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Figure 2 Production of excited-singlet state oxygen (‘0!
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Figure 4 Compounds that may react with '0, photochemically produced by DOM
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Figure 5 Compounds that may react with *DOM* directly via redox reaction
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Figure 7 Quenching effects of antioxidants on redox reactions of different pollutants
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Figure 8 Framework for prediction models on photodegradation kinetics of organic micropollutants in water bodies

TLBC AR T DL A ' 350 R far 7 A2 A2 HO g iR Rl e —
FA LM IE . WanZE AU % 9142 8 B 75 DOMZ
Aol S E S A BRI DOM*, HAe R BT
XPDOM* VK fiE 115 42 8 25 T 5 DOMI 48 4 fig )
ARG REHEOA X, &JRET5DOM%K G %
PR TR, VAR R RGO

AN, HEDCHER Sh 2 kR, *DOM* 5
OMPs 2 v 1) 9 8 E 3T /N3 F DOMAE R AL,
EPATINE, 5P I DOMAFAEZ R, HA%
JEARTRIK AR P DOM* (i L i PE 25 5. TR TRl Se e &
PR, L T K SRR K AR [F] DOMII & )’ DOM* 5
1 N S e A S Y A WG 1 I B
L {#i FIDOM/INr T AL A W) 45 SR R AN, U
X TR PR K Bt DOM*, i FHDOM/N: T
BEAIAE A W0 5 B9° DOM* 5 ik e SRk 8 ) — 252 37 3
SR 23 R ARARAG B e SR A b 2R A
PR3 — 5 T A B 5K AR P 9 DOM* 5 OMPss 1 — 4%
R SR RO ASEBR, SAy bR LV A M 75 2 T 45
B, RS PR TE AR F KA DOM* R Y
fRZFEDOM.

T 2 AT HLIS B el sl ) S B oY
4 B HOGMRAN, OMPs 57K HPPRIsJ Y & A 1 [A]

3.2

2796

PR R, AH IR N R SR IEM PPRIs S5
OMPs N PE e EE S, XTOMPsHE AL F A
PERPEAE B EZAE. AN, HiiAOMPsfEELS/K A
TG R i B0 ) 2 S B DN A Y v 2 55 i 5 AN [
PPRIsI1) 4% S 3 R 5 B4

PPRIs 5 OMPs |1 2 J 7 38 54 5 00T 8 o0 S 50 77
PRE, An3Edsh Ji2F OGN LA vk, SR,
% 7K FFR: HE B AR 22 OMPS FITRIZE AR Z 1A 0, SE:
DR AR F BT, XE LA I OMPs b~ i KU P
55X N BT B, AR A il
OMPs/fb2% & 5 PPRIs — 2% S I 8 % 5 i 4% BU)y
B R R ROE PG 2 (QSAR )R ZE T PPRIs —
90 NI A BT EA . Ligg AP g TR
TN AT HLBEBREEZEOMPs 5 R AHHO™ 4% S5y 1 5 8 5l
HZFOMPs e, — G N 5 LA QS ARBLHL.
LuoZs A\t T AT Hli4 A4 2 25 OMPs 5 #iAHO —
R R FUQSARBIAY, DL A RIS HAT [T
T ARG LI RAE T AR L, A FTOMPSIA L
R AR T B AR s

4 JEe2
A SR A SAE 2 R . SRR
bt i R AR T AR, SRR e



P A

IR3STTRN, AR, Aot TS 2o & AL
J18)]. BAE19624F, £ EFE VIR -+ i#b(Rachel Carson)7E
CRUFIIRR) XA AR IR B IR AR 5245,
SR T G A2 S OMPs Ji 4 2B 2 g R A&
{EREFBIARGON. JRT, =45 H, AR
it YRy (L IEANER A [ PR R A A 2R
Wi (https://wedocs.unep.org/bitstream/handle/20.
500.11822/27651/GCOIL synth.pdf), &Lk 5 T2,
R FEM NARFNA SR SEma A\ St o T Hp ke K R Y
FEEEE M, Bk IR OMPsHYTE Y,
BB A2 i B AE OMPs. A T i Ak i A XURS:
EH, WA BRI PR SR A, K
Wrh, VF2 A ao L U VIR R, FREDLI R
B R PR E AR AR B EER R, IRA AU
HIEDOMXS OMPsIEAL A HEAL Y SZ WAL, X T Ftil
M S AEAS [R) SE ARLK A b 1) DG R ik 2 ) 22 S 8 G
A

P E A RIIFSE, DOMXTOMPs IR 52 i () fff
FAELU U A A it —2 A (1) 5I%/KDOM
F L, 57K S-DOM K] 1 7K DOMXF OMPs Y Fé fift 5 1]
IRFFEAERT D, HETE &, S-DOMAYGAL i
EIRKDOMAHZERLK, SR XFS-DOM ¥ ik = R GE 1k
RS, B, S-DOMELIH T DOMYEIR = PPRIs 51
KIS R, HARIFIZEOMPs S P25 5 A AL
A, HATHESE i el FHAYS-DOM, S [ FIERHE

