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e, WRMEYRIEEME T, T ZNHAT
W E MM R R A L E M eI 4 o)

ARG ER X LA ST B AS DL R EE R T A ik
B, A LR PIRE BB ARSI LT 2 AN A)
1) TEERERBRIE 27 d e, HAREYEPRUE
YIRETS U 78 Ak 5 2 ) T R e R 1R 4 38 d
5, HRAEYEDRUEYIRDREZ R AR b, A
S R S A ) R A R — AR AR R T
5%, AR YRR G R AR Z ] A B
YERT, DIERIR iAW vh & A e 5 41y
X E BRI R R, P A R LB Y
YISCR BB S AR AR S 4
1 MRFFE
1.1 REH R

S P K 3 B ot T 2 A T B K R
RARFERTGE, KBHEFR T . pH 7.8, p(EH)1.9
mg-L", p(ZA)0.73 mg-L ™, p(B A5 %)0.53 mg-L™,
p(E)0.1 mg L, p(ATEMETCHLRE)0.035 mgL,
TR T B9 AR YRR AR SR A W R A4 A T B
KRR ZERE E A BG-11 5535350115 . ASRAY)
MR 0.1 MBS HCLE WM 12 h Z )5, K5
EHAE BG-11 JE R e Ho BG-11 35561
AT 1.5 g NaNO;., 0.04 g Ko,HPO,, 0.075 g
MgS0,-7H,0.0.036 g CaCl,-2H,0.0.006 g F1 R |
0.006 g FrEEmR44 . 0.001 g EDTA . 0.02 g NaCO;,
1.0 mL As 5 (ITHAREMETTRBTR As &4
H;BO, 2.86 g, MnCl,-4H,0 1.81 g, ZnS040.222 g,
Na,MoO,; 0.39 g , CuSO45H,O0 0.079 g,
Co(NO3),'6H,0 49.4 g ), ZEIB/K 1 Lo ALY R SF
FELE S L B BB i TR R . AR ITR
FE) A SRAE YRR R s SR (VIR BT R
PEARIECRA PR\ A7), izt B s s
KT AR A R 0 A KA AT B TR, AR
FEYSN 25 em. FEFRidRRT, BEMREAS DAL FHAS B
Je e AL LABK 1/ N shn L HAb 2 B ivE A, A
WA REHIK A RDEIE, — B EBUK D ATE S L %)
JEARRT, B i, AR AR YIRS AL, i
S AR 7E 20 "CH 38 Czlu) (/KR R
FKIEGHEE, HHE GB/T 13195—1991 (/K B /K i
R R T A AR B I e 3 ) AT ), pH A
7.1£0.2 (pH Mz H pH -7 ).
1.2 RIETAE ( FRFAERTIEA, MER2RR
AR R EZ R AS 2 30H )
121 RIE&IT

KT 2011 45 7 H 23 HFFGRAWIERY KB
75, HIFE RO BG-11 ¥3edtrhigs, YmiR
FEENFSRE ., HERWDHE, 2011 459 H 20

H, SRR EER R @AY, R
AR, HAERBONERE . R lA B R,
SRR A WA A [R] s S A= W — I,
KRR 6 U, JRTRER) ZERMNE 1 E TR
Jito A A AOK B FERS AT S TR I R AL P
RUE LA NaNO; KA T4E ], B2 L KbHPO, K
AT, INEZIEEH S L AL, pH 6 7.1+ 0.2,
B =AAFEAE B 5004 T1, T2 F T3, AMb B
HE 3, R 1R,
F1 FRMBEBRE (LIERT/AIEEBRKIL)
Table I Treatments measured nutrient concentrations at the first (the

moment when we added N and P) and the end of experiment

fhgm pl(mg-L") -

TN NO;+NO; NH, TP
T1 153.8/118.5 25.6/24.6 6.2/5.3 2.4/2.15
T2 643.3/581.3 121.4/111.5 11.7/10.1 902.8/311.3
T3 1190/1090 231.1/218.3 62.2/17.5 1629/1174.4

