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Interactions between heavy metal lead and two freshwater algae

LIU Lu, YAN Hao, LI Cheng, LI Yuan, ZHOU Yang, ZHANG Tingting *
The Key Laboratory of Biotic Environment and Ecological Safety in Anhui Province, College of Life Sciences, Anhui Normal University, Wuhu 241000, China

Abstract; To get a better understanding of interactions between heavy metal lead and freshwater algae Microcysis aeruginosa
Kutz. and Scenedesmus obliquus ( Turp.) Kutz., the algal biomass, electrical conductivity ( EC) of supernatant,
concentration of superoxide anion radical (0 ), activities of POD and CAT as well as the absorption of Ph*" by algal were
determined respectively at different concentrations of Pb*>* | and the surface structure of two algae cells was contrasted by
scanning electron microscopy. The results showed as follows: (1) 3 mg/L of Pb* accelerated the growth of M. aeruginosa,
and the opposite effects were observed when exposed to more than 9 mg/L of Pb*"; however, the growth of S. obliquus was
obviously inhibited when the concentrations of Pb* ranged from 3 to 12 mg/L. The effects of Pb** on the two kinds of
freshwater algae indicated that S. obliquus was more sensitive to the Pb*" pressure. (2) The membrane permeability of the
two algae cells was changed under the stress of Pb>". The photos of scanning electron microscopy showed that the superficial
flocs of the two algae cells increased with the increasing of Pb*", and numerous cells deformed or ruptured evidently,
especially for S. obliquus. Meanwhile, the increases of O, contents were exhibited and the activities of POD and CAT in the
two algae were advanced with increasing of Ph** concentration at the early stage, which indicated that the main mechanisms

of Pb*" acting on two algae involve the increasing production of superoxide anion radical and the accompanying physiological
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and biochemical changes of the algae. (3) Pb*" can be absorbed by the two algae, and moreover S. obliguus had higher

capacity of Pb*" absorption than M. aeruginosa did at the unit cells. From the above points, compared with the M.

aeruginosa, S. obliguus can be used not only as a biological indicator for monitoring heavy metal pollution levels, but also as

a biological material to deal with water Pb** contamination due to its ability of Pb** absorption.

Key Words: lead; M. aeruginosa; S. obliquus; interactions
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Fig.1 The effects of Pb?* on the growth of M.aeruginosa
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Fig.2 The effects of Pb*>* on the growth of S. obliquus
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®1 PV IRAGMERRRESENRME x10°
Table 1 Effect of Pb?* on conductivity of M.aeruginosa /x10°
Ph2 e iE SRR A B TR R F R conductivity of M. aeruginosa/ (ws/cm)
Pb** contens/ (mg/L) $0K H2K Hax 6K
CK 2.20+0.00 2.16+0.01 2.21+0.01 2.22+0.03
3 2.20+0.00 2.19+0.03 2.16+0.05 " 2.22+0.02
6 2.20+0.00 2.20+0.04 " 2.20+0.01 2.20+0.03
9 2.20+0.00 2.22+0.01 " 2.18+0.02 " 2.20+0.01
12 2.20+0.00 2.17+£0.02 2.17+£0.01 " 2.15+0.00 "
TR N FIELSE(n=3) , * SRIPIX AL HEL, P<0.05; + + SRIYIXIRLL L4, P<0.01
£2 PV’ MREMERRESENARM <10’
Table 2 Effect of Pb2* on conductivity of S. obliquus /x10°
Ph2 ¥k ML M % conductivity of S. obliquus/ (ps/cm)
Pb?* contens/ (mg/L) EBS H2R HaxR H6 K
CK 0.75+0.00 0.62+0.02 0.59+0.00 0.60+0.15
3 0.75+0.00 0.65+0.01 " 0.62+0.02 " 0.61+0.01
6 0.75+0.00 0.65+0.01 * 0.62+0.01 " 0.61+0.01
9 0.75+0.00 0.66+0.01 " 0.62+0.01 " 0.61+£0.02
12 0.75+0.00 0.66+0.00 * 0.62+0.03 " 0.61+0.01
FPHUR R T HIE£SE (n=3) ; * FIFBIX AL LLEE, P<0.05; ++ S[RIHXS IRLL L4, P<0.01
®3 PO IAEZHEERE 0 AR
Table 3 Effect of Pb** on O3 contents of M.aeruginosa
Ph2* ik JiE HR LRI #E 05" F L 057 contents of M.aeruginosa/ ( pmol/L)
Pb** contens/ ( mg/L) 0K F2KR 4R EHPN
CK 0.85+0.00 0.45+£0.20 0.55+0.09 0.80+0.05
3 0.85+0.00 0.75+0.05 " 0.65+0.20 " 0.90+0.05
6 0.85+0.00 0.80+0.00 ** 0.70+0.03 * 1.00+0.24
9 0.85+0.00 0.65+0.08 ** 0.75+0.09 ** 1.15£0.15**
12 0.85+0.00 0.70+0.14 " 0.80+0.50 ** 1.15£0.60 "~
T BN T HMELSE (n=3) ; « SEIBIXIEAL 4L, P<0.05; =+ 5 [HHI%H 4L 5L, P<0.01
R4 P MREME O SEEHHI
Table 4 Effect of Pb** on O, contents of S. obliquus
Ph2+ e FHAEMEEE 05 &5 05 contents of S. obliquus/ ( umol/L)
Pb** contens/ ( mg/L) EAIBN H2R E NN EXPN
CK 0.20+0.00 0.20+0.22 0.20+0.06 0.25+0.10
3 0.20+0.00 0.30+0.03 ** 0.25+0.03 = 0.45+0.10""
6 0.20+0.00 0.30+0.35 " 0.30+0.10 " 0.45+0.17""
9 0.20+0.00 0.35+0.03 " 0.45+0.26 ** 0.50+0.29 **
12 0.20+0.00 0.55+0.08 ** 0.50+0.28 ** 0.55+0.29 "
FNEE R TAE£SE(n=3) ; * 5EIX AL LA, P<0.05; * + SR AL LE4, P<0.01
2.4 HEXTPIFNEE POD  CAT & MRS 5 E A AR I, L g X 4L 133, 049% Al