RPN

B AT KO, HCRE T A e T [ B A RO (19 48R
S-DOMBYEST, A7 RFIGTIE. Aok v 76 T el ol oAl e ¢
RIS T HBIX, HEHLS-DOMIFTRFSE. (2) ]
KU DOM* AL 27 B R PR E K -5 A8 Rl 2 OMPs
TN AR R E . O RO T AR
KR OMPSH B Yo b2 FE A PERY BN 2 6 E. SR
i, T ESKIADOMERERFME, H i KkZ R oh
F1 2 AR 5 SR L T/ T DOMAE BLAL & 9 I o
() N R R, IR R Bl 2 E 0 TS
KT AR BT ARRXSARFIKAEDOME R 1M
25, BT R FEIZK IR TN AE A 22, S8 F R
BUKARDOMH- AT AL L AP TERIXE, P LAZE AR
[d] 7K 4 DOM* 5 OMPs 5 W HERIBFSY, e T AR A [l
I DOM* I BRIV DOMAS B L A1), 3% T
2 12 OMPs IS YAk 27 45 Ak T A2 750 (1 e i 7 T
75 . (3) "DOM*45 L FIPPRIs 5 OMPs 44 S j %
FR TN [ RS AR AR S B R Ak
P AVETTEMY, 5B A 0 0 A B S,
A 1 SR 2 X LA SE R, AU BIQS AR T Bt
A BB ER = SOR L. B HHEQSARMR Hy %
T o 46 07 78 35 I OMPs A B AR, H 244 0, H0
HO Z:PPRIs, I TR Rtk 24  DOM* BB AL 5
JLFAL T2 FUIRES. DRI, 78 J ] LA 3 2 FhJs
OMPs. 7% 225 FIPPRIsHIQSARMAY, LA /& At
AL AR AR 72K

1 Schwarzenbach R P, Escher B I, Fenner K, et al. The challenge of micropollutants in aquatic systems. Science, 2006, 313: 1072—-1077
2 Hartung T, Rovida C. Chemical regulators have overreached. Nature, 2009, 460: 1080-1081

3 Xie H, Wang X, Chen J, et al. Occurrence, distribution and ecological risks of antibiotics and pesticides in coastal waters around Liaodong

Peninsula, China. Sci Total Environ, 2019, 656: 946-951

4 Dul, Zhao H, Wang Y, et al. Presence and environmental risk assessment of selected antibiotics in coastal water adjacent to mariculture areas in

the Bohai Sea. Ecotoxicol Environ Saf, 2019, 177: 117-123

5 Wang J, Chen J, Qiao X, et al. DOM from Mariculture Ponds Exhibits higher reactivity on photodegradation of sulfonamide antibiotics than from

offshore seawaters. Water Res, 2018, 144: 365-372

6 Zhang Y N, Wang J, Chen J, et al. Phototransformation of 2,3-dibromopropyl-2,4,6-tribromophenyl ether (DPTE) in natural waters: Important
roles of dissolved organic matter and chloride ion. Environ Sci Technol, 2018, 52: 10490-10499

7 Chen X, Wang J, Chen J, et al. Photodegradation of 2-(2-hydroxy-5-methylphenyl)benzotriazole (UV-P) in coastal seawaters: Important role of

DOM. J Environ Sci, 2019, 85: 129-137

8 GeLK, Zhang SY, Xie Q, et al. Progress in studies on aqueous environmental photochemical behavior of antibiotics (in Chinese). Sci Sin Chem,
2010, 40: 124—135 [EMFEL, TREE, 305, 5. HiARAKAE TG A. hERE: 162, 2010, 40: 124-135]

9 Boreen A L, Arnold W A, McNeill K. Photochemical fate of sulfa drugs in the aquatic environment: Sulfa drugs containing five-membered

heterocyclic groups. Environ Sci Technol, 2004, 38: 3933-3940

10 Boreen A L, Arnold W A, McNeill K. Triplet-sensitized photodegradation of sulfa drugs containing six-membered heterocyclic groups:
Identification of an SO, extrusion photoproduct. Environ Sci Technol, 2005, 39: 3630-3638

2797



M % b & 2020598 He5% H26#

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

35

36

2798

Yan S, Song W. Photo-transformation of pharmaceutically active compounds in the aqueous environment: A review. Environ Sci-Proc Impacts,
2014, 16: 697-720

Vione D, Scozzaro A. Photochemistry of surface fresh waters in the framework of climate change. Environ Sci Technol, 2019, 53: 7945-7963
Sharpless C M, Blough N V. The importance of charge-transfer interactions in determining chromophoric dissolved organic matter (CDOM)
optical and photochemical properties. Environ Sci-Proc Impacts, 2014, 16: 654-671

