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Abstract In order to study on the effects of microalgae on the degradation and accumulation of organophosphorus
pesticides in waters, a Chlorella pyrenoidosa strain was enriched and purified from natural waters and was subjected to
evaluate its effects on the enrichment and degradation of organophosphorus insecticide phoxim by high performance liq-
uid chromatography (HPLC). The results showed that algae isolated through enrichment and purification was identi-
fied as Chlorella proteinosa by microscopic examination and molecular biological identification, and named as MH-1.
Acute toxicity test showed that when the concentration of phoxim was higher than 2. 0 pg/mlL the growth of algae
C. proteinosa was significantly inhibited, characterized by significant reduction of chlorophyll content and biomass.
When the concentration of phoxim was at 2. 0 wg/mL and below in the waters the algae strain had the function of
phoxim degradation. The degradation rate of phoxim at 0.2 pg/mL and 2.0 pg/mL concentration groups within five
days the net degradation rate of phoxim was 49.66% and 39.61% respectively, with daily average degradation ratio at
0.02 pg/mL and 0. 38 pg/ml. The algae strain had also an enrichment capacity of phoxim. Within 72 hours the en-
richment of phoxim in C. proteinosa MH-1 assumed as first increases and then decreased, and the enriched volume of

phoxim at 0.2 pg/mL and 2.0 pg/mL by MH-1 within 120 h was 0. 16 mg/g FW and 0.25 mg/g FW respectively.
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The results indicated that MH-1 had fine efficiency in phoxim absorption.
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RERFEAEATREAVE T . S8 T/ N R AL B
2y R AW R B A= e 2 b B E AR, BT
T A HUBEAR 24 S B B X — AR IR K A%/ R
( Chlorella pyrenoidosa) W) #5PEAE I DL K Al B M vk
JEE TR IO S B A B R A L XA AL
WA 2 R BE AT P L B B AE AR T P R T X
I F) WA BEE AR A 2R A T IR AHR SERIE Y, 3% T 7 i
1K AL B B T A AL 24 1 A W B R A
fit BAT H R

1 #MES 7 &®
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1.1 XA KR A L KR b
R (N30°53714. 33", E121°53'35.38")
1.1.2 ¥4  OHB4 KA P55 3 5 (HB-
4 QoAb IR HB4 K R DS R R
B +1.0% 505, VY pHAEN 6 ~7, B EREILK
WL AR AR 60 C LR IMAR R EHR Ml
HLWRE ] 0.05 o/L, o &1 FEEH A,
1.1.3 XA 5L DNA secure Plant Kit jXF
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GL Sciences 7~ ) ; TH #ii G BB 1% 32 85 ( ZQLY-
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NP
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D S VR o 2 R A PR i A ) R IR W, AR S IR
43463 50 mL B4, 5000 t/min L 15 min
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TKZ2 Uk U S 1 R L IR RE S RS & 250
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KIGFE, BSR4 T T — 2
FERE SR

1.2.3 #B%Ex K 18S tDNA FikifiE L5
AR EE R LSRR E . A DNA secure
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A T A TR BRAS A )3 25 2R 48 NCBI
B PEIEAT U S
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HB4 55N 2 b, I 3RO % 3 DL 2R e 4
A SR BB (4 ~5) x10° 4/
mL,
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FE 7R3 200 mlL EEVR G HEIE U, A S B
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5525 BV R B X R K RS E T
TEIROGIREEFEA .28 °C B IERE 4 000 Ix, Ot
B 12 012 h TR SR . BER 24 hoE BHIBORE, €
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ZREREET 4 000 r/min B0 5 min, 75 I,
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I VELLY/ R
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FE AN /NEREE MH-1 78 HB4 53236 i A=
KAFHLAN & 2 7, 5400 1h e bk 28 ) o 8 v
(15% F125% ) , 85I/ NBREE MH-1 AR KOG | 35
F3d,WOCETE T 0.24 ~0.32 (KR AR N
222.06% ~248.87% ., T 5% w51+ F,3 d
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P S REPHARK H /3% 829.86% , 45 6 KT
H1129.68% , —FEFh R AT AN
P MH-1 BB K E R A6 5 KRGS 6 RETHY
FEIL T v T A ) B R BT LATESE 5
FBF AR 1A% /INER S MH-1 (9 4 4 3 B B e, BV o
FEAERBTIY S d,

Bl AXFRREFTHRELSE(A) 5EHER(B)

Fig. 1 Microscopic view of algal colonies(A) and algal cells(B)

