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Abstract: Periphyton (PHT), widely distributed in aquatic ecosystems, function as critical multi-interface carriers across water-
sediment-atmosphere boundaries, playing vital ecological roles in energy flow, element cycling, and pollutant remediation. This work
reviews recent advancements in the fields of PHT research, both in domestic and international contexts, emphasizing on the analysis of
community structures and the corresponding characteristics exhibited under varying environmental conditions. The ecological

functions of PHT within aquatic ecosystems are explored, along with the identification of key environmental factors like environmental
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conditions and media that influence its growth and ecological functions. PHT plays a crucial role in nutrient cycling within aquatic

ecosystems. As primary producers, they offer essential nutrients to the ecosystem and serve as effective bioindicators of water quality,
with the ability to bioaccumulate heavy metals. Key environmental factors such as temperature, light availability, and pH regulate the
growth of PHT, with dominant species in the community shifting in response to changing environmental conditions. Furthermore,
anthropogenic activities, nutrient loading, and soil conditions significantly influence the composition, structure, and functional
dynamics of PHT communities. Additionally, this work evaluates the potential of the application of PHT-based research to
environmental management, sustainable agricultural practices, as well as ecological amendment, with an emphasis on innovative eco-
engineering solutions. According to these findings, present study recommends that future work should undertake more in-depth and
systematic investigations into the roles of PHT in the degradation and treatment of emerging contaminants, the integration with
multidisciplinary approaches and advanced technologies, as well as their applications in other fields. This review aims to provide a
theoretical framework and scientific guidance for interdisciplinary research and industrial development on identifying PHT community
structures, enhancing ecological functions, and advancing sustainable ecological restoration practices.

Key words: Periphyton; Community characteristic; Ecological function; Influencing factor; Environmental implication

IKAE AR R G A FH KA S N B /K AR AR AR BARAE PIT A RS B84k, A A I K AR AR S R G h B
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Fig. 1 Schematic diagram of the growth conditions and internal structure of periphyton

1.3 FEIIMNEEMH TRBEYFIE

Ji INAE D RET B 23 (B 3 A AFAEAE S RGE A b B DX IR ) 1) 2= P ) 2 25 22 e o G LR VAR DA AR
JEH ] (Proteobacteria) AJFAZMMFAKHE, AFHI] (Bacteroidetes) FIZEZ B[] (Chloroflexi) &2,
MRS H T (Rotifera). %[ (Chlorophyta) N#FEH ] (Ciliophora) ES, HHHEFEMA
60.6%, bR ANEBE SR E R R (P<0.01) 251, P4 IAG /KEAT & EFRIRESH, [
A= SR FA U ARS8 G B T B AR AR, KR S i s (R IR ARG, TS BN
F T ERPEAFIE PO . FRIEIAS Rt X FE FH ] N AE VR R AE B 7K 2 R B2 (P<0.05), HErgH X TIAEY)
DA B (Acinetobacter) 15 HJE (Gregarina) NRFEYM; KILH FifHh X 3 DL E A # B
(Bacillus) %3 & (Gregarina) NF: FERIKFEMHEX, EEOLIEEE (Flavisolibacter) Adriamonas
W AR A AT I TRIAERE b, AR EEVE RIS S A K BRI o DT TE TR K
AW AR Kk R IEARL, T 7 A 2= e 2 IR [ o AR KBRS FH 3R J2 s vh /N BRGEEAE e 7K S A AL 35 M Aol
T G PRS0 DA o 227, KRB AR KA, TR R S IR e, BEBANEYEREN T 4 6%, H
PRI IEA G s ERKFE RS, AN AEY) K- I R — Z B A, i i i A2 e 1 Ad
TEGEKs KFEMAEN S, S AN AEYE T8, a5k T 693 kg-hm? [ 2 200 kg-hm?; 7KFEUR
ARIF, FEHLIER ST N —)E R AN “ 47 128,
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SAIGE P TTHRIA R 16% ) A, FEAE bR S0 5 A R R W] DAV DS R s AR ) S WA 5 ) e )
AAAFARIE LB b, M TRZTRY, NGNS 5A Ao s L 5 6 24,
2.1 B B BITREE

