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Effect of pH on the quantum yield of reactive photo-induced species
generated in different sources of DOM
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Abstract; Dissolved. organic matter ( DOM) exists widely in surface waters. DOM can absorb
sunlight to generate reactive photo-induced species ( RPS), such as triplet excited DOM
(°DOM ™)) , singlet oxygen ('0,) and hydroxyl radicals ( -OH). These RPS is important for the
degradation of organic micropollutants. It is known that variation in pH of natural waters can change
the size, structure and molecular weight of DOM. However, the relation between in pH and
photogeneration of RPS by DOM has been rarely investigated. In this study, the effect of pH on the
quantum yield of "DOM*, '0, and -OH was investigated. DOM isolated from Yellow Sea ( L-DOM)
and two DOM purchased from the International Humic Substances Society (NAFA and SRHA) were
used in the study. Molecular probes were employed to determine the formation of the RPS by DOM
irradiated by simulated sunlight. Results show all the DOM were capable of photogenerating RPS,
and the RPS quantum yield of L-DOM was higher than that of NAFA and SRHA. The effects of pH
on the RPS quantum yield of three sources of DOM was different, and the influence of pH on RPS
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quantum yield of L-DOM was most significant. The study helps to predict photodegradation kinetics of
organic pollutants in water.

Keywords : dissolved organic matter, pH, reactive photo—induced species, quantum yields.
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(RPS), WK =235 DOM (PDOM ™) HEASA (10,) ML A 56 ( -OH) % | XL RPS 71T 2 515
YW R R ASFSRTE ) DOM, HZSH R R e 225, 774 RPS WBE AR, SEOLA
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KSR pH S PERISGARE" ), (A2 KA A Ui sl S FTS Y A58, JK Y pH (BT &
AR AR, AE 4.0— 9.0 Z (A X AR L RIS JK  DOM A7 AETE A S ¥, JETTRZ i DOM Y ik
VR BN, Pan 2517 & B DOM HOSF-HRIAEFE pH IR /DN Gao 26" % B pH AR AL X DOM 1K
FCREEA B, pH=9.0 BFWEOGRE K2 & pH=5.0 1Y 4.5 15, H. pH XFAR[REISIE DOM #9106 BE 52 i 75
RS, HFE pH AT, X T ARRSRIEMFZER DOM, Hob bk Bt AR 36 e,
KA pH fEAE{E, W] 580 DOM JEEUE K RPS BE I e, A Rpit— 2058,

AHFFE R FHHEE [ S0 K TR A9 DOM (L-DOM ) A1 Rl T B J Al B 23 B9 3R 7K DOM (43531 1
Suwannee River JE#EH R . Nordic Aquatic & HIR) fEAMBFFE X4, TERILHYEIE T, W2 DOM 7EA[H
pH 44 (4345 4.0 7.0 F19.0) T4k RPS (PDOM * 'O, Fl ~OH) 15 F 7= (D).

1 ¥ L5 J7: ( Materials and methods)

1.1 SEEbrRt

2,4,6- = IR (4l 99% ) 2-Wel B B ( 265 98%) .+ K AR A . /K SR — &
B RSB RER TR YY) Ry A B 2, W T ORI R 2 R Ak 2 A A B B MK AR B CRAE SIS
39.28 ©, A% 123.20 °, FHIEFF 80 km) , 10.45 wm BEESLFAEEAR SR BHTHL G OB 5 AR BUR 45
WS Vo 05 T 1 45 3 5 e P AL (L-DOM ) L*) ;. Suwannee River J& % 2 (SRHA, 2S101H) F1 Nordic
Aquatic & HLR (NAFA', 1R105F) Y0 F E BRI FE T h 25, 4 L O E W EEFN S TR BE Xy (ol T F 58
Tedia A PR ). #BAEK (18 MQ - em) H EHERABMUERA FRA ) A= 7 1Y M Atk 2 25
1.2 B H S R S5

