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Abstract: To understand the toxicity mechanisms of mixed heavy metals on aquatic plant, indicators of algea growth rate; content of reduced
glutathione (GSHD activities of glutathione S-transferase ( GST) and glutathione peroxidase ( GPx) of green algae, Scenedesmus quadricauda
were measured to analyze the individual and joint toxic effects of lead and mercury. The results show that the 96h ECs; of algae growth inhibition
by lead [ Ph(NO; ), ] and mercury (HgCl, ) are 0.678 9 mg/L and 0.140 1 mg/L respectively. After 12 h individual and joint lead and mercury
exposure the content of GSH in alga cells is decreased to about 70% of the level of the control; and keeps a steady level with the increase of
the exposure concentration. The GST activities are increased to a peak in lower concentration groups and then decrease with the increase of the
exposure concentration. Indeeds the higher concentration of lead and mercury combined-poisoning can inhibit the activities of GST significantly,
with 13.04% inhibitory rate. The activity of GPx is almost suppressed continuously with the increase of the exposure concentration, and the
lowest activity is only 38.77% of the control. The toxic action of the mixture of Pb and Hg on growth inhibition, GSH content activities of GST
and activities of GPx for Scenedesmus quadricauda are addition.
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RS 4 S W P TRV R U, MR FEE B BS540 ) R 0O D
0.2+ 0.5+ 0.8+ 1.1~ 1.4 mg/L. Ph(NO,), il 0 CXf
H8)1 0.06+ 0.12+ 0.18+ 0.24+ 0.30 mg/L HgCl, » B 41
3APAT.
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0.5x ECy (HI) + 0.5 x ECy, (78D = 1 A8 1 HA47
(TUgp ) . LTSI, 85 IR I G B S50 TR B o i
3 0CKT D 0.32+ 0.56~ 1.00~ 1.80 1 3.20 Bk
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Table 1  Concentration of Pb(NO; ), and HgCl, in joint

treatment group/mg® L~

TUpezr Pb(NO; ), HgCl,
0.00 0.00 0.000
0.32 0.11 0.022
0.56 0.19 0.039
1.00 0.34 0.070
1.80 0.61 0.126
3.20 1.09 0.224

1.2.3 X GSH KAH KRBT ARG 1) 52 1

P 5 ISR TR 77 72 hy 38 1 AR WA X
FEFRATIH RIS F7 45 00 B AT 4 v E 4 A S
IS B A0 M A T 0 A K 5 S 1 N96 h EC,
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Table 2 Concentration of Pb(NO; ), and HgCl,/TU

Ph(NO;, ), 0.0 (0.0) 0.3 (0.2037) 0.4 (0.2716)
HeCl, 0.0 (0.0) 0.2 (0.0280) 0.4 (0.0560)
Pb(NO; ), 0.0 0.1 0.3

+ HeCl, (0.0+0.0)

(0.0336+0.0069) (0.1009+0.0208) (0.1682+0.0347) (0.2355+0.0486)

0.6 (0.407 3) 0.7 €0.4752) 0.9 (0.6110)
0.5 (0.0700) 0.6 (0.0840) 0.8 (0.1120
0.5 0.7 0.9

(0.3028 +0.0625)

DFET OSBRI /mge 1!

B50 10 min WCHESEAH L, 28 1R7K B8 2 ~ 3 WK, WA
VR JE PR NI A S, R B A AR, 4%
i RFALE 1:4 0N 0.2 mol/L % 18 2% i ( pH
7.4), VKA T A A 2 min. 5K T 4°C, 3500
r/min25 /0 10 min, B3 R0 A $EECR 40 i, H T
WHE GSH & & EE & B L& GPx GST W& 1.

(2)GSH-GPx-GST #ll € GSH M 5& K H 5-5'-—
BRAR LMl HE 28 H R ) (DTNB) T, GPx 0 2 [
Hafemen %557 (£ 75 1%, GST #3012 /€ Habig 2519 % 1
(07732 8 T Ik A [ G B 44 2R AR TR 2 S 0] &5 2R

DR, S 4l R 2RI N Y EE AL GSH 1 =

Sy R VDS I RO R RS NI NE R v

GEESEMIE KM Bradford ™ 773
S, FH/NA- I 118 T CBSADE bR HE SR (1, 5 & DA
pg/ml AR RIS
1.2.4 Hdsab 5 5 Hr

BT B 4 LA 3 AN TAT L300 (73908 + ket
72 (Means + SD)KZR 7N, M H] SPSS 13.0 48 v 8K 44 %

