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Abstract: Emerging trace organic contaminants (TOrCs) have been ubiquitously detected in municipal wastewater. TOrCs show low
concentrations but are usually harmful to aquatic biota and recalcitrant to treatments. The advanced treatment of TOrCs is challenged by
four main aspects. First, it is hard to qualify the chemical structure and concentrations of TOrCs, which are typically very low.
Second, risk assessment results vary with the selection of target-species and toxicity-endpoints, which makes it hard to regulate priority
lists and concentration limits. Third, TOrCs account for less than 0. 01% of the total organics in wastewater. Thus, TOrCs cannot be
selectively and efficiently removed by conventional treatments. Fourth, it is hard to optimize and manage the treatment trains of TOrCs.
In this manuscript, a new strategy combing non-targeting TOrC screening and TOrC “fingerprinting” are proposed to overcome the
difficulties of quantification and treatment optimization. Based on this, the standards and regulations to control the TOrCs in reclaimed
water should be developed on the basis of elimination efficiency rather than concentration.

Key words: reclaimed water; trace organic contaminants ( TOrCs) ; water quality security; advanced treatment; control standard;

environmental risk
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Fig. 1 Origins and species of representative TOrCs

in municipal wastewater
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Table 1  Risk assessment of estrogenic pollutants and pesticides
X BRBEREHE VN YA HCS/pg-L"! MR AN ik E2 Mk
HiFem 0. 0025 Wl R AR BE VR 2.2~10
S 0.15 e SR T BEAN SO L3R 11 R I 2k 0.38 ~2.45
eSS 104.8 24 B BN B 2 1 RUA R 0.42~1.2
HHESY) 76.2 e HER A MCF-7 36T 0.47~3.0
1) HCS5 2 d R UM o3 RS0 A0 5% PR 7= A 16 8 e BE 128 5 B2 S0 J2 17 - HRUME — I A BRI V6 1 5 0 — e L (i 1)
1.3.1 TO:Cs bFREARIF % FSETET A= 7 B ) RS S VA e A

TOrCs % (7 15 K B P A 7K v B A BILRS Jo o vk
LLAG AN 2 0. 01 %, 4 B 5355 W Jf B8 A 2 S8 A 0T H:
PEREME L BRAVE IR /IN. o v B 1 — e i e AL
(dissolved organic matter, DOM ) 1% Ay 49 73 15 W o
o fb2m A A AL EEXT e I TOrCs Ab R,

DOM 5 TOrCs 3 4+ 3 1A o5 2 1) B 4325 5l
FRFALD BEASCIR B P01 ) BRI FE B iE R G
DOM X TOrCs KBRFURZ M AN (H2 FHIB 5
PESTRI 15 3, B 7K B s T = TAER ) B hia 17
AEFE . FETHPE B B, B K 7 DOM S i W B,
I TOrCs TE Wb (7 5, 5% FE % B 1, i‘fﬁﬁﬂﬁ]
TOrGs W% P 352 Fiig i 5 5t 4 f y

’meﬂm&ﬁ%ﬁﬁﬂ%@@%%%M%
S b BRSO BN 7 B EE= ol o DOM! T
ﬁ?ﬁ%ﬁﬁ%@@@wﬁﬂmxm%ﬁﬂwﬁﬁ
E??Wy:ﬂ tﬁﬁﬂ%ﬂdﬁﬁiﬂwﬂ DOM/H) i

z&%wm: DOM £ 35 G ISR A 2K | AR 55 A&
TR 25 35 4 4 K6 - OHL 25 404k 1 /iy 356, 00
TOrCs 9 F f LA fLik i .

2i b EWIRA LTS TOrCs AYFERE |, o] et 2
FROEAE TOrCs MTREE AL B AR A FE T 4.
1.3.2 TOrCs ZbHiF RizfT

KO W R 2t RSB A TR AR SR Ak T 75 7K P
A AR SRS K A Ak B i RIS R B AT B T
BRI SR, — T I, 3 IR TV KK BT R A%
4| T4 B i A AN T T, 5B TOrCs A BB AR A
BITREEANHE (BB ); 55—, TOrCs
G N T I i (R S A e 2 6 ) A, 7 4 I
P55 TOrCs Ab FRALR B IR OC R AR gy, 33
TOrCs AbFREE AR B 1T A K i (R A A AR

5 B A FREE AR AT = B B 4 IR A BT
Yy 5 AT IR . 24 SRR AS P B A R 4y
TOrCs I ZEBRRR KT 85% 77 H 18 I J 17 5 34 K%
FLR B 7= K SR SR AR RN 32 17 B AR T = 45 G B )
RO 8 AR 0 A i Ak P it W T A R T
15KBE R G E 81T, (B RE 52 IR 5B i 1

AIHFE
'ﬁ TOrCs ﬂﬁhiﬁ[ﬁéxﬁﬁﬁﬁﬁ 7"53@35 T 51\%%;-

SB35 MBS A 05 B R B O vk DA R A %
A0 B A AL BREE ARATS A R 5%

SR Z T o K LS R i A5
SRR X B4 3 7T 5 KPR TR B A B TOCs | HeAh B
SR BUE BN YA 56, (5 R4 SR Ak T I B4R
SO IR VE P AL 5% S N sk O R T
??‘aﬁ@kdﬁﬁﬁyﬁm%ﬂ/ﬁ*%iﬁj%%\iﬁm%ﬂ
?” 4H7kﬁ&m§fﬁﬁ%aﬁﬁdzﬁﬁ riafFﬂ'%“*[”

Al FEE R 5L 4205 A xﬁj%%w%ﬁm“‘) )
ﬁ@k@ﬁ%ﬁmgémﬁm%ﬁﬁiiﬂm&
X TOrCs E@iﬁlﬁ’f‘{ﬁcz L ARG 0 e léliﬁat:ﬂﬁ
W 2R e, Eﬁuﬁ“ﬂ%zﬁﬁﬁ%ﬁgzﬁﬁﬁf%
W R AR | UE B fiﬁ%éﬁﬁﬁ?%%’fn%%é}é*
K dE s f’ g
1.3.3 A FR= Y

TREEAL PR AR I A BEH TOrCs SE AL I —
SEARTRFK T R4 TOrCs 5 8 #k AV /K 35 55 1k 4=
R A ML R =4, BN, 38058 R Go s 7=t i vk
BE | E Pt FIME AL B ROB B HROK. [ROB B HOK
PEIKARFRLE 25% ~ 40%, Ho 1 422 HE O [0 370 40 21 25
fo E Z KA S T b B R 5, R IR B 38 &R
G [ FpEa T MRS )

FLARAE AL B8 A 2 v SR AL b PR P
TOrCs 119 [7] it 2 300 3 J8 7 3k ke Mo o 36 S5 17 A i
A=, B 7= o 2 R A R L 5
Hh, R RS ALK P e 4y, i JeHLR B T
FIREE ok — WP e e, OF AR R R SR . PR
TR RN/ IN G B TR R 25 A 3 SR A I =4

Wang %' BUBFSE & B 9 A AL AL BE TOCs A1
DOM s B2 RT3k G 25 4 i — 265 A E A Ak
A=Y, T L O AR S K AT
Az b A8 ) E AR KT, DR IE Ak B S 7K 8 7K 5 2
k.

