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WmALiE T &, BERAnEs, B, SRIRERER

w7 BA Y Mgkt BNEY EXKR Y ABED
(1. i HERFR=S5hm%E  BiE 2013065

2. HFEDUKF=RLEI ST BE K TS AT R AR ARl AT R R R SR E H S 266071 ;

3. HEEERE S HEARR S BRI A S S EY - i B LnE HY 266071
4. FEARN K AR5 TR S 266109)

E s (Laminaria hyperborea) o T A T8 3% R Abigd, AREWEFRESNE, B E
RAREEERFERENAN L, AFRBL DR AEE AL R BE TN, PEREHTK, UK
MHAFELEETHEM, HAREMNBERMNFAELBENERES . £REF, DEEHN 9C~13T
B, HAEH RN, PR RS RE, £F 72h FEX P R ER LR T 95%~98%, A A A
BB HEH 96%, B AWRKEALN 42%, RWHL N, P AR EFNERIER . )Mt
A EEE 16833 meke, AR EANT AS S BELREZ 25, 20 EEK A EEH 55%
1 45%, AS’TALFE 6 d B AR AL B AR AT K N -0.92%/d, WAL A KT EE, A A
C& Wy R E X 15 mgkg, F 91%H CA™ AL FHEKEE, X 9%ty CE L TR A#, A4k
B H 5.78%/d, U E A AL A KA H L AL E S A PoYTEY R 320 mg/kg, H i 96.5%
B PO BRI TR AR, 3.5%8 PO LT AN, EAAKEEN 6.73%/d, kW PH AR
hEHHEK TR EY .

KR WAEW; BERt; BE; E4E; AUBA
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R, ST KR RN E 4 T e (] g oK B SRR AE 1) EEIE AR EA L i B ANE
H i, KA E R A%, BRAWI  PEek, Foh &R sl % Fe K M v v (W
R R E FRE NI IS A4 WM R s i 2%, 2003), A R0 KPR P ICHLAR Y = 247 7R 5,
e, AT ASREEERMMESELRNAE  HRS VYA, JoHLIE SRR K& 731
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(4, 2018; 784, 2008; Liu et al, 2016; Z={H
&5, 2013), XIFHEAF2001)BFFE T 41 VL S Eop AR Al
(Gracilari tenuistipitata var. liui). fL£12E(Ulva pertusa)
105 WA 95 (Grateloupia filicina) 76 A~ [\) i 5 F1 46 B T
XF e AR WO DG s BRI TSR (2011) BL e 2 R
(Gracilariopsis lemaneiformis) y#1£H, #FRIRE . Ot
PSR 85 I ROV BT e 2B S 0 e AL B W i i 52 el 7
T 8 X0 45 Tl 4 R e BRACR T, AR BIAE(2011)
FREAREE(2011)UESE 1 F & (Enteromorpha prolifera)
XTE 4B Cu, Cd. PoIA KBR&CR, FTHF&Cu
FIPO™ K (A M6 5 5 A S (2013 ) th R BT %
Cu. Cd. Ni. PbSEWA K LS. HIL, J+
KA T, AT RBRN. PEEE B 5% 5 At
HEEJE ST, X YR S SR E 48 15 e i
HAEES AR

W 4t ¥ #7 (Laminaria hyperborea) J& T # % 49
(Phaeophyceae) . i 77 H (Laminariales) . ¥ 47 F}
(Laminariaceae) . 77 J& (Laminaria), | {24 TR
PUVEARTCIEERL . BT 2E R Ry A i r ) Tl HH R0y
At T S5l e ) A S AL 2R P T (Kain, 1967,
1971; Bekkby et al, 2009). M b5 SRk, HEik
W4 23 Sy it (S IR S AR — 43 SO 30 1 i)
WA &%, AT 08 f KA — R0 1 2 1~3 mATl
1~2 m (Kain, 1971). K, 2424 AL #E 7] o H
e A AR AL RIS . P IR E B, TE4E 2
FEPE L M AEYME S S5 5 A EEAME, JCHJE AR
i, YerMz S TR % 4.6 pmol/m®s, i I 7E 4 IR
B K A KGR N FRZE, 2018), 41T, o E 7R
WV PR O S, 1R R B AL G 5, BT
I = v 37 WY Bt s B AIG, BB N T AR KR B
TR, FH T A BR i AR X 6 5 e RS AL Y T AR AR
AR AGEE 1 “AMAR . Z4RAE | WMD" 1) = KHE
ik, AR e T 3 0 O R R A AR AL Vg
oG, TN PIRISCRIR . Cd™ L AT
MIREST, PPN AR AR UG S TV T, i
A SIS AN O R IR S %

