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Identification of the critical coastal conservation areas with ecological significance based on
Pb stable isotope signatures analysis. QIAN Qing-teng, LI Cheng-wei, ZHAO Meng, FANG Shu-

bo™ ( College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306,
China).

Abstract: Pb stable isotope signatures analysis can be used to identify its sources precisely and the
spatial transportation process to achieve precise management of target areas. In this study, 12 sur-
face (0—-10 c¢m) soil samples (3 -5 replications for each site) were collected on the Yancheng
coast. Pb isotopes (**Pb, *”Pb and **Pb) and Pb contents were analyzed by inductively coupled
plasma mass spectrometry. Results showed that the soil Pb contents were as high as 1.7 times of the
background Pb content value. Referencing the national criteria of GB 15618-2008, the study area
was polluted by Pb to a relatively serious extent. The analysis indicated that main Pb sources of the
area were local, including Sheyang Power Plant, Shuangdeng Paper Mill Sewage Plant, and Hua-
feng industrial area near Wanggang. Based on the normalized difference vegetation index ( NDVI)
and distance analysis, we figured out the key patterns of Yancheng coast to cope with the press
sources.

Key words: Pb isotope; distance analysis; NDVI; priority areas; coastal wetlands.
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ERIPF TR [ R SRR X IR RE B AR R4 X,
PP IXAZ O I AR 1.74%10% hm?' ™) R HAE W) 20
PR 1 B B RN M 5% U5 %) Z AR 2002 A
VSV Hb B A [ R L 44

H BTAFSE X NS 72 19 Ph HEROIR 02 Tl &
KA T ST (AT RS BHE )
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kit LA 0.15 mm (100 H ) i, SR J5 2K ] 18O 11466
TE BRI P B4R e R AE R AT
KA 0 R E1an9000 HLEHE A 45 5 T
R E A (ICP-MS, ZE [# |, Perkin-Elmer 23 ] ) i
Pb faE R 2 (P Pb ™ Pb *®Pb) , I K G 170~
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Fig.1 Soil sampling sites on Yancheng coast.

S, : SFBHHL) KA Sampling site in Sheyang electric power plant; S, : BUT AR5 /KAb ) Sampling site in Shuangdeng paper mill sewage plant;
Syt 5 BHER 3 £ 3 Sampling site in fishponds of Sheyang solar salt field; S, : IRUDUE T35 H b Sampling site in Dongsha reed plantation base; Sg: —
RO X R % Sampling site in the south edge of the National Conservation Area at Sanli Gate; S : KEE—I Sampling site in Dafeng Habor of the
first-stage; S : PUUIP 5% Sampling site in area near the Simaoyou Gate; Sy : T #E W43 Tl [E Sampling site in the Huafeng industrial area near
Wanggang; Sy : 77111155 Sampling site in the Zhuchuang Gate; S, : BEREFRF X #L> =X Sampling site in the heart area of Milu National Conserva-
tion Area Ill; S, : BEREAAY XA 0> = X F§Z% Sampling site at the edge of Milu National Conservation Area 1115 S, : FFESFR Y X .00 X Sampling

site in the National Conservation Area.

F1 ICP-MS ({FITIESHH Pb A ENESHIZE

Table 1 Instrumental parameters for ICP-MS and operation parameters for lead isotopes

i H Ttem HUH Value i H Ttem HUE Value
RF ZJ*3 RF power (W) 1100 1520 Scanning mode Bk Skip
B Lens voltage (V) 5.7 LB S i Plasma gas velocity (L - min~! ) 15
U5 HLE Analog signal voltage (V) -1680 BRI Gas velocity (L« min™") 0.95

Jok #i{5 5 Hi JE Pulse voltage (V) 1000 PERETH Injection velocity (mL - min™") 1

BB 44 Lens scanning fiE On HE KH Repeating times 6

WA 284522 Monitor mode Tk Pulse 208 p}, I3 B2} ] Residence time (ms) 10
A/ B R EL Scan/read times 300 207p}, F1206Ph 5 B I [A] Residence time (ms) 25

