FRILT ¢ |7
h@AWME

RiABHEERESAMSRIAE
gwedn 2, ;O Mg EoUENS, A&

(1. REBHERY: BERE S5, DREBFEAERFESHERTITEORESLRE, L7 KiE
116023; 2. il TFEMWGHELEYRFEWE S54RBE T OLEZE, L7 KiE 116023)

TR U/ G

HE: ALARTITHELTLER 6 NRABLGARY, BN LT ELERGHELHNE
E, AT ABLBERNEL BB MO TREL SRR, 5B EFREBILEG Cuf R 2K 4 Pb
5T CGEFRABMHEF/HFAEY (GB 18668-2002) [ £ 4744, LA RRETLE L THKT
(GB 18668-2002) [ 474, R AR )44 F 2% Fe. Mg, K 4 F /£ 36.9~46.1 g/kg Z 7], & Ti&4L
R Fo 3 X 49 30.7~38.0 g/kg; B R Ao % B R 69 LIEH A RERZ, £ 1.6~52 mg/kg Z 1), Kk
X &9 L 3E A b Ak IR EBUAK, 4 2.5 mg/kg, 3#HZAKT(GB 18668-2002) [ X474 500 mg/kg; BEILK#)
2P S HFREM NS FE 0.4~51.8 ng/g X1, ABF MM RE 49 0.2~25.0 ng/g K&, MARR £
BF EHRFBEMHSASETLE 0238 ng/g X, AT Eiei X 49 0.3~51.8 ng/g #1%; R R EIEE

HE GG AR (Cro~Cas) IR AARE], 122 5 F A IEA K £ 7.

KR wiEN, £4 5, LA
PESES: X5 X EkFRIRAD: A
DOI: 10.11759/hykx20171025002

CLMFMEN, T 748 S T K BN, Hbibir
W= AANIR N, SEACY 1.34 7 hm?M, HAR
Tl it 6 A% 4 £8 MU BBZE (S, salsa (L) Pall), J& 4545 &%
(A 25 e e R (HATAE Ok, £ b miis% B K
FUR AL AL U B4, 18 M 09 A 25 0 55 8 ) ™ &l
o W TR A TS G RSO 1 b A 3R kR e LR
X N S A 7 A R A 2 b R B, B A R,
T4 @ T5 G A I T e 2 R I VT T S g
2z, BeRE KRB E Y, RNERS
IR T HER [ e, RIS R P A B AR,
DT A AR A K R IR e e,
MY T BN WA K LT, B
TSROV B, K 2 ol b M B 0 A AR P R AL
JERRAR . ARSI ) MR X W 4R
Cu. Zn, Pb fl Cd ¥ HA BRUEH . kE &P
on, FREICT FEW R TR P E 4SS Pb 15
SRR, R TR A R AR AR e, R F AR
ik i 2 VI J5 R AT AR VS T R 4 R TS YOIR I AT T
PEAY, AR AL AT 1 4l (X T 4 V5 Y B B R AR XU
WE. AR EA TR, AW ES Y R
WAL RS, R ZUTTE 76 I IR [E) 4 i DT L, A
T AR - g2 4, A A A KU S LAE R
FE Vg R A AR A i S s, R TR A v g e o s

X E S 1000-3096(2018)07-0097-08

Y1z —MAahs, ZEmE g IR T v R AR T Vg
WERZURY AR S, S5RERW, g &
LRI IR Z VTR Y 32 8 T AihTs Yy, 103 A
R R L1 N B2 7 N g i 5 T = R S ) VA
T 1) A TS e o

AR ST A X A 21V M S SR AR T ORI
8 L 4 S R T A A 0 0 5 e, R 2LV e Y 4
Ja& RN AT TS G s OLHE AT TR A, A3 B T AR M B
(S.salsa(L)Pall)iR 1k 5 15 #b T 45 J& A7 90 & & 10 ¢
R, NELLHERENE A S B SRS R