1 MBS
1.1 EEHH

5250 P BRI 6540 90 4 e A R
HEE A3 A ST K2 45-10 em, A
0 LT U T 0 A B8 I D
BeF M WE N 1 C~13°C . Jed AT R IR T

(Photosynthetically active radiation, PAR) & 40~
50 pmol/m’*s, JEEMIN 12 L : 12D, KIRMKL540E
KR AR, VB IR, B s SR ER(PO; -P:
0.4 mg/L, NO3-N: 4 mg/L),

1.2 SR AHE

1.2.1  #AHEFAIN, PHBOR SCIRTE] LIPS
AT, A BIHESC. 9°C . 13 CHILTC R R IESE,
BT A BV IN LS . PO -P (0.3 mg/L).
NO;5-N (3 mg/L). NH;-N (3 mg/L). (1.00+0.05) gfttk
eyt i, HAbSE IR LA A RS 40~
50 umol/(m*s), YeJEAWIN12 L : 12 D, HAREH3
AT, ERIFIRE S AITE0, 24, 48172 hIBUKAE
%7, {#fNitrate Test in Seawater (Spectroquant, 72 [E )il
EKFEHFAINO;-N, Ammonium Cell Test (Spectroquant,
75 [ ) 72 7K B 5P AUNH,-N |, Phosphate Test (Spectroquant,
7 [ ) A K RE R A POY P, I SE B4 i B 5 B S
11, RSB KRR B SRR E B i, B
T A3 = o I 0 7 R R VR B AR (W R o 5
Eh e B <A )

1.2.2 M sTAs™ . Cd* P & F a9 R I 3
BEWL I AR, — AR WA AR R T, — R ]
(9, B8 55R4 4 FEDTA(Z — e MU 2 1R)JE iUAE 52 11
255, I DAEE AR 3 18 A O B (FR S 4F, 2008); —
TR HE B R, — AT, T RiAELS, R
LU AN . ()RR (2.00£0.05) gh it
WA QA /NS 5T, KRS emx10 cm, BEHUY
MR AR R /N, eI E A BRI 1L
WK, WE13°C, 660 umol/m*s, AR %A3 mg/L,
BERRER0.3 mg/L. QX IEAIRNINE &R, AbERLL TR Ep
—HER/E T, 29ncd* 0.1 mg/L, Pb* 0.5 mg/L,
As’ 0.5 mg/L, R5FRIRH I 4 JE B Tk B LASE B s
hE, BAHRIANEL ., BRERPESRS TR
LR BT S Hi B DU SR TR K B5 ME(GB3097-1997) H 42 &
BRI 0R AR . Q)R AEGXZH BE
MG A P ET, S AERF0. 2. 4. 6 dJF, W
25 mliG KR A o SEARBUB KA ESG , RN HRT IR,
BTER TP fE—E (N 1 mg/L, P 0.1 mg/L)E 3
kLR SR . (B FR6 dIF, 2> BIEHE AL B
e, HZRIRAK PR3 o W M b A T K 4,
FREETE, 0 Z E R SUE, TS A I A
W6 dRAINT AR R, AR IR 2 B2 (B0
1 gl F)o HAP1557E0.1 mol/LEYEDTASNEL I
230 min, RN ESEE FHERM TR, K5
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FHZEMR K SO AL ok 08, PRI e Ak P B 4
JEETFE 8. HIN G ARLEEDTASNER B IZ i,
FHR I 2 SR 9 A0 EE 4 I B 1) i o B 2 A i g
G AR DA T, A SURTERSE, 60°C
24 hEl R A, E A S A R E
el Rk G Rl

FHRF A KR (RGR, %/d) R LR ARIE

RGR=[In(W,/W,)/t]x100%

K, Wo MEIGEAEEE, Wb td fFrEEE,
t A IFE], ASEE t Tl 6 do

IKFEHE 4 8 S R R AT US EPA 200.7:
2001, AR As (I E 2R A GB 5009.11-2014 25—
%, Cd* P> 3 HIR ] GB 5009.15-2014 . GB 5009.12-
2010 FLE 1 5 H I E .

