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1.1 #RRFEsE

S BU PG R i B WV A LA A B, R
ARIFE] Sy 2014 4F 5 A AR PRAEHE 0], )5 AE b
TR R PRI R E AT UG R . IR, ok
A B A0 fif i A DD I e B [ (2 £0. 1 ) em ]
JASEAT VSE BEFRI S L HEIE I h 2E47 A [
BTSSR, W B UG 55 AR R B 20 °C L3
Ji£ 30, JERHERE 60 pwmol/ (m® - s) G EEIY 12
L:12 D, 85, el A b Bife 3 d /s 1
K VSE B389, O HARRR 6 d 4 1 YO iy T =
EoK . SEEOET 2 R SR, LSRR .
1.2 SEINgit

SEEGIN ERE 50 mL )Y 7 B T A, A
B B 1) T TR KRN SE B RTRC i 1 VSE By IR, I
SrIFRI(0. 125 £0.01) g (FWIEG SRR E W, 24
BREmEART 2.5 o/LAE KRBT BEL) K
3 1) i R AR % T L 38 v FE DU R T i
Trsge GNP R 3 d 5, BT R L (848 K s
TR, TR A A ) s el 0 B ) 0 % B, D 72
h N IR DIC B2 & pH A2 A1 00 , o
EN LSRG T

RSB B 10,1520 .25 .30 C 3L 5 A
JE G RREREE N 60 pmol/ (m” -+ s) 5 S REGR HE SLHG
#EE 20.60.100.,200,300 wmol/ (m* - s) 4k 5 4~
BBIE IR 20 Cs S0 W& SL & 4 A
[ NP /K415, Bl i) E 2K T B 7K (NaNO; 3%
2519 wmol/L,NaH, PO, ¥k EZ) 1.3 wmol/L) H1
INASTR) e B2 B0 RO 0, el L 22 B 4 gk B2
=& W (HNP) « % /i1 500 wmol/L NaNO, #1 30
pwmol/L NaH, PO, s B AE#E(HNLP) .500 pmol/L
NaNO, ;{K % 5 #% (LNHP) .30 wmol/L NaH,PO,;
R (LNP) : AN fin NaNO, 1 NaH, PO, , )t 5%
BE% 60 wmol/ (m + 8) JRIEH 20 °C 5o it
B DLFE IS, BARE 3 AEA L
B LR SR 6 h(L) (12 h(L) .24 h(12 L:12

http: //www. shhydxxb. com

D) 48 h(12 1:12 D) .72 h(12L:12D) )5 , 43 %)
SERi IR DIC ¥ s Iz pH,
1.3 BKiFfELHE(DIC) & pH JIE

B SRS R P, IR P DIC Ay ¥R BE iy
TOC-VCPH 2 A WLk /7 #74% ( Shimadzu 23 &), H
A MG, H pH ] FE 20 $ pH 31 ( Mettler
Toledo 23], Fig 1) W& o
1.4 HiESH

PB4 9F F Excel 2007 24 K&, A
OriginPro 8. 0 #4751 K )5 22 73 #r (one-way
ANOVA) , Fi|Ff] SPSS 19 4k {4347 Duncan’ s £
PR B A2 S g A R (Y 22 e A M IR
HPE2 KR P <0.05, Bdi (i LV Y {E + AR
HEB (X £SE,n =3) %75

2 4k

2.1 AREIREFEXRKDERET RS
N ERFHEK pH BRI

P Ta S ANl EE A B R B IR 25 2 e 1 SR
H DIC YRJERZE . 0 ~ 12 h,DIC ¥k B #EFE
fik,12 ~ 24 h DIC ¥ 1, Z )5 DIC ¥ JE
R e B R /. Herp 20 C S84 DIC %
AR ETRE, 0 ~ 12 h (FEIEIL S| 0. 48
mmol/L, [fij 30 °C 5 56 2H B g £ /) (0. 14 mmol/
L),H72 h J5EJFZE 2. 19 mmol/L, FER AR H.
BT, R BRI N 30 C iAo

