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BER', WEF
(L R ENERAKEAYFRETRARESSEYPAREXRERALRE, RIL 430072;
2. WAL B AL BT EAR WL BRI RE, WAL E  435002)

B E: BIRTARPH¥E(0.1,1,10,50,100,200.400 mg/L) KbHE X ERER I ( Chlorococcum sp. ) 4K JE AL H
RABIHREW, 5535 BC11 SRMBERMLE, Pb” W <50 mg/L Fib T 5595 9 4R 2R 3 40 U RE . 5A B 46
B, ERTARK; MRHEE PO’ WKE >50 mg/L RO T 155, FERWAMEEA BT, BABKWHEK. KEE PP
(0.1 ~10 mg/L) SHFERBAE KB AV AL YR 50 mg/L B, FERBMIRBLE R — B KR {HY Pb* " W
=100 mg/L B, @EREMNEK S BEME], PR/ Chl a+Chl b LI Chl a X EIFEIEFHE S PP WRENF
BTZEHEL . SERESICAERRBERIEFED Pb™ ¥ B A9 K0 B #FE K, Pb® YR =100 mg/L B 64
YEFTRBERMAT]; X4 PH** ¥R <50 mg/L B, SREREFFRAE FIRBEZR W TR, 25 PP R A FHOR B iR, ZESC
BT, SIREMNTN B (MDA) & & B ALY /LR (SOD) flit E ALY A% (POD) IE ML ERBE IS SRt b Pb** 3
JE RO FH T W5 s i AL L RE ( CAT) MIBA Pb” * ¥ A1 KRBT M B A RS PR, 24 Pb™* ¥R B <100 mg/L Y,
RIRWNT PH** 9 EBRRARTE 95% LA b5 2SS HEFEMR , W BED) 400 mg/L BH34R3K 56.7% , R BN, FRER—
P 3 Pb’* B8 B, TR R BR R E , 7T AR B F & 455K AL HE,
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The Effects of Pb’>* Stress on Chlorococcum sp.
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Abstract: The effects of different concentration Pb** (0.1,1,10,50,100,200,400 mg/L) in BG11 on
the growth , morphostructure and physiological characteristics of Chlorococcum sp. were studied. Compared
with the cell cultured in BG11,the cell cultured in low concentrations ( <50 mg/L) showed few changes
in pigment and thickness of cell wall; the cell wall of the cell cultured in high concentrations of Pb**
( >50 mg/L ) became thicker, and the pigment decreased and the pyrenoid disappeared. When the
concentrations of Pb’>* were 0.1 — 10 mg/L, the growth of Chlorococcum sp. showed no obvious difference
compared with the control ; when the concentration of Pb’* was 50 mg/L, Chlorococcum sp. could maintain
certain growth rate yet; however,when the concentration of Pb’* was higher than 100 mg/L, the growth of
Chlorococcum sp. was inhibited markedly. The contents of Chl a + Chl b or Chl a decreased gradually with
the increase of the concenrations of Pb’* in the medium. The photosynthesis of Chlorococcum sp.
decreased gradually with the increase of Pb>* concentrations, when the concentration of Pb** was higher
than 100 mg/L, the photosynthesis of Chlorococcum sp. could not be detected; when the concentration
of Pb** was less than 50 mg/L,the respiration of Chlorococcum sp. increased gradually with the increase
of Pb?* concentrations, and when the concentration of Pb** was higher than 50 mg/L, they decreased
gradually with the increase of Pb’* concentrations. The content of malondiadehyde and activities of
superoxide dismutase and peroxidase increased gradually with the increase of Pb®* concentrations,
and the activity of catalase increased at beginning and then decreased with the increase of Pb**
concentrations. When the concentration of Ph>* was <100 mg/L,the removal rate of Chlorococcum sp.
on Pb** was >95% , and it was up 56.7% yet when the concentration of Pb’* was 400 mg/L. The
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results demonstrated that the Chlorococcum sp. could be applied to the treatment of wastewater containing

Pb**  because the Chlorococcum sp. could endure the stress of Pb’* and was of high removal rate on

