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TEE . N TR B RS 3800 (As) TEAS SEHE M 020 8 5050 25 A s /KR FK SN R 0 7 I 21 As V5 Y fe 1
TP AT RS K AR SR S0 S5 R B X IR CK) A L, B8 0. 19% IKERE™( + Fe) F10. 1% /KEERH™( + Mn) BEIEZE +
HE Bh A%, 50 HIEIE WP Fe Al Mn BYURE (B 24+ 38 pH S20H/N. SIS, + Fe Al + Mn A0 B 2 FEAK AR5 W i
SRR S As(TAs) W 318 DI AR ER [ As( V) 1 &7 TAs A LU, SR [E AR As TEAS RS 45 A 35 As
(F5) Ak, BbAh, 5 CK AH L, + Fe A1 + Mn &b 38 4 38 IR 3 1% 44 53 1 48 = 5. 019% 1 101. 36 %, + ¢ BN B % P 43 0 42 =
394. 51% H1 688. 84% , + izt A AL ST L0 S 30. 44% F1 64. 71% . PRI, SN AR IR 20T FIK G4 B 7T LAREAR As 75 4
T EEAEREE XU 48 o 1 3R o R .
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Effects of Typical Iron and Manganese Minerals on Arsenic Speciation and- Enzyme

Activities in Paddy Soil y

ZHOU Yi-min, HUANG Ya-yuan, LIU Kai, ZHAO Ru-le, LI Bing-yu, LEI Ming” | ¥ | & ' 4
(College of Resources and Environment, Hunan Agn(ultmal Um\ersu\ Changsha 410128 , China) e <

Abstract Artificially sVnLhesmed femhydnte and bimdssitd were added to As, co,nta-mmated paddy soil to explore lhelr effects on* arsemc (As) speciation and $6il enzyme
activity in continuousl ly ﬂoodmg soil. Compared with that of [he con‘l‘?n‘eell_grnt (CK), the addition of 0.44% ferrihdrite ( %Fe) ;mr] 0.1% bimessite ( +Mn) delayed.the”
decrease insoil Eh Anddincteaged the contents of Fe and Mn_m Ddrewater; Howeyer, it had little effect on goil pH. Copsistent with our expectations, the “#Feand +Mi™
treatments significantly educéd the content of total As (TAs) iy potewater al st monitoring points, incredsed e proportion ofi arsenate [ As( V') Jin porewater to TAs, .and
promoted the transformation of-the soil solid As occurrence for-m 10 well- cgstalhzed hydrous oxides of Fe and Al (FS) In addition, compared with that of CK, the soiliurease
actmtv of thé 4 Fe and +Mn treatments increased by/5. 00% fand 101.36%, the soil Sucrase activity incéased by394. 51% and 688. 84%, and the soil catalase activity

1ncreai§( by 30,44% and 64. 71%;.vespectively. Therefore,/the exogenous addluon of ferrihydrite and bimessite can reduce the ecological risk of As-contaminated soil and

e | _—

1mpr0\e ' the utlhzanon fate of soil‘nutrients. - ' — .

Key words: arsemc ferrihydrite; bimessite; speciation; soil enzyme activities
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VA 25 45 DA T 422 5 Wi 36 2, 7 T D3 o 5 g =
iawti%ﬁi«%éﬂﬁi SR (AR ) 3 U 1 R
B K b2 1) B2 5 i) - B

ESA P R S RN | Rk N 0% B 2 e
As RZIR B HE AT T RS MRIST , 45t AN 5
Bk ERATRIAT RE SR AR M As I8 YL G E (A S
Wi ABRR REBOET As BB R BRI ALSE TR T
AR I XHE G RCR P, 20 T 3 As 4147
{1 B0 A5 A Al R B H AR B b IR S bLAR . i L, L%
B GBI INEE . T P XF As 15 Y 1 9 R RS
PERSZ I . PR AR F 5065 52 50 25 G 8 K 4 Fr K
AR SN A As 15 YL RE H 38 h R AT R 2 e K 8%
FRFR R As WRERIES . HHEFEIAM As
WRAFTE 2 B - SJ s i 284k, DA R 7K ARG £ As T5 4%

BB BERL AR,
1 #MR57FE

1.1 ftl g

AR TR B R K 0 —— [
BT BT R B 4 R 2 £ (29° 397267 N,
111°02'37"E) . H3RRT 5 LB A S P 5k i,
WIS 2 20 H i 5 78400 A1, B e A7 45 .

T BT R AN 1 s, Hodh 300 As
WP P T A FH b - 49805 Y JRUBS: A 45 A
HEIRAT) ) (GB 15618-2018) Hfi 4% (5.5 < pH
<6.5) YRV 07 E1H (30 mg-kg ™) By 4.5 15 A% T
IR 1 B (150 mg-kg ™" ) , AT SRR —E 4R 20 4
1 49 i A S5 it S - 42 R .

®1 TEEXBUMR
Table 1 ~ Basic properties of topsoil | ' g B “
5iH pH w(As) @(Mn) w(Fe) w(FAHLIT) Fo (AR
(KEE2.5:1) /mg-kg ! ’/mg'kg’ /mg-kg ~ I+ /gkg ! “ﬁng-kg:l
A 6.25+0.75 136.75 +9. 05 '569. 54 +24.51 5670. 84 1I245. s8 | 1214 ;3.‘.' 62 |
1.2 Bk O HRA U XRD T RHOYTALRL.

/ —
- i ,.i".-

1.21 ko o /, 7

&8 Moon —ff“s HUE(8IS HFUE I Ak
BB | H e 500 mL 0. 1 mol L Fe(N®3)3;9Ho
JJH/\@Jl L MBI 0 T, SRR %

/[J%']‘ﬂﬂ/\ 6 mol :4.~" 19/NaOH {ﬁ@i}ifhﬁizﬁ: pH- j‘.‘l -

7.5, pHEAEIZ SR ARLE UM 12 hy 2 B4 L 5
OV AR L ST 20 us- cm'l,
SRIFHG A5 B AR 2T @ DT TE W8 VR T8, DH S 5
100 H i fe#s H.
1.2.2  JKEVERE™ B A AL

Z IRk KR ) BRGE 8 B A i A K
AR, 14 58K 500 mL 0.4 mol-L~" KMnO, I A%
VL = FURE i 1 I VA 2k I, I8 W B
/)U:T'%l mL-min~' ) K ZHE M A 75 mL 6
mol - ™" F¥RERTR , I 5¢ 56 J5 4k S22 V7 30 min; &
HIFH =58 B 22 1, #E 60°C T %4k 12h;
MESHR G R BRI B F IR, B OB T
BORE PR SR/ T 20 pS-em ™', 2RI F 15 2
(1) 2EAE L UTTE WA VR T8 B 5 3 100 H Ffi A7
#H.
1.2.3 2k ® % XRD 2 Hr