&l b Sy AN [ il B2 A BT BU IG5 8 3 B 97 TR
HpH 78 AE, AT DUA M, 25 S B 2H 3 97 W pH 1Y
FETFHAY DIC ¥R BE YT B AR XS B, HARAE
IEAEPE(RT =0.899 ,n =25, P <0.05), JLIK 2,
Hr,0 ~ 12 h,20 °C S804 pH ETHERR, 7]
ikF|8.88, 12 ~ 24 h J5, &84 pH WA T
W, 7E 24 ~ 48 h [N 30 CELEZH ) pH A T RE
R, M HAb SR 2 A7 B T 7, T 48 h S, HAth
SER AT AT U TS, U Z 30 C sLER Al
BEARCAIE BLAAT
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DIC/ (mmol/L)

BtE/h Time
(a)

1 AEBREFHTRRSEREFRSP DIC KEMI (a) & pH L (b)

Fig.1 DIC concentration(a) and pH (b) changes in the culture medium of

pH

® ® X ® x © ©

0 6 12

24

43 72

i ia/h Time
(b)

Sargassum vachellianum under different temperature conditions with time

&SI ITE 60 pumol/ (m?
fi(n=3)
The light intensity was 60 wmol/ ( m*
bars =SD (n=3)

0.12
b0 10
0.08
0. 06
0.04 ¢ y=1.690x+0. 005
0. 02 R=0.899
-0. 04 —o.‘%f; 0. 02 0.04  0.06
-0. 04 DIC/ [mmol/ (L- h)]
H2 TREEREELHET pH 5 DIC
T ERB X EDHT

Fig.2 The correlation analysis
of change rates of pH and DIC
under different temperature conditions

- ) GRS R AT, 23 4E 0.6 12 .24 F1 48 h 5 INEREFR I T DIC LRI pH, iR 2240 SD

+s), DIC concentration and pH values were measured five times (0, 6, 12, 24 and 48 hours). Error

FLIR S BT GHE R 5% ,0 ~ 12 h
LT 6 h TCHLRR M S BE H de i, S AR LGS 6 h
HRIFAEIA S R [, Horf 20 C 25 °C S2Ee 4]
BEARTCHIL e W AT 3 58T o s 32 55 H A 52 6 4 A7
TE R 2R (P < 0.05) , Wk 1, 5o, AR
2 d IR H s e R 55 1 d A, R T
(P <0.05) BB, 25 CHI30 C 52540 DIC
WEEY BT, Hir 30 °C Segmdd B, ] B
K5 EHE O A B AN E N (B 1a)

&1 12 h ARERERSEXN KD EET VI ERIRBOE Z B 200

Tab.1 Effects of different temperatures on dissolved inorganic carbon absorption rate over 12 hours

EGHEA / [wmol/ (g + h) ]

i / °C Temperature

Carbon fixation rate 10 15 20 25 30
0~6h 46.83 +6.14¢ 55.48 +3.25° 109.05 +7.13* 90.95 +3.02" 28.57 £5.30¢
6~12h 37.93 £5.61° 49.52 +3.09° 52.12 £6.22° 29.52 +4. 88" 19.05 £6.15¢

S35 Average 42.38 £5.30° 52.50 £2.95" 80.58 +5.77¢ 60.24 +4.00" 23.81 +5.05¢

VL ATHCH AT a

b, e, )NFEFRIFAERENEZESR (P < 0.05),%2 ~4 [F

Note ; Values with different superscripts(a , b , ¢ , d)in the same row mean significantly different (P < 0.05) ,the same in tab. 24

0 ~ 12 h N, 25525 41HT 6 h BRI pH
AR TIE R IR TR 6 h, AR 6 h R B
KEYZ20 CHI25 CLIR , 5 HAB LR A A 1E
BEMIES(P < 0.05) 1 10 °C 525 4 IR 44
/N HL 5 A 5 56 2H 3 A A B R 2 S (P <
0.05) ,ix B4 DIC e J& Fif Iode A X0z, H. 20

