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Abstract: The degradatlon of emerging pollutant artlﬁcw.l sweeLe.ner sucralose (SUGC) usmg Uvx persulfate (UV/PS). The effects of
severa] process parameters including UV hghl infensity, ___P'S dosage, pH, and<dnjon ‘Conceniratiof, were also investigated. "'The”
degrdddtlon products and- their toxicity durmg the U\/ﬂPS process were further dnalyzed and evaludted It is reported /fthat;~compared™
with single UV o PS, /the degradation of .SUG by UV/PS ‘was“more obvious. The degr?datlon Tate “gonstants increased with_an ineredse
in the [light inténsity and PS dosage. The SUC degradano_'p gould be improved under fieutral conditions. The background ions NO4*and
HCO1 oould inhibit the degradation process, While CL™ and SO: " jions could accelergte thefprocess. Sixteen intermediate products were
identified .uslng high-resolution mass spectrometry ( HRMS) and- CC MS. Hydroxylation, oxidation, ethér cracking, and other reactions
were 1nV01ved A¥degradation path was further propose"a M'ore(,wér luminescent bacteria toxicity test and ECOSAR prediction showed
that the 1ntermedlates ‘with higher toxicity could be produced during UV/PS, which could pose a potential threat to the ecological
environn.)e.nt.

Key words:sucralose (SUC) ; artificial sweeteners( Ass) ; UV/persulfate; kinetics; degradation mechanism
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1.1 S5
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) WA F Sigma A F) (FH), i1 4 F BSTFA/TMCS
(99: 1) lF Aladdin 2~ &) ( ) , CH,CL, F 7k 1E
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e
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UV RAT, FF 46 R i 52 07 g B — B e TB) HRURE , A
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W BOF .
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-

-
=
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HCD filf4# fE 1 {E ( CE% ) 35, J5i & 73 B 5 470 000.
BAE AR A Xcalibur 4. 1 800F.

f#iF GC-MS( Thermo Trace ISQLT) %% SUC [#
FEAR B AE U/ A DL, 8 A TR 28 e I 75 R A
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#,BSTFA/TMCS(99: 1) R it Le i, 70°C T &k
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WE 1.0 mL-min~' S HEREIREL 1 rL, BERE O R E
280°C , Toorimittae ; FHEFETF . S0°CHREE 3 min, 50
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500 m/z. { J A_gf'.';" :
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fischeri) Y HHSRARTEMIGE UV /PS WAt SUC it T
JREHE PR, R A: BRI [ (ATD)-P1
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R 5 A T ot 0 3 e S Wt P .
ARSI Yl W TR, 1N R
2 PRI G (AR R 2% (1) W (1)

Ly - L

[ =2 x100% (1)
LO

AL, 7R A B EIRIE | L, IR IR R,
HR5H

2.1 FL— UV, ¥—PS K UV/PS W M b8

£ UV Y658 0.8 mW » em ™, PS ¥ & 1.0
mmol-L ™", SUC #J#A M 0. 01 mmol-L~", ¥ pH
HR 7.0 BSEE KT, 3% 4T SUC 7E L —
UV B.— PS J UV/PS [N 554 T AR s i, 5
A —sh % B L g [0 (2) . X
(3) ], 4510 1.

2

d[SUC] /dt = —k;pp[SUC]t (2)
[ SUC]
In !

B ([SUC]J (3)

e t

A, [SUCT, FRon ¢ B 2032 ) AR & SUC 1k

B, mmol-L™"; [SUC], # /8 SUC #J 4 #k B,
mmol-L ™" ; k;ppﬁ#ﬁ@ﬁﬁiE%ﬁ'ﬁ,min_l.

