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Abstract: The objective of this paper was to study the biofilm microbial communities from Qinhuai River, Stone town moat, Lake
Wulong and Lake Xuanwu of Nanjing using phospholipid fatty acid (PLFA) method. (1) It was found that the decreasing of tem-
perature and nutrients concentration led to the slowing down of the metabolism rate and even the death of microorganisms. The mi-
crobial biomass ranged from 9. 16 x 10° to 2. 74 x 108 cells/g in static water, while in running water, it ranged from 1.69 x 107 to
7.77 x 107 cells/g. The decline of microbial biomass in static water could be attributed to the higher transfer resistance. (2) G-,
G+ and fungi mainly comprised the microbial community in the order; G- > fungi > G+. As temperature decreasing (T =
8.4°C) ,the content of functional bacteria in static water fluctuated from 27.41% to 66.20% , while in running water it fluctuated

from 43.09% to 68.25% . The difference might be caused by G- and fungi. (3) In static water, temperature, concentration of
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nitrate and COD largely influenced the growth of functional bacteria, while in running water the concentration of nitrogen was criti-
cal.

Keywords ; Biofilm; environmental factors; microbial biomass; functional bacteria
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Fig. 1 Satellite map of sampling sites
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Tab. 1 Variation of environmental factors in overlying water in static water

COb/ TP/ TN/ NOs -N/ NO; -N/ NH, -N/ DO/

A T
s F e (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

wi# 9 24.6 65.59 0.44 2.41 0.37 0.035 1.42 3.81
10 22.7 62.32 0.33 2.42 0.40 0.055 1.46 3.75

11 11.8 59.52 0.18 1.98 0.30 0.076 1.27 3.88

12 7.8 45.87 0.25 1.99 0.19 0.027 1.19 4.07

w2* 9 24.6 64.62 0.41 2.14 0.46 0.024 1.35 3.85
10 22.6 58.56 0.20 1.74 0.39 0.030 1.27 3.69

11 11.9 58.59 0.20 1.67 0.31 0.060 1.10 3.92

12 7.7 43.84 0.30 1.69 0.26 0.032 1.11 4.13

H* 9 24.2 45.71 0.05 1.65 0.38 0.015 0.82 4.09
10 22.5 43.65 0.02 1.64 0.43 0.018 0.66 3.97

11 11.5 35.71 0.03 1.70 0.46 0.031 0.71 4.11

12 7.5 31.81 0.03 1.52 0.26 0.026 0.61 4.20

x3* 9 24.1 54.49 0.10 1.52 0.41 0.033 0.78 3.87
10 22.6 43.65 0.10 1.55 0.56 0.044 0.71 3.91

11 11.4 43.65 0.07 1.42 0.48 0.063 0.56 4.03

12 7.6 40.78 0.08 1.32 0.28 0.045 0.61 4.24

2 WSKEAF A 0y BRI IN T84
Tab. 2 Variation of environmental factors in overlying water in running water
COD/ TP/ TN/ NO;y -N/ NO, -N/ NH; -N/ DO/

afe AB T/C
<f At T (mg/L)  (mgL)  (mg/L)  (mgL)  (mgl)  (mgl) (mg/L)

X1* 9 24.7 43.49 0.40 1.72 0.81 0.033 0.88 3.93
10 22.5 33.65 0.28 1.65 0.86 0.044 0.65 4.26
11 11.8 31.68 0.20 1.42 0.67 0.063 0.66 4.26
12 7.8 27.78 0.22 1.31 0.58 0.045 0.57 4.53
X2* 9 24.8 49.52 0.37 1.67 0.46 0.028 0.84 3.99
10 22.4 41.62 0.15 1.58 0.54 0.016 0.83 4.20
11 11.8 39.68 0.10 1.41 0.52 0.066 0.72 4.33
12 7.9 23.65 0.10 1.23 0.33 0.046 0.58 4.60
Q* 9 25.4 55.40 0.36 1.97 0.66 0.130 1.01 3.73
10 22.5 47.30 0.28 1.84 0.68 0.140 0.89 3.52
11 11.4 37.62 0.18 1.84 0.55 0.109 0.93 4.20
12 7.7 34.68 0.22 1.69 0.57 0.081 0.78 4.41
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2 x10*~6 x 10* cells/pmol PLFA™! A SCH 4 x 10% cells/pmol , 1845 31 4% W T 5 A5 4 Rk A= 0 vtk R LR A
AL 3.