[ Perkin-Elmer 2y ] ) iz,
1.4 WF5E X5 L IR B 2 B Rl AR S IR P R A
Fe XA R

MR SCHR[ 1, 6, 16], BF58 R A Pb/ " Pb X
*"Ph/* PhLUAA E E. 38 i % L B R E R AR
Pb [F 7 R, LA SFFE IR 1 ) LT 4RI T
TGYIR ) Ph [F)A7 2 2H B, 5 5 B9 IX AT E 1Y 7 G
P, P/ Pb 577 Ph/* Ph #Y 5 B R Excel 5
J. VAR 28 43 Fr i o 1 32 2875 Qe R 8, R
H Distance J7 ¥ 43 #1 BE 25 5 22 % 1 U5 ) & T BE B
Distance J7 % ArcGIS 9.3 1 spatial analysis i
P AR OT B E 2R IR IR, AR5 R
reclassify 74>, JEHTA 1 k7 25 8 70 25k 20 42K
il JEMRAEL 1~ 20, B B8O, 2B, it A ]

B KN 100 m*. SR 5, R H 2013 /) 2 5t
[(120,36),(119,37) ] TM &S 18 , 2 UM 2 1F
Pz JE A9 X 5 R b7 2RI ENVI 4.3
BAF AR ST X AR K2R (7—10 A ) i) —fb ki
FEH(NDVI) {8, [A AR reclassify #i7 4, #8 NDVI
{534 10 250, FEMRAE 1~ 10, 2858k, NDVI {H
e Rl RE A A B R 100 m* BT R/ &,
@ 1 Raster Calculator T.JH. 2R A NDVI A& J1BE 5
DL R AR A (435909 5 1 10) | 5 o i SR ekt
X 35 B 7 R A A B G S R, B NDVI
KF 5 MR E KT 10 59 X5k A BB AL K &
(Spartina alterniflora)) W X IR AEHE AL EE  ANAE M AR
AR B S I, MO I B i
T R FE X 38 1991 4 F] 2006 4F Ay S
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KSR S K 1991 4F FT 2006 4F 4 1 3 A FH ] B A%
b W& 5T KN 100 m? 3R, SR ArcGIS 9.3 ()
Raster Calculator 74>, 713 &4 T T 91 3R iK1
1H.
R, =R, x1000+R,,

AR, SEFRICHIE ; Ry, B Ry 4312 1991 4E A
2006 ERMGICIE, KB 1991 4EF1 2006 4F 15T 5
WAL ARG R, A 05 A0E 340 Ui S5 UL A S B e Ak
AN, AR TT 1991 AERE R 2, st dE 2006 4F
8, FRARH B4 R, {2 2008, F/R R IT M 1991
AR IR AR 2006 AT AR H.

2 ZER59H

2.1 ERIE R R ZE I P B oA
H198 2 AT, BRI R %)% 13 Ph iRk
JE A 82.73 ~113.57 mg - kg™, F-¥I{EH K 102.31
mg - kg™, {E 103.85 mg « ke AR TR TR
AR AT Y I 4 R Y BB R i X
Pb 175 58 K 58.87 mg « kg™ AWFFT MY Ph &
EOPEMEEX AT SEWN 1.7 6%, 2% HF 5K
B bR E GB 15618—2008 4% FH #1495 Pb &2 —
PHRUE(S50 mg - kg™ ), WFEE IXIRIA B Z 2 T Pb i5
Yu N Ph B i i AR AR B, DAL 3 = B 2
FH /NS KPR /N a3 AERUKT 4Rl 75 7K /b 2 ) 4k
s KAR, Ui B 58 Ph ¥5 e sz & i T FE K A B
S AR DA I G0 7 ] )P T8 A% 0 X 22 B E
INAE R AR /N B A5 A 4% 7 B SR AR X A% 0 = X
LS N (- LR (B SR v A A E Y
G AT Tl X, Tl 5 Ye ™.

®2 BYWEBFRHFRELEP FMARAHRM P 28
Table 2 Soil Pb contents and Pb isotopic composition of
topsoil on Yancheng coast

ma SRRE R Ph 207py,/N6p, 208 py, /206y,
Code Sampling site (mg - kg™!)