1.3 #IFEAIE

KF SPSS 18.0 H4mG ik F b R K O 22
43 #H7(One-way ANOVA) . Duncan £ & 4, A P<0.05
Ve g 25, i Excel UL HIEE .

2 SLIGHER

ARBETHRILESEXT N, P BRI

W 1a Fros, B E 2 m dLE X P AR
e, Hr, 24h B 9°C. 13°C. 17CH M P
e B EKT 5C(P<0.05), H 13CHMP &EE

2.1

-N

FLT 9°C4(P<0.05), HAhzH To B & 1 2% 5 (P>0.05).
48h M 72h B 9°C, 13CHM P FREHMLT 5C. 17C
2H(P<0.05), H 17°CZH B ELT 5°C4(P<0.05), 9C .
13CHM P & RICEEMZR(P>0.05). KEEAMN
P & AE 48 Fl 72 h WG i 3 PE 25 5 (P>0.05), (HI 2
FET 0 F1 24 h(P<0.05). BARUL, AN 9°C~13C
B, ML X P IR ISCR S S, B8 T 95%~98%.

WE 16 s, [al—BES AR R A S =
WL 22 R (P> 0.05) 0 #5 i B A A [W] B[] A5 1) 43
Mres BT . WAL 5°CH 9°C T 4 IFJa] i 6] 447 '
FHMEZE R (P<0.05). JRETE 13°CHI17CHf, 0 h Bl
R/ o 8 B R T A 3 ANHE] S (P<0.05), 24 h
B & =T 72 h (P<0.05), HiAth & fay e i Stk R
(P>0.05) o Tk i XA A 1 vy WG MAC A i 260 TG S 2 Pk s i)
XTI, 9°C~13°CRHHIEHIREE, WOBCRAN 42%.

K 1c MRS SR . AR &0F F B b
SR T AR AT B o []— B AN [ B ] A ) 455 52
AR SRS A B PE 2 R (P<0.05). AR IR] SR
FEE R B M 45 R . 24 h B SCEEFR T AR
G EET 17°C(P<0.05), Hifth i 2 u) I & 2
5 (P>0.05). 48 h B 5C FEAA ST HEFH T HAb
3 MR (P<0.05), 72 h i 5°CHI 17 CAA S B
1 9°C . 13°C(P<0.05), HiAth TG & 3 1 22 57 (P>0.05).
9°C~13°C Ay b iy WS U 3 B, Wik
FNT 96%. LiAE 1o MK 1c AI%0, [R5 2544 T kAL
VR AL S R 2

ay

T~ 100 =100 - =

e a Ggloory % 3 1007 ¢

RS Z 2 23

& 80} w5 80 Z 8 80

5% c 2 52

E8 60r 28 60| 28 6o}

g 5 28 ) § g

8 S 2 8 5C 5 151

S ) SF Of e Sz 4

o E I E gL 13T wE |

i“a 20 %qa 201 —a-17C %‘g 20

rgr § 0 1 1 & é 0 L ! 1 L M :\.\Q/ 0 L 1

& 0 24 48 72 T 0 24 48 72 0 24 48 72
AA] Time/h BJ ] Time/h AFIA] Time/h

B ARRRE . ASEIE] R B R i) . AHIR (D) . AR ()R F i i

Fig.1 Percentage of phosphorus (a), nitrate nitrogen (b) and ammonia nitrogen (c) in

culture medium at different temperatures and different times

2.2 WBAiEEXS As®™. Ca*t. PbYESFHIR B

As* . Cd* . PO X b I A X A K R R
W 2 s, o, AT R AR VA A K A B A A
Fi i .35 (P<0.05), AbBE6 dJF, LI AR A=
B HF-0.92%/d, FTRHL TR R, Adbigd7e

0.46 mg/LIAS’ B FIR I P ABEIE H 4 £ . 0.06 mg/L
CA*"hbBH6 dJF, MALMEAT BRI AR K R A 5.78%/d,
B AR T BR417.59%/d(P<0.05), $EH], 1LCd* %
Jeigaty A KA B HIE A . b7 7£0.09 mg/L
14 P> 5 T R A AR X A K R R 6.73%/d, IRk B Y
Pb> VA R W AL AT 1) 2 K TG f 2 R L (P>0.05)
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Fig.2 Relative growth rate of L. hyperborea treated with
arsenic, cadmium and lead ions for 6 days