1.2.2 MZ %

BRI T K BOBURERS,, 3 AN & e I s /K i
10 cm TR, TRPRFRUCRIES 24 h NikfT
MI5E . NHy" . NOy'. NO, . TN Al TP & i il R
JHfA7 2% Skalar A7) SA-4000 BB T o IKEER)
pH IR I 2 2K FH - pH- 7K Ji2 31 %€ (PHS-3CT,
Q/SMSB1-2005), #ATAYIREHUEERT, B T4
AR AR RO, DABG 1R SR A= 9 A 41 i
BUFRIRE G 2T 4 COKFENRLE, JFHAE 24 h
PHEAT BT A o

BRREAT AW IEEORER , 3 AN I KU
85 7J(0.1M HCHBY N AHIFH B i kd4, JIfad 20 H
e TR BRZ K5y, HHANE KRR, it
AT AR RS K B AL PR AR (FKE
100%), RERISEATIEBEREHE, 78 40 CHET
1~2 h J5 (KB ATE 70%3) 95%2Z 18] ), SR
PR AN R AR B BT

TER IR RBERAERT R, 27 d &, #H7E
PLFA, &ML E T 3 A F178E. PLFA 40#7
T FESCHR[21], HHp PLFA B9EEGE R A fi Bligh
M Dyer BITIR )7L, LEBIN R & & IR b Hi
J5 5 38 K, #EATIE Biolog, K BiologTM ECO
M (Hayward, CA, USA)HEF TN A= Py i
ettt By RS 2 TSRS 25 C
TIEAL, K AVKAR U BOEE IR 25 C TR
SRIG, TR 2 g ASRAWIRRC /K B 7E 80%~95% )
TIAZE] 18 mL FHe KR /K (0.85%NaCl) 11
=St A KERBEEER, iR 180 rmin’
P51% 30 min J5 B ERE 5 min, 7EBE TAES Ik
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BOREfh 5 mL 2 25 mL S50 KR 0 2e A A BER K 1
s, IR /GEE AR 150 ul BfLI
RREA 2 96 FLIGFEM, 25 ClEIESE IR, 09T 24,
48, 72, 96, 120, 144, 168 h J5, ] ELXS08-Biolog
TFLARIEEY ( BIO-TEK Instruments INC, USA )
& £5FLAE 590 nm P T HEIRIR(E .

123 MERMG AT EHE

1.2.3.1 PLFA4H7H PLFA a2 DL S A 56 1 B 19
&

T MR TR 45 M 3 PLFA 28R 2 REMke it
11387, i15:0. al5:0. i16:0., i17:0. al7:0. al8:0
FAFRE ZCHMYE ( Gram-positive bacteria,
GP), 16:109c. 16:1n7c. 16:1m5¢c. 17:1m8c. 18:1n7c
AR L G 7 ( Gram-negative bacteria,
GN), ¥ = WAt an i i Lo &2, %
18:1m9¢c. 18:216,9¢ F1 18:3 w6¢ (6,9,12) =& M AT
HEH R YRR, 16:0(10Me)Z 0 K2 R T Y
FEERSITR 2, T 20:4006,9,12,15¢, — i HHB7E
Je SR NPT CKERREE K BE D C1o-Cao HO BT
JERG DT RRPRICAY S AT PLFA S it RV A= ) 6
o TSR PLFA R &4 Wit Y
WA ek, B0 nmol g, 7EiFAT PLFA
FIG o T AR R R B AR i

MIDI {156 5 A 5 Kt i BEAS 25 X
Bl . Agilent 6850, #EFEE: 2 pL, HFFEIREL .
250 C, #HA: AR, B 22 ps, ML
100 : 1, AR5 . Agilent 19091B-102E Ultra
25% Phenyl Methyl Siloxane 25.0 m % 200 umx0.33
um, FFFHE 170 °C .0.00 min .5 “C/min, 260 C .
0.00 min, 40 C/min. 310 ‘C. 1.50 min, J5i&17:
170 "C. 1.50 min, :ll4%: FID @& : 300 C, &
i : 30.0 mLemin”, Z5/{JiA: 400 mL-min”,
EmA R (A5): 30.0 mL-min’,

1232 Biolog M-V LB R K ke
PEFR BT

1) P LB A L3 (average well color
development , AWCD ) ™7 38 A K k.
AWCD=[Z(C-R)]/31, . C HIAE 31 A ifL
IR ; R Xt RESLIIROEAE

