1958

1.7%

[10-11]

19

Cr

HatigsE REPOATS

M, ReW, KeR, 2, F %

, 266071)

BE: RAEEESMHKIFT 10 HFNEEFH Fo CI. SO . POy . NO; . ITFAMMASE T
ARHAE, AMFIRFTENE FARE BRIREG MG XL, SRRN, T2ANRETFLEAL S4B
Ao Tadtud BAAESEMER BEREKENONRESE &M, ZRFOAYHR, &
B EAGH S ET CI'E TAAREZFN(=0.681), L AR PO, 5 IAA POy 5 CI; &% 1
&R F. SO, 2 NO; kR K, £R4 2 EER PO, . Cl AT Takibd K, HEP A B TR
%A T HBEKTZAEFLEH A MM X GT AN, ek #EFRERNEXZHLKRT 0.9, 3
ARG RLBEKT WL BELNARG T EBH EWAIRE, ARELFERBEER T AIIELEL
FEART A BT AL E WA F IR T ZINE.

KR RA BT ks AR

hESZES: Q178.1+12, Q142.9 XHEkFRIRAD: A X EHS: 1000-3096(2012)09-0075-07

b 9 6 b
> , 72 h ,
10%!, 86.9%, 82.0%
[2] [15] ,
CI SOy POy NoO; I , 10 d ,
[3] 5
[4]
Young 6]
F [17] [18]
SO;  NO; P : » ;
[3] [7]
10 , F CI' SO
2 3_ B 3
, 0.03% Vincent!® POy NO; I )
[91 22 ,
262.2  252.9 mg/kg R
> N P
> :2011-11-10; :2012-01-12
N P , : (yg2010020)
(1983-), , ,
[12-13] ’ [14] , E-mail: quancaipeng@163.com;

