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Text S1. Analysis of nitrobenzene by GC-MS

The nitrobenzene (NB) samples (10 mL) were pretreated with liquid-liquid extraction procedure by
hexane (1 mL). Analysis of NB was carried out on a gas chromatography (GC) system coupled with a mass
spectrometer (MS) using electron ionization (Shimadzu, QP2010 Ultra). The column used was an
SH-Rxi-5Sil MS capillary column (30 m x 0.25 mm X 0.25 pm, Shimadzu). The sample injection volume
was 1.0 pL. The carrier gas was Helium at a flow rate of 1.2 mL min ', and the injector temperature was
250 °C. The GC temperature program consisted of an initial temperature of 45 °C for 0.5 min, followed by
ramping to 150 °C at 20 °C min™, then ramping to 300 °C at 40 °C min" and holding for 1 min. The ion
source temperature of 230 °C and a GC-MS transfer line temperature of 280 °C were used. The MS detector
voltage was set at 0.9 kV. Ions at 77, 123 and 51 a.m.u. were monitored in the SIM mode, and 77 a.m.u was

used to quantify NB.
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Text S2. Determination of the second-order rate constants between HO" and PPCPs

The second-order rate constants for the reaction of HO™ with PPCPs were determined by competition
kinetics using ibuprofen as a reference compound (R), which reacts with HO" at a second-order rate constant
of 7.2 x 10° M"' s™\. The UV/H,0, process was used to produce HO" at the H,O, dosage of 10 uM and pH 7.
The reaction solution was spiked with the mixture of 1 ug L™ PPCPs. The second-order rate constants of the

PPCPs with HO" were calculated from eq S1.

[PPCP] _ kpo.pPCP [Ibuprofen]
[PPCP]o Ky« 1buprofen [Ibuprofen]o

In

(S1)
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Text S3. Degradation of caffeine, carbamazepine and gemfibrozil in a CO3” system

The degradation of caffeine, carbamazepine and gemfibrozil by CO;~ was evaluated. To generate CO;", the
UV/H,0, process was carried out at 50 uM H,0, dosage and pH 8.4. The reaction solution was spiked with
100 mM sodium bicarbonate to scavenge the HO", and yield CO;". The reference compounds (R) of CIO’
and selected PPCPs were simultaneously spiked into the system at concentrations of 5 uM. The irradiation
time was 10 min. All samples were collected at regular intervals, and then HPLC was used for the analysis

of PPCPs and reference compounds.
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Figure S1. Photolysis of dilute H,O, under UV irradiation at 254 nm. Conditions: average UV fluence rate =

0.78 mW cm™?, [H,0,]o = 200 pM, 25 °C.
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Figure S2. The degradation kinetics of NB in the UV/chlorine process (a) at pH 6, 7, 8; (b) with or without
the presence of 1 mg/LL NOM at pH 7; (¢) with or without the presence of 1 mM bicarbonate at pH 7.
Conditions: [PPCP]p = 1 pg L, [NB], = 20 nM, [chlorine], = 10 uM, [NOM]p = 1 mg L, average UV

fluence rate = 0.78 mW cm™.

S8



0
Dimetridazole
-0.5 -
5 -1
-
g -1.5 -
)
c -2 A
—
-2.5 T T
-3 -2 -1
I'n(C/CO)Ibuprofen
0
Ornidazole
-0.5 -
S
£ 1
UO
S~
€15
c
—
'2 T T
-3 -2 -1
|'ﬂ(c/co)lbuprofen
0
Ronidazole
-0.5 -
&
£ -1
o
(S)
S~
g .15 -
s
'2 T T
- -2 -
I'n(C/CO)Ibuprofen
-0.5 1 Venlafaxine
_: -15 -
S
S~
€25
s
_3.5 1 1
3 -2 -1
Ln(c/co)ibuprofen
0
Flumequine
o -1
5}
Q-2
[ =
—
_3 I 1

- -1
Ln (C/Co) ibuprofen

Ln (C/CO)PPCP

Ln (C/Cn)wcp

1 1 1
N o
(€ I N RY, BTN N )