1 ARfah ik

1.1 H&ER%E
TE R 2 M X I A 15 6 SRS, AL BN

Wk H 3 2017-10-25; &l H#1: 2018-03-19

EHTH: MOl RN S ESBEEHARIE SR
(PHL-XZ-2017013-002); il 744 [ SR B} 3k 4 % B0 H (2015020616)
[Foundation: Research and Demonstration of Degradation Mechanism and
Ecological Restoration Technology of Panjin Pink Beach Wetland, No.PHL-
XZ-2017013-002; Natural Science Foundation of Liaoning, No.2015020616]
FEFZ WA BEBEL(1993-), &, T, BL0P5EAe, W55
TR SIS, Bi%: 18840860153, E-mail: 1055125669@qq.com;
i 3, WIRMER, BIBAR, WF5ST7 10 Rl A BB A, E-mail:
hejie@dlou.edu.cn

Marine Sciences / Vol. 42, No. 7 /2018 97



Bt

w@pARMIE

JEREIX, C. D, FoWiBAEIX, E OEHMEX, T 2017 4F A, BASRAERUREE 3 FATHEBUIR 2, A A $
4 H 13 HHAERIEARRIERIZ(REL 5 cm)PTRPIAE 45, JEH GPS AT E AL ML, RAEFALE WA 1.
N e
sy
A st
N
et 5L
40°54'0" P JKiks
T A\ AiH
- i A
B
40°48'30" 4 &
C
“ D
L F
40°43'0" 4
&1 f5i)
20 4 * REE
OI— D ' 3 ' ' - il
121°46'0" 121°51'30" 121°57'0" 122°2'30" 122°8'30"E
B ZLUMERAE 20 A1 7 B
Fig. 1 Sampling sites and location of Panjin Red Beach

1.2 Fik
1.2.1 HEERBEMNE

AR AL B BEORE W AR A SRKT, FFER
BERE, i 40 HEJebi, m3e& .

R M T IR 43 D 6 B R o R
Cu. Pb, Zn, Fe, Ca, Mg, K; KAy 511K
W e BRI R 3R A Cd; R R R BE
A3 R I Y Cr.

1.2.2 AW E RA& A5 H e

KRR, I 3R A IR

K H GC-MS I 22 = 3E o i i) IE R B 4 o Fn &2
HIFIRA 5y FREC10 g KT T 50 mL BEES 5.0
B, IMAGE IR MRBR VL AT, A 400x10°°
) PAHS WARE, HNA 25 mL IFC%e M1 25 mL —
SR BE, PEATHEE ACH 30 min, A AKH 2 R, R
T£2 200 r/min F &0 5 min, # b 1E W5 2 200 mL
XSO, PEATHER 28 KRR & 3~5 mL; SRR A
Fevk, mEFAETmA 8o mL AL 1 1 IFED
ot Vs W RN — A G S WA T R B, R TR I e R &
200 mL 00, ST 78 R W AE BT, X0
JEPIA 1 mL IEC k%, R EIRmARI .

