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Tab.1 Changes in the physicochemistry of surrounding

water during biofilm colonization.
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Fig.2 Variation of water chemical parameters during the experimental period
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Fig.3 Variation of biofilm physicochemical parameters during colonization
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Fig.4 Change in biofilm nutrient content during colonization
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Fig.6 Correlation of biofilm APA with biofilm Chl-a and TP
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Fig.7 Correlation of the biofilm TN/TP ratio with the

water TN/ TP ratio during colonization

31 AYEEBELENSS

ARG S B 7AW AR N R BT T b R )
EREENBARE, B BB IR, R
YIRGEAE R P N A b A @ e i R AT A R AR KR
v AR A RS R Y AR R . R D BT (R 4 D
YA KGR A ) AR . — 5 T PR D B
BEAEE 1 2R W B A 2 A SE B O TR AR
2013), I H AW JBE 0 A= W 5 o B 1) e W) flh ik 7R
ST G AR MR B B . BB IR ) BE
[ A 3 5t 2% 1 75 K B 9% (Renner and Weibel,
20115 Stoodley et al., 2002) ; 5 — J5 i & A A= 4
BRI IAL T4 2, PRARR B2 AR H K, 1 K TR
YR K B E R (Sabater et al.,

2002), 5411 F, EYRAEAK, AW E
TR B R RO RN, B kB O AR .
B Berh, R R O S i, A W R A W A
Gy U LA SR o e A O A L Y VR A
SR, A W R B B 2 kAR S AS AT 3 g
Pt BEE WUE RS AR (3G . A O R
Bz 250, JF oM A LI . E AL G454, it
BRYFEIEH (Davies et al., 1998), 11 M Z 5,
YA IR, BRI R T
B, JF B E RS S b kA T o8, WIE #ER
WM . E IR AR A B AE KRB SR
BrBe, (R A 32 204 FORBE A5 0, e R S
AT R B P B, R EOK GRS, R T A
PRI IR E R
32 NEEEMNEYERBTRENZMN

XA AR KB BA TS, 5
AR A, 2 5 ) A 20 B ok 2 0 1) PR S R
—E O IR P, A R T RE R AR, R
WIS A i S B, YK R AR T 4°C R, 2
PIRE 0 A Kok i L2 18 (B & T, 20135 4% AL,
2005), AW R EBEI], KRR, fF— 2 R
P T AR R A K R 4 R 2, BEE
B T, AR WG AR Ah, R AR
b3 mT L) ok 22 oy 282 e K AR 8 SR Y IR 3R, &
R Teh N AP R .

SRR AR AE K E B EEAT N R



50 EA1EE 2 W

KEASFERF

2020 4 3 A

Z—. BERAE A IR AW 0 A W R Y T 2 R
g3 BT R A A B ) B R AR T O AR
(Hill and Fanta, 2008), W ryIE A F=2 ALY
BIRARZ I HIEAE N, (AR R B 53R 0 BT
AT 7 A M AN DL W AT A A7 (ZR 4L
A, 2013) Ol MR AR W A W R R e,
ik NP A EFRILR (Bowes et al., 2012), T
HRORAETT o A 0y M U5 2 R A i %) 4 fm 25 32 3 4
W (2L LS5, 20135 Rao et al., 1997), AR,
AR REES 12 R, Bk A W R BT Y K A R
M VR, E SRS 900l |, M
SN B KR B G IR X R] BE AL S R A A IR A
BT RA—AHE ., Lorenz 55 (1991) 7€ F 1 1Y
WA K BLF YO B BE AR T 28 wE /(m® « sec)
F, 2 BRI NG p A, B Ah, T R R L AR
M ABOKAR Y NP W BRI RREE T R, B 1
PRI ARG, KA T A ) A ) i (Chl-a I
JEORER] T B ARAE . FEAEST 14 JANS, 77 NEA
WA, KA BAE N PIRET &, RIEEY
) AE W) i (Chl-a W B PR A .

