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ABSTRACT

Pharmaceuticals and personal care products (PPCPs) have become a group of emerging
contaminants in recent years due to their widespread application and potential toxicity. PPCPs are
released into the natural aquatic environment via a variety of routes. Photochemical degradation,
including direct and indirect photolysis, is an important pathway for the transformation and fate of
PPCPs in sunlit surface waters. Nitrite (NO,") is a natural photosensitizer, which can produce
hydroxyl radical (HOe¢) and nitrogen oxide radicals (such as NO°, NOy'), thus affecting the
transformation and fate of PPCPs in waters. UV photolysis has increasingly been used to disinfect
water-born pathogens in wastewaters. During irradiation, trace organic contaminants in wastewater
can be transformed by both direct and NO, -induced-indirect photolysis. In order to further
understand the photochemical behavior of PPCPs and other pollutants under simulated sunlight and
UV irradiation, the reaction kinetics and transformation mechanisms of NO, -sensitized
photodegradation of typical phenolic organic contaminants in aquatic solutions were systematically
studied in this thesis. Results show that NO> -sensitized photolysis of 4-chloro-3,5-dimethylphenol
(PCMX) and chlorophenol (CP) followed pseudo-first-order kinetics, and the photolysis rate
constants increased nonlinearly with the increase of NO,~ concentration under UV3¢s5 irradiation.
Direct photolysis of bisphenol A (BPA), acetaminophen (ATP), salbutamol (SAL), and 2,4-
dihydroxydibenzophenone (BP1) in solutions occurred under UV2s4 irradiation, indicating that these
phenolic contaminants have high photochemical reactivity. The relative contributions of direct and
indirect photolysis were quantitatively analyzed by light screening factor calculation and radical
quenching experiments. The result shows that direct photolysis was the main pathway for ATP
photodegradation, while HOe and NO," were the main reactive species contributing to
photosensitization of the other five phenolic contaminants. According to the kinetic model, the
second-order rate constants between PCMX, CP, BPA, SAL, BP1 and NO;' were determined to be
2.74 x 104 6.94 x 104, 2.25 x 10%, 1.35 x 10%, and 2.44 x 10* M"! s*!, respectively. High-resolution
mass spectrometry (HR-MS) analyses showed that NO; -sensitized photolysis of phenolic
contaminants produced a series of intermediate products, including hydroxylated, nitrated,
nitrosated, dimerized, and alkyl chain cleaving derivatives. On the basis of identified products, the
underlying molecular mechanisms and transformation pathways for NO, -sensitized photolysis of
phenolic organic contaminants were elucidated. Experiments with isotopically labelled nitrite
('SNO;") showed that the nitro- and nitroso-substituents of intermediate products were derived from
NO; -N. Reaction conditions, such as dissolved oxygen and HOe scavenger, could significantly
affect the formation of 4-chloro-3,5-dimethyl-2-nitrophenol (nitrated PCMX). Natural organic

matter (NOM), as a photosensitizer as well as light screening and radical quenching agents, played



a complex role in the direct and NO, -sensitized photolysis of phenolic contaminants. Wastewater
components, such as nitrate (NO3”) and organic matter (EfOM), could promote the photolysis of
BPA, SAL and BP1 in wastewater matrix. These results deepened our understanding of the
photochemical behavior of phenolic contaminants in sunlit natural waters and UV-irradiated

wastewaters.

KEY WORDS: Phenolic contaminants; PPCPs; Nitrite; Sensitized photolysis;
Nitrated byproduct
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HEZG . BEZaZh . EER ISR, AR i . BeR . AR
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FHAKAEE (WWTPs) J& BB 75 Y s, & PPCPs &G HLi5 )
L4237 FT. Behera 5 NS5 52 T [E 1L 5 A~ WWTPs HoitE R, Iz 20
Fh PPCPs I3 AifE I, IR E] 17 Ff PPCPs (IA7AE, Hb st MR LB (ATP).
B 35 9% SR FIAA ] B R AE TS K PR FERris 10 pg L' BLE. &3d /KA T R S ab 78
12 h J5, PUAEZRmEE FeEE . Pim Ik 259 B 500 /R A BTN 259 K 5 75~ 1
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JRiig, RLH 33 B PhACs FREAY), FESRAPIAR. BEIRAVAE S AR Y
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Adeleye ZEUOIE BRI (4538 1 R G 43 M 1 PPCPs 7 HH 745 Ht WWTPs 1K SR 7K 35k
HIAAAERIT . 45 R, BRI PrAERRNaA (FEZ2ER) &R
JEAKH & s 2 (1 PPCPs, FH & J A B 5 iR /K o (R 493 AR e R[] i 245 47)
W WIFRIERN, EN{E KH#4> PPCPs fE4L 4 WWTP ] — 2t db#id i b g
BEE LR, HMBEAII TR, AF G5 KT HERZ I 20 2 7K
PPCPs. Khasawneh 1 Palaniandy?” 24t 5 25 | M 2010 | 2020 LI BRI
JEEELIRE X IRTT WWTPs F1 25475 Qe pM oHiE, FEHIRF T ATP. 28



AL IR R B PP A 43 M DL 25T G A AE AT L BR GO . S X 3
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REVEF, FHERBAR 15%, RUREE QA Kb IS IER R 5 24
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56581, AL TR P AR B R 25% - T5%BEMEsh i ilie, HAeHiE R
BEARAL A P s AR TP (0 7 08 i 28 (8 A0 JRHE AR 4T, TRk, FFBOK I K
FRIHA = RG] T EPUAE AL TR I AN AT K I PTRRA AR A AR W oK 2k
BRI O JuA R B “MBEFAMNE” RS, BIEERE+ LUR
BACPAAAE, I ESIEPUERMZAE (ARB) M4 R 2 2EE (ARG)
(621, BERAI L AR 2R N RS AR R 7 v 1), dkiE, $iA-F % PPCPs
XIRE SRR 2 E i, AR m A K AR R B AR TR O,
S EUAE P Th e B RS AN G e IS, i dn, BT S 25 RUESF R T i i £ S
A SO PR f SR KL B OB RR, ISR R IR IR 25
R OOUNCRT 5 B0k 1 e AL Ak, TEAEIR N RS R e v &
PIEEE N NAR, N sgma AR RS, RTINS W RS FHR IR RABFEL
16 ) LR B 7 S50 6469,

] P Ah 2 28 e 5 o RS VA 25 2230 555 PPCPs IV #E S F57% .  Sengar 55



O BT XU B (RQD 7 % B FEAN R K AR b BE R PR . oK A
KD H 98 Filt PPCPs HEAT I 25 MU VAL, AUHE AR RS (X, /K& FIEER
A N RS FIPLRE D 2 20 (AMR) B o FFiR A,
5 BN K I A I B 6 47% ) PPCPs o 7K A8 A2 W R0\ A fit J3E ] B8 A7 76 XU
(RQ > 1), BEAE AMR EFEXK . EHRAKFRNEL 81%MFiAE KA
AMR GEFERK . 49 FZgWhE 11 Fhal it AR 275 G i 2 7K e A4
{8 RGOS o 78 B R o) N SR RR B XU B i (1-2 5 AF W8 B RQ = 1185).
HeXREsEasE 7 #FoExR GFHYE. S50 E. nhiigR. Kisw
B, WRWDE. B EMZHWE) e 3 MY R, FEELE 2 A
FBIANR ) Li 25004 7 IR 12 26003 b B e AR 28 KUK ) PPCPs,
ELFGRE R . BERG FAREM, AR, PUBRMEWES. SREH, Bk
P S AR T BT A Y5 N VAT P 1t 22 K R U Hh 8 LA B i B K A E S KUKy s 4T
B FNTH R K B RIS . Wang VR gER b R T O R, +
BFE . VU DL SR s e 2 2 M AR B AE R AR S . B
TEMESIY) AR B2 AT AR (72 /NS, 48 /i)
KB 96 /NIRRT DIV Stk RitE. 45K, REHINHPiE =
HAEASTHM (1 <ECs <10mg LY U /KAEYEE (10 <ECso < 100 mg
LD. Hb, AR, L&ER. TR 8 250 828 LR R Y 55K
AV RN, SYEEUEIRE — BN ppm K-F. 18 PEREVEIN 2RI
PiAEZ= A ARGs AR BAMERE, AR FE oAk 25 T 52 K AL AR )
A BHEEAEA, SECE BRI, i 45 KRR, FREK
DU E . AR ZAERY RiE B T %, REENNH. § &AM
JR £ IR AR AV ALTE 1, FEHI 55 S R i R a7 SRR g
BT SEE AT e S E (D Thagz il JiEREAY
ALEE RN BN, 5o A LI A 25 G R ST R i 18 20 b R v U7