& 3 AR ALY A P B AE (cells/g)

Tab. 3 Variation of microbial biomass in different biofilms

IS Wi A5 A 9 A 10 A 11 A4 12 A

s A wi* 2.61 x 108 8.64 x 107 1.54 x 107 1.06 x 107
w2 # 2.74 x 108 6.40 x 107 1.35 x 107 9.16 x 10°
H* 3.26 x 107 1.26 x 10® 4.63 x 107 3.05 x 107
X3# 6.44 x 107 3.66 x 107 2.87 x 107 2.13 x 107

KR X1* 6.32 x 107 4.68 x107 4.45 %107 4.53 x107
X2# 4.58 x107 7.77 x 107 4.56 x 107 3.90 x 107
Q* 4.21 x107 2.05 x 107 4.51 x 107 1.69 x 107
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F1451.69 x10"~7.77 x 10" cells/g. #A5 K VR A W BERAE Wy it 45 7 0y 81 28 AR e R, L4 W ok ik 4 9 e
Wit 255 st 1] £ 25 T 35 A S22 50 9 UK 1) 44 970 Bl /K U A W Bl 2 e Wi R 0y A 28 A LA R g, X'
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20: 00, FRAEM FZEMAEYA G - BB B 5 ; K A& i 2 9 Fhise vk A9 R W B2 , 43 5012 : 10: 0 iso
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Tab. 4 Types of PLFA markers indicating different kinds of microorganisms
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Fig. 2 Content of functional bacteria in static water and running water

AR G - Rl 11.11% ~46. 14% , Hoh 16: 1w7c 161 1wSc 182 1w7c Fi48/R A 2 G -
H B A A T AR P A 9,10 11 A 3 AMHAR BN, HEW S EHLT 6 - HE S RARE
FEI7E 10.12% ~ 26. 80% Z [A];12 A5 PR AL & b BB W & s T G -, BB A8 E By 20. 92% ~
30.66% ;3FGINHE 1 18: 2w6,9¢ 181 1wde B H AR R TTWE. G + 4 3 A h & &, &N
0.88% ~10.38% ; FES T JLFI BN EE T 15: Oiso F1 16: Oiso 2 F B4 . 4 ASTHA I BE b W1F W2f 4= 4
fEh T RE T RE N o R IR T A e, I AR R R T G - FELH &8 R AE KR AL,
i H X3 " 5B N AR AL A HY A AR R B G - RS R, X3 ARk 22 G - i & i
MR B R I Y. 4 AR AR T I RE DA S AR KB 27.41% ~66.20% .