W 6 2 AR I R AR R N O A CGE TR R
S, 2007), HAERKEFSBRITUMREKESRS
EIROT R WY M R PR R (R #E 4, 2018),
A, AR 7 A, NIRRT BT MR K
MIE®E, 25 —BmHPA (7 -11 ) RIEEE—A
se LY A F A, I B LK A o A A
R NIEE, EHE b, AR R AEY R E
Pt CTNLCTP ¥ 3 Rf 22 88 i, JF 48 355 76 50m 1 K
S T JE L K AR TNCFD TP e BE U I T B, —
# Z A HAT W3 WA DG . BF 58 3R BT 6 e 1Y £
TER IR bRk NP EF LK. N T
FEGAG TS PR AR 16 7K R & 5 77 46 J7 i B e
(YRR 5 (BLBLZE AR, 2007 5K 55, 2017),
PRI, AT 000 A g S R TR /A v g Y 3 ) K
AR B BOK R TN R TP v BE T B 114 i 1K
Z— o AW REAS B HAT B W B R LR A v
BB AU A A B 0 KA NP TR Y R I
FECTAYE NP HENI RS, HE A2 -
14 Ji) o A B B Ja) R K A e 6 o 2 O i D
B R A R TN TP & 8T R, K
TN.TP B WIF 46 b Fb . 3306 WA A 4 g s
R 32 B b LR BT SRR 2 e (4 R I A
2015; Sabater et al., 2002), &itk, AWK L
5 M G TR 320 7 0 PR R R AR AL

JEIRAR Y NP R EE S5 AW NP R
AL ERKRHN,, 2EAMCK R, HEZHX
H A N/P A EA B A CE, X RPIRA
KA H N/P X AP N/P AT 8 R A5 00
33 EYEREEBREEETL

— N, APA AT LI R RAAKE FR Kk P
BIBR Ik & (Healey and Hendzel, 1979; Singh
and Tiwari, 2000) . K& P i B MARES, A9
FEE APAGBR . A R AR R, HRVFZ 0
RGMEERIFA —B, AP H, Kikd APA I
B e 2Bl Pk Ry S A8 Ak, A W i BT
H APA S REACR A A W) IR B BTG 1. HAB Al
BEHAEA R HAE PIREMFAA LR, X
H5OA — S MW — 3 (Jamet et al., 1997;
Romani and Sabater, 2001), 1Ay & Z [H)% A H
FERIROR KRR . (B, AW BRI F APA, R
R AL AN AR 7 AR B APA R, H
AR Y ERA B E R IEAHCE R,
YR, B EE . Romani and Sabater
(2000) i WFFE L IN K LL Chl-a R AR 3 19 25 ) 5t 02 5
W 2= ) S il 3% e 100 SC B R 1 2R A T AR
) APA SR RFRAY TP & it R B B i 1E
FASG, X AT REAE B o KA 43 P oC REBAFAE T AE W) 1A
B B E AR T TP & i 5 4R Y 5% O HK
it TP &5 APA A B IEMEH KR,

IE W

5 % Lk
752, 2005, I U A 4 I A M R AR SR A 0 0 2R
AR E LD R, P E R Bk A A ST BT
BREE DT, 2013, 36 FE . CO, ¥ BE 28 1 %t B 4R 2k 4 I B9 5% il
[D]. M&: MEMlk k2.

B, BRED.G . 2006, HETRAK B RG. X E5ES
(M. dbat. Bl2E i sl

B, BN, D, %, 2007 FAERE L EE
FRALWIAOK L], B 22 i (A= MO, 53(02) : 213
- 218.

ZELLHL, SR, ZEH, 2013, BT T 6 JE A AR W 4 52 i A
FEHERLT]. {5 PHUM AL 2% Bt 24 4 CA AR B2 D . 26(2) .
245 — 249,

XNEE . BT, 2018, WIE# (Cladophora) A= 25 27 WF 58 F 2
[J]. WhaRk2, 30(4) . 881 —896.

