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Study on bioremediation effects of Porphyra yezoensis on eutrophic
condition in the seawaters of Jiaozhou Bay wetland
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ABSTRACT The quality of seawater in Porphyra yezoensis culturing area in the Jiaozhou
Bay wetland was surveyed and studied. Experimental study on the uptake effectiveness of nutri-
tional elements such as nitrogen and phosphorous by P. yezoensis was carried out. According to
the surveyed and experimental results, the bioremediation effects of P. yezoensis on eutrophic
seawater was analyzed comprehensively. The results showed that there was an obvious reducing
effect on the residual nutriments in seawater of the Jiaozhou Bay wetland by cultivating P.

yezoensis. The contents of nitrogen, phosphorous and organic carbon as well as eutrophication
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index(ED in culturing area were all lower than those in the control area. Under experimental
conditions, P. yezoensis showed significant effectiveness on the uptake of nitrogen and phos-
phorous as well as reduction of eutrophication level. The decrease of content of dissolved inor-
ganic nitrogen(DIN) was 17.15% ~21. 26 % at the various experimental cycles and that of dis-
solved inorganic phosphorous(DIP) was 55. 73% ~61. 12% ,indicating that the uptake amount
of DIP by P. yezoensis leafy thalli growth was obviously higher than that of DIN, In addition,
the eutrophication level of water decreased from medium eutrophic with EI of 2. 211~2.592 to
oligotrophic with EI of 0. 749~0. 873 and the decrease rate of EI was 63.32% ~69. 39%. Ac-
cording to the natural environmental conditions of Jiaozhou Bay wetland, by cultivating seaweeds
on a large-scale , the nutritional elements such as nitrogen, phosphorous and carbon can be re-
moved in quantity and meanwhile the eutrophication level of seawater can be reduced efficiently.
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Fig. 1 Studied area and sampling locations of water in P. yezoensis culturing region
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Fig. 2 Experiment on the uptake of nutritional elements by P. yezoensis



513 R RV 45 < 2% AT 58 300 MG M 3 b VR o SR AR O B AR W 1B S SR 97

SR 2010 4 11 H 5 H~11 A 29 H W FREEmtE S 24 d. 5256 3 (8] 4 H P e B0 5 52 56 T o9 1
KRR BE | R BE L A EURT pHfHL KRR S B 3. 98 ~7.01°C L, R By 30. 12~30. 15, ¥ R4l 7. 95~
8.43,pH Jy 7.87~7.91,

SE 6 T 4y R 2 SRS 4 31T 45 S 00 T P9 1Y) 5 SR R AT AR
THA SR E K (SGR) -

(R 0.01 g AMRIEFREZR A LT A5

il

Wz -
w,

P W W, 4303 Sy S50 T I 45 TR Y 28 SR B TR ()

ST, A ST A SO A4 KR (SGR) 22 F 80/, SGR 254k Jg 29. 28 % ~30. 09 % . SF-21{H Hy 29. 71%.,

S TFHA FIZE FCI 43 5] SR 4 2 SR i HEAT 4 40 b A EURT AR A0 S BRI E L RVEUIN SE SR I R R A R Ak
WL (REZ S 20000, BT AR A Cary 50 A48 4017 UL 435656 BE 1. 7 i 10 AR S b o i 22 07 3. 3205
SV 22 SR H GB/T 5009. 87-2003¢ £ i rf 8 1 I 2 ) v 14 43 06 56 B vk Crpr e IR 3 T ) 1048 3 R v [ | R A
MEALE B G4 2003) K th IR Ky 2 pg, BT HIAXAR 0 7230G B4 JOLRE T
1.2.2.3  S2UGHCHE 1Y br o A b 31

FH T 45 S 00 41 48 5 A5 1 T AR AN [R]  JG 1 x S G 36.25° ' ' '
SR IEAT HAR IO I e i B A SE g & A *x
KA DIN . DIP Ml EI {5 1) F M08 B . 9% 5
Pr¥ B m” SR M A4 T Kb DIN.DIP 1 EI
1B BT B W B8 3 5 T 53 T — 1> 4 7K ] 1 4% 30 48 A 1)
2R B IR
1.2.3 IMBRAAKKEREZFAEHT

