiE T M B # A &, HA R LB G EH W, L 7T H 2 5 28.99%+15.37%
A1 2831%+17.12% . EARG A2 BN HT, AHERANKENEZ R EIRTEENRE
Waof, TEANKEIES BTN E A, FCEAN LR ERE, Mo EEMREANENEK T
H 7 R aE
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PR T R E AR, B T 2 A M8 Ay R =,
Horr IE ek = —FheE A2 B LR W br ik, fb
PRI REE , AT LAHIR A8 25 TUBUA PILBK 1 ok 5 . 21
BTG Ave B, Hu 5800 087 TR VL H A &R 7R
W Rl SRR b B AE A Bk A AR bR, IR AT T
B3 53 AT, A SR TR A B B U5 PR 3 TR A I
RV IX, H7E iz i 5 v 52 0V U5 A AILBR VS N 1Y 52
Wel o SR, 5 HT A FEATAAAE — SR R Z Ak, R
14 25 (] 43 BE 2R BAR, X AN [) S U5 04 X 43 22 2 2 M 4
Br, & BT H 2R T OEULN S8, HRZ HIX
g3 1 Bt A IR, AR DA W5 AS (] 286 B ) i 5 B
T it — 25 4 53, XFUTRUA LA R U5 . 28 AN 53 A s
Mo (TR 42 1T . Yao 55U XK YT L LA TP iy
ESECN AW bR ) CEA e 4 . R J5T 22 R I ik s
J8) HEAT T 43T, FEDCSE Al b E#E N T ST 8 b
( Principal Component Analysis, PCA) —5% $5 < 3% £ #1
(Monte-Carlo Simulation) [ %fi G 1 7 5 Y, 2 & fif At
T KA T YL ALK (Organic Carbon, OC) 1) 3 J7 A1l
g3, AT E LR A LR 09 U5 I 2 F 42
B TR R RS . (H R By Sk 6 U, A3 TRl R
AR, Jo k45 RS 4 B A HLAR R J5 AN 2 A R AE, AN A
TIRATIE il 2948 HURS R U5 A A Y R 3R

ARSCHE Bk TAE R SERE B, 20 B7 7 2014 4F 3 J]
FERITHSRER 78 D RIZVIRYIM 2S8R
ARG HeRTH AR . S HLEKR 7 5 (Total Organic Carbon
Content, TOC) J H A8 5 Bk [ 37 3= F B2 ) FIE A Be ks,
15 2T PCA G FE RIS ALY = i T IR G A A
AT IR IR SEAR Y 3 ROk A BILEK 1Y
DR, A4S 1 HE 3 PO A RRAE, R T AT RE 52
ANTRI ARG AT MLARR FNAE A8 e 2 0 Al B PR
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21 HARE

SRAE DX FH VL T R LA ST ik (28.8°~32.3°N,
122.0°~123.9°E), /KL Fl 2l 7~70 m, V- 37K &y
2 m(E 1), F 2014 45 3 H R T 175 0 R
fis b i R VR #53K45 78 a7 1 2 2 U RE A
(0~3 cm), ¥ 5 FE 431 51 5 A 48 5 ol 300 56 1 e
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Fig. 1 Sampling locations at the Changjiang River Estuary in
March, 2014
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Ocean data view

R 2 30 s, SR JE AL A, (5 A AR S O R
JE 43 B A (Mastersizer 2000, 9& [ 5 /8 30 ), 4 HTFR
ORI AR /N 4 um B EURL E R B £, 4~ 63 um B
BE SC R RD, KT 63 um (UKL SR RD, 15 3144
RAE 4 LU IH ARG 3 P 4 43 B a2 UK E 1 AR
X} b A 22 7N F 3% (n=6), 24 B &2 0 % 1) 225/ F
0.5 i 45 ] rf {f 47 4% (Median Grain Size, MGS).
23 LERERAH

b 2 1 2 ( Specific Surface Area, SSA) A9 I & 2K
AR EE, DVAS WA BT, 78 o3& m A fLAg
43 BT AL (3H-2000PS4) 14705 o B2 1 g ¥R T 10
FE S AE S 3R Hh B BE (350°C, 3 h) DL LR A LI, 4R
J& TEAS R B4 B8 AL b R AT B <A 4k (200°C, 2 h) DA &
R FE T ER AR B K 8, B JE FEALES I A B A
IR WA AE R E R o 75 30 20U Bt (e 5 i o
AR ) BE AR XoF s o 728 Ak %) W o — 38 B S5 T 2k, D) A TR 2
S 3R, % F BET( Brunauer-Emmett-Teller) £ &5 7% 3t
5 SSA.
24 TEMRERMEARS T