2) Shannon $6%¢ (H) PO, w] LIFAE 3 rp

EYREEEE, IR AXH: H=2@nP), X1
PN i FLHXTROGME (C-R) SHrA 31 FLNOG
{EAFIEY R

3) Simpson $5%¢ (D) PO HITFIFAG 13 %
BRI, AR D=1-2(P)*. Rof.
PNy i FLIARNT OGRS A AR AR T MO (ELE
IR %

4) Mclntosh #8454 (U ) BV, RILTREEWF £
Hezs (IR RS AR, RO I R e
B—k, U=sn?, o n 24 i FLASHERIROGIE
1.3 HIESITFAE

R A 3 A EER . R Excel 2007 X4
PEE T 22K kA SPSS 16.0 H1AY Duncan
£ Fl“Date Reduction”F2 ¥ 43 | % £ s 54722 7 6
FEA TR T AT, T SRR R
{HprifEiR (meantSE ) Frn, BE /KR P<0.05,
2 #HREVHE
21 AEYIBEESMYFE
211 REAETAMBEF E PLFA L3482 T
B MR A- T BE PLFA A2 T 4L

W NG IR DT R o0 7y 7 e 6 T R S AE 0 A=
S RGO W g 10 R B 25 S T ff A T A ) e s 485
WAL, Je—FPaE T T kY R, %
FHBE B A5 o 1 12 %o Tl 26 o A ) i DA R 45 R R R A 7
ST, SRR 2,

Hellmann Z£P2F5¢ 5% BRI 0 4= W 1 7284k
58 PLFA & ARG AR OCHE . AN Uk
AL BT A= P A A e s, RSN AR 3
A E Y ar PLFA S8 fb . AR 2 Hh 45 3R,
55X HRZ PLFA GLatAH G, Zb3 2 FILbBE 3 () PLFA
S, RRARIR B E K. BITE S
FERBEIRZAR 27 d B A B UE Dy AR AN B3
ARJITSEVHT, W R I R 2 T A 1% AR 200 e ) 20 A
B A, o5 AR Y AR R E E R R
AT DL T H 6T i 2 5 A A 0 v W B R AR P 56
27 R Jg X HA A Y AR s i AN B

(] B o) A B v s A ) N R T A A, BRI ZH
P HB . JEAESY 5 TGP A A > LG
PEATR S DL AR E . dnE S R R (e
177 508 G5 RFHARFIAEIET A 40 TR e

R2 FRLEMEMREN L PLFA MEHMSENHN
Table 2 The effects of different treatments on the total PLFA and different groups of periphyton biofilms community

b/(nmol-g™)
kb3 G+/G- BIF
44 PLFA Bl FL JEAE B G- G+
Tl 13.49+8.19a 9.1445.57a 435+2.63a 0 8.72+5.17a 0.42+0.25a 0.02+0.01a 1.83+0.43a
T2 20.14+4.98a 14.63+4.84a 0.49+0.14a 0 11.2243.76a 3.41+1.08a 0.3120.01b 28.66+2.31a
T3 18.54+11.59a  28.2649.14a 3.55+2.52a 0.34+0.17 21.22+7.05a 7.04+2.11a 0.34+0.02b 48.52+41.94a
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W PRI T I PR AR R 2 8 KO, T LR AR
AR E, 3 (CREWRESEE T ) BT R4
gy, VIR YRR i Z otk SEER T
DV, (R s a8, SRk Tuom, H
R R B G AR G, AR S Y B SRR
£ 20 CH| 36 C, FAE TR MR (HM
MAREEAE, AFENSERESTERN S &,
YT 5 B 1 B AT DL S A0 B S R R A X A
AR A B PR AN B R R A R R AR
i 2 Al 45, R[RIAL B R4 AH oA Bk n, (5.
EZFARE TR 3 AT T EE MR ET
o (HRNE S AW IES KT 1, MEREE
M5, SPERIE bz o iR N &b B S 1 4=
R I E S RSP R A= (E SN T ) & O
A W R DN R D S5 R K A AR AR Ak, ST AT T
FFHA
EFXTARGEHEATARA , 43X 8 2% FR BRI R A A
22 FCPH R A B HEA T /00T o ANHE & B 2% PGB TR
PO L IR R o (FJR A AR 25 SR I
Fo GHG-HUEZ T LIE H, AbHE 2 FILbEE 3 48
XHHRAH P B, HER R, (HAEE 2 Fikbs
3 ERARE . TS FCBHP R A M
YRR A, (EJR 2 [ B R R AN Qi >
CIAMEN R KA, G-TE4R T A P 3AFh e
X Bk L 2 B O 2 [ BRI A B 1) A ) e Bl S R
Y B K 3R e & A AR AR, A 4 TR R A
F MR
2.1.2 PLFA F mo o #r
DR ZE ARG SR TSR, AR B LT
1.0%[A 5L PLFA B I DA S AN H B0 T B —AE
FIRRITER G, BT 19 R EMBIIRIIIR . KT
KW 19 P FA NIRRT £ o0, 45
WS BRZH AR L, AN TR A B o e o R R AR R
R T AR A TR S . A5 RANET 1 (AE)