TBKET G - A E AR RN B B, 25 W 2 R ) & i 22 R AN R, & AR R ol 24, 63% ~
44.54% HH 16: 1w9c 161 1wTc 16: 1wsc 18: 1wlc 2 G — S i BB STl 17 7E T 58— NI EE 5
H16: 1w7e & RIE L, 55 10. 14% ~26. 19% . £ AR BN, BE ST EIEAY/NF G -, S ®EEEN
8.44% ~36.71% , i i [B] 254k, BB I & AR LB AR B . G + Frl7e 3 B RSB BHh i, &2k
h1.63% ~9.70% , SIHRFRAL KNG IR B 15: Oiso, B ZE1 A4k, G + I & 845 A 41K, 4 AV 2 i Bt
P, K PR 0 32 B ) RE B A AR A BB AR K, ZE AT 43. 09% ~ 68.25% .
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2.3.1 Ao AN EEIREE FH LA Z SR SPSS 17. 0 X R [F K 4 A 1y Bt falc A= W i e b B KK
FERRUEAT AR SN AT, B e FR R MR E R S KK R bR A R B Y S &R AR 9,10 11
12 AR & RFE S A W i B B /KO T B . S s /KA 2B b g W i 5 1L . COD TP (TN 7 4% B
EREASCHM: , HAI KRR B r=0.567(P <0.05) , 5 HAWKH 78 88 A CHE R sk ik, g R
AR S NO, -N 2R EFFRAMI(r=-0.644,P <0.05) , 5HABK BTG R AR R B F B A OCHE (%R
5) . XU B R B R AR I B — s s, B 20T 2 R ] AR B AR P AR LA
FISZI , JCATL SR IR 0 2 A S I AN . A3 LR R P R fR T S K M rh B 2 B 8 R W AR A )
FIEEY) A2 BB, IR oA B AR B, SRk IR TP iAE Y i 5 NO, -N &2 B3 7R ¢, W RE 2 B iR 30
AR T BB K PR TR AR W R TR T R A S K BB, S Ak R AR AE R 4
Al K NO, -N &8 R, (ER K F BT U1 i 728 Akt vl B2 T i AR vh il o 2 1) /K b i R, e
DR YRS TP R FI ARG AR I . 384T T KA 3 B 4 SR X B, T A kg K 4 38 338 2 85 9] 77 1 A
ST AE PR BLTS Y A — R R EF PR .
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Tab.5 Correlation coefficients of microbial biomass and environmental factors

IS izt IR COD TP TN NO;-N  NO; -N  NH; -N DO
BRI Pearson RErr 0.630"*  0.567*  0.606*  0.607* 0.342 -0.304 0.439 -0.472
WEWP 0.009 0.022 0.013 0.013 0.195 0.252 0.089 0.065

BEGEL n 16 16 16 16 16 16 16 16
WK  Pearson Z%(r 0.365 0.078 0.007 -0.139  0.096 -0.644*  0.043 0.082
BEWP 0.243 0. 809 0.982 0. 666 0.766 0.024 0.895 0. 800

FES B n 12 12 12 12 12 12 12 12

# FIRTE 0. 05 7K (UM) £ RFEARR, * = FIRTE 0. 01 /K (U b B FAHK.
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Fig.3 RDA analysis between functional bacteria and environmental factors in static water and running water
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NO, -N A B Z W IEA G s IR AR 7 SR A BE AT LIt 18: 1 w9c (1813 woe R, Ul 4 > H iy, Hidr i
A FARTES K. F87~ G + BB B A 2K & B AR X 28 Ak 58 /y,15: 0 is0 15: 0 anteiso,16: 0 iso 17: 0 iso FEF4y
ATES — By IR ST Y T TN IR DR Sk 5 NO; -N TP \NH, -N \NO, -N JeATE 1, ik
RIS HEAR .35, 5 COD g hnJy m AR , 815 COD 2 — g i AR, $578 G - AR R
EREAM G T A Al R A R — b i SR Rl 2 R = A, BRI LEAR TR 171 0 cyclo,
19: 0 cyclo w8¢ i NO, -N FREH T W 2 10 IEA M , SRR AN G IR 16: 1 w7c 1601 w5c. 18:1 wic 5
COD RHLH T HAHSM:,16: 1 wIc 5 COD A 3 By IEAHICHE. BEAE I A 1942 4k, G — Hfr C16 Xif i iy AN Hfa 7
HE W7 R 2 A AR XS B, IR AR T R B C18 Xof 7 74 SR AN 46 R I 15 R 2 B AL A /. 3@ it 4317 vl 0, T
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J& \NO; -N.COD JERE e R E 0 B F, 45 T8 bR X BLTA .G — v C16 X6F hi7 1 B R A6 R IR I 198 1 4 % 5
AU A, X G + K G — BB PIA  C18 Xof I B B AR FIAR I WAl %) 2 St Ak S 45 /8.

