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FEHEE N 1 S0 = A PN B T SO SR 2 M 2 (Phragmites australis)E R B R E 4B E AT
FEREm, T 2018 4F 7 F 22~28 H, SRAEHT & i H X FA R B DX P4 2 25 4R L 25 I RE SR 2 (0~10 em R 1)
R T 2 R B SR A B S Rl EE 4 B (Pb Mn. Co Ni fll Zn) & & L R R LR i s M E 4 B &
BMAAMESE, LB A AR EERBENESE S ENTRIEmW . 574 R LY, 1
B MFHEX, 22 8 B R 32 B FE AR & 4E Pb M. Co 1 Ni FIRE 7= A5 AE 9T X, UK 2
Hag S R R R N 214 pg/g i, P ZERR T Co Mn A1 Pb 2 LU 8 K, 23 51 3.14 mg/kg 206.59 mg/kg
9.10 mg/kg, M2 T3 BRI R TGN 283 pg/g B, 7 S AR B N T BB, DN 27.16 mg/kg; TEE T F
X, 23R 2 T3 b SO R R R T 262 pg/g B, B 48 Co Mn Ni 1 Pb % & #0ik 2 i K AE, 45 714 3.28 mg/
kg 166.74 mg/kg- 18.60 mg/kg F14.27 mg/kg; fEHT M X, 2458 )2 T8 b Sl R 5T &2 E Dl 283 ~385 ng/g i, A
TR T P E R E A Pb.Co A Mn [7] iEF8, 4382 LI B A B i 2 L/ T 283 pg/g i, Al
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fE 1 S B RS MU K, DU O 3k #2425
=Maie— R w2 A Y LR E D R
SHEMA

1 MRS 7
1.1 iR

V] = A I (36°35'N~38°12'N, 118°7'E~
119°18'E) T 1 R 8 AR LB . % X S A% & B i
7 2 B R Bt P 2 A, AP SRR N 11,7~
12.6 C, £ FE /K BN 530~630 mm. 1% X AL 4
) ELH 7 (Phragmites australis)~ £ Hi il 3%
(Suaeda salsa) BN (Tamarix chinensis)%s . ¥
SHAMIRH R LR, ZIXKER L Y E
B B RUK IR K AT AR R 7K S5k AF T2 2R
B A 5 B2 Ny N e S G 7 s 1 SIS
FVETE Hh
1.2 RESEEMERRE

T 2018 47 H 22~28 H , TE B = ff1 P FH
DXANE I DX (B 1), SRR 7 25 A et . ik
S AN, Hod 2 AN T2 X (37°46'N~37°
48'N, 118°41'E~119°44'E), 3 M T8 i H: X (37°
31'N~37°32'N, 118°57'E~119°58'E). LN
[0y, LA S m Ry P42, 75 i o A R o 3
H FE BT I X )RR T LR 3 AR R
B B 9N KA SICRHFE S X1~ KA 1 X9); 7
T DX P RRAN B 1 B 4 AR R, SR E 8
AN KA BCRFE B L1~ RAE 2 L8) o I AR T = £
P K2 B SRR XN TE I I 43 A0, 52 di e 7
S /N, AEORT X N B WL T B 3 N SRAFE S CR AT
RUF1~RFE SUF3), A AR I DXCRAE R
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Fig.1 Location of sampling areas
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FEREAS KA s, I T 7 - S BURE 2%, SRAER
JZ(0~10 cm PR ) L HEAE o, AR 3 Ik, 515
F 60 fy T ERE . FIR, FERRASRAE B E 1 mx
1 m IFETT  FEREAMAETT SRR 7 bR B 8 1k 58 B2 11
PR
1.3 #ELESNE
13.1 E2E2FHNT

¥ IR TS, BEES, i 100 H i FREXZ)
0.1 g 14%, FE R VUG AR R HET, NN 5 mL &
SR 2 mL AR AN 1 mL i SR, BN = R e, B
T-180 C Y% B, =il T AR 12 hi K57
T 140~150 CHL M R I 4 mLE1: 1/
THRR+7K I, 7€ 45 %2 50 mL, ¢l

