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HESES, X703 THAFIAE. A XEHS. 0250-3301(2023)08-4364-10  DOI: 10.13227/j. hjkx1202208003 ' J' “
Occurrence and Fate of Steroid Hormones in Sewage '[“"‘reatment,I Plants iy 2
LIU Yuan-yuan' , FENG Hui', ZHANG Yun'" ,/YE Liang?, ZHONG Qin’, ZOU Hua' "/ P \ “« 74
(1. School of Env 1mnmemal ind Civil Engineering, Jiargnatr Univ ersny Wuxi 214122 China; 2. Wuxi Waler Gmup’ Cn , lad., Wuxi 214000 China; 3. Dongzhus E( nlogl(‘a
Enviropiinent Prote(tlon Co Ltd Wuxi 214101, China) / ¥y ./ ¥ _.:.-"J A i &

Abs(ract Sewage rreatment plams (STPs) are one of the cru.c!af ers f%.r the environmental emission of slemld hormones. {mlghts into the occurrence’and fate of dlffere,ut-"
categories of steroid hnrmnnes in STPs could provide- Ihenretl(al ssupport for i iniptoving steroid removal by STPs II|ﬁ'The present stpdv investigated 22 steroid=hormonesin each
treatment process of two STPs-located in Wuxi via eight mont-hly Sampl 11}‘; campaign$ and compared the' effidacy ‘of Anaerobic-Anoxic-Aerobic (Az/ 0) and reversed4> /0
trediments. The results shnwgd that the total steroid cohcentrations in/the iffluent and effluent were 27. 7-256.8 ngk, ™" and 5.7-211. 0 ng-L ™", respectively, and 36. 3-

123. 6tz g ,- in the excess sludge...Androsterone, androstenedione, estrone, esmnl -and progesterone were the main species detected in the STPs. The concentrations of
most steroids mcreased‘wnh the rise of rainfall and temperatiire, wheéds the' remoya'l‘” Tates were not significantly different between winter and summer. Secondary and tertiary
treatmént processes showed.better performance in steroid removal compared with that in the primary treatment; however, reversed A*/0 did not show advantages over
traditional A /0. The organic-normalized partition coefficients (1g K ) of steroids ranged between 2 and 4. 5. The values of Ig K, in STP A were slightly greater than those
in STP B, indicating that the partition behavior of steroids may influence their treatment efficacies.

Key words: steroid hormones; sewage treatment plants; seasonal variation; reversed A”/Q; water-sludge partition
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Table 1 ~ Steroid hormones of interest and their selected physicochemigal properties .
{ - kH X4 o —
Bk oCAR (AR, CAS ) g X wowl ¢\ Wk Ton iy 4T
% o L /gemol-! | /TEL 1 v
HEW I (Estropé’, 53-16-7) | 1 799.0 8 Dr. Ehrenstorfer GbH CisHy Oy 27037 30(25°C; 3,43
i gﬁ; = %2 (\7BEstraliol 50-28-2) /4 ,:/'Eg,‘--:"f"‘9~ 6 4 Dr. Ehrens"t'b.}rfér CRbH Gy Hyh,  272.38 gggg; 394
M = Aol 50-27-1) S0 i3 002 1IH Dr. Bhrensforfor GmbH CyH, 05 288.38 441(25C), 2. 8T
| LHMEERE (1 a-Ethinylestradiol ,5763:6), /' EE2 99.0 #[H Dr. Ehrer}sm;ﬂé CmbH GyHy,0, 296.40 11(27C) 4/12
1R (Androsterone ,53-41-8) ADR 97,6 f& Dr. Ehrenstorfer GibH CioHyoO,  290.44  12(23%C)/13.07
FMEBH ( Epiatidrosterone ,481-29-8) |  EADR 999 JiN& K TRC ) CoHy0,  290.44  12(23C) 3.07
g ﬁfg;% HoAf B3 Androstghitdione. 63-05-8) JADD_ <095 [T Dr. Ehrenstorfer GmbH - Cio a0y 286,41 S8(25C) 2.76
7 S2 ( Tebtosterone ,58-22-0) TER=5"99. 0 f%[H Dr. Ehrenstorfer GmbH C HyO,  288.42  23(25°C) 3.27
ﬁi‘;‘é’iﬁlﬁl( 17 a-Methyltestosterone ,58-18-4) MTTR 97.6 %[ Dr. Ehrenstorfer GmbH C, H;,O0,  302.45 34(25°C) 3.72
I%jl’:( Nandrolone ,434-22-0) NDL  96.7 f#[E Dr. Ehrenstorfer GmbH CigH,cO,  274.40 323(25°C) 2.82
Z# i ( Progesterone ,57-83-0) PGT  99.0 f&[E Dr. Ehrenstorfer GmbH C, H;0, 314.46 8.8(25°C) 3.67
ZE B 22 ( Levonorgestrel ,797-63-7) LNG  98.0 JiEK TRC Cy Hy0, 312,45 36(25C) 3.48
T Fits 2 B b2 ( Megestrol acetate ,595-33-5) MTA  98.9 f#[# Dr. Ehrenstorfer GmbH C,,H;,0, 384.51 2.0(37°C) 4.00
Eﬁ%;ﬂ F2 7 Bl ( Medroxyprogesterone acetate, 7= by g0 0 451 by Ehrenstorfer GmbH  CoyHaoOy 386,52 1.2(25C) 4.09
¥4 (17 a-hydroxyprogesterone ,604-09-1) HPT  95.0 3E[H A Chemtek Inc C, Hy;05  330.46  6.5(27°C) 3.08
AT B# ( Cortisone,53-06-5) CRN  98.0 Ji& X TRC Cy HysO5  360.44  280(25°C) 1.81
AT B ( Cortisol ,50-23-7) CRL  99.8 f#[E Dr. Ehrenstorfer GmbH C, H3Os  362.46 320(25°C) 1.62
‘ T f§§ T ( Corticosterone, 50-22-6) CORT  99.2 [ LGC GmbH CyHy0, 346,46  199(25°C) 1.99
ﬁé’ﬁ SR AYHA ( Prednisone ,53-03-2) PRE  99.9 f&[H LGC GmbH Cy HygO5  358.43  312(25°C) 1.59
Ik JEFA JE ( Prednisolone ,50-24-8) PREL 99.7 ##[# Dr. Ehrenstorfer GmbH C, Hy,O5  360.44 223(25°C) 1.40
L8 (A4 I (6a-methylprednisolone ,83-43-2) MPREL 99.5 f#[E Dr. Ehrenstorfer GmbH Gy, Hy0O5  374.47  120(25%C) 1.82
17K H ( Dexamethasone ,50-02-2) DEX  99.2 f&[E Dr. Ehrenstorfer GmbH CyHyFOs  392.46  67(25C) 1.72
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ﬁ“ﬁ% JKAH *ﬂ@*ﬁ V=R R Q}@&"f(ﬁ@ @ AL, TE{EL40°C TSR E N 0. 4 mL “min_' iﬁj
Whatman GF/F) {}’E}:Fﬁ Oa51s 'HLB/ /J,\EE %. it 5 pE, Tﬁ“(ﬁ'ﬁﬂfﬁ?”ﬁ%&ﬂi’@ J I e Hﬂ’%‘ﬂ*

