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Abstract; Reactive oxygen species (ROS) participate in photochemical reactions and redox reactions in natural water systems, and
are important factors affecting the migration, transformation, environmental destination and ecological effects of organic pollutants in
water. However, ROS production process in the degradation of grass-source soluble organic matter (DOM) is not clear at present.
In this paper, an indoor simulation experiment was conducted to establish a method for the determination of the cumulative values of
three ROS (*CDOM * , '0, and - OH) in the laboratory, and then the production process of ROS in the DOM photodegradation
process in the residual leaching solution of Carex tristachya was analyzed. Results showed that the cumulative content of ROS in-
creased with the degradation of DOM. Among the three free radical contents, *CDOM * has the highest production content, and
+OH production content was two orders of magnitude lower than the other two ROS. CDOM content was significantly positively cor-
related with the cumulative concentration of *CDOM * | 10, and - OH, especially with the highest significance level of *CDOM *
and '0,, followed by + OH, consistent with the ROS production mechanism of CDOM. The accumulation value of ROS concentra-
tion has a different linear correlation with the water quality index, which is negatively correlated with nitrate nitrogen, but positively

correlated with nitrite nitrogen( NO3-N) , and the effects of NO3-N on ROS concentration are extremely significant. Meanwhile, the
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attenuation of the peak fluorescence intensity of protein-like proteins is negatively correlated with the cumulative content of ROS,
indicating that the degradation of small protein molecules is an important part of the ROS production in the process of DOM photo-
degradation. In conclusion, the research on ROS production process in the photodegradation process of grass-source DOM has in-
creased the understanding of ROS production process, migration, transformation, home and mechanism of aquatic plants in the lake
ecosystem.

Keywords : Dissolved organic matter; reactive oxygen species; plant residue; photodegradation; lake waters
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fif b AR ROS A = A o A R HLER. B9 S PRI A= & R 4o b DOM f=/E ROS [yl #2 \iF %% etk 818
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1.2.1 ROS Wl & % % AL E & 3 F ROS:
*CDOM ™" ,' 0,1 - OH, /5 2,4, 6-=F H W (TMP) |
I R 52 (FFA ) AR HEA T 3R 27 4o 308 50 ) B o7
WA BE 4508 1.1.2 mmol/L, Hrfr « OH Kl 7=y Jy 4%
1. I 5 7E e RO A 1% A ( Agilent 1200 series) Fi#47,
SEHM I ZS AT R, T AT i ) HE T RN R Ak %
(pH 2.8) BEML, e 60 :40 ( FF B : BE PR R 22 vhvil ) 1R
A, N 1.0 mL/min, TMP {3 83 #5f 6] 11 min, FFA {#
FRETE] 3.4 min, - OH Kl 7= Hy 4 1 05 B B ] 4.3 min , K
WM 220 nm. Jl5E TMP FFA ZRER ARE RN SR, L&
DOM [4ff st B rp*CDOM ™ 'O, 1 - OH [k E.

1.2.2 #4830 & CDOM WL Y% 1% % B SHIMADZU
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Fig.1 The sampling site in Lake Poyang

a"(A)=a(1)/[DOC] (5)
A, a” (A) PR A AL CDOM FER IR %, L/ (mg-m) .
WAOETE R S (B SE : CDOM WSO 335 DA 58 A1 31 T DL I Bl D5 K 9 484 im DR 80 22 W4 i se iR e
AARK

a(A)=a(A,) eXp[S(/\o_A)] (6)
AR ADEREANR LA ( Sy ) FAE CDOM 43T A8 ik, H s org: ™ .
Sy =S(275—295)/S(350—400) (7)