1 S, 103.87 0.837 2.100
2 S, 108.12 0.838 2.090
3 S3 83.63 0.850 2.121
4 Sy 103.83 0.836 2.078
5 5 82.73 0.828 2.078
6 Se 108.52 0.836 2.089
7 S, 101.12 0.840 2.096
8 Sg 112.08 0.844 2.107
9 Se 103.64 0.831 2.100
10 Sio 113.57 0.831 2.095
11 Sy 107.79 0.840 2.106
12 Sp, 98.85 0.835 2.098

2.2 WFSEIXIK P [A R FRIE SR A RS P A
R LR

M 2 WA AR E RS2 X, AN E A H
SRR X B B RE I 5 A SR P40 X R TS [ SR DR
X1 Pb/*Pb FI*®Pb/*®Pb 41T 0.831 ~0.840 I
2.095 ~ 2.106 2 [a]. H Al M 5 4 587 Pb/*° Ph Al
2%ph/ 2 PhAr 514 T 0.828 ~ 0.850 F1 2.078 ~2.121
Z 18], S ¥ (8 4 531 S 0.837 Il 2.097. 75 4L & 1)
TPh/ X PHAI® Ph/* Pb 43 AT 0.837 ~ 0.844 FlI
2.09~2.107Z 8], SF-¥{E 535114 0.840 F1 2.099.75 YL
3R Ph i T A B IR (R 2).

3 Ph B T RHE AL T BFRHER )T 5K
AR FR S5 95 e Al HERL Ph ¥ LTS YA, ML 45
Hei R A XT38 i Ph 7544 B4R A 20 tE4D
70 AEARLASK B Ph VRN AE 4 thE 53 [ P 45 i 4 ]
("PET 2000 4ETFAG 54T ) AH T B Ph IRAITRY
e FHAR SR 245 b+ 32 Ph AY B 295 Yol I 0200 AR
AFF 5 38 4o A 4% SCHRXT T 4 R 45 K3k T Y Y Ph
R R AR, R KFET R ERS P AR L
(ESATMN AR SR BRYT = f N i X Y 25 IR 22 57
BRI ARl TR A SHOM s BRI =4 91
S Hl DX A R R 9 R DR A [, L A2 YR 4 B R
BB R AR A P RE S 2 45 R i ) BT
HB SR BRIT = AN AE M X ) Ph R 2 HL(E VS
s Tt N A S e NI e S A PR T H TP S
TEARAE. PR, AR SCHE BT 4 A4S DX (BT AR | SR
MRV =AY BIR A R Ph/ 2 Ph A7 Ph/
20 POE R 43 BT RIS 5 R 3006 f2 47 158 Ph (R U,
3 ATH, 4 A HL XV B AT Ph/2 Ph AP Ph/
05ph Y FEAER T 0.85~0.89 F12.03~2.12 JE .
2.3 3 Ph IS YL IR E

Ay M AT - 3E P AR R TR, LI Ph/
OPOE B AR LI Ph/ 2 Ph B P AL FRER 4
T 3 43 K HA B HITRIM Y Ph [R 2 ELAEBR
FRTEREE (K] 2) Fhiii il 3% Ph [FIAL R LI RR
TR PHER I N A SRR AN, A A AR A AR
A, 5l X PR G RS Ph R R 4k
2 FRR X TR ST PHER 7 N fa S RE S A1, HoAh 1
HERE S 2R R P 2 /N S FHER S D9 a3k
FEM G Ph A0 R A EZAAA R E R T IX Ph
[ 28 LA [R) , 2R BH F2 A7 Tk X AR 42 R < HE
TR Ph 52 A S5 5 BH 5 17 B 55 30 UKT 4Rl 2 = 5
Hiu Y5 7K AR BT {32 Tl DX 5 i B K. 7 5 (P g
By ) 55 ) A5 ( BEREOR AP A0 = IX i 4% ) 358
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Table 3 Pb isotopic composition of automobile exhaust

G 07ph/ - 2%ph/ B3
Code 206p},  206p}, Source
Klw6-1211 0.880  2.122  JII(KiM)
Klw6-212!] 0.851  2.109 Gasoline (Hangzhou)
Klw6-312!] 0.892  2.153

Klw6-412!1 0.851  2.101

Klw6-5:2!1 0.855  2.114

Klw6-62!] 0.855  2.105

RHRLEM Chengdu diesel 22 0.854  2.107 X (HHP)