Waters ,6 cc,200 mg)ﬂj‘_ T[] AH A< B fZ?SEXﬁ S %EE,,%(electrosmay ionization, ESI) , e G|
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Table 3 Retention time, MRM transition ions, and mass spectrometry conditions of steroid analysis
[ERUS & {4 B8 B} 18]/ min BB T (m/z) FEF (m/2) HEFLHLE/V fffE A/ eV
El 1.98 269.2 145.0, 143.0 47 48, 36
E2 1.80 271.2 145.1, 183. 1 51 40, 31
E3 1.15 287.2 171.0, 145.0 53 39, 37
EE2 1.91 295.2 145.0, 158.9 45 37,33
EADR 2.01 291.1 273.0, 255.0 15 12, 10
ADR 2.20 291.1 273.0, 255.0 15 12, 10
ADD 1.97 287.1 97.0, 109.0 30 22, 24
TTR 1.87 289.2 97.0, 109.0 29 22,21
MTTR 1.95 303.2 97.0, 109.0 17 25,27
NDL 1.81 275.2 109.0, 257.2 34 26, 16
PGT 2.30 315.2 97.0, 109.0 30 22, 24
LNG 2.02 313.4 108.9, 90. 8 38 36, 28
MPA 2.29 387.2 327.2,285.1 27 17, 15
MTA 2.23 385.2 325.1, 267. 1 27 18, 157
HPT 1.87 331.0 109.0, 97.0 [~ 34 ! "24'.,".2.69
CRN 1.56 405..3 329.2, 359.2 16 .16':1'6 k
CRL 1.56 407. 34 331.2,361.3 | [T 22 1{6{ 13y
CORT 1.71 347.2 329.3, 121.0 | & |30 722 ,_;.i'éf )
PRE 1.55 i 403, 3 327.2,357.2) 1) 159 _~ 4
PREL 1.56 [ 5% 329.2, 359.2 , 234 26, 16
MPREL 1. 64 Ny e . 303.2, 33190 ¢ @) w174 19,12 [
F bex S 1.65 | Y4 L 361.2,391.2./ | o 64—
1. 4. R A AR B v R Doy o WH—N5 YL BT A AL 31 T2 5 PR 1Y

b1 bR T 4 ot L Ot

o i e b 2 T A v o R e PR

BIE0. 99 LA, K B B9 H0BR [0 % K 68. 0% ~
117. 9% , )54 H B ( method detection limit, MDL)
J90.01 ~0.35 ng-L~". 75 JERE B9 Ik mCR
63.5% ~136.2% ,MDL 7 0.03 ~0.70 ng-g~'. &M
HEAr s o O A B A I AR IR R AR — 2
20 M b A A — AN 2 HIVR BE (R AR R A 56 {0 1) 1
WAL AR RV N ZS 1, S E S F I
25 R SRRE | s, S AL BRI R A U
TAFAETS Y | B X 5 25 SR A T 3.
1.5 BT

T A5 S R R R AR IR A ARG X
IR TR 5 75745 1 ke 2 %) ok v o AL
17T Spearman AIPES M. PR 2 8] L B8R F ¢ K
55, Z 4118 L3R B ANOVA J5 224381 Tukey J5 22
HILEK. P<0.05 WEAGITE X LR ENEER.
br #E 16 25 Bk R ( standardized removal efficiency,
SRE) #%/A3 (1) #7410

SRE = [(x —u)/c] x n/N (1)

Ko, o e e W — A T T R
B % RHE—IG YA TR B T R R

FRUENRZE % n Jodt— V5 Y fE St —Ab 3R T 2 3575
(ISR MR A N R 5 — 15 e M 7E B A A B
T PR R BRI

LA LRI — 1k 43 e BB 1ok, # AR (2)
T

IgK,. = 1g(l<d x 1f00) = lg(g—: x %) (2)
K, K, B4R B Lokg ™' € C, 43 B 3
— WA YRR A it B B4 3 Hing - kg~ A
nge L1 HC AR R AR | S 3t R 4 3 e 1 95 D8
15375 95 U8 S V8 7K TR ) 25 0 B ik 0 9 B T 7 Uk
W15 £ NS TR A LB R AN, % .

2 SRS

2.1 IG5 KAL) e S AR IER A R AR L L
VAR T 7K A BT S 7K v 55 AR R A A
E2(a)Fizs. ) AR B ZrBIKGH 14 FhAT 11 Fhisk
Z,Hd )T AW EL, E3, ADD, ADR Hil PGT #5 i1}
KT 80%,) BB EL, ADD I ADR ¥ R /T
80% . TERG I R AL = WU R T, MEWER ADR (£
W W THE R BT K R R v Y R
S 13.2 ~ 125.3 ng-L7' (AL B R 42.7




4368 78 8=}

Moo 14 %

ng-L™") Fl 39.8 ~ 156.8 ng-L~' ( T {7 5K 64.8
ng-L™"). EADR 45 th ¥ B & &, 40 00 o 111.8
ng-L7'H1 184.2 ng-L ™" {HAZ AN 12.5% . —
TR T B P 12 JET5 KT H 8 Rl R i W o R
W] ADR Al ADD £ i1 22 343K 1] 100%, ADR ¥
FEFR i, X RIAR SO 25 R — 3L A, KR R
E1 Fll E3 ZEPIANTG /K AL BT HEIK AR H R E ARG T
75% R FETE 2338 0.1 ~18. 1 ng-L ™" (FPAi%CHh
4.7 ng-L™")F10.6 ~33.1 ng-L™' (%R 4.7
ng-L™"), X — K H /K F 5 Chang %" Hl Tang
ST IE g — 3, WK T Ben A0 HEAE A e S
AR, T A Bk PGT RS H 23R4 100% , {H R H
FEANE. FHIC AT UL, PR JRE 5 K Ab BT K R Y 2 B
BN R AR, B2 W RREE EN YK
A3 094 M Z 40 EE2 . NDL Fil MTTR B4 28 ik
FE¥IA R X 4 BME AT REAFNHARAZ,
Fan fffmXﬁtﬁ%—ﬁm}—ﬁ’w}%%%mﬁgﬁ
W SR SR K K e B AR v BTSSR
1ElﬁﬁmhtﬂE’J@ﬁ%%ﬂﬁ&ﬁ{ﬁ%ﬁmﬁ k§U4O
ng-L™'PA L, I_J:FZIKjCE/J*AILH{KF | | g r"- e
wArﬁm¢%&%m%EW;E&“ﬁﬁ