1.2.3 ABER LR E MR KA PESE UMESE SESE CBA(TN) 0l ICHLEE (DIP) &A%
A ML (DOP) . R FH i 57 Bk S AL 7RI 5 20 W AR T bL v TOHLBE AN BILES 5 3k 5 I 0 v 0 52 L
(TP) R FHEN G Lo 7R 2 A8 A (NH -N) s RS AL (NOS-N) FIEAE S AL (NO,-N) e 2R 42 H 3 g ik
223 M3 ( Smartchem 200, AMS-Westco , & KA ) #EATI . T ¥APEA ALk (DOC) ¥ B A B % 22 3 8h 43 11X

1.2.4 Z 75N KEERRE 10 £%5 )5 R = 49640 J6 06 11 ( Hitachi F-4500) i 5 7K #f (1) = 4 5¢
I (EEMs ) . U I (Ex) AU SR (Em) B4 X H 43571 24 200~ 450 F1 250~ 600 nm, 25453514 5
FT nm 433553 28 2400 nm/min, 47 5824453450 5 nm GRS E R 800 V. G HATALAS A B
iE, PL Milli-Q /K fERZ5 .
1.3 St o

K FH MATLAB #4784RA. SR SPSS 19.0 A THAR S 5087, P>0.05 7R K35 3 i F 40 5 K
F;0.01<P<0.05 K 3% /K, P<0.01 Itk B3 /K. R Origin 8.5 #XF4: 4.
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1T EAT R R AR AR, RGN 1 R AR S A OC ROS WESE AR HE.
LA T AGIN 1 by S0 07 3547 - W07 A RESE IR (ESR) FOAR A2 ROETE B 80U (i i I3 ot BTk ik
SR R ORI RS 1 R SR T Ok, B AT RS P R A . ©A BT
AR AL BOGAREF——MCLA AT 0, - (45 A TIBRAE 1.41 pmol/s ™™ . TMP \FFA R AT L5331
RT3 T 35 20 € K P " CDOML ™ " O, il - O W& X4 TMP \FFA RIZEM i) 55146
TS5 531 220,230 F1 210 nm, BE R LG B AN 7], I B LAA: A9 5 #0802 5% FH B 35 fin — 4 357
PRI —Fh ROS I , 75 2L AE e i A IR AL ARE . AP S & E A W8R8 3 Fligisn W) i asm
TELEAME NP 220 nm PRI A 60 :40 ( IS  BERRER 22 i) 25148 T X TS IR A it — IR ERE , 23 5175 3
A% 4 B B £ 0 Y05 S R ROS (197728 K28 Ak, H AT E W 5 /K A4 CDOM ™ ("0, 11 - OH ¥k Ji
(R 1), KRHRSE T S8 It ]

F 1°CDOM ™ 'O, 1 - OH Ay iy 22 K HAHI 7
Tab.1 Standard curves of *CDOM *, 'O, and - OH and their detection ranges

3CDoOM * o, . OH
bRt 2k Y=1-X/1986 Y=1-X/2208 Y=X/14056
(V=9 X =T (R?*=0.9998) (R*=0.9988) (R?=0.9991)
i) 15 0.01~1 mmol/L 0.01~1 mmol/L 0.005~0.05 mmol/L

2.2 EiF% DOM ff#id 324 DOC ZALIFMR
DOM Yol “z R A A ik e, — R ELHOCREM, M7 2000 —=—5IRADOM
R PEAT BILBT B OO A RE B K A I R AR AL, o5 —

IR, e B L AL ROS 9 RLAL A ko 5 1500
PRI OGP 2 PR R R e ke £ |
AU WG ASHAT LT — 2 IR B B ROS™ {OERE 3

DOM =4 ROS {55 v, DOC & — 30 1 322 2 it DOM [ it
LTS RR. W 2 BT, DOC ¥ J3 A4 (1 1906.8 mg/L

W

(=3

=3
T

A A A A A
1 1 1 1 1

MRS A R0 275.4 me/L SO KAFFARB DOM 32 oL Tttt et
HBOCRER AR % . TEREfR S (2~8 d) ,DOC ¥Rk TR i /d