K1 W], SUC fEB— UV FIBA— PS Wb

ZAEN 15 min BHRERRRAUR 7. 2% T 3. 3%, HAKL

A& Br M AE UV/PS I 2% 1 F B i R nl ik
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Fig. 1 Effect of single UV photolysis, single PS, and UV/PS on SUC degradation
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JSE P 5 W — SN B 2 | IO R K
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= s 0 . 250: '5;1’)
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In{e/en)

-6 L1 L ! ! !
0 4 8 12 16

t/min

IKEEH T Na,S,04 TESINL UV KR T ,S,05°
BT A s0, - Ao [ (47 Hﬁ:j)] 1ii}
SO; Eﬁﬁméﬁﬂﬂcaaﬁ A PR St AT DS e
B I UVLRTPS mﬂﬁzﬁﬁhnﬁj SUC AR
2.2 UV N suc ke o & Y

7E PS) /zw“ﬁy 1,0 mmol-L™", SUG %inz%zr“
0.01 mmols L ! l‘&@lpH {Ej?7 T, %,T\KIEI

A SUG r@ﬁa@@rﬁoﬁ; LR
0.8 )
0. 7090
0.6 -
- 0.5423
g
=
3
04
02856
0,248 6
[]_2 1 | 1 1 1 1 1
(1] 0.4 08 1.2 1.6 2.0 2.4 28
P2/ mW-em ™

B2 UV SRR UV/PS FERE SUC B0
Fig. 2 Effect of UV intensity on SUC degradation using UV/PS

P L 2 o] BEE GRS R B
BN, SUC FEFAUR B3, 2465 M 0.4 mW-cm ™
HORE] 2.4 mW-cem > B, 2N 4R H FUH 0. 248 6
min "' FFFE0.709 0 min ', B TGRSR
SO, - B4R, L BEE Lo 38 I, 7= A= (S0, - 1
2. PS WU ORREANAE 3K UV ok, B B[]
WA SO, - 392 NITTINER SUC 114 e fiff 1%
2.3 PSHRPEXT SUC A S0 i 5 i)

PS VR JEJE S Wi A HL FE R RCR I F R R Z
— £ UV )61 0. 8 mW-em ™, SUC #JIAHE 0. 01
mmol - L ™" EWRAIUG pH (E0 7 WL 5544 T, 4%

ANTA] PS YR FEXT SUC Ffiee BN HY 52, 25 51 ULIRT 3.

M3 AR, 4 4 Ak A PS vk BE ML 0.2
mmol + L™ 34/ % 1. 8 mmol - L ™", 521 38 R K h
0.068 4 min ' T} %0.4989 min~", &5 R E W] SUC
o it 1 B AR ) PS W B ARG I m B2 v . X2 R R
1E SUC W) UR MR FE — € I 38/ PS B MR B 257 AR BT
£S50, -, \ITABALRE SUC 1 Ak [ i . A 058 3
BT S B Y PS SRR LSO, - BE— 4 N
SO, - WRBETR B, T R H AR TS YL 0 R i
AT T PS W4 0.2 ~1. 8 mmol-L ™", i AR W5
FHMHI SUC FEAFLE.
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In{c/eq)

4 - = 0.2mmolL™
e (.6 mmol-L™!
4 1.0 mmol-L™!
v 1.4 mmol-L™!

-6 L & 1.8mmolL"

1 1 1 1 1

0 4 8 12 16

[ figt K v = SRR Bl 7 2 AL 4629
0.60
0.498 9
045 |-
T 0.3214
B it
3 030 ¢ 0.2579
0.15 I 0.1371
0.068 4
02 0.6 1.0 1.4 1.8
PSif B /mmol-L™!

B3 PSREX UV/PS FfE SUC KN
Fig. 3 Effect of PS doses on SUC degradation using UV/PS

2.4 WU pH AEXT SUC B SN Y 520
£ UV 65 0.8 mWecm 2, PS /f&r“ﬁ 1.0

mmol - L ™", SUC ®JEEHEEE 0. 01 mmol - L ™" )55 #FT

In(e/eq)

#/min

T RN RIE AR pH B X SUC [ At 2
), 25 5 WL 4. )
EEEMT%D,E?@?WM@;)H{E%J; fsf;‘ﬁﬂ_-\g%n