1.4 T Z2JERALE T8 YR

T 2R H R E KUK &S, 47
B3k T 75 7K AR A B R TOrCs 2SR BR , FR R ia 1T
AEFE , ST K I 22 R P O BREEZ . H AT

;

i



6 EICHAF - ST I5 AP A B A AT BIL TS S 42 ) 1 S R L i e S i 2577

T2 VA R as A7 4 B G 0 S i XE A, BT
TOrCs ¥ JB Ko I (%) Bf [] 7 i P R0 AS ff o 1, 3 F
TOrCs ¥ FE A9 WE I, 2 5% 08 48 e LA St ; 36T
TOrCs 8 78 PEFEBR AR 48 At A v 0 1 R s A
Rl =

1.4.1 TOrCs MR

TOrCs ¥ R {25 B 5% Lo Fe B, A6 I 3
FRALFERAE | AL AR 007 55, KA 2 ~ 4
d, K &t R EL A Bl A s ) 9 S Bk IRE T T
ZHAE, AREH T T2 semhE s o, By e
T M 25 bt UL R 3R T V5 7K A K AR B R TOCs 1Y
R A, N 2 ~4 K-a ™" B A0, TOCs K
MRS IR 228K, 1l 3K 50% ~ 300%, 5 S 2 H K
TOrCs IAFRiRHN ]

1.4.2 #5755 TOrCs (indicator)

ST 95 K B P A K AR BT 2 R A AR
A KR ) TOCs 91 446 7R # TOiCs
IFLUE 7R P TOrCs 25 R AR A8 R T 28 1k
., AELSE 12 7 o T i A 7 T RO PR . — P [
— BAIE R AN [A] TﬁrCs E’Jﬁtﬁxﬁlzﬁﬂj( ilﬂ;%%h
%Lﬂﬂj (i FHXT’%IZJ:EF' AR Sl 46 s b TOrCs/JEET
FJEQTEIF %%@&%%ﬁ PE 35 5t TOIGS ib[‘%},i
ARUTASE by L2 jfﬁ Xlﬂijﬂﬁt;‘i’aﬂ‘@ TOer H’J%
S iy S R PN TORC ¥ REFE/R AR

%ﬁmﬁuﬂm X H: Eijﬁi%ﬁiﬁﬁ'ﬁgﬁﬂ’]g 5

4T3’E|T%ﬁf%f§

CAEFTHO T LT BRI R P TOCs (1)
ﬁ?ﬁ,ﬂiﬁiﬁﬁﬂ?ﬁﬂ“ PE TOrCs X ARl T2 A H6 -
MERCRL, 5885875 TOrCs 1Y RGEME.
1.4.3  FACHEFEHR (surrogate )

TG 7K AR AR 38 2 [R] B 25 BRK T Y DOM il
TOrCs. DOM 2B S UK BT S HUE A4 (g8 A1
W, PEEE ) W8 T 48R TOrCs F R , B
B AHESE bR, 56 MM A K R ME | R A At
A AL B 38 78 TOrCs 25 B %0C% 19 B8 AR 1 48
ﬁm_

R A S b B 45 A ALKk . 52O
WAE A2 (E 55 DOM AN W] 28 43 (5% 7K 5B 7K
PERY A= AT | 5G4 ) w40 BRI B o S Ak 20 A Y
BRI, ER BB TOrCs 25 BR &% R 135 75 5%
B AV b 2 N Y R AT 2 oo LA = i 1 I S
TSI AN 5 ' A R AU TR bR AE AL S TOrCs
FBRACR I DGR T AR 28 50 X 98 s B R I ST
AT B D S P ST AR R B AL, 45 7R
2 AR AN 75 B A3 R B 78, AR SCWIE 58 A 1
CE R

2 TOrCs 15 HI M B BO iR R BB

2.1 TOrCs FEH ] i 25 5 5 S R %
B TAEFRUE S Y TOrCs S8 PEFIE AT TR
AT L SE PR K B8 P TOrCs A6 I AN il 75K . BEE
IRACAR A3 BT A0 388 F 15 43 B 30 e 08 1 A3 B e AR R
R TR AR I 30 5% © A1 TOrCs ( knowns ) |, %E
2l TOxCs (unknown knowns ) 1 %1 TOrCs ( unknown
unknowns ) TV #i AR 15 7] . 775 K8 A K, i)
TR T Z R TOrCs HE17 R0 | AR bt 3
30T, 251 TOrCs“ F8 8L IS, %F TOrCs 45 il FIUR BE
Ab R AR DEA 2 AT T B A
2.1.1 TOrCs F:#E [ i A
AL ST AT ZE B Z TOrCs Anifle i 25 1F T, 9
K P B AT TOrCs V5 Yt 1 B, B {1995 AF
Kadokami %" 457 T 36T GC-MS /R TF o
BTIETJ MS i Pl s s o il 28 1) TOrCs 05 v
TS, ﬁﬁ%‘cﬁfmﬁﬁﬁﬁ%‘ﬁ_ﬁkz TOrCs h‘/ﬁﬁ?& #T
Tﬂm‘m%ﬁé 266 ﬁﬁk PR TORCs 4
Fﬁ%ﬁf‘f%ﬁﬁﬂt (=02 EIiNi é@&ﬁ%‘*ﬁ
jﬁnﬁwa E?E’J l%ﬁii}% LC-MS/MS TJ%J?J: ’
TR A 9 TORCs fifi 25, & ik AN
Kl 3 fi7s. Ruff % f@%zﬁ/ﬁun o L gt
A 16 BEBL 43 B 80 5 T35 K ) K Y 300 £ i
TOrCs , H- &I T EFLJE 2 1, 3- 2 F JE-2- bR ok
il 45 2 AR Y TOrCs. Albergamo 25" 75 3 g4 ]
Pt R G K518 000 £ 4 TOrCs 155, Fl FH
JEFO 1] 43 BT RS S 2 T P 25 B TOrCs , &
PRT VO R T A5 R 1Y) TOrCs V5 444

1 43 BRI TR (MS BEM S/M S Y B R4

e \’ N
ELHITOrCs EEITOCS FAHITOCs
Frife s VB HE 3 # il
¥ v v
e 43 A REMOL4 4 A8 e 4 A
¥
- XA 1 I Eem/z i TOrCs

5 WA FRAMTOCS
&
£ dmHEMmTOCS
5

SFYRELLTOCs

N )
4

B3 SodRputiERmnosfkham,
BEUFN R EE TOrCs 2

Fig. 3 Non-target analysis with high-resolution MS for knowns,

SRITE R TOICs

v

unknown knows, and unknown unknowns of TOrCs in wastewater



2578 57

i

B 42 %

2.1.2  TOrCs FEECEE FAL HIRCR

T 3 PR BT AR R 1] 3 T ZE A E TOrCs fh
SER I A B, AT $E IR 1 TOrCs B9 43 F FR 115
( molecular features) , Wfaf 57 b (m/z) . SLAVE HEHT |
Oy TN ANOCER RS . TR A A3 07 i, — 7 I
AR BV TOrCs . 5881 TOrCs . A1 TOrCs A4k BR
R AR R ] ) R R BE R R R ) — T TR 4y
B 4515 L WA A B ok 2 vh () Tk B AR Ak, 4k i 22 ) K
FERY TOrCs “ $8 80" 71, 25 & PE T3 7K 7 24E b 2
TOrCs 5‘?5(%3[50].