2 HERS54H
21 LOHREZIRELEELRELSETHA

2 R 3 LTI SRR A 4 I8 A s
98

o MHRTAL F X Cu 7% 2 0% H (GB 18668-2002)1
2k Cu WIBR{E 35 mg/kg. Cu XA AR FERIN Z —
AR K, AR R R Cu SR
Pkt Z A BB W, DA T S SO W Bl Y R R
YR SR SRR e, B, F X Cu Xi#h
HuBEE A A K T REAT RO . Zn FE 45 SRR s 1) B AR
T(GB 18668-2002)I ZfR{E 150 mg/kg, MM E [X. Zn [
B U A T X 2R AR Y i R B, )
Zh Zn BRI FBRRNEZ — Hk, E X3
HhBEE AR KRBT RE S B = Zn 6. [FI(GB
18668-2002)1 ZEBR{EAH HL42, B X[ Pb & &t T FR
i 60 mg/kg; Pb X HE 4 = A 5 B 23l A LA 1R
RS AR, OB IX AR A A K%
%, X AT BETE I Eh HuBRE X P AT TR ] I O
T2 BH, 78 & & Pb A T, SR HbAsE Xt Pb %
AR 1T MR RE J) . &SRR AL Cr IS BT
(GB 18668-2002)I Z&#51fE 80 mg/kg; Cr FL B 2 H YY)
ZE, N EE A K EE, SRR BREE
Faapser- U A XA Cr S AR, 1B X
Cr &itdm, Fo E XK Z, Ui — X3 Cr & &
A BEAS SRS M h bl A K ) B L SRR AT
X Cd & 52 AR T (GB 18668-2002)1 25 b B {H
0.5 mg/kg. Cd BYAEYFEERSR, 1Ml H & AR
AL RE 23 XA 7 A fe s, GNP R A, SR Al
JH RS P, U0 ) L 7K 43 R0 5 43 R i, AT S

TEPERLF /2018 4F / 45 42 45/ 45 7 1)



Bt

W P 40 0 7 B R . AR R RO S & PR, Cd
TR S KR A 7 DL S PR R 45 SR AR A
HY Cd A AR L850, 5 Eh Ao 9 A ok
B A 2 PR ] S A D

250 A

NA BB BE @F
200 -
150 ~

100 -

W EE/(mg/kg)

50 1

G

Kl 2 AFXIE Cu. Zn, Pb, Cr F
Fig. 2 content distribution of Cu, Zn, Pb and Cr in different

regions
0.4
% 03F ok T
oo} B EE ! I
2l B B A B
ROl e mE o es
0 b g o) | Y i, i Xy, J
A B E F

X ik

K3 ARKXE Ccd&a

Fig. 3 distribution of Cd content in different regions

22 UERERHEHHLELELSERL
Kl 4 Rygs XY 0w & o s g, FTE
Fe 7F B X UMk FE 4, 7F E XEAK. Fe JEHIY & B
M2 R AT, HYIE Fe 2mHAERMER .
B F PRI R, MR E TR a
WG ATE Fe, it Fe 2342 a KIREEFE(L,
U /DR ) 6T D' R A ORI L DT 5 35 40 D' AR
FARE I NI o UL, Fe ] AE R X — DX 3 B i 45 1l i
HARKMHEERZ —, Mg MG RMEZA RS, &
AP EAER Mg 78 B K& s f i, 1 A X
Mg & RS E,FXAHY, H AKX Fe, K sl
¥ B XK, tsbnl £ A X R s £7 75l GE
SR fER . K RS THEFRITTRZ —, XHEY
A R 5SS EEAEH, K 52,
PPk EE IR AT 2R . K £ B X i,
MAE E. F X, K &t WAL, Uil K & it
K/INATRE 55 6 Hb il 09 AR KR — R R, Ca
SERE YR N — LT (1 2 53 FOTE AL R, Bk Ca 234

‘m@mARm1E

YA SR A . IWEHR AT LIE ) B IXH Ca 7
AR, 76 E X &R, Wik, Ak Ca gkt
P8 R /I AT o 6 3t il ) A AR B JE 2 T

100 1

@A ®BB HBHE OF

80 - T
O =
g 60 - g
By - =
B %;_ - —
20 4 = g :m‘ —

0 SIS | AL:S S
Fe Mg K Ca

s

P4 ORI B AR A e T

Fig. 4 essential metal content of plants in different regions

23 EBRLSRIREELBREFL
B 5 R4 Xk Ak B B, AT LR
H, CIX A Th A AR, D XAk B, Hifl 451X
WA W R Y W W25 R, (AL R T (GB
18668-2002) 1 #4751 500 mg/kg.D X 7 v BE 45 i,
TR A Ry, D X A RAR I AZ 2] T A5 g, i
DA e B s, T C XY S, K R A
1o, (S A R R e L X AR e A AP B
Heh S AR T R SR A K . AL B
XEAMKEST C, F X, HETREX, FHI,
R — R BE A A i AT B s 0 Rk A 5%
kK
6.0
5 5.0
< 40
E30
o0

