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Effect of cyanobacteria aggregation on the migration and release of heavy metals in
Lake Chaohu

JIANG Jiang, LI Yucheng ™ , WANG Ning & ZHANG Xuesheng
(School of Resources and Environmental Engineering, Anhui University, Hefei 230601, P.R.China)

Abstract: Samples of sediment and cyanobacteria were collected at a cyanobacteria gathering area of western-half area of Lake Cha-
ohu. The distribution patterns of seven heavy metals (Cd, Cr, Cu, Zn, Pb, Ni and Mn) were studied, and the fractions of Cd and
Mn were analyzed using the European Communities Bereau of Reference ( BCR) sequential extraction procedure. In addition, labo-
ratorial experiments were carried out to simulate the variations in the heavy metal contents during the cyanobacteria humification,
and the effect of cyanobacteria humification on the adsorption and desorption of heavy metals were discussed. The results showed
that the heavy metal contents of surface sediments exceed the background values, presenting different values of each sampling site.
The closer near the Nanfei River, the higher pollution degree was. Potential Mobile Index analysis showed that, compared to Mn,
Cd was more likely to cause the secondary pollution in the western-half area of Lake Chaohu. Correlations analysis indicated that
both two heavy metals (Cd and Mn) showed a significant positive correlation between metal speciation and total metal value. Lake
Chaohu was considered as a typical algae lake, and the sources and distributions of two heavy metals (Cd and Mn) were related to
the algae boom. Combined with the study of adsorption and release by cyanobacteria humification, the present study speculates that
the cyanobacteria humification could influence the migration and release of Cd and Mn in Lake Chaohu.

Keywords; Lake Chaohu; heavy metal; cyanobacteria; humification; adsorption and release

K A SREONZETE 30, A 2E B B A KIRSR , Z80ed A WA S5 i A, L vb AN ] R ik 78 O3 e 28 1 AL
T ARG R BT BRI E SR T RS RGP AR RS A UUR Y T 4 ¥ e B
FERWREWEZ —. i TESRAEZFAAIE L, 55 2RI A F 00 DL L5 AR BT i
FELT AR, AN E A R R BUR e, oz 5 K B ke ARy B A2 A A ) 26 0 B A AR T,

« [EEK BARBIAE AT H (41172121,21607001) (LRE BARFHEFE ST A H (1608085QB45) Fl 4 B4 =i 55 24 AL
PRI 0 H (KJ2015000) 14 % BE. 2016 —06 25 e 12016 09 ~21 LB HCR. TTIT.(1990~ ) , 4 -1 BF
534 s E-mail ; JJTANG2012anhui@ 126.com.

wx IMAEVEE ; E-mail: li-yucheng@ 163.com.



TOEF S HEERENELBABBERGH R 559

TSR i K VA UK TS 4 S0 L BRI K B 7 SR A K Vb B R K, Lo B I AT
T WAL, AR KRR  pH il S AT IR B R R b A, A, A S A R A v 7 IS R BV i 1A
BT, SET AL IR R DR A LT & i, O R R B AR D S F 25 S Se G DR < TR #) R i A e 7
GE PO Ry YA

