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Abstract: Reactive oxygen species (ROS) are a group of highly reactive oxygen-containing intermediates that are widely present in
lake waters. They mainly include superoxide radical (O27), hydrogen peroxide (H202), hydroxyl radical (-OH), singlet oxygen (102),
and triplet excited dissolved organic matter (3DOM¥*). In lake ecosystems, ROS originate from multiple pathways, including

photochemical reactions, microbial metabolism, metal-mediated redox reactions, and sediment—water interface processes. Their
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production and distribution are jointly controlled by water depth, thermal stratification, dissolved organic matter composition, inorganic
ions, and metal cycling. In shallow lakes, strong light penetration and intense water mixing promote ROS dispersion throughout the
water column and maintain relatively high ROS concentrations. In contrast, ROS in deep stratified lakes exhibit pronounced vertical
heterogeneity. Photochemical production dominates ROS formation in surface waters, whereas interface-related processes and dark
biological reactions play more critical roles in the thermocline and bottom waters. ROS exert important effects on lake water quality
and ecosystem evolution. They participate in the biogeochemical cycling of carbon, nitrogen, phosphorus, iron, and manganese, regulate
the attenuation and transformation of pollutants, and shape lake ecosystem structure by modulating biological community composition
and metabolic activities. With strong oxidation capacity and good environmental compatibility, ROS have broad application potential
in lake pollution control and ecological restoration. Typical applications include ROS-facilitated degradation and purification of water
pollutants, as well as targeted ROS generation for precise regulation and restoration of lake ecosystems. Notably, the migration
behaviors and eco-environmental effects of lake ROS are closely related to their formation pathways, steady-state concentrations, and
dominant species. Variations in oxidation capacity, reaction selectivity, and spatial distribution among different ROS types lead to their
differentiated functions in lake water environments. This review systematically summarizes the spatiotemporal distribution
characteristics, biotic and abiotic formation mechanisms, and eco-environmental effects of ROS in lake waters. It also proposes future
research directions, aiming to provide theoretical guidance and technical support for exploring lake habitat evolution, assessing
ecosystem status, and optimizing the governance and management of polluted lakes.
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Fig.1 Schematic overview of the sources, reactions, and environmental effects of ROS in lakes
1 J8BiR7K{4R ROS BURT =S Sy Fa M4

1.1 A7k R ROS BYZS (8] 53 #r 4 4E

KB JI AT AR AR E « A B I T, TSR AR A R BN S AL R B2 ) £ 25 ()
Rfiﬁ?ﬁﬁ*ﬁﬁ%%HTE’EMMH’J%%‘E%%oSﬂzﬁ B KARAHLE, #VE/K A ROS B2 ] 730 A A
IUSZIRIN IR SR AFREM, B2 BIWIAKIREE M . 2 A HUBCRIR LK S A IR J5U57 T B 45 R 3K A %
(25271, é%éﬂﬁﬁﬁnTkh, JEAFRINALEE FRIRES KSR A EAFAE B2 225, (2 ROS HY23 [R5y
AFFAETF A e A B TR WA 5 BUAS 8 #0230 — SRR GE MR AL, VAN AR KA SRk 7 2
WA AR (R 2) 3L,
L1 1 RAEEFRMAEIEROS 4 AR HKMIAE KRB, KR KIR PN &% , IR A IR,
T R G AT E B S TR B o AR BRI P, DG IRAEAE T B A BOR R 20 K AT, 4 ROS (1
A AT AR S IR TR R X, H A (B AR AR RN R R 3 B A8 IR AIE . efe sy



RN ROS M EZRIFEZ —, NHAEEEFNFM T, KEERELKSRE £ EIE DOM
FERPHARSHE R N BB B 16 R % 12228300, FR B (1, ¥R /KIBIIE A7 ROS (2 18] 43 A AN EL
F M0 FHEFE R RFL, W15 SDOM*F 102 2555 75 iy i M P 1A (1 J A B DI AR 9% . Rk A
FEEJFE PR RELE) DOM (EREHIR &M FrIERL *DOM*, a3 — 7B e R B AR 102, 7 —
TS T HER S O M H0: KB . AR, YR DOM 4t #2 0 SDOM*# 102
MTTERAE A T -OH, U BATE /K AR R A B A i N B AR KAV R, IR B UM IX R A T X A
FETE R LA SDOM*-10, S 32 11 5 1 i S B2 PE X 31422240, (R, vRKIIA R ROS 128 [8) 22 A s H 3
fRN H.0. WREZES, RN S DOM SRR JEBUL BE I xT SDOM*, 102 A= it M3, BT 102 5-OH
SOSEEAR R R Ar AR, AR KR 2 DR AT A, BRSIREIEE T pmol- L' 4K nmol/L
K MEZT, H0: BEHE KNI H 6, 5 TEERABI R R E BRI RN Z 285190 b e 32
i 5 w0 1K) ROS 414001321, DUKIAAR R K & & FRmlind, X —a et v E. &fF
WREW, EEFHEET, KIHFRZEKEF H02 AR B8 % 4EREAE 100-300 nmol/L IS, &
TR R AZR KU DR AR SL R E M S i T R 08, R B KR Ha02 ik E 2 T
80-250 nmol/L, H 7F #H i & 7K dak 52 B0 W 5k 119 Jo b 3 {1 40 A 52330, 7RIk Bypyr b, DAE 38 O 2= 1R T Dl A
VIR VEAE SR e T B BRI ROS A Al 70, Hob& 1E BRI IR AR 3 I i o 7= A B B - IR P oy
Or AE IR Bt EEAN 7, M AR PR ROS 25 18] 23 A1 (0 SR 7E Jm # R b v Tl b2t 72 .
%2 ARIZEENE b FE ROS i i 78 e 52 90 [ 5 FRBERAE

Tab.2 Typical concentration ranges and environmental characteristics of major ROS in different lakes
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Fig.2 Schematic diagram of the distribution of lake ROS in different seasons
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