AR Chengdu gasoline 2] 0.861  2.112  Auto exhausts (Chengdu)
HHREA 1 Auto exhausts 0.900  2.125 KRN

AR 2 Auto exhausts2[ 0.877  2.081 Gasoline ( Quanzhou)
HHJRR 3 Auto exhausts3 |3 0.891  2.099

HERR 4 Auto exhaustsd !> 0.891  2.059

RS S Auto exhausts5 ) 0.864  2.143

RS 6 Auto exhausts6!? 0.872  2.031

RS T Auto exhausts7 ) 0.870  2.031

1K 1 Gasolinel[© 0.861  2.188 VIM(¥K=A)
¥ 2 Gasoline2!¢ 0.865  2.055 Gasoline (Pearl
¥ 3 Gasoline3 %) 0.859  2.026 River Delta)

RESRTES B AT XUAT 400l 75 7K A BT A Tl el X
HIE], BT 7 SR 11 45 R Ph SRR T 5KAL
FRTRIA Tl XAy e [a] 375 B 7 o vy i) 1R 15 R
FEORAP XA 0 = X Fg & 13 P B2 FHAL T
XU AR 75 7K AR BE A1 Tk X 520 4 5 (AR VD Us
FEESEML) (6 T (RFEM ) 12 5 (PRI AR
IO DR ) L HERE A P [R]7 3R LU R 7R )
FHAL T A5 K 4 BT Ph R 2 28 FEAEL R I, BEHA 2R

220 ¢
v o1
Al
2.16 n
nV
o VI
52.12 x Vvlll}
v
=
g 2.08
v +
204 N

2.00 \ \ \ \ \ \ \ \ ,
0.82 0.83 084 085 086 0.87 0.88 0.89 090 0091
“"Pb/*Pb

B2 R R R )E SRR P [ R P
26 pp A1 Ph/ 2 Pl {5
Fig.2  *"Pb/*™Pb and *®Pb/*Pb values of top soils on

Yancheng coast and auto exhausts.

I . +HEHT5 Soil sampling; 11 : 75 /KAL) Ff T Sewage plant; 10 .
R RS (HUIN) Auto exhaust (Hangzhou) 5 IV X4 RS (GRIM) Au-
to exhaust (Quanzhou) ; V. SFBHHL BT Sheyang power plant; VI.
BRERS (I ﬁfi) Auto exhaust ( Chengdu); VI. Tk fd [X Industrial
area; VI AR (ERIT=FM) Auto exhaust ( Pear River Delta).

VDU T EETT R A | R e — S AP TOURS A% O DXk
e R T 9 SR B2 S B R )RR ARl 5 K AR FR
HERCH) Ph 1525 5 ( = B0 X %) 9 5
(FT)NTR 55 ) A1 10 5 (BERE R AP IX A0 = IX) T3k
it (4 Ph R0 3 L H S 5 5 BHH ) R 5 7K Ab #
J7HY Pb AR LA, BB 5 45 9 SR 10 5 L
L7 S B R RIRUKT Aok 5 K AR B R .
2.4 FETIRMIER 3B 093 5 A S OR3P O Hi X
¥R

FEIR B S PH AT 5 KRR s Tl el o 2y
YR LT, R H Distance F1 NDVI 4345 1 & )2
B8 15 BN ER IR 7 5 7 75 YR TR R/ N LA T
BN ER RS X B B TR AR ROR 2O T K
=, B AR RO A2 A AR = 9 NDVIE, PRI AE
BERE  E AR BORIAR X Sl i 2 i 5 R
W , DT A5 80008t A 2 A B S DX Salbs e (11 3)

R I T 1 IR A O B DX I e S A A
B LR LA RSP TS |5 SR LR AP XA O, LA B I
AP 5 St SRS BEERL T BT 14 2 S5 TR M, DA S TR
D TV [ =2 [B] ) 2 = 00, 7 =5 B b B T 5 43k
XT AR 23w T 4 A 22 A6 i A — S 4
b F TR A R A LA AR I R R B AR
PRAP XA A B T 7 ] LA R #5040 1 250
TR TRT i BRI 47 25 R T M. 3 30 AR ARl UK
7RG R ER Tl 08 JR i A5 dak 119 i A= Vi b
TF & FI . MBFFEIX B 1991—2006 4F i 5 WA J= i
ARG BLT LAt NS 2l I A J2 3 i 12 Ji 2E
At TR ) 2 (BT 4)

N

01020 40km
\ I
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v FEEHR AN
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. CEERE l ,
Critical conservation RN
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Vi
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Fig.3 Coastal critical areas of ecological conservation.



