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Effects of Phenol on Activity and Microfauna Community Structure of Activated

Sludge

HU Xiao-bing'?, RAO Qiang', TANG Su-lan', JIANG Jing', XIE Rui-tao', HAO Wen-jing', ZHONG Mei-
ying'

(1. College of Architectural Engineering, Anhui University of Technology, Maanshan 243032, China; 2. Engineering Research Center
of Water Purification and Utilization Technology Based on Biofilm Process, Ministry of Education, Maanshan 243032, China)

Abstract: In order to investigate the effects of phenol on activity and microfauna community structure of activated sludge, phenol with
different concentrations were added into the wastewater for activated sludge culturing in a SBR reactor, then the activity parameters of
TTC-ETS and INT-ETS of activated sludge were measured, and the dynamics of microfauna community was analyzed. The results
indicated that TTC-ETS activity was more applicable to evaluate the effects of phenol on sludge activity than INT-ETS activity. The
higher the concentration of phenol was, the more seriously the sludge activity was inhibited. When 50 mg-L ™" of phenol was added into
the influent, the inhibition rate of sludge activity was (20.75 +10.43)% , while it increased to (39.73 £26.92)% with a great
fluctuation at the phenol concentration of 100 mg-L~". The inhibition rate of sludge activity fluctuated at about 40% in the later period
of sludge culturing with 300 mg+L~" of phenol. The inhibitory effects on microfauna community in activated sludge increased with
increasing phenol concentration. Phenol had different effects on various groups of microfauna community, i. e. , only one group ( testate
amoebae ) was inhibited significantly at a low feeding concentration of phenol, many groups ( sessile ciliates, testate amoebae, crawling
ciliates, carnivorous ciliates) were inhibited at the phenol concentrations of 100 mg-L™" and 300 mg-L™", whereas a few groups
(flagellates, nematodes, etc. ) were promoted at the phenol concentration of 300 mg-L™". There was a certain degree of relationship
between sludge activity and microfauna under the influence of phenol, which means that Centropyxis aculeata, Plagiocampa mutabilis
etc. , may be bio-indicators for low sludge activity, and Epistylis lacustris, Bodo lens and Pleuromonas jaculans can be used as bio-
indicators for high sludge activity in the activated sludge used to treat phenolic wastewater.

Key words : phenol ; activated sludge; toxic effect; electron transport system (ETS) activity; microfauna community; bio-indicators
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activity of the activated sludge
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5 ) R HGRR L W (A O S, TR X R
PEAAFIREE RGN, WS TTC-ETS 1% P 4R B A1
RGIBATE 46 d,iR46 RS hi5 7R TTC-ETS I ik
FIRARAY 32.61 pg-(mg-h) ' AVE XTI AFE N
18. 66% , M| A 35 81. 34% . 3% J2 [H] g Bifi 45 I ]
MIHERS KB FE TG TS e rh A5 2 AR Ml 15 e i
AT 2 BE A P R R e T S B0 el
PEZRIFEAR 1578 TTC-ETS 1% 5 B 250/ Ny
B 50 d, ARG 5T TTC-ETS i PR
AR, M 22 B8 W46 /N, X 2 i TR 2 4

rh TS YR L G A Yl s YAk B A S N T A
BRI, R B ZE 5. BB R, KR
PV 2 A 100 mg-L7'0 iR R G 5 X ARG PG
U6 TTC-ETS {EHEATER F 25 (P =0.045) (R 1,
L) ABH B BE TR 8 R B 2 P S YR 1 AR
TR A R ARONE 5 E 2D R R K R vk B
300 mg-L~' IR R G S5 X BB A G b 5 TTC-
ETS 1% P22 ek e — D1 R (P =0.008) , (HFE X —
W B 1A, A 65 8 TTC-ETS 1 14 1Y 30 i S AH X
FarETE 40% LAy