1.0
0.0

P s 4% DX 39 £ i ik B2 1 O

Fig. 5 petroleum content of soil in different regions

2.4 LLEMERIRIIEEMBEEELS I

Bl 6 M4 XK+ AR Al o fr i, A
A, AR S5 AE TR AR S b ARG S % TE A4 e
KRS Co~Css, HHBEMIMHHLL, ik 58
J2(Cos~Css) i P H o 8l 7 Ry 2% X BT RR ) IE ARG J2 3 AT
K, REUEE i, [EMSele & ETE 161.68~901.31 ng/g Z

Marine Sciences / Vol. 42, No. 7 /2018 99



B Ci6 F1 Cay,

BYSE Coo Ml Cyy0 M AT HEI A Bl 25 B

=
=)

A W% TE R J 2 53 14 I A

(35 ioF - S A RS AR T

M

Al
Iz

f

ey
s

'%
+

>

hn
N, =

H

iy

ok

/

ARTICLE
IATERE A C i ~Cag, HTIERESEE
5 VAR A B
T

HERY

—

oy

H
i

fi

B

X - Jim
4

H
g RERY

FIXIBA B X, 4901.31 ng/g,
534 Cio~Css, [A
REL

N

[EJ

SRR C X, N 161.68 ng/g. ILERLLIEMEA
Hbe ke

], IEFREE I

DX 45k A S A 9 IE

ahn, IE R B

1
v
Sn S $
iy Ty 1
s O
= e ———
= - 4
e e = cE
3 [ ——
7 T n e O
Lr% CFror o
Hw o o
@] on
% S TTTrrrrorruioeorey 3
CLLLTTTTTTLLIIIITT]
m P == I
= o ) N
e — on
%& = S amnnaeiiieeiiiiniiuiessiaieuiieaaa
< CLCCTTLCLTTTT I T LLTITII T T I rrrrrrrrrrr] S R
. ‘
R Bl - S
- H —
E” ﬁ 4 N
=S B S S s a s s w s (M = ] ()
W& Sassssssssssssssasssssss ) [ SRR 3
o
; o o
& X ] e 52 =
o e P R S S R R
e B T T s T s T a & ——Ee)
Hﬁ % B T — m ]
oM o sl = o] Q)
i Ll ey ) ) e e e e O]
= = &K 5 L 7
Rani
&) o W m 0
X A AR = S Q
m CTTTTTTTLCCLIITTTIIIILIIIITT]
) o ————
Eﬂ /W 8 v < ~
= — ] ~
&5 # < e s IO e ees IO
R mm U m O ITTTTTIIIIIIIIITIT]
=
s ® S
-
=< e © g O
3
2
kK | “
© o
- R
=
-/
nui D”m/ ~ 4 <
s O 3
= wm bl &) @)
= —~ o]
e # — O
L\WW ,D 03
H O s -~
Sy 2 LS ) 3
n s ~— = C ~— C
F ﬁ L 1 1 1 1 1 1 1 - L 1 1 1 1
= = o v =) e o " o " o = =} =) =Y o
/|4VA &> < o 3o} N N — — K < I hal =
1 — —
_/.im (3/3u)/ 35 34t GAuyE
)/ 35 P

175 Y W) 2 i U A

TR

7

//7;593

Ko 4 DXt IEM kR A 4o i

content of composition of normal hydrocarbon in soil in different regions

TFVERLS2 /2018 4F /46 42 4

Fig. 6

100



ARTICLE

—

X - Jim

LERERBLE S HFREDNHN
8 hy kiR Z ISR AL B, LA,
A B H, C X 1D B IR A L0 A

POE

2.5

, B X 3 23857 ke 4% 2 A B A R,

=}
=]