B H O I SC56 7 XPA-7 AU Aot RO A (W Fra st TLALH ) AT, SR 1000 W
WKATHELA 290 nm JE6 H MENOEIER, F TR FHYE IR, dad UV-365 4R S (JL 0 IME K2 AR
) AR EIRAE SRR 0 AL 365 nm N YRR EE S 0.82 mW -em™. N A W HEIAK , il
NERE A 2541 C. RABEIRZE vh R A1 HCL/NaOH FCHl S M. AT ARG R, "DOM ™ 5 2 ,4,6- =
SR 2 [0 & A TR T80 2,4, 6- = H L IR A, o R P O, A1 - O A4 R i) 1] Z % AS 11147
10,5 21 Wi P S IO A K, 6- 0 - 3- b e ) 2 30 21k g PR AR O - OHL 2R s g A R
I, 2,4,6- = FBEOR M) 2- 1k g FHY s AR AT A SRy A i rh 2 A5 4 1 DOM™ 1O, B -OH 458, S iy
2,4,6- = HIH My 2- ki FH BRIV BE 43512 2005005 mmol - L™, FITFHEY DOM ¥R EEY R 5 mgC-L™".
1.3 driik

JKBER) pH A 5 RER B R FHAE E WTW ( Multi-340i-SET) 45 :0 2 S HOK B AN E ; BA
HLBR (TOC) R FFEE BR & TOC 43 HTAY ( Multi-N/C-21008 ) &, 7E4% 52 09 BRI RBORE , ARSI TAZ (A
WAR/INHE Y, SR A A R 25 159 Hitachi L-2000 155 38080HH (354000 2 v b S vk i, B
A HT S L 1, 3RS Eclipse XDB-C18 (3.5 um, 3.0 mm X 150 mm).
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R M 2,4,6- = IR 2-0ki T BEAIRI ) HPLC 738 4 1F
Table 1 Analytical conditions for 2,4 ,6-trimethylphenol, 2-furfurylalkohol and phenol by HPLC

i 84H Mobile phase/% A pimud ERE _—
fam PR " JERE R
K Y Retention Flow rate/ Injection
Compounds o . . . Wavelength/nm
Water Acetonitrile time/ min (mLemin™") volume/ L.
2,4,6- = EIKLE 40 60 4.10 0.4 50 205
21 e HH 85 15 3.18 0.4 50 230
ESU 55 45 2.87 0.4 50 210
1.4 Bdmib
TRET A G PR B R ] — 8 1 AR
-(dcrs dt) = (1)

iﬁ<1>tlﬂ ke HEREHE AT DRGSR R R () ﬁaﬂﬁﬂ( ). C AREHE A YIRTRIE (mol 1),
FaZSUREE[ RPS ] R F 7= D (A) TR,
[RPS]SS:(k—kO)/k’ (2)
[RPS] e
Dyps(A) = (3)
> K-, (1) [ DOM]
Eggx()\) (1- lo-sxu)[DoM]Z)

Kia(A) = ; SX(A)[DOM]Z (4)

b, A ATREHEE Y S DOM ™ ' O, Rl -OHIY SO R 8 (mol - L+s™ ), 435112 3 x 10° mol ™ L-s™"
1.2 10° mol ™ L-s™" A1 7.8 x 10" mol ™ L-s™""" | LIZEBFFEIIEI k' 15 pH TR 5 koﬁﬁ’%ﬂt/ﬁ*%
F B AR SRR (™) 5 ke I DOM ™ 'O, FIT »OH 57K 53 TRl BRI R 8 (1), B2
2.5 x 10° s 5 x 10° s AIS x 1076 £ (X)) N DOM FEBEK S N Ab S JR W5k R %
(L-mol™em™); [DOM}ﬂ\j DOM ¥ (mol ;L) ; E3 5658 ( millieinsteins »em > s™' ) 3 Z HEFE(em).

ASCrHT, CDOM ™ 'O, 1 -OHI i TR ETFH Prpoye Dio, 1 P .

2 5 5958 ( Resultg and discussion)

2.1  AFEPEIEXT DOM 4 4 RPS (5211

1E DOM ¥ JE o 5:meCoL™ Z51F T, /K IR L-DOM FIiR /K SRHA NAFA 7EAR[R] pH 4514 F Ay 4841
Al WO s B 1 & 1 AT, L-DOM (MO E R AR T 55 #h A DOM, Firtit5€ DOM 1yt
JEYIRE pH SIS R

05 --= SRHA pH 4.0 1%’
| ---=SRHA pH 7.0 i
o e SRHA pH 9.0
0.4 P\ s — NAFA pH 4.0 20 =
RN - - NAFApH 7.0 ]l 2
W %, -+ NAFApH 9.0 %
03k Sl N —115 :;‘(‘\’."
P R oow {  Z5
< TN >, xenon lamp 2 7,;,
02F ‘~‘:¢_.;\‘~;'\- o 1'° °;’ £
TNINi] 2 E
ulk A L-DOMpH 4.0 "S3imeldos ® 2
_____ L-DOM pH 7.0 e
. L-DOM pH 9.0 ]
0 i T T 1