Fis o $RERE Tl B ET AN E 805 (PC1/PC2)
FFHTTHRFIR 66.71%. WNEEAR FRE, T —H
TR T HA LR IX ok, AbBE 2 5
WAL A3 3 53 fb A AT AHBE G, 16 P R A Ak
PR DR TE 25 A3 AR, T A B 2 5% IR
HHH R X ATk, UL [R] R A B A T
HEYIRERETRE 50 o AN [R) B R vk B R AR LA B T
A R YIRS SRR A AR R RS . SR ik
JEIRB|—EH)G, SR R BE R 454 20
WE, YRR R, a1 5
FR 1 R EE ARG, AbEE 2 5 A 1
IEAHDE, AbFE 3 5 FA4 2 Wi IR G,

X A gy B v A i BT B BRLA T S B D TR
(PLFA) AHXF SRl AT T 0504, 1551k
HFE (E1A) o S58REmR 19 AR ER
FRBENRIE IR B Bt AR ARG R, (2 2R
FEAEPIEE— R IR =4 R 1515 PCI 51F1IE
FHOC B DT R AT s AR AR TR 4 14:0 1 18:0 FIs
22 [CRAME4N T (18:0 30H, 17:1 o8¢, 16:109c,
16:1w7¢), XFH 5 PCI IEAHCAYALTE 2 thagEY)
FECHE V% &t A = A7 3] o 2 1 B 1 R e A A i
RECI LUK . SR E AR RPERR IR 18:2 06,9¢
R IGAR 16:0 5 PC1 A, FERHEHA
B[RRI BE (= SR AR AR ) 5225 Xt IR
ARSI, 5 PC2 BB TE AR Y2 EL A
BERABRUN 18:1 w9c, H:% [ FHMERARTR W i15:0.
i16:0., a15:0 LA AH = [P g B2 4 14:0 30H .
18:1 wll-methyl, 17:0 55, TiAbHE 3 I RKZECFAT
FEMMAT T, FEHIANIE 3 425 My Rz ELTH AN
THETE B AR Al T s mi 31 VR 25 M 1 AR 4k
22 WAEMBEINGE S
221 AR RARMAZE O

AWCD BCA RIS E AR, ok A B2k
AR AN R R IR EARBE ), & — i 7

1.2

4 e _
*T1 ;/A 18.1%% 150
oT2 AN 08 12084030
2 | aT3 l?:[bollS:OlgogoH
— 181 :
S \ g 04 mem)%’ S 17 1ase
5 0o —— S (m] S 204 190 &3se
= 3 . i &0 o w3, T R
= 35( A0 & O 450 s larc
&2 - R © 4 | © 182065 | 183
i ) GIIGREN
o160 [ g
4 -0.8
P 3 o 3 . 1 05 0 05 1 15
PC1(43 64%) PC1(43 64%)
B 1 EMETE PLFA MERS S

Fig.1 Principle components analysis of PLFA profiles of microbial community
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ik, IR — RPN R ) AWCD {EAE L
TSI 22 TR TR B R E I A R . — B
R AR IR RE B A it B AT A e O B TSR g
71, WHERABRENMAEYFEE, JERERON
PERIFRI FHAS TR BUR AR BE 7 ) — A~ R BE AR R0
AWCD (B 7R A PR v 0 A [ Bl £ QA ) A
T, HARER e T R R A, Hod
&1 AWCD {E-5 (R Bt v b REFI ] B — IR AY
PCEY R AR DA R, MR, 5T
P R AL B AR AR IR A AN [R) fe I 1
TR ] 2 R