JANADIR R R BRI AR MRS AR OB E 72— EFE T B RERS T K fA A 3
B B BETERIGREED, AN AEYEE T AR (CO2) W E SHG EARBN AW
¥ COHAL W BE (CHa), Xl E SR I HES ™ AL B w30, J NIRRT B A 2 L4850, KA
B B BT AR B s B AR MR T AR, AR E R RE e B this = AE YR, R A
FETIJE, EIRYIBUOORIRIR A R G B3], AR KA, A A AEYEE e E L T SR AR AR
KM R B B AEYR, FIN ARl A . SO EIE K SRR, RS R
TERARE R FEAERKORE, B, & BT R A A AV A i) JE A B IR, R BB 5% 23 4
M 2 o) 232,

A KA R FAEA =IMHEA

AME RN E R AL E —— DIEBUMERNT (pH, DO, BHRS) — BAAEMEE RN RS

2 K-S A A EYE R N IWE TR T R IR R R 2
Fig. 2 The role of periphyton in nitrogen and phosphorus cycling at the water-soil interfaces!?!)

JE A AE I AR KRS T AR AT Dol O AR IR 3R (pH AR IR SR 2641 FIAEIR &R (B4l
AR, §20 CO, (I 5E AT CHy IHEY . Wang Z5BURF SRR IR, N AIZERGHEs . TR FIR AR
IS RE AR CO, [l 2 79+ 211 A1 118 kg-hm2, 7 A ALBR AL /2 81 12.7%- 12.5%F11 7.2%; 1E
Pty L W AGH AR ARG I — KR A K, A S CH HEBUS =50 5108 4.8. 101 A1 4.3 kg-hnr
2, X5 S AR CHy HEBUS B 7.1%- 38.5%A1 10.4%. BELFMNEAERKLFRKETLER, MiE
HRSCTENL A Z, A AR T LR TS R 05 G Akt SR o7 A8 B 228 o ) A i i S A= s sl e 22 AT AR R 70
mg-g! T, AV G, B ORI R R R S30), FR M A=Wk e R B K 1 B 3R T AR R LA
W IR K 22 G R U S NHs B3 5 SR 24 8 AN AE DR i 2, 2 38 Ik A4 AN - 338 b i S IR S
T 8 ey A A TR 228, ] A=y m] DAMRWSOR B E TR, 7 AR &M S, it e & 7E FEFE CO. B
T Oz SRR K AR ) pH FHAEAGIE S 26 AF07 . [RItk, J& M A=45mT L it 38 5 o 0E 7= R IR USCVE A, szl
TR WIVASE R BRI & b . DR P RECSIR N A D& SRR, T R i A AR 0] ORI Mg 2
IKIEHE TR RIFIIZRR, U REE N 26.8% KIMEEBEY 5 d 1, XFEE. ZEM IR
BRMIERRDHN 26.6%- 43.2%H1 79.4%. J& WA bR KR T BB A Km0 LR, hEK T
i 200 me-d' BT AEIA 12 h BT K ARG SRR, BBELBREN 81%, BEEREAN 82%,
HEREREN 719%, HEBREBREN 86%5%, J&§ WNAEYEA m R PO FEE /1, HAHK EPS F1
BRI DU I AR A B RN L TE SEN LR AT A s SRl VR AT T 1) B L A T Re A 1 DL BR
IR SR AT, B LA P2 N A AT 4 T A S BB T 21 1 [T UACRI R 20 281, W ZEIZERIF 58 B W AED)
o e FH 3 R B AR 0 RME RS R B, ST ERAAI L, S R AR S A AR S IR R T R 1
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TEWEIN, FEEAKPEESEREEIC, HRMNEYDS TR R EE R T 1.4 mgg!. BEMAK
B, MHECT ASREEN E AR REE, DLIESN A evs B S BRI ROR, AR A A AR £ bR B
IRV, R BRACRATIL 0.13 g-mr?-d- 10l
2.2 YIREFE