300 320 340 360 380 400
Ahm

BE1 DOM (5mg C-L™") 7R pH {H T EIMOEEEAN 1000 W TKT#CA 19 KOG
Fig.1 UV-vis absorption spectra of DOM (5 mg C-L™") at different pH conditions and

emission spectra with the 1000 W xenon lamp excitation
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DOM WWGRE I 5 HAFREZIBIEA EM R ™ MR8 Tremblay %" (G55, DOM 15 F &
K/INAT I DU HEAE 254 nm Ab B A HLER & 5 IO BE (SUVA L, mg- L7 m™ ) R48/R, SUVA ., fH
i, W DOM B> TR, 78 pH 7.0 fU 4T, L-DOM 1) SUVA,,, {H M 1.38 mg-L™m™", NAFA f
SUVA,, fE} 11.61 mg-L“m™", SRHA A SUVA,,fH M 11.99 mg-L™“m™", B L-DOM #43Fi/N, W
JEE K. L-DOM SR JE i 7K, NAFA Fil SRHA SRR TR K. Landry 2572 1 % BLIR K IE DOM ()43 i
F KR DOM 1957, RoKIE DOM B9 RE B T K I8 DOM I 6.

ZIEMUS , "DOM ™ INHRET 43T 2,4 ,6- = HI BRI A O, I HRET 401 2-k ing FH B 2745 R [ A B2 1 e
fife. BT OGR4 - OHE /D, XELIRG I B 280y, [RIHOR IR 2 h iR E Ik BE Bl ¢, &OLE,
3 FDOM ¥V H 2R B 2478 AN R BE =2k (T 2) . T e S BRSEa v, R R B 2,4, 6-— FEL 2K 13 Fn
2k FH B I R A (< 1% ) , RAIIRB A< 1%) , BEH] 3 F DOM BRI G B RPS, HAE

Ji% RPS HYRE ) A1 W] . 22 51

In(C/Co)

-0.08

O L-DOMpH4.0 4 L-DOM pH 9.0
O L-DOMpH 7.0 v DOM

In(C/Co)

In(C/Cy)

O NAFA pH 4.0
O NAFApH 7.0

A NAFA pH 9.0
v It DOM

1 < ey =~
1 2 3 4 5
t/h

In(C/Cy)

o SRHA pH 4.0
o SRHA pH 7.0

A SRHA pH 9.0
v 9 DOM

©

2 2,4,6-=HIIEE (a b c) M 2-BKIEFEE(d e f) 7EAE DOM (5 mgC- L") HGfzh 112,
BN DOM (5 mgC- L") Rk 3 B IR B B 925 fk (g h i) [IRZELAER 95% B XE (n=3) ]
Fig.2 Photodegradation kinetics of 2,4 ,6-Trimethylphenol(a, b, ¢) and 2-Furfurylalkohol (d, e, f) in different

DOM solutions (5 mgC+L™"), and time course of phenol (g, h, i) formation upon irradiation in different DOM

solutions (5 mgC-L™") [ Error bars indicate 95% confidence intervals (n=3) ]

XFF L-DOM, XFREEY Ey 4 6o P Ko (AR T NAFA R SRHA fAHIAE ; L-DOM HrEsdE {
A4 R (R | ) WL T NAFA I SRHA AR AE. R4 Dalrymple %1 (985, DOM B9
SR P AT 3 0 E DOM ZEJ K 254 nm Fl 365 nm 1YW G FUAE (E,/E,) KA8R, E,/E 6105, 6
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SRS TEAE#AR. 7E pH R 7.0 517F R, L-DOM 14 E,/E, {64 8.61, J& NAFA (3.87) #ll SRHA (3.21) ¢
225 2.7 1%, R T L-DOM 2B i RPS FIRE S7 &K T NAFA FI SRHA HYJ5IA.
2.2 pH X} DOM YEEUA: B DOM ™ &7 H 1) 52 i

