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Photodegradation Behaviors and T0x1c1ty Characteristics | of Trlmethopmn 1nt0

Different Environmental Media Wlth Ahe Presence of g-CiN, / o=
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Abstract To 1mesugale the photmhemncal behaviors of ‘antibiotic Jlpe‘éldu_@s‘ n different environmental medla lhlb studx egjﬁmmea the photodegladatlon characterlstles of
trimethoprim ( TMP) m"wa.ter dlmosphem particulatematter; " ind”soil unger thetcoexistence of graphite catbon.nitride (g CgN, ) and further evaluated its aquali toxlcrrv
variation before and after wslbie light degradation. The'results showed that the degradatlon rates of TMP separale]freached 89 2% 35.18%, and 16.9% in watex, atmospheric
particuldte matter, |and soil. 1. Tree radical trapping experiments fond thatt OF played an important role during'the photodegradation process in water, whereas +0, was “shown
to'be the dommam active species in atmospheric de‘tlLuldlé‘ malter ad soil. The photodegmddllon of TMP in water generated more stable carbonylation intermediates (m/z,
305.), unhke’ the frocgsses in soil /and-atmospheric particulates. Fun}}g:r aqualw—toxwﬂy tests demonstrated that photodegradation products of TMP showed stronger toxicity to
Scenedasmus obhqum than the original TMP, which significanitly inhibited the gmwlfl rate of algal cells and the contents of chlorophyll a and b and caused cellular oxidative
stress. .

Key words': trimethoprim; carbon nitride; photodegradation; toxicity; environmental media
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T 5087 L L) KR A A 1 D S 4R 9 AR AL A
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WFEE | 320 (2 mm) 585 F. i SR 4R 1 JURE 49 A it
i e HAERE T T 121°C B EZER KW 2 h, H TR
SRS | 25500 Bk PM,  F - 3EREAS h R A
H TMP.
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FURY. BU1 ¢ BdBFE S 4380 K T EE (100 mL) H,
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12 h, a3 2R A A o-C, N, Bk,
1.3 TMP 7E7K | KAJIURLY) I 38 v i St i
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PEATIE U8 (0. 22 pm) , WOAR R VR T HPLC W D'
WEHT G A W TMP 3k B | 3158k A TMP 7‘(:[55‘
fif 3.
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a1 ﬁj‘ﬁﬂﬁg HA 3 By A Ez&ﬁ;%'
W5 A 2 A3 h B RE S, S 10wl
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I JEIR T TMR YR | 5 ik ] L.
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IMATEK BB 38U KR TR R L (@
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ERES  IMATC/K SR R 30 min, 13 38 J5 0
PEBOK H TMP ¥
1.4 TMP SGREMALE] S SCh =P B

K A H R4 AR S 50 SR SR [l A B TMP
(6 R i HL AR >0 43 B0 A TMP Ji 100 5 9
PR AT B EDTA-Na, , 7E Jy 8 40 A 3
(-0,), BRIEAHMIEC-OH) M (hT) BT

R, % UM At JE T BRI TMP B A R
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38T TMP BYSERERR =), (%240, C18 (2. 1 mm
x 100 mm ), 25°C A= &, B B W 3 #H (3.0
wLemin ™) FERER A 1 pL, A7 Xk TIC. i
BB HEST B TR, 2.5 kV B3 iR, B4 IR E
g 320°C, # K K 35 mLemin ', B B SR E
300°C ,# % 10 mL-min ™", R 50 ~ 750 m/z,
Ay J 70000 FWHM SR AERT[E] 15 min.
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BE TR 22 a( Chla) FIFF4RZ b(Chlb) B &
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R A
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JHA 5 IEA S, TMP YE IR 3 h A9 B i R
17. 6% 351N %) 89. 2%, {HKE ¢-C,N, Hm4kZL3E i,
F T R R R R 2 22 B ARG AL 75 5 30 TMP
R foR R AT BT T B, 5K A A L, TMP 7 £ 3
FUBOREY) b B R Af W A G218 . TMP 720K | 1Y
Wof A et Bt ' IR (B A T T 187, >4 TMP 5 ¢-C, N,
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] LY ( >420 nm) A

A 1:30 B OGHR 3 h [ RN 35.8% [&l 1
(b) 1. 5 _Fak iR A L, R HET TMP YGRE iR
AKX, YRR TMP 5 ¢-C,N, i Fb M 1: 10 H40n
£ 1:50 B, G 3 h BEAR RN 1. 4% 382 16. 9%
[E1(e) ], bR ARS8 ¢-C N, FH, TMP HDERE
fift R IC W E R . FRFI o-CoN, %l By i 6 R i
E@iﬁ% , TMP 7E 7K Ff fry 63 e 382 238 147 15 - LAl 9 o
i, K g-CyN, 5 TMP BE 58 434 fish , AH XT F50kE 4 Fl
iﬁ%}l@ﬁﬁﬁwﬂﬁ%%%ﬁ S, I AN
TS R ARG T T J5 AR A R U, B Te-C, N,
5 TMP 932 fil i R DA K i i A 336 4 Ry BR A, S 350
R MR G 22, BRI 2 40, ROk Y/ + 18 (&
PR ANEE 25 W5 ) A5 Y 2 6] w] A % AR A
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BN A [ ﬁaﬂﬁm R%E’Jfﬁﬁﬂﬁﬁrﬁ&r
Oy . -OF Al A¥ 26 1 FHJE 0 B AH 5, YE 6 3 K I
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b R A A R R B A AN TR A 5T e O 3 R e
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e K AR RS 2 B FH TS R A, I 5 V
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SV P S TN T RRL 6 - (KT) 4 4K - OH A A, TMP
(4 YR A sl sz 21 W A . (EUR A 2 (b ) FA