JFH 30 3 BB K Vo R T MR S A DO e S IS, R
U2y 30 mg ¢ AERARIF A 96 FLAR H, 7E T A5
FHMR EL R (4l ) TEZ% 8 h DL L BR ik iR 5 45 T Lok,
JEE N ER B A 56 2 A BRT . FEMERE (60°C) HrAt T, F:
FHS PR AL ZLAR AR, (0 FH T R A B AL R R0 3 LUl
5t Bk FH4Y (vario MICRO cube EA+Isoprime IRMS, 1
[ )M %2 TOC, & % & & ( Total Nitrogen Content, TN)
FRR e B[Rl 57 2 3= B (8°C) o [R]l— AN VTR WA i Ak 2
ZJE it 2, 15 211 TOC F TN B bR fE s 2 43
B4 0.02% H10.01%(n=10). 5°C MG T+ 0.1%0
(n=10), WA ITIEUT
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8"C = (Ry /Ryeos — 1) x 1 000%eo, (1)

A, Ry T Ry 53900 4 T B4 4 b A VPDB ( Vi-
enna Peedee Belemnite) #5ifEAY*C/°C L1E
2.5 IEMRESH

Y R I 15~ 20 g VR T A LA W) A L n A
24— IRBEAE S [BLICRFR o, 7R R IR PR B v — &
%t (DCM) $2HX 48 h, PRI GG M 2B . 784 fb4h—
BERE (1 2 2) BEESAE R im A O BE43 18, H 15 mL L Be AN
20mL 1 : 1(viv) B Bt —— & e 1R & O B BRI 4
HEATUEIE o IS W 284 S AR, TR 5 WUk 4
#) 0.2 mL, 7£ Agilent 68902 %] < AH {1 1% /5975 % 4l
5% A% (GC/MSD) |-l 2 1, {5, 3% £ Jy DB-5 MS &
A5 HE (30 mx0.25 mmx0.25 um), PLS SN #S (Fit:
1 mL/min), R A 23 i i 05 5, R R TR EE
280°C. R A FF THIR 7 X, 5 L 8°C/min Y 3 58 DA
60°C FF 3] 180°C, {#+F 1 min, F L) 3°C/min HY 3 2 M\
180°C 7% 300°C, {445 2 min, BRI N A
it: 1.2 mL/min), 7 EI 30T (70 eV) 845, 49 470
K miz=50~ 500, ik % BB fE P i) £ B B ) o
KN bR I B X T o i, BARSR U, e LR
FE 55 75 H R DR (4 U 5 L i R TR LU A A A B A 3
F R IE 2, PR A I A 5 S H R (R v B L
g 1 R U ABLAR AR IE R, I 24— b AR A5 1 [l
WCRHATROE, THEA BRI bl A& W 0 7 4t o

ol B A B TE ) e Je 1) B £ 3548 %4 ( Carbon Pref-
erence Index, CPI) B 115 7 % 4 sl = (2) f=k (3) B
7N, CPLEIT 1 Ron oA 3y CPL AR Fm HA &
T AL 35, 2 B B30 0E A4 o e 5 B v T B B LE A e 0
CPI /N 7R BA Ak oo,

CPlis 0 =[(n—C;s+n—-C;;+n—-Cp,) /(n—-C, +n—
Cs+n—Cp)+(n-Cis5+n—-Cy;+n—-Cyp)/
(n—=Cig+n—Ci+n—Cy)l/2. (2)

CPlLys.5; =[(n—Cys+n—Cyr+n—Cyy+n—C5; +n—Cy;)/
n—Cu+n—-Cy+n—Cy+n—Cyy+n—Cyp)+
n=Cys+n—Cyr+n—-Cy+n—Cy+n—Cs)/

(n=Cy+n—Cyx+n—Cy+n—Cy, +n—Cy)]/2.
3)

i 7 H ( Terrigenous and Aquatic Ratio, TAR) F il
R A B8 it U5 AT AL B B AR X BTHER o n—Cotn—Cotn—C;,
H n—=C\stn—C,+n—C,, 43 53 AT LA 2K 46 7 Bl 5 A B ik
FVE IR AT HLAse, 40X (4) Br7R, TAR 1Y i fE AR 2 A AL
e LA B U ARy 3, AR IR IR TR & O
TAR= (n-Cy+n—-Cy+n-C;)/(n—-C;s+n—-Cy +n—(C‘1‘9;.