VKA P25 AR B SRR RS T, R R
28 oK 3 3 s AR ST 70, ¥ 7 26
Gy E AR L ZE AT A RS B AR SR
75 CHIREAR T, HET-48 h, BUH A A, B RE B R R
HUM R 5 B 0.3~0.5 g ¥y i FOFE b IO SR DU 36 &
JETERRRET, NN S mL IR, 76 R R 120 CHilvH
fift 2 h, IO\ 5 mLASEZ . 1.5 mL /= S E2 A1 0.5 mL &
R, NS EFEE T 180 CHIZ M+, =il
TH AR 4 s B T AR TE E T 140~150 °C H #h b Lk
PR, FFRE AR A2 2 mL I, BN 2 mL () 12 1 [ AE IR+
IR 7EZ¥ 2 50 mL, 50

FIF ELAN DRC 11 74 A B & 25 55 14 i 1%
% (Perkin Elmer, Hong Kong), Ml 5& / = Al + I i
il ) 5 R EE 428 (Pb M. Co Ni Fll Zn) i & &,
132 ¥a@diEs e

KA RS, e Eh SN EE.
W R AR TR S, WEEE I 100 H U, B 10 g
FHERE S, ION 20 mL 9 12 1 (9 1E S e+ & b
W, B R 20 min, ¥ EIEWRACGH . HE ER
IR WK EEWRA I R A M RAR ST
FRUE(SY/T5119—2008)", % Fl JZ M e A, ¥
IRE IR 75 B e IR ) o 43 25 o PR & 2H mo
IFR I, RIS 5y, FRAE 40 CHAF TN, T
AR E A m, WA R 2 Z N S A R
T,
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2 GR550M
21 REXTEFRAHEMSMHMESRESE

S X KA 3K )2 13 Pb.Mn. Co.Ni
A1 Zn Ji B HE 23 54 10.88~18.93 mg/kg. 307.29~
373.57 mg/kg. 5.90~7.43 mg/kg. 14.16~16.80 mg/kg
F136.26~45.42 mg/kg(F 1), ZiHH X % KFE M
% 2 £ 3 f Pb. Mn. Co. Ni fll Zn Jii & b0 7 A
10.28~14.91 mg/kg. 282.23~425.46 mg/kg. 5.25~
9.03 mg/kg. 12.18~21.36 mg/kg 1 30.91~48.08
mg/kg. JEHIH X K E T3 H Pb.Mn. Co.NiFl Zn
i H 4y )N 10.17~12.25 mg/kg. 341.23~
379.10 mg/kg. 6.67—~8.81 mg/kg. 15.46~20.92
mg/kg F138.31~46.12 mg/kg. & KFfHEE 11
W 4R S B2 R AT (=20, p>0.05), X F W
FIX R LI S PP &8 A B A LB 5T
22 AHREEATEAEEEATETSHESRRE
3

Hlﬂlﬂl

TEH - Z I X, P73 25 i Py Mn\Coﬂl
Ni & &R/, HHBEERZ L E S AR
B OK, Ho/N R R 3 AR A (B 2); Tﬁ“%iﬁﬂlﬂpb\
Mn. Co I Ni [ & & KT 25 s
EHMIEX, BR 2 LR AR =

x1 OMHX IERARRELRFE

214 pg/gisf, 7 23 AR H Y Co Mn F1 Pb i & LU ¢
K, 4y BN 3.14 mgkg. 206.59 mg/kg 1 9.10
mg/kg; 3R 2 I SOA R T E G R 283 pe/g
I, 7 25 A ) N R B BE Ak, N 27.16 mg/kg: 7E
EIEIX, MR S g SO0 R TR D 262
ug/g i}, B4 J& CoMn. Ni 1 Pb Jifi & LL &S IA B 7 K
18, 43 51~ 3.28 mg/kg. 166.74 mg/kg. 18.60 mg/kg
427 mg/kg. A KR HE P I AR K LA R 7 T
(1Y S0 5 — 75 THI e A Y0 e 2 Ko A A AR 30 P 1P VR A
FARGERAE H = Az i, 4 & il KR, 22774
FEMEM: 5 — 7 Ha AR R s R8T
DU R ) A K AR A — 8 AR, 7E — @ AR 4R
B AR, Fik, RE LR S AME S E
ANTR 206 75 3 7 AR AN R B RS