12 4] RIBAE : BT g-Cy N, BFFEERSE i HH R0 R E ) DGR A A7 o S Lk 5835

125
(a) 7k
IDO L]
HnE I h
75 2h
: | N
=
g 50
25t o
P 0
Af g 1:5
50
(b) KAHRL A

FERTHRI%

A%

payii] 1:10 1:50

PITMP) (O M)

g-Cy N, AL 5 %5 JEAIL ) 2% 53 . b A
# P<0.05, *%P<0.01, ##x P <0.001
1 g-C,N, FETREN RS TMP K97 LR
Fig. 1 Pholodegradation of TMP in different media

under the presence of g-C;N,

2(c) KFE TR A inA TBA fifkE5E A
BERF, TMP [ i 22 01 00 32 2 i Z M, A PBQ
KA H LG TMP B R Af R4 TR T 13.3%
M122.7%; Wil A EDTA-Na, J5 & F TH3E b %
RN b A b e 15204 8008, #h i Ak
WL -0, #2517 TMP FEfR, 53 IR AH L,

SO ) R - 358 v 1 O i R 0 I 4R v T 16, 7%
7. 0% . HAERSBORY) A LI A b, -0, AT
AR T A VLG I, 912 5 HAth ROS (- OHAN
H,0, ) B

125

(a) 7K
-
100 - —=
.
/*.*
;?_ 75+
= /
¥
= S0 /
25 + /
0
Ay EDTA-Na, PRQ TBA
S
(b) 7
100 — T
£3
. 7
¥ 50 /
=
3 / / .
=z 50 ¢ / / ﬁ
il / /
J 0 /
AR EDTA-Na; PBQ TBA
125
(c) -4
.
100 T % T
§_ 75 7
=
= S0 - /
25 / / /
0 / /

&

F ER A A S 5 0 IR ] 2 S b 354K T
#P<0.05, #P<0.01
B2 FEEREHEHRFX TMP SRR 200

Fig. 2 Effects of free radical scavengers on photodegradation

=

EDTA-Na, PBQ TBA

rate of TMP in different media

ANFEFREA BT TMP [Eff AR R I K > R
SRR > T XEOGIR 3 h R ) HEA T U
FRETE 53 BT, & BK AR TMP A7 75 W]t 1) B fie
Wy, WAERSOR: ) A0 - S 5 v - BEAT 2 BRI Y
fifg =), 1X AT BES TMP £ RURLH) A1 38 v e A R A



5836 EZN b}

B 43 %

L TR R BAR AT O, IR FE TMP 7E K Ok
R fie A, gk — 4 F UHPLC-MS X HOG g 7= 9y
AT AT, I TMP 78 7K A 5T Hh i ' fife i 42 Gn 141
3 . Hoboef =4 Pl G e, & h
2,4-T5-5-(3,4,5-— AR 0K T k3 ) M g |
TN CL,H,N,0, , iZ= YW 7 Moreira 2577 iy

NH2

HiCO

TR g gl i i, 2 W AR E A SR AR RO R
WA = A 7= . ST = ) B X i
TR R H IR 25 48, T AE O Al SR 5] kR R i
TMP 5 H ] 7= 4 & A= i — 2D B i, PL &b
77 P3PS P2 A H AR R i R AL A ot
B AT

H3CO
H:CO TMP, miz 290 HLCO Pl miz 305
0 FRdtit
PR T
H:CO OH  yyco ol LA
Ak
HO H;CO
HyCO P2, m/z 169 H:CO  p3 iz 212
0 NH, 0 NH,
H3CO » R
¥ H,CO H;CO OH u()\(L\W HO | Ny
)\ )\
Ho HO N N NH
Hheo mlz 154 Hco mlz 138 H,CO iz PS5, miz 126 P4, miz 154
NH;
H:CO COOH _ _ NN
— CO,+H0 | Xy
COOH )\
——
HO = N NH, | . )\
., [M + Na], miz 241 NH
OCH:x mlz 95 miz 110

4 _i B o
T B3 KATRR TMP RPEMERE

Fig. 3 Photodegradation pathway of TMP in water

2.3 TMP Ui i xR A bl AR K AR SR Z K
R

AR R —E W TMP &5 %R K+ H 2
¥ ( Pseudokirchneriella subcapitata ) . 7% ¥ ( Lemna
minor) . KA ( Daphnia magna ) F1fL4E f1 ( Poecilia
reticulata) 55 7K A2 A2 W) B9 S ECHE AN, A0 ) A
R BEGHR N B 6 M AL A ORI A A A
( Scendesmus obliquus ) YER 32 EY), LA T TMP Jit
25 50 Y R R A KRB B, & 4 (a)
AL, 525 OO IR AR B, TMP Dt 24 20 3 40 it A
v BE T v 1T A, TMP YR BE - 20 mg- L~ B X
P A KT I E TMP S = 9 ml g 2 1 i
20 M B AR B TMP (20 mg- L") Sl B fift 22 5 41
20 M A K %R 18.7%, W TMP (50
mg- L") 20 B AL 1S H0 1 ZE AT 35 5 42. 1% , R W]
TMP ' A 7 4 L J5E 24 %o 3 40 i A 4 iy o0 i 1
BT,