W3R 1 TVE ) ARG 2R R AR A
FESR NI v AR5y o 2 181 17 55 HE S 1 — 350, A
T 5 20 ~ 50 mg, W AR IR A 0° ~
80°, FAMIH Ly 8(°) +min ™' AL Ny 6-26 7" 5k
Bt Jade BKAE 3BT H T A o R | {8 AT A5 S0 b

1.3 BRSO
1.3.1 ﬁ% 8

FREL 300 g 1 20 EUﬁ%Em 49 féa\ 3 {ﬁT
AEATA I CK) , 3 B IIA 0.3 g & 81 KR~
(+Fe), 3BNA 0.3 g & BUKMHED ( +Mn).
SRIG A AR R 22 TE 2 10 em
JEAY A2, 18 B IR 351 60 r-min ' TR A 30
min. 538 , HoK 2 H 2: 300 U BIAEAR TR RN A 200
ml EE K,z el 5, 5 RXnEE 1K
AEFIERTA 2 ~3 em K2, &5, EB TR
BT — AR A MR TR A LA PRI BURE R A (], 35
FRRT BT 25CEERESE 60 d.
1.3.2 FESCREE

DL T G KGR Z HAidh 0 d, 437 0
3.7.15,21,30, 40, 50 F160 d R4+ IR TR
FEfD 10 mL. A8 —ORERRIHH K G 1 h(0
d) , DA K i a4 e, 4 39 SR R JFUIR S oK &k
AH 5 200 BT DASE — DR B 1 38R W A 2+
BEPEAT As B, BRI L&A 2 mL
IR, B SR AR Y AT 0.22 um JEE (JE
et o) Ja WA 7 B 0 v AN O I 2 T
Wibﬁﬁu Bij 1k As TE Z 0 A4k 250 Ja A UK

f, 4°CORAFTRE G SR oMt

TE0, 30 F160 d B RAE TR, B+
BERWCR AL SE UG 20 RZ L 2R 2 2 em &b
e A B0 A AR VKA, - 80°C R A7

.“._.l'.
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1.4.1  EERARFRIIE

P 398 0 LA BRAL 1 I S BR A n  > f
g, 3 As| Fe Ml Mn BB R F/K-HCIO,
TRIE TR IR HEY) T GB 07457 HE4T i
sl W% K 86. 72% ~ 106. 43% , % JH 5 1 %¢
AT (AFS9530 , bt 5t i AL 25 A PR 7)) I
As BV B, >R P R & 55 B K R OGS A
(ICP-OES intima 8300, PerkinElmer) fllj i€ Fe #1 Mn
(R . - g sr gt ad R v 3 A pH A Eh £l
2 2 K0 & {1 ( SevenCompactS220 , Mettler Toledo,
USA) EHEAE.
1.4.2  TEEEWAS ARSI E

T W P As(TAs) B9 43B AL 2% B A

BN 0. 5% A A AL R ik I, 5% £h R Sl 4K
WL RES AN 1% B RE: AT As[ As( V) JiB
JE s = A As[ As(I) 1, >R B2 50000 B2 11 I
.M As (D) 8953 B AR S rP s i 1% 38 i
PR TN As[ As( V) THIES  FES T As( V)
B RE T TAs FAs (I ) A 25 Fom. L HEE W
Fe Il Mn 1 V¢ 3 5k FH BRI & 55 B8 71K & 986
AT I A
1.4.3 IR As AT IS B9S2 HE L

- HERE A As WRATTE 25 10 1% 22 HR BOCR F ik KLY
Wenzel 177 ELUA e 7 2 o 4 B4 U5 8 5 R EL
(1.0000 £0.0005) g £ 50 mL B0 h FE B 2
(D BRPE I B — 4R U, ¥ LT WAL 0.22 wm
UEE (TRt ) RO, M 2 ik ER R, >R
MEFSOOERETHNE As BIIREE. .

%2 eLMEEE A RERSOEERNSE =/ {
Table 2 Preferred sequential fractionation procedures for afsedi®8pectation F
AR g ikt | gtk
' 1:25 ([H: By | 2557 1: 10( +: ek "
0.05 miol ¢I. " (1\{H492§04 P :150 rfmin ' /4 h PR ;150 r-min®*) 5 min

AR LR (FT)

" B0:3000 remin ', 10 pin

- . ‘ fp Y T H0:3500 rimin!, 10min .
P B . Jirags 1:25([H: B HGRD) L 250 @ % ot ™
S B HEHES (F2) 0. 05 mol+ £ NH{H PO, P& 150 remhin 2!, 16 h A I -

B3 500 pming! , 10 mins*h

= 7 g
i
y .-‘

1. { -
y I ‘ 1:25 ([ FHGH)) |, 25°C ~
| T Lol L7 HCIE #&3% :150 remin "1 h ] Al

) 1 5 = - LA #_AFFB0:3 500 remin ', 10 min ;

i

y - -1 55
%%ﬁﬁ%%ﬁéﬁ%{?(kéﬂ 0.2 mol-L~" NH,-oxalate

__.i"

1:10( +: BRE) ,

1:25 ([ ZEHELH , 25C -
(T AR P59 :150 remin ", 10 min

PP : 150 remin =", 4 h, BEFIREE .
pH =3.25 % 3500 et 10 e H:3.000 remin !, 10 min
: ’ WS EARBCP R RWUE
0.2 mol-L~! NH, -oxalate 1:25([: ZEHGR]) , 90°C
AL SRR A 25 (F5) +0. 1 mol-L~! ascorbic acid K 0.5 h [l L

pH=3.25

B0>:3500 remin ', 10 min

SEALY KA S (F6) 5% (B ) KCI0, + HCI

1: 10 ( [&: ZHGH)) , 25°C
fR/R$E 5% 40 min
B05:3500 remin~", 10 min

1:10( £ #B4iK) ,
P57 :150 r-min "', 5 min
B50>:3000 remin ', 10 min

3 1(RRRED)

BRIt (FT) HCI: HNO,

10 mL /K, 37K 90 min —

1.4.4 SRS A

BB RS 60 d B3, ff VR I5 B SR, BF
JE it 30 H i, a2 1 e R (S-SC) | IR
(S-UE) | PR 1 i B2 il (S-ACP) . el 4 B2 il ( S-
AKP) Fllit S840 S0 ( S-CAT) . HAARIRAE A B 43 5 R
PRk £ SSC-1-Y . SUE-1-Y ., SACP-1-W | SAKP-1-
Wl SCAT-1-Y (M B E D H ARG BR A (948
FRHEATINRE .
1.5 B