2312 N A

ORI S

28 %

o
S>Z

P4

- st

-

R L]

T BT
| Sy
I A

L EBm
ST

.}
=
=
(s
]
g
2

ﬂa@a R

2%%@

LN

RN R E S <=

B4 IR 1991—2006 4F ] S5 WG 5
Fig.4 Transferred patterns of the coastal landscape during 1991
to 2006 on Yancheng coast.

I . 3 2] f1 3% Rivers to fishpond; 1 . 70 i #)EE [ Rivers to salt-
field; I . 3 3] 4¢ H Rivers to famlands; IV /35 #| 4% Reeds to
fishpond; V. P EEE|EL M Reeds to saltfield; VI. P55 %4 [ Reeds to
farmlands; VI. & 263 Suacda glauca to fishpond; VII; ThiE R
H Suacda glauca to saltfield; 1X . hE Rk Suacda glauca to farm-
lands; X ; FH BN MYE Imperata cylindric to fishpood; XI; ZFH 4 M
Imperata cylindrica to farmlands; XII: YR 5% Bareflats to fishpond;
XII : YEHERNER [ Bareflats to saltfield; XIV; Y6t 2] 4 [ Bareflats to
farmlands; XV ; B 6K 3| a3 Spartina altemiflora to fishpood.
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PR T 1 D b I 813 L B P A
PRIPIX, R P S 2 52 5 BE | TR R e IR i 1 28
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W% A, S R ) BB A2 25 S B W2 7 4R 41 T 5
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SLZH 73 B AR AR B S S5y , T 58 BAT H 20 L
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LA E AR 2 BV OR S B A DX, 53 o 8
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TF5E AR S FE7) NDVI 4347 Ay 7 95 b A 7 14 34
S, 53T SN Fh o BT S DR XA
L (R R A 250 R RE A B AR, DR i o LA A
BRGEY Y PRERAE 7 Ak, BB i A 5T R
B, S5O 22 P T 3 3 R e 2 A RV T 2 R
g RS T BEE R B R G 5T
AHASE T3 57 0% 3 3 T 9 o 5L A AR S

WFER FHY Pb B2 [ 3R 43 T B s 1
FEFTR , AN T 42 8 1975 Y2 6 77, 52Bs L, Ph [
PR AEIZM 5T TP 2 HAT g Ry ARG 3R )

SRR BN Y AN 428 TS el Ph R

RIHT AR LRI ZE Ph R IR , 38 1T LA i AH 56
PE A, PR HoAth B 4 I8 1975 YR IR Y TS Ye e
DL R R i .

FET R 7R3 A 0 A 2 DR G S DX S ) i 3
b P IR A8 BLELA 2 ) Pk, 25 ) SR B2 (i) B
P8y LA 18 XU A5 LR e 4 A R AR A,
JEIE oI R 7 5 A AR A KU A 4 1 4R b T AR S M E
1o TR XU A 5 v (R B X, G5 5 BH AL T XUKT 46
b5 KA T X8R T R A = Tl Bl DX ER R 1)
N H X, DLKCR 3 B RE B R H SRR XA 0 =
X f14) R . LA ) 3 e 4 O s R T YRR
SRy I B b T 2 % bty B BE R R A A
W5E , LA TR AR B ) = A AT | sk 26 ELIR 145
P it 5 10— A A 55 A0 A B2 8T, I 120K R 80
R A PR SE — A0 A — B0 BOR G, AR UR
FRF X A 370 DX AZ2 0 DX 118 77 A 45 L. AR 918 AF 5% 2 X
2005 4F- DI R Ik B iy I RESE AR, 2010 4F 2 J5 R
S 119 A Y T R Ry I sl R D R A
T L8 XN & T [ AR ORI DX A0 X3, 1 3 ot
XoF R TR e UEA T A B T R XK 4, AR K 41X
AN TR S0 Bl 0 2 B R B AT AR R 4
FRJy 58 T Ao 0 2L [ R XK, 7 i
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