Pb**.
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HEE R AR ERAITRCLIEAMNKB
fekiE, MR RN, S (Pb) AN EERX K
HEAEYARREWET , AR P BB R A
BHAKESRETRETSERENEM. E€R
BELEMBRHEAKEE, BHHENNZEERLE
REY, FHEIRYBHTEEFAL, Rk, H
RN R B KRR TG K P ik i Z B R
ARBFRESRAOER, HAHBEREDEARREE
SESRITK S ESR G REKER Ny —F
HERERNITE. BT, BRSNS 2 Z HEH A
WAEMEABEERAEELR T WAL EHF
R pHRE B FRESIF RN BERHESR
W WEMSESRRESRERNRER A
HORMCGERAERBIR Y, BEEAEETE
RIRM— KK BI5KF B T —FR
BRI, ERERFEXT 4% i3 B Wl [ % ol 3L £ A FELATL
HSEFHMPTR, EHREREN—FRIZHER
BT , B AT BE 3 — 202 AL S VE IR
YRS, B RIE B R AL AR SRRV
RELABEHFESREK, URBEFEHREES
RI5HREKIR

1 #REFE

1.1 KRR

LR ERPE (Chlorococcum sp. ) K H EH ¥ BRI
M —FISKAL TR, L IR B R S L i T
Fi BG11 SREEFR RS H AL G RF IR, EXHE
HKAET IR E LA BB S BCG1L
WikiEsE B LRH250-C Y MR L 3 4 vh 1% 3%,
EFRERE(25 £1)C, 3R F 35 ~40 pmol-m™*-
L ERERGAYRERTRR,
1.2 B8

Perkin Elmer Analyst 800 J& F M 4§t 4% ( Perkin
Elmer, USA) | Leica DMS000B #F 5% 2 1% 5% ( Leica,
Germany) .4 ##% ( Rank Brothers, England) | %84} 8]
LAY (UV-1601, Shimadzu , Germany ) 25,
1.3 Pv" REREERF&HE

Ll BG11 R EA L, KE K 100 mg/L
2000 mg/L Pb** [ 43474t Pb(NO, ), FLH| 1 N &

¥, BS 1 AR 0. 1.1.,10,50,100,200,400 mg/L 7 4>
Pb** 4LEEYKE, LA BG11 fEA T M, ¥R B4 3

MNEE, A 250 mL ISR R, B /5 E R
7 150 mL,

BUE B W A% A 4000 r/min &> 10 min, fj
15 mg/L NaHCO, B ¥Edk 2 W (LR LN E
HERE) ARSI ERAHRTEREMNG B
FLRAREFA P ERE, BFRBERS1)C,
FHESRE 35 ~40 pmol-m -5 JEEBTIE] Hy 2Ry 14:
10, YR B G K ERT IR B B 4 Ko
1.4 £KMEMLFEKE(p)itHHE

10 d 4,45 48 h, i Shimadzu UV-1601 433
JE i, 7€ 660 nm K AL T — R B R A {E
(OD), AR ESXAEEZEMRERIETFE
HEARFEE. HEFBRRA C =0.02776 +
16.76748X (R* =0.998) , X C REMMEE, X
R ODfH, PARH u = (logN -logh, )/t i+H HAE
K2, X N, N RREFVE KT EB G R
RMEREYERNAEE,: ERSEFHE
#(d),
1.5 HERSEUE

BEFEFE6d, FNFEBFER S mL,4000 r/min
B0 10 min, EYEWAE PP S B EM, BEH
80% PNERIREL 2 K, 8K 24 h, RASCER[15] 5
it RE SR, S4A31MER,
1.6 P SEITE

BHEE6d, BN EAR S mL W, £
4000 r/minZ > 10 min, B 1§ W #E1T Pb** S &M
SE,3NEE, FER P SRMEEFRGH P
B, HHES NG ERERES P MR RE,
1.7 REEMABEMMFRERZENE

BHEESJ, B2 mL B, HEHK
U B A AL TR I EA 1 R AR R AR R B, B
AEERAE 3 NEEHE,
1.8 FWE(MDA).BE{LWELEE(SOD),
TE B (POD) (i3 &L S8 (CAT) f9REA
E

5% 10 d J5 K35 3RO 0. 45 pwm SYFL IR AR
T, B %E Ao X PFHRRHE, RAX
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BR[ 12 ] H A9 SOD B4R By B B il SR BOR , R A%
PFEE$RER , 7£ 12 000 r/min Z.0> 15 min f5 , FARFHREL
RS BRI E A 2 25 mL, k2 SOD,
POD F1 CAT fHESW , FI>k W€ MDA & & SOD.
POD.CAT ¥ t:, MDA F &) K SOD yE#ES B
BRLIS] 7 B0 €, POD, CAT % 2 3L
BR{16 PRI EIE . A NBT M6 A0 A JE R 3 81
SOD i 50% B fin A I EE R H 1 /> SOD B4,
POD BHIEHE LA/ B N Ao ZE4L 0.01 25 1 MESYE
FIEA(U) ,CAT BHEHRS QM AR H,0, 1 mg
X1 AEENEA(U) . BRELE3ANER,
1.9 BRIEHMNE

B3 10 d J5, B0 2 B3 R, F§ DM5000B
BB 40 x U5 T MERE,
1.10 GitHHAE

RAEYSIHTHERFH 4T (ANOVA) , L K
% LSD ZF R KR A RIERE NER .

