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Activation of Permonosulfate by Rhodamine B for BPA Degradatmm Under

Visible Light Irradiation /P

ZHANG Yi-chen, BAI Xue, SHI Juan, JIN Peng kang * N ' & 4
(School of Environmental and Municipal Engmeermg, Xi'an University of Architecture and Technology, Xi’an 710055, Chma)

=

Abstract: Although the activation method of permonosulfate zhas been gradually developed Lits 'practlcal apphcatlon is severely
restric ted by the ligh cost and difficult recovery of the atal__y%t thereby resulting irfsec ‘onflary pollutigh’ In this study, the applic dtion”
potentlal of self- de,(;olorlzatlon of dyes and degrddaho!{/:f o-t-her pollutants through persulfate( PS) activation was examinéd by bulldmg a
self-decolorization system. The results shewed that the dyes ‘¢ould activate PS under \jl‘51ble light ]ITadlathIl which could realize not
only the self-décolorization of dyes, but also the devradayon of other pollutants. The/degradation rates of rhodamine B and bisphenol A
could reach.80% and:90%, respectively. This process in¢luded both free radical refictionpathways and! nonradical reaction pathways.
The active/ oxidants produced in the system included superox1de radlcals sulfate radicals, hydroxyl radicals, and singlet oxygen. The
self- decolorlzatlon" efficienéy of dyes was related to the" type of dye% initial concentration of the dyes, dosage of PS, and initial pH of
the solunon Meanwhile, the initial concentrations of the" dye% and other pollutants had a great influence on the degradation of other
pollutdntls. This study provides a new idea for economic and environmental protection in the PS activation method, and has broad
application prospects in the treatment of printing and dyeing wastewater.

Key words ; photocatalysis; dye; persulfate( PS) ; radical reaction; nonradical reaction; advanced wastewater treatment
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I¥

/_164% . BB FR Eﬂﬁéﬂﬂfﬁ% pH 1Y iy 1M 22

FEAR , EHA 78 RhB-PS-Vis Jefb 24k 2, Ykl A i
O R VAR TR YE S5 T 25 5 A T

DOEH T2 B & — R B E Uk HAE K
R E LU T (RhB ) A YEE F (RhB* ) BB
AFTE . MWW pH (/N T H A B %8 (pK, =
3.7) BB TR RZ, MW pH
HKTFH pK, 1, Fh%ﬁ#&%ﬂﬁ%ﬁ%ﬂc B AR
B F R SAF e 0 i S R i R R £ A
S,0;” FALEE KL, LAt RhB 5 8,05 Z (1]
FEAERRE R 77, B T OO0 T NP P18 B 4 F 5
PS H:AS  ANHI T2 FHH B B Rfi. TRl A iIFoE %
B, 3o 2 6 E B A5 1R T T RE S R o i [ X
(1) 112 P e BBE 45 A H) T Vis-PS-RhB 14 2
YUkl [ B SN A T

S,0;” + H,0 + HO” —2S0;” + HO; +2H"
(1)

2.2 JuRhE b AR SRR A% BPA 455 5 53 Hr
2.2.1 GuBAEACRERE BPA (SRR

ARGE AT W61 TR R £ -G Bl (Vis-PS-Dye)
oAb 2R R BB 76 S B YL} F £ 1) [ s B A 4k
FRWNHAIE YY), S AR, 7€ B3R Vis-PS-



2356 7D 53

B 42 %

RhB {4 22t s fin 580 N 43 04 T B ) XL A (BPA) |
oA PS ¥ BE S 2 mmol-L™", % FFEH B ¥ M 10
mg-L™" BPA ¥ JE K 5 mg-L™". WA 4 i/, 1E 60
min [EfE SRR, B P B R 5K 3] 80%, [F] B
BPA [ A 2R 5 35%, SEBL T A6 TS A [ 744 1k
RIS MRS GRS Qe )7 al WOGLRR AT A
ST R ER AT AR AR A A 2R b i T T G
Yy¥ A AN TRV B2 B (R e i, FLOEAR I T SR8 AT, LA