A S B A 808 ] Microsoft Excel 2010 %433k
TPBERE 3 ] SPSS 24. 0 B AF #4748 20,

GraphPad Prism 8 #AFVER. {15 2R J5 22 70 e Fl
LSD Z 5 LW 43 BT ff s AS () A 38 ) 2 5 JHorfr P <
0.05 FREA G AR

2 HRE5HW

2.1 Ak, VI XRD FRAE

R T RS A R R K T R K SR
YRR HEAT T X ST 9 0, &5 R an il 1 fr
A~ HE L (a) AT RLE 1 B b IS B AT 4 0, E
20 i 32° 01 62° 4 I, i B W) T ok JC %E TP i
A 25 G A, A5 G KR A o 1 T, R B A Y
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Y B K. MK 1 (b) AT LLE 1, 76 12. 440
25° 37°H1 68° 3% 4 Kb A B A4 AT I 03X

KRB s HE BE AW & RUTE R
oS K BN A
2000
(a) KERH"
1500 |
§ 1000 |
B

500 - 3

12.44° (b) ARG R

1000 =

o JTE /a.u.

o

50 |- g . I l 68
0 . .
0 20 40 60 80 100
26/(° )
21, *A:LAﬁwe EH XRD ef %%ﬂE
Flg 1 X ray diffractograms of synthetic Fe and' Mﬂ mme}pls

2. z 7 j:fg pH El %Hj:i%%/ﬁ{ﬁlqj Fe . Ma /Z‘ULE’J”'WC

PR 6 d Y kB 7 0, 45 1K e T

pH. Eh/ LS Fe | M W1 19 317578 L AnPE 2
JiE7R. I 2 (a) AT, B2 /K B A I IR E 4K+
B pH {ERSE LJT T (pH =7) A4 B TE]G

pH

pFe)mg-L™!

0 10 20 30 40 50 60
Hygrng/d

CK RRA HX I, + Fe

FORIMERALER, + Mn

BEWZER(P>0.05) , REWAG PN E 55
AxREE. I 2(b) AT, 3 R K S Ry
Eh 357 [ 302 R 387 K 5 K 2 e - LB
H SR B S ST AR R R FE R
SFHAHE Eh TR Hrp CK ARFEFE KIS +3E Eh R
HRFE, 21 d R ETE( 58 £6.03) ~ ( -35 +
7.32)mV ;5 CK ZAbHAH L, + Fe ZAbHEEEHHT 21 d -
HE Eh TRE R RS, FRS S 5 +3 Eh R ( -29
+8.55) ~( =20 +7.81) mV, KB4rHF IR () Eh
BT CK AFE(P <0.05) 5 + Mn ZEFHESF R 21 d
T3 Eh FREE R AL, H ARSI A Eh
Fm T CK AR (P <0.05) , KRk r) Eh i
FET +Fe bFH(P <0.05).

FH P 2 () AT, 45 A0 B0 b SR TR T I Fe e BE
Wit 5 55 75 B i) Ay A2 < 2% 7 16, 12!%?1&”1&@?
K, CK Al +Mn b 4 ey mma@ﬁo 02 +
0.01) ~(0.83 £0. 14)mg L~ 17@[%]%1/)3‘2@1 jﬁ_:r Fe
L}EB’Jp(Fe)T(o 01+10.001) ~ (I 37,+0 _10)
mg- L.~ {E@Vﬂ{}j’i@j 'ﬁ CK F1 + Mn Q_IEZFH B +"'!]‘?e
Mﬁﬁzt*bw 7d Fii&éf’(&qﬂ Fe mJ#(P <
0.05). H [, 2(d)‘I%ﬂ* A5 A0 R - HEV G- M /7&;

Bﬁ%in%%gaﬂm Eﬁ@.ﬁf&ﬁﬁiﬂn 60.4d I CK

+Fell 4 Mb b 30+ 58 7 0 p (Mn) 20801
(5.46 +1.56) . (13.40 +.0.68) Fl(13.23 +1.52)
mg-L™". 5 CK M, + Mn ZbFE B EINT 15 d 5
TR Mo ¥R JE (P <0.05) . {HAFFE =,
TEIGEFERII(0 ~7 d), + Fe AbFH G 00 T + 3%
WP Mn (MR

400

300

Eh/mV

p(Mn)/mg-L!

HiFr i ()/d

FRMERALBE, T [F]

B2 AE4IELIEEpH, Eh #1188 K F Fe, Mn iR ERZEK

Fig. 2 Changes in soil pH and Eh and the contents of Fe and Mn in soil porewater under different treatments



2736 57

i

2.3 HIEERWT As WEATE SRR L

AL B L HEE W P As(ID) . As('V) Fl TAs Y
W FE RIS 1a] 09 A8 Ak i & 3 TR FE RS B T AR I (0
d), & A3 I W p (TAs) AR [ (28.87 +
1.72) ~ (33.21 +7.623) pg-L7'], HEE R
As( V) (2905 380 TAs 7Y 62.9% ~69. 4% )
X ULIATE F AR AR LI As FELIAs( V)17
FE. B W /K35 I R] A 4 | A5 A R B WO Y
TAs 3490, HFEZELAs(I) 7776, 20 & 3 o
TAs 1 83.52% ~96. 65% .

A 3 (a) FE 3 (c) vl A, £ 40 B+ B8 o
As(II0) 1 TAs A2 fb i #5— 35, FBH BEWE K 15 & i
] B FE R e BE R I, 21 d 5 Sk B AR AR A H
+ FeAll + Mn Zb3 + 381 W As (1) F1 TAs %5 H
R ELT CK AL (P <0.05), 01 21 d W), CK,
+Fefll + Mn A3 FHEE W0 p[ As(TD) 143510
(459 +57.02), (220.89 = 16.42) FI (278.73 +
29.81) pe-L"", p(TAs) 4351 M (472.56 +60:01) .
(258.56 + 11.88) 1 (328.20 +32/54) ne'L™'. 5
CK AL, + Fe 4 Mn LI@E%WE&TH@%@Wﬁ
iﬁﬁﬁflﬂifﬁ{ﬁ{ﬁqjﬂ’JAs( ) Fi TAs i gp <
0. 59, 4l 60 ‘d: i, # Fe ALIEJE%%’?”’{&'EP () =
TAs 43 BIKAET 33. 27% F132. 12%, - Mn Kb A b
/ﬁ(&EPAs(]]I) & TAs éj\jalJFNEEJT 41,)54% il |
321591 4 L

