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 OE LRSI AR D A ( Chlamydomonas reinhardtii) NRFFEXTEE A3 Hr = Ai i AT HAR R 4&
A S BN BIF T AR R SR S DY ACHE €. reinhardrii X 7K A = A B2 4k B g 107 445 SR )l 1A s B8
AT RBW A C. reinhardtii WARKERZAE pH TH &, FALEIFE AL (Eh) 3800 AR pH-Eh 238777 F1, KK =
HriAs( D) KEBSFLA H,AsO; F77E, H,AsO5 ILAJG pH FHi=i Al Eh 380/ NEFTE g B 3F BEICH B R Eh 23
RIS LT RIE, pH &5 Eh A8 bt 23 52w b % 3 28 A9 324007 , 4 pH (Al 10.0—10.5,Eh S -143—
—136 mVF, = A i S5 18 KO o AR K SR g B A, B2 pH AR 9.5—10.1,Eh - 156——143 mV
B, SO R R S B LRI T B A KR

KRR = Mrif, SKEAKEE, pH, Eh, RERUV.

Toxicity of arsenic on green algae and its effect on redox conditions
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5. Department of Chemistry, College of Science and Technology ,Zhejiang International Studies University , Hangzhou, 310012, China)

Abstract; Toxicity-tolerant algae Chlamydomonas reinhardtii was chosen to investigate the effect of
arsenite As( Il ) addition on redox conditions of the cultures and its response to the arsenic toxicity
in the freshwater system. The results indicated that the growth of C. reinhardiii was observed under
the conditions of light or darkness, with increased pH values and decreased redox potential values
(Eh). According to pH-Eh diagrams of arsenic, the dominant arsenic species in freshwater was
H,AsO;. The tendency of pH elevation and Eh reduction was more obvious in the presence of
As(1Il) ,and the Eh values rose slowly with the increased As( Ill ) concentrations. Moreover, the
variation of pH and Eh affected the toxic effect of As( Il ) on algae. Under the condition of pH10.0
to 10.5 and Eh -143 to =136 mV ,no obvious variation of algal growth rate was observed at different
As(1Il) concentrations. However,under the condition of pH 9.5 to 10.1 and Eh —156 to —143 mV ,

the algal growth rate was evidently inhibited by increased As( Il ) concentration .
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e F AR T Z A — R A B AR, EBLIAs( ) FAs( V) TESAEE G4k, BT A
FETE BT, K K vk B H Y R, JU T 0 DR T K el e i R ] I e R e R A
(>50 pg- L") BB K AEA e 4 B3 5 N ZRAERE , NI 51 K 1 B 202 3 X AR MR 2 4 1) G
A EE R ST O U B AR AR, IR AR T AN B TE A HE Sh ) 5 ) B S K R T B M
7R ARG KA S B TR A, S LA AT 0 R RBPFER KAAE S R G RRE L2 TN
FFE O BRI, AN RS X A2 F i 1o b 25 T 22 50 ST R A, SRR YR KT 7.5 mg - LA, A e 4
J#l Chlamydomonas sp. B4 KANAN 32 BN AN HIVE FH T {82538 /NERSE Chlorella vulgaris A K 132 5
IR

TIA TR AL LR M B A S HOE A 56 I A8 W) =252 7K 4K pH AL IE S B 07 (Eh) 152
M E AR R, As (I XFSER M TR MR T As (V') FAR [ 5628 XoF S [ S 25 it 1) 25 2 i 7 o A5 r 2
O pH 23 A R M AR AR AR ) B IR T S R A B R AR Ak E AR KR T 2 pH < 6.9 R SR
DL H,AsO; TEAAFAE ,pH > 6.9 BN LA HAsOT Ry EBIE A ik it /K (R sl R A A BE H, pH < 9.2 Y,
fif L H,AsO) #7775, pH > 9.2 B IILL H,AsO; TEATEAE " Zhang 2513 (5T 2 W] H, AsO, 4 2835 (0 75
PELE H,AsO; 58X SEER KK pH K2 Eh (972 AL RESE SE el KA rh i T 285 S g I 2, AT 532 i X6
IKAE A BEE.