SEHG &5 FEAT SR T 22 43 BT CANOVAD, 1 F LSD
T YLIR) 2 S AT LRES, Bh p<0.05 fE N ZE 7 B 3%
K.
2 HERE5HH
2.1 BT R R 1R N U R A A K 5 e
HR A 2 2O VS0 A KA E 2R 1), 3R
AR 23 20075 G W B2 () 1] VA 4 1 O 12, 45 2]
B IR L — B I A R DY e A A A 1 96 h
ECy, {H, 45 B4R 3 Fiow AR B — 48 H DY 2
BAE KA EI 96 h ECy, 73 4 4 0.678 9 F10.140 1
mg/L» AT DL 7R %8 DY 52 Al 8 2 K 1 255 8 T 20 0 5 1)
4 ~5 fi5 .t HgCl, A1 PhONO, D, VA0 DU A e 2
KAWHNKI96 h ECs,» AT A F A AF FH 0 DU 8 i s
S FEPESREE M =0.991 0. HAHINFEEE KA 81K
BA BEVEAR INFE 20 AT=0.009.
2.2 HEVORH RBEA R RO DY R MR AR A GSH
i % GSTGPx W PE IR

F3 BORE—RBKESIEMANMUEME% h EC;,
Table 3 96 h ECsj of single and joint effects of Pb(NO; ), and HgCl, on Scenedesmus quadricauda

245y B EppE r 96 h ECsp 95% EAF X [1]

Ph(NO; ), I, =53.46¢ +13.68 0.996 0 0.678 9 mg/L 0.5973~0.760 5
HgCl, I4,=232.58¢ +17.42 0.9922 0.140 1 mg/L 0.1203~0.1599
Ph(NO; ), + HeCl, Iy= =577 +43.71c +8.94 0.997 4 0.9910 TU 0.8848 ~1.0972

2.2.1 B ORE— RIECE AN GSH &2 1520
AR LT R B MR E S EE 12 h e, DU
WHEAA N GSH & AR E 1 s /TULEH, 5
Xf RZH AR LL, 1T e BB IR IBE B e wl el 2 PG DY 2
WS LN GSH 175 5 (p < 0.05) . {HIX Fl A8 46 -
AN 7 B b A G 7 U 8 1) 8 0 S LT R
TER B — Y4l rh, GSH & f S bl A G #5 R L (1 14
InFEA% 2] 80.08% + 10.49% (0.2 TU, p <0.05). %%
Je IR [ A B 2 B ol I ) 19 n W AR 9%, GSH

TN T (80.08% + 10.49%) ~ (68.14% +
T.47%)Z2 N0, ZFWEHZ MEAREER(p =
0.05) . HeCl, WJEkS3E N, 8L 0.6 TU I, i #E
AN GSH 7 5 PR IR R AR PR B, 1 31 532 5630
WA AT 42.91% +6.80% (0.8 TU, p <0.05) . %1
e NOHTORIR G e B R AV A7 AR
e BRI VO T A BTG B R A 1) GSH 7 B fIK A
HILAE 0.6 TUC63.06% +0.92% > p<0.05),{H 0.4+
0.6~ 0.7 F10.9 TU 4455 241 2 [0 I AN A AE Wl 3 22 5
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(p=0.05) AEmAIPE T FEIL FME A5 (68.78% +
4.67%,0.3 TU, p<0.05), G HT RIS YL i i
FRIBE K, WS40 LN GSH % F41(66.47% + 1.37%)
~(75.27% + 6.38% )G H A /MEHR 0.3 ~0.9 TU
YLRETO N S 2 B TE W 22 5 (p = 0.05).
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Fig.1 Toxic effects of single and joint Phb(NO3 ), and
HgCl, on GSH of Scenedesmus quadricauda

2.2.2  BEORE RIRGAE RIS GST & 1 (1 52 1
AN TR VR FEE AT R B — S IRk B m 0] DY R Ml i 4
HLPY GST W Pk IR 52 M an P81 2 Fros . A rbrn] WL, 757K 4
B, GST WG M JE Bl HgCl, W& 2 (1) 385 i 328 7
BTt AR 0.4 TU A B 5 S 119.25% +2.80% (p
<0.05), #RJ5 S 5 (1 4 22 398 Jn i 38 7 1 B, e
KA 85.55% +10.72% (0.8 TU, p =0.05). B AR
5 R G, S0 Y0 L A 05 KR B #3 0R E JT 3 AT 0
GST ¥ 1t 7 A= WY S P 4 i 7 H  AEL 5 At 3 J52 2H A1
b, AR P BRAR A R L B AT Gk 2 @ L (p <
0.05) . By L — e B K R GST 3 1 1) 55 K H LA
0.6 TU &b, 4 129.54% +3.68% (p <0.05), B & %t
Ui Sk — 20 14 OK, GST ¥ M S M (1] 7% 3 %)
ML 7K P B 3 (99.77% + 10.70%, 0.9 TU, p =
0.05). ST ORBE YRR R L, TS YLk R 1
GST 3t Ve dse RAE H IR o B AR 2, 76 0.1 TU 4
BEIA B 06AE 113.87% +7.67% (p <0.05) . GST #i5 1E
(103Kl 559 348 o i S 2 TR 5 % 3 9 B 1) n K T
B>, A 0.7 F10.9 TU G841 H 0B S 1) 7%
PEIIHIILS, GST W PMEEARAE N 86.96% +3.28% (p
<0.05).
2.2.3 HiORH REREERIXS GPx WS TR S
By R RS G w5 DY R A4 R N GPx
AR L3 AR A, b GST v M SE 3 N S R
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2 BRBE—RESHESMME GSTEMEMNFM
Fig.2 Toxic effects of single and joint Ph(NO; ), and
HgCl, on GST of Scendesmus quadricauda