K e ADR; Kol 3k 879% i zﬁmmﬂé%nu
7&;334~1145 ng-L~ %n524~2103 nge W' ;
ADD AL 3 57 %, Bk /M“rﬁb 30, ng AL

ﬁ%&u&ﬁﬁﬁuﬁ3 1%[11 4 ng-L"'
i mﬂibﬁﬁ N ML T T2 Y 32 et
e R Yu S0 SR A 12 B K R A R —
. MEE T EL ARSI 340 A e (H R B A —

B, B3 BRI A W . T A
K b 2 NDL, TTR, EADR i Kz Jif i %
CRN (¥R EREZ AR, T B MR E3, MEHE
TTR . EADR 1223 & PGT ok 5¢ 4 Bk, Ui i
15K XA ME R | PR RO R T R A R AT
B L BRBCR. (AR B, R MR A BRI
R, KM E Y R 4 ng- L' {HXF 32 40 K fA
(KA A W LA Y A A2 Y ADD 9 T G 2K
NEHERE R 14 ng-L~", i5 K H KR K H ADD
P T KU B 1 AT AT e & AR T ADR MY
BEPEECE H BT L i = | O e A A KRS A R
— SR

TEF A5 [ E 2(c) ],ADD, EADR #il PGT

FEWIA T HIHG H R 100% , Hodh  EADR 19 & &
e, LB 0 o 55.1 ng-g ™'l 35.2 ngeg”!;
ADD (& S m AL 5.2 ngeg™', PGT At
5.0ng-g .} /w%f(?%iﬂ’mﬂjzi’JTﬂd 40% , Horp
B AR LNG P 250 F B 2 — kil &

@2@)1% ’

17 8.8 ~28.9 ng-g~'. EADR Fl LNG 7E 3 i 7k
JUFARKH MER GRS EE &, AR
Tl A5 IR H IR T B R B K Fp R A 1Y) 2 PR R
5 BIWE R B 2%, X T RE 2 i FaX S £ ) Tk
[ (A STURE I B, B T T AR i A5 7K e 28 A i ]
PRIk S5 T RIATS e . fe il L, 2204 A
[Fi) 38 2R A [ S5 1) 4 T RO B A TR B8 A
B TP —20 T I S e TS K T R U R R Ak 3
B, AR SCHEAE S TR 73 AT IR ATHE.

1 000 . .
0o | DA STB .
7 o E}ep

[ =
.T&m%&‘$$s A

0.1 ¢
0.01

(a) K

MR gL

a3 a4 a8 a9 al0d all al2 al3 al4

(b) thak

al a2 as a6 a7

1000
1o | . &T
10} ;

: sy -
1 rﬁ@ E§ - B B g 223 ﬂ = =
oa jU T -

0.01

e gL

bl b2 b3 b4 b5 b6 b7 bE b9 bIO bll bl2

(c) Wi e

1 000
= 100 g
0 E © b8
1 [ose
0.1 }
0.01

Hitingg

el €2 c3 ¢4 5 cb T cB 9 clhell ¢l2 cld eld clf clé cl7

al.El, a2. E27 a3.E3, a4. EE2, a5. NDL, a6. ADD, a7. TTR: a8.
EADR, a9. Ai)R, al0. MTTR, aft. PGT, al2. HPT, al3. CRN,
al4. CRL; bl.El, b2. E2, b3. E3, b4. EE2, b5. ADD, b6. ADR,
b7. MTTR, b8. PGT, h9. HPT, b10. MPA, bll. CRL, bl2. DEX;
cl.NDL, ¢2. ADD, ¢3. TTR, c4. EADR, ¢5. MTTR, ¢6. LNG, ¢7.
PGT, ¢8. MTA, 9. HPT, ¢10. MPA, cl1. PRE, c¢l2. PREL, cl3.
CRN, cl4. CRL, c15. CORT, cl16. MPREL, c17. DEX

B2 7 A B#H KRR KITIRASERENEERQHER

Fig. 2 Occurrence of steroid hormones in the influent, effluent,

and excess sludge of STP A and STP B

2.2 [ W RN 1) )
CA W I 4 PRI AR R AR
BISEIR [ BRI SR MELER . 25 RS B L
(PPCPs) %5 1) Z= 15 M AR AR AR T 43 A1, AR 5% %) 4% 2%
PR (A3 K e B 5 e T R AT R DG
SRR 3 TR, BN S KR R EE Yy
MR 2 B E IEAH (P <0.05) , X EH T
MR e T HE 3 R R ERME R S
S EAN, )T B R HEIK R SR R I RO B B R
L0 SR ARG MV R FOME R R | MET R A
TR B S IEA G (P <0.05) , 16 B 9 41 381 2% 4>
SR [RE . 2R 45 23R i R Bk S5 k%
AR B C R A RS G 7 a E REE
(P>0.05) , X J& f Tk Ak vk B 52 AS TR 2= A AR it



8 pULG TS

B AR TR 15 KA B8 v h B R A R AE AT A U

4369

l @7y A VYV ANYTY T 4
O00® . F/00®
OV® VOO O
VOO + OO0
OO0 s O g
(@) ) Ak 6 /" (b) )" Bitkk . /" 22
4 // 7 // 0.4
¥ / 8 / 0.2
@ W O @ONNQ|
2 | Q : 7 - @ 0VQ
_ 3 /‘Q -1.0
QO V@
P 4 e 4 4
(0 Atk 1 |2 @) Bl |2
8 / 5 /

HR B HRE B R B (PR @HMTE%’(;P ) wsmmm:mwa@ﬁg}ﬁae ATt o e T

W

LM 2. HERCR 3. R 4. MRS, BR 6. FERT It 7. P9 1GIEL 8. g ﬁf’fﬁfﬁﬁ%iﬁww osﬁgmﬁ
7N
.:i I,l.

MAERE, q@awmﬂée s R A B i

SEEFIPN i

&ﬁif o d
fé %:ﬁ?*ﬂﬂ?iﬂl%ﬂﬂ’#ﬂ-ﬁé&ﬁ*ﬁ i fj .