C. D. F RWZH TS EEHRT A B

1000 -

(3/3u)/ (W

13

o2 IR E =
I AT AR T IX
b T Eh Hb w32 X =45 4 0 i [

AR F A

 PNERHF 245
42 R 3 4 S 1

X

X4k

25 DX T E A AR S A 1]

Fig. 7 map of soil normal hydrocarbon distribution in diffe-

[

I i 5%

MZ M RR&H T, JE 9

DX Jsf 1 4

G

EZIS iV iRea e
%W%O Z:

K 7

rent regions

@B BC AD @E 3F

mA

(@

B ]

i)

60

50

40

K

=

=~
[}
m
[
(@)
N}
&)
Bl
m
2]
<
")
T
~
=)
L L L L L 1
w (=3 el (=3 w (= w (=
o o (o] (q\] — —_—
(3/3u)/ 71

K8 LR ZIHITRSA S SR

content of polycyclic aromatic hydrocarbons in soil

Fig. 8

101

Marine Sciences / Vol. 42, No. 7/ 2018



Bt

BLOATRbIE R Z5 . S A R, HIES &
B X, HedasEhis, X SIEN
HWEERA G, ARV, JEEA BRI HEE
P, e - e HLTS Y vk B | 1 A W -
fil WL RE 1, REMI 2y 3 b A LTS G i 4% B R
WA . TR R ALAE— RANAEY | 2 BP0, A
Al RE 515 YR A O, AT HE8 S PI R F 9 36 W s M 7
AR Z VIR A EE . B R If[a] BEZ IR
F5 % FEFR A A B SRR A, RIS Y
IS 3 B, B b Wi O AR TP Y 22 3 05 ke ok
H IR AmTS gy, WU h 2 305 IR ok
VR BT PRIR , C XA B X AP aEFI9¢ A & B 25
i 7 IERREE B AR IE ) (GB 15618-2008) 1 - 3E 47
M5 B B — e hnifEFR{E 0.020 mg/kg, 0.015 mg/kg,
5 JEUONAE M) AR R K R RN 2 T AR ) G 0 o 4R
I HLFf 2 5 B FE A 380, 410 4 I Al B =2 3 e )
Bt B IXAR AT gE s 28 iR Ak IX . 1R X 28T [b]
DB A BRI TARERRTE 0.010 mg/kg, KIF[b]7¢
XA B FEN, SRBUEYET:, Fit, &
T 1Y R T [b] 7€ AT B8 2 fift 3 pi 3 1 B DR D
XZE0 & w7 RRME 0.015 mg/kg, HAX IR ZS
a5 R A AR K Z B JE I G &R JHifE B. CL F
DAY & B 25 R T RRME 0.010 me/kg, {HITEHIE 2 5,
PA] I - 358 v 28 R 2 10 22 /0 AT BRAS 2 52 il 6 b ik
EAKPFELERE,

3 &

5 (GB 18668-2002), LI+ FHT 125,
Pb 7£ B XFI Cu 7E F X (¥ & 34l 1 FR1E, MHE
HEJE Zn, Cr. Cd WHEHHEMTEFN. Cu. Pb.
Zn, Cr. Cd WY& SE e A K I+ 15%a 2B I i
XA, Fe, Mg, K7E B X, RIS H &, WET
IRAEDXHDEREX, AHY TG 428 1B = T A2 Eh i il
RIER R Z —

TR Ak DX 5 DX g i R B v TG E X
{HHLAE T (GB 18668-2002) 1 2554 500 mg/kg. 4L
TR MR R AL S IR I OC R AW . ZLTE R
2% DX A I B E A B SR TE L Cho~Cas, HL
Cos~Css 5 FEAMEH . AR X ENZHTIELEAH
g, JE L P RIF[bIICE. AR R & AR
mr, HIESEREXE, Hedsdahilnm. +
HerhdE T ORIF[b]5E BURT RS M Eh B 1 AR

W
¥ o ¥ A

J

102

) H@ART/CLE

& 3CHk:

(1]

[9]

TR, Z0 WM AR A IR AR SRR (D). AR
#k, 2017, 12: 71-72.