2 5#R

2.1 Pb™ HERKREKHRIA

% P’ R <10 mg/L B, RERWAEK S
BG11 EFREME, MR HAERFERIYH AR 6 d,
Hrp 10 mg/L A BRKHAERFESR 2 d(LE 1), i)
BAYREE Pb" ST RERAE R BEABR L KB 7
50 mg/LYK R 5% B BG11 A HL/R A Pb** Xt 43k
EHERE —ENMHIER, BRREIELER—
SERER, R AERKERES 8 d, YL RERERE
it 32 ¥ B 100, 200, 400 mg/L Pb** IR BET 85 3%,
F a4 d B —EEK, 2R HRFAEK,PL XERER

0.12 ~*Bgli
~%—~10mg/L ~O-50mg/. -—e—100mgL
L ~+—200mg/L. —&— 400 mg/L

—+ 0.1mg/lL. —&— Img/L

o
<
0

10 12

0 2 4 8

6
Culture time (d)

1 Pv'' M@HBEKNOKMA
Fig.1 The effect of Pb** on the growth of
Chlorococcum sp.

BAEKEY B WH /M (ANOVA, p<0.05) (I
B1).
2.2 Pb*' WEHRHEESRAOKMN
BEEE R Pb* WK AU, BRI Chl a +
Chl bF R AR Chl a FEZHFEM(NEK 1), U8
P’ AT BB T RER M R R AR, AT RSB
FEN BN, FWHEH Chl a + Chl b FRPUK
Chl a TR SXBEHBEMZR (p<0.05),
2.3 Pb** RPRBRBA A 1E A RIR R AR A
BRI EFRBERE IR D PV R
38 KT BT R, (B ZE IR IR BE (0. 1 mg/L) BF AL
F5IEE, %4 Pb”* ¥R =100 mg/L BF ¥ e S 1E IR E
RWARB] 24 Po* KE/NTF 50 mg/L B, GERFEIP
WA SR BB H IR, Z ) PR AE R 3R B B PR
AR E MR IEES N REEEEZRM
BB EER(p<0.05,p<0.01 ) , FERERK2,

£ 1 PO HRREHRRSBOMR (TR 6 X)
Table 1 The effects of Pb** on the chlorophyll contents in Chlorococcum sp. ( Cultivating period 6 days)

eEsE BGi1 Pb2* 33k (mg/L) Pb2* concentration
Contents of chlorophyll ( Control) 0.1 1 10 50 100 200 400
Chl a + Chl b( pg/cell) 1.773 1.560 1.527 1.416 1.370 1.111 1.010 0.704
Chl a(pg/cell) 1.096 0.986 0. 841

0.797 0.702 0.714 0.636 0.445

£2 P HRRBEHAIEANTERIEAHKMOIETHR S X)
Table 2 The effects of Pb*>* on photosynthesis and respiration in Chlorococcum sp. ( Cultivating period 8 days)

P - Pb2* ¥ Fevk B (mg/L) Pb2* concentration
Physiological ( Control) 0.1 1 10 50 100 200 400
characteristic
HHA IR
Net photosynthetic rate 13059 13281 11446 10340 7486 E o8] R g
wmol 0,/( h-10" cell)
RPIR 3% B2
Respiration rate 4160 4551 4608 4610 5825 2100 1458 1084

pmol 0,/(h-10" cell)
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2.4 Pb* FEHRA_E(MDA) FREEI

SRFEENN _BSEBBEREP PV SR
RS R T W38 K, R B SR A R B E (W
B2) , FREAN_BERESHRARBEEEER
(p<0.01) , WoEE~AERMME AT A —
bR, R BRVORE R P G REHELRH
B, XSREARMEYE, BERKE Pb*7 (0.1, 1,
10 mg/L) $E 57 T ARBRBEA K 5 X5 H] BG11 $5 3% 240
AL, {ELIE Pb** ¥k BE 38 K, Pb "l 36 i AR A LAk A
F BRI,