B sy E3 ¥ =
< !i e rﬁ# ) ' i ,.;..'5']"'
h oy, |

ﬂ@ﬁ@m%ﬂ&m$ ﬁﬂLz%ﬁgl#m
ﬂ@%vﬁﬁwﬁﬁm%imﬁﬁiﬁﬁiﬁ ./
e TSI ARk ke 1 Tl e
*E%ﬁﬁmﬂﬁﬁxwmiégm&¢‘”miﬁ
3 T 75K K T PPCPs e & B T L,
ARt T AT AR E W2 T
PIRRAR DL 1) ARBIFIE BIATHEK oh R t
A 0 S AR M6 e 2 5 BRI B T
P TG 0 4

BT 2R Sk 4 R AR K

150

(a) A
100 LT
S
ot
® olnidl I
&
=
ﬁ‘-Sﬂ-
1
=100 +
=150
1 2 3 4 5 1 2. 3 4= 8
&% RS

Fig. 3 COITéTatl(i"l'f ﬂalysﬁ{ tﬁefﬁ:ﬁ\emld concentrations a\nd ?wr&qnmentab factors

.rrﬁ l

'“Eﬁ%%mﬁﬂﬁﬁﬂmﬁwﬁMEﬁvfm%B

B M T 5 R (P <0..05) . 4R
S I LA B, T e R0 A M
N T4 25 ESH 2 R PPCPs 26275 a1 1 2 %, T
L TR R B SR 1 B 2 5 K i 2 s e

YIRS AR R R A T L AR B R
3 A AT B UL 32 U a3 (L
() A BB B R A B B T A R
HB LR (F 4) . WEHERRE A KM,
MR B MR i TA S (Al Taa

150
H*m

2 3 4 5
BF

(b} "B

1AM

=50

L
=

TERALPE BRI

=100 -

=150

2%

1R, 2. MR 3. MR 4. 280K 5. M TR
4 TRAFHELEHENHLBEEREI L

Fig. 4 Comparison of secondary treatment removal rates in different seasons



4370 B

Moo 14 %

MALE % | YRR Sk Wl B[] B A |
B BRI bR 22 K. T 22 58 TR B R 2 A
B R R BRI, 22 BRI IR 100% . fH
TRTE RS, MR (AR h EE  ADR A
Amnm2%zﬁﬁ%$ﬂmﬂﬁﬁil@ﬁ%f

b € LI /s JE8 PN /3 SR A
{EWAMHﬁmﬁﬁT%&%fEW&Emai
A 3R L 07 (LAY 17 D00, 30 B 975 M U A A 4 o e
0 F2 BT B I VR U4 HE A b B 5 S 1
I e AR b T R PR, BRI R B e
AL R MR
2.3 AR T 2% 55 A 1 2 RRIUR i

i 22 IR I e AR R A B T 3R | 2
WA Y AT DL I 25 I R AR A o T £
A2/0 T4 AHIFSE I W 1 70 A 35 7K A B 4t
T2 B X E TG A E A2/0, 3 T
{1 A%/ X6 PR AL B RARAE T RIAFROHL
25 B A/0 ¥ DR B U A i, Sy T
(AR T 15 B A b 1 52 104 B PR Al U8, 7
— SRR 38 DR SR PR TR B e e A s
ﬂPWWWWJE%T? u%%m%”/%ﬂ
SR ALK AL S S0 81 A7 O R e D 6
%ﬁ%ﬁﬁ%ﬂiﬁﬁ%%%lﬁ%ﬁ%d§W$
AT S(a) 1) BOEIE A%/0) X MRHER B 2

B ?FAWH%&%ﬁﬂ&?M£H§M,

7B WA R G LR [ SRy |
fﬁbﬁ#ﬁ'ﬂﬁfﬁﬁ Zhang 5577 %) 2R 10 RIS K
TR 2 B DR A -k A2 A T 20 R 0 A 3R
R AR IRRCR AL T H B T2 XA U 45 3
—E BLAN, 2T UESE, SR R AT K R
Sl A YA B AT R BT TR i —

100+

—— —— — —-—
H
50 k-
\
o | R
0r N
B
S

=50 F T

BEER%

=100+

=150 |

200 b T L itlkEERR

1 2 3 4 5

WP R A4S T2 B R BRI R R — & sk e
Z5 X HCR AR 1L L BR 2R SRE #E47 LA, IR
Evﬁ/'\mﬂﬁﬂﬂb@ﬁ%ﬁn/ﬁIﬁlgﬁt%}%iﬁﬁiﬂﬁ?ﬁfﬁ
2 gERnE 6 Bk, ig) T A )T B, —gkk
P HS R R 09 B PR AR B 22, X AT REJ& P EIX
— ¥ B A 5% B s ) e e, R SRR O ) I g i A
TR H IR B A S AR R ok . A B B
PN B DR S8t 2 (8] | k483t 22 (8] SRE TG I 25 2%
S, U HH SR St R DR 483t %) S8 05 P X X AN T2
B AR S IARME R R A W, BRGF BIF
AN AT B RS R A B SRE 28K &
T4 B af S B, M AE RN B SR 6 T A AR
PR/ S8 % 3 R 0 Ab BRI 0 45 A —
O ST B AZ 5 K A B AR GE R A 4L
TE4 T E B IRAT E & %H;&ﬁiﬁ?’%&ﬁ’}%ﬁ#
ZFHEZ . & 6 EPF B 19 47 4t SBE {EE?F
A B TR T B A b R Y % R A
SRR A L B R 13,4, T A I
1 d, K R LT A B e TR
PR R AR 5 B A UG 5 e 9 60 S e i
%ﬁﬁ*ﬁfEZM}F%“E’J?*% %’”i%li%rigﬂﬁ H Mw%fc?ﬂ”x
FHET B I A R LR Iﬁtﬂ%%ﬁﬁi?ﬁ"
006 BB U TR 225 i 25 . 2
&Iﬂ}h‘%ﬁ%%ﬁﬁiﬁi%ﬂ’bﬁﬂﬁrﬁﬁﬁ&,FA%ﬂf

B 4308 F NaClO 1 UV T35, W (197 1 5%
RO HM 7% F130% ,NaClO WEERY SRE 25 T —4%
AEPAEAR T AP T A T2 B, UV JH 5 SRE
g MR A BILT —#E, B35 T — S A # iy
S Xu 258X 2N T5 K ) Ak B 9 2 A R
TTWFSE, 45 BB B UV I3 MR ) L B R &
TR, HRmA N 33%.