IR W5 YL ih BEHT LI
1.0 ma —A— WHELA
—u— T J}IB
0.8 x
I\ A—a—a A
- 06|
04 -h““-_ﬁ._______‘
.‘-‘-““I
—,
02 -
(} 1 L 1 1 1 1 1
] 10 20 30 40 50 60

f/min

B4 A TZMERE- %‘ﬂﬁﬂBXMﬁAﬁigﬂF

— FHW B SR A MIEREE o ) 5, ~

/ Fig. 4 Lompa,hson of the rhodamine B and blsp}}?f(;l ;-

A degmddtlon efficiencies in the Vlslble"ﬂght v .‘.:;,_:“-

persulfdlc thodamine B-bisphenol' A systém ,J i
2.2 }FIE] RhB )4 e ) 3+ BPA IMEW
ﬁmﬁﬂ ﬁ@ﬁﬂﬂmmAﬁM”%%’
(Vis- PS Dye-BPAY H | R [0 e JE 198 101 B 345
W1 AR BRI PR S () BT/, B8P B WAV BE
0 B, WU A JLF- 3 B fige, T UL R 3R N JE kL,
XU A ASRE S0 K A A BN AT R A, 20 1 I
BRI 5 mg-L ™" B K % 20 mg-L~' i}, BPA
118 3 it 23 I HL R 5 ) 3 T 3 K, 23 9% 1R T E
62% . X J2 H T B 3 K AE AT 1A R v A7 e o 2 gLkt

1.0

0.8

cleg

0.6 - —a— (I mgL”!
—— SmgL"!
—h— 10 mg.L™!

—¥— 20 mg:L”!

04 -
(a)l AR 9}!%- Ul B%’J‘J hfride JIfI : | :
0 10 20 30 40 50 60
t/min
BEs5 wrist-i

Gy T, 5% 0] WG K I i e A 2 e i
PEE T PS WIS ARAICR , R i A A IE Y e i T
XUy A P 5 fit.

2.2.3  AN[F] BPA )46 B Xop L o A 50 SR A 5 il

AT WOG-3 B R -G B AL AR &R (Vis-PS-
Dye) H1, B FHU] B WILAH EE A 10 mg- L' B {K F0%F
AN[FIA) G o BE A Ry A 5 TR A B3 S SR A RT 5 (b))
Ji7R. BPA WA EH 2.5 mg- L' K E 5 mg- L™
i, BPA [ R fif % R 422 3T 90% PFEAR 2 47%, bl &
BPA ¥ JE 1A 2 10 mg- L~ B ff R4k 2L % = 26% .
DO TFIARR YRk B —E , RNk sr 4 e
FEREOLS  HAZ a] WO OR S | e A DA v
Br—g , SEmnT USOE B PS 48U S B2 7= A TG
PR ALY BBt — 2, PR V5 4 BPA W E
HOTHES | HREAR 3 ) SRR W o
2.3 R | s

HNTRGEIR T, B P B {%ﬂcfﬂﬁ

ARSI B RABLR 4 SR F1 i ok
Vi S oL I SE AR S m%%ﬁ‘ S5k
52 4 191 g R EF"@?»(MeOH);%T%FHE?@ﬁM_
(SO, ) R 2 (- OH) SR AL
(S0; =) 196 ~7.7 £10"L- (mol-s) "' ( -OM) Iy
1.2 ~2.8 x 10"L{(mol+s) ~1 11" gt T (TBAY) A&
PR B RG22 R (FRA) S T
PR ZE 4 (10,) EKF[k('0,) A 1.0 x 10°
L-(mol-s) ~" ]300 VA S0 L R SRR T A
H AR, S8R B 1:200, 1: 500 A11: 1 0003X
3 Fi PS SRR EE L.

PSR R 25 AN 6 (a) 7N, 7E 3 DT,
Rfi R By 80% T [ = 63%, W 7E MeOH 5 PS
WREEEL R 12200 B, B AT L 58 4 Ve KR R i
SO, « 5 -OH, e Bl e B L 3G n , il SR AR AR

—m— 25mglL™’

— &
—o— SmglL™!
il 1
‘____‘__‘ 10 mg-L~
0.8 -__———-A-—____‘
\

e
SN

Y o
L e

0.6 -

eley

-“'I-________
— g

(b) <[ lxlmmmﬁmﬂt

0 l 1 l 1 1 l
0 10 20 30 40 50 60

f/min

0.2 |-

MERE-FFHEI B-WE Ak Z P T3 B 50E A W15 REXWE A FEAEZURAIF

Fig. 5 Effects of the initial concentrations of rhodamine B and bisphenol A on the degradation

of bisphenol A in the visible light-persulfate-rhodamine B-bisphenol A system



54 A RAE T ULCERE T B B A AL AR

10 8 @WH =
—e— 1:200
—A— 1:500
08 |- —y— 1:1 000
£ 06
= |
\I
04 "“‘*-.___. ‘-_""""""-----...____‘
Bl
I——______.
02 |-
Il L Il L

Hmin

TR WA A LI A 2357
0.8 |-
=5\
g 06 \ N
-\. %
04 - ”““l--.._\\ b—y
|
i~
02 |- -
1 1 1 1 1 1
0 10 20 30 40 50 60
t/min

Blo6 MEzSMTEREABBREMFIF S B AR

Fig. 6 Effects of methanol and tert-butyl alcohol as radical scavengers on the degradation rate of rhodamine B