XTI, WL, B, 25, 2013, RILARSEBKAETHEY
JRAE A R My B [T, SE BBy B8 2%, 20(3): 257 -
259.

FEE R, 2006, RACBIIA R 8 28 00 A W # PSR D], I .

H [ ) 2 e 2 2 W 5 O



2020 % 2 HA

FRNE R ENBRORBAERLEEFUTR 51

e R, X RE . B T2, 2007, 4RI HF A DR G o 26 BT
By 2 A AT ], AKAE A2, 31(06) : 836 — 842,
SR, RIS, Rk, %, 2015, BRTITZE K A A W) RE R T
HEEH T n e R LT WAR, 27(1): 58 -66.%
ML, 2005. H SR AR A WP IR T 32 B 20 43 HE K A B T i

FRELD] KF . &,

sKB I, NI, SR, 2017, WIE B [RDE A w0 K R
[I]. MEE TR AR, (05). 2743 - 2747.

Arar E J, 1997. Method 446.0: In vitro determination of
chlorophylls a, b, cl+ ¢2 and pheopigments in marine
and freshwater algae by visible spectrophotometry[ M.
City: United States Environmental Protection Agency,
Office of Research and Development, National Expo-
sure Research Laboratory.

Apha, 1998. Standard methods for the examination of water
and wastewater. American Public Health Association
[M]. American Water Works Association and World
Environment Federation. 20th Edition, Washington DC.

Boelee N C, Janssen M, Temmink H, et al. 2014. The
effect of harvesting on biomass production and nutrient
removal in phototrophic biofilm reactors for effluent
polishing. Journal of applied phycology. 26(3): 1439 —
1452.

Bowes M J, Ings N L, McCall SJ, et al, 2012. Nutrient and
light limitation of periphyton in the River Thames: Im-
plications for catchment management[]]. Science of The
Total Environment, 434: 201 —212.

Bradford M M, 1976. Rapid and sensitive method for quanti-
tation of microgram quantities of protein utilizing princi-
ple of protein-dye binding[]]. Analytical Biochemistry,
72(1-2): 248 - 254,

Davies D G, Parsek M R, Pearson J P, et al, 1998. The in-
volvement of cell-to-cell signals in the development of a
bacterial biofilm[J]. Science, 280(5361): 295 — 298.

Healey F, Hendzel L., 1979. Indicators of phosphorus and
nitrogen deficiency in five algae in culture[J]. Journal of
the Fisheries Board of Canada, 36(11): 1364 —1369.

Hill W R, Fanta S E. 2008. Phosphorus and light colimit
periphyton growth at subsaturating irradiances [ ] .
Freshwater Biology, 53(2), 215 - 225.

Hillebrand H, Kahlert M, 2001. Effect of grazing and nutri-
ent supply on periphyton biomass and nutrient stoichi-
ometry in habitats of different productivity[J]. Limnol-
ogy and Oceanography, 46(8): 1881 — 1898.

Jamet D, Amblard C, Devaux J, 1997. Seasonal changes in
alkaline phosphatase activity of bacteria and microalgae

in Lake Pavin (Massif Central, France)[]]. Hydrobio-

logia, 347 185 - 195.

Liu Y, Tay J H, 2001. Metabolic response of biofilm to
shear stress in fixed-film culture[ J]. Journal of applied
microbiology, 90(3): 337 — 342.

Lorenz R C, Monaco M E, Herdendorf C E, 1991. Mimin-
mum light requirements for substrate colonization by
Cladophora glomerata[J]. Journal of Great Lakes Re-
search, 17( 4): 536 — 542,

Murphy J, Riley J P, 1962. A modified single solution meth-
od for the determination of phosphate in natural waters
[J]. Analytica Chimica Acta, 27: 31 — 36.

Rao T S, Rani P G, Venugopalan V P, et al, 1997. Biofilm
formation in a freshwater environment under photic and
aphotic conditions[J]. Biofouling, 11(4): 265 —282.

Renner L. D, Weibel D B, 2011. Physicochemical regulation
of biofilm formation[J]. Mrs Bulletin, 36 (5): 347 —
395.