C SLERY pH $2 T R B2 T HAB LR 24
(P<0.05), 032, 750,52 d, 5L 7
Wy pH $ETHER 55 1 d AL, A WL TR (P
< 0.05), HFR 30 Cs2gadi bk, HoAl 4521 pH
A ERARE,
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Tab.2 Effects of different temperatures on the seawater pH elevation rate over 12 hours
pH #FF#%/[ (g« h) ~'] 1/ C Temperature
Elevation rate 10 15 20 25 30
0~6h 0.150 +0.016" 0.100 £0.002°¢ 0.197 £0.030* 0.173 £0.019* 0.067 +£0.007¢
6~12h 0.060 £0.007° 0.090 +£0.001* 0.080 +0.001" 0.063 £0.005°¢ 0.063 +£0.010°
44 Average 0.105 +0.011" 0.095 £0.001" 0.138 £0.021* 0.118 £0.011° 0.065 +£0.005°¢

2.2 AENEBZGIERDERTH RIS EE
HRIRFHEK pH BN

] 3a ARG S0 21 U G 1) 2 3 B 3R
H1 DIC ¥k AR b, o, 0 ~ 12 h Py 3G R
DIC e & B i F# MG, 60 wmol/ (m® « s) JEHAL]
DIC e J8 R R A K, 55 1 A E (0 ~
12 h) &4 0.49 mmol/L, 124 ~ 48 h N, fF
A SR B IR DIC e BE 94 BT R [, (B 1R
E B B /N, T 48 ~ 72 h PN, B& 200 F0 300
pmol/ (m® « s) JEMAZH B ETFAh, Hifth se 3 41
DIC ¥ )% HA N TR

—
[«]

DIC/ (mmol/L)
-

—
>

1.2

ifEl/h Time
(a)

(SIS R N 8 S C 0 WINANE) Scb S E 1313
pH ZEAL 520 . Hop, £ SC A By 3R WY pH |
FHiR 5 DIC ¥ FE T R o % 38 30 ) 1 AH OGPk
(R*=0.733,n=25,P <0.05), WLk 4, 45 1 K
SEHEHIN (0 ~ 12 h),60 wmol/(m® - s) ¢ AduE
JET pH EThdmeth, 1531 8.87, 2 2 SGHEJE JH 52
ZERS 4 300 wmol/ (m? - s) YGHRY] pH %
Gh,HARAS A pH 3 BTE. SR 3 6 R 05
ZEHE BR 60 pmol/ (m® - s) JEERSTEGA] pH A
N ETHAN, R 4540 pH R RE % 8.21 ~9.18
Z ],

9.4 —e— 20 n mol/ (m* s)
—2— 60 nmol/ (m* s)
9.2 —=— 100 1 mol/ (m?*: s) x
—o— 200 umol/ (m*: s) L
9.0 —m— 300 umol/ (m* /A_
8.8 s
= fas
=)
8.6
8.4
8.2
8.0
0 6 12 24 43 72
Bf/E/h Time
(b)

3 TRAXREEARKDESREFK DIC I REZN (a) % pHEWL (D)
Fig.3 DIC concentration(a) and pH(b) changes in different light intensity groups with time
B SLB A TE 20 CHRBE AT T AT, I 407652305 0,6,12,24 F1 48 h Pl B F- i b DIC kA pH, [ iR22400 SD il (n =

3)

The experimental temperature was 20 “C. DIC concentration and pH values were measured over a 48-hour period as a function of five time-

points (0, 6, 12, 24 and 48 hour). Error bars =SD (n=3)

0. 25
*
apit %20 . S .
0.15
0.10
y=1. 690x+0. 005
0. 02 L *e  F=0.899
-0. 04 %0 0.02 0.04 0.06 0.08 O0.10
-0.10 DIC/ [mmol/ (L-h)]
B4 FREXEET pH 5 DIC
T ERB LTS

Fig.4 The correlation analysis
of change rate of pH and DIC
under different light intensity

http: //www. shhydxxb. com

2 3 MATE] R 25 %) U I B2 38 T MLk
W i ZE By s m, Horp, 00 ~ 12 h 4,20 F1 60
- s) SCESZATT 6 h UK H R i ALk
W A 3R 2 v T A S B 4 (P < 0.05) %55 1
JEHEJE (0 ~ 12 h) TG AL Bk 1 X W A0 ek o 3k
80.48 pmol/ (g + h) A1 82. 14 pmol/(g + h),200
1300 wmol/ (m” « s) S5 £ JCATLAK - 35 W itk
KA 61.91 wmol/ (g - h) 1 59.76 pmol/ (g
- h) |, Bifi O BER BE A 3 0 AR TESS 1 G IEJA
S TCAL T RSO AR R I A S T i 5 AR

pmol/ (m*
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%3 12 h ARREREEE KD RSB REEEE

Tab.3 Effects of different irradiance on dissolved inorganic carbon absorption rate over 12 hours

RERgEA /[ pmol/ (g + h) ]

SERRGEFE /[ wmol/ ( m?