AT EE AR 2 61% 247 [ 6(b) ], Fife4
S5 RIS, AR AR R, & A K - OH IR
LSO, -
R T 2B IAR F T Y BN TR T

HL I ARG (EPR) XA 1 A m%ﬁ{m
W0 P 7 R, RN 3 min B AT LA gE
FUSRIE A 1020 2: 1 AY DUMEARFAE (5 5, AR N6 )
DMPO--OH """ JCEIE T - OHE’JT?T T OHA,

1'3%2@7%%@'“%@%’%E’Jﬁ%%JJDAWDMP 0

sl ﬁﬁ%ﬁﬂﬁﬂﬂ%ﬁfﬁf i
SO, (1 Bk, 1o R 5 Tk zmjwmzn
_.‘ﬁ[ ) [V F )

*f%x@ﬁ@% B aﬂﬁéﬂﬁm%ﬂxﬁz%ﬂu@ 8(&)

B, e B s R T e R R %
ﬂlﬂ#ﬂ;*ﬁ PS ¥ Hi i 1: 200, 12500 Al 1: 1000
[N, PEI B 1 T0E 65 T 80% 4 3IWE AF 25 76%.
50% F1 41 %, e A& BBV B2 B3 K, 2 PHI B 1y
(R RRAL, UL IR R b & A R0, , 1l L A4
AP EEA A RS, g AR [ RN

AR AL W 15 AL T (SOD) W] VA KRR 48 [ il
(+0;)[kM0.9~1.0x10°L-(mol-s) ~' ]2 fk
FHUIA S mmol SOD J&, 2 FHHT B iy [ B €25 i

10 —a— 5H
\, —e— 1:200
\' —h— 1:500
08 |- i
\ \' w— 1:1000

i L .\.QS“\-""‘“!

s .‘_:\‘h—“““v————-—__,
5 \.-—-_._____‘
— Y
\ —"‘"-—-...___._______‘_h‘—.
04 e,
""-~.~_‘__._______-__
u
0.2 (a) REAY i
I ! ! I 1 ! I
0 10 20 30 40 50 60
t/min

—..-__-\...\J\,___J\(...__/l/_.._l\/..,_w
—___J__J\,\,_.MW‘J\,,_‘.‘_A.“

n r‘ 30 min
WHPI\,*_.—

|l] q 10 min

mmnssmne o ol ol
A A 3 min
e Ao N\ e e A

3440 3460 3480 3500 3520 3540 3560
ﬁﬁ?ﬁ!x 5 8T

(H7 | DMPO B EPR #$4Ei5 7
Fig. 7 LPR" characteristic peak spectrum of DMPO

80% [#AK 2 35% [ A 8 (b) |, ISR A .,
MR R ] BEAFTE R A -0, .

FT LRI R 55081, % PHH B JURHE L
IR B2 At vy ] s b W o i G A T e, FLrh L 4 A
H 2SR A RO (B 9) . FTRERIHILEI A « Gy
Bz i OB JE |, A2 B M R R TR
i (HOMO) BRIE 2 IR ZS 6 40 FHLE (LUMO) [ X
(2) 17 B 64 B YRS LUMO e 5E %%
FE B LR, PS B AL A0, - [ (3) 1M,

0| —e- =H

—o— B AL LA
0.8 - h.-—. ® ~ = P~
- e L L]

\

0.6 |

clcy

0.4 - e
(b) BB LR

0 | | | ] | 1 1
0 10 20 30 40 50 60

t/min

B8 HESESUYELEED B BEMEFIX S A B EEIRARIT

Fig. 8 Effects of furfuryl alcohol and superoxide dismutase as radical scavengers on the degradation rate of rhodamine B



2358 7D 53

L 42 %

L
&

SO, - #E—#5 H,0 5% OH™ JZ i 4= i -OH [ =X
(4) ] BRI S 0, Z5& A A A
[3(5) 17, [, ekl o F nl i ik N = E A i)
PRSP R 0, I, Ykt S =AM S e
7£S0; - . -OH, -0, F1'0, By [ /E H T i
ok fi.
RhB + hv — e~ + RhB*
S,02" + e —>S0; -+ + SO~
SO;++ OH™ ——-0H + SO~

e +0,—0,

(2)
(3)
(4)
(5)

L WP
/-—_-_-\ =4 S
5} _0 \0
\ O
=== /S\ PS
LUMO 0 3
v
H2O/OH™

7 @9 3Am s anaRmERLEEA L |

| Figso Mechdnisms of thodamine B self—ﬂ:egradation "

F and (]izgradalion of other pollutants

&it

(1) FER WOEHRGS T, B P18 B Yokl LLSe s
HBEE. B WO S YR U R  PS WIIR R B
ST hR pH A 6. YR AR TR BB PS WILG MR
R RPE pH AR 1F T Gkt A B AR R B . YRl TE
SEE A M [ B T R A TS e, HL k)
TR BB G | XU A AR AR .