Thibault A, Derenne S, Parlanti E, et al. Dynamics of organic matter in the Seine Estuary (France): Bulk and structural approaches. Mar Chem,
2019, 212: 108-119

Gurtler B K, Vetter T A, Perdue E M, et al. Combining reverse osmosis and pulsed electrical current electrodialysis for improved recovery of
dissolved organic matter from seawater. ] Membrane Sci, 2008, 323: 328-336

Wang J Q, Qiao X L, Zhang Y L, et al. Isolation of dissolved organic matter from mariculture seawaters by electrodialysis coupled with reverse
osmosis (in Chinese). Environ Chem, 2016, 35: 1785—1791 [ £/, 7+ 52, sKE¥S, 2. R BTN G BB IE 0 B IR K h st a
MU, B84k, 2016, 35: 1785-1791]

McNeill K, Canonica S. Triplet state dissolved organic matter in aquatic photochemistry: Reaction mechanisms, substrate scope, and
photophysical properties. Environ Sci-Proc Impacts, 2016, 18: 1381-1399

Vione D, Minella M, Maurino V, et al. Indirect photochemistry in sunlit surface waters: Photoinduced production of reactive transient species.
Chem Eur J, 2014, 20: 10590-10606

Kohler G, Solar S, Getoff N, et al. Relationship between the quantum yields of electron photoejection and fluorescence of aromatic carboxylate
anions in aqueous solution. J Photochem, 1985, 28: 383-391

Mossoba M M, Makino K, Riesz P. Photoionization of aromatic amino acids in aqueous solutions. A spin-trapping, and electron spin resonance
study. J Phys Chem, 1982, 86: 3478-3483

Wang W, Zafiriou O C, Chan I Y, et al. Production of hydrated electrons from photoionization of dissolved organic matter in natural waters.
Environ Sci Technol, 2007, 41: 1601-1607

Thomas-Smith T E, Blough N V. Photoproduction of hydrated electron from constituents of natural waters. Environ Sci Technol, 2001, 35: 2721—
2726

Zepp R G, Braun A M, Hoigne J, et al. Photoproduction of hydrated electrons from natural organic solutes in aquatic environments. Environ Sci
Technol, 1987, 21: 485-490

Burns S E, Hassett J P, Rossi M V. Mechanistic implications of the intrahumic dechlorination of mirex. Environ Sci Technol, 1997, 31: 1365—
1371

Burns S E, Hassett J P, Rossi M V. Binding effects on humic-mediated photoreaction: Intrahumic dechlorination of mirex in water. Environ Sci
Technol, 1996, 30: 2934-2941

Cooper W J, Zika R G. Photochemical formation of hydrogen peroxide in surface and ground waters exposed to sunlight. Science, 1983, 220:
711-712

Petasne R G, Zika R G. Fate of superoxide in coastal sea water. Nature, 1987, 325: 516-518

Ma J, Nie J X, Zhou H, et al. Kinetic consideration of photochemical formation and decay of superoxide radical in dissolved organic matter
solutions. Environ Sci Technol, 2020, 54: 3199-3208

Goldstone J V, Voelker B M. Chemistry of superoxide radical in seawater: CDOM associated sink of superoxide in coastal waters. Environ Sci
Technol, 2000, 34: 1043-1048

Rose A L, Webb E A, Waite T D, et al. Measurement and implications of nonphotochemically generated superoxide in the equatorial Pacific
Ocean. Environ Sci Technol, 2008, 42: 2387-2393

Heller M I, Croot P L. Kinetics of superoxide reactions with dissolved organic matter in tropical Atlantic surface waters near Cape Verde
(TENATSO). J Geophys Res, 2010, 115: C12038

Fujii M, Ito H, Rose A L, et al. Superoxide-mediated Fe(II) formation from organically complexed Fe(Ill) in coastal waters. Geochim Cosmochim
Acta, 2008, 72: 6079—-6089

Rose A L, Waite T D. Reduction of organically complexed ferric iron by superoxide in a simulated natural water. Environ Sci Technol, 2005, 39:
2645-2650

Zhang Y, Del Vecchio R, Blough N V. Investigating the mechanism of hydrogen peroxide photoproduction by humic substances. Environ Sci
Technol, 2012, 46: 11836-11843

Cory R M, McNeill K, Cotner J P, et al. Singlet oxygen in the coupled photochemical and biochemical oxidation of dissolved organic matter.
Environ Sci Technol, 2010, 44: 3683-3689

Koppenol W H, Stanbury D M, Bounds P L. Electrode potentials of partially reduced oxygen species, from dioxygen to water. Free Radical Biol
Med, 2010, 49: 317-322



37

38

39

40

41

42
43

44

45

46

47

48

49
50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Garg S, Rose A L, Waite T D. Production of reactive oxygen species on photolysis of dilute aqueous quinone solutions. Photochem Photobiol,
2007, 83: 904-913