Tinidazole

I'n(c/co)lbuprofen

Metronidazole

T T

-2 -1
I'n(c/co)ll':uprx:ofen

Primidone

T T

-2 -1
Ln(C/co)ibuprofen

Nalidixic acid

-2 -1
Ln(c/co)ibuprofen

Atenolol

-3 -2 -1 0

I.n (c/co)ihuprofen

S9



O N Bk o
1

Ln (C/Co)ppcv

1
N

Ln’_(‘C/Ca)ppcp S
O N T

1
N

1 1 1
w N = o

Ln (C/Ca)ppcp

1
I

Ln (C/CO)PPCP

o o
(62 NG, ]

SbLn f\.c)/c::.)'._v‘vcp
wu (0] (0]

&
(9]

Metoprolol

y=1.3112x

-3

_En ( C/co)ibuprof;}

| Azithromycin

y =0.6259x

_En (C/ co)ibuprof;r:lL

Carbamazepine

Ln (C/CO) ibuprofen

Gemfibrozil

y = 0.9406x

-En (C/Co) ibuprofe-n1

Propranolol

-2 -1
I.n ( C/co)ibuprofen

Ln (C/Cn)ppcp

Ln (C/CO)PPCP

Ln (C/CO)PPCP ,
1 -N’ 1 !A 1 .o
w o NN U=, U1 O

Ln (C/Co)ppcp

Ln (C/CO)PPCP

| Erythromycin
| y =0.6014x
-3 -{n(clco)ibuprofe-nl
Roxithromycin
i y = 0.7483x
-3 -2 -1
Ln(c/co)ibuprofen
4 Caffeine
-3 -2 -1
Ln(c/co)ibuprofen
Naproxen
-3 -%n(clco)ibuprofe:\l
0
. Trimethoprim
2 .
3 .
-4 - T
-3 -2 -1
Ln(clco)ibuprofen

S10



o
(2}

Ln (c/cp)PPCF

>
(6]

Ln (C/Cn)ppcp
w

. Lll'l (C/Co)qpcp ,
w N RO
w1k

Figure S3. Determination of the second-order rate constants of HO' reacting with PPCPs by competition

kinetics using ibuprofen as a reference compound. Conditions: [PPCP]y=1 pug L, [H,0,]o= 10 uM, pH =7,
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Figure S4. Degradation of (a) caffeine, (b) carbamazepine, (c) gemfibrozil and reference compounds in the
CO;” system. Conditions: [PPCP]y = 5 uM, [R]o = 5 uM, [H,0,]o = 50 uM, [HCO;']p = 100 mM, average

UV fluence rate = 0.78 mW cm™.
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Figure S5. Determination of the second-order rate constants of CIO" reacting with (a) carbamazepine, (b)
caffine and (c) gerfibrozil by competition kinetics using 1,4-dimethoxybenzonic acid (DMOB) or
2,5-dimethoxybenzoate ion (DNBA) as reference compounds. Conditions: [PPCP]y = 5 uM, [R]o = 5 uM,

[chlorine]p = 50 uM, [HCOs']p = 100 mM, average UV fluence rate = 0.78 mW cm™.
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Figure S7. Chlorination of cephalexin, ciprofloxacin, tetracycline, tebutaline, famotidine and cimetidine in

group V at pH 7. Conditions: [PPCP]o =1 pg L™, [chlorine]o = 10 puM.
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Table S1. MS details for the PPCPs detected by Agilent 6430 triple quadrupole MS