PPCPs 7EFR I F (R — AT ng L'-pg L' K~F. Kk, PPCPs % ¥pIEAM
N e AR M BB AR, B RN H PPCPs & R 12 MR B 1
dbAk, fESRIS B, B A B E bR S A ROR B B S T AR A
KRR, HULE RN AaT RIS S SN R E R . RIE,
KR EE K. ANFEZREL PPCPs T 1 72 A2 i A A fg B i 850 % A A A58 AU
TIAT BAR -

1.2 PPCPs fE7K IME R AT #2451k

PPCPs (L3RI ()M oAb AR AR AL AR E AL Clnie Bt s Ot
B Py K,



W B 2 sZ K IR R PPCPs 1T AL B A28, WL B e 75 A WA
AR E, WEEGERGN TR R (g iz U ) A R e D -
PPCPs )W Bt 78 3 mT DAIE b L 455 i 7K M AR B 28 30078 P 10 25 e BRAL 2 5084 T VT
B8, SEEE-K L R E (Kow BUE Dow) A H T BVE WAL G P I BT 7KE
logKow > 4 8% logDow > 3 [1] PPCPs 113 5 T W B /EVTARYI A, 1T logKow < 2.5 8%
logDow < 1 ) PPCPs W[t /38255, S5 54748 T /KA S 61, i, BABK
(1) PPCPs (logKow > 3), WIZLEE R WKEEME, SHOKEH . By rdk. =& RIYEM
=&, FAESTARERY . XA YR A7 Ti5 KA HE T K758
s E A E A, WKIE KT 1000ng g CFEIF) U681, Ak, pH. EEES
DA K 4TS5 M 0] 520 PPCPs TEUTARY) SR TH I BT N . 7EFREE pH EH 6-8 1
TEOLN, DABHE PP FIEASAEEN PPCPs, WIS METAEY . DUIRER. #RaT
Pk -2 A4 B 7RI AN DR PR Y BB 2R 55, 0 1) T30 5 7 FRUAH LA FH 5 200 B E 3T
B, UM EE (ness. tER. KEREHURRD mE, 595
KPR B AEE R Mg?t. Ca?". Cu®"& & B T Efa e % &
W 2 52 AT T R R B v R0

VIR f#SE PPCPs TE/KIAEE ALY 7 — Sk HERE . WWTPs [ -4kt
HITEEERETAYERE (AIFEMRE RS % PPCPs & Ma YR
AN, PETLHERY R EEFBE. /£ b d, PPCPs FIAEY)Rff 1 28
TS ET BR AR AN AR P AL A AR B B BRAR R TR IS TS Ve R A D)
WA HUNE R RE R B IR CEKEYD) AE e 41 i A K 75 Sl 28 B AL IR %
7o FEAR A ol AR PR AR AR A B s — B rT R AL S WKk B A PPCPs.
PPCPs [ZEDIEfR 2 — AT n it f8, KAy R 2 £/ EAEYRE, iR
fE. pH. PPCPs ML AL S S50 . 5 K02 B ab R 46 4F Clnis Jeds B
IIA] (SRT) MK FpfE R (HRT)). A KJEY (k. BREg ks HLais)
(RIAFAE LA J 2 55 A W P A R A 2 ) A A L 6 81831 i3 b R] 3R T 52 i A4 ) e fee P B
168 T SR ) /B A 0 £ A R SR AR AT o B A P R AR 3

TAE RIS PEAI A FRNLRE 2 IR AT SRT Sum w358, /i A st ikia & A4k
B AT AEAGIR N A, T A B AE 4 42 25 °C HOIR BE VO N A 2 iE BR AR
KBS, —SBRFEROE, Fe WWTPs [ 2 T 206 AR IE ) L fR R 5 SRT
FHOCIOSSI, 24 SRT > 40 RIN, MEFFERIEBRZFIGIN T 40%™1. SR, 0
SRT JEANBEFEUT A PPCPs M EFRESR . FlU, WK SRT A% A I B 3%
FABRME S T XA, VT (E SRT < 20 Kif[1)L k%
HHXT B 1900,

PPCPs AW B g P A0 25 BR AR IR T e AT 25 M A B Re [l B an B 5



il SN VLR T 07 s A O 0 2 3l O L B BRI 0 B IR B A R R 5
KAEEDEEMED FEE RS D Tah A R T, SHER
AL, AT ARV R L R TV WS IR 73 1 45 48 R S
ARIEALILAE AL BRI R BoAT 5 A DS

WEVI R RSN PPCPs S5H WL AT WAV A 2L 2K o Tran 4601
8 B IR A YA A VA LTS G b R DU SACEHE P, i S IR A Pid
LA s AL HEAT AL . 57 9% TR £ 2 PR R AT LA I A P e At o 4
FHHEZAEM, ML E TR EA R AT PG G R A ke s S
Rl 1 a2 18 L VIR R I &0 -

1.3 PPCPs TE7KIFME R AU S S PERE

JefERK I PPCPs ARV A BRItz —. A RN A TEE%
e AN s A A7 AP 2 BRI B OR B T M e R T AR
WAL S RE URER I —#r,  FATEORL R A%, ) F A 3R B i A IR
Vi (1 FL I ANBES AN AR « S (IR 55 G 5 3 70 1 v o 177 AR AR AR »
MR AEA EREGEN, tTREEMN IR R 07, T RAERKIE.
Y5 BRI T I 15 AN S BH R R 1 B B 2 B G RAS U AE ) — > BT
o [HHRICHRE IR S BN P A R YE BT (Ao = SIS AIE T S ot
(ROS)) RAM THAL . . ReRHH o B N M e > >, B %
JGRART TR G35 AT 52 PPCPs £E /K 5 b (R AL AT U

1.3.1 ERERR

—EIE, EW S RO TRERE S, T PUE T I H AR B 1
BAIRENBESURIT B A M BE B IRBI e, RS ST SRR M HIb
SWEVEYIRE, BAMES S A FRE T, 0 TEmARERE, YRR
Ko SR LU — R BB R A R RE B LUR AT (B #ER) Bk
WA (IRhse . WAL BT AREHGE, I R BIARE RSP, ST A
N CefeZEd i), BRI Otr-). 1R%Z PPCPs fERHEESE
RGN T AT R RO RN, b, 7B 2
AT ZRACEEDT, i, ATP 4E UVoss SIS NI & 470N Photo-Fries H
HEBR, o7 ai B A B v S A, 7 AR RO BEAE Bl Ry AR AR A
PRI B, AR 1- Q-FIE-5-F R IR I ) AFAPC. 5 A2k id JE
BP4 (2-F25k-4-F AL “OR W R-5-R ) BBy O-H #5244 AH M
FRIBR S R R A EL OGP,