Zhang D, Yan S, Song W. Photochemically induced formation of reactive oxygen species (ROS) from effluent organic matter. Environ Sci
Technol, 2014, 48: 12645-12653

McKay G. Emerging investigator series: Critical review of photophysical models for the optical and photochemical properties of dissolved
organic matter. Environ Sci-Proc Impacts, 2020, 22: 1139-1165

Schmitt M, Erickson P R, McNeill K. Triplet-state dissolved organic matter quantum yields and lifetimes from direct observation of aromatic
amine oxidation. Environ Sci Technol, 2017, 51: 13151-13160

Lamola A A, Hammond G S. Mechanisms of photochemical reactions in solution. XXXIII. Intersystem crossing efficiencies. J Chem Phys, 1965,
43:2129-2135

Zepp R G, Wolfe N L, Baughman G L, et al. Singlet oxygen in natural waters. Nature, 1977, 267: 421-423

Latch D E. The role of singlet oxygen in surface water photochemistry. In: Calza P, Vione D, eds. Surface Water Photochemistry. Cambridge: The
Royal Society of Chemistry, 2016. 139—165

Gligorovski S, Strekowski R, Barbati S, et al. Environmental implications of hydroxyl radicals (OH). Chem Rev, 2015, 115: 13051-13092
Loiselle S, Vione D, Minero C, et al. Chemical and optical phototransformation of dissolved organic matter. Water Res, 2012, 46: 3197-3207
Zepp R G, Faust B C, Hoigne J. Hydroxyl radical formation in aqueous reactions (pH 3—8) of iron(II) with hydrogen peroxide: The photo-Fenton
reaction. Environ Sci Technol, 1992, 26: 313-319

Southworth B A, Voelker B M. Hydroxyl radical production via the photo-fenton reaction in the presence of fulvic acid. Environ Sci Technol,
2003, 37: 1130-1136

Vione D, Falletti G, Maurino V, et al. Sources and sinks of hydroxyl radicals upon irradiation of natural water samples. Environ Sci Technol,
2006, 40: 3775-3781

Gan D, Jia M, Vaughan P P, et al. Aqueous photochemistry of methyl-benzoquinone. J Phys Chem A, 2008, 112: 2803-2812

Pochon A, Vaughan P P, Gan D, et al. Photochemical oxidation of water by 2-methyl-1,4-benzoquinone: Evidence against the formation of free
hydroxyl radical. J Phys Chem A, 2002, 106: 2889-2894

Vaughan P P, Blough N V. Photochemical formation of hydroxyl radical by constituents of natural waters. Environ Sci Technol, 1998, 32: 2947—
2953

Page S E, Arnold W A, McNeill K. Assessing the contribution of free hydroxyl radical in organic Matter-Sensitized photohydroxylation reactions.
Environ Sci Technol, 2011, 45: 2818-2825

McKay G, Rosario-Ortiz F L. Temperature dependence of the photochemical formation of hydroxyl radical from dissolved organic matter.
Environ Sci Technol, 2015, 49: 4147-4154

Berg S M, Whiting Q T, Herrli J A, et al. The role of dissolved organic matter composition in determining photochemical reactivity at the
molecular level. Environ Sci Technol, 2019, 53: 11725-11734

Glover C M, Rosario-Ortiz F L. Impact of halides on the photoproduction of reactive intermediates from organic matter. Environ Sci Technol,
2013, 47: 13949-13956

McKay G, Huang W, Romera-Castillo C, et al. Predicting reactive intermediate quantum yields from dissolved organic matter photolysis using
optical properties and antioxidant capacity. Environ Sci Technol, 2017, 51: 5404-5413

Sun L, Qian J, Blough N V, et al. Insights into the photoproduction sites of hydroxyl radicals by dissolved organic matter in natural waters.
Environ Sci Technol Lett, 2015, 2: 352-356

Tafer R, Sleiman M, Boulkamh A, et al. Photomineralization of aqueous salicylic acids. Photoproducts characterization and formation of light
induced secondary OH precursors (LIS-OH). Water Res, 2016, 106: 496-506

Bahnmiiller S, von Gunten U, Canonica S. Sunlight-induced transformation of sulfadiazine and sulfamethoxazole in surface waters and
wastewater effluents. Water Res, 2014, 57: 183—192

Guerard J J, Miller P L, Trouts T D, et al. The role of fulvic acid composition in the photosensitized degradation of aquatic contaminants. Aquat
Sci, 2009, 71: 160-169

Del Vecchio R, Schendorf T M, Blough N V. Contribution of quinones and ketones/aldehydes to the optical properties of humic substances (HS)
and chromophoric dissolved organic matter (CDOM). Environ Sci Technol, 2017, 51: 13624-13632