Parry 25 FH AR SE 18] 40 M £ A, AT R AOTFA
AFHETT A T AN R B EEALXT TOrCs 1Y 2 BRAL
ROHEAWTA, ORERTE R, HoXF L BRRAF
Mras R 55 TOrCs WA 45 R 5 A — 3, MO R 4L
H70.95; @f5 B EE, A 4 nl [ EHE R >
2500 Fil' TOrCs [ LBRBOR ; @ R, w] Pk i
IRV XL B TORCs, 36 45 th 40 TR
FROREE T A s @ %5 AL b =y B
$fﬂ%ﬁ%ﬁ#1ﬁﬁﬂi#@:@ TT
?Eﬁﬂz TOrCs Eﬁﬁ*ﬂﬁﬂqﬂgjfﬁ% P L/ —

i R ORI HEANE &M@@Qﬂz
m%%ﬁmﬁﬁiﬁWIaﬁfﬁffﬁ%ﬁm
5K B A K P %%Kﬁ%ﬁﬁ%ﬁ#@@#ﬁ
AR TOrCs W30, 2k 22 I3 s 7k i POrGs ™ 15 |
2 gk AR TOnC | B L2
7J(5LI‘IEEF‘ TOrCs EBRBCRVEAN | B L
2.2 JEKFEARTE TORCs P bt 5 8 ik

H T TOrCs Ay BRI | JXURS: DF-H 1 [0 {6 Aff
SETH G A XERT, TOrCs 114 ¥ 5 IR A A vHE BF a1 A1 S i
MERE R R I AU AR i Y ke BE 45 1 60 4 B R
i, B T5 e L BRBE ) FAL BREE AR RAEYE , il G
IKPEAEAR Y TOrCs KFRBESI PRI . 0BT 2 4
BATT ) B AR bR E R AR TR K R A0OR (1 48 Bk AR
X3

2.2.1  EPBREETIVEM 5 ELBRAE S bRifE

2 2 5t B 5 K T AR Ak BRAA B 2B TOrCs 55
Ak 3 Yl )RR [ K T B A A% L PN A T
) TOrCs 2 BREEF1 Il 28 TOrCs AbFERE F7 ZR
AT TEIUAR BRI, K% 4 n] 5% £
Bﬁ[ssj .

Wb PERE FI VM AR AR A BREA
TOrCs FEALPE R EEXT AP T 25 £ TOrCs RCR A 52
mi, f3 48 3 A5 . OV R RK A R T 2
X TOrCs 2B Hi K TOrCs ¥ BE 1 % s FL A
A B A3 4 R BE R A . @I b 2 T
ZXAN[E TOrCs () 2BRAE T, A B F R 45 T2 I
BIE M9HE R PE TOrCs ; @A RIRMESR M T 403
T X TOrCs AbBRAE Ty, A B FHET T2 M IURE
k. BRI R | VR BEUIVE | T MR A
ﬁ%i%%#ﬁ*ﬁTWb%%ﬁﬂﬁﬁn&
21590 e 2| Bk, B K B 3T B S5 ascis
%ﬂiﬁia%ﬁ #Mﬁf#ﬁnm%%%
2%057) 3

ﬁ%;Mﬂ%ﬂaﬁTﬁ$l¥w%mﬁﬁ
ﬁil¥?§xmﬁﬁ%ﬁil¥£%ﬂzgﬁ

%lmmﬁ ﬁ%$$ﬁ%ﬁﬁﬁ®mﬂwi%
IR 42 Tf%%ﬁﬁ@%@if#ﬁTHm

WA KHNE TE R | B T
ﬁﬁk%iﬁ%ﬁﬁ£%$ﬁ9qu.

LBREJIPRAE QB B W H T TOrCs VR B AL HE,
I o e WTER e W TIR Cb/ 9 OF ) AT TR, & B 42 1Y,
) TOrCs Z2BRACR KT 80%, I M #2228~
28/H,0, X RB 5 H KR 1,4- ek ol 54 L
TGP EBRECR TR T 69% .

SR, BETCT TOrCs 5Bk HE J1 4% 1 A il 1
R5ed, F BRI & G E A TOrCs Fh2E %18
T 2 J2 R 5 XU 4 1 DG G R B BRI S 4 | b3

RE I PEHAR I L Fris A T S UE.

5 4 E

£2 WHBKEELET#EE TOrCs HRBRRM /%
Table 2 Removal efficiency of representative TOrCs in municipal wastewater by advanced treatments/%

VRIEA LA BED  ROET CESm AR IMAER MW S
A A 10 ~50 — 10 ~50 >90 — >90 —
TR <20 <20 <20 <20 <20 <20 <20
S + BRI MR >90 >90 >90 >90 >90 >90 —
Y 50 ~80 50 ~80 50 ~80 50 ~80 50 ~80 50 ~ 80 —
RBE >95 >95 >95 >95 >95 >95 20 ~50
AR AR 20 ~ >80 50 ~80 20 ~50 <20 50 ~80 50 ~80 -
AR 45 1 A >90 >90 >90 >90 - >90 >90
RAHM >95 50 ~80 >95 50 ~80 >95 >95 50 ~90
EYEAL(UV/H,0, %) 50 ~80 >80 >80 >80 >80 >80 >90
S >80 <20 >80 <20 >80 <20 —

1) L0525 A i A S A 2) E

Wt | EFR 12 e — s 4



6 EICHAF - ST I5 AP A B A AT BIL TS S 42 ) 1 S R L i e S i 2579

2.2.2 B TOrCs MYHE AN

FEARBRUE TG Rtk e S BRAE AR, 4R
AT ELIA B AR S5 0F, I A i | 58 4h
ZRFN I | IS A W B 7K T 45 B B [RS8 485 1 )
A5 F AR bR S B T AR K T U, 90
BT AR EAER A Tk KK BT) (GB/T 19923-
2005 ) FRifERLE A SN AR H ST H 5 (RTTIE K
A OIS KoK BT) (GB/T 18921-2019) #r
HERLAE AR K 475 0. 05 ~0. 1 mg-L~'. £
TR T P A K D A FH 7K U5 s 90 25 Ak 8 o 75 22
A SR it st (1) (CT {8 450 min-mg-[fl )N FLAR B i
FFE] (CT 1 min-mg-L™") B 5 44k 5 & (50 ~ 100
mJ-cm ) 2 HUA RS TR AT 7 B AR E T
%@ﬂﬁﬂhl\m(CT {H 25 ~120 min-mg-L_] ) (97,