'3 (B) g, j:%/%ﬁ*ﬁ’]p[AS(V)}JE
A FHRTAKF( <100 pg-1") , 230 H Se 14 e b
5. 5 CK #HEL, + Fe Al + Mn Ab BRI 0 T 3545 B5F 29
TIEHEW A As( V) BOHEEE. ILAN, + Fe A1 + Mn AZbEE
AR BORE i - A WP As (D) 5 TAs 195 ety
KT CK. I, 7 As 155 £ 3 F IRy FK el
BRAT AT AREAR T B As IO i AT DA
PERIAs( V) fE e b L W&Hiﬁmﬁ.
2.4 BRARD P - HEEA As TSR

TS As 7E 3 E’J'ﬂfﬂ?ﬁ}u ARSI R
L5 SRR B R B A - R As, 4300k R
LR RS As(F1) | BPERRZA As(F2) 5565
LA As(F3) | BEEERMEE A As(F4) |
AT ERER A B AN As(FS) (S A A& 75
As(F6) BRI As(F7) , BAAR IR IO A2 R
2. LAESARBGE U R As ¥R 2Z RS £ 4
TAs W& BEFEAR—B, 25 i 21y £10% DAL

ANFEAFRFEREFE 0, 30 #1160 d i) 3 As
WRAFIEAS i He A8 A LR S L an 181 4 i/ | 45 Ab 3
ii;?étiﬂ As 1 F1 20535 13 TAs A9 FL I 0. 69% ~
2. 62% AN JETA A5 7 IR AR F1 450 FE

S 43 &
600 I (a) a a
B8 CK il
- +Fe 4 B
=400 B bR
20 "
Z 200 Bl
= :
0 =iz
0 3 715 21 30 40 50 60
100 (b) a
E‘J
z
<
600 (<) ) & a8
400 3 K b
£ B OIE
= . Ay b BOE B :
< e 1 B B A
= 2 - Bl "
5 200 P o % 5 :
E B B B y
o el |z 2|z -
=2 b= A R &
ul% =IZI80 218017 2%
3 5 30 40 50 60

7 |

21
3¢ )/ d o
ﬂ¢5%ﬂﬁﬁ?ﬁ&ﬂZﬂ§ﬁ¢@i%*$U&0%)’
B3 B AS(I) | As( V) TAs HORE

Fig. 3 Cont;nts of. As( I), As(V), and TAs in soil porewfiter

_,f iuﬁﬁj‘lﬁlitcﬂ]%ﬁi‘ﬁﬂ SRR WP TAs B8 A

R —FL

CK AR, L 3Erh As 2043 i Lo B s ) 25 Ak 5
KL M F3 . F4 Fl F6. Hih F3 2043 5 26 F R4
M5 A% 5 54 € (0, 30 M1 60 d B 5 H 4 Bk
22.75% . 18.56% F1 18.55% ) , F4 243 /5 A %
Ja BT (0, 30 #1160 d B A 19.73% .
15.20% 1 17.02% ) , F6 #H 4y 5 [ %6 F B Ja b It
(0,30 F160 d B 7 b3 5 17.42% ., 15. 61% Fil
20.21% ). FI H 5K G E 252 L 1 b 54 A
WL ES As, TETRRAMD L GE As f15
WAL KAWL B35 As 19 & H , T k2s 4338
As AR,

+Fe bR, 3% As 19 F5 44405 TAs 4]
1E0~30d N ETH9.67%, 52 M IS F3 FI F4
53 5 HEFE 0 ~30 d N4 T B 4. 83% Fi1 6. 75%),
1M F6 4153 o5 LU AE B AN 15 3% J0 7 5 AR {4 AN AR
(15.30% ~ 16.90% ). +Mn F, T8 F3 443 4
TAs FLI7E 0 ~30 d NI 2246 (0 130 d B
o904 17. 52% #1116, 67% ) ,F4 443 5 HeAE R A
R FE N R4 9. 08%, 1M FS 253 15 HeAE B A5 37 1)
W ETH11.53%.



51

JEl— A . SURUER | BT D0 A T L SRR 25 T R A S

2737

= Fl EF EmFd BEF5 EmF6 EEF7

= F2

60d
+tMn  30d
0d
60d
30d
0d

60 d
30d

+Fe

CK

0 20 40 60 80
k%
F1 FRAE RPN As, F2 SRR BHEWRM A As, F3 Rm 54
AR As, F4 FORTEIBRINGE G5 As, F5 T itE 8k
G As,F6 RanGMY LANMEE G As, FT Ronikik
& As

100

4 TEEE As BERSAL
Fig. 4 Proportion of the occurrence forms

of As in the soil solid phase

2.5 Bk, G0 PR LR R
H T HRFCRIK e UK SRR 5 As 152+
SIETE 311 B 22 R PE 0 2 1L, 0 5 T 5 9% 6 0 I 0

S-SC. S-UE, S-ACP. S-AKP Hl S-CAT #y 1% . S-
SC., WL FRI% AL , A 6% Bl 2 TR0 7K ik oA SR 0% 0 i 46
B BN R M 3R . S-UE 2% — MoK i IR &%
T, 7EAR ARG h BA T AR M. S-ACP il S-
AKP/ALP fEAAT HLBE R JCAILRE , 18 im0
FIHEL. S-CAT & 33 A= W AR i 3 Bl 2, 7
H,0, MIERR R G HA 2R

W5 Frs, B0 0. 1% KB 0. 19% K 5h5h
)G, FHEAREE A —. + Fe 0T, 5 CK
FHEE,S-SC 1H MR 394.51% (P <0.05) ,S-UE 7%
P27 5.01% (P >0.05) ,S-ACP (175 PEFFK 44. 68%
(P <0.05),S-AKP 1% P F#AIK 69.33% (P <0.05) , S-
CAT FYTHPEHE R 30. 44% (P >0.05). + MnbFE R | 5
CK ML, S-SC 1% ME45 =5 688.84% (P <0.05),S-UE
WHHESE 5 101.36% (P >0.05 ), S-ACP [ 3 1% [ {1
85.11% (P <0-05) , 8-AKP 1 4 & 1§ 60.82% ( P <
0.05) ; S-CAT HiE P4 64. 71% (P <0.05).