- #4£% K (Average Chain Length, ACL) {1z (5) B
N, ACL<21 fURIHE A BE AN H A, ACL 75 21~27
2 A AR Bl IR i R G A, ACL > 27 AR i A

o A W ) g ALY
ACL =(14n-C,+15n—-C;5+16n—-Cjs+ --- +33n—
Cy;+34n—-Cy +35n—-Cy5)/(n—Cy +n—C5+
n—Ci+ - +n—Cy+n—Cy +n—Css). (5)

1/Pmar-aq {12 (6) Fr 7k, 1/Pmar-aq<1.7 18 A #l
Bk 4 5k R, 1.7<1/Pmar-aq<4 X 3R 16 B A HLEK
IR A BTk, 4<1/Pmar-aq X 2 i A HLAR 19 BTHRO 10,

1/Pmar-aq=(n—Cy+n—Cy+n—Cy+n—Csy)/
(n—Cyu+n—-Cy). (6)

2.6 ZitsaHhr

8 1 SPSS 22 #FXF 15 S OKIR . MGS. #2 1Y
ASSE. it AESSE. BN E ST &R, SSA.
TOC, 3"C. C/N, & IE# & ke (C\—Cys) 1Y 46 %) & &
(Zn—Alk). CPL,_,,. CPls_,,. TAR, ACL #1 1/Pmar-aq
AT PCA, X R 4 S 8t A7 b AL Ab 2E (Z Scores 1)
LIV B 2 8 22 (RS [R) 2 40 104 52 ], 2 500380 Aar AS AR TE
e, 15 3N SR AR S ) o

i H SPSS 22 & 14 it 17 & 48 5 25 43 At ( Cluster
Analysis, CA), Ff it Z [l AHALL P 1% R AiE R TS T B X
FEEG Y 2SR BE B, 43 R AT R BRI A1 (X S HOR
%, AR EAL G S 80 728 &) Fil Q BRI 43 #r (X
FEa RS, UL PCA AR BN FE S A5 40 AR ),

fdi FH SPSS 22 B A4 AT B2 ZK AR AH & A4 23 A Al AL
B E TR
27 EFPCAMEHFEEMN R TESER

T AL A TR Y T IR . R L C 4
R W >k U AT LA A AR BT, N7 T AT PCA I
52 FE RIS AL 1Y = I o0 R A AR B (PCA-MC), 40 =X
(D ZEX() PR et Gem TR, B4 EUL
AT R 250N 8°C F A FE N R TR F8 A5, e ok
JA5 BT REANE AT, B2 S S Al A DLk ) STk
R T v R — W, B SGE S PCA AT, S AT e
506 28015 ) AT MR G T R4, 153119 PCL
FPC2 et I W 2 M IR i 28005 2., W LUK AR
A EHEBR T DX 50 A BLEK A9 A [F] R R0,

PClmpie = frurine * PCluine + fion *PCl + fop - PCLy, (7D
PC2mpie = frurine " PC2usine + fron - PC2u0i + fop - PC2,p, (8
Jonasine + foon + fop = 1, 9

1, PClye Il PC2. 73 AR DUER MU RE iy 72 5 —

A (PCL) MEE = F 14 (PC2) LI 2R AT 5 fines
Sor T, A0 ARG . L IERIBE ML C, = 4R HE Y
KA BB AR RS TTHR 485 PC e PCl F1PCIL,, 53511
FREFRAH R KR 1 PCL 35 TC A 3 PC2 e PC2, Fl PC2,,
43 SR A B R VR Y PC2 Ui UG (H o

R A8 2 B0 Ao ANRE A5 40 (8 B[ A 4 [ A ]
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1 T I Sz v O AR AL 1) SR fife, St S0 fr FIFE S A5 43
HEATIA—ALAb B, HAROR UL, 1 5655 B4R B S 808k
g LR (it A5 i A 5 A o JRE A0 14 B B8 ) 199 Je K
PR — A A b a5 B ] (R DM B K, 7831 —
ARG B — A A bR S 1] 0, S5 AR VA — AL T
— AN AR b 50 1) A A AR 43 22 1] Y LG 4R
4 O, A 09— Ak 1 2 B0 A RRE R AR 48
SR FH 58 4 R T B0 0 % i e A R 0 A7 3R i,
{7 B T, 12 A58 AL M 41 i T AL 7E 45 7 3E LN Gl
WO o) (AR LA & IR A0 A, 78 0 X 8] 9 42 1525 4
Aii B MLIUA , 28 BOGH 4 3 4 E AT T3, A3 80 &5 21
CEPAS [w] 5F 5 MILGs (4 BTk %) AT & IE S0 i o 78
BLAL It R v, S A v TG (R [ N 7 A LA A IERS
SR R BEDLEL, FEAERX 1 ACA B SEmh b4 IEZS 4 A
Wi AL 32 BB A 3K (7) =X (9) 1y 100 5 ANHEAT 5, 1T
438 5 Matlab(R2014a fi0) %1 3647 .
120° 121° 122°