AR TFRF R ZERERE, TR
Different letters denoted significant differences.
The same as below

BRI AS™ S AN 3 BTk, Kl 3ah
B Ak, 0 h BERE SRR A R
EET 2 d(P<0.05), WALEHTTE 2 d X As” AT T

0.50
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n
oo
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'S
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KW AR
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medium/(mg-L™)
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038 F
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0.36 0 2 4
fitE] Time/d
& 3

WA E
Arsenic ions content of surface and

internal of L. hyperboreal/(mg-kg™)

BRI, KR B AS® R b v A R T —
E, 2 d JERCSCRAS .2 (P>0.05), 6B AL
X AT M IRCAE 2 d BRI . [ 3b Sk ASTEERR
Jb VAT A R A, AR R B A As™ R A
PRI R As™ 9 G B 3 22 5 (P>0.05), 430l i
AS IR S5%A 45%. WA R L E ) A
EWPARREIE R AR K, A  REXT A i E (F 2).

B FEmOAmEER cd s R LA 4 PR, A 4a
MBS A RAME, 0 h B SRR cdP e R
WERT 2. 46 d(P<0.05), HJ& 3 ANHHE & E G
Y225 (P>0.05), BEHTARAMEEAT X Cd™ Ay M7
2 d FZITIR A P& 4b SRR AR EE AR P AR Cd R R
orA, H, 91%M Cd i TR IARR M, 9% Cd™
VT A RS o W AL TR X Cd> B W B = 2 d
32 R 58 A Wy B S 1T A AE TR R A, Gl A
W SR N R P R ) AR AL (R SR 25 B 3 Il Az A
VAR B IE B AR K (P<0.05, & 2).

BE RO R P> S AR A 5 R, [ Sa
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Fig.3 The arsenic ions content in culture medium at different time and the arsenic ions content
of surface and internal of L. hyperborea after 6 days
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Fig.4 The cadmium ions content in culture medium at different time and the cadmium ions content
of surface and internal of L. hyperborea after 6 days
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Fig.5 The lead ions content in culture medium at different time and the lead ions content of surface
and internal of L. hyperborea after 6 days

FEFRUE POT AR L, P, 0 h EPREIRIE PO
B R T 6 d(P<0.05), HAth 4 i [A] £ 17] 0 B % M 22 5+
(P>0.05), UiPAM LN Po> B WA [/ T4 As™
A Cd” Bym e, HW G BRI, iR 2 d PR
PR AME . [ 5b S P> EAR b IR A
SYAAE DL, Hod, 96.5%H9 P> W B T R K i
3.5%I1 P {5 T M LA B4R I o KGRI Y PbY
TP A AR R T, ELTE S0 Y B P R o
FRaEFFSZE, 0.1 mg/L 1Y P 9 B8 X W L TR 0 A 1
RT3 (P>0.05, K 2).

o8N R
3 itig

N. P SRR AR IIOHENETRILE, ¥
M ¥ 5 1 AR K RO A FE 48 AR PR TS 3l (Lapointe,
1987), il Ji£ X Vi 8 07 02 45 ) B O & 1 A R
(BT, 2016; WRIREAFEE, 2016), ABFsE, #dt
AR N 9°C~13°CHE, X P 2 R R &L W
SR B s BRI EREF (20 18)WFFE T AS ) I Xk b
WA AR SO SRR R, IESIAE 9C~15C
AR IR 4 T B A AR R R SR R S T ok wdok
FEE(Fy/Fon) « 64 FIRIIT WA F 3 23R 2 2 i F HAth
AL, A#gEHr, A ERE S 9C~13CHf A
HEARM N, PEFRRIE, XBEH 9°C~15C Mt
VS B A K I B S R BV Rl . EAI A (201 DI
T 6 ORI ER UL N, PSR IAE S, i, H
A% T %35 (Mazzael la. japoni ca) X 1t P4 il 11 2, 20114 W i
e, 94 90.8%F1 98%, AWFST A, B IRE
T PRl PN W b T X T e Al A 2 2R 1 TR R 4y S
95%~98%F1 96%, Fifm T H AL i H XY R
R MR ELAR(42%), KT LA 2E(82%) Fll H A I

#(76.9%).