100

50 mg-L™ # 100 mg-L7' 3/ | 300 me- L3R

90 |
80 I = TTC-ETS
70 L T3 INT-ETS
60 |-
50 |

IR/%

40 |
30 F

20 -E E | i
10 H
. i . .
0 10 20 30 40 50 60 70 80 90
ZA7 )/
RALE 0 ~ 100% LAAMEIEHR

2 FWxtiES R TIC-ETS &%, INT-ETS

e e EN BRG]
Fig. 2 Inhibition of TTC-ETS activity and INT-ETS

activity of the activated sludge by phenol

Bl 1(b) 2B, 7850 P R G A
X B 22 45 EUA M AY INT-ETS 3528 AL LA X 5
TTC-ETS iG TS, SR 17, LSD £ & 4 o #r 45
FHA(FR 1), KRB FEAE 50 ~300 mg- L~ i
W, KB X5 Y INT-ETS 35PE L% B & 5w (P
>0.05) ,3X 1] A& K R INT 5 5 i IR 1 5% 1 22
ZHT, ARG E b ZFAY R st R SH T
Je HE A REAZ 20, R INT-ETS J644: 32 52 i (1)
R BN — 220 AN TTC 48 Ak 3F J5 AL 37 (460
mV) B85 T INT SR JF AL (90 mV) ) TTC 1
RN T HLFZ AR FE KW FETE 50 ~ 300 mg-L~' i
RN AR 5 A PR S 22 W R A b
JNE, #8075 U6 TTC-ETS 1 4 Lt INT-ETS 3% 14 5 hn
T BT A SR AR I %o G 4T e 1 A 4 i iy
FEHR , LA B 1y X405 e P s M
2.2 ARPEGHIE RS VRS sh RV S5 AR AR T
2.2.1  ZREXHEPETS eI S T3S A 5

FER TS i R R B Bl RV B 3 R 1A
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YRS I8 R G0 T IR H BT 5 308 gl ) K/ MR T
() ( HAMA K /N A 100 ~ 300 wm) |, G0 B A ik 4i
RE TR HL A 3 (a) ], AR AR A 3
(b) Fi7s. HE 3(b) AT FEMRHEE 21 T, RS
FIMORE , 2K R B ok 1 K % 100 mg- L' H, —
SEFYRI ) (PR WLEE S 1) BRIV TT DU s 9T 3R
A B SRR IE 3% ) R T 3k S R B R PR R4
EEE LB, SR s O IRDE , 91
TRAMR R — 2L BOE 3% | X — B 75 75 016
DB T B B T BeR, BT LR K
s, A 37 d M KME (4 6400 -mL ") . BJS T
G R B T B AT E 173 A4S mL !,

TEFRHEEE (300 mg-L~") 2578, e i 45,
IR AR, JLP LA B, B i ( >
300 mg-L~") AR H 2 A 8 sl W e
PRI LEAFDLRI R AL, R SET M . 4 2
xR AL AE 1y 3, e — A F AR A
FEALA , L 52 Wi (R Y Sl 4y A v 45 # s 25 A A 1 i
Pz — (B h T a FUZ RO Sh P R PRIR A, LU X
TR 8 15 2 Sy W RE T 25 K E AT O A I, R AL A
ok o3
2.2.2 B IEETS JE RO S B T SR R R
AT R By i EAE R IS e s
REVR S5 F IR 2 Fn.