123° 124°E

3 4

31 ABYEESENSH

AT R FLAR S Vg 3 3R 2 TUFR ) MGS 2 6.68~
291.96 pm[ “F-14: (55.11£75.69) pum], 530 H M 8
JOT DX i) 37 o A T X3 ¥ R 7 4[] 3 A AR AE (141 2d)
0 U ) 8 R D 20 43 S A A AR T R X, O
I3 & A R 0~29.21%(F 34 . 18.78%+7.91%) Fi
0~75.69% (-1 50.26%+22.45%)( [&] 2a, [& 2b); T Kl
WL B B0 4L o E L i X A A, A 0~
100.00%(F 14 : 30.96%+29.43%) (&l 2¢). ULFAY) SSA
h 2.82~19.25 m¥/g, “F-¥) 4 (11.26+4.98) m¥/g, = {H &
BB T U T X, S B R R A A () 40 A
ik 2e)o

WF o X R 2 DO Y TOC ) B 43 & & 4
0.09%~ 0.77%, V-2 4 0.45%+0.16%. 75 {H 3= 5 1 3
FEIT 6 T X, G 2 R 7 v 98 0 X (1] 26). C/N
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Fig. 2 Spatial distribution of clay content (a), silt content (b), sand content (c), MGS (d), SSA (e), TOC (f), C/N (g) and §"*C (h) in
surface sediments from the Changjiang River Estuary in March, 2014



100 EAFHE: KL RZ TURYY T IEAG B 19 155 70 55 0 AR5 AL B AT HLBR A YRS A7 5

(BEJRLL) Y5 M 6.73~9.90, F-1 4 7.95+0.67, Aifk
AR R XA S A, (BERD BT X ) A2-7, A3-7 F
A3-8 B WAFAE R = 1Y CO/NE (K 2g). DLERA PR
1) 8°C N —24.45%0~ —20.40%o0, “F ¥ Jj —22.50 %ox
=0.95%0 ., C LB H I /5 1] AR T B AR 1 25 (]
S A RFAE, W5 X3RO a0 OB BILBR 1 1°C i
h'E (K 2h),
32 EMRERESFIERNAKRTISH

E A8 6 J 5 = 09 25 8] 43 A 40 & 3a 2 & 3d i
7R, BIE M BE R (n—C o~ n—C.) K 4% 27 Bk 50 1F 4
1 (n—C,,. n—Cyon n—Cy, Fl n—Cs,) T E A 75 35 7 U6
JoT DXRIVL IR T 5, A6 A0 0T X a5 IR, T 6 e A
BOE M 5t 428 (n=Chyy n—Cig. n=Cys Fl n—Cy) 7E BV it X
] T VR ) P R R o R I R G R Y 4 X i
(Zn—Alk) FAH X T 5A HLEKR 7Y % & (Zn—-Al/TOC)
530 R 0.19~3.75 pg/g [ F-1: (1.42+0.73) pg/g]
0.09~ 1.46 mg/g [ F7:(0.34+0.21) mg/g]. K 5k &
Bk B80T # Bt 42 1) 5 R (Zodd(27~ 33)) 1 Bl 4 0.03~

1.18 pg/g [ F45: (0.48+£0.27) ng/g], J B (A5 B0IE #4 ot
JE I 7 f (Zeven(14~20)) i il 4 0.04~ 1.38 ng/g [ F
¥7:(0.29£0.20) pg/gl.

TAR. ACL F 1/Pmar-aq f7E 43514 0.22~19.99
(F19: 4.11£3.90), 18.33~29.02(F-14: 24.60+2.11) Al
1.76~12.04(F-3 Ky 4.45+1.83), B FE B A K
VLU B DXORT R L BE S BRI, ) AN RE AR, IE Ak TAR
A ACL 76 VL5 i 5 A7 B 2 0 =i i (1] 3e. &1 3£ AT
Bl 3g). K4 IF # bt B 1 Bk fh 34 48 £ (CPLs ) &
0.42~4.68, V-1 2.46+0.91, 7E1L 2 LA F {H (& 3h),
R IE AL BE R TR T R ELAA B A A i LB, MiAE
105 X TG B 0 A5 A 38 o B T A B 0 1 ik A B4 A
0 (CPIs ) S 0.40~0.85, K- 4 0.61+0.10, 7E K
AR VA5 i W v R A W T R U T g VA
(AR, 107 i e 1 ) o J TR D I X LA — 5 A il
P (1A 31
33 REHWFPCA
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Fig.3 Spatial distribution of n-alkanes and related indices in surface sediments from the Changjiang River Estuary in March, 2014.