(2) b T SRR A 15 e D ML . T A
RHY HOMO fEZ 23 % BRIT 5] LUMO fg4, Bt
AT RS E PS 4 F, WG Ak PS 7780, - |
-OH.'0, 5-0°". RhB A%k PS b2k RTEA
F 2 5l B R AR 0 R R R (A5 Qe A AL
KA.

(3) Ykl rEt B4 F Fisi1b PS B A [
F TV AT AETC AN IR Ak R R AR B BE i 1 A 4
WAL PS, Ak G 1K SR 1R RE R R (14 1 REFE L
B AN R 1) k35 Y A5 [ B (] Asf Ay B 4
R AL BRER AL T —Fh LUK IR IR 37 L, 5 Kok

F

JR K AR B AT — 5 1 N A5

SE Lk

[ 1] Chanikya P, Nidheesh P V, Syam Babu D, et al. Treatment of
dyeing  wastewater by combined sulfate radical based
electrochemical  advanced oxidation and electrocoagulation

processes[ J ]. Separation and Purification Technology, 2021,
254, doi: 10. 1016/j. seppur. 2020. 117570.

B, B, T8, 5. SURK YRR A AL ik ik Al b ELED
PRKI]. HER, 2017, 38(9) : 3769-3780.

Yue X, Tang J L, Yu G P, et al. Enhanced treatment of printing
and dyeing wastewater using H, 0, -biochemical method [ J].
Environmental Science, 2017, 38(9) : 3769-3780.

KU, Wb, BN, 5. MRALNIR Ce 2% Zn0 Stfi
fRREfMEP P BLT]. P EFEEFRE, 2019, 39(4): 1447-
1455.

Zhang K L, Shi M Y, Ni M M, et al. Optimization of internal
immersed irradiation and photocatalytic degradation of rhodamine
B with Ce doped ZnO particles [ J ].
Science, 2019, 39(4) : 1447-1455. o~

Samsami S, Mohama!(-li M, Sarrafzadeh M H, d.e_td sal. .J_ﬁ;tcent

advances in the treatment of dye-containingywastéwates.from

[3]

China Environmental

textile indlllstl:i'és.;‘ " overview'iand perspectives[.l]....,-f’roces_s_ Safety
and Envif;on@ental Pr?tecfjon, 2020, 138. 138._163#.?"- | |
Yu M L, Wangﬂ_]-.[, Tang L, et al. Intimaté cut{plih?;__;:bf
photoc.a{alysis j.md biodegradation for wastewater ! ﬁE(_ealrﬁ'(;nl:
Mechanisms, recent "(‘idvarf‘(.?qsd; and environmental a[;.'f)'iicat.ions
[J]. Water Hé'searchj, 2030, 175, doi: 10. 1016/}, wlres”
2020.115673. | | . &
VT PN CT RN e s
(1] sPEFFERL, 2020, 40(2) ; 647-652. &~
Zhai J,/Liu P §, Zhao J J, et al. Treatment of dye wastewater by
base catalysis of peroxymo;'iosulfale (PMS) [J]. China
Environmental Science, 2020, 40(2) ;: 647-652.
Chowdhury M F, Khandaker S, Sarker F, et al.

treatment technologies and mechanisms for removal of indigo

Current

carmine dyes from wastewater; a review[ J]. Journal of Molecular
Liquids, 2020, 318, doi: 10.1016/j. molliq. 2020. 114061.
Wang W L, Cai YZ, Hu HY, et al. Advanced treatment of bio-
treated dyeing and finishing wastewater using ozone-biological
activated carbon; a study on the synergistic effects[ J]. Chemical
Engineering Journal,, 2019, 359, 168-175.

Ding X X, Gutierrez L, Croue J P, et al. Hydroxyl and sulfate
radical-based oxidation of RhB dye in UV/H,0, and UV/
persulfate systems: Kinetics, mechanisms, and comparison[ J].
Chemosphere, 2020, 253, doi: 10. 1016/j. chemosphere. 2020.
126655.

HouK J, Pi Z J, Yao F B, et al. A critical review on the
mechanisms of persulfate activation by iron-based materials:
clarifying some ambiguity and controversies [ J ]. Chemical
Engineering Journal, 2020, 28, doi: 10. 1016/j. cej. 2020.
127078.

Miao D, Zhao S, Zhu K C, et al. Activation of persulfate and
removal of ethyl-parathion
irradiation [ J ]. Chemosphere, 2020, 253, doi: 10. 1016/j.
chemosphere. 2020. 126679.