®2 EUESRARGPMEIMHEERIRLEN S EMAMNSEY

Table 2 Abundance and relative abundance of the different groups of microfauna community in the activated sludge systems

1 B0 ~31d)

2 BrEL(32~62 d)

3 BL(63 ~79 d)

RGO AL AHXT 2 2R AHXT 2 2R AHXT 2
/A mL ! /% /4~ mL ™! /% /N mL ! /%
R AR 773 £784 6.24 +8.51 949 1133 4.57 £4.48 1619 +1559 22.89 +22.73
[ % RILF £l 1008 +1 115 6.16 £11.13 3491 +3 064 16.72 +10. 70 117 187 1.92 +3.28
WDk BILF T 227 560 0.54 +0.78 4+14 0.03 +0. 12 00 0. 00 +0. 00
WEMLTER 5+12 0.01 +0.04 411 0.01 0. 04 575 +510 8.52+7.71
YBRGE A7 R 1482 +988 8.63 £5.54 7365 +3 294 41.49 +11.39 2030 +947 30.08 +16.31
BRARTE 2189 £3909  12.41 +21.83 20 +36 0.10 £0.22 020 0.00 0. 00
HiE 21371 £26049 64.84 +27.58 3859 +2549 20.53 +9. 81 2550 +1 089 35.29 +9.84
)5 A Bl 265 £371 111 +1.47 2794 1787 16.55 £9. 02 92 +163 1.29 £2.27
FT A I 4 27327 £25345 100.00 +0.00 18486 +8 675 100. 00 +0. 00 6982 +1108 100. 00 +0. 00
GIRCTEIUES SECY ey 560 +601 5.13 +£5.99 444 667 3.75 +4.97 327 +410* 3.94+5.59*
[i5] 25 2T 1008 £1012 7.79 £8.31 1497 1892 9.58 +9.61 160 + 124 1.67 £1.49
TPk ALET Tty 76 + 160 0.29 +0.71 174 =675 0.70 +2. 69 36 0.03 +0. 06
e ER 00 0. 00 £0. 00 0=0 0. 00 +0. 00 102 +102 * 1.01 +1.05*
I RG Hreph 535 £1131* 7.15+15.15 35241379  38.14+18.50 1497 +433 15.68 +7.71 "
AT 271 613 3.62 8. 18 68 +92 0.42 £0.54* 0=+0 0.00 =0. 00
HiE 23243 40676  75.05 +28.18 4280 +3 096 33.76 +13.80 ™ 7850 £4198*  70.72 £20.77**
WO G A ) 92 126 0.98 +1.75 1440 +1319* 13. 66 +9. 36 588 +633 * 6.97 +8.43
FT A TN 4 25786 £40 003 100.00 +0.00 11427 +6518*  100.00 =0. 00 10527 £3403*  100. 00 +0. 00

D) Gt R USEIE £ bR 2ER0R SRS B8 61T LSD 25 A4 HT, * RR8 P <0.05, # # FIR P <0.01, RIAI R SX R GAHLL,

ZES R

MFE 2 R A, A 2R G T R s R S 2R
K455 <o N T Bey o W E T i = [ = i) 71
JEH 50 mg- LB, BRA FEAEIE HL(P =0.026) 51, P
ANETETS Ve RGP O Sh W BEVE A R R BE 2
[FAAARF (mL) P AKIR A B AL sh P AR B 5]
WATEREZE R (P >0.05) , BN REKEZEW
AETE R EVEZE T (P =0.904) , ELIFA R shi 2k
AN Z R A W M 22 R (P >0.05) , BLH
IR B R 1y o 305 T R AR sh ) TR S A B
PERZIA ;MK AR B MR RN 2 100 mg- L~ A,
1y Xof S 75 Sh P e P ) [ S RUAF B L (P = 0. 041) |
HreBH (P =0.000), M543 (P =

0.025) 5 KL HE LA SRR S W BEVE Z B (P =
0.018) ¥y Az W E Yk sz e, Herp BRAZ I s
(AR 22 B (R AR 7 A P A B i
H) 55X IR R GEA LA e BB PEZE R (P <0.05) , 10
BH 24 57K M B2 4 100 mg- L' 6l 23 % 16 R 15 T
TR SR 440 7 A B S B 2 I 5k — A0 1 Kk
TR U BE 22 300 mg-L~", ST R G AH L, i 5
EHEHERAGT R E R ER(P=0.04), AE
PEFEH(P=0.022) , MiFd (P =0.004) LAFEAE
BEMZER (P <0.05), HEAN A S Y RE % 2 %
PSR (P =0. 014 ), Ud B v e 2R 1 1K 9
VB X TS e S SR A R 2SR = A AN TR
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i