IR, SETHACHE Chlamydomonas reinhardtii( C. reinhardtii) B FUMIR i 42 J& 7E /K AR R85 H (1) B
PR A PR TR OV T, ELXE B 4 8 ELA ARG A g 2 1 1 Rk, Ay T LR 4T D 2% 12 X 4 3 it
TR B2 AT DA IR 44 A AR R AL &4, 3% FH 7K A4 v LR 2R 35 SIE P A8 €. reinhardtii 24 52 1A XT
BTSSR AR pH K Eh A2 A0 1828 A 3 3R I B 0T S A R 6 75 1 1 i 7, SRy % B K AR K BT
M A7 18 2 XU T 448 A At Bk

1 #E5S 7 ( Materials and methods)

1.1 SCEekhRE

S T FH RN Y R 43 M 4. BT TR R B 4l 7K R G0 (% FEEE BRA W1, SE ) 4lifb s 8 4l iF
ATEC ). BT AR RN A A BHK 11 1L 45 5 A BN &, % TR 4EK S BE ] 1000 mg -« L i 25 . FL A B
K 40 1 [ 24 45 A2 R0 BR 2 )L 3 B A 38 Chlamydomonas reinhardtii Wa F o EI R} B 7K
A=A YIBIEGE IR K S .
1.2 wigs

PIEB A C. reinhardtii R0 T 500 mL A9 BG11 5353 5535 4514 K . D658 2000 lux, Y65 L
12 h:12 h,J5JF 2241 °C ,pH 7.0, B RIENHETE I 3 U AE B89 ASEBUE KR, 1714 H 150 mL #ETE
I R A BRI 72 RN s 3% 5 AL T XPEO% K A B, (S 4R B 1x10° > mL ™ A2 47, 43 3l
AR R BN (2R 2435124 0.,0.03,0.06,0.3 3,30 ,60 mg- L™ ) ,JFIE 3 I PATH 525, 8
TR SR 2 R R 9% 96 h, A 24 h BURE 1 N2 £S5 TR br.
1.3 SLE Ak
1.3.1 JERFRRE AT s A Kl

BB 3 S KBAH C. reinhardii 371K 2 BT E 3 ANFAT, 40900 0 X BEZH ' IR 20 1 BRI 4
(RS ) ZEBEAEEIRT 10 min 7 h J5 , M2 B i 2 1 350K 2 rh S B TR A R I AR Ak, B 58 e 2
B 3ok 2 B AR S5 A 7 A TR A 100 mg - L™ =4, WSO IR AT RIS S5 14 F e 28 5 3 1Ak
EN R E=R A 7Y E SRR
1.3.2 Ay e a1

W T HEHEEAE C. reinhardri YRR R BAHBE 3 AT, M4 BERE TR R TOMA =14
T, Fe I SR FE 43 920 0.0.03,0.06,0.3 .3 .30 .60 mg- L™ AT, 23 WIAE 255 24 .48 72 h Ji il i 2
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AR RIS ER a O i USRI A AR 1L, S0 BT S B AC B C. reinhardtii X =41 Tl R T 32 1 S
H5E A R AR E R
1.4 e
1.4.1 53239 pH K Eh f05E

B 10 mL 4%, R AR R AT (PHS-OV ATH ARG 7)) I i b B v i e i g Jk vp
1) pH A Eh 724k,
1.4.2  PA K e

73 5T R BRI SON X 3R A EE A M R AT TR, B 24 h DUE 1 IR ZEARE w= (1nN, -
InNy )/ (1=t BB AEGHDR w, Hod NS AEK o BFIR) S 0S8 A M Bk, N, R S e o SF [R] 114 356 40
JI%5.
1.4.3 W4E a lE

442 a (Chl-a) (I EHRHE Jespersen Fl Christoffersen” > 428 B 2 Bk A TIN5 | RIS 2ot 4ih
JERASTE 0.45 wm JERE Lt i8)5 76 -20 C MAFZRD 24 h 5, MR G EEHTTABUS , 78 665,750 nm
T iz 4B (UV2450 , i) #EATIE .