SGR=[ W‘]><1oo%

36.20°

[ ]
F CID73 415
CJ.D41 G Hongdao Island
L]
CID43.H B
CID43,1 i

36.15°
(]
CIDl

A DX 3k Sy g P S SR Y J ) YT B A DL e 0\&“’*
S IR (R 3) 4B 18 AT A S B R R 56100 e i
I BE 9 A (A~G) , WA AF X B 9 4~ (CJD11~13,

CIDA1~43,CIDT1~73) , 7K 4 Az 5 2 38 98 45 45 A £ : : : :
A CTND FABE (TP 25, TN I 5 5% FH B 3 i 120.10°  120.15°  120.20°  120.25°E
BB F i SO SR RE IR CRURIRBERG R 19890y g s o 038 2 B 20 A
KBRS~ 0. 05 mg/L, it AL AR A Cary 50 #Y 48 4h-n] Fig.3 Surveyed area and sampling locations of water
LA Y66 B T TP I 5 R FH 0 R 4 43 D6 6 B vk (I K samples for determining nutritional elements
WEARP R 1989) K i B~ 0. 01 mg/L, ff FAL#% in the Jiaozhou Bay wetland

o 7230G BGpJEICEETE . P AR ] 2 5 0 2009 4R 2.4.6.8.10 AT 12 A L3t 6 MK,

2 HR

2.1 FBEFFEINRMEEMBKPEFERERNFIZER

GG PH T P J5 5 S 57 L IX A VAN K BRG] Ay 5 BT 45 SR AR L 4 U A B 1) 5% SR R XA B SR R
A ALK 5 L KOK S FR IR B ED BAR T A R IX (B 4D, 2 80 22 5 W 25 PEAG 56, 4 VRO 2 30 18] 77 58 X
SHHEIX DIN F1 TOC ¥ & B LR FHEE R (P>0.05, Gl & df=n, —1+n, —1=28);2010 4E 10 A 15
H 8 25 1], 95 6 IXORT6E B IX DIP S35 % 8 RS SR 48 B0 T8 W 1k 22 5, A 3 i A 1) DIP %) & &
S SRR B ME WA e B PE 22 7 (P<T0. 05,df=28) . 5 4h, 530 F7 5 IX K A V5 fidk A8 75 ot W6 oo 1 6 BRI, 177 4%
KFRFE XA A COD L pH KL ER BE SR HE A5 0 22 R L /N (SR 2) . BOAR SRS FR Al T WOK (R NP C S5 AR TR 22
2 M0 L AT 0 A% 0 K E G AR AR B AELDR S NV 2R SR SR A AR /) o B AR R K B I /ERTE NLPLC 4
A YR ZR VR R AN T M D 7 )55 R A X, 3 B A X RN R DR LB IR SR A R R S B R R ER



98 ok B B R 5% 33 &

9 . 2.
030 FX Culturing area s 30 AR C " o3FAX Culturing area m#F#H KX Culturing area
~ 0.28 QA Contolares = 28 R Pt ~ § QUBE Controlarea 20} m K Control ares
a 0. o 3
% 0.26 H 26 6 . 1.8
o
< 024 = 24 =2 el 2
5 » ,
g 0.22 X2 e g 1.4
0.20 % 20 - 1.2
0‘181010710—15 2010-11-10 2010-12-12 2010-12-29 18 2010-10-15 2010-11-10 2010-12-12 2010-12-29 0 2010-10-15  2010-11-10 2010-12-12 2010-12-29 10 2010-10-15 2010-11-10 2010-12-12 2010-12-29
JA2E H ) Survey date A7 H 3 Survey date A2 03 Survey date P2 H 3 Survey date

4 F7FE DX IR XK (AR o JE AL 2 0% P Tl 1 5k R0 A AL B & 4 DL ROK S 3R 48 B (ED Y 2 5%
Fig. 4 Content difference of DIN , DIP,TOC and EI value between P. yezoensis culturing area and control area

®2 FERMMNBXUZFFEE(COD)MAKISHNESR

Table 2 Differences of COD and hydrological factors between culturing area of P. yezoensis and control area