¥

B CcK +Fe [E] +Mn
50 250 1.0 40
(@SSC a (b) S-UE | (©S-ACP a  (d)S-AKP (¢)S-CAT 4
_ aof _ 200 L 7 08 = wf |
e b < 150 s ? 2 o6l b 2
3 : : 2ot AL
= 20 Z = 100 2 = 04 = e /
W Z - 0 £ = £ LB %
1wk ¢ % 50 |- 0.2 %
0 ) é 0 [ o LB =8 0 ] é
A~ [ b B . _ A~ [ b BR A~ [ b ¥R A f) ik B
r" RN e T 2 92 5551 55 KT (P <0. 05 )

E5 A ELLET TSRS

Fig. 5 Soil enzyme activity under different treatments

3 iFig

HALBRHE K IS 3 pH HARL LI, Tk
[E2(a) ], X 5HTARBFIE L8 —3, MoK e T4
pH AT 0T LLUE IR T A 3838 TR 72 o o A9 3
FEH. pH SEMIZE As T8I O A+ HEH 19 43 B, pH
4 B 4 380 HE A ) 1 2 T P i B TS T e A
b, WTTRE IR As B S5T3E ™. BRI & K pH
FAET, R R SR W R ) T 1)
As BT s pH TR, Bk L 45 0 S IR B AR 2 08
L far G, X As W BRHE FH 100585 , 2 2F As (1
W7 ARG A AL B 38 pH B b TR R 4
FLBRZK H Fe, Mn Al As WREEMIE TN 2(c) . K2
(d) FE 3], ULBAEL | S0 PR R R A As 19
VIR R, A K 2R, 48 Eh ORRARPEBE &
T As WRIER TR, Y Eh {H7E 21 d BT RRE
i, As BB R 3R K Dt TRGE I 2(b) ATl
37, 2 W5 i BH 5 DR G K Ak B L T B

A E AR AL BLAE I R AL A D As Y
VLA 13 Eh T RERIK SN 5 As By AL AR T
T CK ALFE, + Fe F1 + Mn AbFH4H ¥ /K 5 14 Eh {8
T AR 118 S AR 3R U AR ARG, 158 BT A A ] 4 %o
T3V W) Eh {E 77 A AS 6] B9 52 . Yamaguchi
R ST AR AR 1 Eh ()2 As B
As( D) IESAEAERY S R S5 1F. TEARDE ST b, 13N
HEIK IS Eh {EHF8 , B AR S AR i T3
HAs(V) b ES; MiE 5 Eh (EA TR, LR
W As(ID) B T FEIEA, X U] Eh AN LAESK
B+ As BUREIL, W52 As RS Z A RS2
AT CK A, + Fe Ab¥E 3 P Fe ¥k
FETrm B 2(c) ], KR FEW K 13 b 2k
AR SRS 5 I+ Mn AL EE BT Y Fe Uk
JEREAR[ 2 (c) ], X W] RESE B TR A AL A 3T
BREAALITEIA T 2 RIS i R AR TR
() Mn HEZ5 2540, AT LA I8 290 o 2 A0k 0 1 3 Tl
WAt AT CK ALBE, + Fe 1 + Mn b -39 7%



2738 7D 53

B 43 %

WP Mo WE B AR L 2(d) ], X0 5T
6 H A R R (K A R o S IR K ) Bl Ak e 1
T HE As B & A Mn B BILGE , BHA ER AL AL
HEH M E M (1 —OH F1—C00 45) il Fe, 255
55 Mn-As 254 % A SRS B4R 58 A Y Min-
As A AR S Mn B0 R 75 BRZS Mn. 7K
R T IR Mn R TR RO K AR
KRRV X SRR R — 8

76+ IR FRRIWI0 ~ 15 d) , + Mn AL P 4 583
W TAs IREAHLT + Fe 0B F T AT ZE] K 3
(¢)]. — PR AR TR + Fe AbH/KD K
i3 pH EA[ B 2(a) ], M1 + Mn A0 FE 43
pH 5 CK ML TC 8 281k, pH T et As 76+ 3
W R B XA + Fe AbFREE + Mn 40 BE A0
PT As BRI ; 55—y, 3 1 AT, 78 0. 1% #
VRN R, AR T 421 Fe | Mn ¥R BE (9 S RS (R SR 136
IRENER T AN TR KGR ] As Bk
SRR TR A 2R3 T edh, 16 60 d i
+ Fefll + Mn Ab38 3070 TAs WO HH I H 2K

TR 3 () T4 IE%7K%§EL5FH7J(“‘/EV‘]%@L:@IEH

As 1 ﬂiﬂ;%%ﬂ'g Relr b e S bR

“Fe @“%fﬁﬁkﬁﬁﬂmzﬁf @iﬁi{% Jém,
*yi?fkﬂ&tiﬂ%@i%ﬁl@ TZM‘JH&P +’JFe
Iﬂ%%ﬁ“{f&Ti%/ﬁ(ﬁqﬂé’J TAs {ZEF'F[IEB(c)]

E%ﬁ?iﬁ%{%@ms(V)E’JtWJ[IEI3(,b)l X

AT AR T KR AT 2 R 4 A I R T DL T
HLBEURINT o SURT B A 1 U A L R b 2 T e O
AT RIS YKL As, S8
(4 TAs e TR . BAR/KERT A A B R EAT
e As( V)RR As( D) MYREST ) (05 ikl IE
% Fe A ALPI TR 2% Mn %&4&%9@52*%1@&%%
FEY L, KA AT g i R Mn B AL B
FEHEMSS As WAL + Fe A FEIR
AR S E AR AR As £E S BB A AL 45 A 7S
(FS) AL (K 4) X FTREZ T Fe ib i ad &
A IR E IR AR, X As 1) 0% B BB ) o
5k, IEHG As B2 TERRD 1Y fhAS 4540 b, B LREAIR T
3 As BYFREE XU N Kocar 227 B BF 5T & 30
AR RS As( V) BRI AT AR S As 4R
R 2R AT W), Saalfield 257 BBFSY & BLK
BRI IR Dt AR A T R R M e Rk
W HIREERT  FEAIR T As A R,

+ Mn AbERR R 2 W A 49 - 8 Eh
=T CK ARF[ B 2(b) ], X AT RESZ A K AR AR
SR, W] IR T W Sh A 7 i FL a2 AR
WELE - Eh H FRE ™. + Mn 203 3%

TAs W EMLT CK ALBE[ E 3(c) ], MAs( V) ¥
JEm T CK PR &1 3(b) |, HIEREIARARE S Ak 4A Ak
WIEEEAS As(F4) LR, MBEEADEES
As(F5) 5L EFA(E4). Yu #[38} BB sR e, %
W Mn Fll As 22 [B)— N E A EAZ A R ALy
(I/ V) 1R AL 50K As (T 24k A As( V), B
Jei As( V) B4 Itk 25 146 480 Ak 400 P O o il 22 T A7
FE S, BEA, AR A T LR AL Fe (D) fliZIE
RO As (D) FHAs( V) W RE 138 1) Fe (1) 1L
Yy, sSGE ] Fe () Ay 4 JELI fif (B #2425 ) As 1
Bk R — R A KB, KR E Mn B+
BECY R LA U AR R M BlobE AR Ak A
FEAMER N Mn 2 K9 - 3834 7R AR As
T RV ALY ae 3 i e /K 158 rh As 1995 1k,
T Al fig EEIJJ?E‘%L%%E’Jmﬂ&Bﬁ@%Hﬁ%L
etk | 44