El/] w

4 A% pH &3 UV/PS Mg SUC R EZEI#M
Fig. 4 Effect of pH value on SUC degradation using UV/PS

11 s X6F b7 P4 I 7 8 8 8 4053 31 o4 0. 033 3, 0. 212 7
0.3054 . 0. 124 4F10. 067 2 min ", 76 B T FHE 1 55
7 suc Vﬁ’%}i%ﬁﬁﬁﬁﬁwﬂ &4 T suc
Fﬁ‘ﬁﬁﬁ_i BORBR K. MM AE R B H S
0, « K23 A LG M55 19 HSO, - Fil HSO, [ X
(6) ~ (8) 17, i HSO,- #1 HSO, 4:[F S0, - 4+ 3¢
SUC, 4l SUC AYREAR > . BlbES A i rh s 43
SO, - 2x5 OH ™ KR A Al -OH [ (9) ], M¥ i
pHAEH 9 L& 11 B, B - OH A W 3 i,
0, /0, T -OHRY A LA IR L7 (1.8 ~2.4 V)
TS0, - BEALIEEA (2.5 ~3.1 V), LK

PR R 3 R A I PR
SO; - + H,80, — HSO, + HSO,  (6)

S,0” + HY — HS,04 (7)
HS,0, — SO, - + HSO; (8)
SO;++ OH™ ——-OH + SO;” (9)

0.3054
03 -
_ 02127
= 02}
E
=
= 0.124 4
0.l -
0.0672
00333
0 |
3 5 7 9 11
pHAIL
2.5 fﬁﬂksnzﬁ UV/PS F&fif SUC J2 1 (5%

BRIz e R DTE T, B 5w I
Bﬂ%ﬂiﬁ UV/PS [ SUC B2, 78 UV JEik 0. 8
mW-cm >, PS ¥R 1.0 mmol -L ™", SUC ) 4 e i
0.01 mmol-L™' Wy &4 T, % %5 HCO; . CI™, NO;
F1SO;™ iX 4 Fh B 15t SUC R A 52 . BB+
WEEYSR 10 mmol - L™ &5 ULIE 5 K.

LS WA, AR A0 B T B, UV/PS R fi
SUC 4 52 7 7 5 BM0. 182 4 min ™', BN E
HCO; | C1™ . NO; 1 SO;~ Ji (9 52 3 8 000 )
0. 0813, 0.2302, 0.169 2F10. 283 5 min~". 5%
W], HCO; | NO; XF SUC B R it I b A5 — 52 9 il
YERT,C1™ | SO;™ XiF SUC By R fift 52 v AT — 5 fE kA
FH L, Hod HCO, A1 SOZ™ X SUC F&F# I R 1) 52 i 45
B3 HFHSS0, - &5 - WA Cl- | Cl, - |
Cl, . HOCI #1 CIHO =« S 3 PS4y, Horpcl- B
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02302
- = 02+ 01824
$ ] 0.169 2
= 5
0.1 1= 0.081 3
0 4 8 12 16 FHEHAME  HCO, cr NO,  SOF
t/min A
B 5 BAEFt UV/PS Ff# SUC K RIS
Fig. 5 Effect of different anions on SUC degradation using UV/PS
AALE, 7550, - 5 EEIEFEEMIY Cl- | L A RIS E T, B 4 HCO, X UV/PS B fif

HOCI B XA R, ek 1 SUC AR > #F
FERIA P PINO, LRI R AE R T &t NO;
0,. NO,- ., flO~ ,/HﬁP NO; . NO, Kuﬁﬁ'ﬁso-
R ST E INO, | NO,» ,(ﬁ%%TfiHZISE%V\JE’J
SO+, AT F:3 SUC Fﬁﬁﬁxﬁzzéﬁ[ﬁ%ﬁ “

2.5. 1 HCO; YRR SUC iy, | o 7

ﬁiﬁ@&a*ﬁﬁa%mco ) W“vzfﬁﬂf

In(c/co)

= () mmol-L™!
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