S (31°25"~31°43'N, 117°16' ~ 117°5"E) (i T 2208 H i, A T YT I TT g o) 22 ], 23 [ R Rk
12— KBRIEAR 769.55 km® , BATHTE ol AHE B HLAF Z R0 DI RE. 1T AR S A % 5 S LA S o 2
(Microcystis aeruginosa) >y 3 i B K 4, JUHORTE R 2 6— 8 T J0J i) R4 BEA, 74 - 1) X 1A 5 7 o Jon
RO X S ST T B R K R S SR DUBUER BRI AL LR T A 1 oA S RS
REAESE D T Y ST G B R R (1 W BT 5 B AT B A T S R SRR Singh 4
BHFIE R B0 1 ARBRAS T A K T B L S0 2 00 35 (0 e LA SR (9 W B 0™, Rangsayatorn 5558 T
VT HEWE (Arthrospira ) X5 KWL , S BLE AN LB R B 42 8 O e pH (0 7', SR SCHR 6 9T T E A 7] 4 )
BT U FURIR pH A F T S oK e 42 Cu™ (CA™ i NI R BR324 I T 3 /K
#i( Chlorella pyrenoidsa ) 6 Ph* 1 Cd™ i W B R BE B 20 3 2170, ALl K A8 B g Ak aod 0 % S99 5 42 i 14
TEAS R PR R 7 T PR T A DA TE . AT LS I8 PG 2 380 D0 BIF T 068 G, AT 9 X < i %y VB R A A2 119 £
JEE A xR Z DU I A BLER (TOC) L (TN) A 7 B 4 63 (Cd  Cr Cu . Zn Pb Ni I
Mn) &5 AT , S0 B He s () 0 ARFAE , IR T BCR EZES2 UL XS Mn F1 Cd JEASTEARBEAT SR G 23
T 38 P AET RS S B0 CPME) ™ P4 S0 05 49 7K 3R (1 T 4 i A 25 XU L S5 4 C/N 43T o 4 J 159 7T i ok
U5 T o 30 S AU S B AT 2 A T 2 P R v K (R i A 11 o 4 i 5 A Ak, 0 T T A AR R X
A R OCR , DUIARUK AR 26 5 T LAY vh o T F) S 3% B A ML, DT Ay 5000 o 3 J 75 2
TABEAIERGE BB A S THRE bR .

1 MR E5AE

1.1 H#RRE

T 2013 4F 11 7,158 GPS Bk DR EML RS, THREITTL I B 32 ARAE S (B 1), 6 AR AL
wR R ZTURYIRE R AT G R L0 A BHAS rh B IR O AF I (71 5256 5 R4 T T 3R 5 240 Hr
1.2 HmAbiE
L2.1 AR AR REDFEM R HAY A, & R TIRG , &I bR 4038, 1+ 200 B Jé Je i,
AT A 32 R s (B 1) RZVIRYHEM A TR S8 i FH4E R Cd 5 Mn JEZR LI K TOC/TN
LOAE. BrARE S AR T B 1T 3 U, LASRE SRS 0 B ANl N BE AL IR 22 , X 90 45 SR 8. SR H WG AR A e
YIBRAE Y BCR AR IE  # G JRIE AR A S RIS (F1) AT RS (F2) AL S (F3) FHskidk
AP e R SRR ARG T 4B T & & R A HF-HCI0, -HNO, (GR) IR A MRtk 2 3 , A1
FH F A 45 8 AR SOLIE (ICP-AES) 4387 S PR UE 53 BT I R 1, 1R) 25 20 A7 1 ) 5t Joi 52 56 00 3 o
R T B I ORI S IR TC R ARTER) S5 (GBWOT7304a) , 4% 4 J& JC R A [ 25 i 44 7 82.3% ~
113.1% Z [i] , 456 3¢ B E K5 /97 R (USEPA ) AR fEZER (1 80% ~ 120% MUFE . TOC 5 TN & RAICER
A3 A% ( Vario TOC cube) il 2.
122 BN EE BN E  TRBEERMEHIE B EA S (B 2) 3 1T Bn AR 2lK 537 6 % 8, %
BT 2013 48 7 B3 SLIITG ), TR AR BRI, A 98% LA B R BE T T IR BEWEE (Microcystis) , W
B LN 10° cells/L. FEANSII AT 3 4H - A AR50 B 440 30 d, R4 30 d, BEBANEE; C 2 4
PRA, ECAL R 5 e S0 2% T 30+ 2°C AR IR FRAR b, AIMEAT & FRoC R, IR B, 1% 6 d HURE—
WM DK pH, FESE FEDK 53RN E A4S Cd 5 Mn &
1.3 HEH M A%

Sy R A 3 A (W ORI G, AR ST S L AV TEIT RS 82X (Potential Mobile Index, PMI) , Ho SUZ
FEUURR Y v 5 8 4 J A5 PR A5 Hh ] e ) LA A 0 (A ) K AR S SRS B 43 i 4 B R R TR 4y
L, BRFRORER e S A5RSS. THE AR
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Fig.1 Distribution of sampling sites in Lake Chaohu
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2 BZREWE