- 39ty 7 rmaazwm&&m*maaﬂﬁﬁ@
&I 15 YL 3 il o L, TR AR BIESE ﬁﬂmk%)‘%mk
BHERE R, B L AR A il sAoP .
S-AKP i ¥ i 3 WK (R <0.05) , S-UE, S#8C) #i
S-CATHE MR (T 5, APBF 52 =11, kﬁﬁiéﬁm'
Y S B HE PR {55 , B 59 e A Ty o
Carkowska. SRAFACIE MR A S A7 15 00 K T
Xfii%%%ﬁﬁ%@ﬁﬂﬁiwﬁﬁﬂ 7 2 + el ml g 25 7=

FEUR 208 1y B 25 VA B R . QA 9 3 R B As
Tu&%@ﬁilﬁﬁﬁ%a@@%ﬂ%@&{ﬁ PECST IRET LA
R B R B UK AT ONE BN S
S-ACP, S-AKP X 4 58 i 5 4 J& B HURR AR 5E TS
ER | ERPIA BR  R THE PE , 245 5) X i
AR X AT BE S S-ACP . S-AKP 3% PR A
BRI INER . #5095 S-ACP ., S-AKP 7% Pk [%
K, RS A RO v B D BT A 5T
g ZEARBE A T, K R AR 0 B R 48 75 48 B 1 5L
R 2> ZUE IR . N ICHLAPERER [ As( V) ] & —Fh i iz
RS, AT LAY R 6 5 42 28 WS i 1 A5
IKFEARFR S, K, ?f‘ﬁn’fﬁi TR/ S ) W @
WIS E 5 As [ — 2055, I nek , 50 Y,
T TAs /M“E%WE&[ K 3(c)], LagEH
S-UE. S-SC Hil S-CAT yHMEH e (& 5) , F ] + 4 rp
AEYIZ B As e 15 B A, Dkt 138 i 3543
G E TS

4 it

(1) KB FKANEE D REIELE -8 Eh %, 42
i H3EFE AT As T2 1) AL B AL 45 B 75 As §
A, R D T As B9V FRIR T As 155 AR



54 JEl— A . SURUER | BT D0 A T L SRR 25 T R A S 2739

B XU
(2) BIK A MK B J5 , S-UE | S-SC Al

S-CAT i TEA AR R 32T, RUIER W™ ik

Al LA i LR A I

SE 0k

[1] KimS, Kim HB, Kwon E E, et al. Mitigating translocation of
arsenic from rice field to soil pore solution by manipulating the
redox conditions[ J |. Science of the Total Environment, 2021,
762, doi: 10.1016/]. scitotenv. 2020. 143124.

[2] CaoZZ,Pan] Y, Yang Y J, et al. Water management affects
arsenic uptake and translocation by regulating arsenic
bioavailability , transporter expression and thiol metabolism in rice
(Oryza sativa L. ) [J]. Ecotoxicology and Environmental Safety,
2020, 206, doi: 10.1016/]j. ecoenv. 2020. 111208.

[3] ZhouY M, Long S S, Li BY, et al. Enrichment of cadmium in
rice (Oryza sativa L. ) grown under different exogenous pollution
sources [ J ]. Environmental Science and Pollution Research,
2020, 27(35) ; 44249-44256.

[4] Farhat Y A, Kim S H, Seyfferth A L, et al. Altered arsenic
availability, uptake, and allocation in rice under elevated
temperature[ J|. Science of the Total Environment, 202144763,
doi; 10.1016/j. scitotenv. 2020. 143049. L

[ 5] Ackermann J, Vetterlein D, Kuehn T, et aé= Minerals controlling

arsenic distribution-in floodplain soils[ J 1. European ]ourna]. of

_%011 g(‘l(“l‘l(‘? 2610 61(4) 588-598.

6} S, 23y fER T, . L 7J<$a%ﬁﬁ$ﬁ*] mw
- ﬁmm%m Al F e Bl 22 ﬂfgz “ sg,m:
|1429-1439" 7 | i

JWu C, An W M7 Xue S G, et al. Arsqm(, 1)10g69_j:hem1cal
pro€essing in the soil-rice system [J]-‘ Journal of Agro- ]

" En\dronment Smence, 2019, 38(7) . 1429-1439. P A -

[7 ] .I Hou Q X, ,ﬁdn D Y, Zhang Y, et al. The \'l)l()d(,(,eérjlblllty and’/!
[ fractlonallon of ‘atsenic in anoxic soils as a function of Sld})lllZdthn
u§ing low-cost Fe/Al-based materials: a long-term experiment
[J]. Ecotoxicology and Environmental Safety, 2020, 191, doi:
10. 1016/j. ecoenv. 2020. 110210.

[8] Li B'Y, Zhou S, Wei D N, et al. Mitigating arsenic
accumulation in rice ( Oryza sativa L.) from typical arsenic
contaminated paddy soil of southern China using nanostructured
a-MnO, : pot experiment and field application[ J]. Science of
the Total Environment, 2019, 650 . 546-556.

(9] Hhinife, FOEH, M5 % RFEYY XKLy

SEBCR BRI [T]. FRBERL224], 2017, 37(5): 1931-
1938.
Zhong S X, Yin G C, He H F, et al. Stabilization effect of
arsenic by different iron minerals in paddy soils and the related
mechanism|[ J]. Acta Scientiae Circumstantiae,2017, 37(5) :
1931-1938.

[10] Kumpiene J, Carabante I, Kasiuliene A, et al. LONG-TERM
stability of arsenic in iron amended contaminated soil [ J].
Environmental Pollution, 2021, 269, doi; 10. 1016/j. envpol.
2020. 116017.

[11] Suda A, Makino T. Functional effects of manganese and iron
oxides on the dynamics of trace elements in soils with a special
focus on arsenic and cadmium; a review[ J]. Geoderma, 2016,
270. 68-75.