Furman O S, Teel A L, Watts R J. Mechanism of base activation

[9]

[11]

from soil; effect of microwave

of persulfate[ J]. Environmental Science & Technology, 2010,
44(16) : 6423-6428.
Ahmad M, Teel A L, Watts R J. Mechanism of persulfate

activation by phenols[J]. Environmental Science & Technology,

S



51

TRt RAE: T UOCIRS R 2P B A A

A7 TR s AR A XL T A 2359

[14]

[15]

[16]

[17]

[18]

[19]

[20]

'3

i phmoex(lted dyb for
= nonradical ‘{e"éctmus[ J].

2013, 47(11) : 5864-5871.

Guo P C, Qiu H B, Yang C W, et al. Highly efficient removal
and detoxification of phenolic
activated by MnOx@ OMC
analysis[ J ].
10. 1016/j. jhazmat. 2020. 123846.
Wactawek S, Lutze H V, Griibel K,
persulfates in water and wastewater treatment;
Chemical Engineering Journal, 2017, 330 44-62.

Matzek L. W, Carter K E. Activated persulfate for organic

compounds using persulfate
synergistic mechanism and kinetic
Journal of Hazardous Materials, 2021, 402, doi:
et al. Chemistry of

a review [ J ].

chemical degradation: a review[ J]. Chemosphere, 2016, 151
178-188.

H, W, M, L BRI AL — B ERER P K TP ER
WIPE[T]. BEERlE, 2017, 38(12) : 5116-5123.

Ge Y J, Cai X W, Lin H,
peroxymonosulfate for the degradation of ciprofloxacin in water
[J]. Environmental Science, 2017, 38(12) ; 5116-5123.
JiaQY, Cheng X Y, WuY J, et al. Visible light absorption by

perylene diimide for synergistic persulfate activation towards

et al. Base activation of

efficient photodegradation of bisphenol A[ J]. Applied Catalysis

B: Environmental, 2021, 282, doi: 10. 1016/j. apcatbh. 2020.
119579. ;

Zhou Y, Jiang J, Gao Y, et al. Activation of peroxymo.\r‘lresillfate
by phenols: important role of quinone intermediates and

involvement of singlet oxygen[ J]. Water Research, 2017, 125,
209-218. | L
~Gai T, Liu Y-‘F Wing L L,
degradaﬁon § 1(,a,l"'". and
Chemical EnglnPeHﬁg Journal,ﬂ_ZOL‘)“
375, d01- 10. 101'6/_] cej. 2019. 122070. £ il

antibiotic

[21]4 mﬁ-ﬁ,gué«%,mb s, ﬂEﬁkﬁffJL%{ﬁkﬂ“ e A %@Fi

[22]

[23]

[24]

AL IIIRCR (1], R, 2018, 39(10) 47504758

| Liuf 0z, Liao XY, Li¥" et al. Persulfate 0x1dat10rl | effect! of sﬂﬂ -
i organlc pollutants by ndtunal organic matlersf] 1. Envqunmf;ma'f-d

S(:]dn(‘e 2018,739(10) ; 4752-4758.

FHEE, R, BLH, %, L et B2 B, WO, J6f
LR P B BOBESE[ J]. PRGBS, 2015, 35(9):
2682-2689.

Wang C Y, Zhu QJ, GuC T,
B photocatalytic degradation by Ce®* doped Bi, WO¢[J]. China
Environmental Science, 2015, 35(9) ; 2682-2689.

Rao W X, Piliouras P, Wang X S,
thodamine B ( RhB) uptake on different types of clay minerals
[J]. Applied Clay Science, 2020, 197, doi;: 10. 1016/j. clay.
2020. 105790.

Zhou Y Y, Xiang Y J, He Y Z, et al. Applications and factors

et al. Investigation of rhodamine

et al. Zwitterionic dye

et al. Actlvatlon of ; parsu]fale '-'by

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[33]

influencing of the persulfate-based advanced oxidation processes
for the remediation of groundwater and soil contaminated with
organic compounds [ J]. Journal of Hazardous Materials, 2018,
359 396-407.

Wang X N, Dong W B, Brigante M, et al. Hydroxyl and sulfate
radicals activated by Fe( Il )-EDDS/UV.
degradation efficiencies and influence of critical parameters[ J].
Applied Catalysis B: Environmental, 2019, 245, 271-278.

Nie M H, Deng Y W, Nie S H, et al. Simultaneous removal of
bisphenol A and phosphate from water by peroxymonosulfate

comparison of their

combined with calcium hydroxide [ J ].
Journal, 2019, 369 . 35-45.
Dong SY, Cui L F, Zhang W, Double-shelled ZnSnO;

hollow cubes for efficient photocatalytic degradation of antibiotic

Chemical Engineering

et al.

wastewater[ J]. Chemical Engineering Journal, 2020, 384, doi:
10. 1016/j. cej. 2019. 123279.
Guan C T, Jiang J, Pang S Y,

bromate in sulfate radical-based oxidation processes for the

et al. Formation and control of
treatment of waters containing bromide: a critical leview [J].