—_ = NN
S wn O W

Content of MDA
(Hmol/g FW)

[=TN V]

0 100 200 300 400 500
Pb” concentration (mg/L)

2 P HEKER_EIROEM
Fig.2 Effects of Pb’* on malondiadehyde content
in Chlorococcum sp.

2.5 Pb* XEKRBEL WL LEE(SOD) Fikry
20
SR B Y BALE (SOD) FE MRS SR P

Pb’ T SR ATIZEHE K, UL Pb** BE SER

BREANL AR E SOD FEHNRR., £48

4 SOD TEHSX BMAR B EEZR (p<0.01) 4

FIE3,

1000
800
600
400

200

SOD activity (U/g FW)

0 0 100 200 300 400 500
Pb™ concentration (mg/L)

3 Pb NRBRRE S WEAEREEORN
Fig.3 Effects of Pb>* on superoxide dismutase activity
in Chlorococcum sp.

2.6 Pb** AR L WE(POD) FHERRA

S Bk ALY R (POD) & tRBESE R E P
Pb* & B KT ZHE K, Y8 Pb* AR BT
SHEAAT AR POD FHMNER (R
B 4), #4384 POD EHE S RAREE.ER
(p<0.01),

_ = NN
S W O W

POD activity (U/g FW+min)
W

(=]

0 100 200 300 400 500
Pb” concentration (mg/L)

4 PO WRPRIE WAL WEE AR
Fig. 4 Effects of Pb™* on peroxidase activity
in Chlorococcum sp.

2.7 Pb* XRHBIT A G (CAT) FEERIRM

SRERBET A AL B (CAT) 5 7E 10 mg/L LIF
B3R EE R Pb” MR BEAOHE R TE W KL R AT
10 mg/L BB Pb*" ¥R BE I ) CAT Y& HEZ HiRE 1R .
HUHBH CATER SN BEREERHER (p <
0.05) , %R KA S,

0 100 2000 300 400 500
Pb” concentration (mg/L)

5 Pb'*MERERET R EEHEENRN
Fig. 5 Effects of Pb’* on catalase activity
in Chlorococcum sp.

2.8 Pb* MR B ML BRI

FEIE% BGll BFRBFRMGT , EHRENE
M R B BRE A RE B—1EH
(A 6:A), 7£0.1.1,10.50 mg/L Pb* " ¥REETF,
534 FB AR L A RE R LB BN R, G R BB KA,
BEAZH—-IERIEAN(E6:B~E);100 ~
400 mg/L Pb* YREERM T, IR B HE, K
SRWS,EAKHEA(EG6:F~H),
2.9 ZEE3 P’ BB

AF P WRBERM TR 6 d 5, M Bk %
%t Pb** RO, R A T, SRS PP
FRRIEHHE, Y Pb* W <100 mg/L B, RExE
ERIE 95% VL b5 2 SR BB &K, B 400 mg/L BH55R
i£56.7% , HABMEERRSRARBEEE
R(p<0.01), GER¥EX P> EEBEHEHRE,
AR EERS 0.1 ~ 50 mg/L 2 B3 JLF- A8 [F] i R
R BE R H TSRS P 5 F NPT
VEFTE, W SC 5 R R
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A.BG11; B.0.1 mg/L Pb?*; C.1 mg/L Pb** ; D. 10 mg/L Pb?* ; E.50 mg/L Pb?*
F.100 mg/L Pb%* ; G.200 mg/L Pb?* ; H.400 mg/L Ph?*

B 6 Pb’XEHEBREHEINM (KHIR =10 um)
Fig.6 The effect of Pb>* on the microstructure of Chlorococcum sp. (Bar =10 pum)

120 ¢

100F

Yo

80t

60t

20t H
0 L s s " s R "

01 1 10 50 100 200 400
Pb™" concentration (mgL)