P T A6 24 ) SRR, 2 PR P, 5351 12 S DO AL
SEYREE T JOGTRR A 4 B X FR A, S8 45 R R TEOGTE Wefitsd i DOC e i
EYI AR T R DOC [ fif B AT 52 0. 53 SMEG DOM 1y Fig.2 Changes of DOC concentration
XF IR, DOC ¥ BE AR AR [ REARAG , #0228 i T 3 i 4R during degradation of grass-source

# TMP FFA R TE 45 B 8] P G R A S5 1o 2 AR AR AR 1Y) DOM and control group

JEL P
2.3 EjER DOM pefig it 2 s ROS 754k

1E DOM FEfig it B, N ROS P24k 3 Fi [ Fiy vk J32 149 It 7 A figg sy () ) S8 4 T #8810 o % 3464 o
3),Hrp - OH BREUREAES T KA 8 KA — & RN TR, S g sint,’ CDOM ™ BBk E 50, ML, 4>
514 0.87 F1 0.99 mmol/L, i /> BFEEE ) ROS 3 - OH, > 0.026 mmol/L. AXSZEGFESE T By #I DOM fg
B TE e o ad FE v = A K ROS, 3 H. ROS s [ 3G I iz 7. HIX b 56 R Skl ik £ m A
BOANA] Gy AR RS AR DOM [ fiad A= £ (19 ROS , 7 Fifi 25 B[] f) 45 4% 1 28 i SR AR ) s R vy, R ARAE T
ROS A& KW A FUEBRRAS , B IE T ROS S5 H g {2 % jp , [#75 ROS fEfSfa & B
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Fig.3 Changes of *CDOM " (A), '0,(B) and - OH (C) concentrations during the degradation of DOM

2.4 EiFZ DOM g #2fh ROS F=4AB 47

2.4.1 CDOM f ROS 7= £ B %0 1A 4A AR S AR50 XL 35 W CR BO i /. T LA E 53 B CDOM
L TE MR K. CDOM SRS AR B A L 52 LS BOE 8 60, 200 ~ 250 nm 4k 52 S0 Bl 52 8i
K,350 nm DUJR 3 BEW I L BR -1 (] 4B) 53X 5 [ A Ah22 5 20 A CDOM e CRHIEAR 7T &, PRtk
CDOM TEGI fift b i e WS RE A9 /N LA AN B, 368 D1 B R Wit RA e, TR Aot 2 18 32 8 AR A 320
nm PURAEESR X, o UVB (275 ~320 nm) i BEICIE A Rl DOM, i 2 Xt AE 4y A A2 Y9 DOM,, 5 E fie A1 24
RIS X . 7E 275 nm MHITAAAE— 510  E S Warnock 457 IR S5 S — B0, 91 HLUH W b6 %5
DOM Ui s 5] A4 38 T3 5, IS 3600 301 JC 8 D 300 I U0 J DA 5 s - 23 WL SR T, B2 DOML A I 1] £ 4%
T, CDOM A E LR SR 2 KMG Gl B REJG JT U6 L Ih 1620 8 kB E Ml J34h, I 4C 45t THOLIE R L E
Sy » Sy AL CDOM F)F-EIAIXS 4313, ARHE Sy AR 7T 22 S FU R 5C 2 T LA B BES DOM Sk i [l 1
Jil, CDOM 731 B # AR, U WT R 7 112 # O A /N1

8 1.5 4
-~ (B) —— Day | 2 [ (© e a*(280) 1
. E —Day2 | E L2F - Sy 13
o . on r e
: : £ oo "/l
2 =) = 0 6.— 1° 7
= = o 1
< S & o3 1!
N ;;’ - -l\/ |
O | IR (U R N SR N | 0
200 300 400 500 200 250 300 350 400 450 500 1 2 3 45 6 7 8
WK /nm WA /mm I} [8]/d

Pl 4 DOM FI4 3R 1) 14 52 S0 AT DL (A) A CDOM. He ST R BB I (922 4k (B) K
CDOM HH X5 ¥ AT R LA S (C)
Fig.4 Uv-vis spectra of DOM samples and probes (A) and CDOM absorption coefficient with
different wavelengths (B) and relative concentrations of CDOM and spectral slope ratio S;(C)

