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Abstract: The Taihu Lake is the third largest freshwater lake in China. Recently, heavy cyanobacterial blooms, being dominated by microcys—
tis, have broken out frequently in this lake every year, and therefore, become a serious environmental problem.In the present work, a year—
round study was conducted to investigate the variations of the community composition of waterbloom—forming cyanobacteria, the concentra—
tions of major element Ca, Na, Mg, K, Al in the cyanobacteria and ambient water, and the changes in water temperature and pH at Nanquan
area of the Taihu Lake from March 2008 to February 2009. Results showed that the most intense waterbloom happened from May to October
during the study period with the water temperature maintained above 20 °C and the pH increased distinctly in October. The concentrations of
the major elements in water samples were follow the order Na>Ca>Mg>K>Al, and those in cyanobacterial samples were Ca>K>Mg>Na>Al.
The calculated bioaccumulation factors of cyanobacteria were in the following order Al>K >Mg>Ca>Na. The concentration of Na in the
cyanobacterial samples was even lower than that in water samples. In addition, the highest bioaccumulation factor was documented for Al in
water—bloom cyanobacteria, which was as high as 19 194 in July. The results of the present study could serve as fundamental insights for fur—
ther investigation on the functional significance of these element to the occurrence and development of cyanobacterial water blooms, and fur—
thermore, provided important evidence for the potential apporach of water—bloom control by removing major element burden. This study also
suggested that water—bloom—forming cyanobacteria could be used as an important “bio—mine” resource, due to its huge amount of hiomass
and extreme accumulation of these major elements.
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Figure 1 Sampling site in Nanquan area Taihu Lake( A )
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Figure 2 Annual variations of algae biomass in Nanquan area of the Taihu Lake
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Figure 3 Annual variations of algal community composition in Nanquan area of the Taihu Lake
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Table 1 Seasonal variations of the percentage of water—bloom—forming cyanobacteria in Nanquan area of the Taihu Lake

At ] 38 4 A 58 6 A 7H

8 A

97 10 A 11 A7 12 A 1H 2 A

TEBE/% 71.88 42.34 97.83 99.84 99.82

98.36

98.15 97.85 91.35 79.49 64.86 35.29
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Figure 4 Correlation of cyanophyta to total algae biomass in

Nanquan area of the Taihu Lake

A B A ZE ARk, o 2—3 A 7£6.3~10.8 C,
4 AJE/KIEEFFE 20.1 C, R 52 FAHE 8 kA
SRR 31.3°C,9 AFFIR TR 24.8 °C, RlfE/K
BT, 11—12 AREEICET,1 AiRER
&b 2.5°C,2 A EFH 6.3 C,
22 KEFEPREETENRETL

mE 3 fin, KEKAES Ca ik 3 Ap&Es
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4—5 A BERMK(P<0.05); /KR A B i) 6—10
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11,12 A 3 B2ERER(P<0.05), 7 6 A1 10 A BEK
FHAMA 4 (P<0.05), Mg #E 1—5 A MHEkER,
6—8 A B EMMTRILEA 4y, 10—11 A Hefik. K HkE
KRR ERET(6 A)REH(10—11 A ) B HK
FHAth A 4y (P<0.05), 1 H A =i {8 (5.95 pg-mL™) H
BAE 5 H, HCOwKEREPRFEK 8—9 H, AlH
EAKERENRI 4.5.7 ARERET R, HBE
HE FHAA 4y, fEKBRARNEEY 10 AR
EFER(P<0.05),1 A M8AsS,0.011 pg-mL7,
23 KEBETFEETRREREERETN

W 4 Fizn , Ca VR TE RIS AR LER,
6 Afxiik 32 211 pg-g™, BE & T HAA 7 (P<
0.05) ; AIABER N Na JTLRFEKE R A VIR 5 A A
RE 11 AR EERTHMA M (P<0.05), ZARs
KUEH Na TR . J5#& 7—9 ATESEP Rk
FawH BE EFH(P<0.05), Mg #EFET A 11 A
B, 6 AR 8 AEMR(P<0.05); K HELE 7 ¥
FERAR, H 7—9 A BEMETFHARA 13 (P<0.05); Al Y&
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Table 2 Annual variations in pH and water temperature in Nanquan area of the Taihu Lake

B ] 3A 41 5A 6 A 7H 8 A

9A 108 114 128 1H 2 A S

pH {E 7.6 75 7.6 8.0 78 79

KR/ 10.8 20.1 20.5 27.6 31 31.3

7.7 9.8 6.7 7.7 7.6 73 7.8+0.7
24.8 229 8.8 9.2 2.5 6.3 18.0£10

=3 KMBSK#EH CaNa Mg K ALREHEETH (pg mL?)