B 37 %

5000
50 mg-L™! o 100 mg-L™! 300 mg-L™!
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Fig. 3 Cyst formed by microfauna under the action of phenol

toxicity( X 100) and the variation law of its quantity

SO . — 7T, e VAR R A T X R sl A B R R &2
BT AR BB A e B A R e ) A
FER, AEWAEMR, AroABm, AL RE.
T35 T, e VA 85 A My T e 7R g R v 1) ek
TR AR a0 A7 A W 0 B IR R 1 P, A 6
R RSB R L[ (7850 £4 198) > -mL™" ] i
FERTH RS (2550 £1089) 4> -mL™"](£2),
HARRF 2 B35 (70. 72 £20.77) % , B R LH K RE
AIREAY R R OB SRR KA T, 2R 5
FETE 1 75 U8 b BB (K b SEBR VR B 35 80 ~ 100
mg-L™")  4IER S 71 32 B, e e S BRAK 75
TLMRARAR /NS RFFICAT B % 5 98 L4k
AT A0 A ) ) ) TR RN (R AR B R T A R
BT R T BT 2R R 3R T T B A MR AT
T o8 L7 R PR 58 B w200 TR P A B A o
P A, QAR TR B R A £F 6 R A 5
Yy, 8 R [ R S 3R A R (HNAN) ] i 5
2R ) 1 B R T Y DRI A K AR R

A, TR BRI X R S A s 2 R A K
WARIEA. BHEZEN, S RARGEH T, {5
ARG RERL I (P =0.038), WEMELTE
H1(P=0.016), A5 EH (P =0.040) , #iFE
(P=0.001) HIX ZERIfFIE R B 2ER (%K 2),
T U 1o e B R I 0 R A SR P TS PR O Sh W R
SR A T A B3 ) R

AR E N AR R ISAERE 5 b B0 A i
LRI RIBEVE S — N IR e LR
ARAS%) Shannon-Wiener 48 %4 H' 7] L) Jz BB V% 45
225 N T 2548 R R B R/ INKH G P 5 e
TR SR T5 S5 R0 O S e R B ) XGPS TRk B 2% 1
TR SR TE Y b 22 RE P T8 BOIEAT B 05 A, 45
S 4 Frs. R ar g, S 2 A 3o sk
KAy 52.08% . 19.69% , B 5Tk K ik
7177 % . IR E 2R Wy 452 67 g A F T 1936 P75 1
TR Bk V% W Fh 22 BE vk R R X IR R 48 PCI
M PC2 PR IEAHG, TP AR VR R FE L i mi VE T
HTEPE TS VeI R S B Vs W Fh Z 1 5 PC1 RN PC2
YL IE ARG, i E AR R X BE 2R G Hh (4 1 R sh W R
YIFp ZREPES PC2 GG, BRI # 22 5 0tk 36
I R Q5 B ) e (1971355 N 8719/ O R T
Ve S RE V5 S5 s B . 1E— 25 0 T, BT
B R G5 o VR B R I R 82 S ff A T T B sh i
YiFh ZREPERR LS PCL AN, ALK T R
AL S RIS YR Z AR PE Y 5 PC1 B2 IEAH G, 36
VR R R IE R, TS R R G B R B
YIRETE I FD 2R 0E e A T o R B R AR 1L, B VR

1.0
50 mg-L"-EK
os L 50 mg-L™'-CK
-y L7l.C
g 300 mg-L'-CK 100 mg-L"-EK
; 0 =8
5 100 mg-L™-CK.
300 mg-L™-EK
-0.5
_I‘G L 1
-1.0 -0.5 0 0.5 1.0
PCI (52.08%)