Water Research, 2020, 176, doi: 10. 1016/] fircs. 2020

115725. . ‘ '-":' )

Li H C, Shan C, Pan B C. Fe(lll)-Doped o C§N4 mediated
peroxymorm%u]fate actlvatmn for selective degradaﬂon gj;phfnoh(‘
l;xfwronmental
Science & Technok)gy‘, 2018 1,53 (4) : 2197-2205 A .;:;a"

Fang G D, Gag' J Duinyilou DD, et al. Activation of per%ulfate

compounds ¥ia high- Valenl iron-oxo species [ ]

by qumb‘hes
degraddtloh of PCBs (3. Ehvlronmenlal Sclence & Technology J
2013 47(9) 4605-4611. il
Li Hy P
(MIPEC?.‘ methods for improving the photocatalytic perfoi;'r'flance
of g-C4N, in d;gradation of RhB[J].
2020, 531, doi: 10.1016/]. e;psusc. 2020. 147307.
Sannasimuthu A, Kumaresan V, Pasupuleti M, et al. Radical

scavenging property of a novel peptide derived from C-terminal

free radical rea(tlons and implication | for the._

, Wang Z, Lu YIX, et al. Microplasma giectroch:arrgisiry

Applied Surface Science,

SOD domain of superoxide dismutase enzyme in Arthrospira
platensis[ J]. Algal Research, 2018, 35 519-529.
Ge D D, Dong Y T, Zhang W R, A novel Fe?*/

persulfate/tannic acid process with strengthened efficacy on

et al.

enhancing waste activated sludge dewaterability and mechanism
insight[ J]. Science of the Total Environment, 2020, 733, doi.
10. 1016/j. scitotenv. 2020. 139146.

Hynek J, Chahal M K, Payne D T,
materials for singlet oxygen generation [ J ].

2020, 425, doi: 10. 1016/j. ccr. 2020.

et al. Porous framework
Coordination
Chemistry Reviews,

213541.




HUANJING KEXUE Vol.42  No.5

Environmental Science (monthly) May 15, 2021

CONTENTS

Chemical Characteristics and Source Apportionment of Organic Aerosols in Atmospheric PM, s in Winter in Beijing XU Nan, WANG Tian-tian, LI Xiao, et al. (2101)
Characteristics of Two Pollution Episodes Before and After City Heating in Beijing from February to March of 2019 - YIN Xiao-mei, PU Wei-wei, WANG Ji-kang, et al. (2110)
Analysis of Characteristics and Causes of a Typical Haze Pollution in Beijing in the Winter of 2019 «+«+eeseseessersenseemenenenincneneens LIAN Han-yang, YANG Xin, ZHANG Pu, et al. (2121)
New Particle Formation Events in Summer and Winter in the Coastal Atmosphere in Qingdao, China «++++-ssvesesssssesssssenensinsnensinenens SUN Yue, ZHU Yu-jiao, MENG He, et al. (2133)
Characteristics of Heavy Metal Pollution and Ecological Risk Evaluation of Indoor Dust from Urban and Rural Areas in Taiyuan City During the Heating Season
..................................................................................................................................................................... HUANG Hao, XU Zi-qi, YAN Jun-xia, ef al. (2143)
Concentration Analysis and Health Risk Assessment of Air Pollutants in Newly Decorated Public Places in Xi%an ««ereereerererenseenenennenees FAN Jie, FAN Hao, SHEN Zhen-xing, et al. (2153 )
Emission Concentration and Characteristics of Particulate Matter and Water-Soluble lons in Exhaust Gas of Typical Combustion Sources with Ultra-Low Emission ««+«ssesseseessesseeseneneenes
............................................................................................................................................................... HU Yue-gi, WANG Zheng, GUO Jian-hui, et al. (2159)
High-Throughput Sequencing Analysis of Microbial Communities in Summertime Atmospheric Particulate Matter in Hefei City «+-++++-+++++ JIANG Shao-yi, SUN Bo-wen, DAI Hai-tao, et al. (2169)
Spatiotemporal Variations in Fine Particulate Matter and the Impact of Air Quality Control in Zhengzhou sesveseseneeenes DONG Zhe, YUAN Ming-hao, SU Fang-cheng, et al. (2179)
Characteristics of Ozone Pollution and Relationships with Meteorological Factors in Jiangxi Province QIAN Yue, XU Bin, XIA Ling-jun, et al. (2190)
Temporal and Spatial Distribution Characteristics of Aerosol Optical Properties in Urban Agglomerations on the North Slope of the Tianshan Mountains «++eteseseereesesresienenenninenennnns
.................................................................................................................................................... ZHANG Zhe,, DING Jian-li, WANG Jin-jie, et al. (2202)
Comprehensive Classification Method of Urban Water by Remote Sensing Based on High-Resolution Images YANG Zi-gian, LIU Huai-ging, LU Heng, et al. (2213)
Construction and Application Optimization of the Chl-a Forecast Model ARIMA for Lake Tathu LI Na, LI Yong, FENG Jia-cheng, et al. (2223)
Spatial Differences in Water Quality and Spatial Autocorrelation Analysis of Eutrophication in Songhua Lake «+:+r«+eseseereereeneeercnenees DING Yang, ZHAO Jin-yong, ZHANG Jing, et al. (2232)
Pollution and Irrigation Applicability of Surface Water from Wet, Normal, and Dry Periods in the Huixian Karst Wetland, China ««++++=+++ ZHU Dan-ni, ZOU Sheng-zhang, LI Jun, et al. (2240)
Changes in Water Chemistry and Driving Factors in the Middle and Lower Reaches of the Beijing-Hangzhou Grand Canal +++-+++ CHENG Zhong-hua, DENG Yi-xiang, ZHUO Xiao-ke, et al. (2251)
Effects of Different Land Use Practices on Nitrogen Loss from Runoff During Rainfall Events «eoveoveeeesresesesienienenenninenenienn LUO Yi-feng, CHEN Fang-xin, ZHOU Hao, et al. (2260)
Sources and Fate of Nitrate in Groundwater in a Typical Karst Basin: Insights from Carbon, Nitrogen, and Oxygen Isotopes =w+eeeeeeeees REN Kun, PAN Xiao-dong, LIANG Jia-peng, e al. (2268 )
Changes in the Bacterioplankton Community Between “Ice” and “Water” in the Frozen Dali Lake ++ LI Wen-bao, YANG Xu, TIAN Ya-nan, et al. (2276)