YOJsi i) o 5 45K 5 HBOLRE A1 S DI <, A2 A LAY BB L 2



AT HIWEFE T JLFH PPCPs £E/KIEW P DG P, &5 R K I BB A
ATP [T 533 SAER, ATP 254 (2R My kGl A0 43 B 7 (1) e 52 (4] &)
TERILYEEE ), IR 5 K A B HOCAE RN, . BP1 70 T4t i & Z K R &
O, HIRMRIBRIEDS 5= AL PaRn:, MG smotae /1. T &EE (SAL)
2 g5 R A R A A B A S SRR, BRI BRI AT ATP
BP1P#1, Toele ZEPNRAIFL T 1,4-FNLRE R IME 259 B e~ (BAR)
ENTAE RIS TR R . 45 R0, %25 nl i B A0 BORE B it
WERTAY) . SR HEOUMIS ARG, BAR B& T OLIE Nl &
B RIDCREMRERE, Bl 1,4-ntee BB M RS IEAT AR Y IIE TR
IS 4E R N-Jii 381k

PPCPs HI B A it FE 2 W pH. WAL SR R %, —uk
B E A WAL AT B R AE I s 746, M 1R, S8R
ST A B, I RN e Ak 2 FR 100 1011 Wan ZEUO2RR R B, RS
FRR TR S FL s AT A = EE R AR B pH M 6.0 031 9.0 [A) K 7 [7)
¥zl (%) 45 nm. HT KT HEE Z [AAEER p-n JLHE, AR
FRBE B2 oy RAELLRE,  ZLAB 3 0 e AR 2 22 2% R R MR WA 1% TS ADLBH 't - [
e E S . BhAl, pKo (EAN 5.3-6.9 B33 2 F R IS 78 /K o DA 2hBH 28
TIEAFAE, B RPBEEF AT E M, AR 3 = A 2 528 B R e A AR
PRI EHEOCREE . Norvill FEUCURILVUIA R BEHOGARIN LR pH 14 KM
B3N, & pH AP REE I R U R B TS (H pKe=7.8) I 5mHO
fie s, (AEAR PG LA 2, A Arit— BT . Dodson SRS [
SAL fEANE] pH ZZ il AT A, S5 R B4 SAL /& RIRKH
UL pH 2 PRI FERE. EpHERT 11K, ERFUEEEESHAL, HE
pH {HET 10 B, PITEEF (46.9%) s+ (202%) AT EEE. b
EIIR pH RGN, 229U S R A # . ERMESAT T, SAL
PG g . 2B RRDEESE (E17%) 2R UIEER 10 .

1.3.2 [B)3E AR

—& PPCPs M ERICAE R BAETEIRSS, /KB R el e %
o AR EDCEGR, IR /AR EE (NOs/NO2 D). Fe?'/Fe™'. KEiE
fEVEA L (CDOM) S8R FAEOCIT, WA 2 Fid MR AN A LS e
FAETMFOGHHD> 191 . 24 PPCPs KA ELHOGCHIR 55 A e, B BSUL R S i (A]
FOCARRE A FAE R AR e A AT R 1) 2 5 (0297 106,

NO3/NOy & K Fp 353 P S ZL G, DM A TEPEE Y (RNS) A
HO- A S AN A AR . GesE NIIHHF | NOy 5 2,4- etk — K HIH



(BP1) BHFIFE KIS R e 224T . 45 3R o BP1 el R 5 NOs ik

RIEAMR. BP1 WOGMEEW REZRE. WA, R AL DR 510 %
1% Scholes SN AGRES) 1% Fe A=) A B HLIE DL 3l ) 2 AL 45 5 T
RNIRDT T NOo Ml FRRE ML AL 22 3 A R R, 45 SR 3BH HO-F1 NOy!
J2 3 U i R R R B MR EEE YR, RS BUT IR AR AL
FAAEA . WANEARZ HEHEWIT T NOs KK IR b Hg — 188 PPCPs [A1 356 fi#
sz, ) an R AR =00 R vD MO Ji] F ik kU] R &2, gp3iil
B2 ZARBHFFIMAFT BPAISI, SR1T, 1XHeafiil s b AT AR LA B0 BB 2%
B[R AL AT S AL =4, 25| S A2 1 FELAL

DOM IR SEX RARE#H THEKIR ST+ PPCPs )G [ f# B A B ZAf FUe
7, DOM fENIGEG], =R Z et 2 RiIEE Y EfA (PPRIs) [ E ZERHTIKY) .
DOM fEJGIR &AM Fal P =ik & CDOM™). HLRHE ('0) Al HO%53%
YEBES YN, PIEREE LS Bk A GRS 1), ReE GRS . BT B EL
BHERPZ DOM B GEA NG FPit EZHLHIN2ON, BHFiRE, SEHY
(153 FEE R R AR IR s A (b AL e AL i, W5 DOM™i#id
RE AR KA MR N, (0 B-Z k) U201220 i B 45 s T i RE IR L
V) (ZE MR RA Y 5 TEadMmEME FEBES SDOM K 4L kM

(Type 1 Jx). H *DOM™ 4 BERAL LA RALE ST 'O Uik TIRZ EH T
ALY CInBRlE. PRI, M. B3 MIEEEME (Type I Jepi) 1231241, 14
SEODRGE T NOM I =EHAS CNOM™) SHKIEW T ATP etk 2240 B
HEVEM, 1M 'O F1 HO- TRk v LAZBEATH, —MiAH, NOM /it S A il
T e A (R4 ' AR BT T8 H - % B R B A By AL E R, B S
R SR B2 N R T R AR S PR )

ANFRIR ] DOM XA LGS B4 B 6B A B A AN [F) B s B v e 121270,
Wang SR 58 1 AT IR K AR 7K 52 L) DOM X BP1 G FEMEISZM, R I
¥R RIE ) DOM E @ SDOM™MEiE BP1 KIJ6FEM#; Mk ACKIEK DOM F
LA *DOM™, 02 fl HO-{R#EH LA . W FiRI, W/KRIER *DOM & H
B PUEEA R A, 6T BPL BN IEVE R Ry, AITIXT BP1 B REAR R I H 4%
EGEALRE J1. AL, HEKIRFEIX DOM LK DOM e dk i s A
R 7 TR I B = OB M, X2 T KIRFEIX DOM REAE LA
RS EE R *DOM 17,

UbAh, DOM 1B NI BE AN KGR, AT I8 5 G RSO G R T PR ) 41
HE AR B0, 7E UVies/NO2 YefbZid 2 H, NOM HIAFELEXT PCMX Al
CP WM AEMHIVE R, HAMHIME FH BEE NOM ¥R EE I 3g iy KU, g5 18



K, NOM 73 Fast it R o], anos 27, Aefemit 365 nm G118, M
M 7 RNS A1 HOHIA . BE4h, NOM 4> F45 ) R Pt S AL PERL A iy
B HA RGN A R . T SO R NOM A HE i v K3 o
[ RSN HRSSEE AT A AE . BRI, 7ERARECE N TORRREI/KIR S, NOM X
PPCPs P65 fR A E4AEH

WIRE A AL (COs™) & —Fh A BRERR L R T8, fEem g
NGB A /R EE (HCO;/CO5*) 5 HO-5 *DOM" R M A A, COs™ 3%
BT T EBILNS S TR EL, 2. KiK. COs™25 DOM 1)
HIEE, XARAN COs BT DOM 4> T4 h 2 e fe i, ST
AR R A O, BRR BT ERS (CT) M EAEF, B i B g2 A kK
FESTRE I R, FEORIBOERE K AR, Huang ZU2H0E, HCOs 17
ER R HE S NOs #itk BPA. MEZER. 17a-Z0RHE —FE. =& 4. NEIFHRI
Jeffid e, I ARSI A