HE— W B2 DOC ¥k B YRR, CDOM 21 43 Hh 25 5 SR o Je A5 B sk B it , o ™ (280) JE G
TR (B 4B) , J5 A G R R 3, 't e 1R 548, {0 i T DOC FE RS2 AN, AR ifi Ak 5 /) CDOM I il
F3(a(280)/[DOC] ) 7E5 2~ 8 R 2 MW i FIb#as 3k 5 ROS RIS EHEMEMCKCR(F2),
JeH 5 CDOM ™ 'O, ¥k B B FMEACE B8 (P=0.031,0.035) , 456 R %040l 0.753.,0.742. B 8% CDOM 5

- OH RHEAICKER  H B ZFHAKT-—H(P=0.231). Z5RA4EH ROS 177 4: 5 DOM P ik G HUS ) i——
CDOM % JIAHC , CDOM & A7 Kbt i & 8 3 AT, 2 T 2 1) AR SRR , 7 45 AN 9 38 R BH B IR B i e
Thed, 5l R — BRI RN, ALk (state DOM singlet, 'DOM) 437 WSO RE 2545 4k i &k BA LR 75 (excited state
DOM singlet, 'DOM* ) , FETiFEAk F ik & =282 (excited state DOM triplets,>DOM * ) (A (8)) , #F— 514
ST R — R BL(A(9) ~ (12)) , /£ CDOM ™ "0, - OH ik e fA ™.

CDOM + hv —'CDOM — *CDOM * (8)
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CDOM* + H,0(OH ) — CDOM-H - + - OH(CDOM™ - + - OH) (9)
*CDOM* + 0,— CDOM + '0, (10)
CDOM*+ R — CDOM™ - + R - (11)
CDOM™ - + 0,— CDOM + O] - (12)
2.4.2 DOM & & F= M4 i %t ROS 7= 4 9 %m0 DOM S FEfR 2 CDOM 4 it 5°CDOM ™ !0, .
R K TN R BESE b THE T R, 18 SC 5050 8 Rk Fl ix - OH ¥ B [ 56 B8
/ME L 2.09 mg/L(IE 5) , 55 ROS A9 & F kK455 (P> Tab.2 Correlation coefficient CDOM
0.05). NO;-N ¥k B i F R, 6 KRGk TRe, L RH 7 content and the concentration of
Kk H/ME (0.085 mg/L) , 5 ROS 353 T #% &8 3 4 K CDOM ", '0, and - OH
(P=0.001) ,Jf HEHMFA KR, 5 NO,-N WEEELERT 6 K 708
T ST R, 205 ORI, AR S RO VR I A 1
% 0.07 mg/L, 15 ROS S BLIE A . K vf NH-N ¥ iz cbom 0: -o
BRI S5 TR Oy 0.42 me/L, i K455, K r 0.753 0.742 0.478
fr DIP 75 TR T 2 KT MRS, 2 J5 B, 524 45 P 0.1 0.085 0.3

WIS 0.95 mg/L, 1) DOP B AH AR ka3, 45 SRR T

TESCMEAL T , AL — R L JOHLBE &k T3k A BRI itk A Mk d 2k firh ROS
A ERIR (A 30(13) ~ (14) ). R NOS-N LS AL B/ IR 2E 5 NO, =N, 1l NO, -N BERS e LR AR
TR ROS, BRI A G 45 Rt — 2L 4 HT 381, °CDOM ™ [0, | - OH i 5 NOS-N i R L FHIDEC R, 5
NO,-N i B HUIEH K A&,