Maizel A C, Li J, Remucal C K. Relationships between dissolved organic matter composition and photochemistry in lakes of diverse trophic
status. Environ Sci Technol, 2017, 51: 9624-9632

Xu H, Guo L. Molecular size-dependent abundance and composition of dissolved organic matter in river, lake and sea waters. Water Res, 2017,
117: 115-126

Maizel A C, Remucal C K. Molecular composition and photochemical reactivity of size-fractionated dissolved organic matter. Environ Sci

2799



M % b & 2020598 He5% H26#

65

66

67

68

69

70

71

72

73

74

75
76

77

78

79
80

81

82

83
84

85

86

87

88

89

90

91

2800

Technol, 2017, 51: 2113-2123

Wang J, Chen J, Qiao X, et al. Disparate effects of DOM extracted from coastal seawaters and freshwaters on photodegradation of 2,4-
dihydroxybenzophenone. Water Res, 2019, 151: 280-287

Kellerman A M, Guillemette F, Podgorski D C, et al. Unifying concepts linking dissolved organic matter composition to persistence in aquatic
ecosystems. Environ Sci Technol, 2018, 52: 2538-2548

Wenk J, von Gunten U, Canonica S. Effect of dissolved organic matter on the transformation of contaminants induced by excited triplet states and
the hydroxyl radical. Environ Sci Technol, 2011, 45: 1334-1340

Niederer C, Goss K U. Quantum chemical modeling of humic acid/air equilibrium partitioning of organic vapors. Environ Sci Technol, 2007, 41:
3646-3652

Baluha D R, Blough N V, Del Vecchio R. Selective mass labeling for linking the optical properties of chromophoric dissolved organic matter to
structure and composition via ultrahigh resolution electrospray ionization mass spectrometry. Environ Sci Technol, 2013, 47: 9891-9897
Helms J R, Stubbins A, Ritchie J D, et al. Absorption spectral slopes and slope ratios as indicators of molecular weight, source, and
photobleaching of chromophoric dissolved organic matter. Limnol Oceanogr, 2008, 53: 955-969

Liu Y, Qiao X L, Chen Y B, et al. Photochemical activity of dissolved organic matter in the effluent from mariculture areas (in Chinese). Environ
Chem, 2016, 35: 16111618 [XI3iL, 7 .58, Bi—ik, 4. M/KIRA X HoK P A HUTIOEAL A RF9T. BRBE1L2%, 2016, 35: 1611-1618]
Helms J R, Stubbins A, Perdue E M, et al. Photochemical bleaching of oceanic dissolved organic matter and its effect on absorption spectral slope
and fluorescence. Mar Chem, 2013, 155: 81-91

Zhou H, Yan S, Lian L, et al. Triplet-state photochemistry of dissolved organic matter: Triplet-state energy distribution and surface electric charge
conditions. Environ Sci Technol, 2019, 53: 2482-2490

Wang J, Beusen A H W, Liu X, et al. Aquaculture production is a large, spatially concentrated source of nutrients in Chinese freshwater and
coastal seas. Environ Sci Technol, 2019, 54: 14641474

Czaplicka M. Photo-degradation of chlorophenols in the aqueous solution. J Hazard Mater, 2006, 134: 45-59

Ossola R, Schmitt M, Erickson P R, et al. Furan carboxamides as model compounds to study the competition between two modes of indirect
photochemistry. Environ Sci Technol, 2019, 53: 9594-9603

Janssen E M L, McNeill K. Environmental photoinactivation of extracellular phosphatases and the effects of dissolved organic matter. Environ Sci
Technol, 2014, 49: 889-896

Remucal C K, McNeill K. Photosensitized amino acid degradation in the presence of riboflavin and its derivatives. Environ Sci Technol, 2011, 45:
5230-5237

Latch D E, McNeill K. Microheterogeneity of singlet oxygen distributions in irradiated humic acid solutions. Science, 2006, 311: 1743-1747
Zhou H, Lian L, Yan S, et al. Insights into the photo-induced formation of reactive intermediates from effluent organic matter: The role of
chemical constituents. Water Res, 2017, 112: 120128

Bodhipaksha L C, Sharpless C M, Chin Y P, et al. Triplet photochemistry of effluent and natural organic matter in whole water and isolates from
effluent-receiving rivers. Environ Sci Technol, 2015, 49: 3453-3463

Dong M M, Rosario-Ortiz F L. Photochemical formation of hydroxyl radical from effluent organic matter. Environ Sci Technol, 2012, 46: 3788—
3794

Mostafa S, Rosario-Ortiz F L. Singlet oxygen formation from wastewater organic matter. Environ Sci Technol, 2013, 47: 8179-8186

Lee E, Glover C M, Rosario-Ortiz F L. Photochemical formation of hydroxyl radical from effluent organic matter: Role of composition. Environ
Sci Technol, 2013, 47: 12073-12080