MR E TR SR EES SHD, SikEREE T (Cl1) ANRE
T (Br) AU =@EWESHIPIAERKERN, FPAEKERHABE, SR
R RN, S KR GE R — e AR R et AT oA Ak,
Fe (IID) /E N AT PR 2 ARE T ROKE T, BAJCHE. Zhou 55 ANt
FRI, Fe'WAFAET] BER R B2 BRI /1] SAL WGLME %, F'aei S
SAL ZEATEBI\TAL G, %G WEA ARG A BUEEY) R HO-,
HET AL SAL.
1.4 NOy Y SRy [B)$ e i

1.4.1 NOy ROt Z7E M

AR T AR TR R R A A BN R, /R UV BUKBHGEE
Sy TS Y] R AR B ARAN B EGE . NO2 I NOs 2 FLE DRG], |
RAFET RBOKAEMR AT, HEARELIESS S AARARE T AT
R AV HIRA PRI, 4 AR B, NOs Refs B35 ik L PPCPs!
1361, RARKIAEL I NOL IR E— M EE NOs /N 2 NMES, SR NOy £E L AT
LB (200-400 nm) B A 5 S RO BEATE 17 28, XA H o — M s 4
PIPEBGR, AT 5 Gk A A AR TI0L, BRI R NOy 2 ZRUE T NOs-
AR IR Rt/ RAEACAPE D, 3B /D 5 R IR T AV WL 1 B g L1400,
R K H NOy —# v uM /KF, {H il TR RS R AL E R
WWTPs J& 7K FFA] BEAEAE R R R FE 1 NOo 141, NOY AN LB AR e, —
AME 205 nm &b (e = 5500 M em™), i nom*BRE =4 75 —4N M 270-280 nm



(1B IE{#H 2] UVA X35 365 nm (£=22.5M"em™) 4, H nor*ERiTr= 4040,
NO2 AN RIS N RAGH, NO'+ O BB N FET M, NO+e o
ﬁzﬂi%w—(gﬁﬁi[lﬂ, 143-145] .

NO; + hv - NO"+ O~ [®=0.025-0.065] (R1-1)
0"~ 4+ H,0 2 HO-+ HO™ [pK.=11.9]

[ki=1.7 <10 Ms!; k1 =12x10"M71s™ (R1-2)
NO; + hv - NO; + ez [®~0.001] (R1-3)

AR (R 1-D FRETFR (0 BT NOy A [ B AN S R,
TER P BAL @ = 0.065, TFEKBEBAL @ =0.025. H NOy L 4b-1] Il (UV-Vis)
WSO TE AT R, NOo E K U B B W' B BB 38 K 38 0 oae /s, T B B B U A
%, 1F 365 nm AbIA R KAH. Ik, 7E 280-290 nm 4k @ = 0.065, TMifE UVA X
1, (320-400 nm) JZ & KN 0.0250%0, tAh, NOy BE2 HO-MIE, &
HO-IIC, 78 UV RS R, HO43AIF1 NOy™ S NOo DAY #icss il (138 2 s b A=
i NO2 Fl HNO, [137: 1391,

NO; + HO* - NO, + HO~ [k=1.0x10""M"'s"] (R 1-4)
NO" + HO+ — HNO, [k=1.0 x10""M"'s"] (R 1-5)

IR RN R NO WA BAH LT NOY I E BN, AHlAE, X4 NOA
NOy'[FI I AAAE I AT {2 NOy F AN,

NO'+ NO, S N,0, [k=1.1 x10°M's"] (R 1-6)

N,0; + H,0 — 2NO; + 2H* [k=5.3%10?s"] (R 1-7)

BEAk, NO ] KA AR B, @it KB E A NO, FINOs ™, %It 72
BN & NOLE S R FE A MBI A (1) 3= B Ty 21460,

2NO;, = N,0, [ka=4.5 %10 MIs; k=69 x10%s (R 1-8)
N,0, + H,0 — NO3 + NO; + H" [k2=1.0 x10%s7}] (R 1-9)

NOs 1E N EERPUHGN, HAR R EM:, g RNS 1 EZRIE.
NO; JEAETT A B NO2' #1 O~ X FIE )0 B A7 7E T 7798 (solvent cage)
P, B G AT kR VA TS T R A 2 Bl AR SR

NO3 +hv = [NO, + 0" Jeage [®=0.01] (R 1-10)
[NO; + 0" Jeage = NO; + 0~ (R 1-11)
0~ + H* 2 Ho- [pK. (HO*) = 11.9] (R 1-12)

[NOj + 0" Jcage = NO3 (R 1-13)



[NO; + 0" ]cage = OONO™ (R 1-14)

OONO~ + H* 5 HOONO [pK. = 6.8] (R 1-15)
HOONO — NO3 (R 1-16)
HOONO — HO- + NO; (R 1-17)

KR RIEARE T 25 NO k. —J71H, O Al IE % 4k NO°,
EREIEEEY) ONOO:, #% 55— NO& 4K+ a4k ONOONO, BijE X
ZRAEMNOYs 73— T, 0225 R NOy YA NOY M ¢ g IR i FE 1,

e aq FIHE O iZRAE U A H BB T (027D, O 1[5 NOy R MAE K NOy A
H202. 0275 NO'S5 &4 s i A W RS IR £ (ONOO ), AT i NOL' I,
25 NOy [ Az i #2139 1471,

0, + NO* & ONOO- (R 1-18)
ONOO* + NO' <> ONOONO (R 1-19)
ONOONO — 2NO; (R 1-20)

0, + ez = 0, (R 1-21)

0,” + NO; + 2H* - NO, + H,0, [k=5x10°M's] (R 1-22)

0, +H* > HO,-  [pK.=48] (R 1-23)
HO,-4+0,” + H* > H,0,+ 0, [k=9.7 %10 M"'s"] (R 1-24)
2HO, - - H,0, + 0, [k=8.3%10° M 5] (R 1-25)

0, + NO" - ONOO™ (R 1-26)

ONOO~ + H* & HOONO [k=5=10°M"'s"] (R 1-27)

0, +NO, - 0,+NO; [k=1x10"M"s"] (R 1-28)

HO R FNAAAERAR HE NOL DGIEAE IS NO2HIAE K. AL, HO-¥#K
FIH 2 H NOYy 4. LA AR ((CH3).CHOH) M, & Jtilid s
AR (CH3)CHO, BEJES O S RGN B A S 0 H 3£ HOye, HO2 W 5
NO' % M A= % HOONO!!7: 1481,

(CH3),CHOH + HO* — (CH3),COH*+H,0  [k=19x10°M's'] (R 1-29)
(CH3),CHOH + 0, — (CH3),CO + HO, - (R 1-30)
NO" 4+ HO,* - HOONO [k=3.2%10°M's"] (R 1-31)

Ak, AFEFZER HOKF], 280 NOy -N A&, 75 &k
HO K, an2K iy i) S B0 0 I R U RS NO. JEHAb s NO [ EL 1
FBRZ°M 20%. 24(CH;3).CHOH {4 HO- ¥ KFI, NOs %N NO» e fi i) 32 2