+s) | Light intensity

Carbon fixation rate 20 60 100 200 300
0~6h 99.05 +8.39" 110.95 5. 17* 96.43 +8.25" 90.00 +2.76° 78.57 +3. 144
6~12h 61.91 £6.22° 53.33 +1.32" 59.77 +2.04* 33.81 +3.38¢ 40.95 +1.95°
SEH Average 80.48 +6.50 82.14 +4.07* 78.10 £6.00" 61.91 +3.10° 59.76 +2.58°¢
F4 12 h NS AARFEDERFMAFT LIRS pmol/ (' m s) SCE oA, RO R ik

R pH AR THECR AN . 5 1 RIGHEH
1] (0 ~ 12 h),60 pmol/(m” « s) SLHHEH pH LT}
e bR, AR THE AR 0. 137/ (g - h), HUKE 20

0.133/(g-h), B Fm FHMAHA(P < 0.05),
200 #1300 |.Lm01/(m2 - s) S pH T AR
(P<0.05),

®4 12 h AREREEREZHNRKDERRFAEK pH EEHZIN

Tab.4 Effects of different light intensity on the seawater pH elevation rate in 12 hours

pH JRFFHR/[ (g h) ~']

S REHREE /[ wmol/ (m?

+s) | Light intensity

Elevation rate 20 60 100 200 300
0~6h 0.207 +£0.029° 0.203 +0.044* 0.193 £0.018" 0.180 +0.057¢ 0.160 £0. 0414
6~12h 0.060 +£0.016° 0.070 £0.010* 0.053 +0.010" 0.040 £0.018¢ 0.043 +0.009°¢

SE-¥4 Average 0.133 +0.030* 0.137 +0.029* 0.123 £0.018" 0.110 £0.0037°¢ 0.102 +0.026°

2.3 N.PMEXMEKDERTHERYKEE KR
= Ftigsk pH B2 0E

KIS NI IR S R EEAE 4 AR [H NP KT
iR 12 h 5, BRI FRIR DIC W2 Je pH )
Ao FR BN, B SR 12 h 5, HNP 5580
DIC e & iR e K, i 1. 83 mmol/L FRIKZ 1. 15
mmol/L; H.yk & HDLP 4, F&fik & 1. 32 mmol/L;
LNHL ZH &A% 1. 42 mmol/L; LNP #H DIC ¥ B[4
g d/y, 1. 51 mmol/ L, SEEGHTIG , ANH] NP ik
JEE RS2 S0 2 8] 15 SR M DIC ¥k B2 8 Ak B A7 72 2
E2R(P<0.05), W35, Hf LNP 4] DIC 2§
/N, A 0. 32 mmol/L; Hyk & LNHP 4
(0.41 mmol/L) ,HNLP 2 (0. 51 mmol/L) ; HNP
41 DIC {5 e KKy 0. 68 mmol/L, & 2 & F 5
fls 3 MHG (P <0.05), BB NP s xf Ik
I R TR SO A P AR

K5 s, SEEH S 7R pH B2 465 DIC
WL AR AR AR XS L, Horp JHNP 26 pH 2y 9. 25, 353
%= H ; FLkE HNLP ( 9.02 ) .LNHP ( 8.93 );
LNP 4] pH #2fik, 3 8.69 . F35b,4 414 N P ¥k
G L H S IR pH A2 i 25 7 B 3
(P<0.05), HNP 4] pH & fb i ok, 0 1.20,
FE T HAS IR (P <0.05) 5 Hykig HNLP 44

(0.97) LNHP 41(0.88) ; LNP 4 pH 75 fL 5 3
il S5 55 4 A EE B BRI (P < 0.05), i
0.64. W] N P BR 7 nT L e 2f P IR 5 B2
W WSCE K 1K) DIC A, 3 AR R M B2 T 17 9 7K 1Y
pH, HL NP (9 @5 ek i i e pR i i DIC K i 7+
gk pH MRE S HA e AR