Compound Name Precursor Ion ProductIon Fragmentor Collision Energy Ret Time MS mode
Azithromycin 749.5 158/591.4 130 35/30 5.7 +
Caffeine 195 110/138 110 20/16 4.61 +
Carbamazepine 237.1 179/194 120 36/16 5.64 +
Carbamazepine-D10 247 204 120 15 5.64 +
Celphalexin 348.1 158/174.1 100 8 447 +
Celphalexin-D5 3534 158 100 4 4.47 +
Cimetidine 253.13 95.1/159.1 90 20/8 4.19 +
Ciprofloxacin 332.1 288.2/314.1 135 12/16 4.9 +
Clenbuterol 277.09 203/259 95 8/4 4.9 +
Dimetridazole 142.1 81/96.1 100 28/12 4.82 +
Dimetridazole-D3 145.1 99 100 16 4.82 +
Erthymycin 734.47 158.1/576.4 170 24/12 5.9 +
Famotidine 338.1 155.1/189.1 85 28/12 4.17 +
Flumequine 262.09 202/244.1 100 32/12 5.81 +
Flumequine-C3 265.1 247.1 105 16 5.81 +
Metoprolol 268.2 56/116 135 28/12 4.88 +
Metoprolol-D7 2753 123 125 16 4.88 +
Metronidazole 172.07 82.1/128.1 90 24/12 4.52 +
Metronidazole-D4 176.1 128 90 12 4.52 +
Nalidiixic acid 233.09 187.1/215.1 95 24/8 5.77 +
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Table S2. Principle reactions in the UV/chlorine process

NO. Reactions Rate constants References
Thocl = CDHOCIfHOClIVOL(l —-1074*
1% HOCI — HO" + CI' 1
fuoar = EnociCroail /A
Toar- = Pocr-foor- %L(l -107
2% OCI' - O™+ CI I
focr- = €oa-Coa-L/A
3 H™+OCI' — HOCI 5.00x 10 M's™ 2
4 HOCI — H" + OCI 1.60 x 10° 5™ 2
5 H" + HO; — H,0, 5.00 x 10" M5! 2
6 H,0, — H™ + HO; 130x 10" 2
7 H"+ OH — H,0 1.00 x 10" M''s™ 2
8 H,0 — H' + OH’ 1.00 x 107 s 2
9 H™+0," — HO;' 5.00 x 100 Mg 2
10 HO, —» H + 0,” 7.00 x 10° s™! 2
11 HPOs +H — HiPO, 5.00 x 101 M5! 2
12 H;PO4 — H,PO, + H' 387 x 108 g™ 2
13 HPO4* + H" — H,PO4 5.00 x 10" Mmlg! 2
14 H,PO, — HPO,” + H" 3.15%x10° s™! 2
15  PO4” +H — HPO4™ 5.00 x 100 Ms! 2
16  HPO4” —PO4™+H" 250 x 107 s 2
17 HO +HPO4” — HPO4™ + OH’ 1.50 x 10° M's™! 2
18 HO' + H,PO4 — HPO,” + H,O 2.00 x 10* M's! 2
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

H,0, + HPO,~ — H,PO4 + HO,"
HO' + HO — H,0,

HO' + H,0, — HO, + H,0

HO' + HO, — HO, + OH

HO' + HO," — O, + H,0O

HO + 0,"— 0, + OH

HO, + HO; — H,0, + O,

HO; + O,” - HO; + 0O,

HO, + H,0, — O, + HO" +H,0
0," + H,0, — 0, + HO  + OH
0"+ H,0 —» HO  + OH

HCO; + H" — H,CO;

H,CO; — HCO; + H'

CO;* + H" — HCO5

HCO; — COs” +H'

HO'+ COs* — CO;"+ OH
HO’ + HCO; — COs™ + H20
HO' + H,CO; — CO;" + H,0+ H'
H,0, + CO;™ — HCO; + HO,'
HO, + CO;” — HCO;- + 0,
HO + CO;™ — X

0, +CO;" — COs> +0,

270 x 10" M's™!
5.50 x 10° M's™
270 x 10" M's™
7.50 x 10° M's™!
7.10 x 10° M's™
1.00 x 10" M5!
8.30 x 10° M's™
9.70 x 10’ M's™!
3.00 M s

130 x 10" M's™!
1.80 x 10° M's™!
5.00x 10" M's™
5.00x 10° s
5.00 x 10" M's™
250

3.90 x 10° M's™
8.50 x 10°M's™
1.00 x 10° M™'s™!
430x10°M's™!
3.00 x 10" M's™
3.00 x 10° M's™

6.00 x 108 M's!
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41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

CO;"+CO;" - X

H" + Cl'— HCI

HCl - H +CI

HO' + CI'— CIOH”
CIOH” — HO' + CI
CIOH™ +H" — CI'+ OH
CIOH" + Cl' - Cl,” + OH
Cl'+ H,0 — CIOH™ + H"
CI'+ OH — CIOH"