HTl, B & A LA B TOrCs i H A5 #9175 7K
oA AL B AR FRUE. 5 E A B 55 45 57 LA TOrCs
EBRACE N BARIE FEARK B S T I EAIES AL,
7B B I i S5 AL ) R HL0, B &
%L39.60,6IJ )

A TOrCs Ab 3 AR A v (1 5 B4 7 P Jis

SRR 5 TOCs S MU
F KT T Pl 45 P VT U8 Y T
ARG B TR SR BT A L DR A
TECL A BANIEAT HBRE SR A IS B B AR

JehR =
S WV K P A A B K SR T DOM
SRS B K T S B Al (4 A 2 MR 558 O
1) 2 H 5 TOrCs 22 36 9 JC T LA | 5 1R PE 45
B, R T2 R L A A A AL
PRALHETAN DT T 2 3 B AR AR A | & T B AR
PEFE AR BB SRR L AR

IR, S R T O 7 A A A A A R
PRAEFE AR, At FRE 7. (b2 AL B AR T A o
TR T8 17 M % 2 S A A B BE 1 0
A {1 (LR AEHE 7 TOrCs 2 R M
[e] B, T 5 H 2 A SR 4 11 7 2 (4 A W i
{8) 2 [F i B DOM F1 TOrCs B4 4 Ak =2 07 25 30 1B
BEPHAS A B AR TS| ) B 48 7 22 0% A {1725 £ % il
TOrCs EBRFCE E‘Ji@i@?éﬂ%“sj .

BT, R R AR b AR 5
SRR 25 AL 5 TOrCs J2 IR 42 ALk AT 5
Sy 3 ITAER L B -l R A RN 2 4 s B ]
FRITHETE TOrCs b B b 57 31 56 71| 3 138 2 iy
F |, 2 b B BE IR (U B E R TS ) L TOrCs
S BRFRG AK S B0 Al % 2 i () G IR AiF A A

2:2% Wi TOrGs SRR AR AR B (LA 2

o, B AR 5 A5 W B R BE 2R R 48 28 TOrCs £ BR
Al LT b PR B Y 2 50 5 B AR LR R T
DOM {7 15 i P 22 1 Y Al 2 M 41 s A 28 26 30T 4T R
Yoz, RA TSR BEVEHITE . #5878 TOrCs Fif
RE AR 7R E o Sl g 100 )

25 b BT XF TOrCs ¥ J3E FRAF A 72 MERSURI B AR T
K 55 A7 ME L, I AR R A R OR R Ak R R X
TOrCs KERACR KALALZ AT S K S al L, il 42
il 3 T 75 7K B K R TOrCs 19 25 BRAE I AR e S AH
X R EAARIE. A, A T SR TOrCs A0 3 A
T BT VR PEMER, O] ik — 25 T R 5 7K AR TR JEE Ak
PR AT PR R TR 7R TOrCs KBRECRIE LS bR
N

3 it

(1) TOrCs We LA , L7 A K B A A AR R
i 2 R 0 T it 0 P, 2 B2 K T
i5300%. | 4 | g’;”ﬁ
(2) TOFCs F PRSP (71225 5 52 3 ) b g
R 258 T i R T VPP 0 o 7 1 ¢ ST ) —
TOIC KB 2% Stk 22 5 T s 5 A~ g
SPEL S i TORCs RN R .

<@ﬂmﬁﬁgﬁmwwmm?onm@mﬁﬁ
FE AR BT TORCS ML REES , 2 BRA03AIE, HLK Bk
BT AL SRR AR | B P

(4) TOrCs & B2 A6 DU HLAG B b 1 B R] i J5 0 74
W PEAR S B, S TOrCs W38 48 £ 1) 2 523
FRIAfE , T T 72k M4 ) AR M A7 6 TOCs 238
KT 2 A2 A 7% RO BRI S P AR 1k
SELT LR AT VPR A | A BRI A A B
PRI

(5) it 2305k 45 175 e vl 5 s £ 15 95 JEL B
AR I TR, %2 B TOrCs A1l $IL 16 575 2 1 45 20
I S M TORCs ik JE R | b B R T
B . Ak B 4T SR 5 A b o T
FRAE SRR | b HEEE AR R o R A PR AR R
SCHE TOrCs HREEAC BRI AR T | T 2847 M B
85 A K TOrCs UG .
SE 0k
[1] QuJH, Wang H C, Wang K J, et al. Municipal wastewater

treatment in China: Development history and future perspectives

:

[J]. Frontiers of Environmental Science & Engineering, 2019,
13(6), doi: 10.1007/s11783-019-1172-x.

(2] WdbE, MO, PRel, . ST K BREEE B Im 9 TR S
KAGABEA[T). BT R, 2019, 37(10) ; 6-15.
Hu H Y, Sun Y X, Chen Z, et al. Topics and long-term
governance model of urban water environment governance [ J].
Environmental Engineering, 2019, 37(10) . 6-15.



2580 7D 53

Es 2 &

(3]

[4]

[5]

[6]

(7]

[8]

[9]

'3

US CSWRCB. Title 17 California Code of Regulations, State
Board, Recycled related to recycled water [ R].
S. California State Water Resources Control Board, 2018.
HIMEE, M, RET, . RGTRUE R A KK
B2 S IREEAR R T]. RIS, 2018, 31(7) !
1163-1173.

HuHY, DuY, WuQY, et al. Building the security guarantee

system for water potable reuse in the vision of systematic

Sacramento: U.

engineering[ J]. Research of Environmental Sciences, 2018, 31
(7): 1163-1173.

UL, RET, B, . BAEOK R 2T R R
JRER[M]. dbst. BgtRed, 2011
Sousa J C G, Ribeiro A R, Barbosa M O,
environmental monitoring of water organic pollutants identified by
EU guidelines[ J]. Journal of Hazardous Materials, 2018, 344 .
146-162.

Rizzo L. Bioassays as a tool for evaluating advanced oxidation

Water

et al. A review on

processes in water and wastewater treatment [ J ]
Research, 2011, 45(15) ; 4311-4340.
BE, VR, BRAGHR, % AAO T
AL Mg e[ 1]
4584-4592.

LiM, Wang Z Z, Chen Z Q, et al.

organic micro-pollutants and genotoxicity in a hybrid process

LA RAAHNEIE K
HEERIY: 2018, 39(10) .

Reduction of wastewater

involving anaerobic-anoxic-oxic and ozonAtion treatr'rllelms [J].
Environmental Scién(‘e 2018, 39(10) ; 4584-4592, . .~
= ERE CRA g iz
el 53 A% I BB 1 KR ]Hﬁﬂiﬁﬁﬂmfw
7 (3) : 649 'QSB =

Qin W, /Bai W/'R, Zhou M Y,

ei’lal.) Pgtential risk ¥and

| . N y
_ distribution characteristics of trace organic yollutan@ ud surface

[14]

[15]

[16]

[17]

"', 39(3) : 649:658.
[10];

water [of Beiyun{River[ J].

