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Abstract: Rice is the staple food for about half the world's population and one of the most widely grown crops. Because long
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periods of flooding are needed during rice planting, paddy water is becoming an important sink of contaminants such as
herbicides, pesticides and heavy metal (loid) s (e.g., arsenic). Compared with surface water, the concentrations of nitrite/nitrate
and dissolved organic matter (DOM) in paddy water are usually higher, due to the extensive application of nitrogen fertilizers and
release of DOM from microbial degradation of soil organic matter. Owing to long-term flooding during rice cultivation,
desorption of soil humic substances, reductive dissolution of mineral-OM complexes, and root exudation release a large amount
of DOM into paddy water, which can generate reactive intermediates (Rls) such as triple excited organic matter CCDOM”),
singlet oxygen ('0,) and hydroxyl radicals ( "OH) under sunlight. These Rls usually exhibit high reactivity and play an important
role in pollutant transformation and element cycling in paddy fields. In this paper, the generation process and mechanism of Rls in
paddy water were reviewed and the type and concentration of Rls in different growth stages of rice were emphasized. Compared
with the typical surface water, quantum yields of *CDOM" and "OH were comparable, while quantum yields of 'O, were about
2.4-6.7 times higher than those of surface water. DOM in paddy water with lower molecular weight and humification extent
generated more Rls, and nitrite contributed to 23.9%-100% of ‘OH generation. DOM with more saturated and less aromatic
formulas could produce more *CDOM" under irradiation, while the polyphenolic components of DOM inhibited the formation of
RIs. The effects of different environmental factors on the production of RIs were discussed. The application of straw and lime
increased the RI concentrations by up to 16.8 and 11.1 times, respectively, while biochar addition had limited effects on RI
generation from paddy water. Furthermore, the solar radiation directly affected the quantum yields of Rls in paddy water, and the
radiation intensity showed a linear positive correlation with the concentration of free radicals. The mechanism of abiotic
transformation of arsenic and different organic pollutants in paddy water was described and the degradation of contaminants,
including As(IIl), 2,4-dichlorophenol (2,4-DCP), polycyclic aromatic hydrocarbons (PAHs), chlorotoluron, diuron, dimethomorph,
and propanil, was significantly accelerated by photoinduced RIs generated in paddy water. Most of previous studies were
conducted with stimulation experiments in the laboratory and the underlying mechanisms of RIs generation in paddy water have
not been fully elucidated. Future studies should pay more attention to the generation of Rls in the paddy field and link global scale
factors such as photoactive material flux, different soil properties and improvement measures, as well as the transformation of
pollutants and material circulation to form a systematic understanding. In addition, future studies should not only focus on the
degradation of these pollutants themselves, but also on the toxicity and ecological risks of the degradation products of these
pollutants. More attention should be paid to the transformation of emerging pollutants, such as new pesticides, antibiotics and
microplastics, in the paddy system.

Key words: Paddy water; Photochemistry; Reactive intermediates; Organic matters; Pollutants degradation
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Table 1 A summary of the reaction rates of contaminants with reactive intermediates

754 Contaminants J2 N KR BT Reaction rates/ ( L-mol's™") DN
£k Name WY AR AT CAS k. *coou’ ke 'o, ke on Reference

5 M Atrazine 1610-17-9 7.15x10° — 2.7x10° [26]
Z35¥) Bentazone 25057-89-0 9.7x10° 3.1x10’ 5.7x10° [3]
£} Z ¥ Chlorotoluron 28170-64-1 2.7x10° — 6.9x10° [15]
ik K75 Dimethomorph 110488-70-5 1.6x10° 8.5x10° 2.6x10" [27]
[ Diuron 330-54-1 5.2x10° — 9.45x10° [15]
J}: ¥ % Fenuron 101-42-8 2.0x10° — 7x10° [15]
Wi 2, H0 % Imazethapyr 81385-77-5 107 n.d. 7.8x10° [28]
S RE Isoproturon 34123-59-6 3.2x10° — 7.9x10° [15]
FH 4 % Metoxuron 19937-59-8 3.1x10° — 5.8x10° [15]
HM Propanil 709-98-8 1x107 7.1x10* 7.0x10° [29]
L Acesulfame 33665-90-6 — 2.8x10* 5.9x10° [19]
X} 2P & FE M Acetaminophen 1219798-53-4 1.6x10° 3.7x107 1.9x10° [16]
FAIBEL PG AR Amoxicillin 26787-78-0 2x10° — 6.9x10° [30]
+ I P§F Carbamazepine 63918-70-7 7.5x10° 1.9x10° 1.8x10" [31]
LA Cefalexin 15686-71-2 n.d. — 7.1x10° [30]
S AIVEAHK Cefapirin 21593-23-7 n.d. — n.d. [30]
Sk A MR Cefazolin 25953-19-9 108 — 6.5x10° [30]
3L fBEi5 Cefotaxime 63527-52-6 n.d. — 8.1x10° [30]
SLHIFLE Cefradine 38821-53-3 n.d. — 1.1x10" [30]
W ISR Diclofenac 15307-86-5 6.4x10° 1.3x107 9.3x10° [32]
HAE% 5 Gemfibrozil 25812-30-0 — 2.6x10° 8.6x10° [33]
1153 2% Ibuprofen 58560-75-1 4.5x107 6.0x10* 1.0x10" [34]
753 1 Naproxen 22204-53-1 7.5%x10° 1.1x10° 8x10° [32]
#x Ak Sertraline 79617-96-2 7x10° 1.3x10° 2x10" [35]
Ttk JHig W 0% Sulfadiazine 68-35-9 4.9x10° 8.9x10° 3.7x10° [17]
=&k Triclosan 3380-34-5 43x10° 1.1x10° 1x10" [18]

e " AT “nd.” BEHR. ke cooms ke o, Flk ¢ on 43I RTE Y *CDOM’ . 'O, HI'OH 1 g N R 3R H E

Note: “—" means the data can be ignored. “n.d.” means no data;. k. *coom”, kc. 'o,and k ¢, "onare the second-order reaction rate constants

of the contaminants with *CDOM", 'O, and 'OH, respectively.
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Fig. 1 Comparison of reactive intermediates concentration between paddy water ( PW ) and natural surface water ( NSW )
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