a. Zn-Alk, b. n—Alk/TOC, c. Zodd(27-33), d. Seven(14-20), e. TAR, f. ACL, g. I/Pmar-ag, h. CPl,s_s;, i. CPI,5_ys.
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F4E MGS. b, §°C FIZKIE; 45 24145 TOC. Tn—Alk,
Zhit . M. SSA Il CPLs 5 5 =251 4E C/N. TAR,
ACL. 1/Pmar-aq Fll CPL;_,([¥] 4a F11&] 5a), R4 Q AU
BBV A i GBI 250 R 6 2 B — 2 R
J DX i v (0 AS-4 Fl AT1-2 458 )5 55 28 8 o KT
JA) 1R L BRI A 7 (A Ae-1 FN A8-155); 35 = 2K
T2y ) W B O ) G R 62 (T A12-6 Fl A13-6 45 );
555 U2 F2 TNV LAY LU BRI B4 8 R 8 462 (N A6-
10 F1 A7-6 %5 ); 4 028 3 2L 0 3t 72 10 o X o v (4
A2-7 Fll A3-8 55 ); BB /N 2 UM S 11 (A7-1) AL
BER M (A9-1), Ho 38 =28 | S DU RIS 121y
SR ITE R AR AR RO 0 7, R 5 0 S — 2, BB OK
SSRGS R YT R SR BT, AR o — 2K,
e 2N T A 3l A2 K00 43 Sk DR 5 1K Yl 1T 5 5 1 B S A
I 7 X 3 2 (151 4b, 5] 5b),

X F PCA, #HU T 15 M SH (&S H. KIEA
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High-resolution distribution of n-alkanes and source apportionment of
organic carbon in surface sediments of the Changjiang River Estuary

Wang Chunyu', Yao Peng'?, Zhao Bin'

(1. Key Laboratory of Marine Chemistry Theory and Technology of Ministry of Education, Ocean University of China, Qingdao 266100,
China; 2. Marine Ecology and Environmental Science Laboratory, Pilot National Marine Science and Technology (Qingdao), Qingdao
266237, China)

Abstract: Surface sediments were collected by high-resolution sampling from the Changjiang River Estuary and its
adjacent shelf in March, 2014. Grain size composition, Specific Surface Area (SSA), Total Organic Carbon (TOC)
and stable carbon isotope composition (8'°C), n-alkanes and its related indices in sediments were analyzed to dis-
cuss the high-resolution distribution patterns of sedimentary organic carbon (OC) and n-alkanes in this region. A
three end-members mixing model based on Principal Component Analysis (PCA) and Monte-Carlo Simulation was
constructed to characterize the sources of sedimentary OC quantitatively. The results showed that TOC contents
were 0.45%+0.16%, which were relatively higher in coastal mud area than offshore sandy area. Absolute contents
(Zn—Alk)andrelative contents (Zn—Alk/TOC) of total n-alkanes (C,,to C,s) were (1.42+0.73) pg/gand (0.34+0.21) mg/g,
respectively. There was a strong odd to even carbon preference of long-chain n-alkanes in muddy sediments, while
there was an even to odd carbon preference of short-chain n-alkanes in sandy area. Inputs from the Changjiang
River, the Old Yellow River Estuary and small rivers in the Zhe-Min coasts and hydrodynamic sorting restricted the
transport and dispersal patterns of n-alkanes. The results of the three end-members mixing model indicated a mix-
ture input of marine, soil and higher plant derived OC in this region. Among them, sedimentary OC was dominated
by marine source (42.70%+18.18%), increasing from coast to outer sea gradually. Contributions of soil OC and
higher plant OC were 28.99%+15.37% and 28.31%=17.12%, respectively. Influenced by hydrodynamic forces, ob-
vious differentiation of these two terrestrial OC pools occurred during transport after entering into ocean. Soil OC
was mainly associated with fine grains, and was transported southward along the Zhe-Min coast, while higher plant

derived OC was mainly transported along northeast direction in the Changjiang River Estuary.

Key words: Changjiang River Estuary; sedimentary organic carbon; n-alkanes; high-resolution; source and distribution