JRRLF= AR,

R T, NOy AEAYEZ (HNO., pK, = 3-3.5) AL HNO, B

AR =g, RIS T ™= 4E HO-. NO'FI NO,1H421;
HNO, + hv —» NO" + HO- [ =0.35] (R 1-31)
HNO, + HO* — NO; + H,0 [k=2.6 X 10°M's"] (R 1-32)
HNO, s H* + NO; [pK. = 3.3] (R 1-33)
2 FRTR, NGRS N, NO2 /HNO, Yol vl 72 4 — RANE R, £
FAFEHO NOy'v NO%§., XEEMEYIFERHIAN, HABHEMAESEE
TR AN, AR A LR A Ak AT A a6 149, 1501 g5
PRI R HA AT IE I AR T 25, MR EHRED KEFH RN, M
AR CO2 A Ha0, EAHAG LA R AH AL S B AT 7= A A B0 . B AR N 1)
TEACFNE R AL E =it R ESCHERT T V238 T NOy 15 5 05 & A & W (1 e i
A Jg RELH43. 146, 149, 150, 1521531 N O, J& 3 A WA R AR B AL s B 1) 2 B A
3, 1%k AR 32 B I A D IR AT 1) i e, NOL I fh A S By 2K
SN A B HR, B4 NO Sy A i3t R A A SO A stk
FEAUS0 SN NOy 5 5 FH A B A BRI RBENE, THERAEMEHE T
REMAENY CGnZEm . KD U, NO SEyRM AR b &9 (HIZER . 4-
AW (4-CP)) RNEFHFEA 103-10* &=L, HHEHIMEYHI R PIEE
WL 12 M EN, X Scholes 55 A [ 5256 45 HEAH — 31108 132, 158.1601 - gy
W, MESTEMTAEBTERA, TEARR, WmAFRT NOy¥EH I

(98]

o

YFZ T HiE PPCPs 5 NO2 I HO* [FII) K A4 ) B 4RTM, PPCPs 5 NO»'Jx
PRI R 22RO TS HO B 0 2 4. Bl 4-CP A, 4-CP 5
NO2"FIl HO* 3R 5 500 38 1.1 x 10* D8IF1 7.6 x 107 M1 1161, X 3R B 4-CP
WAL YS HO M. SR, EIRIE, NO JGRES, NO»fEH R K b i Ra Sk
N 107 MUY, i HO» (ARSI @ H 72 10714 -1012 MUS2), Rk, NOyfil HO®
X PPCPs ZEI DTk A o] butk, AT [R5 850k A i A A 3640 s B

HTABFFEE W, NO2's HO-. NOAl ONOO /ONOOH %5i& M4 i AT LA it
UV S NOs/NOy 24, IX B85 14 R 446 Ty A LIS e K . KRA0UK
A R T e Al i B AR U7 197 154 fhilfn, Huang 55 A KL RNS
FE BRI R ER 2 M5 4 (CEC) EETTERYE, f BPA. MEEAA 170-
CJRME T, T HO* 22 P 2 A 99k i 1R 4] CEC I F ZoTkE, BHEAMIES .
R 5 PGS R R b EE3, Pang FEMTVR I, AERAAOGH RS, NOY/
HNO, fJ /- &/ Z R R AT, J+H pH. O Fl HO- ¥ K [ A77E i 3 52



FZ R AT NS . RN (R 1-18) ~ (R 1200 A[%1, —
[fi, OxFHT NOHIHHEFEA N, MLl NOyHIER: F—J7, Oy
T Oas /HO2 [ LB FT44, A2 ONOO/ONOOH 4 /. pH i 5
HO- [ & 7= 2k 1M 2 3 520 NO W et 5 id . MR /R =0 (R 1-1) F
(R 1-31) A&, HNO,E T /7% (0 =035 & T NOy (@ =0.025-0.065).

Ak, AN I IR B 25 NOs /NOy AL Yo iR I 2575 YW i 30K &
WERIE, MHIET UVass/NOs Fll UVies/NO3~, UVass/NO3 HE 5 A R0 B i fn] Fr iz
AU AT BT LW, £ UVA (365 nm) 45 FIRE NOy AR R ZE R E
HINAH A (PCMX/CP) FIYGIARCRI?), Zhou 28 NI FCER B, 7E UVies 6
M4, NO ITEFE ] A5 R P& f# BPA. REfmsng ., K75 572 CECs, JHi
R A AT RN, Xu S NKIL, fE 254 nm KAMEERST R, AR HR
“ g (DMP) R ROEM, ELE 300 F1 350 nm AN T OGRCER B E
P&f%. NOs/NOy [MAFTEA FIT DMP (PG, F4h, A LIS P&t &
FERE NOs /NOy B LM% . R, NO2 1E N HO- AN K 453
HAEH, T NOy Al DMP 2 [8] R AHX & & o AEALPRAIRHEE DMP I, NOs™
b NO B WA . SR, Hm AN & & A 8E0H NO % HO- [ KA
H, 8 NO2 A8 TG &t (2 i3 DMP YGRS, BRIk Y NOL ##4ERT, PPCPs )tk
AT NATRE LRGN, IIMTEEIE PPCPs FIBH J124 3R . JefdpLl & i1k
PN 5 A -
1.4.2 e FEIFEDHEE IR E

JERH AT H R TR A ML ARG 2% 72 A B AR R A R AR RS A AT AR A Y
i FEUSY, NO /NOs Mg #2 i = AR ) HO-FITEPEZA i (RNS, U1 NO>'-
NO'. ONOO7/ ONOOH %) W F/K A NTG R A ik, W
IR Lo X e gt 2 AT T B0 A DA SO A AT AR P i 2 m 07 HRdRIE, UV/—&
& (NHoCD T EH 4 HO FE &AW 5T o] A R %A PPCPs!'®), 28T,  Sun
HENFHFUKIL, £ UV/NHCLG 2 RE Y, Br 7 HO*Z #h RNS Wy 2875 444
(1) % fife 7R BT BB ool Wu 25 @i L FIRESE SR (EPRD il (W] H2F 5
T UVaso/NH2CLGAE 2T F2 71 RNS FIAELE, FHF AL RNS WFAT I8 55 FH 2838 A2 (1) [
fR A EETTER, IXE/EE BLEH: (1) pH=8.5K, 56.2% 1 8.9% i NH,Cl
I3 BIEEAL N NOy M NOs™; (2) pH =7.5 Itf, 44.4% F1 9.7% i) NHoCl 73 il #54k
NNOy FINOs; (3) fEpH=6.5F, 10.8% F138.2% ] NH2Cl 73 H#44k 9 NOy
A NO; U7, R HRAERPESM T, UV/NHCl A KK NOY FAELEI = B
B reg ., i, UVase/NHoCl L ZAE SRR AR LG Vb, BhAh, 4ff
H UV/HOCI 2B & 2R K, 7] 58 5 S50 b LLK RS AL 7= 0 (1 A 1l o



£ NO2 /NOs™ (16 4b 2% ) B it A% A m] 7= A B 22 B AR AE AR, EEEN
NOY'#l NO*. B, EM RS & BT AL, AR S BE
S U I 2 R R PR AN S TR M A A A R R A PR U OT  ER TR 2 R
RUSE ] R R IR QAL N, A S R PP DA AT B M P AT A, T fE
TN RSN Kk, et 20 2 o A sl i s JE AT A= 9 mT s il — Ik
WEEIG gy, GRS SERE AT, Flan, RETE UVass/NOs L EtfEH
SEATHER T =S4 F1 BPA, {HAR BCHIAE AL AR N T A B P 40 P
(1321, Brienza S5 N T R B, MWEHFMM R FEMERKAGMWEL T
UV2sa/NOs b3 5, B T IEAUAEZEBY4h, TS o FREMHLE] =4 BA 80E
(1 N-EASEAL &) (N-TERSRZ), IR AT RE S E0EE UV-C 3 5 IR K K A HLTS
G AL BRI B3 Nt Osl Ak, R PR | R E | RATRE R AR i R
(R A AN A4 7 4 5 BEAAAH LU AR B A B R B A 108 111 164 1691 - HL L i i 5
Ko, W=AEEE AR, 2,4-F0 2,6- RHEE R, AHESORAN 13- TRHEROR, CIESE
AN SEIRANY)IE SR AL EEPE . BEAl, AHAEZE . MR 3 A O R N S A
IESE R A EBESRA ., BUm B F F Y, o — S oS J LAY B A )
SRAEY A ST, s RN B AR KRR E TSR S . thah,
TS0 A WA DAk 1) B B2 il 70 S 38 R SC BE ', AT 532 M e 58 4D S A
SCPAFIASY, PR, I LR 1) IR G AT 4 B B R N AR SR T TR IR
5o