Riber H H, Wetzel R G, 1987. Boundary-layer and internal
diffusion effects on phosphorus fluxes in lake periphyton
[J]. Limnology and Oceanography, 32 (6): 1181 -
1194.

Romani A M, Sabater S, 2001. Structure and activity of
rock and sand biofilms in a Mediterranean stream[]]. E-
cology. 82(11); 3232 — 3245,

Romani A M, Sabater S, 2000. Variability of heterotrophic
activity in Mediterranean stream biofilms: A multivari-
ate analysis of physical-chemical and biological factors
[J]. Aquatic Science, 62(3): 205 - 215.

Sabater S, Guasch H, Romani A, et al, 2002. The effect of
biological factors on the efficiency of river biofilms in
improving water quality[ J]. Hydrobiologia, 469(1 —3):
149 — 156.

Singh S K, Tiwari D N, 2000. Control of alkaline phospha-
tase activity in Anabaena oryzae Fritsch[J]. Journal of
Plant Physiology, 157(5): 467 —472.

Stoodley P, Jacobsen A, Dunsmore B, et al. 2001. The in-
fluence of fluid shear and AICl; on the material proper-
ties of Pseudomonas aeruginosa PAO1 and Desulfo-
vibrio sp. EX265 biofilms[J]. Water Science and Tech-
nology, 43(6): 113 - 120.

Stoodley P, Sauer K, Davies DG, et al, 2002. Biofilms as
complex differentiated communities[ J]. Annual Review
of Microbiology, 56 187 —209.

Weitzel R, 1979. Periphyton measurements and applications
[M]. Methods and measurements of periphyton com-
munities: A Review. City: ASTM International.

(TEH|/ RBA FEH)



52 EA1EE 2 W KE XS FREX 2020 4 3 F

Colonization Process and Physiological Characteristics of Biofilms in East Lake, Wuhan
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(1.College of Energy and Environmental Engineering, Hebei University of
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Abstract; Biofilms play important roles in nutrient dynamics and energy cycling in aquatic ecosystems, and
significantly affect the migration and transformation of pollutants. In order to explore the colonization
process and physiological properties of biofilms in a natural water body, the process of biofilm formation
on an artificial substratum of marbles was studied, from initial colonization through biofilm maturation
and decline. Beginning in February 2013, a 14-week biofilm colonization test was carried out in the shal-
low, near-shore waters of East Lake. Changes in biofilm morphology. biomass, nutrient content, alkaline
phosphatase activity (APA) and dominant species were analyzed during the colonization period. As coloni-
zation proceeded, changes in the physicochemical parameters of surrounding lake water were monitored,
including water temperature (WT), pH, electrical conductivity (EC), total nitrogen (TN), total phos-
phorus (TP), chlorophyll a (Chl-a) and APA. Both biomass (Chl-a, protein, dry weight (DW), ash-free
dry weight (AFDW)) and nutrient content (TN, TP) of biofilms initially increased and then decreased,
and correlations between biomass and nutrient content were significant. The biofilm colonization period on
the artificial matrix accorded with the natural process of biofilm formation and, as in nature, the process
was significantly affected by environmental conditions. Low temperature decreased the biofilm growth
rate, and low light intensity aggravated biofilm decline. Biofilm growth affected concentrations of N and P
in the surrounding water, as indicated by the significant negative correlations of biofilm concentration of
TN and TP with the corresponding TN and TP concentrations in surrounding water. The APA of biofilms
was determined primarily by the biomass of biofilms rather than phosphorus availability in the surrounding
water. The N : P ratio in the surrounding water determined the N : P ratio in biofilms. Affected by the
surrounding water environment, Cladophora was the dominant biofilm species in East LLake. The growth
of Cladophora in biofilms and the surrounding water effectively removed nitrogen and phosphorus from
water. This study on the colonization process and physiological characteristics of biofilms will contribute to
improved biofilm applications for purifying and remediating polluted water.
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