, E-mail: jmsong@qdio.ac.cn
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1 M85 *® : 1
(5117 B oX =
L1 SREbt 5 AR F CI SO PO NO; I
o ; ( )
> Burdick & Jackson ); ( , Merck
); ( ;
10 y o« : );
( ) ( , );
( ) ( Na,COs3 ( > )
) ; 10 (18.25 MQ - cm)
*1 LUABERBEASEXFNE
Tab.1 Names, codes and taxonomy of the experimental seaweeds
1 Ulva pertusa Kjellm 01
2 Enteromorpha linza 02
3 Bryopsis plumosa Ag. 03
4 Enteromorpha prolifera 04
5 Sargassum thunbergii Okam. 05
6 Laminaria japonica Aresch 06
7 Undaria pinnatifida Sur. 07
8 Sargassum enerve Ag. 08
9 Chondrus Stackhouse 09
10 Porphyra haitanensis 10
12 BRBELHEE ’ ’
Agilent 7890 Agilent ECD 30 min, 100 m ’
t ; t
grient > Asel , | mL, 50  ,  022pm
( EPC); Agilent 7683B ; Agilent C18
; DB-5 (30 m x0.25 mm x0.25 pum); FW80 ’ ’
(30m mm um) 2 mL : 10 mL , 0.22 pm
( ); C18 ;
BUCHI (R-3 ); Aquapro ’
: 4.5 mmol/L Na,CO;
(AML-0502-U); KQ-400KDE
0.8 mmol/L NaHCO; ;
( ); JY92-11 .
( ) 30 mmol/L ; : 1.0 mL/min;
’ :20 uL
(FD-1A-50); (HSC-12B); Eppendorf - ] 21]
(100-1000 pL); ( Mettler Toledo , '
0.5g ( 0.0001g) 100 mL
0.1 mg);
R 0.5 80 mL
(DHG-9053A ); ICS-90 ( ); 60°C
IonPacAS14A ; AMMS300 ; DS5 ’ , ’ ’
30 min, , 219 g/L
106 g/L SmL, s
13 ZFik , 10 min, 50 mL
F CI' SO poi— NO; . 150 mL , 2.5 mol/L
[20] 0.1 mL, 0.05% 1.0 mL, R
0.5g( 0.0001g) 150mL  O.lmL ; 10 min, 20 mL
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3, , s 3 4 ( 3
R , 1.0 mL, 0.20 pm , 0.009, 0.05,
> 3
: DB-5 (30 mx0.25 LSD ( 4 .2 0 1
mmx0.25 um), 1.0 mL/min; 1 60C
2 min, 5 °‘C/min 2207C, 15
min; : ; , 10:1; o R2 10MERELVEBEFREE
200°C: ECD :300°C; - 1.0 uL Tab. 2 Anion compositions of seaweeds
(mg/g)
14 AAABTFHETIHREZE 26.32 0
, 58.71 0
SPSS i 59.92 0
SPSS16.0 27.55 0
74.28 2
2 EERE5AMN 150.16 2
21 10##ERET AR ETE R o )
10 2 25.89 1
(Tion) , 150.16 mg/g; 20.35 1
, 20.35 mg/g
43 12 #=3 HEShE
Tab.3 ANOVA
104.78  23.12 mg/g 10
) i F
10 30 2), 11738.627 2 5869.313 9.830  0.009
, (One-way ANOVA), 4179.668 7 597.095
Homogeneity of variance test , 15918.294 9
%4 LSDZER
Tab. 4 LSD Multiple Comparisons
M 1 @ 2 (1-3) P
LSD
0 1 20.00500 21.16179 0.376 -30.0347 70.0447
2 —61.66000" 17.27853 0.009 -102.5172 -20.8028
1 0 —20.00500 21.16179 0.376 —70.0447 30.0347
2 ~81.66500" 21.16179 0.006 -131.7047 -31.6253
2 0 61.66000" 17.27853 0.009 20.8028 102.5172
1 81.66500" 21.16179 0.006 31.6253 131.7047
: Tion; *. 0.05
2.2 MW B TFHERN S AL M (r=0.681), POy I
10 5 o (r=0.620); PO} CI(r=0.603)
10
10 : 2 1(PC1 =
, 3.150, PC2 =1.283) s
( 6) ,Cl T 73.887%, 2
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; 52.499%, ( 1) 10
21.388%, F- SO; NOj 1 )
; POy CI T 2 ,
x5 10MEELNIESES FHILERK
Tab.5 Anion compositions of seaweeds
(mg/kg)
F~ cr PO;” SO%” NO; I
1 196.95 12975.03 66.28 11930.32 1147.88 4.10
2 344.87 15356.46 1042.31 41442.55 525.70 0.89
3 96.00 50588.14 116.22 2339.44 4120.57 2656.00
4 214.13 10793.96 — 14771.58 1755.62 17.41
5 118.27 30924.28 2530.42 40582.21 116.74 8.73
6 36.47 127779.80 9816.19 4689.67 4216.74 3616.73
7 72.64 77876.41 1680.58 7659.09 7382.82 2.98
8 93.12 92246.24 309.72 5415.89 1544.89 423.82
9 — 13853.91 1127.11 5400.78 5499.99 6.26
10 342.59 15853.82 3867.98 282.88 — 1.73
®6 SETEEXRY
Tab. 6 Correlation coefficients of each anion
F cl PO} oy NO; I
F 1.000
Cl -0.559 1.000
POi' -0.184 0.603 1.000
SO, 0.353 —0.344 -0.152 1.000
NO; -0.718 0.435 0.114 -0.476 1.000
I —-0.411 0.681 0.620 -0.357 0.306 1.000
SO, , NO; )
2.00000
PO} 1 10 F SO} NOj
I
€I 1.00000 1 3 58 10 1 2 46 79
2 ,
PC 2 :
(21.388%) 0.00000 @ , PO; CI T
100000, Y 23 HEPEETHEKREMN LR
~2.00000 1

2.00000 —1.00000 0.00000 1.00000 2.00000

F  <PC1(52.499%)> NO;
SOz
1 10
Fig. 1 Principal Component Analysis for Classification of
10 samples
1 R 1 2 45 6 10
37 8 9 , F
78 /2012 /

BT A gk, dw)
JERAEKHIK L (mg/kg)

(AwFoRT B, SRR F2T75% 15D

(mean oceanic resi-

)