B4 AERREFBZWTEETEREPHME
BT SRS (PCA)
Fig. 4 Principal component analysis (PCA) on species diversity

index of the microfauna community at different phenol concentrations
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ik BT WS, A 2 A BE B RN S B T
V) 457 i R A0 R 0L R R, LI S R GUT R R R
0 RE DT BRI R AR B S I R v Ak
T3 XoF 3% 1 75 U R B W A 0 S R ) S e A4
I T e T BRI A T B SR Sl R S ) IR R
5 AH LU B 5, 10 B o e 2R 1 o) R B ) A
Yyh Z R e R, BV W A I X 3 2 7 DR
T Wy Bf 5 45 A6) 2 W) B K, 3K 5 T SC 43 A 45 SR AH
—E.
2.2.3 R R GRS VR R S B R 45 H B
AL

TS e RGeS R SSRGSl A ) 22 B
BATIHE B SRR INE 5 BfR. I RGP AR
SR T S Y AR 22 B B2 1T I B 34 A R AR
Ak, 3% 5 3 T AT RS PR A B AR Ge A — T
TSR B (R 2R B 5 ) 1 Al 78 50 ) A i 245 14 B
B A Ab A B AN TR, ELAR M, 7R 55 1 B B e
Wy K SEAE T B SR I b 2RI X G S
P ARV SSHEAR X £ i i s 1) 2 Ak ) S i) S B g, 7
ARG HEE R 2 B G A TR ) A L X B
HAAXT 22 B 43 )35 (64. 84 +27.56)% . (75.05 +
28.18)% , Wi L FH M2 R (P =0.342) , HAh 2k
FEARXS 2 FERL/IN , H A S (R T8 3 W AR R 22 3 B
i [ A2 Ak R AR T 118 455 a5 JIT A BsF T Bl ) 4 8 A 0 22
SEUNCE S) 5 IR 2 BB, A RGP 4 o
BIIZERE AR S 1 B B 5] X — B By
SEARTE OB LA IR (A R b A e BT
HIM (32 ~45d) 52 2] 7 ], X B8 2R 48 Fi 5 R 40
T 7R IE AR XS 2 B 53 5 R (34.31 £7.66) %
(25.66 +18. 18) % , o A sk, 7EX—FrE,
AR 1 2 RULF B A A T B A B R X
ZIE A TR (9.58 +9.61) % |, 1 # F HLUAH
W[ (33.76 +13.80) % | WE R TG #[ (20.53
+9.81)% ] (P =0.005) ; iXIH5E 3 BBt XA S
FHIR SR VR 45 R A A R A ik R g rh
R H o 2 PO A I 4 R AR X 2 iR K
HI91.13% . BLAh, SXTEARGHM L, KRG+
R B AT B AU B PR AT B Az B TR
il , #2217 70 d JLFIH 2%, I Ja & A X 2 8 — 1
R TR K (1,01 £1.05)% ].
2.3 R T G U8 IS PE S R Sl 18] ) A
KRG

WIRTSCArR 7598 TTC-ETS 7% 1 H INT-ETS 1%
PR IURR S G R S AR I X A AR T VRN PR R

[ QLS RE QU R4 EET: Y HEE L
BEXD s A gh 4
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Fig. 5 Dynamics of microfauna community structure

in the two activated sludge systems

VEF RO MR R R BR , MOk B TTC-ETS 3 MAE b 2K 1 5
M) V5 e M A R AR TR AR, AN TR K R 8 2R I
V5 TTC-ETS TEH LA B 1 (a) ] 5iE T
15 VT Sh Y T& S50 Sh AR AL (18] 5) XF L6 43 B vl
A 1508 TTC-ETS W 5 18 sh Wy i 75 25 A AH .22
[MAETE A — 1Y I, A I ik 3 2R i X 75 Jlg TTC-
ETS i1 S R Sl Wy Ve 45 K4 (R 52 i H AR B 5 >4
PR BE IR 100 mg- L™ I, A 65 I8 TTC-ETS 1§
PE R AR B YR I S5 7 A B RS e 5 i — 2D
TR BE S, 1B ) G 25 4 K. 6T e
PEVG AL P R G0 TP i A T P T e A R
PEIS U T5 YL R A%, DR G M 35 TR I A= 9 ETS
XA ARG E R BITHE EER
SCHY AR IS TR R A S R e P O Bh 1
S B P T A B, AR AR TR TS RO R A
BREMFE RIEE EEAEN, B, W& T 0 Tk
SRS PR S5 Z R SR AF AR R TR TS
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B 37 %