Analysis of the Spatial Changes in Bacterial Communities in Urban Reclaimed Water Channel Sediments: A Case Study of the North Canal River «:«+«ssesseseeeeserensinniniensininicnennnes
........................................................................................................................................................ QIU Ying, JIN Yan, SU Zhen-hua, e al. (2287)
Spatial Differences and Influencing Factors of Denitrification and ANAMMOX Rates in Spring and Summer in Lake Taihu ZHAO Feng, XU Hai, ZHAN Xu, et al. (2296)

Structural Characteristics of Zooplankton and Phytoplankton Communities and Its Relationship with Environmental Factors in a Typical Tributary Reservoir in the Three Gorges Reservoir Region

.............................................................................................................................................................................. CHEN Sha, XIE Qing, FU Mei, et al. (2303)
Application of Iron and Sulfate-Modified Biochar in Phosphorus Removal from Water «eoeseeereseeereeeee SANG Qian-gian, WANG Fang-jun, ZHAO Yuan-tian, et al. (2313)
Analysis of the Performance and Mechanism of Phosphorus Removal in Water by Steel Slag LUO Xiao, ZHANG Jun-bo, HE Lei, et al. (2324)
Adsorption of BS-18 Amphoterically Modified Bentonite to Tetracycline and Norfloxacin Combined Pollutants «+«+-+sssesereesrssreeneessneneeens WANG Xin-xin, MENG Zhao-fu, LIU Xin, et al. (2334)
Preparation of Ag;P0,/g-C3N, Composite Photocatalysts and Their Visible Light Photocatalytic Performance «+:+:+eseeeeees GAO Chuang chuang, LIU Hai-cheng, MENG Wu-shuang, et al. (2343)
Activation of Permonosulfate by Rhodamine B for BPA Degradation Under Visible Light Irradiation -+ »+++ ZHANG Yi-chen, BAI Xue, SHI Juan, et al. (2353)
Fe-Ti Co-Doped Alumina-Induced Surface Dual Reaction Center for Catalytic Ozonation to Remove Pollutants from Water «+++:++++++-- ZHANG Fan, SONG Yang, HU Chun, et al. (2360)
Preparation of Sulfidated Copper-Iron Bimetallic Composited Material and Tts Mechanism for Chromium Removal -+ QU Min, WANG Yuan, CHEN Hui-xia, et al. (2370)
Mechanisms of Penicillin Wastewater Treatment by Coupled Electrocatalytic and Bioelectrochemical Systems ««+-«+x+ssereese: -+ QU You-peng, LU Jiang-wei, DONG Yue, et al. (2378)
Aerobic Granular Sludge Operation and Nutrient Removal Mechanism from Domestic Sewage in an Anaerobic/ Aerobic Alternating Continuous Flow System «+seseeseerseseresenensenininennee