Xu Bo. Ecological environment protection and meas-
ures of red beach wetland[J]. Ecological agroforestry,
2017, 12: 71-72.

ARG, 2. S LD IR AL 5 S R T h PR
I JE UK AE, 2003, 5: 42-44.

Zhao Qiang, Li Zhongbo. Degradation of red beach in
Panjin and salt tolerance of Suaeda heteroptera[J].
Northern Rice, 2003, 5: 42-44.

FW. v R AR A B R R A A 0] b R
2355, 2014, 32(1): 53-58.

Wang Gang. Degradation of tidal flat and its influenc-
ing factors[J]. Chinese fisheries economy, 2014, 32(1):
53-58.

Tt A, XIZEK, KRBk, 55, KRNI T
4 J S A 5 A S e M (0], HEERL, 2013,
37(9): 82-89.

Jiang Hongyou, Liu Xianbin, Zhang Qiufeng, et al.
Distribution and risk analysis of heavy metals and As in
the surface sediment of Tianjin offshore area[J]. Marine
Sciences, 2013, 37(9): 82-89.

sk, AT, BREF. PR DR Y T E 4
JETG YUK . SRR SR EEXT R [J]. MR IR B AR,
2013, 4(4): 1393-1398.

Zhang Jing, Shi Weiyu, Chen Yiping. Heavy Metals in
Sediments of the River in North China: Status, Sources
and Remediation[J]. Journal of Earth Environment, 2013,
4(4): 1393-1398.

TR, BT R K~ ) 6 AR AR W e A K AL A B
T[], IARIR A4 (F AR RR), 1996, 4: 88-92.
Fan Hai, Zhao Kefu. Study of the Inhibitary Effect of
K" on the Grouwth of Suaeda Salsa[J]. Journal of Shandong
Normal University (Natural Science), 1996, 4: 88-92.
KNG, TR A, KRIE S, SR U EA A e X
Cu. Zn, Pb Ml Cd RPLHTE S EMIED]. BIFEH
BiRb£, 2008, 2: 13-16.

Zhu Minghe, Ding Yongsheng, Zheng Daochang, et al.
Accumulation and tolerance of Cu, Zn, Pb and Cd in
plant Suaeda Heteroptera Kitag in tideland[J]. Marine
Environmental Science, 2005, 2: 13-16.

JAFEH, B, EREE, . URERESET
e R e A S WA [J]. R 2 SR, 2004,
27(5): 60-62.

Zhou Xiuyan, Li Yubin, Wang Ende, et al. Heavy Met-
als Pollution and Relevant Ecological Risk Evaluation
in Wetlands of Liaodong Gulf Area[J]. Environmental
Science and Technology, 2004, 27(5): 60-62.

sk, EWEK, WER, . LUK RERBIURY T E

TEPERLF /2018 4F / 45 42 45/ 45 7 1)



[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Bt

4R A T i5 YRR RFSE (0], B EERL2E, 2008, 29(9):
2413-2418.

Zhang Jing, Wang Shuqiu, Xie Yan, et al. Distribution
and Pollution Character of Heavy Metals in the Surface
Sediments of Liao River[J]. Environmental Science,
2008, 29(9): 2413-2418.

EURLGHE . T = A W U Y T b o ik 8 R T 4 S A T
IR S A B K PFSE[D]. A B AR K,
2017.

Lv Shuangyan. Spatial Distribution and Potential Eco-
logical Risk of Petroleum Hydrocarbons and Heavy
Metals in Coastal Wetlands of the Yellow River Del-
ta[D]. Yantai: Ludong University, 2017.