Ve ) 575 Je 3G P Pearson #H M43 B 45 S Un
%3 iR,
x3 EHETRMESYESTIREY Pearson X4
Table 3 Pearson correlation coefficients between

microfauna species and sludge activity

TTC-ETS 7% P

Rt/ Tl MBFRGE  ARARS
(CK) (EK)
HF LB Crawling ciliates -0.133 0. 087
BIRINELE W, Aspidisca lynceus -0.080 -0.125
A WIHEELTF W Aspidisca costata -0.170 —
JURBEA N B Euplotes novemcarinatus -0.304 —
SRR Euplotes affinis -0.318 —
[& 25 FULF B L Sessile ciliates -0.052 0.191
SR Vorticella picta 0.395 —
4L Vorticella convallaria -0.397 0.235
I\ L Vorticella octava -0.133 —
JNE R Vorticella microstoma -0.254 -0.294
S BU5h W Vorticella striata -0.139 —
FKEE] B L Intranstylum asellicola -0.104 —
KB IZE B Pseudocarchesium aeslli — 0. 089
1 BAL AL Epistylis lacustris 0. 052 0.371
R LR £ H Carnivorous ciliates — -0.413
LA Plagiocampa mutabilis — —0.403
Wek FIEF E HL Swimming ciliates -0.127 -0.078
[U12& /N U Microthorax suleatus -0.245 -0.112
AW/ B Microthorax costatus -0.178 —
£ 5845 I Testate amoebae 0.334 -0. 169
it Pyxidicula operculata -0.484 -0.150
AR 72 B Centropyxis aculeata — -0.628"
2[R R T2 Arcella hemisphaerica -0.474 —
S JRIE M Phryganella nidulus 0.639" —
LA AT Euglypha laevis 0. 208 -0. 140
L4k = L I Trinema lineare -0. 468 —
MATIE B Naked amoebae 0.011 -0.071
IEAHEASIE B Saccamoeba gongornia -0.029 —
FAE IR L Mayorella cypressa — -0.071
HEE L Flagellates -0.118 -0.139
= fASHE R, Peranema trichophorum -0.071 -0.083
W Y - #E H Phyllomitus amylophagus -0.152 0. 081
24 5 H Bodo edax 0.274 0.290
12479 5 H Bodo repens 0.263 0.267
% . HL Bodo compressus -0.450 -0.129
Bk & Bodo globosus -0.309 0.163

B E W Bodo lens — 0.418
P U5 T Bodo saltans 0. 124 —
ARE W Bodo amoebinus -0.047 —
Bk H Pleuromonas jaculans 0.027 0. 438

I/NTEWI R Clawtriavia parva -0.718** —

TR 42 314 Micro-metazoa 0.522 0. 427
% 1 rotifers 0. 468 0. 180
2§ I nematodas 0.208 0. 100