76 pH {54 4.0.7.0 f19.0 (U544 F, L-DOM 1 @, . }(3.52—16.83) x 107, BT NAFA Fl
SRHA FAHINE , ELBE pH 2846 (I 3). X T L-DOM, @,,,. 7€ pH=9.0 (B} 777 3%) & T HAE
pH=7.0 F1 pH=4.0 B} fAHRAE. pH AT LAFZIR DOM FYSG2EERR , T @0y - 5 E,/E, Z 18] HA IEA 6
£ pHE N 9.0 &4 F, L-DOM iy E,/E, 4 10.13, & F pH {E~ 7.0 (8.61) F1 4.0 (8.27) B Ay
E,/E,. BAEHTIAITE, L-DOM M6 k2400 e SRHA Rl NAFA MK, FBOLU R kg, o e TEAK,
RISEEA B DOM ™ MRS BEAR. &7 R R WOtk B i o+ R HRCR . 807l T L-DOM 1)
W GHE 1155 T SRHA Fl NAFA, S0 L-DOM ) @, - 67T 55 WA DOM. HRi4H%F DOM Y804 s
PEYI R BRI ST 2 46 T TIROK IR DOM 210 g DOM 2 ihER L KSR >, AT &3
L-DOMELA R D,y - (8, T DOM ™ &2 410, 71 - OH Y B ZERi IR Jr4Ede i dk i |-
AR N A 3258 25 T oy ) o] 11 B i R HE R T R RIS e, S K pH B RRE . &5 1,
B ERFFE pH SEARFDRIE DOM YEEUE K 0, 1 - OHER T F= R A5 1.

0.020 -

[_]pH=40

] pH=7.0 e
0.016 R pH=9.0 N
0.012

D3pom+

0.008 - é
0.004 -

zyinz i\

NAFA SRHA L-DOM

0

3 DOM e pH A FOEEUE M DOM ™ it 777
Fig.3 Quantum yield of *DOM * (@« ) generated in DOM solutions under different pH values

2.3 pH X DOM JE8CAE B O, Fl - OH & F 7= - (1) 5 i)

AWFFEH, L-DOMAE pH=7.0 5c1F FAR O, B8 B E['0,].=0.29 x 107" mol - ™", SRHA #HJi;
{549 2.57% 107 mol-L™". Glover Z "l %E SRHA 7E pH=7.0 /4T ['0,]_=2.21 x 10°® mol-L™", 5
NI DN (RS i

Wk 4 FoRy fE 3.0 pH 2%+ T, L-DOM 1 @, Fl &\ BB L& T NAFA Fl SRHA (1441 B A
L-DOMTE pH {68 4.0 09 & . (85 T HAE pH {ER 7.0 F19.0 W (1A W H.

0.04 - 8
[ pH40 [ pH=40
A peH=10 ezl § - =10
003 XY pH=9.0 6 Y pH=9.0
7 ~ -
A =
§ ool v X 4k
3
L I L
0.01 [ ~ 2L
ilizs b | o
0 1 0 ’+ 1
NAFA SRHA L-DOM NAFA SRHA L-DOM

4 DOM 7EARTE pH M TOEEUE K 0,/ -OHM R T =R
Fig.4 Quantum yields of 'O,( @102) and -OH (@ . ;) generated in DOM solutions under different pH values
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L-DOM TEHR PSR R 1 @y /N, T 53 PIAR K IR DOM 1 @, 7 pH (BN 4.0 . Dalrymple
B R, Suwannee J1] DOM 1) @102fﬁﬁﬁ pH 34 KM AW, SADFIELE R —E Mostafa
S BTSRRI, KR DOM ) @, 49 (2.8—4.7) x 102, HKIE DOM 1) &, J(1.6—2.1) x 107,
IR @, B DOM 35~ HE B TH i sk

3 758 ( Conclusion)

L-DOM YW RE B AR T SRHA A1 NAFA, Frfff5E DOM B GEEHRE pH 34 i3 K. 8 i %R
[F2R U5 DOM [ SUVA,, (HHEFT HLER, 28 L-DOM 5iR/KIE DOM 19T A i 3% 22 5. Bl H 6 R
SCERZE R, 3 FF DOM YRl B A i RPS, {HAE A RPS WY RE JI /A 7E B 2 2251, L-DOM = 5% RPS 1)
FAASHE (KT SRHA Al NAFA, L-DOM A= % RPS Byt 777 %k 5 T SRHA Fll NAFA. pH X AS ] ok
DOM 4= i RPS (I Fr= R M A ], Hodh % L-DOM A5 i f5c b 8 35, AR BF 58 0 BRAIF 5% 1 7K A
DOM 255 T 3Lhtl, Xt Rk b HLTS S i Sefb A HoA 2 .
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