1.9 9.5
sl =DIC-&pH 93
3 L7 9.1
1.6 8.9
€ 15 8.7
Ca 8.5 &
~ 1.4
© 8.3
= 1.3 | 4] 8 1
1.2 7.9
1.1 m 7.7
1.0 LNHP  HNLP 7.5

BS AENPKEXNRRKDERERIK
g7k s DIC K277k pH #01
Fig.5 Effect of different nitrogen (N) and
phosphorous (P) levels on dissolved inorganic
carbon ( DIC) uptake and seawater pH
elevationof Sargassum vachellianum

iR 222 SD (B (n =3)  BEARR P Y C7 SRR SE R T &%
FEFRW Y DIC ¥k B pH
Error bars represent standard deviation (n =3). C represents the

DIC concentration and seawater pH before the experiment
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x5 KWHIEHEK DIC X pH THE
Tab.5 The change in the dissolved inorganic carbon ( DIC) concentrations and pH levels

in the culture solution over the experimental period

NP /K Level HNP LNHP HNLP LNP
ADIC / (mmol/L) 0.68 £0.020" 0.41 +£0.021°¢ 0.51 £0.017" 0.32 +£0.020¢
A pH 1.20 £0.032° 0.88 +0.027" 0.97 +0.035" 0.64 +0.029°

T R AP IE B I = biERE (n =3) AT EAPRER/NG T4 (a , b, ¢, d) FRAR N, P KT ADIC Fil ApH 2257 8.3

(P<0.05)

Note: Values with different lower case superscripts in the same row are significantly different (P < 0.05)

3 g

3.1 BETUMNERDERELNBRKLENE
=75k pH BIF 00

R 1 g B 5 1 A R R A 2 A A
W) A P AR A BIF ST I R R R R O
A FAFI T TEALRR 10 32 % I ) AR
AR SCHEAS TR B 4 Xk B FG 0 2 e A W i
BUBK AR Bk pH BIRE JIEAT T RFSE, 45 56
WY, I UL B 1 T, S 194 T LB TR A 3k 6 il
PETHEEK pH [ 1E 20 C 241 H B A, FL
BN IERINE G, 0 ~ 12 h 1, 57T 6
h AR LA, J5 6 h S i1 TC AL B W% A 33 2% A T e
1%, HLA5 2 REERIRIGE R 55 1 AL bg
BE T, X5 DIC ¥k 1) F KA X, ik
DIC f) A7 N HCO; (~40% ) Fil CO3
(=60% )", PRl 46 I i) g AR i, i
HCO; & el F W HL 1L 9] B2 AR, 76 3% A A1 6
CO, HMFERYIBLT , 5L A K S0 F AF 1], 9 35
TEHLBR AN RE 14 22 305 L 24 h ) ,30
C LIl DIC e B 7, pH BB TR, HIG 5% 48
h S5 AT UG 4 BSR4, %
PG 1 L T3 I O R 0 6 AS RS O U B 1 B 3
TP IR O MR R B T 2, 2
XPWEE BT IE 52 W, B 25 T B T, W
TEAHLBR A S RS SR h pH A3 T % 3k
B ST G MR R A, Horp 35 °C iR AL
H U ERCR IS, F W% O
ok P 35 OV R R R T YR T L o
R SR DAY 516 8 25 1 5 e IV 02 5 W88 4K ) TE AL
BRI MM 3R Bl 2 OB T RS 119
T, IR B 2ROt S (R R T Kk
A, 33 T 392 5 1 A G T LB R Wi 3 R % pHL
PRI T Je 0 PR, LR LB R 7 o — A B
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FEo PRI, TE— 5 i B2 Y FBL Y, T v T B RE 5 41
HETCIR SRR 3] DIC M Wi, 4 it J3 i i — e ¥
Fil, PL IG5 R e o LA WL e 2 T K pHL Y fiE
¥ s B
3.2 ABETUNRIKRSERETHRIEE R
=Ftigsk pH B0