AN, B oK B — R 1A 3 0) DY R M 8 44 9 GPx
e EAT B A E F Cp <0.05), I HLAXFRdm i
A FH B G B B8 (R0 184 I oK B ok S R R G
B R CPx WM B ANME S N 45.23% =+
10.00%(0.9 TU, p < 0.05)+58.33% = 9.68% (0.8
TU, p < 0.05) F1 38.77% + 8.93% (0.7 TU, p <
0.05).
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Fig.3 Toxic effects of single and joint Pb(NO3 ), and
HgCl, on GPx of Scenedesmus quadricauda
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IVE A 243 20 78 0 R ¥ AEAKIE I FL A, i
MHN GSH 7 /K — HARFFE — DN BAL K,
GPx W VE BRI 52 31 7 B S5 1R 40 ), 2 B A B iy
RS ) TN K T 2 % T AR e R BE AL G PRV 2
FIHIBR T 52 W 56 4+ B RE WA, 38 ] BE A BT HLAR
ROS 7 2 it il 5 B 1 DR SR 39 I, 5 & Gpx A8 1k
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(48 WIEHL T, 48 W10 2 8K ) GSH 7 =
KA N, MRS QB (30 DA T, Jegdl
H GSH & i o B W3 I b ) WL, GSH Bt Ak By
I ZR GERAE P IR CR 7 BE ) Bk 52 i 1 79 42 1) 52 Ml 1
M55 e FE S IR I TR) A % . AR 0 1) e B I ) Ak
12 h, JB T g5, Rk, % 42 28 R 50 DY 2 A o 14
W GSH 7 s BT 0 4L T GSH 7 A& B i
HH IR A P07 5 AT I 3 20 B o G 25 I T 1 S K, 7
RN ZAN PR RGN FAER R, GSH & =
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KT I, 5 Foh s ] DA i e 2R i A
K, B 25k R, Wk, B 1975 4,
Hutchinson 25 gl 452 7 A) LUR) 38 28 42 KA g 45
b} 543 J R AR A e MEEAT VRN SR, 7E TN SCHR
IR AT LA AR O bR 0 i R IR A A AT
SIRT IR AR AR 0 HE 0 e, 4 AT = 0, Bk
B EEIE R I A B 5 00 AR AR FH Caddition)s 24 AT< 0
I, oA F5 B0 4E H Cantagonism) s 4 AT > 0 I, 1 [\ 4
H Csynergism) . AHSEFr b, K5 AH 45 £ ok 4 i 1E¢
B AT & T A A F 6 e v B 8L e AR 0 5 Ay
(8. Fernandez 257 ERFF 9 7R 55 HoAh 5 42 J (A B 5 75
PEVERIBHR tH, S RSB R M 7E 0.8 ~ 1.2 Z 1]
I 6 A 5 A INAE F 2 18] 2 A B8 220 1 AR
WHFC e ORIEE G Bt e vh BT i R EE R R
=0.991 0, Al =0.009 FZIx T 0. Fr LA, ASHF 58 4
TR T A A A A 1 R B A A FH DG R e 28 1058 S AR N
1EH .

XY R IR G G 1 A b M AR N GSH B &
GST-GPx WG L 43 B gk — B U0 E T # R A 1 H
ZIAFEBINE R S R Y B 4 AH LG, #5
ARER G YR AL B M EE AR N GST 1 M A0 A Ik S5 R
LB T UEAE, H GST BUR IR BAL T3 — e R
s B8 D30 A< S (R 38, k& YR 4 b GST 1k
ER I T R B A B I A, X
VW HT R I G YL BEXT GST 1) 25 1 52 Wi 43¢ . — Y 8¢
SO BREY R — A Y M ZE AN B
L AHEY RIS iR AU MR Y GPx R 5 i 25
URZAL T B — I A Yo i 4L T 7, RIRE DO S L R Ik
B YR EE GPx Y% M R 5 W B B — e B ] I
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Y GSH 7 fi ik B8 AR B IR B Al /N - —
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