JAI AP E T B IR R IR R R R AR, B IR E Y e B e & R I AL REAE F il 2 Kb
COy, NAEBRGHRMLLE N EFYHR . 55 H LI CO, [E5E 2 B AR IR 4 5, oG HAE
Y bt s 1) DTk E Ik 21%. A5 A R A A B SR ME M AR S, X2 T AR
B B TR AT S CO [ 8 R4, 52m Jil AR AE 7= 0 ) 2 R 3 BN 2 L KRRV
o TP AR IR I I TEE MY A BERA R A BT BRI A A L, L EE 6—8 AR ALAE R, 4
AR BHAR, =004 2 H P A R A% . fEUKE) Thingvallavatn WiVH, RN 0.4 m B, BEEE
AR (R a 8 FEHRZREGE (5L 25%) MR G5 75%) 724 SRR 2m i, DR E.
FeE TR RN PR DT RR T AR LE A A 15% 40%F1 45% 431, 2R RURIE g R 440k be T G T 4R T80 JE Al 752
RHAME BN A PR GEENIRHEYRD A C AR (R SO, KIEHEKH S A BB
FE T AR ) 2 £
2.3 ETEY

JA N AT gE G K IR &, MKIRSZ B 3ent, NIRRT R R RIS E 2k
AL (R 1D W ARIKAR KA GG R EEAE, SN EE AR A R B A A F] o /NPREEJE
o B 55 5 SR RS AR [ 2 S, 55 pH R I BB 1) TEAHSGOC R, il [ [ S USIFE I Fe Hh R
P =0 2 DAL o A A SR A P e B AR B S KR R S T AR B A A R 2 U Rk &, IR H 5K
AL BEEWANEER TR, RERPKAE RS, FNREEREY BN E. CTEE
T 7K 28 MR SRR v A M B W R A ) S o, AN [FDSR PR R IR BER VR 5 0 . R B2 B AN
Shannon fEEUIIAFAENI B2 ST, Z00d I IR BT L 73 B 2 BH SR B4 A A5 T8 SRV 45 K B B 7K PR B IR
9 NH4™-N H1 PO,>-PH6l, Su ZEBOFERE TR WRIRE H v i ARV SR I B, A ) 2H s it o s 1]
AL, JF ARG 5KENE E IR B E AR, TEACS 1S SR EE A N, FFZE o
Yk

< 1 KR AN E YR RIER

Table 1 The indicator effects of periphyton in aquatic environments

eS| 15 9¢Y) SN I S 3k
Categories Pollutant Indicator effects References
EIRTUR TN WRPEEBR, RIS e R ZE . R (TND 545K a W [45]
Nutrient BIEMR

TP REVE DLW BB I L AR AT 5038 A8 R B TR AR P T v A X 3 L 2 [46-47]
REFERT: BB (TP) HMHEER a IRE R IEMRK

HE )R Cu WS Cu BURVERL S, SR REFEREMN MBS Cu iR (5 pmol- L) [48-49]
Heavy metal B AR AU o e e A A
Cd IR CAIRPET, REFEA DL BRI 58 & CdWRAETN, AEWE [50]
EHAR
Zn REVE LA DIRRER Zn WRFE RO NI A4, (RIREE DM N T2, IRPEARL [49,51]
e I 2R3 9 LA M Ao
ALY BlRphid OB YRR R, R L A 5, SR R R A B [48-49]
Organic (BREFD g
pollutant NS [52]

\ B TR S P 34 d Ji5, Tk 2 P 2 2 BARAIK
(BRI
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HoAth Other WBEGE/K  FEAKHEEACR SN T A ARG AR, BUETT KR E TG EE R [53]

TR

VERNFANEY E MR —, BEIRRENS S 3R ER . BT 7RI, BE 4 e A KB R) T L
) 40 A1 2 v LAY SO0 T B 22 BRI B S5 A, e &5 3 UKL T B SR o X g 4]
BRI RS, BATERE K AL E I I BRI, K AN 2 S8 AL A B A7 Eh [T+
&, B2 OB TIREAE R TR, RS EAER, HIRENE R EE R ¥ b,
BT /K-T SRR o AR, SWEEERIG &5, BISETEESETERE, B O,
HEN IR ER R, S [ R H  398 TR ARk I SR Bh 8 P 154,