O’Connor M, Helal S R, Latch D E, et al. Quantifying photo-production of triplet excited states and singlet oxygen from effluent organic matter.
Water Res, 2019, 156: 23-33

Golanoski K S, Fang S, Del Vecchio R, et al. Investigating the mechanism of phenol photooxidation by humic substances. Environ Sci Technol,
2012, 46: 3912-3920

Smith J D, Sio V, Yu L, et al. Secondary organic aerosol production from aqueous reactions of atmospheric phenols with an organic triplet excited
state. Environ Sci Technol, 2014, 48: 1049-1057

Boreen A L, Edhlund B L, Cotner J B, et al. Indirect photodegradation of dissolved free amino acids: The contribution of singlet oxygen and the
differential reactivity of DOM from various sources. Environ Sci Technol, 2008, 42: 5492-5498

Leresche F, von Gunten U, Canonica S. Probing the photosensitizing and inhibitory effects of dissolved organic matter by using #n,n-dimethyl-4-
cyanoaniline (DMABN). Environ Sci Technol, 2016, 50: 10997-11007

Canonica S, Laubscher H U. Inhibitory effect of dissolved organic matter on triplet-induced oxidation of aquatic contaminants. Photochem
Photobiol Sci, 2008, 7: 547551

Zhou L, Ji Y, Zeng C, et al. Aquatic photodegradation of sunscreen agent p-aminobenzoic acid in the presence of dissolved organic matter. Water



92

93
94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109
110

111

112

113

114

115

116

117

Res, 2013, 47: 153-162

Gerecke A C, Canonica S, Miiller S R, et al. Quantification of dissolved natural organic matter (DOM) mediated phototransformation of
phenylurea herbicides in lakes. Environ Sci Technol, 2001, 35: 3915-3923

Zeng T, Arnold W A. Pesticide photolysis in prairie potholes: Probing photosensitized processes. Environ Sci Technol, 2013, 47: 6735-6745
Halladja S, Ter Halle A, Aguer J P, et al. Inhibition of humic substances mediated photooxygenation of furfuryl alcohol by 2,4,6-trimethylphenol.
Evidence for reactivity of the phenol with humic triplet excited states. Environ Sci Technol, 2007, 41: 6066—-6073

Chen Y, Li H, Wang Z, et al. Photodegradation of selected -blockers in aqueous fulvic acid solutions: Kinetics, mechanism, and product analysis.
Water Res, 2012, 46: 2965-2972

Zhou Z, Chen B, Qu X, et al. Dissolved black carbon as an efficient sensitizer in the photochemical transformation of 17f-Estradiol in aqueous
solution. Environ Sci Technol, 2018, 52: 10391-10399

Xu H, Cooper W J, Jung J, et al. Photosensitized degradation of amoxicillin in natural organic matter isolate solutions. Water Res, 2011, 45: 632—
638

LiY, Wei X, Chen J, et al. Photodegradation mechanism of sulfonamides with excited triplet state dissolved organic matter: A case of sulfadiazine
with 4-carboxybenzophenone as a proxy. J Hazard Mater, 2015, 290: 9-15

LiY, Chen J, Qiao X, et al. Insights into photolytic mechanism of sulfapyridine induced by triplet-excited dissolved organic matter. Chemosphere,
2016, 147: 305-310

Chen Y, Hu C, Hu X, et al. Indirect photodegradation of amine drugs in aqueous solution under simulated sunlight. Environ Sci Technol, 2009,
43: 2760-2765

Parker K M, Mitch W A. Halogen radicals contribute to photooxidation in coastal and estuarine waters. Proc Natl Acad Sci USA, 2016, 113:
5868-5873

Zhou H, Yan S, Ma J, et al. Development of novel chemical probes for examining triplet natural organic matter under solar illumination. Environ
Sci Technol, 2017, 51: 11066-11074

Porras J, Fernandez J J, Torres-Palma R A, et al. Humic substances enhance chlorothalonil phototransformation via photoreduction and energy
transfer. Environ Sci Technol, 2014, 48: 2218-2225

Bouchama S, de Sainte-Claire P, Arzoumanian E, et al. Photoreactivity of the fungicide chlorothalonil in aqueous medium. Environ Sci-Proc
Impacts, 2014, 16: 839-847

Zepp R G, Schlotzhauer P F, Sink R M. Photosensitized transformations involving electronic energy transfer in natural waters: Role of humic
substances. Environ Sci Technol, 1985, 19: 74-81

Moor K J, Schmitt M, Erickson P R, et al. Sorbic acid as a triplet probe: Triplet energy and reactivity with triplet-state dissolved organic matter via
1O2 phosphorescence. Environ Sci Technol, 2019, 53: 8078-8086

Ryan C C, Tan D T, Arnold W A. Direct and indirect photolysis of sulfamethoxazole and trimethoprim in wastewater treatment plant effluent.
Water Res, 2011, 45: 1280-1286