C

dence times, MORT, Tmor
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( g Fe
, 1gThmor(
A (dA/dt) 7),  lgFc-lgTvor , IgFc=
(2231 1ga +blgTyvor, 2
Tvor = A/(dA/dt) , 10 ,
) 1gFc lgTmor r 09( 2-1,
2-2, 2-3), 7 r 0.9,
N P )
, , lga b
F CI' SO T  3), r 0.9947

RT7T TEEBEPIRGERT(I9Fc) R EFHRYIEERE(I9Tvor)
Tab. 7 The mean oceanic residence times and enrichment factor in macroalgae

lgTMOR[ZZ]
F 1.55 1.79 1.23 1.58 1.32 0.81 1.11 1.22 0 1.79 5.7
CI -0.74 -0.62 -0.15 -0.82  -0.37 0.25 0.03 0.11 -0.72 -0.66 8
S0;~ 0.103 0.64 -0.60  0.20 0.63 -0.30  -0.09 -0.24 -0.24 -1.52 6.9
I 1.232 0.57 4.04 1.86 1.56 4.18 1.09 3.25 1.42 0.86 5.6
2 2 o1 2
15t °F 2-1 1.5 2-2 13 .l 2-3
Al 1 F
n 1
0.5 I
BOSt B S B S
0 : 2 4 6 \8 10 03
) 2 4 6 \8 10 05 lgx 1
05} & -1 ¢l ) 2 6 ¢ 10
Cl lgx .
=1 1ga=6.5331 5=0.9155 r=0.9847 15 194=7.9119 b= 1.1006 r=0.9962 =0.5 194=5.7467 b=—0.7571 r=0.9930
2
Fig. 2 The relationship between the concentration factors in benthic macroalgae and the mean oceanic residence time for the anions
2-1 ;2-2. ; 2-3.

2-1. Ulva pertusa Kjellm; 2-2. Sargassum thunbergii Okam; 2-3. Enteroorpha prolifera

? LSD
8 k
d / ’
6f Black ¥
Eﬂ 5t cc >
4t s
3 [ B
27 )
1} lga=mbtn, m=6.2309, n=0.9581, r=0.9947
% 02 04 06 08 1 12 , ) ,
b
3 3 lga b s 2 656.00 mg/kg,
Fig. 3 Relationship with 1ga and b in three seaweeds
s 32 HBEMBTHAEMFLA
3 W@ ek & T8 F A
,CIl T
31 HEAMPETFEALF -
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I—C
> [25]’
cl T PO, T CI
, ,Cl T
, POy
I Cr , Cl I
( D . 6
, 10
F SO; NO; 1 ,
2 POy CI T
, 1
2

33 HEMNWBRTHERAMFEGHN
Z A # % A
10 ,
r 0.9
b , r
lga

lga

0.994 7,

[3]

80 /2012

/

, 2 656.00 mg/kg,
10 , cr T
(r=0.681), PO, I(r=0.620)
PO;”  CI r=0.603),
10

, 2
1(PC1 = 3.150, PC2 =1.283) ,

1 F SO} NoOj; ,

2 POy CI' T
r 0.9; 5
, I

0.9947,
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Inorganic anion compositions of marine algae and the rela-
tionship with seawater environment
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(Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)
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Abstract: Compositions of inorganic anions in ten seaweeds were determined by chromatographic methods, and the
relationship with seawater environment was discussed. The result showed that brown algae were richer in inorganic
anions than others. There was a significant difference in the contents of inorganic anions in ten seaweeds. The
Brown algae and Bryopsis plumosa Ag., which contained high level of iodide, were good iodine sources. Ten strains
of marine algae were analyzed by multivariate statistic analysis and correlation coefficients analysis. The result
showed the chloride was closely related to iodide(r=0.681), the phosphate was related to chloride and iodide. The
factors that contributed to the PCA1 were fluoride, sulfate, and nitrate. The factors that contributed to the PCA2
were chloride, phosphate, and iodide. The statistic test of the logarithm of residence time and enrichment factor
showed that the related coefficient was greater than 0.9 in Ulva pertusa Kjellm, Sargassum thunbergii Okam. and
Enteromorpha prolifera. The results showed that the enrichment factor of anions in seaweeds had close relation
with the distribution of nonmetal elements in seawater. The research of nonmetal elements of seaweed in coastal
water can provide important information on the biogeochemical cycles.
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