100

AP EBRE %

-
=100

-150

l (b) ZHRAb T F
=200

1 2 3 4 5

1SR 2 MERGR 3. MBI 4. 28R 5. BEEORIMGR
B 5 FEESKAE M EEHEERBRALR
Fig. 5 Removal efficiencies of steroid hormones in STP A versus STP B

2.4 FHBCRAEIE K PIARAY 73 I
A1 TR 2 BR A 2500 Al R A | PR MR L
PR AR A R, (O BB 15t 040 e R &K

1 5 PR EIFHE g5 B E 7 B, X FFEUE &
%1 ADR., ADD FI EL, EMTRIEM 1g K, 7EA[H
T B2 530 A8 8, T E2 FIPGT b B8 5 %%



X RS . (AR A T5 K AL B i B IRAF R AR AT R U

4371

0.15
T FHEE 5% R
o P
0.10 ] ;bF M
ab o ab
- 1s
2 005 L l i =
wl l l } abe { abe
% 1 o |
% 0 = T T [ F T
=
#2005 |
ﬁ
-0.10
I"A I'B
-0.15

Al A2 A3 A4 A5 A6 Bl B2 B3 B4 BS B6
Al —ZAb A2 TRAR, A3, BRAID, A4, SF S0, AS. — LT,
A6. NaClO 5753, B1. —Z%AbHE, B2. 483, B3. R4, B4.
Ui, BS. — Ui, B6. UV T it ; /NS FEERR ANOVA J5
S A B, & A ARG SR A B 8] B 3 25
(P>0.05)
E6 ARILZERMEEHENRELERE
Fig. 6 Standardized removal efficiencies of steroid hormones

by different treatment processes

i -

A RBUHBKH B, BRI 5 R R
IgK, TE2.75 ~4.12 —DEAJERN (IR 1) PR
HOB I | I TE V5K T R 1gK, UL AT 2 ~
4.5 YNGR N Eh X — i S 0 1gK, e
{1 SRR E A — SE 0 4323 ). ADD 7 I 3
F I 7375 08 IR A 17 D o 1, W 85 T s ) R 4L
BRI B BE B2 AN PGT 2 B2 LAY A 3, i
FE I E R SAL H P X SR AL TS AR 2
VARSI IR AR P R R WA, (T
RSB B ) 0I5 0 R FE VAR b
SR Wang 251 S 615 K 84 FREHE e
W BB R A T ISR AT, Bt 4 R K
K, SRS Y e AL 1 SR I 3 2 — V5
WRBHAS 22 (K, ) B T 0 P 75 D A i 4 1T
SRR s, NP7 AT LA 5 FOERTEL B 1K,
JUPSIETFT A K ITAER T B XK R (b it
MR T A B 21— 57 i

5

—

* (a) ADR (b) ADD

al
by
e =l

]r' I"‘UL
—=Th
—a
{ 4
a -
[ 0
——
—{ -1
A
HEH
iz
lgKoc
L+

i

b
(3]

(c) E1

Il S
&‘\‘

. N ’;B-H_ gé@ ) /

Tz
%
lgKoe

lgK e

(v ] Tl
=
|

(e} PGT

oc

1gK,

(5]

1 P&, 2. Best 3. I 4t 4. WIS YR, 5. RIRTS IR RN g K, AV S B SCHHE (H

&7

HEHREAR IZRNRAFNRA—LIERE

Fig. 7 Pseudo lg K of steroid hormones in different treatment processes

3 g

(1) FE TG 8 T 9 JA T 1B K A BT 30 i K
ARG Uer R IR 22 Fh SRR, I E R ADR
FADD | M E1 il E3 FIZ4E PCT ek il %
TIVRGE HH e JBE AR X 458 o 1) 2 B2 40 I 0 1 /K 3R A vk
B 4» 9 27.7 ~ 256.8 ng-L™' fll 5.7 ~ 211.0
ng-L™  FRGRPIEELSESTEN36.3 ~123.6
ng-g .

(2) To 7R HR ) 3 Hh 7K 5 M I8 3R Wk B 32 B

T ARG B ) — S i), R AR A i e T R
FrE M RRAR A 3 (H 4 Z R 2 2= — b 3 BL i)

(3) PAJE 5 7K AL B v — 2 A PR S R 1)
FRRR I e — GOR — A B2 fE A FRR L
BE A%/0 T2 BARTE B AU SR il 07 1 A — g L3
EXT R R LR Z L5 A2/0 LB F
P

(4) S PRIMRE TG KAL) AR T4 Be i lgk
1E2 ~4.5 LN 3h, ADD | E2 Fl PGT 1E B i 75



4372

w5

Bl

2 14 %

PEFIFI A5 Ve P Y 1K, W 5 T IR, B FI 4R

M, 2RO T 54

MIAKAREE s 22 e A 1) 3h 285 5

T B HREER gk, KK FARFT A, AR F i
ENOIEEL Y/ S R
S E ik

[1]

[2]

[4]

[5]

[6]

[ ]" Fan' K L, Wu S My Chang H, et ai

|
| glu(‘oconlc(}l s, landrogens and proge@tngen@ in a munlc

[8]

[9]

[10]

[11]

[12]

[13]

k=, #HT, E’% 4. 7J<ITF‘FIW%EZ %{%E’Jﬂ
s = ﬂﬁﬁﬁﬁﬁ:&ﬁ[] BT
" 408. S

| Zhang Yg.'

Metcalfe C

the sources, fate, occurrence and effects of endocrine disrupting

D, Bayen S, Desrosiers M, et al. An introduction to
chemicals released into the environment [ J ]. Environmental
Research, 2022, 207, doi: 10. 1016/]j. envres. 2021. 112658.
Tao Y, LiZ X, Yang Y, et al. Effects of common environmental
endocrine-disrupting chemicals on zebrafish behavior[ J]. Water
Research, 2022, 208, doi: 10.1016/j. watres. 2021. 117826.
Kidd K A, Blanchfield P J, Mills K H, et al. Collapse of a fish
population after exposure to a synthetic estrogen[ J]. Proceedings
of the National Academy of Sciences of the United States of
America, 2007, 104(21) ; 8897-8901.

GaoJ C, Liu S Z, Zhang Y Y,

methyltestosterone on transcriptome,

Effects of 17 a-
gonadal histology and sex
rarus [ J ].
Comparative Biochemistry and Physiology Part D: Genomics and
Proteomics, 2015, 15 20-27.

Fent K. Progestins as endocrine disrupters in aquatic ecoSystems ;

et al.

steroid hormones In rare minnow Gobiocypris

i

effects and risk assessment [ J].
International , 201.5 84. 115-130.

Concentrations E"hvironmem

iz _AZ—

¥, 292 /M) 2400-

- ~

'Sl.lu'“ S ,.. Luo X,
glucocorticoids in"aquatic environment ;

and Envlronmenta]. Sciences, 2022, 31(2) f400 408.

et al. Fatq and et‘mlo‘gl(‘al rlsk“s" nf

a rqvfew .J Ecology

estrogens [ J 1.
45 (7). 2725-

seyyl;age treatment plant: comparison to
E‘n\n/ironmenlal Science & Technology, 2011,
2733.

Liu S, Ying G G, Zhao J L,

androgens ,

et al. Occurrence and fate of

estrogens, glucocorticoids and progestagens in two
different types of municipal wastewater treatment plants [ J].
Journal of Environmental Monitoring, 2012, 14 (2). 482-
491.

Fang T Y, Praveena S M, Aris A Z,
( 17B-Estradiol  and
Ethynylestradiol ) in wastewater treatment plants in Klang Valley
(Malaysia) [J]. Chemosphere, 2019, 215 153-162.