D) “—" FoRAMIERARR IR, = RR P<0.05, % # FRP<
0.01

KBRS W) S A AE R S I I 5 T AR 1Y
AR SIRBEZ M R E A6 AT RS TR &
e AR Bl ) []— 4> o 5 060 7 35 e T P 22 1] ) A
RMEARE (R 3). Sy 1 s i 2 A 6 s A= 0 ) 25 1y
SRS VTS AL B T 2 E s AT A bR S 8
SC, MRS R K R 58 (HHRE R 50 5 23 B x
G, ATt 25 1 22 KT P ¥ 08 v Ak B sk A v e s
e TTC-ETS {E M HA R/~ M E R B sh Y Fh. 72k
B3t RS B I P T e O sh e vk o e b 5575
VeI P i 25 AH ¢ B9 R A B BRI 72 HL ( Centropyxis
aculeata, r= -0.628,P <0.05) , 1t B 41k [ 5% 1t
()R o BB, Pl o A0 B0 5 8 I K 1 T e 1 PEAIR.
BeAN, H A B B S W A oan ) B R U ( Epistylis
lacustris, r = 0.371, P = 0.173) . £ 748 &}t &
( Plagiocampa mutabilis, r = —0.403,P =0.137) .
PG HL(Bodo lens, r=0.418 ,P =0.121) . Bkl
H( Pleuromonas jaculans, r =0.438 ,P =0.102) 555
TG VETE PE A TE B S A G (17128 0.3 ~0.5),
AT A SRy 5 B R K Ak B 5 R v T U8 S PR B 4E R
).

LT A RIF 5 #8000 e 5 A2 7K A B 2
ARSI TR Sl R A DAy 1% P ¥ e Ak B B L 2L 4R B
TR 7R A % 0 T AR 5 10 B 5 fl R g 4 e
515 ETS iG 1k Z [ 477 4 W1 i AH JC M Bl m]
VR 36 P75 U8 K Ak sk # b ETS 3 MY 48R
).

3 it

(1) He#43Mr TTC-ETS 75 ¥ K INT-ETS 37 14 45
P ETS T8 R 45 SRR, 150 TTC-ETS 15 P fg
% A R AE A B X ¥ YR T M R 5, HLRE % kK
Ty A R SR T e T A e 2, 4
50 mg- L HEAR SRR, 2R B X5 R M A 3 i %
(20.75 +10.43) % , 1 300 mg-L " #kKiz 17 ),
AP R R EAE 40% ZoAq .

(2) AT X305 1 5 e fal 750 2 40 A % 45 ) 1) 5 Tl
i P ) 184 R T4 K, EL X AN [ A4 ) B0 4 S e 5 T
Al 7E50 mg- L HKE&MET , KB RG22 K
HCAEAE B S 0 VR R T K R BE HE OR & 100
mg- L7 I ORI XT B F R Bl AR R M
AU J5 A sl S L SRR SR sh W T Y e A
EVERE. YRR E N 300 mg- LI 2K X
BRI B A NS B R AR B E R
PO, i %o $E B A A K E A AR B A A
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YEH.

(3) AT Wit 1 75 e 28 2l W A i 246 4 118 2l 285
AL T, HFE7K e B A [0 G 8 Sl W0 v 44
B ASHER B 224 R SE M FR AN TR]. il o 2R 1y T 8 1Y
B, FELE O S W) 20 UKL 4 A SO XA A
PR AR AERILTR AT BE A e T B Sh W RV 45 A8 3 28
AR Y J R 22—, AH 3 KO8 B vk B i v (> 300
mg- L") B, 23 S BOX A AEDL 2 M 38

(4) AW om0 P83 M 5 O sh ) 2 A 1
FESEFPFE LAY DG | JE L8 58 Sy b ml A Dl 75 e 1
PER /N 48 7 A2 W, 40 B BRI 76 1L ( Centropyxis
aculeata) WK it BEHH , Tl 7 46 Ak JL% W IR /K 1 ¥ U8
TEPEAG ;W0 2R L ( Epistylis lacustris) 22 1515 e 1%
PEHE A IEFMEKE R (r=0.371,P =0.173) , 1]
VR 15 V8 i 1 s 4 7S R ) A5

Bt RSB R S = UL B
LRSS TR A Bkt SS | IR s, sRBE . o220
S ] e i A b Y Bl
S R
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