Cl'+ H,0, — HO, + CI' + H'
Cl'+ CI' — Cl,"

CI'+CI' - Cl,

Cl'+HOCI — CIO"+H + CI

ClI'+OCl - ClO"+CI

CL" > CI'+CrI

Cl, + OH  — HOCl1 + CI

Clz._ + Clz._ — C12 + 2C1_

CL™+ClI'-> ClL+CI

Cl,” + H,0, — HO," + 2CI' + H'

ClL"+HO; > 0, +2ClI'+H"
CL™+0,” - 0,+2CI

Cl,” + H,O — CI' + HCIOH

3.00 x 10" M s
5.00 x 10" M's!
8.60 x 10'® ¢!

430 x 10° M s
6.10 x 10° s™!

2.10 x 10" M1
1.00 x 10° M's!
4.50 x 10° M's!
1.80 x 10" M's™!
2.00 x 10° M s
8.50 x 10° M's™!
8.80 x 10’ M's™!
3.00 x 10° Mls!
8.30x 10° M''s™!
6.00 x 10* s

1.00 x 10° M's™!
830 x 10* M's™!
2.10 x 10° M st
1.40 x 10° Mls!
3.00 x 10° M's™!
1.00 x 10° M's™!

234 x 10 M5!
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63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Cl,” + OH — CI + CIOH"”
HCIOH — CIOH™ + H"

HCIOH — CI' + H,0

HCIOH + CI' — ClL,” + H,0

Cl, + Cl' — Cly°

Cly — Cl, + CI

Cly + HO,” — Cl,” + HC1 + O,
Cly + 0" > CL"+ClI'+ 0O,
Cl, + H,O — CI' + HOCl1 + H"
Cl'+ HOCl + H" — Cl, + H,O
Cl, + H,0, — O, +2HCI
Cl,+0,” — 0, + Cl,"
Cl,+HO, — H" + 0, + Cl,~
HOCI + H,0, — HCl + H,0 + O,
OCI" + H,0, — CI'+ H,0 + O,
HOCI + HO' — CIO" + H,0
HOCI+ 0,” - CI'+ OH + O,
HOCI + HO," — CI' + H,0 + O,
OCI' + HO' — ClO" + OH

OCI' + O,” + H,O0 — CI' + 20H + O,
OCI' + CO3" — CIO" + COs™

CI'+ CO3* — CI' + CO5”™

4.50 x 10" M 1!
1.00 x 108!
1.00 x 10*s’!
5.00 x 10° M s
2.00 x 10* M 1g!
1.10 x 10° st
1.00 x 10° Mls!
3.80 x 10° M's™!
2.7 x 10" Ml
1.82 x 107 M%7
1.30 x 10* M 1!
1.00 x 10° Mls!
1.00 x 10° Mls!
1.10 x 10* M's™!
1.70 x 10° M's!
2.00 x 10° M s
7.50 x 10° M 1s!
7.50 x 10° M s
8.80 x 10° M's™!
2.00 x 108 M
5.70 x 10° M's™!

5.00 x 108 M's!
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85 Cl'+ HCO; — CI' + CO;"+ H' 220 x 108 M s 2

86  Cl,"+COs” —2CI' + CO5" 1.60 x 10° M's™! 2
87 CIO" + CO3* — OCI + CO5”~ 6.00 x 10> M"'s"! 4
88 Cl," + HCO; — 2CI'+ CO;™ + H' 8.00 x 107 M's™! 2
89  ClO"+ClO" — ClLO, 250 x 10° M-'s"! 5
90  2ClO"+H,0 — HOCI + H' + ClO, 2.50 x 10° M's! 5
91  2CIO"+OH — OCI'+H" + ClOy 2.50 x 10° Mg 5
92 HO' + CIO" — ClO; + H' 1.00 x 10° M's™! 4
93  HO'+ClO, — ClO," + OH 6.30 x 10° M's™! 6
94 HO" +ClO," — ClOs + H' 4.00 x 10°M's™! 6
95 Cl,” + ClO; — ClO; + 2CI 1.30 x 10°M's™ 6
96  CIO"+ClOy — OCI + ClOy 9.40 x 10° M5! 7
97 ~ NOM+CI'—X 130 x 10" (mg L)'s! !
98  NOM+HO — X 2.50 x 10" (mg L™')"'s™ !
% NOM+CIO'—X 450 < 10* (mg L")'s" This study
100 NOM +HOCI — X 1.50 M 8