Petrie’B, Barden R, Kasprzyk-Hordern B. “A review on emerging

confaminants in- wastewaters and the environment: current
Knowledge, understudied areas and recommendations for future
Water Research, 2015, 72 3-27.

Wang J L, Wang S Z. Removal of pharmaceuticals and personal

monitoring[ J].
care products ( PPCPs) from wastewater: A review[ J]. Journal
of Environmental Management, 2016, 182 620-640.

How Z T, Linge K L, Busetti F, et al. Formation of odorous and
hazardous by-products from the chlorination of amino acids[ J].
Water Research, 2018, 146 10-18.

Parry E, Young T M. Comparing targeted and non-targeted high-
resolution mass spectrometric approaches for assessing advanced
oxidation reactor performance[ J]. Water Research, 2016, 104 .
72-81.

He W, Kong X Z, Qin N,
distribution (SSD) model and thermodynamic index (exergy) for

et al. Combining species sensitivity

system-level ecological risk assessment of contaminates in aquatic

ecosystems [ J ]. Environment International, 2019, 133, doi:

10. 1016/j. envint. 2019. 105275.
Grandclément C,

Piram A,

conventional biological wastewater treatment to hybrid processes,

Seyssiecq 1, et al. From the
the evaluation of organic micropollutant removal; a review[ J].
Water Research, 2017, 111 297-317.

Nagy-Kovacs Z, Laszlo B, Fleit E,
micropollutants during river bank filtration in Budapest,

[J]. Water, 2018, 10(12), doi: 10.3390/w10121861.
Bieber S, Snyder S A, Dagnino S, et al. Management strategies

et al. Behavior of organic

Hungary

for trace organic chemicals in water-A review of international

W K e

¢ 1 J . )
Acta Scientia“le Circumstantiae, 2019, ;

F R
-

[20]

[21]

[24]

[29]

[30]

[31]

[32]

Chemosphere, 2018, 195 410-426.

Takeuchi H, Tanaka H. Water reuse and recycling in Japan —

approaches[ J].

History, current situation, and future perspectives [ J]. Water
Cycle, 2020, 1; 1-12.
Albergamo V, Schollée J E, Schymanski E L,

screening reveals time trends of polar micropollutants in a

et al. Nontarget
riverbank filtration system [ J ]. Environmental Science &
Technology, 2019, 53(13) . 7584-7594.

Sedlak D L, Gray J L, Pinkston K E. Peer reviewed:
understanding microcontaminants  in water [ J ].
Environmental Science & Technology, 2000, 34 (23). 508A-
S15A.

Pérez-Fernandez V, Mainero Rocca L, Tomai P,

recycled

et al. Recent
advancements and future trends in environmental analysis:
Sample  preparation, liquid  chromatography and
spectrometry[ J]. Analytica Chimica Acta, 2017, 983 9-41.
Gosetti F, Mazzucco E, Gennaro M C,
non-target  UHPLC/MS  analysis [ J ].
Chemistry Letters, 2016, 14(1) ; 51-65.

Ort C, Lawrence M G, Reungoat J, et al. Sampling’ for ppeps in

mass
et al. Contaminants in

water ; Environmental

wastewater systems: comparison of different samp}-;ng":ﬁlodes and
stra L11] .
Technology, 2010, 44( 16) 6289-6296. _."' S

Baker D R Kaapr/yk Hordern B. Multi-residué anzﬂfals of drugs

of dbube in wdstewater and surface water by solid- pfldse cx‘tract-lun

optimization strategies Environmental /Science &
. /

and hqu1d chromatogr phy- posltlve electrospray 10ﬁ1satlon tandem
mass splgflrpme&_ry LJl. g
1218(12); 1620-16314 = r T
Huntsclia S, Singer H.P, McArdell C S,

Jour_n-al of Chromatography A 20]1 »

. :_,:r
Multiresidte

analy$is off88 polar oFganic micropollutants in ground, surface
. -

et al.

and wastewater using online mixed-bed multilayer solid'.f-'i)hase
extraction cou[;ied to high performance liquid chromatography-
tandem mass spectrometry [ ] ]
2012, 1268 ; 74-83.

US CSWRCB. Monitoring strategies for chemicals of emerging
concern ( CECs)
Science Advisory Panel Convened by the State Water Resources
Control Board [ R U. S. California State Water
Resources Control Board, 2018.

US EPA. Generic ecological assessment endpoints ( GEAEs) for

Journal of Chromatography A,

in recycled water-Recommendations of a

1. Sacramento;

ecological risk assessment [ R ]. Washington D. C.; U. S.
Environmental Protection Agency, 2003.
oA, ZEHE, T, 4. WIRHBURRE 73 A (SSD) T ik AR A

%Hiﬂxtfiﬂﬂﬁdﬂﬂ’wﬁﬁ[ 1. ASFHEER, 2017, 12

(4):110-118.
Lin R H, Jiang H, Wang M, et al. Application of Species
Sensitivity Distribution ( SSD ) to the environmental risk

assessment of pesticides [ J |. Asian Journal of Ecotoxicology,
2017, 12(4): 110-118.

US NWRI. Examining the criteria for direct potable reuse
(NWRI Report) [ R].
Research Institute, 2013.

Swiss OFEV. Elimination des micropolluants dans les STEP[ R].
Bern: Swiss Office Fédérale de I’Environnement, 2014.

Fang H, Tong W, Perkins R, et al. Quantitative comparisons of

Fountain Valley: U. S. National Water

in vitro assays for estrogenic activities[ J]. Environmental Health
Perspectives, 2000, 108(8) ; 723-729.

Andersen H R, Andersson A M, Arnold S F, et al. Comparison
of short-term estrogenicity tests for identification of hormone-
distupting chemicals [ J]. Environmental Health Perspectives,

1999, 107(S1) : 89-108.



6

IRTT V5 7P A A B R R A LTS S A Y DX B R e e S

2581

[33]

[34]

[35]

[36]

[37]

[38]

[39],

'3

= secondary Qfﬂuf-nt'. ozonation at pilot” @(‘ale‘"[.]

TR, EHR, B, & KA OE 3 R G K
TGS Ik R AR R R[], BT AR, 2020, 38
(3):51-57, 109.

Wu Y H, Wang Q, Tong X,

index system of reverse osmosis membrane fouling potential of the

et al. The evaluation methods and

influent in wastewater reclamation process: a review [ J].
Environmental Engineering, 2020, 38(3) . 51-57, 109.
Quinlivan P A, Li L, Knappe D R U. Effects of activated carbon
characteristics on the simultaneous adsorption of aqueous organic
micropollutants and natural organic matter[ J ]. Water Research,
2005, 39(8) : 1663-1673.
Kwon M, Kye H, Jung Y,
and kinetic modeling of ozonation using a new method: Ry o3
concept[ J]. Water Research, 2017, 122 172-182.

Wang W L, Wu QY, LiZ M, et al. Light-emitting diodes as an

emerging UV source for UV/chlorine oxidation:

et al. Performance characterization

carbamazepine
degradation and toxicity changes [ J]. Chemical Engineering
Journal, 2017, 310, 148-156.