Table 3 Annual variations of Ca,Na, Mg, K and Al concentrations in water samples from Nanquan area of the Taihu Lake(jpg-mL™)

inp | Ca Na Mg K Al
3A 65.2+4.30a 45.5+1.83be 9.34+0.38¢ 5.20+0.29¢ 0.024+0.011cdef
4 A 42.9+4.01c 51.8+3.96a 9.85+0.81abc 5.27+0.15¢ 0.035+0.006abc
5H 45.7£1.49¢ 53.6+1.81a 10.27+0.35a 5.95+0.19a 0.043+0.009a
6 A 56.3+1.19b 35.3+0.96d 8.35+0.24ef 4.34+0.12d 0.012+0.001f
7H 55.2+1.32b 44.8+1.58bc 8.26+0.24{g 5.36+0.12¢ 0.038+0.004ab
8 A 36.9+2.27d 44.6+2.33 be 7.99+0.09g 5.67+0.30ab 0.019+0.004¢
9A 55.2+2.06b 46.9+2.93b 8.84+0.54de 5.68+0.34ab 0.026+0.013bede
104 55.8+1.27b 36.0+£0.62d 7.39+0.131 4.42+0.07d 0.013+0.006ef
18 29.7+0.30e 45.8+0.63b 7.75+0.14h 4.41+0.07d 0.020+0.003e
124 24.6+£1.04f 43.3x1.37¢ 8.86+0.31d 5.12+0.19¢ 0.026+0.004d
1A 17.1+0.43g 53.7£1.22a 9.76+0.18bc 5.72+0.15ab 0.011+0.001f
2A 45.8+1.36¢ 55.7+1.34a 9.94+0.24ab 5.59+0.18b 0.030+0.002¢

E:F—F B TR AT E FoR 2R B (P<0.05), T,

Notes: The data with different superscripts in same row are significantly different(P<0.05).The same below.
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Table 4 Seasonal variations in concentration of major elements in water—bloom—forming cyanobacteria from

Nanquan area of the Taihu Lake(pg-g™)

B 1] Ca Na Mg K Al

58 5154+147g 615+27.2b 1533+69.0d 7379+408a 999+63.5¢
68 32211£796a 159+4.98¢ 1718244.1c 7149+209a 1383£116b
78 6810+184e 140 +10.9f 2091+46.5b 4851+186¢ 12064+2281a
8 A 11167+295b 34028.2d 1417£31.9¢ 6220+298b 482+59.6f
9 A 9298+93.4¢ 419+16.3¢ 1556+11.8d 6434+193b 829+51.5d
107 5580+91.6f 327+19.0d 1503+25.2d 7005+209a 23.426.70g
114 7694+81.3d 765+15.9a 2319+65.5a 6948+129a 622248 3¢

EAEE K, 7T AR (12064 pg-g?), H 8 AR B
TRE(P<0.05),10 A REAfsS(23.4 pg-g?)o

HRAERTALHT AR S TR TR B A KR,
AR H 5—11 H/KAEHE 5508 T 3E H 4 3
k1 24.31.15.50.,16.54.25.76..22.76 .32.48 .38.50,, v/ Fi
DCEEHHRTT DK R 4 T ERERE B ERE, A
Fit— BRI REN B TR EER(CES).
5 i, Na KRR P B R BN 0.19~047,Ca
TCRTEKAEFERE T E L RECN 3.08~36.9, W shLfH
BR,TE 6 AR, 10 A B, Mg & AR K, T
H 6.14~153 K JTLE M Al LR TEBRIA N B4 R B
R T A, B 547 5 19 194 £5, Xt 2009 4
5—11 H R [R) 70 2 7E K 8 B S 7K 38K A i g ok
FEFATAR SR B E 434, 45 51 B KWK iR 5 3k ot
R EMXRE S K :Ca,0.149;Na, 0.359; Mg,
0.273;K,0.937;A1,0.772,