JE A H KI5 Fr Water environmental indices
X 18 Area
Survey date COD(mg/L) TCC) S DO(mg/L) pH
2010-10-15 F£4i X Culturing area 1.12+0.02 15.12-+0. 04 30.3140.02 6.484+0. 25 7.78+0.01
X} B X Control area 1.15+0. 04 15.13+0.05 30.29+0. 04 6.51+0.37 7.7740.03
2010-11-10 F25 X Culturing area 1.0840.02 5.724+0.02 30.43+0.02 6.78+0.31 7.81+0.02
Xt B X Control area 1.1040.03 5.74+0.04 30.41+0.05 6.51+0.46 7.79+0.04
2010-12-12 F#5H X Culturing area 1.214+0.03 3.67+0.01 31.0240.03 8.74+0.55 7.78+0.02
%} B# [X. Control area 1.2540. 04 3.70+0.03 30.98+0.06 8.52+0.76 7.75+0.06
2010-12-29 #2518 X Culturing area 1.09+0.03 1.5240.01 31.14+0. 04 8.95+0.43 7.8140.03
%} i X Control area 1.1240.04 1.5440.02 31.12+0.06 8.78+0.72 7.77+0.07

SRBEEE S 7 FE W 18] L B B R (R 4R , 340 X/ 6] BE X R AR b TE ML IS P R R A Lak & L E R R T
— AR, A (AT B SR D R 10
A 15 B JCHLE 0 PR R 3 AT LA % i 3Ok B
1o » 1 BH 5% S % B T % A DXCRT 6 IR XK M NP L C 46
A YRR AR B X 5 oy A fa s 58 S 3R A B IR L SR E
X /XX WA SR 11 A 10 H&fK.12 H 12
HkzZ.12 H 29 HiEm: G Skl 11 A
10 Hiem.12 1 29 HikRzZ .12 A 12 H &A% A PLik
FEELIT A 10 HigE.12 A 29 Hkz .12 A 12
HE AR 5) o FHIGT] DL, SR B 58 S8 22 R IR (55 2
HZ 11 A 10 H B8 3 2R J5 191 5238 i AR 7 01010115 2010-11-10 2010-12-12 2010-12-29
K511 10 H LS 39 54 R 440 DLl &0 32, 4R J5 H 43 Survey date
A LR IS8 Sy o 2 R R bR R T s 1 TR i T B
k. 12 7 29 HAf)5 . TAKIEBER 1.5CEL &

B DIN
8DIP
oTOC

& It Content ratio (%)

5 FRBH X0 R X TEAL A I B R £h A
A B AR AL

b2 H]
SR 5 2 5 11 R A Y A Fig.5 Variation of content ratio of DIN , DIP and
TOC between P. yezoensis culturing
2.2 EHEARKXMAMEPFNPAEBREZHNREIR area and control area

2.2.1 4mEESXEPEIAPFEHILE
BRSBTS R RN (58 3), 5256 T 4f AN 45 ORI A 28 SRR b A EUR B Y A
A ARAR /N T A5 Y 0 SR e S rh B K Bl 83,26 %



513 R RV 45 < 2% AT 58 300 MG M 3 b VR o SR AR O B AR W 1B S SR 99

2.2.2 SHRMNEKFERIEARE R

T H o LA F3 ERARFRAMEBNEE
ST LB, S K NP Table 3 Contents of TN, TP in tissue of P. yezoensis
BRIk B S8 K ik A 9 Date 2010-11-05 2010-11-29
i JE R B R R M IE S 17, 15% ~ BRC TN s/ mowe) 0. 645 0. 637
21.26 % 15 PEBE R £h & B R [ B R M TP(% ,m/m, wet) 0.063 0.061

55.73% ~61.12% (F 4>, ik a WL,
58 SR PR AR A R B ) R WA P B
X R I . 5 A 45 oK JE 0 S 0R
MK SR ECED M T W, El

R4 TRPEXNE.EEBBREMEFRERLNERE

Table 4 Decreasing rate of DIN , DIP content and EI value during experiment

M 2.211 ~ 2.592 & & 0.749 ~ 5248 J& 1 [%1E Decreasing rate (%)