2 5 51718 (Results and discussion)

2.1 SEEAE C. reinhardtii F5FRKF A AR R 25 AR 1L

RS 5 ] 7K A2 K A A A 08 56 1 T DA T o5 28 AR R S A S 25 1. 35 1 S IR IS 45 1 T A
FETACHE C. reinhardtii J5 BRI 7KK pH KB ALA R LA, (Eh) A8 F6. AFR 1 AT LA ) JEIRAM T,
MSEPIAEE C. reinhardii A 10 min BFKE pH EFFT 3.2% Eh R T 11.8%,7 h Ja /K& pH FFE T
17.6% ,Eh FTF T 65.3% ; MiAE SBREAE T, /KA pH Al Eh 78 954~ 5[] BEER 2 51 52 B BEA_E TH ik 34.

R REACEIEIRER D pH K Eh LR
Table 1 The effect of C. reinhardtii on the variations of pH and Eh

S A B Control 10 min 7h

C. reinhardtit pH Eh pH Eh pH Eh
JEHE Light 9.86 -135.3 mV 3.2% 1 11.8% | 17.6% | 65.3% 1
SRS Dark 9.86 -135.3 mV 5.0% | 8.4% 1 20.6% | 70.4% 1

FERAECIRAAF T & R A A I U AR AR S AR B 5, b o' e 7 IR 2 A T i sz I A2 i
P& RN BB R 284 NI 1 ] LU Y S RN B BRI H A A JE R il 1T (NADPH) Sy 5y £
fEae " Xt AR T 6 10 min B /KK pH THE, i NADPH $AE 0038 U R S EUKIA Eh T RE.
MOERR 7 h e KIREASR TR T RO 5 S A, Eh BT i ROV e H R R K A
o SEOKR pH TR MERRE R AT B AR AR RRIEDT , A U418 T S 4 i o8 A ML e A
TR R RO RE B, TOAS M T A ALt S a5 U R S Oy A A, X B A R T SR 1R A
B R A G S5 A N A B R K Eh B TR, pH R R ER.

M L3RS H Hha] g K B[R] 9 0 BR S RIS A5 A TSR A C. reinhardtii 3537 R ¥ pH AT Eh 43
SR FEFN b TR FA T [0 36 B A C. reinhardrii 30K 2P I A RREN)E | B8 1 /T LAE Ok
HEARE R HE A BRE TR R P =i 2 585 BB M i, W EUIT R FR K R P iy Eh k2Tt il
i 7 h MRS AT LA (B 2), = mAJS , pH Al Eh BEAS ] 5351 52 80 _EF-FF R 3,
LB o TR RE 4, TR BRI TN, R e o B AR 1 T 8 Ry BH 2 ph T = M B A i 2 8 5%
ARG, 2 5AETFEAMMERR pH TS G IR B F4 i 2 B B2 R R IR A T30 R 45 1
T PR A T, M Bt 5 ERF ) F 2 (5 i A 22 b b 55068 BEAH BE T R 34 8 3 2 R 4347 T
AR IR HOE IR B SS BR AR R B P A =0 e e 2 th TR A 1 P2 AR B 48T i 481k, (EL it
JEATSRBE R SRR = i, LA H,AsO; TESAFHE.
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IR B 1% 237
Photoreaction Dark feactlon
O —& b
# Oxygen Hyd%)gen Carbon dioxide
TR ‘
Light .
— LIESS S
Chloroplast
SEVARIE Creinhardtii ATP g
NDAP*+H* —> NADPH Glucose
AU As(II) RIRSCAEER
Calvin cycle

As(II) + 1= . As(V)