3 i
31 KBRS AR SR pH HHX R
TG FAMAALHS AW AL W Rk

RSKHAERKBEHPTEETRERRBHFNEL
Table 5 Seasonal variations in bioaccumulation factor in water—
bloom cyanobacteria from Nanquan area of the Taihu Lake
T¥E S5HA 6H 7H 8H 98 10H 1A
Ca 4.64 36.9 7.46 11.7 7.40 3.08 6.73
Na 047 0.29 0.19 0.30 0.39 0.28 043
Mg 6.14 13.3 153 6.88 7.73 6.26 7.77
K 51.0 106 54.7 42.6 49.8 48.8 40.9
Al 956 7435 19194 985 1401 554 808

F: HERFEUREKEEEAA KR EREAZTTRTEK
B o

Note:Bioaccumulation factor=the concentration of a element in water—

bloom—forming cyanobacteria/the concentration in water.
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3.2 KIER KL EREBITRIIRESFE

Ca BHYAKAKBLFENEFRTRZ—, il
YA 30 B il B S5 R Lo OV, i LG i B
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BEIE Na 4 (FH3E%E ), Na A DIEB B 405 4%
B K fERS, nid v s E s, Wy R T4 e
3, AEAKIERIE MM R0 BT, 2 5564 U
PESUNEE  FKFEFR Na ZEK AR IR RlEeRH 7—9H
FEHFIEB AR E W (44.56~46.94 pg-mL™") , KA R A
AT 6 H AR 10 A ok BN 8 2 FEAIR (P<0.05) ;
T#EfAH Na W ELEIAR, 7EKERAEVIAR 5
AFARS 11 A& B &S THMA 4 (P<0.05), 1
Ah, R Na IR RECH 0.19~047, 3/MF 1,7]
LB KR ) Na TR EEEM . Bk Na
JCER 5K Na ¥R BETRAH SR 2.2 (P<0.05), 7] L
FERBIAKAR S Na JEFE R, BEAEXTK R Na i
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R KR K VR R A2 B ., 7EK
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HAH By TEedEh KIREE 7 ARIK, HEERT
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b 3 38R, Btk K 5Kk K Wk B E
FHZ(R=0.937,P<0.01), BE{AH K ST K FEFE/K {4
KITRWKE AW EFA, B BB K 5
VAR BEAREZM . WA, EEYIEN, K TREH
5 Na TR B E /I K/Na H, X K/Na HLEiAZ H
YE IR 52 20 MO )% 1 2 1 P VA48 ™2 A ) 40
Jo W PN SE MR — BRI K/Na B, IR K
(100~200 mmol - L) 1% A9 Na(1~10 mmol - L),
AR BRI K/Na AR, FSME AR
K/Na X RIs A EEEN, KR P R
B K/Na WK R RT R R , R —
EHIA P FIAN AR K/Na HLAEZK A K A A Rt
I B A A — 8 IR B

Mg L R2HEY A KMULTFITER Mg 25 T RK
W%, SeEERMEAREG R, TEMEYEA Mg
R ZENTEAR, HrhRplE 5ok bR
BEIREE AL LI S BRAE IR R OIS, KA Mg 72
KA 10—11 H ¥k BE B 2 i T HoAt A 3y (P<
0.01); T Ak Mg ¥REETE 7 H (2532 pg-g?) 11 A
(299.4 pg-g™) B E TR (P<0.05), E & R BN B
EHIET H o B SKED Mg ik IR R X
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(P>0.05), R 3R R B & T K AT REA T ahkEUE
fig i Mg RIRE ST

AT 5EAERLS S, Wl 582 Bk Mm%
GG, T Y 4 ) — Lo B TR, R & b AR 3
AR IE W T, 7R BEUBMERYI P AL TR &
BAAETHARIRA L, HM B A K0, RFE Al'E
SEHEYRAE BP0 Al BRI AERENBRLE
S, B Al TR R IR R, A 58 KK I,
(B2 U 7 | ) AL FIBFFRAR DB, ARBEGE & B
ALTTREIEBIK PR E K 10.5~43.4 pg- L7, FEHEE
HUA 23.4~12 064 pg-g™s KR AL YRERE N S
A (43 pg L), Kk A 7 A (38 pg- L) o B AT K 4
Wi Al TR B E RS E BT 7 A (12064
pg-g?), M/E&EH TR, &ALy 10 A(23.4 pg-g™)s
Bk Al ) EERBUEEIRIZL, T A=k 19194,10
ABARK 55.4, Bk AL 5Kk ALHXABE
(P>0.05), W] AR KEHIEEAST Al (L REEH
FHZEWR K. 2008 S RXWIE TN TR H AT Al
TLERIVFE 7T AN RS THEMA GBS (P<0.05)
(7 H2210g-g",9 A.10 X 179.2~229.9 ug-g™" )™,
I T REAE R A B K AR A PR B P A
AR ERER AL RERILE], o r] BEZE AT (] Bt
AR MSNE ALT5 S, BRI AR