0. 873, &A% IR & 2 63. 32% ~ 69.39% Experiment cycle 0~6d 6~12d 12~18d 18~24d

(2 4) UG AT 9 Al 25 0y o DIN 21.2640.52  19.4540.41  18.1240.37  17.157+0.26

KRB BT, AN ER DN DIP 61.124+2.96  59.43+2.65 58.07+2.44 55.73+2.17
EI 69.394+3.51  67.3243.34  65.67+3.01  63.32+2.81

K g . A [/ 46 K JE 393 89 DIN.DIP,ET
A% M 32 A A AR S P 22 5 (P<20. 01,
FO B df=n—1=8), 32 2 i F 2 S 46 10 A /KGR B A OKRL iy 7. 01°C B 22 3. 98°CH7E— i R B B S2 R T 56301
AR I TR R AR R SR ER R Ol

i LTI L 4% D58 S A R I X RE A PP NP B IR ACSOR A 2 I 3 T R AR K B SRR O
FeAR I PR AE S A

3 it

LR B BIE AN 23 B 4 R R L R A SR AN B IR AL A T K A 8 AR W .l AR K B R SR AL
Sl KRB 5 K AL g L T AT ROUR O SR AR

H T LRSS - DI T g RS 1 A T 7 g T o A R A ) S L of R S R N 9
MK s BB ERAR .

3.1 GEMIREEE &Y &R HY 0 I A0 A RE

T A5 | 2% B 25 5 TN Ay 45 R T Vg 8 AR 1 24 B A A R85 % B V8 B8 R AR BE A DR DR N VS 1 b
B IR AL IR B K R — N T 2 m, BRI PR (— B AE 2~6 m) , K TR BRI AL AR 119 3% 51 22K, 0T
N AR R e M VS Y M BR B (48 R A ) L

T 55 WA B — M Ry 20~50 em, Hofd& A KK JZ K 0. 5~1. 0 m, K 3 m DN WAEA A7 . A KGR
FEIAE)  7E 12~26°C By 7K IR 00T AR K 38 BRI 18~22°C, ARGl 23~32. 78 6~34 i [#
WA I, &8 AW KE AR SRS & F W W 0% 0 N, s | T e e my AR K
Bk B 2002;%F 5% 2009),

SRV FEWMKE — Ry 30~50 em, i HAEKWEEE VR GE A —EXR.VERZYESEFEEMN
T 1B) s BV L AR K I R KR 3~ 15°C L 7R 0. 5~ 18°C /KR T ¥ aeA K. HEEHuE R ¥ 13~33
MK T AT A, SRS AR R T A3 Ry IR A I 22 R AR T A B B 3 T DL 1 58 5 BT IR A L bR A R R R 56
KR FRIA T B oAb T B B B B 9 58S 22 R 22 R R U BB AR B I B RK S R BROR B R e A
T W R R R R AR EBOR VA VRN N A . ARBE 58S MR AR IS BRI BRAIR, 7 0. 5~18°C#y
e K, BIEKIR A 3~8°C(FE K% 2005),

A AR AR K 0 e 2058 3 B 7= M AE 1L R A8 RN AR T R I O T B T 0 £ SR . BRI AR B R
FEE O A I EE (X H A 2007) AR RARGL R4, - i RUE A0 st = . 5 IR AR AR TR RN AR



100 wwolk B 3 R %33 %

A I VEHEAT HEAE AT UL P VS 0 e R A U SR TR IR L R EE L IR A R E A% R X T A e 2SR N
25 PSS 7 B BEOR DR M i T 205 A 2% DR 5 SR D iS¢ M T2 0 M 3 R A T K B9 18 52 LR W i