Bl 1 OERARAT R C. reinhardrii OGAAE IR
Fig.1 The photosynthesis of C. reinhardtii under the condition of light

105 .
mmm *T 18 Control-light 20 _ . _
100 mg-L™! =4 h- Je i 8 % 01
100 mg-L'aresenite-light & X :4
10.0 %] [H - B2 Control-darl -40 % E %
) B3 100 mg-L! =4 i- B o K "
7 100 mg-L™'aresenite-dark 60 % K4 %
’3 ? % ) K I: X
4% % o ’: )
& g 2 / % 7 > —80 9 Kl
% S K 7 ’ 7 = %
sl o 1, "
7 o 7B qd 4K 7 f
8 ’ ? % ?": ? ? ? :‘ |’ [ ? ] ~120 ) f_i@,ﬂ.ﬁ Control-light
E L L LA VE Dk £z 100 mg'L™ Z4p- J
3.0 ’ ’ ol 7 "'5 ’ % ’“ﬂ ’ X 100 mg-L " 'aresenite-light
' g ¢ N 9 ol 7% ﬂ--% ¢ o LS -140 mmm 78 - T Control-dar]
Tt b 5 100 me'l. ! =froh-
75 R IR WK VY R VK ~160 ) 100 mg-L " "areseniterdark
) 1 1 2 3 4 5 6 7
Time/h Time/h

B2 OCHUFBRE & /F N =M g2 pH X Eh (95200

Fig.2 Effects of arsenite on pH or Eh under the conditions of light and darkness

2.2 HIHEERRIRIR R rh AR AR R R

i bR DO IR AR Z5 A T 57756 pH & Eh A2 AEOFFE A LIAS A, =M i in AR R 5
JEIS ] A FEZ DL H,AsO; JEAAFAE, O T WFFE HREER AR R BRI | 7 1E B BRI SS 2 P T EA
[l e LA 5 PR SR AR IR AR AR AL, 0T B AL B R AR AR A X R 25 R 2. P& 3 AN [ e B = A o o
A ACH: C. reinhardrii S IR R R 51 AR A pH AT Eh 17224E.

106 - —e— 24 h exposure -120 ¢ —_e— 24 h exposure
—O— 48 h exposure —+ —O— 48 h exposure
104 - —¥— 72 h exposure —w— 72 h exposure
L
—-130¢
102 Y
T 10.0 >
a + E -140
9.8 4 =
9.6 -150
94
-160
92 1 1 1 1 1 1 1 1 I 1 1 I
0 0.03 0.06 0.30 3.00 30.00 60.00 0 0.03 0.06 0.30 3.00 30.00 60.00
As(II)/(mg-L™") As(II)/(mg-L™Y)

B3 SEEAHE(C. reinhardii) fFFEZRIET As(ID) INASESREE pH & Eh 254k
Fig.3 The variations of pH and Eh after the injection of As( Ill) in the presence of C. reinhardtii
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LEILRI 72 h B EERTE Y, K5 3R pH (HIE N 9.2—10.5, Eh YERI D -158—-127 mV ,{H pH Fil
Eh Fifi 75 v J55 (1) 168 o S22 AH 2 1y 3 | JHL AR A s 4R i 3 68 1sF ) () A8 AR T A8 Ak B2 % 24 b N, pHL B 25
T A RGN TR 0, 5 Eh K02 B BE S I im0 Bt S R N ) 2B pH 5 Eh 978 £k k4 B OE A A
S KA pH K Eh (78 Ak Wb 9K £ 5% 0 7K A b i J8 285 1 52 i i 2 7R I K AR I 25 43 A6 1Y pH-Eh
KNS 2 pH K Eh JEFEIN =08 EE L H,AsO; JEALFAE, T TP 3222 2L HASO, & SA77E W25 2
FEHE] Y FE K KR pH & Eh FRR & A2 A8 Ak B AL R 55 % B F Aol B, pH — B 30 BT 3
1M Eh 7E25% 48h J5 75w FERIAL BEAL (> 0.3 mg-L7) AP R BEZENE b I3, R B2 7E 60 mg- L™ & A
AbFRL R | Bl R P SE K Eh SEACRAS DI B A IS R A R rh R N O S B A R
FEA LI SR LA R
2.3 NS SERACEE C. reinhardtii A K AR