03
——T1
0.25 {| —8—T12
g ——T3
=
=0
bt
ay
Rl
ﬂ’
e

0 24 48 72 96 120 144 168
B iEl/h

B2 FE4E AWCD ETL ik
Fig.2 Changes in Average Well Color Development with incubation times
of different treatments

TN E e R BEAE 38 d 5, Bl 15 35 I 1] A
0h #| 144 h, FE&E WA ARG (T1,T2 #1 T3)
AWCD JEARWHE R, Hord T3 G YRS SRR
FIFHRR R e o 76 48 h Z Wi, b F 3 FPEFRIRET
(A P RHRR A A R ARAG, mTRE R Sy — Ly
A AN IV e TR B R R BT A6 T, U Ak T4
W ZJE, eI IR AR R LA
HWRE, XEWRESYERIGRIEA T X, 7
72 h BHRIE AR AL R R, 120 h DU
BHGE, BT FFfa, 78 144~168 h Z[E], Y
FEVS TR IR ORI B 20 A RSB, SR e 0T
RAET, AWCD WEA I R, FiE AWCD B9fH
SEHOIE R TT TR, X R B AR WA P A
FHRR IR BE 1 S e F AW 42 = 28 TP R i 5 1
TR, WTREALY) T A SR ORI T R
XHIRIAFIA, 25 B YR FOR R, f)an]
REr= W AE IR A T HARBUWaRIR , (R
A HFA BRI RE 1 TR
222 A MBEEBIRA R S AR R 5T

R 5T A 0 A O A o U R H A 1 1)
S, R 72 h AENBORERTE] S, X Biolog Uil
BRI ThR ARG, SCE AT . $REL

1 3 ] f B ET S E 85 (PCL/PC2 ) HY Bt DTk
FoN 57.44% . KT RS ER, FAEAF
TR PIRETS AR (1| 3), HifP 5 PC
HI PC2 FHSMER R BRR IS L% 3. Hirp PC2 HhiBEH:
AL 2 FALEE 3 5XF A AP B A X 4T, UEEHAS
) A A JE ARG A P22 5, Ab3R 1 AR A5
AT PCL IESH, Y5 PC2 AL, (HJE4b
PR 2 FIALER 3 AT, BIEFIHARLT, 5 PCl
SEZUGAASG, N 3 TTLIEH, 5 PC1 SCBLAYRR IR
A 6 Fhg PC2 SCHRIIARIEA 6 F. 7E PC1 ik I
SO ST 2 LB 3, HOX y-J 25 TR A A
FHRE I E T RRAL, mTRER A%t I SRR A FH 4%
2 S EELF 2R = . (EJEAREE 2 Fih B
3 Z A A X AN TRl IR A P JC A 8 25 5 JHerpoxd
MR R IEIRZS (W LB AR . LARNAR . L-
RAWRERR S L-22F 8 ) FIZRY) CIIFRESE ) F
LER

2

xT1 R
om2 Lo
S lam j&
=
<3 [
3 D |y
Sol & ¥
A o o
3 > to/
.Y
P \/
5 3 D 3 b 9
PC1(35.02%)

3 FRAEEMEPRBEMBERENRENRS 25
Fig.3 Principal component analysis on microbial community of

periphyton biofilms

223 AW E AR N6 E F oA

Biolog-ECO #it HA 31 FhZEAIRIE, T LI4N
6 K& (4 FhZRY), 10 MoKIL &Y, 7 MRR,
6 Fha IR, 2 FIEZELU M 2 Filig ) . )72 h
WG EPREILIE Ry VP I I X AN [R] Bk
TRF TR, 4503k 4,