21 REMRYFPEERAEN L

M1 AT LA, SE AR B AR Z DU e 7 B T 4 S 3 R [ R HH FS SR, Cd M P
I Zn (B B e 30 O 7 , A o TR A 5 3 ol T e T P S A A T, A
AR WA AT ML K 8l g s AT G 10 RSS2 SR M, K A B AR R EL R
FaRL SETE R E SR, SECE SR 7RI N B TR, 2R AR ST LI VG 2 ) e
KA TR 32 345 BB T Tl 5 26 35 75 Qe i B H 2, Cd & B OR(E N 0.07 pg/L. ARBFSE i, BLlK A g
B Cd F A 0.1 mg/ke. AN AR TR 2R A KRR DURRY o T8 3R A ORI s 4R, DR U
A T A ™ A E S L RIR 2 A6 4. f e mT R BT PG 2 R DU E S R R T A AR T B % K S e R
ST UE T MK SR IR S A R T A IR S R A

1 BIPURY T EE R S

Tab.1 Heavy metal contents in sediments of Lake Chaohu

P Cd/ Cr/ Cw/ Mn/ Ni/ Pb/ Zn/

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
e 0.097 66.5 20.4 634 29.8 26.6 62

MU AR 0.08~0.75  65.63~112.1 13.27~41.4 513.6~1561 16.69~41.71 27.9~64.94 192.6~589.4
(0.389) (85.380) (29.37) (1088.66) (28.12) (45.44) (300.6)

WO 0.196~0.32  48.51~106.9 4.57~2229  760~1700  13.47~29.97 16.61~27.96 60.38~120.1
(0.26) (82.73) (12.20) (1221.75) (21.20) (23.76) (90.05)

FIRMABIO  0.1~0.11  53.05~71.25 9.07~14.29 339.1~612.4 14.18~16.66 15.63~24.76 52.06~110.3
(0.06) (63.38) (11.55) (516.53) (15.42) (19.97) (79.23)

PWEPEIM AL 0.53~0.59  72.77~109.8 30.39~31.52 1417~1425  41.47~42.9 56.59~65.26 333.6~409.4
(0.56) (91.29) (30.96) (1421) (42.19) (60.93) (371.5)

PEEBIWIL 0.11~0.75  77.9~151.3  21.12~36.94 933.9~1942 28.08~50.83 37.71~73.99 173.3~416.2
(0.42) (112.7) (28.7) (1455.5) (40.06) (54.63) (271.22)

AR IR T 2B I B SR PR B 45 5 B i DV EE R A i R

22 REMBRYPESRESHHHER IS Z BHHEXME

SLHIFRIZVURYI T E S8 Mn F Cd ) F1 2508 H R BRAAE RS, -2 & BT ik 53.24% 145.69% ,Cd H:
YR F2 25, F 158 23.76% ,Mn [ F2 i1 F4 25 5880, F-449 2y 20.55% #1 27.06% (1€ 3). Cd 55 Ca™
KA, s TR b Cd 1Y FL 2S5 FL S )8 o pH (A A U 425  TERRYE S T
F IR, BB T A R 2 R BOK IR pH VA ff AU TR 55 IR HR S B8 5 SO ML ok, )
P 5353 1 o MR A 2 i S A 9 P R P 2SO el LR 1) K PR, REAB AR Wi A0 e e 25 L 19 A v I, K
VRGP ST AR I 3 8 3 WAA T U AR 7 ) RO AR RE R ER ) b A i ) o T R 8 /R AR, 3 K A —
153 I M RETEROR.