Manickum T, John W. Occurrence, fate and environmental risk

et al. Quantification of

selected  steroid  hormones 17a-

assessment of endocrine disrupting compounds at the wastewater
treatment works in Pietermaritzburg ( South Africa)[J]. Science
of the Total Environment, 2014, 468-469 . 584-597.

Sui Q, Huang J, Deng S B,

occurrence and removal of pharmaceuticals and personal care

et al. Seasonal variation in the
products in different biological wastewater treatment processes
[J]. Environmental Science & Technology, 2011, 45 (8):
3341-3348.

Du J, Fan Y, Qian X. Occurrence

pharmaceuticals in sewage treatment plants in eastern ChinalJ].

and behavior of

Frontiers of Environmental Science & Engineering, 2015, 9(4) .
725-730.
Liu R, Luo X, Shu S, et al.

occurrence ,

Impact of rainfall on the

spatiotemporal distribution, and partition trend of

Behav.iorﬁ pf"-“ =

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

China: Bisphenol A and 4-

Ecotoxicology and Environmental

micropollutants in Tathu Lake,
nonylphenol as examples[ J].
Safety, 2020, 204, doi: 10.1016/]. ecoenv.2020. 111064.
apie, B g, NEE, S5 — RS Gl B AR IR Y T £ F
MARMEN BB Iy g [P]. "W E%LF. CN 1101327078,
2020-06-09.

Ben W, Zhu B, Yuan X J, et al. Occurrence,

of organic micropollutants in wastewater treatment plants across

removal and risk
China; Comparison of wastewater treatment processes[ J]. Water
Research, 2018, 130 38-46.

Melvin S D, Leusch F D L. Removal of trace organic
contaminants  from  domestic

wastewater; A meta-analysis

comparison of sewage treatment technologies [ J]. Environment
International , 2016, 92-93 . 183-188.
Yu Q M, Geng JJ, Ren H Q. Occurrence and fate of androgens
in municipal wastewater treatment plants in China [ ] ].
Chemosphere, 2019, 237, doi: 10. 1016/]. chemosphere. 2019.
124371.
Chang H, Wan Y, Wu S M, et al. Occurrence of androgens and
progestogens in wastewater treatment plant‘s aJ..ld ,rei’fé-i'\/ingP.ﬁver
waters; comparison to estrogens| J]. Wate; Resea_r__c’h';_ﬁ“IZO‘ll , 45
(2): 732-740. x
Tang Z, Liu VA H Wang H), et al. Trace detennuiatlon.of-eleven
| i
natural estrogens and imsights from their / ovru;:fen(‘e in fa
mumclpal waslewater treatment plant and river waler (1) Waf,er
Researth, 2020, 182, doi: 110.,1016/j. watres2020. 1l§976
Ben W Zhu B Yuan X J .et al. Transformation and fate of
natural estmgens and }heu" conjugates in waslewaler lreatm'em L
plants: /Influence of operational parameters and removal pathway’%
[J]. Watdfr,Researph 2b17 124. 244-250.
AR e, ThRE 4 Jﬁiﬂﬂ:(ﬁﬁﬁiﬂﬂ_i"xﬂfﬁ
W AR KRR (1]. H iRk, 2017, 38(4) : 1506-1512,
Zhang Q Y, Ma X Y, Wang Xc , et al. Removal of Estrogenic
effect by typical domestic wastewater treatment processes [ J].
Environmental Science, 2017, 38(4) . 1506-1512.
Zhong R Y, Zou HY, Gao J, et al. A critical review on the

distribution and ecological risk assessment of steroid hormones in

the environment in China[ J]. Science of the Total Environment,
2021, 786, doi: 10.1016/j. scitotenv. 2021. 147452.

YuY, Wu L S, Chang A C. Seasonal variation of endocrine
disrupting compounds, pharmaceuticals and personal care
products in wastewater treatment plants[ J]. Science of the Total
Environment, 2013, 442 . 310-316.

Nam S W, Jo B I, Yoon Y,
selected micropollutants in a water treatment plant [ J ].

Chemosphere, 2014, 95 156-165.
Sun Q, Li M Y, Ma C, et al. Seasonal and spatial variations of

et al. Occurrence and removal of

PPCP occurrence, removal and mass loading in three wastewater
treatment plants located in different urbanization areas in
Xiamen, China [J]. Environmental Pollution, 2016, 208 371-
381.

X, SRR, KRS, S5 BT RWIB RIS KA BET =
ML), PESKHEK, 2010, 26(8) : 33-36.

Liu Y, Zhang Y L, Zhang H L,
project of Taihu Xincheng wastewater treatment plant|[ J].
Water & Wastewater, 2010, 26(8) ; 33-36.

Zhang J N, Ying G G, Yang Y Y, et al. Occurrence, fate and
risk assessment of androgens in ten wastewater treatment plants

Chemosphere, 2018,

et al. Design of second-stage

China

and receiving rivers of South Chinal[J].
201 644-654.
Xu Y F, Xu N, Llewellyn N R, et al. Occurrence and removal of



8

X RS . (AR A T5 K AL B i B IRAF R AR AT R U

4373

[29]

[30]

[31]

free and conjugated estrogens in wastewater and sludge in five

sewage treatment plants[ J]. Environmental Science: Processes

& Impacts, 2014, 16(2) : 262-270.
Shen X Y, Chang H, Shao B, et al. Occurrence and mass
balance of sixty-two progestins in a municipal sewage treatment

plant[ J]. Water Research, 2019, 165, doi: 10.1016/]. watres.
2019.114991.

ChemSpider, search and share chemistry [ EB/OL ]. http.//
www. chemspider. com/Chemical-Structure. 5668. html? rid =
09490¢d9-dcd8-4171-8315-375ecafed60d, 2022-07-29.
Sangster ] L, Oke H, Zhang Y, et al. The effect of particle size
on sorption of estrogens, androgens and progestagens in aquatic
— / i
i/ | iy
g I #F F
= ! (> 'Il ir
1 .u,'
| } P
.
- |
- | I.-Iln ‘ -
. "I"|| _f | | .n,.—"a
] "1lp |
fa & 1

[32]

[33]

sediment[ J]. Journal of Hazardous Materials, 2015, 299 112-
121.

Martin J, Camacho-Muiioz D, Santos J L, et al. Occurrence of
pharmaceutical compounds in wastewater and sludge from
wastewater treatment plants: removal and ecotoxicological impact
of wastewater discharges and sludge disposal [ J]. Journal of
Hazardous Materials, 2012, 239-240. 40-47.

