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Preliminary study on scavenging mechanism of dissolved aluminum by

phytoplankton

WANG Zhaowei, REN Jingling“ , YAN Li, XIE Fang, SU Rongguo
Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100, China

Abstract: Aluminum (Al) is one of the key parameters of GEOTRACES, which can be used as the tracer of terrestrial
input from river and/or atmospheric deposition. Recent results in the central Yellow Sea have shown that dissolved Al was
scavenged significantly during the phytoplankton bloom and had similar vertical profiles with silicate, which indicate the
biological regulation of dissolved Al. However, detailed scavenging mechanism of dissolved Al by phytoplankton remains
unclear. In the present study, the scavenging mechanism of dissolved Al by diatoms ( Nitzschia closterium, Skeletonema
coasatum , Thalassiosira weissflogii) and dinoflagellate ( Prorocentrum donghaiense) were investigated under different Al
additions incubation conditions. The algae chosen here were typical phytoplankton species in the marginal seas of China. The
cell were grown in filtered and sterilized seawater enriched with £/2 medium under 2000 Ix (12 :12 LD circle) at 20 C.
The algae were cultivated triplicate in 2 L polycarbonate (PC) bottle under different Al enrichment conditions, including
control group with no Al enrichment, 300 nmol/L and 600 nmol/L Al enrichment groups. Al was added as form of Al-EDTA
complex in order to prevent the hydrolysis of free A1’ ion. Dissolved Al concentrations as well as other relevant parameters
(e.g., cell density, chlorophyll-a and silicate etc.) were analyzed during the incubation experiments.

The results showed that the growth rates of cultivated diatoms and dinoflagellate under 300 nmol/L and 600 nmol/L

enrichment groups decreased about 3% ~23% compared to the control group, indicating that the enrichment of dissolved Al
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didn't inhibit the growth of algae but delay the exponential growth period slightly. Dissolved Al concentrations decreased
dramatically within two days for all incubation groups of diatoms, and then the decline slowed down until exponential growth
period when Al was scavenged to nearly 20 nmol/L. The concentrations of dissolved Al increased slightly after the
degradation of phytoplankton due to the release of dead cells. In contrast with diatom, the decreasing of dissolved Al
concentration was not obvious during the incubation of dinoflagellate. Intra- and surface adsorbed Al pools in the cultivated
algae was differentiated using oxalate reagent ( Oxalate-EDTA-Citrate) to remove surface adsorbed Al from phytoplankton
cells. The results showed that dissolved Al was scavenged onto the surface of cells during initial incubation period, and then
part of surface adsorbed Al was converted into intra-cellular Al pool with the growth of phytoplankton. The percentage of
intra-cellular Al in phytoplankton was approximately 20%—80% during the exponential growth period, and increased
slightly during stable growth period. This indicates that the biogeochemical cycle of Al in the ocean is affected by diatoms.
Using dissolved Al as tracer of terrestrial material input should appropriate correct the impact from biological activity,

especially at the marginal seas influenced significantly by the phytoplankton bloom.

Key Words: dissolved aluminum; intra-cellular Al; scavenging mechanism; diatom; dinoflagellate
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BRALT, AT LA K VA i A AL SRR 3 DR A B B 50 B ik /K PETIR & | ARG 3 RS2 [ I il R
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weissflogii) 1% J5L FH 5 ( Prorocentrum donghaiense ) FY HV TR VE R 27 S A 2 B A1 | S5 R A9 TR AR R AIE 2 440 JfL R /)
WA, KA 72 557