Note: * In reactions 1 and 2, rpocyoci- 1s defined as the rate of HOCI or OCI™ decay by UV photolysis, @ is
the apparent quantum yield of HOCI/OCI photolysis (mol E™), I, is the photo flux (E s™), V is the solution
volume (L), L is the effective path length (cm), € is the molar absorption coefficient of HOCI/OCI', C is the
initial concentration of HOCI or OCI’, A = (egociCroci T €oc1.Cocl- + 2 €othersCothers) L, and fyocy =

enociCroct L/A or focr. = €oc1-Coci- L/A.
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Table S3. Structures of PPCPs in groups I-1V.

group | group Il group 111 group 1V
Dimetrida ,( "\j‘ Erythro 0 Carbama — Trimethopri NHz
OaN"™” "CHs ma e o O O Y OCH,
! 1 ey Yo ~eon 7 1
zole CHj mycin WL T o zepine j\ m e oot
Y o B 07 “NH, OCH5
S L,
CHy
.. . HC. £Hy . oH
Tinidazole 2t Azithro S Caffeine o} oHy Salbutamol . :X
O N7~ ~CHy . myc1n -‘: \ c:‘- 'oNo;c:_',/cu H3C\N Ho
n H. " "
§— Ot Al W
\cf‘c‘_-l- OH o ril N
CHs
Ornidazol at Roxithr 1O, Gemfibro Ractopamin | “
HyCa A CHy
OzN N CH3 . hdh N . o\/\><(o AN
e omyein | ey oozl Lo]e
cl Her g Jr’ ak.ﬂLB::/cH
OH a"’“I‘ o oeH,
CHy
. N .
Metronida . - Atenolo o 1 . Naproxe o Bisphenol A '
PN T CHy o YN o O O
zole _oH 1 HN T o n ‘O ] HO oH
HiCO 0
. o
Ronidazol T 1 a Metopr ™Moy Proprano [ OH Sulfametho &
Aoy Jonae oA s
o7 H P m
e U * | olol o “ | lol . xazole HaN N g cr
CH;
Ibuprofen ° on Clenbute oH |,
CHy cl N
HC ° rol 7{
HzN
cl
Primidone | / Y Diclofen 2
Cl H ONa
) 0 ac C[N
HN__NH Cl
Venlafaxin cHy
(S He™ o wa
0
Nalidixic 9 0
= OH
; (1]
aCId HyC NN
k::H3
Flumequin CHs
J&”/J\
e ]
e OH
o] Or
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Table S4. List of selected PPCPs and some physical-chemical properties

— kH().
®254 (1073 €254 (10° Ko- Kcos-.
PPCPs Structures pKai Logkow .( .) (107 9H(_)1 1 (109M'ls'l), 7CO?1 1
mol/Einstein L/mol/cm (10°M's™) . (A0°Ms™)
This study
NHz 11 13
: , WS ock 011 I 0.118," 294, 63085, 1.3
Trimethoprim e oo, 3.2,7.1 0.91 0.09" 16" 14 15 8.5 3.4516
HOH y G
Chloramphenicol e S 5.5'7 114" 8.40"2 4.33" 5.812 3.575 N.A.
OzN OH
B
Dimetridazole 0N oHy 2.8 -0.31" 0.320" 2.24" 56" 4.95 3.98%
CHQ
P
O2N CH
Tinidazole = N ’ 2318 0.35" 0.196' 2.34"2 4512 4.248 2.99%
Cl
OH
N
OoN CH
Ornidazole = 0 ° 2.72%. N.A. N.A. N.A. N.A. 4.39 3.05%
ClI
OH
[g\ 2.58 0.340," 2.10,"2 4442 !
Metronidazole ON” “N” "CHs % 0.02" ' 113’ ézg b 5.09 3.42%
L_OH 14.44 : 17.9 (+22)
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Cephalexin

Flumequine

Nalidixic acid

Ciprofloxacin

Tetracycline

Erythromycin

Azithromycin

CH3

2.56,
6.88%

6 510, 23

N.A.