[12] Dong G W, Han R W, Pan Y J, et al. Role of MnO, in
controlling iron and arsenic mobilization from illuminated flooded

arsenic-enriched soils [ J ]. Journal of Hazardous Materials,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[25]

[26]

(28]

2021, 401, doi; 10.1016/j. jhazmat. 2020. 123362.
Maguffin S C, Abu-Ali L, Tappero R V, et al. Influence of
manganese abundances on iron and arsenic solubility in rice
paddy soils[ J]. Geochimica et Cosmochimica Acta, 2020, 276 ;
50-69.
B PR, Weeh, SF B =M MR R REVE
{*@ﬁﬂ&ﬂ‘ﬂr]u%ﬁ}ﬁu] WEE R, 2020, 41(2)
895-904.
Mo X, Chen F J, You C, et al. Characteristics and factors of soil
enzyme activity for different plant communities in Yellow River
Delta[ J]. Environmental Science, 2020, 41(2) : 895-904.
RAAE. B LR R AN [ D] I AR
el R, 2007.
Ciarkowska K. Enzyme activities in soils contaminated with heavy
metals in varying degrees [ A]. In: Sherameti I, Varma A
(Eds. ). Heavy Metal Contamination of Soils [ M ]. Cham;
Springer, 2015.
Alka S, Shahir S, Ibrahim N, e al. Arsenic removal
technologies and future trends; a mini review [ J ]. Journdl of
Cleaner Production, 2021, 278, doi: 10. 1016/) 3(‘1’?[)1‘0 2020.
123805. . | :«'f f
Moon E M, PCdLULk C L. Adsorption of Cu(Il") to ferrthydrite
and fenlhydrlt? -bacteria composites ; Importan@e 4’)f the=earboxyl
group for/Cu (moblhty in nlmural environments|[J ] (}éochlnu.ca et
CosmocHimica Acta’; 2012, 92; 203-219. D A
ﬁKﬂ%ﬁ 7k%l‘]?“‘ﬁf*ﬂf¥tﬁlﬁ“ﬂ’ﬂbbk ?’fﬂﬁ@ﬁ‘ﬁM@ﬂXTA
@ﬁﬁﬁl&ﬁ@*t PEEDT. R Sl ks, 2011, S p
Sl I Rk . e EPIZ%JHHB‘Z__,.
HHRREL 1999. |
e, SR, SweR . ot e K a0, 4 KR
FAHIRIBLR 1], SREERRE, 2021, 42(2) ; 9328040,
Zhou ¥.M, Hurz-mg Y Y, Liu XY, et al. Effect and mechanism
of foliar application nano—MnO..2 on cadmium enrichment of rice
[J]. Environmental Science, 2021, 42(2) : 932-940.
Huang J H, Kretzschmar R. Sequential extraction method for
speciation of arsenate and arsenite in mineral soils[ J]. Analytical
Chemistry, 2010, 82(13) : 5534-5540.
Sun W M, Xiao E Z, Xiao T F, et al. Response of soil microbial
communities to elevated antimony and arsenic contamination
indicates the relationship between the innate microbiota and
contaminant fractions[ J]. Environmental Science & Technology,
2017, 51(16) : 9165-9175.
Ding CF, DuSY, MaY B, et al. Changes in the pH of paddy
soils after flooding and drainage; modeling and validation [ J].
Geoderma, 2019, 337. 511-513.
Mohan D, Pittman Jr C U. Arsenic removal from water/
waslewater using adsorbents-a critical review [ J]. Journal of
Hazardous Materials, 2007, 142(1-2) . 1-53.
Bayard R, Chatain V, Gachet C, et al. Mobilisation of arsenic
from a mining soil in batch slurry experiments under bio-oxidative
conditions[ J]. Water Research, 2006, 40(6) ; 1240-1248.
Yang ] K, Bamett M O, Zhuang J L, et al. Adsorption,
oxidation, and bioaccessibility of As(Il) in soils [ J].
Environmental Science & Technology, 2005, 39 (18). 7102-
7110.
BRRSHE, FER, BRER, 5. Eh, pH FIEXHKAS H 0B
AU BLEI[J]. BRETRIE, 2017, 38(6) : 2530-2537.
Zhong S X, Yin G C, Chen Z L, et al. Influencing mechanism of
Eh, pH and iron on the release of arsenic in paddy soil [ J].
Environmental Science, 2017, 38(6) : 2530-2537.

Yamaguchi N, Nakamura T, Dong D, et al. Arsenic release from



2740

w5

2 43 %

[30]

[31]

[32]

[33]

[34]

[35]

5
ds1,

..-Geochlmlca el Cosmochlmlca Acta, 2010 74(-3) ‘980 99

'femhydrlte rich [Systems [ J J.
A Technology, 2009 43(23) . 8787-8793.
Y Z H, Qiu WW, Wang F, et al. Effe(‘t% of manganese ox1de— g

flooded paddy soils is influenced by speciation, Eh, pH, and
iron dissolution[ J]. Chemosphere, 2011, 83(7) . 925-932.
XU BRI ARG AL - A oo AR P R I e R L B 4R
[D]. BT T FEKR%, 2020.

Xu X W, Chen C, Wang P, et al. Control of arsenic mobilization
in paddy soils by manganese and iron oxides[ J]. Environmental
Pollution, 2017, 231 37-47.

C, Masue-Slowey Y, Kocar B D, Distributed

microbially- and chemically-mediated redox processes controlling

Ying S et al.
arsenic dynamics within Mn-/Fe-oxide constructed aggregates
[J]. Geochimica et Cosmochimica Acta, 2013, 104, 29-41.
LR3I, BORERN, 5. KR B R i ) 0 B 5
Wﬁﬂz?&[ﬂ. FEEREF:, 2018, 39(1) ; 179-186.

MaY L, Ma J, Chen Y L, Arsenic adsorption and its
species on ferrihydrite and ferrihydrite colloid[ ] ].
Science, 2018, 39(1) : 179-186.

Yuan Z F, Gustave W, Boyle J, et al. Arsenic behavior across

et al.

Environmental

soil-water interfaces in paddy soils: coupling, decoupling and

speciation [ J ]. Chemosphere, 2021, 269, doi: 10. 1016/j.
chemosphere. 2020. 128713.

Perez J P H, Schiefler A A, Rubio S N, et al. Arsenic removal
from natural groundwater using “green rust’: solid phase~stability
and contaminant fate[ J|. Journal of Hazardous Material“%:;.-ZOZI s
401, doi: 10.1016/j. jhazmat. 2020. 123327.

Kocar B D, Borch T, Fendorf S. Arsenil':' Areparlitio'i;ing during

biogenic sulﬁdlzahon and tran%formatlon of femhydntP L.-J]

Saalfield S_. L ‘B@stlck B C. Changes in irong’ silf
speciation ﬁ%drlat?d with  bacterial® qul-‘fﬁ"‘ e. redf:l(:ti'g{l =

an'lronmenial Smenc&-‘ &

a | a3 A

[40]

[41]

[42]

[43]

[44]

[45]

modified biochar
accumulation in an indica rice ( Oryza sativa L. ) cultivar[ J].
Chemosphere, 2017, 168 341-349.
Lin L N, Gao M L, Qiu W W,

accumulation in indica rice ( Oryza sativa L.) cultivar with

composites on arsenic speciation and

et al. Reduced arsenic

ferromanganese  oxide  impregnated  biochar  composites

amendments [ J ]. Environmental Pollution, 2017, 231 479-
486.