Albergamo V, Blankert B, Cornelissen E R,

polar organic micropollutants by pilot-scale reverse osmosis

Water Research, 2019, 148 . 535-

et al. Removal of
drinking water treatment[ J].
545.

Wang Y H, Wu Y H, Tong X,

significantly aggravated

et al. Chlorine d,is{iynféctinn

the biofouling of reverse osmosis
membrane used for municipal wastewater ré.cilamation“[ﬂ]l]. Water
Research, 2019 154.. 246-257. i L~
~Ehys M, Audenaert W T M, Stapel H,
assessment’ of suﬂmgate -based real-time conmﬂ a'hd n.itpfi‘i';g of
" Chémiedl
Engineering Journal, 2018, 352 . 431-240. £ il y

[401 Wang WL, Chen Z, Du Y, et al. Ehmlnatlen of 1sothJzohn0ne

[41]

[42]

[43]

[45]

blomdes in reverse' osmosis concentrate by ozonatlnn a two phaie )

Ikmetlcs and a |non-linear surrogate mode] [.]] _#Journal. -of

i Hazardous™ ]"lalenals, 2019, 389, doi: IU 1016/j. Jhazma‘t

2019.121898.

Chon K, Salhi E, Von Gunten U. Combination of UV absorbance
and electron donating capacity to assess degradation of
micropollutants and formation of bromate during ozonation of
wastewater effluents [ J ]. Water Research, 2015, 81 388-
397.

NI, B, W5,
RO /K HYK BTRSAE[ T ]
72-79.

Sun Y X, Hu HY, Tang F, et al. Water quality characteristics

A WTTTE KA LB BB RS
KRR 5 H R, 2015, 38(1)

of ro concentrate produced during municipal wastewater
( mWRRO ) process [ J ].
Environmental Science & Technology, 2015, 38(1) : 72-79.

Wang W L, Wu Q Y, Huang N, et al. Potential risks from UV/

H,0, oxidation and UV photocatalysis:

reclamation reverse osmosis

a review of toxic,
assimilable, and sensory-unpleasant transformation products[ J].
Water Research, 2018, 141 109-125.

Ikehata K. Recent research on ozonation by-products in water and
wastewater treatment: formation, control, mitigation, and other
In; Bui X T, Chiemchaisri C, Fujioka T, et
al (Eds. ). Water and Wastewater Treatment Technologies[ M ].
Singapore; Springer, 2019. 117-144.

Castiglioni S, Zuccato E, Crisci E,

relevant topics[ A ].

et al. ldentification and
measurement of illicit drugs and their metabolites in urban
wastewater by liquid chromatography-tandem mass spectrometry
[J]. Analytical Chemistry, 2006, 78(24) . 8421-8429.

US CSWRCB. Titles 17 and 22 California Code of Regulations,

et al./ lecl‘i.no-eéﬁ.rlp_ﬁr.i;':-.‘

__.i'

[47]

[49]

[51]

[52]

[53]

[57]

[58]

[59]

[60]

State Board, Recycled related to [R].

U. S. California State Water Resources Control

recycled water
Sacramento ;
Board, 2013.
Park M, Anumol T, Daniels K D, et al. Predicting trace organic
compound attenuation by ozone oxidation: development of
indicator and surrogate models[ J]. Water Research, 2017, 119,
21-32.

Wu Q Y, Zhou T H, Du Y, et al. Characterizing the molecular
weight distribution of dissolved organic matter by measuring the

uv

Environment International ,

absorbance, and

2020,

contents of electron-donating moieties ,
fluorescence intensity [ J ].
137, doi: 10.1016/j. envint. 2020. 105570.

B, EAL-BUE T ARG KT G KA B B A
BB RERRTSE[ D] IR T KA, 2019.

Li M. Study on reduction of organic matters and bio-toxicity from

W R

wastewater treatment plant effluent by oxidation-ultrafilteration
[D]. Harbin; Harbin Institute of Technology, 2019.
Hollender J, Schymanski E L, Singer H P,

screening with high resolution mass

et al. Nontarget
the
Environn},ental".Science &

Slmulﬁmeous

spectrometry _in
ready to go? [ J].
Technology #2017, 51(20) ; 11505-11512.
Kadokami Kz Sdt() K, Hanada Y
determmauon of 266 chemlcals in water at ppt le\‘/els Py “GC-lon
trap MS[J ] Analytlcal Smencea 1995, 11(3) 375 384, |

Lara- Maﬁm P A, -€hiaia-Herndndez A C, Biel- Maeso Mg et. ‘al.

Tracmg urban wasteweﬁlter contaminants into the Atlantic. -ocean by

environment ;

et “al.

s

nontarge“t' sqreenmg [J].

2020, 54(7) 39964005 L
Ruff M Mueller M S, gLoos, M,

ayslerhatlc.don -target an!llySIs of polar organic miexo- poﬂu,tanls

an_uwonmema] Science & Technology,__

et al. QuantltathP larget an'd';
along the river|Rhine using high-resolution mass- spectm‘metry-
Identifidation of unknown sources and compounds [ J]. Water
Research, 2015, 87 145-154.

US EPA. Guidelines for water reuse 2012[ M]. Washington D.
C. : U.S. Environmental Protection Agency, 2012.
US AWWA. Framework for direct potable reuse[ M ].
D. C. : American Water Works Association, 2015.
WRAEE , e, BRakom, S5, SRm % EEDIE T/ Mk T2

Washton

ARFGK T K[ 1], AP EZKHEK, 2020, 36(1) : 18-
22.

Chen C X, Yang B X, Chen Z Q, et al. Advanced treatment of
secondary effluent by combined process of high-density
sedimentation tank with powdered activated carbon and
ultrafiltration[ J ]. China Water & Wastewater, 2020, 36 (1) :
18-22.

Fde. BRI KA NPT A (PPCPs ) 19 25 B AR B
FHERELT]. PUNIE K22 4 ( B AR, 2020, 43
(2): 143-172.

Wang J L. Removal of pharmaceuticals and personal care

products ( PPCPs) from wastewater; a review [ J]. Journal of
Sichuan Normal University ( Natural Science), 2020, 43(2):
143-172.

US CSWRCB.

uniform water recycling criteria for direct potable reuse [ R ].

Investigation on the feasibility of developing

Sacramento: U. S. California State Water Resources Control
Board, 2016.

US EPA. 2017 Potable reuse compendium|[ M ]. Washington D.
C.: U.S. Environmental Protection Agency, 2017.

Chys M, Audenaert W T M, Deniere E,

correlation models in view of real-time control of ozonation of

et al. Surrogate-based

secondary treated municipal wastewater-model development and



2582

w5

Es 2 &

[61]

[62]

[63]

dynamic validation [ J ]. Environmental Science & Technology,
2017, 51(24) ; 14233-14243.

Kwon M, Kim S, Jung Y, et al. The impact of natural variation
of OH radical demand of drinking water sources on the optimum
operation of the UV/H, 0, process[ J]. Environmental Science &
Technology, 2019, 53(6) . 3177-3186.