FEBTM X, MR 2 L S R R B L
/INT200 pg/ght, FEERBEHSHESE S &
AR AR /IS 5 3R B I B TR A X AR K
SN MR LI AR E T 214~
283 pg/g i, B SR B =K, AR
Pb Al Co & & #l ) /1N , (B 22 A (1) 55 B 0 A T
o LIS A T T BR AR A BRIE , X R I AR KRR
R AR R, A5 7 25 R IR A P B i, 28 6 1 F 1Y i,
ZE R F AT DL B & B B K i B bR

HEMSHESRERE

Table 1 Contents of petroleum hydrocarbons and 5 kinds of heavy metals in the surface soil of area of oil wells and non-oil wells

FHEX STRE THEIE L meke) AT R E
Pb Mn Co Ni Zn (ng/g)

X1 16.13 337.51 6.42 16.12 43.17 214
X2 11.34 342.51 6.04 14.45 40.09 151
X3 12.13 314.60 6.37 14.45 37.58 193
X4 14.06 322.77 6.24 14.16 36.62 213

B IEIX X5 12.44 349.16 7.13 16.40 37.30 317
X6 10.88 341.52 5.90 16.27 30.28 283
X7 18.93 369.32 6.63 15.42 43.72 385
X8 14.76 307.29 6.25 14.35 36.26 558
X9 17.76 373.57 7.43 16.80 4542 326
L1 13.60 383.66 7.92 18.61 40.86 284
L2 13.30 386.00 7.89 18.99 41.09 199
L3 12.84 366.09 7.26 16.71 38.57 235

I L4 11.97 415.43 8.18 18.96 42.53 286
L5 14.91 425.46 9.03 21.36 48.08 5154
L6 11.74 364.13 7.58 16.77 39.74 262
L7 10.28 320.38 6.48 15.09 34.09 268
L8 10.33 282.23 5.25 12.18 30.91 410
F1 11.40 345.17 6.67 15.46 3831 123

e IEIX F2 12.25 379.10 8.81 20.92 46.12 143
F3 10.17 341.23 7.56 16.34 38.31 126
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T, A AR S I SC, AT (2 g ) 3 B3 i BB 4
T 7L B R i & O 317~558 pg/g it
bE 5 S A S G R, 7 B AR B M, Co MTNG
TEMIEROLE2).

T2 X, MR 2 B A e i & T
9286~410 pg/g I, g S A e B B O,
R H Pb.Mn.Co MNi & &I A, — T
AMAGEE —ERNESE, Al EERPR
EVIRIER T, 85 5 20 5 PR MR R 4
Ja » 3 AR F PR B < e R PR I R S — T T
MaAmE S REN, AP AR KD TEE
R, W PR AR ZR R THT, X 2 26 1E H R AR A AN
AEAE P AR, — e g VA M 0TS e T DLE
Tk 5 A= 0 A B 1 R A P A BEAT VR A,
T 5028 4T A S p a3 PR 2, R, S b
S B I, A B HLRG A VT R S IR
25 2 5, (507 2 LB (1) B 1k, 5 R 4 J mT DA
25 5 HhE I A A FE S N A A4 P, 0 R A AR 3
R fE

In RHEYERKL TR LR, HIFARFER
FRLEARES, A2 — &6 70 3L #8 2 220, IEE 5L R
TP Zn WS A 52 A R 52 e 11 3 3 T 0
TR, EF X, 3R 2 g S R R
i LN 283~558 ng/g B, Bl & B AT R B Y
Ko PR ) Zn & 2B, P ZE P Zn
TRERED2), RRPEX —SEEEN, 84
TR TN P 2R E R Zn PR AR . Y
RZ L a2 L 213~283 pg/g i),
bE & S AR S B OC, PR 2R T Zn (1)
RN, SR A R S BRIE A Y K
23 MHXAFEARETHNSHESRERE
4rEE

FHE 2 ] LA, 7R3 Z il X, 25 AR A )
PbMn.CoFINi & HERBE T EHEEE LT

BHESHEHHES T, MR Zn & &
Bt EHEE MR EREZEER N AR
BH, 75 25 AR H ) Pb AT N 2 2 K1, T Zn 2 1A
ERKULTMLER, HEZAFHERERA A
FIFFHENEKRE -
24 AHREATASHSHMEESRNEERY
241 PEERBEASHELBNE EZK