IR i AR A R R DR Th A il R o3
AR BORIRBESE[D]. 7 & P EETE RS, 2013,
Li Shengyong. A study on the distribution and source
apportionment of petroleum hydrocarbons in surface
sedimsents from the Bohai Sea and adjacent area[D].
Qingdao: Ocean University of China, 2013.

Baron A M. Activities of Cu-containing proteins in
cudepletedpealeave[J]. Physiol plant, 1998, 72: 801-806.
Maksymiec W. Effect of copper on cellular processes in
higher plants[J]. Photosynthetica, 1997, 34(3): 321-342.
R0 BERTNAE R R R B WA ()], R AL R,
2004, 1: 16-17.

Li Qiang. Response of lack of nitrogen, phosphorus,
potassium to ginger[J]. Soil Fertilizer, 2004, 1: 16-17.
TR, HHEFESEE P, Cd I5 XY B [T].
TREFFR, 2015, 6: 133

Wang Xinruo. Effects of Heavy Metal Pb and Cd Pol-
lution on Plants in Soil[J]. Energy Conservation and
Environmental Protection, 2015, 6: 133.

ok, WRE, EWEER, A5 0605 XM R 1 TR
HEGJE Cu., Pb B BB [I]. R R 240,
2012, 6: 539-545.

He Jie, Chen Xu, Wang Xiaoqing, et al. The absorption
and accumulation of heavy metals Cu, and Pb in tidal
wetland sediments by plant Suaeda heteroptera Ki-
tag[J]. Journal of Dalian Ocean University, 2012, 6:
539-545.

WL B A4S O R IC T I B E LRI 5T (D).
AT M AUIITE RS, 2014

Huang Min. Study on the Toxicity Mechanism of
Heavy Metal Cr®" to Alfalfa Sterile Seedlings[D]. Nan-
jing: Nanjing Normal University, 2014.

Choudhury S, Panda S K. Induction of oxidative stress
and ultrastructural changes in moss taxitheliu mnep-
alense under lead and arsenic phytotoxicity. Current
Science, 2004, 87: 342-347.

AT X8 AR A A K B o R ) Tt AL ) AT 5
B[] P EfRAEE ], 2017, 33(11): 89-95.

Marine Sciences / Vol. 42, No. 7/ 2018

[20]

[21]

[22]

(23]

[24]

[25]

[27]

[28]

) H@ART/CLE

Yu Ping. Effect of Cd on Plant Growth and Its Toler-
ance Mechanism[J]. Chinese Agricultural Science Bul-
letin, 2017, 33(11): 89-95.

FRHER, MM, sKESE, S5 fBE X5 KRS 4K A
EFRA B ]. P EREEE, 2005, 30 528-537.
Cheng Wangda, Yao Haigen, Zhang Guoping, et al.
Effect of Cadmium on Growth and Nutrition Metabolism
in Rice[J]. Scientia Agricultura Sinica, 2005, 3: 528-537.
B 5T, K, HEE, %, Fe~(3H)X M4t EA
KADECEER B[], db b TR =4 (H A F
220, 2006, 1: 27-30.

Lv Xiuping, Zhang Xu, Kang Ruijuan, et al. Effects of
Fe?*
aeruginosa[J]. Journal of Beijing University of Chemi-
cal Technology, 2006, 1: 27-30.

FEERY, ZERGZE. WOWmR /N | B AR R A
KBSZIR[I]. FiF, 2007, 26(6): 24-27.

Cheng Guoling, Lei Peijun. Effects of Petroleum on the
Seed Germination and Growth of Wheat and Alfalfa in
Soil[J]. Seed, 2007, 26(6): 24-27.

fif 2 B N[ B0 34 3 35 G ] 1) 217 A4 ) 188 52 ] A7k
RGBT SE[D]. F 8 H R, 2010.

He Yunxin. On-site pilot study on the feasibility of

on growth and photosynthesis of microcystis

bioremediation of different types of oil spills in inter-
tidal zone [D]. Qingdao: Ocean University of China,
2010.