LEIRERIA, 1 6 SR, P AL BETE R SRS
72 h FEBLH A R A X R R ) R PN [A] o AT 75
AR A BET A ) A AR ) 35 X6 S TR RN R TR A 3¢
SEAHRE ST, HUCRMERFZ R Yy, XHie LA
KHFNHRE BAK. WIS, FEEZBREE R, A~
[l b B A ) S Sl 2 X R A I RE T ARSI, 9F
IRFN I 22 57(P< 0.05), {H2, X FZ2RBYFIH,
AN SRR IE AR, ik 3] 35 22 5:(P< 0.05).
X HAB AR IR B A AR AN B3 . 1B 53R 3 mlis
XN, BOXTRRAAXT 25y Canibhs ) FIEZ,
MACFRA NIXRIRIE (y- I TR ) FIHBZE, M
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Table 3  Correlation coefficients between main carbon source group and PC1 or PC2 at 72 hours
Fr 1 HRFE Fr 2 LB
HIER L-FEIR 0.94 IR L- KA BEZIR 0.91
HHER L-AHENEIR 0.83 IR L-2Z R 0.85
i y- AT IR -0.86 ZRY) iR 0.88
R PR H s 0.85 /N 7] D- T g 0.86
R Y D-AHE 0.85 kL aY N-Z Pt 3E-D- %5 e 0.71
ok EY T-7% B 0.75 RIR D-3E R 0.80
F4 AREBIETE 72 h HORIGERE (L Rsi WERME ) FIHER
Table 4 Average well color development for different C source group at 72 h
ok G AIER ZRY iR FRIR Mk
T1 0.044+0.007a 0.174+0.056a 0.096+0.024a 0.002+0.001a 0.065+0.020a 0.002+0.001a
T2 0.032+0.003a 0.130+0.025a 0.052+0.009ab 0.001+0.001a 0.12040.030ab 0.003+0.002a
T3 0.031+0.003a 0.116+0.016a 0.039+0.008b 0.006+0.002a 0.15940.016b 0.001+0.001a

G AR FHRR % LSD K2 ik /K (P<0.05), FIH

T8 1 1%k B 2H 5 Ak T i) A 0 %o e A 7
T ES
224 MRAEMBEI G S AFLIEROLE ST

Shannon #8%% . Simpson F8%X 1 McIntosh $5%%
RN GRS/ EE a9l SN/ 17 B
— PRI T R R I RE AR, AT
58K H 72 h 1Y) Biolog it 5 it 3 Fhdgdl, 45
R 5o RN EHRIE R 38 d ), ARBE T,
AbFR 2 FIALFHE 3 2Z 8] 1) 3 Al £ (B -5
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Table 5 Functional diversity of BIOLOG substrate utilization under
different treatments at 72h
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T1 1.81+0.30a 4.30+1.91a 1.11+0.91a
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Effects of hyper-entrophic nitrogen and phosphorus additons on the functional
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Abstract: Periphyton biofilm plays an important role in the removal of pollutants in ecological engineering, However, little
information is available on the relationship between trophic state (high concentrations of nitrogen and phosphorus) and periphyton
biofilm. The experiment was investigated using by Biolog and PLFA technologies. The results showed that the increasing
hyper-eutrophic state affected the functional diversity of periphyton biofilm communities and the diversity of biofilm community
structure.We got the following conclusions: 1) on the day 27 of addtion of high concentrations of nitrogen and phosphorus, only
affects biofilm local microbial community structure, only partial community structure was changed. The Gram-negative bacteria (G-)
played important roles in the partial periphyton community structure and were sensitive to trophic state shifts. 2) on the day 38 of
addtion of high concentrations of nitrogen and phosphorus, more carbon source type can be utilized by periphyton biofilms in higher
hyper-eutrophic state. The treatment group (CK) carbon utilization microbial easily distinguished between the control group, but
similarly with CK. The sequence of carbon sources utilization was amino acids, carboxylic acids, sugars, polymers, phenolic acids
and amines. The different utilization of Carboxylic acids and polymers result in the difference of the control group and treatment
group on the carbon utilization capacity.This study offers an insight to understand the periphyton-nutrient relationships in
hyper-eutrophication waters, as well as providing valuable information to mitigate hyper-eutrophic state by manipulating the
periphyton biofilm and nutrient. It also provides theoretical and technical support to improve the pollutant removal efficiency of
ecological engineering.

Key words: hyper-eutrophication; periphyton biofilm; community composition; functional diversity