B2 ZFEB®ZNKE MH-1 EKERL
Fig.2  Growth curve of MH-1

2.3 FmBEEBAZ/IEKE MH-1 £KAZMm

2.3.1 HmieEa T A N[ E S
BEALEEN, SR/ EREE MH-1 1948 Ko e L 1R
3, TEARBRR M 2 pg/mL I, 48 h N/NEREE R
KGR LA T F,96 h 5tk K 51, it
BT RS KT, Uk B v B 7 i Wl A ) )
PRGN ER B8 A R TE I il T I 2 s ) 4
R R th— e IR 2 Bl o A vk
FETE S pg/mL LA LB BEARMEA B 24 h J532 %]
B A, 96 h WA, 120 h k24K i
Az Py i 0 AT R IR AL o VR R S B X R A%
INEREA R A IR

B3 ARFEmHNHRETEAZ
INERGE MH-1 ERERTIEK fh £2
Fig.3  Growth curves of MH-1 at the four

different concentrations of phoxim
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2.3.2 g FabEWEL USRS58
(pg/mL) RFEFR, M AE T X B8 2 =7 i Bl b B
MR HE A /NEREE MH-1 BAERK GO (- 4)
ZER W R A HXT R 48 h N 2 we/mL
B e 7= A A A A I ASBH &8, 48 h J5 &
W EHM, 5 ~10 pg/mL R BEAL T, 0
SGFaMFEA24 hEBEWD, 120 h B 15

4_

M2 a i /(mg L)

kol 0 xEa
O W
M 2 pg/mL
5 pg/mL
B 10 pg/mL
B 15 pg/mlL

g/ ml VLRSS A AR AR, 2R R a
BILFEA A TE W BB AR,
T rh 2% (R O W, HED AT BE 5 38 20 g
GEANZA X, 48 h J5 KE ARG
PESETS, BEOR 5 1) i P €0, U5 1T 356 440 M 119 2
K52 37 BHL A, S BB T 3 40 2R T i
AT

t/h

B4 TEREFEFBALCETERZ/NKE MH-1 HEE a TH
Fig.4 The changes in chlorophyl a of Chlorella pyrenoidosa MH-1 treated with phoxim at different concentrations
# % % P <0.001, FmE M T E

# # % P <0.001, means difference is significant at the 0. 001 level

2.4 EWHBEIRAEZNL T

I FH B B2 A Wl s 4 o5 43 531 B 14 100
50.20.10.5 pg/mL % —FR Y| FT i ik, 248 HPLC
e, A5 21 o i ok B 5 e TR AR ) Bk el A 5 A
y=50.261x — 4.612 1,R*=0.999 6, 7£0.5 ~
100 g/ mlL 365 Bl N, = ot B8 o 2 Ak 85 5 g i AL 2
RAFMZMEICR . TEFERBERE il v il i
BIFEE G AMRLIEAT T TR B AR
2.5 EFEDERBEMER

XIS 5 d NS IRBEAE HB4 KR Jkrh
Wk AWK 6 Fiaa, BB 6 TTH,0.2 pe/
mL ACFRLATE 5 d J5 - B o i vk B2 IR 22 0. 08
pg/mL I8/ T 43.92% , 2.0 pg/mL ZbFEZ] )5 d
Je2E T IR KR 0. 76 peg/mL, /DT
59.16% , Al AR BETE G IR T &) T o0 i, HL B E
JoT R B A T 15, < B i DR D' o8 fie R K A 45 TR R
o | R P e B A AT AL T o
2.6 FBEZ/NEKGE MH-1 Xt =780 47

B AR /INER B MH-1 X 28 B %) [ A 3h 725 D1
B 7, JCR A2 7 = Bt i AP vk 85 30 ot vy R B Ak B
T R T B Y VR S B I (R] Y S 4K 34
WD, WG R E R 2.0.0.2 pe/mL Bf,5 d

B 5 ik

Fig.5 Stand curve of phoxim

B 6 BT HB-4 IZ5EhpEmas

Fig. 6 Degradation of phoxim in HB4 medium
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PN B AR R 43 501 h 98. 61% F1193. 58% , H11I5: 25 1
RS Hag B AR R 400 A 39. 61% F1 49. 66%
H P-4 B Ao %43 510 0. 38 F10. 02 wg/mL, 1]
WL, RS rf o B B A VR I R
R AR A% /INER T MH-1 3 H R A i o8l
RGP B B il AT O e R e B o