3.2 RMERBMEEFRNBKNENEERLK

3.2.1 KA HEERXAMEX ' ' : .

S B O SR B 5 A M TR T R 025 ‘% [
T B R A 7 98 2 T A0S R 2% BRE 535 2

FETH DX RN 7 5 AR < 5 B 5% B 25 SR N Mg 36.20° -
WU SR FH A A BT 3 B K TR AVE % W) Jot 55 2% A L 3
BS99 BEL AL 0 2 8 D680 140 7K 56 4 0 4 O . I
ETT 0 TE LW L T R M A i A S L SR
DB Sy v AR R K BRI T 6 me B VR TR X : g
(Pl 6) 3% FEHBULE 0. 667 J7 hm® Jif . S Jiaozhou Bay

FRHE I« 25 2 RS MV I M R SR AL ®
KR A5 IR BRBE A5 1 1 H B A2 AR A 5 LA B g 36.05° . T . .
S A B A 1 102 25 S R TR A E 120.10° 120.15° 120.20° 120.25° 120.30°
AR 11 A BB 3 A LRI IRV R AR R A P 6 Jie PH V53 M o 7 % A U AR T 2 7 X
Fh—4BF 54 H ~10 A W& R TEE Fig. 6 The regions suitable for culturing seaweeds
P B S T TR RE A BE K PR S R —— T 2 in the eutrophic sea waters of Jiaozhou Bay wetland
K’

fe BRI AR - 5 B R R BE R SRR SRR (X HSE 2007 A R ARG IR EE R (AR A

2002) HRILE 45 A B , S0 it v 2 1 Sk B 3R A
3.2.2 #REFRBAIRNERIT TRALEKG EWIEE R

SR JFH g 8 1 8 2 it B 7 A X T A 00 M ) Y I e Ve B A R AR L B T ) A 1 R R
3.2.2. 1 ZRBEEZERIEMEX KM R NLP.C Y AR A

ZBE AR P — o 900~1 000 kg/hm* (F ) (BKFEBFEE  2005) ,4% 950 kg/hm® (F H) i1 ; MR 4
FHEE AT 0. 15~0. 20(FEIHE L 2010) ,4% 0. 175 -, #e Bl fif 5277 & 5 428kg/hm*, AR 518 1 0. 667
T3 hm® PR ARAR B RN 362X 107 kg, MRS SE S0 B LB IG  543 5 0.6200.,0. 062,270 (g
2003) , JE BL T AT Y, 2R B SRR S » A A DA I V5 Y b vl 3 RS o Rl LR R R A IO 224, 44,2172,
977.40 t(F£ 5),

T 3T R — A 22, 5¢/hm? %5 RMERMERMRMALHERKIESR N P.CHEBE
. ﬁUJ:UM‘ £ 2002) E#&i% 2 ﬁ Table 5 Removal of TN, TP and TOC in seawater by culturing

P. yezoensis and Gracilaria lemanei formis in the Jiaozhou Bay

22.5t/hm* « FE4154, HiP= & o0 45t/ hm?

(FD; A TR E R AT 0.08~ o i%ﬁMmeWWﬂ
0.1006k B 2002).4% 0.09 . #% ™ w ToC
W 4 3% 6 3 7 5 o 500t/hm’ . FEdk S BE43K P, yezoensis 224. 44 21.72 977. 40
BETRL 0. 667 7 hm? 85, 45 4F 24 = 5 WA G. lemanei formis 8 332.50 99. 99 83 325. 00
g 33.33X10° t, Jo ISR e SE A B LB A1t Total 8 556. 94 121.71 84 302. 40

) & 4 Bk 0.25%,0.003%.2.5%
(B 5055 2003) , 45 M6 3T 345t e 200 SR W3R T B A1 DA JRE M 18 38l b YA b B o 2R B L e Y B = 40
8 332.5.99.99.83 325 t(£ 5),

B SEAIE RMUAR S5 o B T A ARSI T 0 1 T Sl b A% i 20 B ik 1 B 5 400 o 8 556. 94,121, 71,
84 302.40 t(F 5),



513 R RV A5 < 2% AT 5 0 M N 4 9 M VR R SR AR OO Y R W8 SR 101

3.2.2.2  JRONIE IR KR T NP A

A A RO G 45 R s P T R Y [ A DK A TN TP & i 4R (A 4300 R 1. 201 | 0. 048 mg/
Lo JBEH V5 1 2t Vi 38008 A 200 ke 2247 @ WS- YK R R 2 m 2247 #1200 km® (K VR 2 m AR,
S M1 VS 1 b 3 I K AR TP S 19 TN A TP S 4 5y 46 118.4, 1 459.2 ¢,
3.2.2.3  RRBEE SR