24 ESREESIERASNE

FAAEI AT DL ORI E IR ERS (Cw). 58 (Cd. Y (Pb). 5 (Mn) SEEEE T, %3
pH. EPS H [ & 7RISR R Z s m3). EPS SRTHI I 2 AL (1 R Re S R M L& R B 1, 4 A Ve A
PR B R A SR B AL, HLRRYE 2 M B, B (Zn) HATIERR STV AE F 235550, 3% rQUITE R
FoA R IUE AV Cu (R B R D3 S R, [ A A AE R 04 T LLE S SO AR A, s
TENAR Cu RFEERET . AN Cu(I) IR 2 BRI 58%~T3%, T B H5 i A e B AN 220K 5
WA KSR &0 K& EPS, EPS & & MBS FRFIRE 5 Cu RALE BILT8, Ji IWAED Xt fif
(As) M EBRICREBEE As WS G FEAK, 7E55 7 REFIABE(E, AsIDIIZEBRECERET As(V) 3,
Lu SR AU R I, A A AEAM AT DAREARAE B /K Cd Ik, JF BLIE IS 11545 FH 1-3% pH A1 Eh, [%
k3 cd MAEE S, BEFK T/KREF Cd W& E. MmEaea Robiedt A EYEE cd, HE
Mn IREE IR0, AW KA Cd R BRBCR T 0, Y BA RIFH Mn B8 77, Sun %5
(61 BLER PERG T -8 A A Mn 1 BREEAT 176~797 mg-kg! Z 1], BAHIMN LIS 1.2 5~ 4.5
1% o DR AN A= B R AR B P ik 358 e Min (3ERS, EPS 28 AR 4153 S/ 58 M AE VI Y & 45 Min
EEMNLH] . K (Hg) FITAEYITE R AL F A TE B B R R TE BV kAT AR B, R AT e iR
G TR B s R e &, (HIL R TE R A TR R, RHUUE B XA K A
AR,

UbAh, AFRIEIE ST 2 MG e R, 256 68 0 REm W B B 2 o HE R B e, 5258 4 IR B
(IR AE KT /N, I HL 220 B IR 1 465 6 6 BB, 78 5 4 h BTS2 1R 5 M 3 /N 621, R NS ISR RJE 7 R OR B,
JA AR T Po WIS R IEm T Cd, fEZ MRS, FAMNAEYR Cdy Cov Pb. Ni Al Cu Wi f77E
BT IR, AR B G (R B BT, R Ni R Co 2 AV AH B4R FH A R 35162

3 AW 5 A S T RE R SSBERZ MA [A 32

JA NI AN AR 2 BRI JelRARE SRR M, FR, AOES). B IRAKEAIL
R R R WG LR R AL S5 FI TR 2 R (3R 2).
*® 2 B AEMEEE KHEWE R

Table 2 Factors affecting the growth of periphyton communities

TR R S [R5

sZ0a AL 23k
Environmental Influencing
Mechanisms References
factor factor
WES A I EEAKEER 10~30°C; AYEMIREA M, FHERAY (5, 10,24]
Environmental ol I o iR AR A T
condition el EMEE . EPS ()85 6 IR G RN 18] R 0E L [24, 64]
pH FEIERAYIF . VFhZREVERE pH AT 50 s BRYESAAFNT 25 a ¥k [11, 65-66]
FETE
A R socC TIEEYLK (SOC) SEEAEME. SELHEREEEIEEX [67-68]
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Envionmental AR KE{EEE MM K, AVENERSS A BPS IOMAVEG S [13,69]
media FARES RS RO AR

gekmoR AN EVIREARBTIREENRE 2 D SRMERBER KB [12,70]
R (5d) MM DRE R A BN 5
Bk J NAAEAS R AR LB RHAEA R . RPUGEE R TR E: & [71-72]
AET AN