1.5HREXRAR

ARIRSCEH JUA AL 28 PPCPs A8 HARis 4, HE 4-3-3,5- R
My (PCMX). 2-"K%-4-52KEy (CP). ATP. SAL. BPI1, 73HIWF7EAIEKIE
T B AR DL AE NOy ARE N IBU G . 1X 28 H ARi5 e i B AL M ot
K 1-1 s, PCMX M CP & MM B4 m P 7, ATP A SAL 43 7l &5 LI
B TH 98 Je R I W Wi A0S R 25, BPL SR B WA A A gr . A,
BPA TERIGEER, W1 WWTPs /K H# Al 2], e N Hbris Gt gh
AEWFE A . XY ST HEAEF, @y, dot. BEEER
2 AN TEUR KA . BEFLRI, X8 PPCPs S HARU =4 n 5 AARFIKAE
A ER . R BUR KBS RS, B T2 LB AR IR
AR, HRCEDRIREAR RS RE T P AR IR B 1) NO2 . [RIk, JEAEY)
R, NO Bk g, T REE R K IR & A WL G i AL A& i B 207 .
SR H TG 5% NO2 5L e ffax JURN PPCPs RIBTF 78438 1 A Wi, ¥ it
22 I SR 3 F AL S SO AR I ANTE A o DRI, AR SO 9T A 25 32 B4

(1) WFFE UVses JEARST T PCMX F1 CP 1) NO Bk A Sh 115 . @il H



H LV K SEL6, BRHILE NO» Uik e/ PCMX Al CP i 2 b i BRI . K
F 5% 4 30 112 07158080 115 8 HO-Fl NO2' 435l 5 PCMX il CP [ B[] —
PR R R PN FEALRPRICEKIBE N . BRlkh, 7EARRE RN
MR, H &SRB (HPLC) XA BRI =) (nitro-PCMX) 4T
TR, VMG HASEMN., RABEEZER (SPE) 46 &5 #HiiE (HRMS)
Y5E T NOy A6l PCMX F CP WAL . AR BT %58 B P2 W) A0 i 46 L 1
FEFRS T W] NOy B /i PCMX A CP LB AR IR . H8 7K. R
REPLIEFR (NOM) %t PCMX Al CP UL R B §40 .

(2) W5t BPA. ATP. SAL A1 BP1 VUM 2i5 470 AHE UVass N B
BOLMAN A BLMR A FaE e o AR UV-Vis RIS i 3 AR 8 T AT AR BE ZR W
JCRBAE T F. P NO B ILE 4 B 2805 Gt 72 v A1 AR 1 1R
F s @I 5 NGB R T A B AR AN ) B e AR AR DTk . AR E R 2
RSB IIE HOF1 NOL'7E NOy B G 2 AR A, a8 A i 3 ) 2 A 2R
5E NO» 52575 YWt —JoE R H . %% NO B L w35 Yetid i vh A4k
FIYEF=H, FFIE B YCMNLEE . 2582 NOM AR KK i 6t BPA. ATP. SAL LA K
BP1 B JGARA NO, IR G AR BRI o

R 1-1 AR BAREY 25 R IR L F M R
Table 1-1 The physicochemical properties of phenolic compounds used in this study.

[ SEP ALY Iy T4 R NTRE pKa J&
OH

4-5-3,5-—H

HE CsHoCIO 156 9.76 BUEE A

(PCMX) Hy CH

Cl

OH
2R 4R s
A O O Ci3H1,CIO 218 9.81 PLIH
|

i
?/]Yf;}AA; Ho—@—|©—0H Ci5Hi602 228 10.29 S5
H
2B 7
XTZ(?Z*ET%;% G\QN)K CsHoNO> 151 9.86  fRMEBRZ
H
H

T R N e e
[
(SAL H >< Ci13H21NO; 239 9.07 Lﬂﬁigm’%
I
Hi

2,4- "3 Q OH
2R H ] /‘ ‘\ Ci3H1003 214 7.22 I HiFG 751)
(BP1) N Ao
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1 Waters A7 (Milford, MA, USA).

K P 7K R K AFE FE K R 56 NOL ik 6 PCMX A1 CP 152 . i Hb
KA B AR R 2T T35 A 7 9 AR R K AR A 3 R IR M R S e K
JR K& B 1 i — Mg KA FE S 40t bR AEAC BRI K . IR, P ROKEE
B22it 0.22 pm FLRBERR T 4E R 38 . KFER) TOC. Abssess BlJE. FHEZ L.
WAHEZEL . pH S ZH R 2-1 P

3 2-1 A SCUE PR R FE/K R E oK B TR 1L S 50

Table 2-1 Characteristics of wastewater and wetland water used in this work.

TOC BEE (LA 365 nm AR
KR . NOs™ (mg/L) NO2™ (mg/L) pH
(mg C/L) CaCOsit) JE (a3650m, cm")
Wastewater 10.5 17.5 ND (<0.016) ND (<0.016) 0.0362 6.78
Wetland
5.0 226 ND (<0.016) ND (<0.016) 0.0056 7.02
water
ND: Rt

212 KWHE
2.1.2.1 e ESL

R SEIGAE — LB Ve B % (PCXS50B Discover, HEIbE) ks,
ZN AR T EER ST 365 nm LG UV-LED 4] (5W). LED AT %34t
— MR b, IR OREEAN SRR S RS . SRR NEER A H
JE 1) b e AR . T I X R S OR R/ RE (PN A/pyr) #2611 e A 6
Y@ RN 1.406 x107 Einstein om? s, 23038 N #3E %% — AN R 25 K74 )
ARG UMRERHRELE 25°C. B 2-1 4 UVies WM 2 HIom = 1

- - -
Sample tap « - -

Magneton

LED3gs5 o lamp«

Ll

LED Blend Intervals Cooling  Power

2-1 UVses Fe Iz N 25 [R IR E]

Figure 2-1 Schematic diagram of the UV3¢s photoreactor.
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HO* 5 PCMX/CP ¥ i) — 28 R 0~ gt A7 5

In ([AA]¢/[AA]o)

KH0.A8 = {(ocBAL/ [PCBA)

kno-pcea (Eq. 2-1)

X, [AA] FI[AALo 7759 t F1 O B ZI I HTE FIKSE ;s [pCBA] M[pCBA]o
3N A O B ZIX SR BR IR L s knoe,an A1 kro-pcsa 23 A& HO* 55T 56 771 Al

PCBA N ) — 2 RH 5.
223 A&

2.2.3.1 HPLC-DAD 447

KM %&A L2130 B e L-2455 B A& FERRG IS (DAD) I H
37 L-2000 7 8808 3 AU 5 PCMX. CP. nitro-PCMX. pCBA 1 PNA [f]
WEE . K %4 Zorbax Eclipse Plus C18 14 (5.0 pm, 250 mm x 4.6 mm)
BEAT B0 0T . VBN BRI A (0.1%MIER1L/K) FMIBEBE B (0.1%HER AL
MeOH). #ii# N 1 mL min'. HPLC /3 #T BAKSH K 2-2. Il e &R T