I 3 W1, B Ph™ 4 32 1S, i 2 ol ot i
FIAHAE Mt 58 0 L PN ) POD WM 2 %8 EFHE T
Ol = R BN TR = N D 1| PR G 8 < N ]

124.40% .,
HITEL 3 7S , i 2o ol 206 188 R A D 98 o8 200 Y T
(Y CAT {5 PERE Ph e B A b T s i, 3 1 ik 21

166. 16% (HA4R (3 B S I 20 ) F1 209.179% (RHAME KI5 32 %) IRAL 1Y 255.40% F1 222.01% , 517
BESTIA) | 2RI HTREAG, (HRE Y POD MYTETE A IRAIAR L 2E R 3 (P<0.01)
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Fig.3 Effects of different concentrations of Pb>* exposure on POD and CAT activities of M.aeruginosa and S. obliquus
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JERE, P> X P g8 0 A K AT B SR I 1 R A A T
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Fig.4 The intra-celluar Pb>* content of M.aeruginosa and S.
obliquus under different concentrations of Pb>* treatment after 6
days
2.6 AN[FEHTHRE T PIREE R R T 451
5 AP 487 S A [ e J3E T ) o ol 0 3
AR AY R FSEH , FEAN T PO IISE R, S i A

3B 20 2 T e 5 TR (3—6 mg/L) B, 3E 4
JRLATS R A S5 (LA 6 T 4 2209, HL 2R
YIBE P> W BE (4 b FHIMTHE 0 5 78 55 Wk BE (9—12 mg/
L) IS 356 400 2 1 R ] L 90 A1 2 DR 1) 2R R0, 4 i
AR 53 B UL 22 A4S 20 M R G A B R R B A
#i‘@o

P 5 A5 000 T S s ) A [ i T R A Al e s 2
MR R SE R . [FFE  FEAN S Ph> 5500 S 4
AT B 20 B R TG  TEVRE S 3 me/L (1 A 2R
L AR LA ARATISR 3 B (EL 40 Jif 22 T B A 2R R
Yy ;BB Ph> v B Y bt 5 4 E % 1 R R 1R 2R
W G4 22 A M RS 2 I A IR S O | L B
G WA UM AR RS TR

P ZE P LU 3T DL, AR B BT Ph> B i
JE P> X AR AE B 104 1 FH 2 5 1 o) A S i i 3
TR Ph** X 79 2H 56 200 M A A R By s e — 35

3 Zig5itig

3.1 Ph™ X R A Mg AR 2R T i 2 AT W A 7
PEAE R, (ECR A 2R 2 8 A B 28/ T X AR
LR 2 b 5 1) A 1 BAT U 2 ) IR EE Ph
REfE 2 2 I, X — 4598 5 i 2 A A WF 50 45 2R —
R EE Y P A AR R RVIRAE
X AT RER DR 48R B2 %, — 7 THI AT BE -5 12 I 4
(T EE A AN A 5 5 I3 A, 21 i 2R o 3 v i ik
RO BT R A B 5 R B T AT SRS, N
T 5 15 1 45 Js 1 ) 5 AP a8 A0 2 ol 288 8 X
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Fig.5 Superficial structure of M.aeruginosa and S. obliquus under different concentrations Pb>* treatment after 6 days
BRI — M Z ey AREHRMNES  AHWBINS ML 5 i 4 1 3 i 254 14 AT
JRE TR YA REAR A E R BT IRADI ST, DUTE PRI o 200 M 3R i A DR 2R ), B 2 ) PR
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JEE AT M R 40 N PR R SN RE
Tt I 5, DT HH B e Ak it 03 1 T B T o LA )
RIS P ARG & s, G — 22K T Pbh™
X PR
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FLE )z X 1 IR K o oF A 3 0 4 T () W 5 20 AH
X gl o ARG 48 T R B LR 7K T R A s A
R BT Ph™ 4 RAFRE R . #E—
(3—9 mg/L) N, FIFP T Ph> AR IARE J1 Bl Ph** ¥k
FERY ETF B 7E 9 mg/L LA e I 9 o 35 i i
P> (IR ISCHE 7 A T 4R o 5 B 1 e 20 B I, b AR
WHEXT P> (4 W SCRE 2 5 A SR e s

S UL R P RVEMREEXT Ph> B U,
PRI, AT DA% p o] e A1) P A A A 35 ok A Sy %o o 4
JE S A R 7 A R M T K AR Ph>* V5 YRR [
i, A G —Se R a0 4 26, AT Ph™ HAT
U A WO P, e e BT IR SO P 3K 36. 59 me/ g,
7 FLASH AR MR 2 AN 7= A B 2 A SR 2, X IR 85 75 e
BN, R AR AR A s ELAT T R Ak A BRK AR T G
[EREREE /YR SRR i1
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