MR M BT LIAS AT, =i A SRR R 5 EELL H,AsO; FTESAAAE , R A S FZ 5T H, AsO;
XFEER AR B REA. S AT C. reinhardyii PRI KGR AR08 =10 O BE T 2 DR 58 i B R 4 e 22
— AT T = AR AR AR A A 0 1 Bt B A A S, A SCLASE B AR BE C. reinhardtii R 1], B ST AN ]k
B H,AsO; YRR I 4 DWHAE K EFR T 442K a(Chl-a) S8 P57 AR TR H,AsO] X3
A C. reinhardtii EEVERLN .

EIRL R RER 24 h )5, SE AT C. reinhardtii B4 T R Bl 25 B vk B8 148 R R (I 4, EC,, =
30.3 mg-L™").iX 5 Hoffmann /I Schenk """ % 38 114 SI7AH 8 X6 7K R B 4 B ET 140 B ) 4% SR A — 3% 22 7548 h
Ja , ER R (> 0.3 mg- L") AbFE RSB KW C. reinhardrii A=A R AT M 32 B2 i TR AO TR 5 R
Ak pH 24k, N3EB A BE C. reinhardrii A= KX pH A AR 38 1038 M, K29k 4—121Y (H pH (484
T g A R T 4 R I A T R e R .Wang A2 R TR S0F T =M X A BE C. reinhardtii
MY ECo 20 1763 pwmol - L7 (132.23 mg L"), [A1A & 30— A/ fif e B AR AR B I 2 R dk S0 Ak A i 1
T TR SE P AWE C. reinhardrii FEPER) ECy, o~ 33.50 mg- L' RHTEREE 24 h IWE SR IK R b 2L
AR T SR RO TN 32 FL SR , TAE 24 h 5 BT AL S B AR NI S B EC, T el ad
SPSS 43T &P, Chl-a 7 i vk B A B 22 5% (B 4) , W% G [ Y — M A w2 - S A i
GLUNY

005 —e— 24 h exposure o [ [IX¥H Control
—0— 48 h exposure 020 [ Y0.03 mg-L ™! As
004 —vw— 72 h exposure ~ t 06 mg-L! As
‘é 0.18 i E=303mgL'As
o éﬂ 0.16 | (M3 mg-L™' As
9\_(; 0.03 %’ 0.14 30 mg-L ! As
= 1 ok 7760 mg-L™! As
E [ 3 =l |
g 002} g o010}
= S I
E S 008 F
0.017 S 006 [
0.04
of 0.02 ;
1 1 1 1 1 1 O 3 A N » — A
0 0.03 0.06 0.30 3.00 30.00 60.00 24 4 72
As(I)/(mg-L™") Time/h

4 AR TR T R AR KR LR NI 4 3 2 i

Fig.4 The growth rate and Chl-a content in C. reinhardiii at different arsenic concentrations

3 758 ( Conclusion)

RAK A2 2575 B O 1, e £ M TR 2 SR B KB C. reinhardtii 0B FE X R, W 50 36 D4 AC B
C. reinhardiii X} AR BARE P (4 W 137, 7 et P BT £ 70 26 1 SRR Dt 2% P 0 3 4 A 38 A AT o Y
M.
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(1) IR B P T 36 AR BE C. reinhardiii (92E <248 pH T, Bh W, 35 H A = 4 86
(H,AsO; ) JE % a3 B ., (EL R = MR BER K b 1 LGRS 1 T

(2) T e T S AT EEA T 5 K AR A5 5. B2 = M ( H, AsO; ) W FEE (9188 k| L 3 1 4 34
C. reinhardtii WA RIMFIIE R, I EC5, 0 30.3 mg-L7".
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