MR X Cd* L P AT E 4R B T B
MR, HASQOI0ESIEH X Cd® . Pb* 1
W Bt R AR 22 LAt i S W Bt 5], w7 T 4 s Ak K
TS . AT, B AL 2.4 FiT 6 d X 0.06 mg/L
CA* BRI 5 26.0% . 28.2%F1 30.5%; £ 2 d
DA G B R R e, MR B R, o R IR Y
85.2%, M5 W BT AR te , IR B LA D WAL
WA CATHEER N 15 mekg, HEFM CdEHE
SRATFEN AL BEAR R, 5 R B 91%.
0.1 mg/L Pb> ¥, MeAbIfEHs 2. 4 F1 6 d BRIk
AR 13.8%. 20.7%F1 31.0%, MRkl Factass ,
AT PO E B E N 320 me/kg, WEE SR PO E
B ATEBEARF M, BRI 96.5%. HED,
JedEH X Cd* R P> (1 & 4 5 B A0 i % 18 ) W
B, AT R, Cd* A P> XM A i A K A5
M5 /1N o W E A K 22 DU HLASAA A, JOHLASR i
B ABFEK R, MR Z LA B R 1B U A
(FEHEEE, 1997; Andreac et al, 1978). LHFEE£(2013)
F 5T 2, v T AEEL O R 1Y % X R I X
TCHLE Y E A4 91 0.20 Fi1 0.24 mg/kg, AR TAHF
AL X As™ & A2 5 (168.33 mg/kg), FHJEH
AT BE SR A B 5T o 0 1% 55 VRO U B e 1 T H AR XY
i B

2E FArd, At As N P B SRR A AR
WRE ST, 72 hXF P BRI EGAE] T 95%~98%, X
RMLCE R 96%, XS ER A IR ICR L R 42%,
1E—ERE ERH AT Cd*'. PO EAEE T, [
BF, Mdbigal ik BAT “Z4R4 L MR WL 1
FRIE, WITBRL “HECARART, DR A B R 3 g v
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Study on the Assimilation of Nitrogen and Phosphorus and
on the Sorption of Heavy Metals in Laminaria hyperborea
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(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture and Rural Affairs, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071;

4. College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109)

Abstract Laminaria hyperborea is an economically and ecologically important kelp. It can grow
lushly in the subtidal zone and from the seaweed forest, playing a significant ecological function. In this
study, the absorption rates of nitrogen and phosphorus of L. hyperborea was determined at different
temperatures (5°C, 9°C, 13°C, 17°C), as well as relative growth rate (RGR) and accumulation of selected
heavy metal ions (arsenic ions As’’, cadmium ions Cd*', lead ions Pb*"), aiming to evaluate whether
L. hyperborea is a potentially feasible candidate species for marine bioremediation. The main results are
as follows: (1) the experimental specimens illustrated maximum absorption rates of nitrogen and
phosphorus at 9°C~13°C after 72 h. The maximum absorption rates of phosphorus, ammonia nitrogen and
nitrogen nitrate were 95%~98%, 96% and 42% respectively, indicating that the removal of nitrogen nitrate,
ammonia nitrogen, and phosphorus by L. hyperborea from seawater is significant. (2) The total arsenic
ions content accumulated in the L. hyperborea was 168.33 mg/kg, there was no significant difference
between the surface (55%) and inner (45%) of the algae; the relative growth rate was —0.92%/d when
L. hyperborea were treated with arsenic ions for 6 days. The total cadmium ions content accumulated in
L. hyperborea was 15 mg/kg, and the surface content (91%) was significantly higher compared to the
inner content (9%); the relative growth rate of those individuals who were treated with Cd*" enriched
solution for 6 days was 5.78%/d (lower than the control). The total lead ion content accumulated in the
L. hyperborea was 320 mg/kg. The surface concentration (96.5%) was significantly higher compared to
that of the inner concentration (3.5%) of the algae; the relative growth rate of those individuals who were
treated in Pb”>" enriched solution for 6 days was 6.73%/d, which had no significant difference with control
condition. The results suggested L. hyperborea could be an ideal candidate in marine bioremediation.
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