MR R EAYOCE RPN EE AR, H i
£% 3R a( Chla) J& it 55 1808 I 3 3% 1) B Al

IMi4% 2 b(Chlb) & Chla B B AMER B4R Y
Y2 2R 57 B IR 2 B AR W R OE G g
1, AR AR K R B 4 (b) R 4 (c) AT
525 0 B ZH AR LG, TMP 524 X6 368 240 it 1 4t %
DRI AN 2 AAE SR R EE A (50 mg-L7')
Chla E BT 16.9%; MiJCIE R ARHKE , TMP )t
RSt = 1) 22 5 2 349 Wb 2 4 o o R 3R OK O R
TMP(50 mg-L~") OGR4 B/ Chla A1 Chlb & &
G300 A Xt R ZH 1 59. 7% F1 68. 5% . ik SR .
55 TMP JEZGHH LL, SRS B RE ik ™= 1 mT S 35 0 o)
-2 25 A N, X — &5 B 2 th TR RS
JRRTAR S A I i 5 A
2.4 TMP AR e %o Ak A B S A 0 40 1) 5
FERFT TMP [ i Jo 5o sk AR st i et 22 5%
3 XF Y B 96 h A A M UE AT B AR Ak il S P
(SOD ., CAT ) Ay P4 (ROS) /KA. an el 5
(a) M 5(b) FiR, 525 (A% AL Lb , IRk B TMP
AL B A0 SOD Al CAT F % v i 2 28 1k, i
MR BE TMP A S5 25175 S i 1k v [ Bl 2 390 0 e



12 RIS . FET o-Cy N, BFSE RS i A0 BE M el A 7o B L2k 5837
150 @ Arvaniti 25 BF5E & B, TMP 280 75 A 24 B it 23 7
ns| B TMp somer S SRS S A, T e o il = g 0
00 . % ( Daphnia magna ) 1 2 3k % 101 ( Pimephales

=1 B NN 2o 1),
ﬁ 7/;— . o promelas ) B2 PEREVE R T IR 2. Zhang 5 W58 &
g“' // N N s B TMP 283 UV/PDS (G A iR Eh) T ZAAb S,
g 50 % \ Fh ] 7= ) 6 B ( Vibrio ginghaiensis ) [/ 201 7
N o N TN PERS IS0 , [ 40 H A o Bl
\ ¥ TP 305 (m/z,305) BI477E; Shim %) Hl Kang
7 :
0 A - P . N . . s
AR FEARRT WA SR BRI R A y SRR R e R R
6 o TG 3 R AN S SR A5 P R ), 5 2R T
T BRI ST R, TE VAR BB 3R B TMP A= 28 %
g4 % T £ SR RE Z A CBORELAL ™ W) B BEPERLN.
% / ) = -2
S 2 / / £l i
/ 2 T 222 T™MP 20 mg L i + \
0 7 'r% 15 | SXIT™P 50 mgL”!
X1 WA VAR o I
20 S b Tt
© b
I T 2 st
3] ™ " 1]
';{g 1o f / { = R A i
Z 7 20
o 05+ / \ / \ 5 _(b) %* ] ?}
7%

0

o
AR e AR Lo

dy

=

|7 1slp@0.05, # P <0.01, s pciool =T

(E4TVP R BEBEEH MR KE, HREa T
I MR b R ERIHIN

Fig. 4 Effects of TMP and photodegradation products on growth

rate, Chla, and Chlb contents of Scendesmus obliquus

WREERY TMP 5124 | 28006 B A R A 7 4 3 ] f 2%
V5 BN M DT AL IS M, O 22 Wk AR M T i
P R TMP DG A 7 W) 2% % 21 v B A0 i Y9 SOD
FITCAT W38 1 , 53 531 2 25 1 0 BEAL BY 1. 93 £ Al
2. 31 A5 AW 32 B 75 G Wy 30 i, ALK P9 22 R ™
Az ROS, IEHIE LT A1k A BT L B R 52
THERA S ROS B2 25 20 A 4810 17 3T 1 e 4 T
e, P AW B R G ROS & i — 251 5 41 Mo e
DNA FIE [ 5 %5 & A AR B S (o) AT A,
24 Scendesmus obliquus Z%#% T TMP YGF## =) 96 h
Jev , ARRe JEE R v e FEE e 7 ) e e 2H ROS 75 B 1% ik
FETHE SRR ALY 1. 74 50 2. 12 £5. (R
TMP SGRE R Z Hi, RAT i e B2 i 24 74 2 75| 7 98 4
AL, FBUEA ROS KF-THE.

TMP 544 il H 3 (—CH,—) 3 D7 38,
TESGHRFN H i HEVE R 25 50 52 AHAR O5 e TG A i AE il
TR, Xof AR A Al 2 B A D 24 B R Y B

; = [ ™ 5 & f
(2 W e TR e TR B

L

CATHMETGE A E A H)/U-mg™!
=
e
\
\\\*

i e R G 13
250
© T
. 200 t .
5 i T
2 150
2 100 [ x
[
50
0
opi I 13

TMP R 115 2% i 20 55 % BR 28 18] 22 7 8. 5 MK
# P <0.05, *xP<0.01, #xxP<0.001
El5 TMP StREMRTEX R4S SOD, CAT Eifi it
1 ROS 7K T #3400
Fig. 5 Effects of TMP and photodegradation products on SOD,
CAT activity and ROS level of Scendesmus obliquus

3 HFig

(1) fEiR AR AL AT WOE IR T T, 2T ¢-CN,
PO PPl T AR BT TMP DGREf#AT R RRE, 3
KA TMP A fre R, HUCOR R SRR A1+ 2.