TE XA EE M X, 7 25 fR X Pby Mn. Co
AINI 0 E £ R B KT 2 3 s SRR
3)e FOEEARANZEXT Zn 1) 8 R REGHZE RN, HK
T ) AR R AL
242 FRAMREFEREZESELENTY

B X P 3 IR A B X Min Al Co [P &
£ ZH0 9N 0.364~1.254 F10.226~0.517, KTk
MIFX (R 4), KRR AP RE LBEH RS A
R T DU E 2 25 TR A B X A E SR E
. (EFMIFEX, HERE B LA RS ERK
I, J0] T S SR A X P AN [ E 4, {5
EEARE, e T EEEM. E2lmFX, KEL
b g R AR T 3 B R A B XY PN,
Mn Fl Co [f1& 4, X Al E 42 H T2 4F BRI,
Zo X g S, R R AR
0, ATREPHAT AT AR B E SR . A IRTE T
FEXGE R Z M X, 2 E TR T Zn P E
£ RBER S ARl FHE X AR T, 15 B K5 2 15 L
FEFRABRENX Zn N E EBAZ B A MIEFEN .

iR X B E RN ENES B EERIK
FEZMFX, X RER T E M X R A
TG B o AN [R5 B0 22 i X 3R 2 e v
B fil )RR B 2 o e, 1 5 PR R
BH Ay Ew, FESA G EAEYRCR A, 72
ERAEEENELSESED . Hik, o DN

R AEREFRFETSHESRSERSL

Table 2 Percentages of heavy metals contents in vegetative organs of Phragmites australis

KEEX MEEE POEEASI) MnEEESN%)  CoFEEN®%) NEEADTH®%)  ZnE&EH %)
i 82.16 46.27 91.41 89.15 43.22
Wi X 2% 5.77 2734 472 6.45 41.28
s 12.07 2639 3.87 440 15.50
I 78.10 45.09 87.26 86.28 46.55
ZX 2% 7.93 27.55 6.58 7.88 38.17
s 13.97 27.36 6.16 5.84 15.28
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Table 3 Enrichment coefficients of 5 kinds of heavy metals in vegetative organs of Phragmites australis
in areas of oil wells and non-oil wells
PR PR Pb R Mn & 5 R ComHERH Ni mHE R ZnEERH
Ui 0.265 0.338 0.307 0.805 0.813
Frl X E 0.019 0.198 0.016 0.056 0.771
i 0.040 0.191 0.013 0.039 0.295
Uiy 0.188 0.224 0.227 0.774 0.875
ZMIEIX E 0.019 0.143 0.018 0.069 0.729
It 0.034 0.142 0.017 0.054 0.293
i 0.230 0.251 0.207 0.518 0.825
EIEIX = 0.012 0.065 0.007 0.043 0.526
i 0.033 0.068 0.006 0.052 0.234

x4 M EBBRARMIEBEHEEFERFEX
BEERBMFHEERK
Table 4 Mean heavy metal enrichment coefficients of
vegetative organs of Phragmites australis in the areas of

new and old oil wells and non-oil wells

FERERARENEEEN  JEuh X e

HE)R HEAM B EERNERR
HriFFIX EIHIEX HerE

Pb 0.198~0.602 0.088~0.437 0.275

Mn 0.364~1.254 0.280~0.834 0.384

Co 0.226~0.517 0.136~0.455 0.220

Ni 0.537~1.809 0.571~1.206 0.613

Zn 1.162~3.152  1.404~2.596 1.585

RS ERBEEEEELSBINIZERH ST
A AR P EE T SR N TR B 1 22 il X R
JZ A E S R 1 R BRI ET X .
25 AMBREETRELEF SHESENTR

H &R AR A BT 5 A AN 4
J& BT SCRT iR 52 P22, B iE R B R4 JE T
ROCME R 3R 2 S5 N S 20 HAE,
T HFH R VP R P 0t 5 M B < B I R s e 0
I RBUERK, RIZM E SR L EE s
i RE SRR .