Wang Y X, Fenner K, Helbling D E. Clustering micropollutants
based on initial biotransformations for improved prediction of
micropollutant removal during conventional activated sludge
Water Research &

treatment [ J |. Environmental Science;

Technology, 2020, 6(3) : 554-565.

-
o =
I" o F N .
;;’,.r"':r i
| ) e
[ ,-I,_—.“- Fy —
| L ',-' —
Iil o | Ill P o i &
/ ! | F I.,;" / .-‘I”
f ol ! i jf
P & =~
| | | e [ o 8
{ & . * vV o
- i I.-‘ I.';
e . & -



HUANJING KEXUE Vol.44  No.8

Environmental Science (monthly) Aug. 15, 2023

CONTENTS

Analysis of Change Trend and Influencing Factors of PM, 5-O5 Pollution in Tianjin from 2013 t0 2020 «+:+seseeseessessenssisenesieninnsienees XIAO Zhi-met, LI Ya-fei, GAO Jing-yun, et al. (4211)
Changes in Ozone Pollution Trend Characteristics and Sensitivity in Jinan from 2015 to 2020 «+:xssesrerrersemssesiensstneisinncneineens SUN Xiao-yan, SUN Jun, GUO Meng-meng, et al. (4220)
Analysis of O Pollution Characteristics, Formation Sensitivity, and Transport Impact in Southern Nanjing —«+++esesesereeseressusenssesenenes ZHENG Xin-mei, HU Kun, WANG Ming, et al. (4231)
Characteristics and Driving Factors of O3 Pollution During 13 Five-Year Period in Tianjin «+++-+--- +o++ LI Yuan, XIAO Zhi-mei, BI Xiao-hui, et al. (4241)
Response of PM, 5 and O3 to Emission Reductions in Nanjing Based on Random Forest Algorithm «+eesecreeeereresssenensisninninsns SHANG Yong-jie, MAO Yu-hao, LIAO Hong, et al. (4250)
Quantification of Ozone Pollution Transport Based on Four-dimensional Flux Method in Foshan, China ««seseereesererrersienmesincnnnenens WU Li-ping, MO Hai-hua, YANG Li-ting, et al. (4262)
Effects of Source Depletion on Vapor Intrusion Risk Assessment +eeesrererssesiemenenminmnin e ZHONG Mao-sheng, WANG Yang, JIANG Lin, et al. (4271)
Spatiotemporal Variation Characteristics of Main Pollutant Fluxes in the Yangtze River Basin from 2017 to 2020 »«+v+eeseererereererssenenenene GUO Chao-chen, LEI Kun, LI Xiao-guang, et al. (4279)
Spatial Variation Characteristics, Influencing Factors, and Sources of Hydrogeochemical of Surface Water and Groundwater in Mountainous Area of Hutuo River ««+ereresreserrersisnnenennneene
.................................................................................................................................................................. KONG Xiao-le, CHANG Yu-ru, LIU Xia, et al. (4292)
Spatial Distribution, Source Analysis, and Health Risk Assessment of Metal Elements in Karst Water in Southeastern Chongqing ~ «+++++++++++++: XIE Hao, ZOU Sheng-zhang, LI Jun, et al. (4304)
Mechanism of Salinization of Shallow Groundwater in Taocheng District, Hengshui City ««e+seereeeeeerenees HE Jin, ZHANG Huai-sheng, CAI Wu-tian, et al. (4314)
Assessment of Groundwater Contamination Risk in the Plain Area of Southern Turpan Basin - BAI Fan, ZHOU Jin-long, ZHOU Yin-zhu, et al. (4325)
Microbial Community Composition and Diversity in Metal Sulfide Mine Water Systems «++-«eereseererrsesernssnesinneinnnenenes DING Cong-cong, ZHU Xu-yan, ZHAQ Xing-qing, et al. (4334)
Occurrence Characteristics of Microplastics in Baiyangdian Lake Water and Sediments «+«+v+srsereereseresremnsennssinessneinecnenes CHENG Xin-yu, YANG Li-hu, SONG Xian-fang (4344 )
Analyzing the Pollution Sources and Mechanisms of Urban Rivers Based on Identifying the Molecular Signature of Dissolved Organic Matter -+ ZHU Yi, YE Jian-feng, SUN Xiao-nan, et al. (4353)
Occurrence and Fate of Steroid Hormones in Sewage Treatment Plants —«+«+esseseersenessmenenssinimnensnii LIU Yuan-yuan, FENG Hui, ZHANG Yun, et al. (4364)
Distribution, Source, and Ecological Risk Assessment of Persistent Organic Pollutants in Surface Sediments of Boao Coastal Waters «++++ HAO Run-bo, FU Guo-wei, SONG Yan-wei, et al. (4374)
Content, Distribution, Source Analysis, and Risk Assessment of PAHs in Arable Soils of Taiyuan WU Zhang-wei, DUAN Yong-hong, LIU Li-wen, et al. (4387)
Potential Ecological Risk Assessment and Source Analysis of Heavy Metals in Soil-crop System in Xiong'an New District «+v+veereereeereeeesee GUO Zhi-juan, LIU Fei, ZHOU Ya-long, et al. (4397)
Pollution Characteristics and Source Analysis of Heavy Metals Based on APCS-MLR and PMF Receptor Model = ++«+eeeeerrerreeremmensnenssmnnncninnnienens
- DUAN Hai-jing, MA Jia-yu, PENG Chao-yue, et al. (4406)
Pollution Characteristics, Source Analysis, and Risk Assessment of Heavy Metals in the Surrounding Farmlands of Manganese Mining Area «+:+esrereereeesessenenmssicnnesnenssnnncsneene
.................................................................................................................................................................. YU Gao, CHEN Fen, ZHANG Xiao-dong, et al. (4416)
Translocation, Accumulation, and Comprehensive Risk Assessment of Heavy Metals in Soil-Crop Systems in an Old Industrial City, Shizuishan, Ningxia, Northwest China —«-veeseerrereereeees
............................................................................................................................................................ WANG Ying, DONG Ai-jun, YANG Jian-feng, et al. (4429)
Distribution Characteristics and Risk Assessment of Tetracycline Antibiotics (TCs) in Soil-Vegetable System with Soil Fertilized with Animal Manure
.................................................................................................................................................................. DING Dan, HUANG Xiao-yi, G | (4440)
Accumulation Pathway of Cd, Pb, and Zn in Chinese Cabbage under the Condition of Exogenous Pollution Superposition in High Geological Background Area :
............................................................................................................................................................... JIAN Huai-liang, LIU Hong-yan, MEI Xue, et l. (4448)
Effects of Combined Pollution of Microplastics and Lead on Maize Seed Germination and Growth MA Gui, LIAO Cai-yun, ZHOU Yue, et al. (4458)
Application of Fe;0,/Mulberry Stem Biochar Effects on Soil Arsenic Species and Rice Arsenic Content ~««+xewesseeresrersenesnenenees RUAN Lin-giao, LIANG Mei-na, DING Yan-mei, et al. (4468 )