Wenk J, Aeschbacher M, Salhi E, et al. Chemical oxidation of
dissolved organic matter by chlorine dioxide, chlorine, and
ozone: Effects on its optical and antioxidant properties [ J].
Environmental Science & Technology, 2013, 47 (19) . 11147-
11156.

Zhang S N, Rouge V, Gutierrez L, et al.

Reactivity of

[64]

[65]

chromophoric dissolved organic matter ( CDOM ) to sulfate

radicals; Reaction kinetics and structural transformation [ J ].
Water Research, 2019, 163, doi: 10. 1016/j. watres. 2019. 07.
013.

Yu Y W, Parck M, Wu S M, et al. Strategies for selecting
indicator compounds to assess attenuation of emerging
contaminants during UV advanced oxidation processes[ J]. Water
Research, 2019, 166, doi: 10. 1016/j. watres. 2019. 115030.
Ulliman S L, Korak J A, Linden K G, et al. Methodology for
selection of optical parameters as wastewater effluent organic
matter surrogates [ J ]. Water Research, 2020, 170, doi; 10.

1016/j. watres. 2019. 115321.

..-"'-J-
[ ~~aF
i _;'T-""r ¢
| . | wllf ...,r’ -
| = | 1 & —



HUANJING KEXUE Vol.42  No.6

Environmental Science (monthly) Jun. 15, 2021

CONTENTS

Advances and Challenges in Biosafety Research for Urban Environments SU Jian-giang, AN Xin-li, HU An-yi, et al. (2565)
Key Problems and Novel Strategy of Controlling Emerging Trace Organic Contaminants During Municipal Wastewater Reclamation -+ WANG Wen-long, WU Qian-yuan, DU Ye, et al. (2573)
Mechanisms Summary and Potential Analysis of EPS as a Flame Retardant +«+-«+esereereesesemeniensnmnninin e HAO Xiao-di, ZHAO Zi-cheng, LI Ji, et al. (2583)
Concentrations, Sources, and Health Risks of PM, 5 Carrier Metals in the Beijing Urban Area and Suburbs ZHOU An-gi, LIU Jian-wei, ZHOU Xu, et al. (2595)

MAIAC AOD and PM, 5 Mass Concentrations Characteristics and Correlation Analysis in Beijing-Tianjin-Hebel and Surrounding Areas +-eweseeresreesressmsenneinnses e

JIN Jian-nan, YANG Xing-chuan, YAN Xing, et al. (2604
XIAO Zhi-mei, WU Ting, WEI Yu-ing, et l. (2616
++ FU Yin-yin, WEN Hao-zhe, WANG Xiang-hua, et al. (2626
Spatio-temporal Patterns and Potential Sources of Ahsorbing Aerosols in the Fenwei Plain -+ B L + LIU Min-xia, LI Liang, YU Rui-xin, et al. (2634

Formation and Prevention of Secondary Nitrate in PM, s in Tianjin *+*

Pollution Characteristics and Risk Assessment of Nitro Polyeyclic Aromatic Hydrocarbons in PM,

5 of Nanj

ing, China

Sources Apportionment of Oxygenated Volatile Organic Compounds (OVOCs) in a Typical Southwestern Region in China During Summer ««+«++sssssersersssrsssnmmsmnmnniissne
++++ CHEN Mu-lan, WANG Sai-nan, CHEN Tian-shu, et al. (2648)
Aqueous-phase Oxidation of Dissolved Organic Matter (DOM) from Extracts of Ambient Aerosols TAO Ye, CHEN Yan-tong, LI Nan-wang, et al. (2659)

Changes and Potential Sources of Atmospheric Black Carbon Concentration in Shanghai over the Past 40 Years Based on MERRA-2 Reanalysis Data ++e+seereeesreserereenmenensniniincnnne
CAO Shan-shan, DUAN Yu-sen, GAO Chan-chan, et al. (2668 )
Spatio-Temporal Evolution Characteristics and Source Apportionment of 05 and NO, in Shijiazhuang WANG Shuai, NIE Sai-sai, FENG Ya-ping, et al. (2679)
Applying Photochemical Indicators to Analyze Ozone Sensitivity in Handan —+«e-vesseeesessenenssenenenninininie NIU Yuan, CHENG Shui-yuan, OU Sheng-ju, et al. (2691)

Spatiotemporal Distribution of Aerosol Optical Depth Based on Landsat Data in the Hinterland of the Guanzhong Basin and Tts Relationship with Urhanization «+«+«eseseesesserseseenennennanens
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHENG Yu-rong, WANG Xu-hong, ZHANG Xiu, et al. (2699)
Multidimensional Verification of Anthropogenic VOCs Emissions Inventory Through Satellite Retrievals and Ground Observations - WANG Yue, WEI Wei, REN Yun-ting, et al. (2713)
Estimation of the SOA Formation Potential of the National Trunk Highway in Central Plains Urban Agglomeration «+«+sxssesresverseesennennenneenns WANG Na-ping, LI Hai-ping, ZHANG Fan (2721 )

Economic Benefit of Air Quality Improvement During Implementation of the Air Pollution Prevention and Control Action Plan in Befjing «-«+«+sessessesessererenesienienenisininensnininenne

......................................................................................................................................................... LU Yaling, FAN Zhao-yang, JIANG Hong-qiang, e al. (2730)
Emission Performance Quantitative Evaluation and Application of Industrial Air Pollution Sources *+ LI Ting-kun, FENG Yin-chang, WU Jian-hui, et al. (2740)
Screening and Sequencing High-risk Antibiotics in China’s Water Environment Based on Ecological Risks - - ZHOU Li, LIU Shan, GUO Jia-hua, et al. (2748)
China’s Reuse Water Development and Utilization Potential Based on the RDA-REM Model «++xtoververseeeruesnermsssimensiiiiniiinninne ZHENG Jin-tao, MA Tao, LIU Jiu-fu, et al. (2758)
Characteristic Analysis of SWAT Model Parameter Values Based on Assessment of Model Research Quality — «++eereeeseereereeseseseneneennes RONG Yi, QIN Cheng-xin, DU Peng-fei, et al. (2769)
Sensitivity Analysis of Boundary Load Reduction in a Large Shallow Lake Water Quality Model *+ WANY Ya-ning, LI Yi-ping, CHENG Yue, et al. (2778)