PNERHT. 155 L3 h 2 IR 05 I W ik i) VA5 E ().
I FHA: 25 244], 1998, 9(6): 640-644.

Sun Tieheng. Regulation of polycyclic aromatic hydro-
carbons biodegradation in contaminated soil[J]. Chinese
Journal of Applied Ecology, 1998, 9(6): 640-644.
RETF, KA, VKT, 55 TIPS Th 258
FERE T IR IR ). AR AR, 1995, 6(1):
92-96.

Song Yufang, Qu Ziqing, Sun Tieheng, et al. A primary
discussion on agroecosystem diversity[J]. Chinese
Journal of Applied Ecology, 1995, 6(1): 92-96.

Nelson E B, Thomas P P. Relationship of lipophilicity
to influx and efflux of triazineberbicides in oat roots.
Pesticide biochemistry and Physiology, 1998, 30: 228-
237.

TEREHT, SR8, I, 5. BINERZ TRy
RRANYFRIES BT[], ISR, 2017
36(2): 216-221.

Ren Jianxin, Ma Qimin, Yang Xuena, et al. Character-
istic parameters of organic hydrocarbons in the surface
sediments of Jiaozhou bay[J]. Marine Environmentnal
Science, 2017, 36(2): 216-221.

sk, sk ZE, EEE. w0 iR E LR
R WAL I (1], FEE4R, 2010, 32(3):
23-30.

103



Fanx - Jim
—ARTICLE
Zhang Jiao, Zhang Longjun, Gong Minna. The distri- [29] Noiraud N, Maurousset L, Lenoine R, et al. Sugar
bution of hydrocarbons in the surface sediments from transporters in higher plants-a diversity of roles and
the Huanghe Estuary and adjacent area[J]. Acta Ocean- complex regulation.Trends in Plant Science, 2000, 5(7):
ologica Sinica, 2010, 32(3): 23-30. 283-290.

Investigation of heavy metals and petroleum of red beach in
Panjin

FAN Xiao-ru™ 2, HE Jie" 2, LIU Huan™?, LIU Yuan" 2, WEI Hai-feng" ?,
LU Wen-ting" 2, LU Xi" 2
(1. School of Marine Technology and Environment, Dalian Ocean University, Dalian 116023, China; 2. Key

Laboratory of Nearshore Marine Environmental Science and Technology in Liaoning Province, Dalian Ocean
University, Dalian 116023, China)

Received: Oct. 25, 2017
Key words: Red Beach; heavy metals; petroleum

Abstract: This paper chooses the soil at red beach in six sampling sites of Panjincity, Liaoning Province.It studied
the pollution of heavy metals and oil in red beach by measuring the content of heavy metals and petroleum in sam-
pling sites area. The results showed that the content of Cu in degraded areas and Pb in lush areas werehigher than
that of marine sediment quality standard (GB 18668-2002) class I standard, the heavy metals content in other areas
is lower than (GB 18668-2002) Class I standard. The content of plant essential metals Fe, Mg and K in the flour-
ishing area is between 36.9~46.1 g/kg, which is higher than that of the degraded area and the light beach area of
30.7~38.0 g/kg. The oil concentration of soil samples in degraded area and luxuriant area is higher, between 1.6 and
5.2 mg/kg, and the oil concentration of soil samples in floodplain is generally low, was 2.5 mg/kg, but they are far
lower than (GB 18668-2002) class I standard 500 mg/kg. The content of polycyclic aromatic hydrocarbons in soil
was between 0.4 and 51.8 ng/gin degraded area is relatively higher than that of other areas of 0.2 to 25.0 ng/g, but
the content of PAHs in the soil of luxuriant areais was 0.2~3.8 ng/g, which was relatively lower than that in other
areas between 0.3 and 51.8 ng/g. The composition of soil normal hydrocarbon in different areas is basically the

same(Co~Cj3s), but the distribution characteristics are quite different.
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