E7 ZAZNHKE MH-1 X EmESH RS
Fig.7 Biodegradation of phoxim by MH-1

2.7 FEAZMEKE MH-1 X332 5% R IR b

i 8 s, B A% /INERE MH-1 X 2 B
FETE D I s SRR, HL ' 4 ki < Bk ol VA 2 1Y
A 25 (A S —5, 24 h N,
INERBEXTE IR I & R FRLE B TE, 24 h B E 4
394 0. 20 mg/g FW (2.0 pg/mL) F1 0. 07
mg/g FW(0.2 wg/mL), ZJ53 d NEEFEH
TRERESE, 72 h EEERFRE EFEH,120 h
At B e e = 40 U AT 36 0. 25 me/g FW A1 0. 16
mg/g FW, 7RI & J& I N, 85 A% /N Kl MH-1
X FREE T E B ) e AR A R TS 120 h
e AR A

B8 EA#/NMKE MH-1 EEFHMBHNTLIE
Fig.8 Changes of phoxim amount accumulated by MH-1

with time at the two different concentrations
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A BLBEAR 24 AR A 7 v by i 3l 114 2% L
R Z — BA SR 5 KA 5 5% B 254
ST AEOR RIS AN 1 FH 2 0 2 e B A 2
WEE NI, TR A 2007 4R, HBESE
TR HLBEA 25 01 0 WA A 1 A 7 S AR R AT HL
WA 2 i A B 2RO By AR IR
R AN AR B SRR 2G W . AR R REE
555 B T A2y B B AR B, A 2
Z RN BY DL R 2% MRS I T B9S2, Kata-
gi[zo] i 200 pg/mL DU AL S | SR A X
2k ( Cyanobacteria) B4 ] =4 i 2% HA Y
AR 1, 1M AE — L84 8 1, L 0. 075 pg/mlL
SRR S 0.5 peg/mL 19 — H G e e sk T DL 58 4
TS A 2 ARBIRSE T S B T R
TE 2 wg/mL LB ATl /ey A K H.
1524 h JE AR g B S B AR AL ToU0TE, iX 5
KM ARAE IR i 45 AL

IS AR OO A VR T 2L, 45Ot
Wtk RE TR FIDOCRER R PRI, HER R 15 Il
SR T I BT AR K0y BUR A Y R
P RBIRSE T S E T e
N 2R e SR B R VR S R £
BREATE 24 h J5IT IR ik 6, BEE I RHER 4
BTER 2 HA W R s TTE B VE . YRR ERTEA R
AU T I e 0 I 2 R A i R AL 22 S R
K ABIEFE LI TT LLAIE W S B B3 0T /N ok o8 1) 2 1
A BT B A - 2R BRI

WA AT W B 1 DGR 4, 2 — 2%
TAHBAILG YRS EEZAE R HEY .,
F 1957 4F Oswald %) 25 2 H K 386 28 0 FH
A BTG G5 K A B, I AH Ak A I 40 3 280
I ) R RO 2R D R 2 B Y R
HV A AR AR RE S, B = D &
PR /N R EERE S AL K A b 17 B-hE s Fn A
R PR it , R H /N BRBE 5 RS 8 I e e i 4 2 2
TEH . BAFER G R BR,6 d W@ /R
BRI R IR 5 Y DBP Y S AR A
fEEAT B 42. 0% F1 11.0% , ARBFTRLERFEI,
Mo R R AL 0.2 F12.0 wg/mL B, &
P/ INBR e MH-1 0= B 05 1) B3 A 36y 49. 66% 1
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39.61% , H M2 53 54 0. 02 F1 0. 38 pg/mL,
ALY B T v B B 23 BT AR T A, 3K 7T g
S DR Ay v B S B PO B A2/ N R B MH-
Az 32 B, DT S A 0 e AR, o S TR
AR B 2 AR 7 00 L X = ol 1) e A A
24 h R EIF AR RN, AR 0.2 F12.0 pg/
mL FERFEAL BN 8 /N BK G MH-1 X H 5
B HIAl ik 0. 16 F10.25 mg/g FW, X —4%
5 RGeS (R T as AR,

g5 b YRR B T i WK BEAE 2.0 pg/mL
DAL ATk 2 A% /K MH-1 7= A8 W] I 35 E
YEH £ 0.2 ~2.0 pg/mlL R ELHE N, & A
Fe/NBREE MH-1 =7 i il B AT R4 1 B A ROR
I 5 W A 8] 36 49. 66% , fie i H I i 38 ] 3k
0.38 pg/mL, P 200 B XoT 24 751) At I B 28 28 a5 o 7T 3k
0.25 mg/g FW, AWF5ERM, R A% /hEk i MH-
1 ] DL TR SE i 25 W 5% B8 i A s
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