NO,+ hv + H— « OH + - NO (13)
HNO,+ hv— + OH + - NO (14)
10 35 0.10
8-— (A) 3.0F ®B) 0.08.— ©
St 225t =) I
Eﬁ or A 32.0_— go.osj
S 4f Z 1sk Z 0.04]
2 sk 0021
O 1 1 1 1 1 1 1 0- 1 1 1 1 1 0 1 1 1 1 1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
i /d i /d I} fil/d
0.6 1.0 1.0
D r(E r(F
30.5-() osf ® /~/‘/' _ osf ©
S o or o I
204l ?0.6—‘\/} > 06F
% 03f = 04f 5 04
= a) 3 2 3
Z02f 0.2 0.2
01 1 1 1 1 1 1 1 0- 1 1 1 1 1 1 1 O-I 1 1 1 1 1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
i al/d iy a/d i [ /d

5 DOM Ffigid B KR TN(A) (NO3-N(B) \NO,-N(C) \NH;-N(D) \DIP(E) Fil DOP(F) ¥ i
Fig.5 The concentrations of TN(A), NO;-N(B), NO,-N(C), NH;-N(D), DIP(E) and DOP (F)
in the water during the degradation of DOM

2.4.3 DOM it 2 =4 %Ok 247 11 6 S DOM SLfigid frh 3D-EEMs [€]. )\ DOM FEf# i b & 8L 152U Y
KA Hrh B2 R PR K A HITE 225 nm b, S SR R K fEAE 306 nm Ak, (iR 2
FMRVICA ST s B1(275 nm/306 nm) RS2k EIRIOEAL 5™ . B G-I T30 L 350 P A DX A8 1 6 I 3k
W0k s , TEAL PRES 8 K , 4 R FRWEtl (Peak B2) JLT-5E 21K, UAE Ex/Em= (220~250) nm/ (300~
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350) nm #& B AR 559606 2R S R IG DL B FI 20 Rtk 3] T 80% (& 6C) , & DOM %A T i 2%
B AL S e, £ IS ER 4 Y .

7% 3 ROS 5K S HMIAH X R EL

Tab.3 The correlation coefficient between ROS and the water quality parameters

TN NO3-N NO;-N NH;-N DIP
ROS
r P r P r P r P r P
3CDOM * 0.116 0.805 -0.994 0.001 0.683 0.062 -0.352 0.392 0.972 0.001
'o, -0.203 0.629 -0.990 0.001 0.602 0.115 -0.396 0.332 0.983 0.001
- OH 0.179 0.672 -0.948 0.001 0.569 0.141 -0.545 0.163 0.839 0.009

I i A 25 238 ) 22 M % e B 1282 1 43 ) CDOM WK Y 336 7 2 4k Bt el s s (b B B 2. A
WFFEAE AR ST R AEARI R 26 TR 1196 B BE A5 AL 5 ROS HEATAR CHE M R B (3 4) KB
FEFCUEAEBR I 15 ROS U I 5 B 0 SR 6 06 R, G rh 2 2% S A D8 D 4L A0 W (R 3 J3 15 ROS Wk 2 [] AL
AR I BB HEKOE (P=0.001) ,r 7E-0.976~ —0.938 ). fIEifl & Yo 2 S IR 7 Y6414 5 ROS Bk i 5 31
HHTRVRE 25 F) S 2P K 7 (P=0.001) FIAHEPE. HE— 5 B0IT T 75 DOM f e B fiiod i v 2 141 40 T 14 e it
S ROS ARE B A — A4y HAT, Zhang 45" il i He42i5 7k DOM w4441 43774 ROS BT I, o % B &5
A A 9 2 K2 RN R 3R 1) S 7K P T3 EC K P B A3 R e i 43 7T 72 A 8 2 19 ROS.

450 - 10000
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~

= L
4000

2000

200 200 P R S A
250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600 1 2 3 4 5 6 7 8
Em/nm Em/nm A /d

Kl 6 DOM [ 1 A% 8 Kt EEMs 35K (A, B) MEHEH2O L4 gLk (C)
Fig.6 The EEMs spectra of the first and eighth day( A, B) and changes of fluorescence component peak intensity
of protein-like proteins during the degradation of DOM( C)
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