(2) F 1 A 3R SE B 45 R R W, KA iU TMP
JEREAR 52 - OHSZ IR, 17 - O W) J2 U ORL )



5838

w5

2 43 %

T3

J B E P R AR PR A B TMP

ISR B AR A 22 5%, KA PR TMP DA Al A2 AR 2
HIBRFEAL H E] =4 P1 (m/z,305) , AR R SUS0R 4 il
TS R OR A B ] ).

(3) RhA= M

BRI R W TMP 757K AH 1Y

DA =PI HO I 2 B8 1 7 1, 2 A o
A, SR A ARG . /R ET5E B TMP 19 4

uﬂ&lTﬁ?fh% u\/\jlﬁlgﬂﬁzi;

TR R R AL

S 30k

(1]

[4]

[5 1

[7]

[8]

[9]

[10]

[11]

Wu T Y, L1 ] Yang A J,

J assessment, 6f amlblollc contamination in C,hlshul

". wastewater treatment fFplants and
| ;

e .
/' Environment International , 2021,

Shi J Y, Dong Y B, Shi Y'Y, et al. Groundwater antibiotics and
microplastics in a drinking-water source area, northern China:

Occurrence, spatial distribution, risk assessment, and correlation

[J]. Environmental Research, 2022, 210, doi: 10. 1016/].
envres. 2022. 112855.
Cecinato A, Romagnoli P, Perilli M, et al. Pharmaceutical

substances in ambient particulates ; a preliminary assessment[ ] ].
Chemosphere, 2017, 183 . 62-68.

Kong M, Xing L Q, Yan R M,
and ecological risks of typical antibiotics in rivers inflowing into
Taihu Lake, China[ J].
2022, 309, doi: 10.1016/]. jenvman. 2022. 114699.

RRTF, L, R, S oKUK ARG 315 B
AE BRSSP [ )RR, 2022, 43(1) - 210- 219.

et al. Spatiotemporal variations

Journal of Environmental Manqument,

et al. Chdrdgtensu 5

er ‘,basm

Guizhou prov'm(,e Chlnd[] 1. Env1ron.mbntd]_48'uen(,e, 202.2 4}

(). 210219 ! i

¢ Nieto-Juarez J 1 d-Ton"f-i Palma R A, Boterﬂ Coy A MJ et al.

Pharmaceuticalsjand environmental nsk.asséssment in myhlclpal

[ L) ___.-r"

rivers “frém Pe;
155, doid10. 1016/j. covifit:
2021 106674. '
M, s, FUR R, W REEYUE R RRRE KL
TR BT RE ()], B AR S A, 2012, 23(8)
2300-2308.

Li WM, Bao Y Y, Zhou Q X. Degradation pathways and main
degradation products of tetracycline antibiotics: research progress
[J]. Chinese Journal of Applied Ecology, 2012, 23(8) ; 2300-
2308.

Abramovic B F, Uzelac M M, Armakovic S J,

Experimental and computational study of hydrolysis and photolysis

et al.
degradation kinetics, pathways, and
toxicity[ J]. Science of the Total Environment, 2021, 768, doi:
10. 1016/j. scitotenv. 2021. 144991.

Huovinen P, Sundstrom L, Swedberg G, et al. Trimethoprim and
[T].
Chemotherapy, 1995, 39(2) ; 279-289.

Le T H, Ng C, Tran N H, et al. Removal of antibiotic residues,
antibiotic resistant bacteria and antibiotic resistance genes in

Water

of antibiotic ceftriaxone :

sulfonamide resistance Antimicrobial ~ Agents and

municipal wastewater by membrane bioreactor systems|[ J].
Research, 2018, 145 . 498-508.
Yang X, Flowers R C, Weinberg H S,

removal of pharmaceuticals and personal care products ( PPCPs)

et al. Occurrence and

in an advanced wastewater reclamation plant [ J ]. Water
Research, 2011, 45(16) : 5218-5228.
Gumbi B P, Moodley B, Birungi G,

quantification of acidic drug residues in South African surface

et al. Detection and

water using gas chromatography-mass spectrometry [J].

and '.

[12]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[24]

[25]

Chemosphere, 2017, 168 1042-1050.
Han Q F, Zhang X R, Xu X Y,

aquaculture farms

Antibiotics in marine
Bohai Sea:
distribution characteristics considering various culture modes and

2021,

et al.
surrounding  Laizhou Bay,
organism species| J |. Science of the Total Environment,
760, doi: 10.1016/]. scitotenv. 2020. 143863.

Zhou L J, Ying G G, Liu S,

environmental occurrence of antibiotics in typical swine and dairy

et al. Excretion masses and
cattle farms in China[ J].
2013, 444. 183-195.
JEA, HORkEE, AU, A& TS TR AT T i IR Y
WA | WiMEPUE R MR NI EMEAET R M ELT].
SrHTARRE, 2009, 37(8) : 1119-1124.
Tang C M, Huang Q X, Yu Y Y,

determination of sulfonamides,

Science of the Total Environment,

et al. Multiresidue

macrolides, trimethprim, and
chloramphenicol in sewage sludge and sediment using ultrasonic
extraction coupled with solid phase extraction and liquid
chromatography-tandem mass spectrometry [ J]. Chinese Journal
of Analytical Chemistry, 2009, 37(8) . 1119-1124.