6.2, 8.8 1
23

3.32%
7.68,
9.69%

8.9:%

8.59%

0.65%

2.45%

N.A.

-0.39"!

1.3

3.06,
2.829%

3.33%

N.A.

N.A.

N.A.

N.A.

0.380'?

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

8.82
(+6.66),"*
4.108%%

N.A.

N.A.

N.A.

N.A.

6.74°°

41"

3.8+0.76""

N.A.

N.A.

6.33

5.64

N.A.

N.A.

3.33

3.14

N.A.

N.A.

N.A.

N.A.

N.A.

813

N.A.
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NG
. . J“\( ._T'x. \K\nn
Roxithromycin e J\
HO .__‘/'k\_::u
A
|
Q
S-NH
Sulfamethoxazole /@’b B
HQN N O CH;
o
Famotidine HA-S-N S'TN NH,
0 NP
s N7 NH,
NN
. . qe HiC Y 8 N
Cimetidine ’ H\Nr Iy
“CN ch H
(0]
. oy ONa
Diclofenac N
cl
CH,
OH
Ibuprofen CHy
0

HsC

8.8%
9 230
9.17%

1.83,
5.57%

N.A.

7.1°!

4.15%¢

4 9111,33

N.A.

0.89%

N.A.

N.A.

4 5111,26

3.97!"

N.A. N.A.
3.79 132
(+1.15)," (+4.5),"
8.4 1313
N.A. N.A.
N.A. N.A.

4.77
29.2 (+8.6)."
( 13 ) (£1.16)"
23 i
19.2"2 0.256"

N.A.

5.540.7,"

N.A.

N.A.

7.5+1.5,1
7.53

7.4+1 2"

5.53

N.A.

N.A.

N.A.

N.A.

7.2

N.A.

26.8'°

N.A.

N.A.

7.80"

0.079%°
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Naproxen

Salbutamol

Clenbuterol

Ractopamine

Terbutaline

Atenolol

Metoprolol

Propranolol

CHs

ooy
HyCO 0
OH

H
N
HO/D/K/ 7(
HO

OH H
Cl N._CH;

H:C CH;
cl +HCl

PicWey

HaN

4 1526, 34,
35

9.23%

N.A.

9.62%°

N.A.

9.6%

9.7,
9.6

9.42%¢

3.18"

N.A.

N.A.

N.A.

0.16%

1.88%7

3.48!"

2.78

(+2.06),"

145

N.A.

N.A.

N.A.

6.5"

3.47

(+4.12)"

6.6"

3.28

4.00

,  8.9+0.65"
(+0.70) 55
4813 9.6 (+0.5)
N.A. 2.62%°
7.484°° 14
e 6.6+0.89

N.A. 3.85%

N.A. 6.87 + 0.43%

5 7.7%0.55,"
0.35 e
0.565
(?'233353};12 7.8+0.8"
0.33"

0.856% 7.6+4.8.'
1.31 10238

9.45

6.18

9.48

10.6

N.A.

6.84

8.2

9.65

5.60%°

2.12%°

5213

4.99%°

N.A.

0.195%°

0.241%°

1.42%°
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Primidone

Carbamazepine

Venlafaxine

Gemfibrozil

Caffeine

Bisphenol A

HC CHs
o] pHa
ch. N | N}
4
o’l‘hla N

N.A.

13.9'"

9.24%°

4.7%
4.42%

10.4,13
6.1%

9.6, 10.2'

0.91°°

2.45'"

N.A.

4.77%

-0.07"

3.324

N.A.

0.060'?
0.33"

9.7"

9213

0.180"

0.655
(+£0.276)"*

N.A.

6.07 12
5.813

0.38"

0.37"

3.92"

0.750"?

6.7'"
715

8.8+1.2,'"

8.8+1.5 142

14, 15,2
10,575

6.911’ 35

8.00 (+3.1)"

6.63

8.8

8.83

7.68

7.41

8.77

N.A.

0.251%°

0.489%°

0.41%°

N.A.

N.A.
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