MIE 3 AT LI T KR R IR SR B AL BT R R D BE R B S B, TRLEE LCOD [ 2 m A/, 48
7R G = (ARG IR 1601 w9c 1651 wie 1811 wlc BT/ A T-45 501 5 55 — b %) 7 21l 1l 19 512 1
LB F TP NO; -N NO, -N Jif £ - I S A — 30, Ud B 9 3 22 11 48 1 38 (9 EAH DG, 55 COD i 2 3R 30
HHAHZEME ;1601 wie/16:1 woe 17:0 cyclo 19: 0 cyclo w8c¢ 5 TN NH," -N 8 H # 5  W) IEAH 2 :519: 0
cyclo wl0c/19 w6 55 TN NO, -N Fy i AHSC M4 2. AR BR AR X & AR , G — X ) B 7 R A4
X & mARLE K. T8 G+ 19 C15 H AR R 15: 0 iso . 15: 0 anteiso 15: 0 iso 30H FT7E-1H 5 F T E 5 Hr 0
PP, B AT E 5 C15 MR iR &2 1 25 1IEAH G, T 161 0 iso 1610 10-methyl \17: 0 iso . 17: 0 anteiso JUij 5
HOTE R WM T, B C16 XN AR AR R AR & AR LB/ B &1 3 #h C18 JRIN IR+
B T i S5 5 1 2R R T T , 5 TP ONO, -N el R AR e, 5 COD R BE R IEAH
Stk , HAHIXS A AR A . T LIE TP 22 i o) SRR B AR A8 7R G — M SR AR I 198 Rl EL B
ARHE G - A X BB R BRI S EH. ZUTE S BRI fEdE G + vt C15 AR & G - [y
AR IR A K, 1T C16 .17 (C19 Xof Ji (1 { RN R IR £ 32 30— 2 B . B A ) (9 484k, IR iAE 7R G +
HIRRITER LN 1520 iso 30H ,16: 0 iso,16: 0 10-methyl 4, FHAhF5 7~ T RE AL Bl R AE X 2 AR AL 44 K.

3 &g

1) FEVA A b KR BEE A AR, AR A A Mo AR 248, AR 1 BEOIRE 0 T R, il T RBDK
B TR AR, B W T RSO T AR A s, R A B T, S e 2 K A A A R A ) S O
D BSOS 10" AR 10°. JE B /K Aot A Py e 5 K AR IR B L 1 K FR R W R WA R 56 R T
KB YI 7 80, S T A M REAL R T AR U Sh K A A B A W R 107 OB

2) FEPA KA HREERE (G - (G + (HI) SRR MAEY S EY 27.41% DL B H9p G - [LHEAH
XK, FLEIRZ, B2 [ PR (G + ) /Dy, BEE TR I AR, #8025 K R rh T R TR 1 B 3 B s ok, 3
VG Dy 27. 41% ~ 66.20% , 1M1 SR AR rh D RE T (4 AL & B S AL/, 7E 43. 09% ~68. 25% Z i), 2% 57
M FEETTRRE N G — MIEE. G - PSHTEZ 16: 1 w7c/161 woe 16: 1 w5c & B £ ,G + PR 15: Oiso
T H A, 1M 18:2 w6,9¢/18:0 ante 18: 1 w9c FE B & &M FE Tk E

3) EASAKAR PR K TR NO; -N [ COD S T RE T A 19 252 M0 K7, AT R 2 sk R T D e i
MR E TN 5. A 52 NOS -N i i L COD Y52 £k, COD K J8 Ay 48 o F BL AT A9 26 A e PR
NO; -N #0il 18: 1 w9e A (HAER SR AT T2 18:3 w6e(6,9,12) XM E I YA K. G + FERREK
PR 32252 COD (W52, COD e BEFG N8R G + Byt FIAR B e A S0 V8 F s i ZE sk b 2 AT
W, C15 AR TR B (1Y) G + A=K Z B2, C16 [C17 AR MR XTI G + Z 24, G - A
FIBRIITR 5 COD S GG, COD R B2 A3 fin 40 i A= 4 s BRI Be AR i R 32 2252 /KA UL R 3% i 152,
AR TAEdE 17:0 cyclo 19:0 cyclo w8c M4 K.
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