Yun S H, Jho E H, Jeong S, et al. .
tetracyclinesand sulfathiazole individually and in: _ni-i‘g(:ﬂ'lres [J].
Food and Chemical Toxicology, 2018, 116 108- 113. .
Sirtori C, Agu.;ra. A, Cernjak W, et al. Effeol (‘)f W
composition jon trlmethopnm solar pholodeﬁrad‘atlon klnetlcs and
palhways[]] Watér Research, 2010, 44(9). 2735- 2744
M1(‘hae11 Hag‘;e%hl Ec' Oiono V, et al. Solar photo(;alalytlc

lreatment of trlmethoprlm in four environmental matrices at a pl]Otl‘

Phptudég';“;adatign of

er-matrix

lra,nsfurmanon ]ﬁodutls and ecotoxluty evaluatlo,n ¥7.
Science! of‘the Total Enyironment, 2012, 430 167-173. &
Koba0, _

in soil ;

scale;

olovko O, Kotlesova R, et al. Antibiofics degrédatibn

a case of clindamycin, trimethoprim, sulfamethoxazole

and their transformation produgts [ J ]. Environmental Pollution,
2017, 220 1251-1263. ]
Giang C N D, Sebesvari Z, Renaud F,

dissipation of the antibiotics sulfamethoxazole,

et al. Occurrence and
sulfadiazine ,
trimethoprim Vietnam
[J]. PLoS One, 2015, 10(7), doi:
0131855.

Lin K D, Gan J.

associated non-steroidal anti-inflammatory drugs and antibiotics in

and enrofloxacin in the Mekong Delta,
10. 1371/journal. pone.

Sorption and degradation of wastewater-

soils[ J]. Chemosphere, 2011, 83(3) ; 240-246.
Zhang Y L, Lin S S, Dai C M, et al. Sorption-desorption and
transport of trimethoprim and  sulfonamide antibiotics in

agricultural soil; effect of soil type, dissolved organic matter, and
pH[J]. 2014,
21(9): 5827-5835.

Wen J Q, Xie J, Chen X B,
photocatalysts [ J ].
123.

Zhang S, Gu P C, Ma R,
fabrication and structure regulation of visible-light-driven g-C; N, -

Environmental Science and Pollution Research,

et al. A review on g-C;N,-based
Applied Surface Science, 2017, 391. 72-

et al. Recent developments in
based photocatalysts towards water purification: a critical review
[J]. Catalysis Today, 2019, 335; 65-77.

Li R B, Huang J S, Cai M X,
peroxymonosulfate by Fe doped g-C;N,/graphene under visible

et al. Activation of

light irradiation for trimethoprim degradation [ J ]. Journal of
Hazardous Materials, 2020, 384, doi: 10. 1016/j. jhazmat.
2019. 121435.

Fan G D, Ning R S, Yan Z S,
transfer mechanism in Ag-AgCl/WO,/g-C;N, photocatalyst with

et al. Double photoelectron-

enhanced visible-light photocatalytic activity for trimethoprim



12 3 RIRAE . FET o-Cy N, WFSEFREEH B E AR A7 SO 5839
degradation[ J ]. Journal of Hazardous Materials, 2021, 403, TiO, photocatalysts; Kinetics, mineralization, antimicrobial
doi: 10.1016/j. jhazmat. 2020. 123964. activity elimination and  disinfection [ J ]. Journal of

[26]

[27]

(28]

3ty

Ding W, Wang Y J, Yu Y T,
(I') to arsenic(V) on the surface of kaolinite clay[ J].
of Environmental Sciences, 2015, 36. 29-37.

Zhu N, Li Y, Jiao J H,

arsenics’ behavior and their glucose metabolite toxicity by the

et al. Photooxidation of arsenic
Journal

el al. Investigating photo-driven

typical metallic oxides in ambient PM, 5[ J]. Ecotoxicology and
Environmental Safety, 2020, 191, doi: 10. 1016/]. ecoenv.
2020.110162.

Zhu N, Li R Y, Zhang J,
seven benzoylurea pesticides with C;N, nanofilm and its aquatic
Total

et al. Photo-degradation behavior of

impacts on Scendesmus obliquus [ J ]. Science of the

Environment, 2021, 799, doi: 10. 1016/j. scitotenv. 2021.
149470.
KW, METF, FFmEE, % Ag/g-CN, 1] WG L

Tl S g M R LI T ]
(11): 3079-3089.

Song Y L, TianJ Y, Qi J Y, et al. Performance and mechanism
of visible-light photodegradation of sulfamethoxazole by Ag/g-

WEE T %4, 2018, 12

C;N, [J]. Chinese Journal of Environmental hnglneermg, 2018,
12(11) : 3079-3089.
OECD. Test No.201; Freshwater alga and cyannhacteria},:.-g“rowth
inhibition test, OECD Guidelines for the Testing of Chemicals,
Section 2 [ EB/OL]. https://www. oecd ““lorg/env/té.st-no- 201-
alga-growth- 1nh1bahon test- 9789264069923 -en. htm 2011 07—
28. 4 f
Zhou G ] . Peng F Q Zhang L J, et al. BlsSorpt"jyﬁf zm{and
copper fron‘l ﬁqueou% solutions by two fréshwétér (greex mlc'malgae
| Chlorella, 4.

yrenoidosa and  Scenedesmus obltquus

_+ Environmental Science and Pollution Resedrch 2012 .-&9(7)

32]

[33]

[34]