B 7 REKEX PO RERE
Fig.7 The removal rate of Chlorococcum sp. on Pb**

Removal rate
&

3 itig

BRER BN, BAKHEH Pb** (<10 mg/L)
RTERER A KA TR0, SRERBELE 5O mg/L Pb*"
WE NRREF —ERAER, REKXT 100 mg/L &
AME GEREE K, PB* ¥E R 0.01 mg/L
0.05 mg/LE}, /NE B I B ( Selenastrum minutum
(Nag. ) Coll. ) f4: & 5% FRARIT , X4 Pb " YR A K
50 mg/L B, /INER T BEERKMELL, B8 E 10 X¥%
fR4#FET="" ;P 7E 20 ng/100 mL LT A &K 3
( Chlamydomonas Ehr. ) {4 K B & 12 3 1€ H,
40 wg/100 mLLA EXTACEE I 4 KB HTA —E KW
YEFEU), PB* " 7E 200 pg/L B Xf43 8, 52 3 ( Pavlova
viridis Tseng et Chen) He K B0 4R gEE LY
Pb?* X 7T X ¥ 4 ¥ ( Dicrateria zhanjianggensis ) JER
Z5 8§87 4 B ( Isochrysis galbana) | /D ¥R 8 ( Chlorella
vulgaris Beij. ) ] 96 h EC,, 4> 524 9.03. 8.83 F
>20.00 mg/L™ WA Pb** Xt GRERSE A K KO W 55
DL EERER P XA KGR AER MR

BB, GERER—FRET 2 P’ A MR, WE
o v FE A R s TR R MR B ( <100 mg/L) FE4RER
T PL” I ERBRR WA, K 95% L b, MATE
CRBKMGHAELRNEZSHW M REMNES
BAEERNMZE, XL ESBREARBRNE
£iJ1. Hilt, \XFIHHEE , SKEREMIZE—Fr4b
HESERKRTFOMALAILUNATERSES
JBI5KIALHE,

Okamoto 2™} gy BF 97 F£ B, 7€ Hg’* . Cd*" .
Pb’* (Cu’ B FiER A E b, oA
( Gonyaulax polyedra) f& PR -2 i T EALEFHE A
B AL ES (SOD) MBTHR M AR B ALEEVE MR &,
BIFBMEREANSLHRIEAS, HHEE
L B g il e, B4 4R & & SOD. POD i
CAT EHEMEAM A TEER S, TR EMa s
TR AL 3 M EALESTE SRR, ATIRERE
7 Pb* e FIREE S T SRR AT S 1L ES SOD.
POD 15ME38 5 [FIAT CAT 5 M Se 3 W Ja PR 1K, P&
JFETFTRE SR B (MDA) I 2R AR X (HNH
LER BORGRERIEIR N MDA S BRFEIE SR Pb° K
BRI Z AT &) , MDA R KM H R EE K
EHEAEERE LY SRS, KBPIRERE R
Y MGELRS 5 BEA X, MYENEE
THRANEHENRSFEREATMEHN TEHE
HPa R ERENEEZ 25 RSN ER
T EAVERT, X5 BRAEPAR RGP BT 3L
AT, BEBI 0 R %4 i SOD . CAT,
POD % € (LEGFIf# OF ,H,0, % B I NIE
KB BR, B ARE I BR B AT AR AR BB , (AR A
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HEESEERTRBRP. Hit, Pb’’ iHaE
FEIRIIK A SOD .CAT.POD HiE L EIEHA B L
BIRFEMZ PP W—NEELHFEN, SR¥E Chl
a+Chl b LI J Chl a & BFE{K, 48] Pb*>" W] REfE M
FRIBHAIMFH R ES R, I RIBEHRE
HEERRRIEN — R E. FERERESERE,
B Pb** 7R ¥R B A8 B (5 R R G, B 3 i ok
SEWFEINA, EWEWKE Pb* W it i %58 B
R, XL Pb* BA G RS HR B — L4
HYEIE N, REREER RAEH B4 M eE 2 xt Pb*”
B 7= A S BB . BT RE EB IR R
4 F 7 §9-NH, ,-OH ,-COOH ,-NH ,-SH %t i 5
Pb’* g5 4 G5 R PO S M BR I E e 11
MR EAEAM BB S, ATTRE TERE
Xt B VR EE Pb’” BB BN . AR SRERMETE S 4
BEAZUSTFRER, B PRE B M S B
MRERINFE. X ARG EAETZ Pb>" 1/
FEAEH EHREHE, PO’ A ES— g
FREERA K 13 38 5t i 38 M HE, M TTFEME Pb** A9
T T P A LA T RE IR SRR A
XMHEERREER Rt EANEERE
10 7 A P A S R A SR IR R P Y
fitE, XA SR, Hit, Pb** 8 TR
BAELSH E AT b S A — SR N A9IE N, 40 AR
RE 38 B AE ARNIER U BT BSE IR
FRAT LASE IR R ER BT PO” BB RORE S

SE M.
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