Sun G X, Wang J Q, Zhou C Z, et al. Photodegradation kinetics of tetrabromobisphenol A in coastal water (in Chinese). Environ Chem, 2018, 37:
1683—1690 [FHEHT, LB, IR, 45, VUIR OB ATENTD 3 oK h AORREAR 8 1 2450, R L2, 2018, 37: 1683-1690]

Canonica S, Hellrung B, Wirz J. Oxidation of phenols by triplet aromatic ketones in aqueous solution. J Phys Chem A, 2000, 104: 1226-1232
Wenk J, Eustis S N, McNeill K, et al. Quenching of excited triplet states by dissolved natural organic matter. Environ Sci Technol, 2013, 47:
12802-12810

Wenk J, Canonica S. Phenolic antioxidants inhibit the triplet-induced transformation of anilines and sulfonamide antibiotics in aqueous solution.
Environ Sci Technol, 2012, 46: 5455-5462

Zhang Y, Green N W, Perdue E M. Acid-base properties of dissolved organic matter from pristine and oil-impacted marshes of Barataria Bay,
Louisiana. Mar Chem, 2013, 155: 42-49

Li Y J. Effects of dissolved matter on photodegradation behavior of sulfonamide antibiotics in estuarine waters (in Chinese). Doctor Dissertation.
Dalian: Dalian University of Technology, 2016 [Z3&78. {17 1 7K A it i O R e S o A FOUREMA TR B2 M. -4 80, R iE: Kok
BT K22, 2016]

Canonica S, Kohn T, Mac M, et al. Photosensitizer method to determine rate constants for the reaction of carbonate radical with organic
compounds. Environ Sci Technol, 2005, 39: 9182-9188

Yan S, Liu Y, Lian L, et al. Photochemical formation of carbonate radical and its reaction with dissolved organic matters. Water Res, 2019, 161:
288-296

Zhao Q, Fang Q, Liu H, et al. Halide-specific enhancement of photodegradation for sulfadiazine in estuarine waters: Roles of halogen radicals and
main water constituents. Water Res, 2019, 160: 209-216

MacKay D. Multimedia Environmental Models—The Fugacity Approach. 2nd ed. Florida, Boca Raton: CRC Press, 2001

2801



M % b & 2020598 He5% H26#

118

119

120

121

122

123

124

125

126

127

128

129
130

2802

Vione D. A critical view of the application of the APEX software (aqueous photochemistry of environmentally-occurring xenobiotics) to predict
photoreaction kinetics in surface freshwaters. Molecules, 2020, 25: 9

Zhou C, Chen J, Xie H, et al. Modeling photodegradation kinetics of organic micropollutants in water bodies: A case of the Yellow River Estuary.
J Hazard Mater, 2018, 349: 60-67

Wei X, Chen J, Xie Q, et al. Distinct photolytic mechanisms and products for different dissociation species of ciprofloxacin. Environ Sci Technol,
2013, 47: 4284-4290

Wei X, Chen J, Xie Q, et al. Photochemical behavior of antibiotics impacted by complexation effects of concomitant metals: A case for
ciprofloxacin and Cu(Il). Environ Sci-Proc Impacts, 2015, 17: 1220-1227

LiY J, Wei X X, Qiao X L, et al. Effects of dissolved organic matter and coordination with Cu(II) on the phototransformation of sulfamethazine in
aqueous solutions (in Chinese). Chin Sci Bull, 2015, 60: 29002906 [Z=3eAs, BH/INIE, Fr .52, %5 Witk A P K Cu(L) L X Rl — H 2L
WESCHAL YRR, Bl2ad 4, 2015, 60: 2900-2906]

Wan D, Sharma V K, Liu L, et al. Mechanistic insight into the effect of metal ions on photogeneration of reactive species from dissolved organic
matter. Environ Sci Technol, 2019, 53: 5778-5786

Wang Z 'Y, Chen J W, Qiao X L, et al. Computational toxicology: Oriented for chemicals risk assessment (in Chinese). Sci Sin Chem, 2016, 46:
222-240 [EHER, BRESC, Frigse, 5. i mAL XRATA BT HR (B FE . T ERRE: B2, 2016, 46: 222-240]

Li C, Wei G, Chen J, et al. Aqueous OH radical reaction rate constants for organophosphorus flame retardants and plasticizers: Experimental and
modeling studies. Environ Sci Technol, 2018, 52: 2790-2799

Li C, Zheng S, Li T, et al. Quantitative structure-activity relationship models for predicting reaction rate constants of organic contaminants with
hydrated electrons and their mechanistic pathways. Water Res, 2019, 151: 468-477

Luo X, Wei X, Chen J, et al. Rate constants of hydroxyl radicals reaction with different dissociation species of fluoroquinolones and sulfonamides:
Combined experimental and QSAR studies. Water Res, 2019, 166: 115083