2918 29290
%ﬁ 2R
Hh%ﬂ””ﬂi 2021, 41467
2448-2456. *

I Z,LiHB, LiY H, et al. Preparation and characterization of
black phosphorus nanosheets ( BPNSs) and its toxic effects on
Scenedesmus Obliquus[ )] .
41(6) . 2448-2456.
El-Temsah Y S, Sevcu A, Bobcikova K, et al. DDT degradation

efficiency and ecotoxicological effects of two types of nano-sized

Acta Scientiae Circumstantiae, 2021 ,

zero-valent iron (nZVI) in water and soil [ J].
2016, 144 . 2221-2228.
Rachna, Rani M, Shanker

polyaromatic hydrocarbons in water, soil and river sediment with

Chemosphere,,

U. Degradation of tricyclic

)

a novel TiO, based heterogeneous nanocomposite[ J]. Journal of

Environmental Management, 2019, 248, doi: 10. 1016/j.
jenvman. 2019. 109340.
Evgenidou E, Chatzisalata Z, Tsevis A, et al. Photocatalytic

degradation of a mixture of eight antibiotics using Cu-modified

-~

N e L zgmzﬂ;;pf
)l Sl 1.

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

Environmental Chemical Engineering, 2021, 9 (4), doi: 10.
1016/j. jece. 2021. 105295.

Cai Z Q, Song Y G, Jin X B, et al. Highly efficient AgBr/h-
MoO; with charge separation tuning for photocatalytic degradation
of trimethoprim; Mechanism insight and toxicity assessment[ J].
Science of the Total Environment, 2021, 781, doi: 10. 1016/j.
scitotenv. 2021. 146754.

Moreira F C, Garcia-Segura S, Boaventura R A R, et al.
Degradation of the antibiotic trimethoprim by electrochemical
advanced oxidation processes using a carbon-PTFE air-diffusion
cathode and a boron-doped diamond or platinum anode [ J].
Applied Catalysis B: Environmental, 2014, 160-161 . 492-505.
Canonica S, Jans U, Stemmler K, et al. Transformation kinetics
of phenols in water; photosensitization by dissolved natural
organic material and aromatic ketones [ J |. Environmental
Science & Technology, 1995, 29(7) . 1822-1831.

De Liguoro M, Di Leva V, Bona M D, et al. Subletha! effects of
trimethoprim on four freshwater organisms [ ) J. .Ecotd)'é.i-cology‘ and
Environmental Safety) 2012, 82 114-121. -"" /

Ashraf M| HdI’I’ib P J C. Photosynthesis’ un,der stressful
environments ; “an OVPI”VIPW[ J]. Photo%ynthetlra ﬁOl?-_,. 51(2)
163190 & 0 .

Wen Y Z Chen B Shen (C S, et al. Enantwselec‘hvny lunn_l__g of

chiral herhlmde dl(‘hlo'}‘prnp by \copper: roles of Teactive, oxygen
spe(‘les[ﬂ] Environmental Science & Technology, 2011,

(11): 47‘/8 4784, g« ARy .
Chen H,, Sheng X/L, Wen'Y Z,

effect$ of the hetbicidefithazethapyr on Cu( I ) ecotoxicity to'the

et al. New insights into ‘the

aquatic tinicellular alga ' Scenedesmus obliquus [ ] ]. A’gmtic
Toxicology, 2013, 140-141; 407-414.
Arvaniti O S, Frontistis 7, Nika M C, et al. Sonochemical

degradation of trimethoprim in water matrices: effect of operating

conditions, identification of transformation products and toxicity
assessment[ J]. Ultrasonics Sonochemistry, 2020, 67, doi: 10.
1016/j. ultsonch. 2020. 105139.

Zhang R C, Yang Y K, Huang C H, et al. UV/H,0, and UV/
PDS treatment of trimethoprim and sulfamethoxazole in synthetic
toxicity [ J J.
Environmental Science & Technology, 2016, 50 (5). 2573-
2583.

Shim S B, Jo H J, Jung J. Toxicity identification of gamma-ray

human urine; Transformation products and

treated phenol and chlorophenols[ J]. Journal of Radioanalytical
and Nuclear Chemistry, 2009, 280(1) . 41-46.
Kang S W, Shim S B, Yoo J, et al.

nanoparticles on gamma-ray treatment of phenol in different

Effect of titanium dioxide
matrices; implications in toxicity toward Daphnia magna [ J].
Bulletin of Environmental Contamination and Toxicology, 2012,

89(4) . 893-897.



HUANJING KEXUE Vol.43  No. 12

Environmental Science (monthly) Dec. 15, 2022

CONTENTS

Temporal and Spatial Evolution Pattern of PM, 5 and Its Influencing Factors in Guanzhong Plain Urban Agglomeration ZHANG Jun, JIN Zi-han, WANG Yue, et al. (5333)
+ ZHOU Zhi-heng, ZHOU Ting-gang, QIN Ning (5344 )
Analysis of Spatiotemporal Distribution Characteristics and Influencing Factors of PM, 5 and 0-5 in Changsha-Zhuzhou-Xiangtan Urhan Agglomeration, China ««+eeseesessesereneneniencnenenns

LIU Xian-zhao, ZHANG Guo-qiao, YANG Wen-tao, et al. (5354

Linkage Effect and Nonlinear Impact of PM, 5 Concentration Driving Factors in Central Plains Urban Agglomeration -

)
Chemical Composition and Source Apportionment of PM, 5 in Zhangye City =~ «+errerreerrseeresrersmrsssnnen st PAN Cheng-ke, HUANG Tao, GAO Hong, et al. (5367)
Pollution Characteristics and Health Risk Assessment of PM, 5 Heavy Metals in Tianjin and Qingdao in Winter of 2018-2019 -+++-+e+ee-- ZHAO Ming-sheng, REN Li-hong, LI Gang, et al. (5376)
KONG Ling-dong, QI Jian-hua, ZHANG Xu (5387)
)
)