Remediation Effect and Mechanism of Biochar in Combination with Nitrogen Fertilizer on Cd-contaminated Paddy Soil ++«+s+ssesrereereeerereneenns ZHANG Li, LI Ru-xia, HE Yu-lei, et al. (4479)
Effects of Combined Application of Different Nitrogen Fertilizers and Biochar on Cadmium Uptake by Pakchoi ( Brassica chinensis L. ) in Cadmium Contaminated Soil ++++«+eeseeeeresnesneesee
.............................................................................................................................................................................. LI Ping, NIE Hao, LANG Man, et al. (4489)
Effect of Coconut Fiber Biochar and Ts Nitrate Modification on Pb Passivation in Paddy Soils ++++eeresrerrerseesennsnenniinensininnens HOU Zheng-wei, LI Jian-hong, LI Cai-sheng, et al. (4497)
Effects of Biochar Application on Physicochemical Properties and Bacterial Communities of Microplastic-contaminated Calcareous Soil -+ RAN Tai-shan, LONG Jian, LIAO Hong-kai, et al. (4507)
Effects of Modified Biochar-Supported Zero-Valent Iron on the Removal of Trichloroethylene and Responses of Microbial Community in Soil «++++-++++- LU Hai-nan, LI Peng, GUO Lin, et al. (4519)
Effects of Modified Distiller’s Lees Biochar on Nutrients and Enzyme Activities in Purple Soil +:+setseeeseresesennnenenennienininnens YOU Le-lin, XIE Yong-hong, WANG Zi-fang, et al. (4530)
Biochar or Straw Substituting Chemical Fertilizer Increase the Risk of Phosphorus Loss in Subsurface Runoff in Sloping Farmland ~ -++-++++see--- LAI Jia=xin, DENG Hua, ZHU Hao-yu, et al. (4541)
Carbon Loss During Preparation and Aging of Sludge Livestock Manure Biochars ««+«+«+sesesreresesesersssennemnneinnencnns ZHANG Ying, ZHANG Chang-hao, ZHANG Xiu-fang, et al. (4554)
Effect of Chemical Fertilizer and Manure Combined with Biochar on Denitrification Potential and Denitrifying Bacterial Community in Rhizosphere Soil «+«eseeessesresnesseneneneinineinnen
............................................................................................................................................................... XIE Jun, WANG Zi-fang, WANG Ying-yan, et al. (4565)
Soil Bacterial Community Structure and Function Prediction of Millet/Peanut Intercropping Farmland in the Lower Yellow River ««-se:e-eseee LIU Zhu, NAN Zhen-wu, LIN Song-ming, et al. (4575)
Effects of Microbial Fertilizer on Physicochemical Properties and Bacterial Communities of Saline Soil Under Brackish Water Irrigation +-«+sesserveesrssnesnenenmienensininincniininsnnen
............................................................................................................................................................ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (4585)
Remediation of Petroleum-contaminated Soil by Highly Efficient Oil-degrading Bacteria and Analysis of lts Enhancement Mechanism -++-++-- YAQ Zhen-xian, WANG Li-ping, LI Dan, et al. (4599)
Impacts of Land Use Intensification Level on Fluvo-aquic Cropland Soil Microbial Community Abundance and Necromass Accumulation in North China «+«ereeeseesrersesssnenenenininsinnen
........................................................................................................................................................... LI Sheng-jun, SHENG Mei-jun, LI Gang, et al. (4611)
Pathway and Policy for China’s Provincial Carbon Emission Peak +«+eessesseeeseserenenniinimnnininini MIAO An-kang, YUAN Yue, WU Han, et al. (4623)
Carbon Offsetting Mechanism of China Province Based on Carbon Reduction Cost —+++sseeseseersessemenenemininensininenisiscnens ZHONG Shi-yu, ZHANG Xiao-min, WU Jia, et al. (4637)
Analysis on Change in Soil Organic Carhon Content of Farmland in Yangtze River Economic Belt Under Different Fertilizing Measures — ++++++++++ LIU Xin-yu, LU Jiang, MENG Xuan, et al. (4647)
Multi-scenario Land Use Optimization and Carhon Storage Assessment in Northwest China — ««eereseererssrseremssnssinne e CHEN Ning, XIN Cun-lin, TANG Dao-bin, et al. (4655)
Analysis and Simulation of the Spatiotemporal Evolution of Habitat Quality and Carbon Storage in the Weibei Dry Plateau Region of Shaanxi -+ GU Zhen-wei, LIU Jing, CHEN Yi, et al. (4666 )
Impact of Climate Warming on Paddy Soil Organic Carbon Change in the Sichuan Basin of China = «+eresreeserseeressenesinecinnecene LI Ai-wen, SONG Liang-ying, RAN Min, et al. (4679)
Stoichiometric Imbalance of Abandoned Grassland Under Precipitation Changes Regulate Soil Respiration - WANG Jia-yi, WANG Xing, WANG Yuan-zhuo, et al. (4689)
Effects of Water-salt Environment on Freshwater Wetland Soil C, N, and P Ecological Stoichiometric Characteristics in the Yellow River Estuary Wetland = «+eoeoreeveesesenenennineinen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QIN Ji-fa, ZHANG Jia-peng, SANG Luan, et al. (4698 )
Spatial Distribution of Soil Heavy Metals and Regional Control Strategies in China at Province Level «+:+ereeeeresreresenecirnneennen SHI Hang-yuan, WANG Peng, ZHENG Jia-tong, et al. (4706 )
Comprehensive Review on Environmental Biogeochemistry of Nonylphenol and Suggestions for the Management of Emerging Contaminants +««+xesveessesresrererememensininsnensinnen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HONG Ya-jun, FENG Cheng-lian, XU Da-yong, et al. (4717)
Research Progress on Distribution Characteristics and Formation Mechanisms of Microplastics in the Environment -w+s+ereseereees ZHANG Long-fei, LIU Yu-huan, RUAN Rong-sheng, et al. (4728)
Review on the Long-term and Short-term Effects of Biochar Addition on Soil Greenhouse Gas Emissions ««+vesetereesevesesemennesnennens ZHOU Yong-chun, WU Liu-lin, LI Dan-yang, et al. (4742)
Iron-based Bimetallic Catalysts for Persulfate Activation to Remove Antibiotics in Water; A Review «+eeseeserseresenensentninsenninennens WEI Jian, ZHANG Xin-yi, GUO Zhuang, et al. (4751)
Analysis of the Environmental Risk of Livestock Manure Pollution and Resource Treatment Technology ««+s+«sssreeresreressenssnesneeneneene AN Jing, DING Zi-ming, GAO Cheng-cheng, et al. (4764)