Tl 25 BRI 45 B 28 SRR A0S WSO AR S5 o B AT DTS5 b B 0 2Rl o R A R M VS O it YA S K AR
TN F TP & & 1 Bl 43 518 18.55 %.8. 34 U6, /KB E FR 5 B (ED (AR MK 25. 29 % ET{H i 2. 67 f& &
L92, K E EFRMER MM EEEREEVREEER". BT W, R 4 BE 5 5 e 20058 458 =X 57 JE B
=L AT K BB i NLPLCL A R AR K B 8 321k K.

T3 AN FRTE B WOR L T TR O TR A S S AT B B R B R AN B T B FEAE TS e Bl
MU FRBE Y )R, DRI 4% B 2R SR 20 S S B IR AL K BEAR A 8 52 A L R R R S AT B TR AL X 1
Y E IREE 2T R Sk AR AR AR L R AT

£ % X WM

EEF LA LA 2005, KB ERELSEKFHAG T EWBEEER. PEKZR%,12(2): 225~231

rhAe R A AR R T B R AR A P L4y, 2003, P BRI A (GB/T 5009. 87-2003). db gt . v B A ofi Rk

r A IR T ) 5505 e M R 8 A % S R R R R oA AL R B 4x. 2007, PR MBS (GB 17378-2007). AL 5T AR AR
rh A R LA FREE OR3P 0. 2008, GV S PR BT M I AR (HT 442-2008). U5 IR BERL 2 Hh At

Mize By, b, BFE. 2006, UL T T A SRR K WSS, MK IF5E . 27(4) :36~43

DI WE T RO AR BREOUL . TR BRIUME. 2005, eSS B SRR AEYE R, AR 25(11):3 044~3 051
X, B AR, 2007, B RP AR BESE SR ISR PR, SR A, 24(12) 1 18~19

LT AT MGG T S0, 2009, ROBE SRR 0 AR A ARAE. KRR, 28(2) 1 109~112

B CL SRR A L S L SRR R, 2005, ¥ U I IX 3R A 00 A BE SR SR R IR B Y. RS R, 25(5) 1534 ~542

a3 4x, BRI X R, 2001, T AKAE BRI M A S PR AR AR . 12(5) 1 754~T756

W0, BB A0, 2003, KAV BN R SRAL G K SR X AL W RIS SR . T B TR R4 . 33(1) 153 ~57

RHEEZE B, TR 2000, 56 R AU OGO BE A I A A AL ARG 30k 4 . 36(4) 1166 ~167

Al B S8 M JH FD, Ex i, 2008, AR K eh  FSHEE L w B . W AR, 19(3) :481~486
e SR AR, 2008, FBE SRS R Mk B AL BRI T 32 MR R AT, KRR, 27(12) :655~657

ke FE BT ] B RS L BRI C LI . A o M lE. 2005, AR BESE S IRAE XN X P AL R E S . TR AR 5 HEOR 28(4) 44~45
AR, 2009, R FH J 2005 AR B 1 S0 K T LB I 2B E A . AR K PR L 4:39~43

MR 2002, ARG FRE AR, Bl m.8:18

E R AEEAY R, 1989, KT B M2 B 1 2ok B I 440 T it 48 41 43 6 6 B 1) (GB/'T 11894-1989). db3T .« v [ SR BT B2 Hh At
ERZAZARY 7. 1989, COKBT B @RI E AR5 /3L ) (GB/T 11893-1989). dbat . b [ FRHEBF 2% i ittt

HRICRE N 2= SR AR L il e B, SH AR, 2007, TR 2B b B K 35 GE K K W12 BE O . TR OK PERF S, 28(2):23~27

AR R4 4. 2001, (R AEZS RGBT — B IR ) AR, AR S AR, 12(1) 1 145~150

HOEESC. 2010, AR BESE 4 U HOR B o 0k JR . SRR AR B4 L 11343 ~345