SERGEIEFR >N 3 AL, 4 0 BREHL, 300 nmol/L AL INE 20,600 nmol/L AL fINE 4, 43 S48 7E 8 TR HH s
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Milli-Q 7K #hyk 3 i & ik, FFERBEFRAT, 26 PC P 40 900 mL 2o I8 K 1R ¥ 7K , SR 5 LA AL-EDTA 285 1)
(KAI(SO,), + 12H,0,Al :EDTA =1:2) , LA £/2 B I ( A1<30 nmol/L) , FeJ5 AILA 100 mL ¥ , 4540 53531
Bige 2—=3 D PATHE, R SRAE G BREE FRAE h AT B R G B 2 R (2000+100) Ix, R EEBETE 20°C,
WA 12h 2 12h, $5FR0KR R B R EEEE SRR 2—3 R IFBENL I e i S0 8 . BB 1—2d BURE WL A 5
SR

x1 EFEMEN

Table 1 Brief introduction of the culture algae

ES b JE A FRHIE B/ um
Species Algae Micromorphological character Diameter
Tk 3 s A . Tl I 240 MR ) 240 552 27 S0 | v e B A, R i A I O
Diatom B H Z2IE 3 Nitzschia closterium IE]iﬁr'ﬂ“éSrIHMHIEJ‘ﬂ 12—23
A RE 4 2B BRI B R HIE , 4 ] B K A
il 458 Skeletonema coasatum f%%éﬁiifggggiﬁiggj PEERE . AL IR KA 6—22
St e - . L FEJTUAHRRURE AR R R R DY S8R A B S Y
JBL R IFSE R Thalassiosira weissflogii S A B 6 20 7L 2 13—18
3 PRI HREZ MY AR KT FRBUE , 2 5 H 3R oh 15—
Dinoflagellate Prorocentrum donghaiense W — O HIRE TP U4 M i % A9 b 28

1.2 gk

(1) BEARREFRMOP A IRAS AL S5 R B L UE 4% (8 E , MEMBRANA 73 F],0.45um) 2 38 5, % R4S Al
BB B R Ik 42 Y 25T 2000 AR -9 65 (AL-LMG ) 98566 B HAG H BRJZ: 0.25 nmol/L, 7E 40
nmol/L 1 1.0 nmol/ L B K A % 43 A 5% 1 6.7%

(2) BEAN B Bk HEO s B A8, e PO i b 2 R, 5 LSRR, oK 40k 2 4%
PR ARG TE A N OO A A A8, B e 4 S (A/mL) o SRR 4RE a(Chl-a) ;3
IR BETR AT AEUE L (0.45m ) S U853 B35, FH 90% PN B A< B, 43 NGOG BEVE I E | 55 4% Jeffrey-Humphrey 7 22
TSR a MURIE , ASEE AR FE 0 04 7 =X 00 D0 A 28 1 3 2 A I 8% F2 0 Chl-a 19 AR 1E,
HR B AR AR EC VR SRR AR VA D Y 3 U300 o S0 B RS 5 0 V8 b s A0 B P B B o

(3) BRI MO P IR A RERR Y RAREAR IS,

(4) PRI A AR LS 525 AL IINE ik ARALE 4 0y AT 85 R RE i B8 (<3KPa) , Hih i 47y
FHRRER R VRIS« A0 AN RS AL KRR Tk, I Rk S5 TR A P AN < RN 2 A S ALY I B
TP ARSI, A A R A AL A i, T 2 22 RO AN S ALY SRR RRE S AE
RV 2 TE AL EE T FH ¥ HNO,-HCI0, (R AR08k (10:2) 1 36h, 2R A3k 7 vk 2 T b AL & &
SRR T AR RS B 5.2% (n=T) , XoF Jak QTR S EA T IRR R SE 00, AR IR DR RS 35 o 3.8 % , Ik RS %%
FEH19.3%(n=5)

2 Z#ER5iHE
2.1 BEEEXTESIRA Al B9TERR

[IRERE RN B AST) AL NG RE R4 T, 48 A 22 B (12d) P E 238 (15d) JaR R IHE 38 (36d) (5%
F%, BTSN A SRR R H A PRBEAE B, B S0 S AR BB B v R (B 1) o MR SEER 451 T, 38
TP HE B LA KR AT (32 2) , G55 W, 3 AN E5 3R 2 Rk S 10 A ORI B AT, XS RN AL 35 3 600
nmol/ L I tH R R H B (g ) A= KA 20