% RUPRHERHE I 25 o

% 2-2 HPLC T th AL AL S YIR R A S

Table 2-2 Detailed HPLC analytical parameters for measuring compounds in this study.

o {EREIEE] AT K
WEY Y5 JL Bl AH LA
(min) (nm)
OH
4-5-3,5- " H 30% H0+ 70%
6.95 280
(PCMX) Hs CH; MeOH
|
OH
4-5(-3,5- -
2 30% H20+ 70%
TH IR RSy 8.49 280
H3 CH3 MeOH
(nitro-PCMX) .
OH
45 -2- "R Ry 20% H0+ 80%
6.49 280
(CP) MeOH
1
(0]
4-FORHR a 40% H20+ 60%
8.92 237
(pCBA) H MeOH
4T I N\ AP 50% HaO+ 50%
0 Ne 7.82 313
(PNA) 0 MeOH

2.2.3.2 LC-qTOF-MS/MS 74

PCMX A1 CP WDt 4% H HPLC

(Shimadzu, Kyoto, Japan) Fl Triple



S e\ AENO, QR (WO |

FHRIHL, AA BRI R (kype) PTLAH DL AR
kobs = kNOZ-’AA[NOZ Jss + k-OH, AA[HO Iss <Eq- 2-3)

PRI, HY NOo 2 AA FALTE R T AL (kyo,.) ATHITRAKAS: d
kno,- = kobs — Kno- = Kobs — kno-aa[HO “]ss (Eq. 2-4)

kno, = kno,.aa[NO2 “]ss (Eq. 2-5)

A kno oy HOXS AA ALK OTHR, knvozeaa N NO2'5 AA RN 2%
AT kno-aa N HO5 AA R “HHEZE T [HOls 7 HOHIFRA K
FE; INO2Tss N NO IR IR

FEAZ RN FE S, HO T H NOy DGMA R, FH4 NO2 AIHT I 1K,
HO- [ A il 26 1] B AT AR



d[HO'] _
it RN 10 = kro.n0; [NOZ] — ko, aa[AA] (Eq. 2-6)

TERRBLIRIGER B, NO2 Al AA IR 2 EE . RS, ik
d[HO*)/dt =0, N HO-iARF&WEE, v AT HE:

f
[HO . RNoz-Ho. (Eq. 2-7)

kuo.Noz [NO2]+kHo AA[AA]

A, kuownoz N HOe 5 NO2 ) —Z0E R EE: kno-,aa N HO 5HIH LY
i R E R [NOY TRI[AALS B NOs AT AA HIWRIE; Rio, oo /& NO2J
fif e A HO B2, o] LU I DA A A7 108,

R1{102—>H0~ = 2'3E8€NOECDNOE—>-OH [NOE] (Eq 2-8)

H B’ R ARG TR enoa- N NO2 £ 365 nm Ak () BE /R W il &
0 Prnos-on N NO2 AL HO &1 %

£ UVies JGBUK NOy 1 FEH, NOyFEZH HO5 NO M A NOHIE
B R R A L NaOs, NoOg B J5 KA KRS, B H A i NO, Al
NO; (M (R2-1) ~ (R2-3) )

NO; + HO- —» NO, + HO™  [kno-no2- = 1.0 x10%° M1s7Y] (R2-1)
2NO, < N,0, [ki=4.5x102 M1s?; k1 =6.9x10°s7] (R2-2)
N,0, + H,0 — NO3 + NO; + H*  [k2=1.0 x10%s7}] (R2-3)

PR IR R, NO2F NoOy 1A B 28 AT DA Ik yLe0l,

2] = kno.no; [HO J[NO3] + k_; [N;0,] — 2k [NO; 2 (Eq. 2-9)
204 = 2k, [NO3 2 — k_y [N;0,] — k5 [N;0,] (Eq.2-10)

AR FA SR, 24 d[N2O4)/dt =0 B, NoO4ik B Fa A .

[N,0,] = —1_[NO, -]? (Eq. 2-11)

k_q+k,

¥ (Eq.2-1D) AR (Eq.2-9), RHGSEAMER A1

kuo-noz (k—1+k3)[HO- NO3
[NO'z]ss=\/ HO-NOj ( 12+kz’3[ 1ss[NOZ 1) (Eq. 2-12)
112

2.1.5 IBigHE

TEAWFEH, KH Guassian 09 HAFQIATHEZ KB (DFT) 115H. 1E
B3LYP/6-311+G" (d,p) KF L, MLEMRISFEmstirtite, 5 s i
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2-3 PCMX #01 CP 7£ UV36s/NO, i3 F2 F S iR
Figure 2-3 Degradation profiles of PCMX and CP in the UV365/NO> process.

£ NOy B il CP ik FE it R AR R AR A E T . Wil 2-3 s, 24 NOs~
WM 2 EFHE] 100 pM B, CP I ZFRZFM 12.5% EF 21 86.2% . H kobs FH S HE
WhNT 20.9 % C(HP 0.13-2.61 x 1074 s7!, 2f-3EH 15.4-0.74 h). SZIHEERA,
NOy ¥R FEAE B IC AR PRI R R A2 v s B2 e USRI kobs 1EIFIR
AREE NO WG INT BC EL 38 0. P 2-4 BIRI,  kobs 5 NO2 ¥R EEZ [A] 2
LR R, TREH TIEER NOy K T HO- U9 1351, i F NO, 5 HO-/1%
N FONYTEEHIER (= 1.0 x 1010 M s, &K NOy A/ {E N HO=/Y = EL,

T BEAR HO» [ R A e g 144, 1811
3.0
OPCMX 2
25 | 5
ocCP
% 20 o
S s ¢ &
X
w
510 @)
= )
o5 | 8
5]
00 &

0 2IO 4I0 BIO BIO 1 (iJO
Nitrite Concentration (uM)
2-4 NEIREFMHT NO LM PCMX 1 CP HIRMEREH
SLIG KM 0-100 WM NO,~, 20 uM PCMX/CP, | mM REEE R4 4% (pH 7.0)
Figure 2-4 The kobs of NO2™ sensitized photolysis PCMX and CP under different concentrations
NO» 7K IETRAE S AN G AR IR w7 A — R B E e L=, B NO; 8,
VLSRR, 7E UVaes 5 T, 12.2%0 NO2~ (101.8 pM) 7EX6f# 2 h 5 %4k



100 &~~~ @ =auuuo

§ 80 —O— Nitrite(UV365/nitrite with
PCMX)

60 —&— Nitrate(UV365/nitrite with
PCMX)

==0-- Nitrite(UV365/nitrite)
40 r

-=-A-- Nitrate(UV365/nitrite)

Concentration (u

0 0.5 1 1.5 2

Irradiation time (h)

H A kno-ipons kno-No2- 1 kno-aa 77 A58 HO« 5 i-PrOH. NO» T B 259 s N Y
YRR [i-PrOH]. [NO21FI[AA]Z} 7y i-PrOH. NO» AN i 5 A 4] 46
W . A kno-iprons  kno-No2- A1 kno-aa FHME 7 72 1.9% 10%,  1.0x 10'°F1 6.9 x
10° M s7! (PCMX), [i-PrOH]. [NO2] 1 [AAJFIKEE 53512 10 mM. 100 uM
A1 20 pMo TR ARG HOHIP K ELBI R LT/ 96%. HIT7E UVies/NO2
R NOY FERYE T HO 5 NO2 I N, HO K2 FENO 1) T P

WRIEAK (Eq.2-7) 1 (Eq.2-12) THEE KGR NO T s/, 4550
% 2-3.