........................................................................................................................................................................... LI Dong, YANG Jing-wei, LI Yue, et al. (2385)
In-situ Phosphorus Removal Activity and Impact of the Organic Matter Concentration on Denitrifying Phosphorus Removal in Sludge Aggregates »«+«sxeseereereeresemenensineninsnnnenn

.................................................................................................................................................................. LU Yong-tao, JIANG Xiao-tong, TU Yan, et al. (2396)
In-situ Sludge Reduction Technology Based on Qzonation —««+:«+sessessersensssemensesnininissiisisisss s XUE Bing, LIU Bin-han, WEI Ting-ting, et al. (2402)
Effects of Activated Carbon on the Fate of Antibiotic Resistance Genes During Anaerobic Digestion of the Organic Fraction of Municipal Solid Waste — ««+sereerereerereneenemenensniniinenne

*+ MA Jia-ying, WANG Pan-liang, WANG Bing-han, et al. (2413)
Release Mechanisms of Carbon Source and Dissolved Organic Matter of Six Agricultural Wastes in the Initial Stage ** LING Yu, YAN Guo-kai, WANG Hai-yan, et al. (2422)
Spatial Differentiation of Soil Organic Carbon Density and Influencing Factors in Typical Croplands of China — +«tveseesessesnesnerssenennenens LI Cheng, WANG Rang-hui, LI Zhao-zhe, et al. (2432)
Characteristics of Paddy Soil Organic Carbon Mineralization and Influencing Factors Under Different Water Conditions and Microbial Biomass Levels -+ LIU Qi, LI Yu-hong, LI Zhe, et al. (2440)
Analysis of Nitrogen Transformation Characteristics and Influencing Factors of Forestland Soil in the Qinghai-Tibet Plateau: A Case Study of the Qilian Mountains and Southeast Tibet +++++++
............................................................................................................................................................ HE Fang, ZHANG Li-mei, SHEN Cong-cong, et al. (2449)
Using the Matter-Element Extension Model to Assess Heavy Metal Pollution in Topsoil in Parks in the Main District Park of Lanzhou City -+ HU Meng-jun, LI Chun-yan, LI Na-na, et al. (2457)
Effects of Long-Term Application of Chemical Fertilizers and Organic Fertilizers on Heavy Metals and Their Availability in Reddish Paddy Soil «+eeseseereereereremenenenncnensininennnen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIA Wen-jian, ZHANG Li-fang, LIU Zeng-bing, et al. (2469)
Characteristics and Origins of Heavy Metals in Soil and Crops in Mountain Area of Southern Sichuan «++:+ssseseereerssesienenencinienenes HAN Wei, WANG Cheng-wen, PNEG Min, et al. (2480)
Spatial Distribution Characteristics, Source Apportionment, and Risk Assessment of Topsoil PAHs in the Core Area of the Ningdong Energy and Chemical Industry Base

............................................................................................................................................................ YANG Fan, LUO Hong-xue, ZHONG Yan-xia, ef al. (2490)
Functional Stability and Applicability of Heavy Metal Passivators in Reducing Cd Uptake by Lettuce ««+veeereenesesssmennsnssninnennns PANG Fa-hu, WU Xue-jiao, KONG Xue-fei, et al. (2502)
Effects of Water Management on Cadmium Accumulation by Rice ( Oryza sativa L. ) Growing in Typical Paddy Soil +»+ ZHANG Yu-ting, TIAN Ying-bing, HUANG Dao-you, et al. (2512)
Adsorption Properties of Oiltea Camellia Shell-Modified Biochar and Effects of Coupled Waterlogging on Soil Cd Morphology —«+s«sexseereesesreserenseienismienennininiiiins

........................................................................................................................................................................ CAI Tong, DU Hui-hui, LIU Xiao-li, et al. (2522)
Effects of Land Use Changes on Soil Fungal Community Structure and Function in the Riparian Wetland Along the Downstream of the Songhua River —««+sesseesseserensenenienennsiniinsnnes

..................................................................................................................................................................... XU Fei, ZHANG Tuo, HUAI Bao-dong, et al. (2531
Distribution of Antibiotic Resistance Genes and Microbial Communities in a Fishery Reclamation Mining Subsidence Area «+:«+sesseorerseressennenneeenennes CHENG Sen, LU Ping, FENG Qi-yan ( 2541

(2531)
(2541)
Effects of Three Commonly Used Herbicides on Bacterial Antibiotic Resistance LI Xi, LIAO Han-peng, CUI Peng, et al. (2550)
++ CHEN Zhuo, CUI Qi, CAO Ke-fan, et al. (2558)

Discussion of Microbial Control Standards of Water Reclamation and Formulation Methods



	1
	20210527
	2