BIRRE, BEREITREXBKEFHERERK S
Na >Ca > Mg> K> Al, 7EA U APk EK IR Ca >
K>Mg>Na>Al, BEAXKAAEE P ITER M EE REUK
WA AI>K>Mg>Ca>Na, T AW EEHE & & AL A
TSR AR A g T DR e o o B 8 A K 4 S i 1 1 45
HMRFHE—2E BT
3.3 KMKEEHNEETENRERNARX

Y EERAYA VIR FRI—EFE LY
A= YR DR BRI A R B R R T R B R i Ak
A1, T A 1 PN 22 ok B A 35 i o
VRIS, B9 R BUK AR B TR R
£ Ca,Na Mg K fll Al, X—HHEAEEEANEE S
AERWTFE, B—hmbal e m TR iaEE
B S R A TORR D A PR S5 M 4L AR, A0 EE
B Y% HRER A (#41-NH- . -OH- ,-CO- ,-NH-,
-SH-)JE RS , v] LA HE S B - HAT SR B A
B & B4 R,

AR , Y PRBRBETE N W 7K AR 2 % v 75 B T
JZHN . KK 2008—2010 453 it Y34 T 45
Ay PRI TR TEE 60 7 t.43 J7 t F1 15.6 J5 349 35

B EALR], —J7 1 , 81 BRI R AT LA 30
WRIEITH R IR R A R R E AR E R
FRILR R H AT B, WA 25 T S KR IRIE
F—J5 T, F BT R R D Y TR K
Rt B A 4 IR TR TE A AR W IR T IR, A T BE R
B ECR B R A E R BT R , SIER A . H
AR, X T BE2E X HE 2L 4 JB TU 3R 0 ' 4 S [l e
F RSB E 5 EAMTHEES . AR ER, K
WIS A TU R Y B SR VR B R i 40 T 3k Ca 32 211
pg g Na 764 pg-g™* Mg 2 3189 pg-g*.K 7 378.9
pgeg” A AL12 064 pg-g o A MR A B AR IR RIS K
WIS I T Y BR T 57 , AR ORI A B A= U v
FFEECAT 3K Y Ca Na Mg K Al JTLERBEIR K HAT
KBS AT R R E AT B, K4
PR WS B BERA T N — P A M IR SR T &, ARG
TR EAEASA 5 AR BT 58 i — A B 5 5 Th fin A
FIg,

4 i

(1) KWK R 2009 4E KI5 M2 K EPE
6—10 A, HWHM 5 A% 11 ARYERRENE S
b (91.35%~99.84% ) , i 45 5 bb LA 5 BE /K AR 47 22 1
A 1] XS AE K . RWAZKIR BT [E] (2009 4F 4 H—10
FOYERAE 20 CLL L, WA PR BaE SOk B %
RBIER UL T IR A M, MM REERKHE
FE T KAKH CO,, BffizK{k pH 7E 10 A (3BEAT =
F 9.8, AWM T 2009 4F KL HKER K G
L BOK RS R B Ie AR AR, it — F KRR
A 1 R i S SR R SR AR IR BUK AR BT AR SR L
TR o

(2)Ca.K.Na Mg Al 7£ K 15 55 S5 7K 38 38 1A & 7K
R A A AR, B Na STRIR LT K
&, GLBK R Na A2 , RS BIARAE K RE, Bk
Xf Ca Mg B S LR EHFRE, 5T K mENE L
R R, Mkt Al 19 T E £ 588 Bk e
TEBEXT AL B Rk 1B 1 K S 2L

() BAEXF KAERBEFITTER I E £ R BRI N
AlI>K>Mg>Ca>Na, A[EA KB AR KA BT TR
HIFHEEE N ARE, %t Ca MK WEERE N6 A, X
Mg F1 Al & R 7 A o ARYEERAE S SRR
ARSI TR TH; , 0 H B8 RBIK R B 57
T2 7 far B R A9 1 958 [ e $ B Ca Mg K AL
TCRNENB A ATV TF & A AR L3S S04, B
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