R AL S B AR AL LLBAR L (I 1), ZEFE 5508 K TGl N %, IR 22 K2 15—20 nmol/L 2
A, T E AR R TR B e S T AN AT [T R R T B A AR A I A S AL R
T BRI LAY, 7R T SRR T 5 78 A TR AR, A YR JIURE R i m] RB RT3 AL, AR TRASURE AT R 2 VA RS AL
FET AT R RAS AL AR, SO T A RS AL I S BRI sh (| 1),
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R2 INEFAMILERE

Table 2 Growth rate during exponential growth of the three culture group

BERh X HE 20 300 nmol/L Al A& £ 600 nmol/L Al fill & 41
Diatom species Control group 300 nmol/L Al enrichment group 600 nmol/L Al enrichment group
B A 228 Nitzschia closterium/d™ 0.529 0.598 0.409

il B 4% Skeletonema coasatum/d™! 0.625 0.538 0.514

B HHESE Thalassiosira weissflogii/d™! 0.154 0.150 0.136

BRI R 2d TEER Al BB AR SRAAY , FTRER T B T A4 1 O T 4 Sy, BER A AR BE R

AR OB, HATH AR b S R A R B USSR AR WO 6 AL B T RERS 0l i )

LR BRE R 27 SRy AR S 5 A 200 ) 3 v B A A PR L TR 1 R 3 ARG SR RS AL IR T S iR
W 0,300,600 nmol/L Al AR K922 51, £ B K 1 S /2 B IR K R 5 5 22 B ik, & A B Al

AU 5o E (2 200 nmol/L) 5 LYk 3 ZH 15355256 1Y it Z1 248 76 15 U K Ab B v A iR s AL B £/2 &
FEW , 5 J5 TN TR T F BBORE 3o e I A5 1, 30 A TS AL S B T J80 (K 189 7t o 5 e T4 &4 0 32 T WO o6 17 A,

600 r HAEBE 500 HMAEBE
—e— X
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= o

P

% 5 300 g

T = = 200
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Fig.1 Growth curve and variation of dissolved Al for the incubation experiments of Niftzschia closterium, Skelet c tum and

Thalassiosira weissflogii
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i T 1) 22 ANHL RS DT 1R 2 B A1) A T2 Xk AL B B B i, T AE B R S A RS AL IS T
A RESE T RE R B 2 0 A JEURE A , X AT B R s i

25 1000
—e— XfHR4L
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Fig.2 Growth curve and variation of dissolved Al for the incubation experiments of Prorocentrum donghaiense
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ARSCGE TS EE AL E 55 5 RE S, AR IR o AfRAl
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SR SHTIART A RN — B0 A K KR o

Al é\miﬂﬁﬁﬁ%ﬁ%ﬁ%%“““ o X—id R HARE g 200 Al = 3.5189¢00184[5i]
BRHLEIE AR AT , LUBT H 25T 3 0 ), S B0N Kt e = = 09194 .
WS Al SEEREE 2 M 2B R (K 3,7 = 100

0.92) ,iX457 T +8 B0 W R i RHA R S AL BT BR A »
RERRER EA MU AT R 71 el it e A K i v 0 m o o gy
2[RI Al FIRERRER I ik i s 182200 Si/(umol/L)
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B e 07, - BEKE L bR 23R K X870 8L Fig.3  Variations of dissolved Al vs. dissolved silicate (Si) during
T AEZE N N REPIRRE Al fFECE W F I AYJF.  exponential growth of the Nitzschia closterium
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Fig.4 Variations of Al in the cell of Nifzschia closterium, Skelet c tum and Thalassiosira weissflogii during the incubation

experiments with different Al enrichment (a: Primary time, b; Exponential growth, c; Stable growth)
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