IR AR KT UA DR, KB
MERGELDCEE RSB C NP I, sk fh
2 OTRIFIY R, G BRI A 3 R L IC 1 R
(A RORDL RGeS T S ) R B
WG RARL o A SCHF & 1A [A] ik 25 8 4 B
IR 5 R O A ORI ORI $2 T /K pH RE T 1Y
W5, G5 R F IR 60 pmol/ (m? -« s) SIS 2 (1Y
THLR BT 32 R pH 2 T3 32 3 e P, H B DY
HESR I A AN BT, P IR 25 R 3 1Y) JC Btk 152 ATk
R R, JHUEEIR 200 1300 wmol/ (m” + s)
SCHGZH RIS A B T R, X R O B
FFR b DIC ¥ B2 /9 T [, =i pH R 0558 i 74
CO, M2k, HICHME CO, 2 FERYIE &L
T, CO, ¥ s RS HOL AR i 5 o6
W lm] 28, ok fie SR BRI B 7o 1245 SR [l R
BAEZE DA S BT ST 6 IR 7E 20
~200 wmol/(m® « s) Z [i] , P& VA FE 5 — it B 2] ]
N TEHLBR I SGH A 5B 5 TR, HA&A S 2
[BIFFAE 25 5. 40, EIE S XL 261
W R, HAL A0 C TR & a2 3
DGR E M, A B RN, C TR G ER
BF BT JRRGR SR, C TR S EAYE T
Wit o AT DO BRI A8 A 25 W 385 5 T 35 A4 6] TS L
BRI, 5 AR R OGRE B A 1 OB RSE
FREEFIFH B G RE AR, & A= 1 G a3 42, i mif
B 10 & DI RE T [, JC HL Bk T Wi B R R
R0 SRR A A A STt E IR
SE AW W, B0 3 ( Gracilaria lemaneiformis )
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AR KA T, Bl 6 BE SR B A 34 m, iy
TR TR0 1 A BH i S0 HL 7 A T e 34,
HETT PO A K B R T R AT
S BT AP IE LB A . PRI, FUIG B
JEEL T ) 7 T A A K R A2 B R )
ER OB, B TR, LIRS B EE
FRMZ SR AR A b, Y i o — o [ {H,
P2 HR SRR, BRI A K R A [ A AR
52 230
3.3 N.PmEERANERKIERELIBRIIEE
HEIRFEK pH BIZNH

NP AE R KAy i AR 1 10 32 2208 R R AT,
NEREEAME M EES TR, IR EE
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The effects of environmental factors on dissolved inorganic carbon
absorption and increasing pH abilities of Sargassum vachellianum

LIN Qingying' >, WU Hailong' >, LIU Yuanyuan'*”, YU Kefeng'***, HE Peimin'"*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Water Environment and
Ecology Engineering Center of Shanghai Institute of Higher Education, Shanghai Ocean University, Shanghai 201306, China;
3. Marine Scientific Research Institute, Shanghai Ocean University, Shanghai 201306, China)

Abstract: We studied the effects of different temperatures, light intensity, nitrogen (N) and phosphorus (P)
on the absorption of dissolved inorganic carbon ( DIC) and pH-improving rate of Sargassum vachellianum. The
results showed that; 1) Temperature and light intensity all had a significant effect on the DIC sequestration
and pH-improving capability of S. vachellianum (P < 0. 05). S. wvachellianum shows the highest DIC
sequestration [ 82. 14 umol/(g - h) ] and pH-improving capability [0.138/(g - h) ] when cultured at 20
C and at a light intensity of 60 pwmol/(m” - s). When the environmental conditions are below or above this
threshold, the DIC sequestration and pH-improving capability of S. wvachellianum appeared different degree
reduction. 2) N and P enrichment could dramatically increase the DIC sequestration and pH-improving
capability of S. vachellianum (P <0.05). The HNP group had significantly higher DIC sequestration and
pH-improving capability than that of LNP group (P <0.05), and the addition of N and P showed strong
complementary effects on improving the DIC absorption and pH-improving rate of S. vachellianum. The results
could provide theoretical basis for the bioremediation and acidification mitigation by S. vachellianum cultivation
in coastal eutrophication waters.

Key words: dissolved inorganic carbon; pH; Sargassum vachellianum; environmental factors
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