7 2-3 FIRGRFT HOF1 NO, STHREY 72T

Table 2-3 Effects of scavengers on the concentrations of HO* and NO;".

HO» NO»
K
PCMX CP PCMX CcP
i-PrOH 96%¢ 96% 80% 80%
TBA 84% 84% 60% 60%

HE 2-6 AT%1, 10 mM [#) i-PrOH [AA7EFEL PCMX HI CP 1] kobs {H 73 71 P
KT 82.7%H1 84.7%. 7£ 10 mM ] TBA FEAEMIZA: R, PCMX F1 CP ) kovs 18
SRR T 69.1%F1 66.7%. i-PrOH A% T TBA FIHIHI/ER #Hig, X585
HO- (1) [ B2 —E, 3k 2-3 Fzh J1#ih E A R vl A1, 10 mM i-PrOH
/TBA T K 96%/84% HOe, [H3fH15 NOFEIL T 80%/60%. Kk, FikzhH
F U] HOF1 NO2'7E NO» ik 6fiE PCMX Al CP MR i EEE, X5
HRMS % 52 B 5% A S AL AR A = A — 30

40 —
ONitrite
= @ Nitrite+TBA
3.0
o @ Nitrite+i-PrOH
0 ~=
< 20
e
Xﬂ)
£ 10 I
5 &
Q

2-6 FEIRFIXT NO, B F PCMX/CP HIF2M
LS & 20 uM PCMX/CP, 100 uyM NO,~, 10 mM TBA/i-PrOH, 1 mM BER4E % pH 7.0

Figure 2-6 Effects of alcoholic radical scavengers on the NO, -sensitized photolysis of PCMX/CP.
223 ZRIREEY

H & 2-7 7150, R EF3) /15 71E05E T HO=5 PCMX/CP Je B ) — 41k
FHEHY NN 2.74 x 10°F1 6.94 x 109 M s o IXANEAE FEIT /K 3 Hleds ) A R
(7.9 x10° M s7D), FRWIFREEIF HO A B 1) SR SIEPE . 721 5 KA
TEMIZAE T, AW AIRCMIE A E 2B HMH], Bla1, PCMX 1 kops B K 1)
3.18 x 107 [EAKE] 0.55 x 10*s7!, EBRFEH 92.64%[FLH] 2.49%. X 1] HE& KA
ANREE R K e sy, (il NOs, N,Os, ONOO/ONOOH %) 77
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TR (WK 2-5 F102-7) o BRI — PR B HO., NO', NOy' &
53] NOy #ib i PCMX F1 CP i f Fh 1071,

WTEHIBEE, NO2 1E UVses Sa50F T O™ 4 1] HORJ 73 PCMX #2514k .
HRMS % &3] 7L PCMX (P-1) SRR, RIS KA
PCMX 7 TR B, RIS AR LS8 . iRYE HRMS $& L1815

(K 2-8), AIE—PESAEAFNL B R AE PCMX 20 B . HE 2-8 (a) A
W, ES:EK 28Da (-CO) MARIHF m/z79.0595, XAlfeRHBREKE TR
BAbo AL, AR 2-4 PR RWE, RPEHRIIAL S (CF Co) BRAEE ST
FED? homo + FED? Lomo 1, FKUIBYRIEANAL 2 HO-E HIEAR . ELAR FHEHUAR
iR (Ci AT Cs) B FED?*nomo + FED*Lomo fE AR /&7, 1EA A2 [a] 47 FH BHAS HO-
FEIT T T BOX L7 B A KT RE R A R AL S BSS), HOAE 2% 75 38 N s ml A&
BORRE O 3 (HCHD) HHE, SRE&d 0, Mg LR SR E | bk

(HO2*) HIHERR, mALEMIZEMY) (K 2-9 Scheme 1) U8, i 8k 4&
$IeAk, HON Gt Hrh— AR, iz Ry e RAEMERN, S8R
—ANDUBCAHOR E B, BISIE AR, FIREHES B4 HOfHA M
i AR R AL =4 (Ph-CH,-OH) (18] 2-9 Scheme 2 ) U8, ¥E4RiE, HOe Bk
B S BE AR A SR B T S B AR T I R RO A, AR 2-4 WA,
FRIEAE (CF Cy) BARIKM FED*tomo + FED? LomofE (0.0026 #10.0021),
RN R AR T REAMN . RASERIE b BIHIUE 52 A0 T 38 I o5 25 2R 1)
B2, WINAR T HRORAE RN RN .. Bk, HO- MES St F 8
BHEAL (P-2) FI=F323A4L (P-3) =M.

Spectrum from 2.wiff (sample 1) - Sample002, Experiment 3, -TOF MS5~2 (50 - 800) from 6.540 min (a)
Precursor: 171.0 Da CE=-30
100%

o
80% OH
60% 107.0546 135.0456
-Cl (36]
40% Hy CHy (36)
I -CO(28)
s,

20%
O (28)

% Intensity (of 6539.0)

0%

60 70 80 90 100 110 120 130 140 150 160 170
Mass'Charge, Da

Spectrum from 2.wiff (sample 1) - Sample002, Experiment 2, -TOF MS*2 (50 - 800) from 5.205 min

Precursor: 171.0 Da CE=-30 (b)
100%

1320503

80% OH

60%
0% HiC CH,0H 1070554 -C1(36) 1710284
20% €0 (28)

0%1

% lntensity (of 8853.0)

" I "
60 70 80 90 100 110 120 13 140 1530 160 170
Mass/Charge, Da

2-8 PCMX BREEN YR HE] 5 FERRIEREHER

Figure 2-8 Fragmentation patterns of the isomers of the monohydroxylated products of PCMX.
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Figure 2-9 Detailed mechanisms accounting for the formation of hydroxylated and nitrated

byproducts in NO, -sensitized photolysis of PCMX.
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Figure 2-11 Transformation pathways for the NO -sensitized photolysis of PCMX
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Table 2-5 Mass spectrum data and proposed molecular structures for the intermediate products

generated in NO>" sensitized photolysis of PCMX.
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OH
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L cl JoH
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_ o _
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L cl T2l
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Figure 2-12 Isotopically labelled '"N-NO,~ experiment reveals the formation of nitrated CP.



% 2-6 CP P TP R R FHIRILE TERE

B 4 B

1C 0.0805 0.2592

2C 0.0829 0.3565

3C 0.2103 0.1231

4C 0.0238 0.1867

y? 5C 0.1160 0.3160

9 ‘ g 6C 0.1640 0.0860

? - ) '; 7C 0.0057 0.0080

: ,'J J.’ 8Cl1 0.2128 0.1083

& &g 9 “ 90 02111 0.1067
9 9
10C 0.0003 0.0135
J e 0.0011 0.0253
12¢C 0.0005 0.0164
13C 0.0000 0.0005
14C 0.0005 0.0164
15C 0.0011 0.0253
OH OH OH OH
— —_— —_—
| I OH | 2(OH) I 3(OH)
P c-1 c-2 c3
luoz- \Noz' chn2 \NQQ'
OH OH CH OH
NO, NOj NOy NO,
RGN SRR NSRORENGRS
—_—
I I oH I 2(0H) ! 3(0H)
c-4 c5 c-6 c-7

2-13 CP 7£ NO, LRI PRV IR R
Figure 2-13 Transformation pathways for the NO; -sensitized photolysis of CP.
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Table 2-7 Mass spectrum data and proposed molecular structures for the intermediate products

generated in NO;™ sensitized photolysis of CP.

O FLi8 K 4 T
tps KT~ SEHHS T g appm ATR e
(time)  JFi ik [M-HJ _ PP -
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OH
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|
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OH
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