H13R 2 R, B R TR A D BT LR BRI A D TR R Cd B PMT I {E )
50 76.9% [ 74.9% (83.8% Fil 84.7% , 2% DX ol Moy (e AR iy , (L pl AL 9T 114 e v L ( 94 8% ) ) I v T AL 458 4]
(89.5% ) B IR (88.5% ) , BEHAREAPH-38] Cd ML ASMERL I s VU F 18] g I mf A0 10 OBE S5m0 AT 1 1L K%
IR A M TR Mn 9 PMI $5{E 535109 64.5% (67.7% ,63.1% 11 60.2% , i WA PUL IR Mn
AR PRI 22N K. & RAE AL Cd B9 PMIT 8 Mn, ] Cd e Mn S5 2 i — 05 3. ELPG 21005 R 5
PRI, BEEA KR 1 ST pH DO ¥R BE /KRR, 48 5 1 Cd TR N AR I KR 28 v O s R Pt
TR A R IR AIBE T3 i v o8 40 M T R 2 % PR AR 3R B R I o SR, AT 52 i 38 5 J 7 A AR o 10 5 2
G BB 5254
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Fig.3 Percentage of different factions of heavy metals for different sampling sites of Lake Chaohu
2 HWRZVURY T E G R TR R AR R (PMT)
Tab.2 PMI of heavy metals in surface sediments of Lake Chaohu
HE)E LT AW /% B A H/% IR AW T/ % PO/ %
Cd 58.1~94.8 80.3~89.5 81.2~88.5 72.1~87.4
(74.9) (83.8) (84.7) (76.9)
Mn 60.1~73.2 36.3~76.2 59.1~61.5 58.2~74.5
(67.7) (63.1) (60.2) (64.5)
# 355 NI 25 R 8 PMT Y.

ARG B (3 3) P, B Min f) ik i 25 5% 5 G i 2 [A) 3 B A I 3% IEAH G (P<0.05) 41, Mn Al Cd
12 25 S AR 2 () B B A B 35 TEAR DG (P<0.01) | [R] i  SX PP EE 2 @ 19 F1 255 F2 J F3 25 i
Z I R IEARSC (P<0.01). Cd Y F4 255 55 HARTE 255 i 22 (W) B A7 /e At 25 IEAH G (P<0.01)
WY F I 25 AR E PR AT ), 70 3 K AR S R A i, 5 e 2 DU T R B 8 A A

B AT L H Ao B OB A WL TR A9 H 4, TOC/ TN L AR AT LAAS 280X 4310 A AL 1) 3 28 i
AFEPIR IR, G Cd A Mn B AR 25 5 f R B 2 AR R B i 0 38 TE AR OG, G rp Min f B0 e 285 5%
A2 ) R B B35 IEARSE (3K 3) , AR W & i AN AR 5 iR A — BV LA 2 LL AR AL A
SCHFSE % B, S0 R RIT BT K% P 000 X TOC/ TN H (B4 T 2.03~4.17 22 fil, J& F S0 iy A > | Jol
AR 1o B A S PG TR A SR U T B B B SRS DR A LR R T
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B Cd BARFES & AL AR TN TOC & 77 46 35 IEAOC, Mn BRk it 25 DLAN, HAlE 2535 A g i
Y5 TOC TN Er i AR B A 8 8 IEAH SRR 3 IEAH DG (36 3) , 3R Cd  Mn SRIFAN 73 A5 5 i e A 5%, il ek
Ae TS A T T RE S X KA ORI T 5 e A S R AR B A 52

# 3 HMPURY) A RIE S G 5 i 5 AR bR Z A AH GRS A
Tab.3 Correlations analyses between different heavy metal contents and

other indicators in the sediments of Lake Chaohu

B A i CIE=K( BRI S

TR tils ™ T sy s mG) (e B
cd TN 1.000
TOC 1.000
R ARIUA (F1) 0.586 ** 0.592 ** 1.000
A F A (F2) 0.518 * 0.633* 0.870 ** 1.000
AT AL (F3) 0.315* 0.440 = 0.506 ** 0.547 ** 1.000
Bt A (F4) 0.649 ** 0.496 ** 0.542 " 0.423* 0.457 1.000
=85 0.736** 0.725* 0.844 ** 0.825** 0.609 ** 0.639 ** 1.000
Mn TN 1.000
TOC 1.000
FERAR IS (F1) 0.735* 0.577** 1.000
Al IR A (F2) 0.481 " 0.382* 0.675** 1.000
AT AR (F3) 0.733** 0.676 0.669 ** 0.511* 1.000
B A5 (F4) 0.006 0.065 0.164 0.204 0.220 1.000
Jo8-ss 0.732* 0.559** 0.815* 0.525* 0.762* 0.400* 1.000

sk FIRAE P<0.01 AR AR C (BURBARSR) 5+ RIRTE P<0.05 I T2 AR (RUBAGHR) 5n=32.