Comparison of Available Nitrogen and Phosphorus Characteristics in the Land-Water Transition Zone of Different Watersheds and Their Environmental Significance «+eseseereresesessenensnens
»+ ZHU Hai, YUAN Xu-yin, YE Hong-meng, et al. (2787)
Analysis of Spatial-Temporal Variation Characteristics of Potential Non-point Source Pollution Risks in the Upper Beiyun River Basin Using Different Weighting Methods +-«+++esessesresneeeeees
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LI Hua-lin, ZHANG Jian-jun, ZHANG Yao-fang, et al. (2796)
Characteristics of Runoff-related Total Nitrogen and Phosphorus Losses Under Long-term Fertilization and Cultivation on Purple Soil Sloping Croplands «++:+-«ssessessersesesemenenenisinennnnnn
+++ WU Xiao-yu, LI Tian-yang, HE Bing-hui ( 2810 )
LIU Xin, XIANG Wei, SI Bing-cheng (2817
Characteristics and Drivers of Dissolved Carbon Dioxide and Methane Concentrations in the Nantiaoxi River System in the Upper Reaches of the Taihu Lake Basin During Summer-Autumn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIANG Jia-hui, TIAN Lin-lin, ZHOU Zhong-yu, et al. (2826)
Nitrogen Distribution and Inorganic Nitrogen Diffusion Flux in a Shallow Lake During the Low Temperature Period; A Case Study of the Baiyangdian Lake «+:eseeseereereesesieneneninencnne
WEN Yan, SHAN Bao-qing, ZHANG Wen-qiang ( 2839
CHEN Shu-tong, LI Da-peng, XU Chu-tian, et al. (2848

Hydrochemistry and Its Controlling Factors and Water Quality Assessment of Shallow Groundwater in the Weihe and Jinghe River Catchments

Effects of Sediment Microenvironment on Sedimentary Phosphorus Release Under Capping
Coadsorption of Heavy Metal and Antibiotic onto Humic Acid from Polder River Sediment «+«+:+sssssessesessessenssiensnenninncnennnnes XUE Xiang-dong, YANG Chen-hao, YU Jian-lin, et al. (2856
Effects of Two PPCPs on Nitrification in Sediments in the Yarlung Zangbo River -+ ++= LING Xin, XU Hui-ping, LU Guang-hua ( 2868
Wastewater Treatment Effects of Ferric-carbon Micro-electrolysis and Zeolite in Constructed Wetlands -
(CDs-BOC Nanophotocatalyst Activating Persulfate Under Visible Light for the Efficient Degradation of Typical PPCPs
Preparation of pg-C3N,/BiOBr/Ag Composite and Photocatalytic Degradation of Sulfamethoxazole
Sodium Alginate Loading of Zero-Valent Iron Sulfide for the Reduction of Cr( VI) in Water

)
)
)
)
ZHAQ Zhong-jing, HAO Qing-ju, ZHANG Yao-yu, et al. (2875)
LEI Qian, XU Lu, Al Wei, et al. (2885)

YANG Li-wei, LIU Li-jun, XIA Xun-feng, et al. (2896)
WANG Xu, YANG Xin-nan, HUANG Bi-juan, et al. (2908 )
)

)

)

)

)

)

)

)

Adsorption Mechanism of Cadmium by Superparamagnetic Nano-Fe;0,@Si0, Functionalized Materials +«+:+eeseeeeeereseseeseseseenes - ZHANG Li-zhi, YI Ping, FANG Dan-dan, et al. (2917
Pollution Characteristics and Removal of Typical Pharmaceuticals in Hospital Wastewater and Municipal Wastewater Treatment Plants «+«+++++++++ YE Pu, YOU Wen-dan, YANG Bin, et al. (2928
Abundance Change of Antibiotic Resistance Genes During PDWW Recycling and Correlations with Environmental Factors «++++++ XU Yao-yao, WANG Rui, JIN Xin, et al. (2937

(

(

WANG Wen-gi, LI Dong, GAO Xin, et al. (
LI Dong, LIU Ming-yang, ZHANG Jie, et al. (2957

(

(

(

Simultaneous Domestication of Short-cut Nitrification Denitrifying Phosphorus Removal Granules =«+««+x+-«+seesereereesenenenennenees
Long-term Storage and Rapid Activity Recovery of ANAMMOX Granular Sludge
Migration and Environmental Effects of Heavy Metals in the Pyrolysis of Municipal Sludge
Profiling of Antibiotic Resistance Genes in Different Croplands «+«++-sereeseererrererenenencneennes

JIANG Yuan-yuan, WANG Yan, DUAN Wen-yan, et al.
-+ HUANG Fu-yi, ZHOU Shu-yi-dan, WANG Jia-ni, et al.
Distribution Characteristics of Antibiotics and Antibiotic Resistance Genes in Manure and Surrounding Soil of Cattle Farms in Ningxia -+ ZHANG Jun-hua, CHEN Rui-hua, LIU Ji-li, et al.

Effects of Temperature and Stirring on the Changes of Antibiotic Resistance Genes and Microbial Communities in Anaerobic Digestion of Dairy Manure ««+«+«+sessesserseeeemenenneninenennnnens

............................................................................................................................................................... XU Ji-fei, ZHANG Qiu-ping, ZHU Tiandiao, et al. (2992)
Effects of Wheat Straw-derived Biochar Application on Soil Carbon Content Under Different Tillage Practices +++ LIU Zhen-jie, LI Peng-fei, HUANG Shi-wei, et al. (3000)
Spatial Patterns of Nitrogen and Phosphorus in Soil and Their Influencing Factors in a Typical Agro-pastoral Ecotone *+ ZHANG Yan-jiang, WANG Jun-peng, WANG Yu, et al. (3010)
Spatial Distribution Characteristics, Pollution, and Ecological Risk Assessment of Soil Heavy Metals Around Mercury Mining Areas — «+++-+- WANG Rui, DENG Hai, JIA Zhong-min, et al. (3018)
Interaction and Mechanism Between Conditioning Agents and Two Elements in the Soil Enriched with Phosphorus and Cadmium <+ HUANG Yang, HU Xue-yu, CAO Kun-kun, et al. (3028)
Mechanism of S-allyl-L-cysteine Alleviating Cadmium Stress in Seedling Roots and Buds of Rice Seedlings «++++++++veeeeee CHENG Liu-long, HUANG Yong-chun, WANG Chang-rong, et al. (3037)
Consecutive 4-year Elevated Atmospheric CO, on Shaped Microbial Communities in the Rhizosphere Soil of Robinia pseudoacacia L. Seedlings Grown in Pb-contaminated Soils «++++++s+seseeeees

................................................................................................................................................... JIA Xia, Lkhagvajargal Khadkhurel, ZHAO Yong-hua, et al. (3046)
Biodegradation of Polystyrene by Geobacillus stearothermophiluis - +++++++++svssvseesessssssseneiunimnininiiiinsis s XING Rui-zhi, ZHAO Zi-qiang, ZHAO Wen-gi, et al. (3056)
Micro-morphological Characteristics of Particles on Holly and Ligustrum Leafl Surfaces and Seasonal Changes in Bacterial Communities =++++++* LI Hui-juan, XU Ai-ling, QIAO Feng-lu, et al. (3063)
Effects of Roxithromycin on Reproduction, Growth, and Anti-oxidation System of Daphnia magna ZHANG Ling-yu, LIU Jian-chao, LENG Yang, et al. (3074)
Relationship Between Relative Crop Yield/Woody Plant Biomass and Ground-level Ozone Pollution in China FENG Zhao-zhong, PENG Jin-long ( 3084)



	1
	20210602
	2