Concentration, Solubility, and Sources of Metal Elements in Atmospheric Precipitation in Qingdao

Trends of Ozone Pollution in Guanzhong Urhan Agglomeration from 2015 to 2021 -+ -+ ZHAO Wei, WANG Shuo, PANG Xiao-die, et al. (5399
Pollution Characteristics of Ozone and Its Precursors in Background Region of Hainan Province e XIE Wen-jing, XING Qiao, XIE Dong-hai, et al. (5407
Identification of Ozone Formation Mechanism Long-term Spatio-temporal Evolutions in PRD Based on Two-dimensional Mutual Verification +««+«+s+eeeseseererseresemenennsnneneniinnnn

* YANG Lei-feng, XIE Dan-ping, YANG Jun, et al. ( )
QI Yi-jin, WANG Ling-ling, NI Jing-wei, et al. (5429)
YANG Yan-ping, CHEN Qiang, MENG Xian-hong, et al. ( )
+ LIU Yan, YANG Ning, SUN Lu-na, et al. (5453)
)

)

)

)

Characteristics and Source Apportionment of Ambient Summer Volatile Organic Compounds in Zhengzhou, China -+

Summer Pollution Characteristics and Sources of Volatile Organic Compounds in Lanzhou

Characteristics and Health Risk Assessment of VOCs in an Underground Parking Garage

+ LI Jia-chen, GE Yun-shan, WANG Hao-hao, et al. (
YAN Wei, LIU Shu-le, WU Zheng-fang, et al. (5470
(
(

Chemical Characterizations of Particles from Direct-injection Gasoline Vehicles +++++++sesseseees

Scenario Simulation and Prediction of Greenhouse Gas Emissions from Incineration of Solid Waste
- LIU Jia-ming, WU Wen-tao, LIU Xiao-tian, et al.
GUO Shu-fang, CHEN An-giang, XI Bin, et al.
Transformation Relationship of Groundwater and River Water in Riparian Wetland During Water and Sediment Regulation of Xiaolangdi Reservoir in Yellow River «eoesvseereereeresienicreneeees
++ XIAO Chun-yan, LIU Yi-fan, ZHAO Tong-gian, et al. (5499)
ZHANG Kun-feng, CHANG Sheng, ZHANG Qi, et al. (5509)

Distribution, Sources, and Export of the (Sub-) Metal Elements in the Changjiang River -

Analysis of Nitrogen and Phosphorus Pollution and Nitrogen Sources in the Lancang River «++:+++-+:

Spatiotemporal Variation in Water Quality of Modaomen Waterway Conveyance Reservoir Drinking Water Sources -+