Wang Z, Walker G W, Muir D C G, et al. Toward a global understanding of chemical pollution: A first comprehensive analysis of national and
regional chemical inventories. Environ Sci Technol, 2020, 54: 2575-2584

Schwarzman M R, Wilson M P. New science for chemicals policy. Science, 2009, 326: 1065-1066

Rappaport S M, Smith M T. Environment and disease risks. Science, 2010, 330: 460-461



P A

Summary for “FARKHEMEPEA LT AT Ged oAb 27 5L B 2

Effects of dissolved organic matter on photochemical
transformation of organic micropollutants in natural waters

Zhongyu Guo', Jingwen Chen', Siyu Zhangz, Xi Chen', Jieqiong Wang3 & Feifei Cui'

! Key Laboratory of Industrial Ecology and Environmental Engineering (Ministry of Education), School of Environmental Science and Technology,
Dalian University of Technology, Dalian 116024, China;

z Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China;

? Research Center for Eco-environmental Engineering, Dongguan University of Technology, Dongguan 523808, China

* Corresponding author, E-mail: jwchen@dlut.edu.cn

Organic micropollutants (OMPs) are ubiquitous in natural water bodies and can have negative impacts to health of aquatic
ecosystems and human beings. It is of importance to investigate fate of the OMPs so as to assess their environmental risks.
Photodegradation is an important pathway to transform the OMPs in natural water bodies, including direct photolysis and
indirect photodegradation induced by photosensitizers.

Dissolved organic matter (DOM) is an important photosensitizer that is ubiquitous in water bodies. DOM plays an
important role in photodegradation of the OMPs especially for those recalcitrant to direct photolysis. On one hand, DOM
can produce photochemically produced reactive intermediates (PPRIs), e.g., hydroxyl radical (HO"), singlet state oxygen
( 0,), and excited triplet-state DOM ( DOM*), after absorbing solar irradiation. The PPRIs are capable of 1ndu01ng indirect
photodegradation of the various OMPs. On the other hand, DOM can exhibit inhibition effects (light screening effects and
quenching effects) on photodegradation of the OMPs. Chromophores in DOM can compete photons with the OMPs and
thus inhibit direct photolysis of some OMPs, exhibiting the light screening effects. Antioxidants like phenolic moieties in
DOM can quench the formed PPRIs and reduce the reactive intermediates of OMPs to the parent OMPs, manifesting the
quenching effects.

Generally, the effects of DOM on photodegradation of the OMPs depend on sources of DOM. DOM can derive from
autochthonous (microbial) and allochthonous (terrestrial) sources based on its forming processes. Many previous studies
on DOM mainly focused on formation pathways of PPRIs, reactivity of *DOM* from different sources, and effects of
different DOM on photodegradation of the OMPs. These efforts in early phase laid a foundation for emerge of the
discipline of environmental (aquatic) photochemistry.

In recent decades, many studies focused on photochemical properties of autochthonous and allochthonous DOM
extracted from freshwater bodies. Very limited studies focused on seawater DOM (S-DOM). S-DOM may undergo longer
period of photobleaching than freshwater DOM. Due to sources of riverine inputs, atmospheric depositions, wastewater
discharges and mariculture activities, S-DOM in coastal seawaters can be quite different from S-DOM in distant seas or
DOM in inland freshwater bodies. Therefore, S-DOM may potentially exhibit photochemical properties different from that
of freshwater DOM. As seawater is a final sink of many OMPs, it is necessary to investigate photochemical property of S-
DOM and its effects on photodegradation of the OMPs. Some recent studies did prove that S-DOM and freshwater DOM
has different photochemical reactivities towards some OMPs.

Data on environmental photodegradation kinetics are necessary for assessing fates, persistence and ecological risks of the
OMPs. However, translation and extrapolation of reaction rates from environment to environment and laboratory to
environment is a challenging task. Underwater downward sunlight attenuation in field water bodies should be taken into
consideration when estimating photolytic persistence of the OMPs. More research efforts are needed to develop prediction
models on photodegradation kinetics of OMPs in different field water bodies, and to develop prediction models (such as
quantitative structure-activity relationship models that can predict second-order reaction rate constants between OMPs and
PPRIs) on photodegradation kinetics parameters of the vast and ever-increasing number of OMPs (or environmental
organic chemicals).

In this review, the recent progresses in aquatic photochemistry of DOM were summarized into three aspects, mechanisms
for photogeneration of PPRIs from DOM of different sources, effects of DOM from different sources on photodegradation
of OMPs, and photodegradation kinetics prediction models of OMPs in natural water bodies. In addition, potential
differences in the effects of freshwater DOM and S-DOM on photodegradation of OMPs were discussed. Based on the
research progresses, future efforts in the field of aquatic environmental photochemistry were suggested.

dissolved organic matter, organic micropollutants, photodegradation Kinetics, aquatic environmental photo-
chemistry, prediction model
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