2.3 EEAE LT s
230 EH AR P A pH 8y R EWERL  g5] Tt AM Bl e C
SR pH % /B T BERAL(E 4). SRR 725
WA LTI, IR T OEAERT s, ok ik T2

6.75
) LA, RO A B, DRI A K PR S 650
. A G115 B AL 30 dRIRIFHES SRR AR F 025

P A IR AE T 06, P pH (LR K, oo
FUBfEE N —EL 30 d DS, A 412 MBS TR 5501

FiT 30 d @I N S S Y R Z SR e A1 g'gg; .
FERS T IR , I FE KR CO, , SEOKIK pH TS W el
B 415 30 d J5 55 C 4L BBk AR SR BL , th T4 00 IE A 0 S0 4 an St 6o

P E SRR A 0 T [ 3B B O U T i

FHANE, 725 CO, , FEOK Ik pH F54: Tl H C 41 Vel 4 1K pH R RAR i 19722 f i 2K

B B BB, 1 MUR R AL B b, ST E R R Fig.4 The curve of pH value of overlying
CH, 1 CO, ™ [ B I 5 10 e, 75 52 36 3 A B B water with the change of time

pH {HAT A ZHH1 B 4.

232 EHEBANLBEFEARX LAATELREAEL N RIS, AP ESE S ERBEE B L
TS, FEDK RS R & AR RS T RS 10 B 2 DK Cd S ik I T e in i s i 2B 4k
BCAT SR T Bt Cd (R PR pH Ay 617 pHL i 15 23 B W6 5 % 86 J PO B 303.. S B A0 T
RE R T pH AT i 20 8 5 B 1 A0 ik RS, 8 TN 00 6 63 Ja B W BRHAE JH P 2 i), 3 A ZH A B 4
K Cd & B Sehg s s (181 5) .
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Fig.5 The curve of heavy metal content in alga and water with the change of

time during the process of the humification of blue-green algae

PRAAK Bk e 20 N 20 , 15 S M PN 3 B TR A T A LS & 10 T R S oR R K.
S TLAE Y, e e & B R i sh M T e, DK b G s & R R R 3 BT, 5 b 4h
A2 Horb C 418D Cd A Mn & BRI e B THE R RERIZE, C 41 Bk Mo & 55 301 SR
IR HL I Sh R BE R, T REE h T 030 40 B 1 e A 22, 4 it o T % 8 14 B RE AT Xk L K b o < s IR A A TR
BEPRFRBTEC™ . 5 TR A T e 5, 4 SO TR R IR K A, 5 B0 KR Cd A
Mn & 340

AR S AT K B, S M AR A AR 2 P BOK A pH (948 1, 52 W 21 5 6 Ja 0 1 A0 i IR R
R P e Rt i 2 X K < TR 7 A AR RS — R I — R A .

3 &it

1) WG R ZUUR Y b GJE (Cd (Cr ,Cu Zn (Pb Ni H1 Mn) 734 HAT B i 19 25 18] 2 51, 520 pe
T, 8 S ., SRS DU W R DUAR Y Th i G R BR TR IR T IS T K, AT RE B 40 A YR T 1
KA 3R 5 B A A X T < DA% S R .

2) PMI R RWIE G )8 Cd Lo Mn S50 508, Mn Al Cd A58 2535 0 LGB 22 [B) 3 2 B A 8 35 TE ARG
[Fi R 3o 44 o B <5 T 14 5353 T B4 MRS 5 s Jir s T A 285 22 i) 2 B A S 38 TE AR G, 3 W) o A 7 6 s ) ok
WA AT B A — Sk

3) AU S K B, R I A AL e 2 S BOK R pH B AR, 5200 3 B G i 1 1 A A BRES T I A Al
TR A S L K A R R — R A R - B A .
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