3.1 ERMH

I 0] T AR NN SR T R I A A AE DBV R T IIE AL, R IR A N 2 B K ek
DA NPT (A W, S B I AR AR S5 R0, FE WA IAE RO BRI B 2R KAk 5 F I R R 2 4544
T e L 2 5 AR W Y B B J2 S 4 1240

e HERIIL 5 2 1A B AR BV S5 0« LR BRI A 72 DI AN G BEIA SR IR 7o SR T = (3 15
AN DA K B A TR N E R IR R B AR . FEAKEEVROK R G, IR R A A E Y A&
AT JELRE  Hak R A A B A TSR, e, AR R RS R T B SR AR R I 4 524, Lorenz
VR I Erie M1 GRE, MZMEMD HFRDEEE LT 28 pmol-m?-s™! I fR| 7 NIEB#EFE. Ih4h,
JE A=Ak 2240 o B A KR I I TS D, i BH A 5 M ) A 0T RS ) DB R 2R 240 . R A2 R i)
JE AR T i BB AR TR 12—, JFL W e s 1 i ) e B el B R R e SR DA E R, Mantai 7l sE
TN CEER R, BEE KR ET, e E R WIEEIE N, HRAEEE. AR A
KZ) 5~20 °CH} AR5, ZRUEEAITELE 15~30 °CHY (G0 %, WEMEAEIR L ST 30 °CRF A ARFAN0, MKk
FEART 4 °CY, JANAED AR AE, A=) 2 6 55 R AR R P T s v 18 24 .

JEA ANBEVR AR AP 2 R BRI BE AR A T A BT AN [A] o AESOKIIH, R T ROK X AR A M2 9 200K i AR B
WETE; MIERE AW, Z2AREEEE N o BB APs], 256 e sk ME b b AT BRAL AN R b B S, TR B R
JEARMIEEZES, (HFEE pH MFEIK, MR a 1RSI 2R SR I AR 15 32 w0 R o0l [ S sti s
OORFE TR, H [ 32 B8 X AN AR DR EVR R 2540 22 S B R, 032 R LAk & B AT 7K pH S5
WL REVE R B M OC. Lauber ZEIERF R KL, BRYELNER o- A0 K B 102 52 pH SUm R %, 5 <
WRERE S T O/N BEMIC. PNmER A . 8RBT RKRE L A NEY), 4R PR,
JiEE Y ) DA SR B A 1D (R X T S 3 v T A P AL, SX TT 6 R R 3 pH(S. 0D K F4HYE(6.97)
FZED (7.31) K.

3.2 MMEN R

T IEIL R S B AN AR AR, B, A KRS A S IR R AT AN AR AR R G N, s AR
WIaR H g /0 RS, SOC Al TN &SRS H 7K - R Vv 4 BRI Y 2 REE I GBI X, SOC
IXE NS SRR SRR L, SEEZ P R B IEAE R, FMNEYESE N P Al DOC #
FERE gD, IR 2 R A R R 2 R S I pH AT O/N B AR R,

JE N - R AR R RS AN SR TR T A A A SR AR A B kb, A B A LA 0 R )
Ji, AR AMREY, B SR AW AT RRE U8, T AR O R A M S T A AR S R R R R B
RNV, R T R E R A R, N T AN B T AR oI
T ERBERIARNS = o Yang S5E0SI7E i WA= 9)  URR A RN 7K B = 28 A7 IR BA 5% R R I/ 38 i T /K A58 1) pHL
TEARE Eh, FCT EBEKIE SR, SXBAMLEL, 48d J5 RN AR 3 £, SRR E R
5 i, RUKEGFTENERE KA E S IR AESKE . N ThRe U A R A Fa
Bri5 Wit Thae, L EPS SR 7 A REe 5 AR RURLEA T 45 & B AIR QR EE 02 70, Lin SEU2ER 7 &
W, ANV REE TAKRRL (TiO-NPs) 5 RJG, WAEMIHRRMIMA UK AE T LBt 5x A
EE, $filt TiOo-NPs J5 F JE A=) Sl 35 Mok o 2B e v i 2E e N A B 3 T A WD e A2 D s 38 S R
i o

4 AEINH S0 TTES
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