FEAEMIF X, 7 3% 8 7248 B4 PbuMn. Co.Ni
Al Zn (5538 2 $0N 0.248.0.682.0.076. 0.196 Al
0.944, M35 I X R B L3 SR R T =
LLoA 558 ng/g F15 154 ng/gt, P38 =8 B
Co. Ni 1 Pb [ ¥ iz 2 %53 7] 24 0.055 F1 0.072.
0.091 F10.047.0.150 F10.199, H &8 /N F £ 3 H X
(FES5SHEK6), XEWHERZ L G A RS Ed
0 T Pb.CoMINi [l LiE#e. S5 HLEBNE

o A A

x5 TRIEBAMRSETHRAXES
EARBETECRETRY
Table 5 Heavy metal transport coefficients of vegetative
organs of Phragmites australis at different total petroleum

hydrocarbons concentrations in area of new oil wells

R P B T E G R S R

Eiwge) Mn Co Ni Zn
151 0206 1454  0.074  0.098  1.185
193 0250  1.683  0.053  0.093  1.059
213 0291 0439 0038 0021  1.188
214 0066  1.049 0057 0217 1386
283 0235 0707  0.120  0.084  0.887
317 0376 0911  0.154 0205 1342
326 0266 0876 0060  0.081  1.104
385 0247 2222 0076  0.136  1.682
558 0.150 0857 0055 0091  2.629

x6 TRIBAMESETEMHAXAEES
HETEGRECRY
Table 6 Heavy metal transport coefficients of vegetative
organs of Phragmites australis at different total petroleum

hydrocarbons concentrations in area of old oil wells

ST P SR o e RS R
HEH(ne/e)  pb Mn Co Ni Zn
199 0440 1420 0152 0141  1.189
235 0779  4.144 0358  0.157  0.921
262 0.093 0392 0052 0087  0.949
268 0468 2320 0251  0.127  2.026
284 0364 1135 0248 0279  0.805
286 0448 2511 0206 0238  1.133
410 0281  1.830  0.173  0.180 1244
5154 0199 0272 0072  0.147  1.070
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BN, RSB AMESE T, FENESBINE
SRR, HE S8 R EE P HRE, X 7]
REAE P 25 AR 0 4 R b B IR, %o B 4 R AN 2 £ B
UL, T 2 EH T P AR 2 3 B ) g B R, 7 AR
W R A E  FE SR, SRR LGRS
MR E g S A R A LG 283~385
ug/g I, B X 72 25 71 Pb. Co Ml Mn [ #4512 R4
KR H DX, 2 B B A e A B IX 3 Fh
SR HARHEEN: YRE LS S amE
Ji & LN T 283 pg/g I, H AR iE R BT AR I 4
AR X, G 3R B O R A R R S AR
#E R ESRITE AT LA . ZIEX R
ErER RN R E R P ES R
B SRR
TERZHUGGNE DR, Hr B IX 7 5 7
4B Zn 8 ZECE S AR X AR I, 1IX 3R
WS AR 35 E SRS B Zo B B IR AR
BN Fr B X EREE T ZIn iz
AH0N0.805~2.629, 1] LT FE RUR T, X AT g A
HT Zn 5HEEEEAE, M NEYEKRT L
P TeE, HAEMYA N BT # B A R € 177
ARETE, K, A E R E RN Za f5, N T
SRR IR A KM B, K Zn 1) BiT
¥, I BLRR 8 B T8 {5 52 B A0 S SE M AN o
MR E LR SR A R AT, 2
[X % 2 B 9% 2% Bt Pb. Mn. Co. Ni Ml Zn () 315 %
FOR T B X, X 0] B2 BT B o XM 23 AR
WMEEREsRGES TE2MHX, HERkEES
JaE X 2 ZE AN I R AR ROR, R E SR 3
BRI ERTEA G W LT . hthRN,
BT I X B A A R T B R E N E e
JE S 5, (AR T H ) BITR .
3 45 i
2018 4F 7 H 22~28 H , 7E H& 1] = A1 Y IEF1 3k
FH A9 ST R X, 32 2 3 v 1 f e S X
FEHL S E 2 Pb.Mn. Co M Ni fIBE /17 A= 56mi . 7
B X, YRELER A AWER R 214
ng/g I, 5 25 A1 ) Co Mn A1 Pb Jii & LU i K, 4>
%A 3.14 mg/kg~206.59 mg/kg A119.10 mg/kg, 43
2 3 S R R L N 283 ng/g I, B EE AR
[N i ELf K, N 27.16 mg/kg. EZMFFX, 24
R Z g AR R N 262 pg/ght, AR
Co. Mn. Ni 1 Pb Jii & Eb #6 ¢ K, 2 5l N 3.28

mg/kg.166.74 mg/kg.18.60 mg/kg F14.27 mg/kg.