Pollution Characteristics and Risk Assessment of PPCPs in Typical Drinking Water Sources in the Middle Reaches of the Yangtze River Dunng the COVID-19 Pandemic ~ ++eeeeeerreseereneeeees
Pollution Characteristics and Risk Assessment of PAHs and PCBs in Surface Water and Sediments in Middle and Upper Reaches of Bel]lang River woeseeresssmsmmsniine
............................................................................................................................................................... CHANG Sheng, BAI Yun-song, TU Xiang, et al. (5534)
Hydrochemical Characteristics and Fluorine Distribution and Causes of Different Water Bodies in Pingshuo Mining Area »«+eseseereereeeseneens SUN Long, LIU Ting-xi, DUAN Li-min, et al. (5547)
Characteristics of Dissolved Organic Matters and Their Influence on Labile Cadmium Release from Soils of Typical Water Level Fluctuation Zones of Three Gorges Reservoir «+++sessesseeeeess
............................................................................................................................................................... ZHANG Bao-hao, WU Ya-zun, XU Dong-yu, et al. (5560)
Phosphorus Cycling in a Sediment-water System Controlled by Different Dissolved Oxygen Levels of Overlying Water LIU Xiao-tian, LIU Jun, WANG Yi-bin, et al. (5571)
Water Quality Evolution Characteristics and Pollution Factor Analysis in Poyang Lake from 2011 to 2019 XIE Hui-yu, HU Mei, JI Xiao-yan, et al. (5585)
Distribution and Risk Assessment on the Nutrients and Heavy Metals in Surface Sediments of Wuliangsuhai Lake «-«+«++sesseeeseresessienicnenninnne DU Cai-li, LI Jia-xi, LI Guo-wen, et al. (5598)
Effect and Mechanism of Biochar Adsorption on Unbiodegradable Organic Nitrogen in Stormwater Runoff «+:«+:+sseseeessesenensessenennens SU Zeng-hui, SUN Ping, CHEN You-yuan, et al. (5608)
Phytoplankton Community Structures and Their Relationship with Environmental Factors in Rivers Supplied with Different Water Sources «++++++++++++: HOU Ying, LI Xin, BAI Ling, et al. (5616)
Adsorption of Typical Quinolone Antibiotics by Manganese Oxide-Modified Biochar Substrate and Its Application in CWs ««+seseeeeeeseereens GAO Hui-zi, TIAN Wei-jun, ZHANG Zi-yu, et al. (5627)
Effect of KOH Activation on the Properties of Biochar and Tts Adsorption Behavior on Tetracycline Removal from an Aqueous Solution ~ ++++++++++ XU Jin, MA Yi-fan, YAO Guo-ging, et al. (5635)
Preparation of Modified Attapulgite-supported Iron Sulfide and Its Adsorption Mechanism for Mo( V) - +eresesseressmsmsesmnsniniiinenns LIAN Jian-jun, WU Hong-yan, YE Tian-ran, et al. (5647)
Removal of Cr( VI) from Water Using Green Synthesis Nanoscale Zero-Valent Tron Supported on Eucalypius Biochar +++++++ssseseseeeesseeenes LIU Qin-wen, DING Ai-zhong, LIANG Xin, et al. (5657)
Removal of Ph( II') and Zn( II') from Wastewater via Magnesium-Modified Diatomite Product Recovering Nitrogen and Phosphorus «+++++eese2s WU Ying-giu, XIA Peng, LI Yuan, et al. (5667)
Adsorption of Methylene Blue on Sodium-Modified Bentonite from Southern Part of Henan —+«+seseeseerseseeeseneneimnieneneinnens CHENG Fei-peng, YANG Dong-liang, CHANG Le, et al. (5676)
Compound Pollution Characteristics and Ecological Risk Assessment of Heavy Metals in Soil and Groundwater of Typical Industrial Lands in Shanghai «++:eseeesrererersermenensininennn
..................................................................................................................................................................... LI Xiao-man, LI Qing-qing, YANG Jie, et al. (5687)
Pollution Evaluation and Quantitative Traceability Analysis of Heavy Metals in Farmland Soils Around the Gangue Heap of a Coal Mine in Chongging «++:+-esseseeseersesssesenensseninennnen
........................................................................................................................................................................... MA Jie, LIU Ping, LIU Jin-zhao, et al. (5698)
Species Distribution and Source Analysis of Heavy Metals in Surrounding Soil Around Typical Petroleum Sites GONG Jian, HE Lian-sheng, LI Qiang, et al. (5710)
Source Analysis of Heavy Metals in Farmland Soil Around a Waste Incineration Plant Based on PMF Model ZHANG Tian-yu, HU Gong-ren, YU Rui-lian, et al. (5718)
Ecological and Health Risk Assessment of Heavy Metal Pollution in Farmland Soil of Xianghe County =~ ++++sesseoversersssssnennennssnennennns CHEN Yu-jia, QU Xing-chen, ZHANG Bin, et al. (5728)
Comparison of the Concentrations, Sources, and Distributions of Heavy Metals in Topsoils of the Junction Zone of Geological Tectonic Units; A Case Study in Chengkou County, China -+
........................................................................................................................................................................... LIU Yong-lin, WU Mei, LIU Rui, et al. (5742)
Occurrence, Source Analysis, and Health Risks of Polycyclic Aromatic Hydrocarbons in Plants and Soils from Typical Areas of Xinjiang, China eeeoesesessersissnnisiiiiins
............................................................................................................................................................... YANG Bei-chen, XIE Qi-lai, ZHENG Qian, et al. (5751)
Effects of Strengthening Pennisetum purpureum Schumach with Fertilizer Application Strategy on Remediation of Severely Cadmium-polluted Farmland —«++vereeesresererserseneninniinennn
..................................................................................................................................................................... WU Gang-fan, ZHOU Hang, TANG i, et al. (5761)
Tobacco Stem Biochar and Phosphate Application Decrease Wheat Grain Cadmium Accumulation in Alkalescent Soils «+eesseereeseeeses YANG Yan-zheng, ZHANG Yin-ge, LI Chang, et al. (5769)
Polyamine-producing Bacteria Improve Cd Resistance and Reduce Uptake of Cd in Wheat «««+eseeorerseesemenensesnenennininessncnenns JI Ming-fei, WU Xue-jiao, LI Xiao-zhe, et al. (5778)
Effect and Mechanism of Sulfate-Reducing Bacteria on the Passivation of Heavy Metals in Alkaline and Acidic Agricultural Soils +««++++++++:- GAO Yu, LIU Yu-chen, GUO Xiao-fang, et al. (5789)
Effects of Bacillus megaterium on Soil Physicochemical Properties and Its Effects on the Accumulation of Cd and Zn in Plant +veseeeeeeeeene WANG Ping, LI Yi-man, WANG Xue-jia, et al. (5798)
Soil Fungal Community Structure and Function Diversity of Different Land Use Types in the Waterfront Area Along the Jialing River «+++++ ZHU Lan-ping, XU Fei, WANG Jia-ying, et al. (5808)
Effect of Biochar Application on Biological Nitrogen Fixation in Double Cropping Paddy Field in Northern Hainan — «++veeeeeeeereseeeeeees ZHAO Yan, YUAN Xin-sheng, TANG Rui-jie, et al. (5819)
Photodegradation Behaviors and Toxicity Characteristics of Trimethoprim into Different Environmental Media with the Presence of g-CiN, vereereseeesssssmmsennssinsciiincnne
............................................................................................................................................................ ZHU Na, WANG Xing-yang, JIAO Jun-heng, et al. (5832)
Analysis of Provincial CO, Emission Accounting in China Under the Carbon Peaking and Carbon Neutrality Goals — +++esresreereeseresrsssenesennnenenene YANG Bai, QIN Guang-peng, WU Qin (5840 )
Temporal and Spatial Differences in Carbon Conduction and Prediction Effect of Land Type Transfer in Chang-Zhu-Tan Urban Agglomeration »«+:«ssessereeresseseereens YANG Xu, LIU Xian-zhao ( 5850 )
Environmental Benefit Analysis of Municipal Solid Waste Typical Disposal Scenarios in Zhangjiagang City Based on Classification -+ ZHANG Tao, ZHENG Jun-wen, SUN Yu-can, et al. (5861)