TEFTHFE X, 243 2 4458 F i e A i 8 o
Lt oM 283~385 pg/g if, HARHE T A 3 E R 5
) Pb. Co M Mn [r]_FIEA% s Al o &t T
283 ug/ghtf, A M EE RSB E T EEE S E
(R EZR AT DL 2B AT

ERZE LB AR S BT &,
B I X g b B 4 R B N AR, (H
) b IE S (R B8 0858, B o DX 365 50 B < 1)
ZERBORIL T2 X .

SR

(1128, PhaEm, P 3 e, 45, ST R AT BORIT 1 X T AR o
& BTG Yl KB AT AR ST R KU PRI 0], WSR2, 2018, 16(3):
407-416.
[21% %, Wik, Mo, 55 0 0 0] 1 3R 2 DU ) 5 5 R Al
EIRTCER MM RE[T]. AR, 2011, 20(5): 892-897.
BURZARER, FoaHr. NS0 B0t o R 0 ) 5 0 S L ORAroxd
H[I]. @R, 2007, 5(3): 282-288.
[4]Ming N, Xian N X, Fu X H, et al. The interactive effects of petro-
leum- hydrocarbon spillage and plant rhizosphere on concentrations
and distribution of heavy metals in sediments in the Yellow River Del-
ta, China[J]. Journal of Hazardous Materials, 2010, 174(1-3): 156-161.
[5]Zhang X, Li M, Yang H H, et al. Physiological responses of Suaeda
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Accumulation and Migration of 5 Kinds of Heavy Metals in Vegetative
Organs of Phragmites australis in the Yellow River Delta
under Petroleum Hydrocarbons Pollution

ZOU Yanmei"?, LI Yuanwei'’, SUN Zhigao’, WANG Chuanyuan'
(1. Yantai Institute of Coastal Zone Research Chinese Academy of Sciences, Yantai 264003, Shandong, P.R.China;
2. University of Chinese Academy of Sciences, Beijing 100049, P.R.China; 3. Key Laboratory of Humid

Subtropical Eco—geographical Process (Fujian Normal University), Ministry of
Education, Fuzhou 350007, Fujian, P.R.China)

Abstract: In order to study the effect of oil spill pollutions on the accumulation and migration of heavy metals
in vegetative organs of Phragmites australis, the samples of soil at 0-10 cm depth and roots, stems and leaves
of Phragmites australis were collected from the area of new and old oil wells and non-oil wells in Shengli Oil-
field of the Yellow River Delta on July 22-28, 2018. The contents of heavy metals (Pb, Mn, Co, Ni, Zn) in veg-
etative organs of Phragmites australis and the contents of total petroleum hydrocarbons and 5 kinds of heavy
metals in surface soil were measured. The results showed that the effect of petroleum hydrocarbons on the en-
richment of Pb, Mn, Co and Ni in vegetative organs of Phragmites australis was mainly due to the influence
of the roots in areas of new and old oil wells. In area of new oil wells, when total petroleum hydrocarbons con-
tent in surface soil was 214 pg/g, contents of Co, Mn and Pb were the highest, which were 3.14 mg/kg, 206.59
mg/kg and 9.10 mg/kg. When total petroleum hydrocarbons content in surface soil was 283 pg/g, content of
Ni was the highest, which was 27.16 mg/kg. In area of old oil wells, when total petroleum hydrocarbons con-
tent in surface soil was 262 ng/g, contents of Co, Mn, Ni and Pb were the highest, which were 3.28 mg/kg,
166.74 mg/kg, 18.60 mg/kg and 4.27 mg/kg. When contents of total petroleum hydrocarbons were 283-385 ng/g,
the inhibitory effect turns to a promoting effect on Pb, Co and Mn in vegetative organs of Phragmites austra-
lis. When contents of total petroleum hydrocarbons were less than 283 pg/g, the effect of oil spill pollutants
could be neglected in area of new oil wells. Under the similar contents of total petroleum hydrocarbons, re-
moval efficiency of 5 kinds of heavy metals by vegetative organs of Phragmites australis in new oil wells
were better than those in area of old oil wells.

Keywords: heavy metal; petroleum hydrocarbon; Phragmites australis; accumulation; migration; the Yellow
River Delta