Ciarkowska K, Sotek-Podwika K, Wieczorek J. Enzyme activity
as an indicator of soil-rehabilitation processes at a zinc and lead
ore mining and processing area[ J]. Journal of Environmental

Management, 2014, 132 250-256.

Shukla G, Varma A. Soil enzymology[ M ]. Berlin; Springer,
2011. 119-148.

W, EOF, EVEEE, AF. L HEK SRS A A &
Al I it 0 e R [ 0], b E PR R, 2016, 36 (8) -
2418-2424.

Xie W, Tan X P, Tian H X, et al. Effects of soil moisture on

available arsenic and alkaline phosphatase activity in paddy soil
2016, .,36,{“8' ) : 9418-

[J]. China Environmental Science,

2424. ; |

JEFE, KL, EANE,GE. BRI g ‘?ﬂ%‘ﬂ@%&
ﬁﬁ’&(ﬁ#*ﬁﬁthﬁ?aﬁu %‘éﬁtﬁﬂ%‘ﬁﬂ‘%‘,'m 4(6) -
57-62. | IV \

Zhou D ‘Zhao Y H Wang C'H, et al. Correlatlon! belwéen___sml
ml(‘ronrgam%m,r %011 erizyme a(‘t1V1ty and arsenic cf)ntamm,atlon in
the tungsfen mining area [ J & Nonferrous Metals Scienceland _
Engmeenng, 2013, 4(6) : '5'7 62. -"-..

— WL AR T A A %m#%?hﬁf&k%ﬁ
ﬁ-mnl.ﬂm: RS, 2016, e
LSy WP A
AEBFFELD]. Fst: BAUARLAR: , 2008,



HUANJING KEXUE Vol.43  No.5

Environmental Science (monthly) May 15, 2022

CONTENTS

Chemical Characteristics and Source Apportionment of PM, 5 in Urban Area of Befjing «+e+etereseeeereserenssnnnsnnini AN Xin-xin, CAO Yang, WANG Qin, et al. (2251)
Modeling of PM,, 5 Concentrations in the Beijing-Tianjin-Hebei Region Using a Space-time Linear Mixed Effects Model *+ FAN Li-hang, YANG Xiao-hui, SONG Chun-jie, et al. (2262)
Spatio-temporal Evolution Patterns of PM, 5 and Relationship with Urban Expansion in Beijing-Tianjin-Hebei Urban Agglomeration from 2000 to 2018 «+s+seresseressensssrsensnsniininciinnsnee
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHAO An-zhou, XIANG Kai-zheng, LIU Xian-feng, et al. (2274)
Characteristics and Source Analysis of PM, s in Qingdao in Winter Under the Action of Sea-Land-Atmosphere Convergence «+:++e+e++ TUO Xiong, YANG Ling-xiao, ZHANG Wan, et al. (2284 )
Impacts of Heterogeneous Uptake Pathway on Sulfate Formation: A Case Study in Shanghai Based on WRF-Chem +-«+:«seeseeseeees ZHANG Ru-han, ZHANG Hao-ran, FENG Wei-hang, et al. (2294 )
Source Apportionment and Seasonal Changes in PM, 5 Chemical Components from Different Functional Areas of a Provincial Capital City = -+ SUN You-min, FAN Jing, XU Biao, e al. (2304)
Chemical Compositions, Light Extinction Effect, and Oxidative Potential of PM, 5 Under Different Pollution Levels During Winter in Taiyuan «+vseeesrerroereseresesisnsennesnnscnenneee
............................................................................................................................................................... REN Jiao, ZHAO Rong-rong, WANG Ming, e al. (2317

Source Apportionment and Health Risk Assessment of Metal Elements in Ambient PM, 5 in the Winter of Zhengzhou
Characteristics, Ecological Risk Assessment, and Sources of the Polluted Metallic Elements in PM, 5 During Winter in Zibo City
Seasonal Distribution Characteristics, Source Analysis, and Health Risk Evaluation of PAHs in PM, s in Chcngdc

YAO Sen, WANG Qian-heng, XUE Yan, et al. (2329
BAI Wen-yu, XU Bo, GUO Li-yao, e al. (2336
HE Bo-wen, NIE Sai-sai, LI Yi-lin, et al.

(

Pollution Level and Regional Migration of PCDD/Fs in Ambient Air from Pearl River Delta, China FU Jian-ping, XIE Dan-ping, HUANG Jin-giong, et al. (2355
Concentrations and Sources of Black Carbon Aerosols in Rural Areas of Southern North China Plain ZHANG Ling, KONG Shao-fei, ZHENG Huang, et al. (2363
Research on Causes of Severely Polluted Weather in Tianjin Based on Process Analytical Technology ++:+veeeeeseeseesnesssemensininieniiinnne HAO Jian, CAI Zi-ying, HAN Su-gin, et al. (2373
Classification Control of Volatile Organic Compounds( VOCs) Emission Pollution Sources Based on Emission Amounts and Atmospheric Reactivity =~ ««+sessersesersesenensenemenenssnininennes

"""""""""""""""""""""""""""""""""""""""""""" CHEN Peng, ZHANG Yue, XING Min, et al. (2383)
Complex Networks Reveal the Characteristics of Ozone in China YING Na, CHEN Jian-hua, LI Dong, et al. (2395)
0zone Simulation of Lanzhou City Based on Multi-scenario Emission Forecast of Ozone Precursors in the Summer of 2030 -«+seeseseeseeeenee CHEN Tian-lei, WU Min, PAN Cheng-ke, et al. (2403)
Improvement of Environmental Model Prediction Based on Inversion and Aerosol Assimilation =~ ««+«ssessessessssemenssnmenenennnenees CAI Zi-ying, TANG Miao, XIAO Zhi-mei, et al. (2415)
Method of Identifying Air Pollution from Iron and Steel Industry Based on Ambient Air Quality Monitoring Data Analysis «+«+«++++- +++= SHI Yao-peng, HU Jing-nan, CHU Yang-xi, et al. (2427)
Assessment of “ Differentiated Response Requirement Based on Performance Grading” Plolicy During Heavy Air Pollution Alert ZENG Jing-hai, WANG Can (2436
Risk Zoning of Water Pollution in the Yellow River Basin ZHOU Xia-fei, CAO Guo-zhi, YU Fang, et al. (2448)
Emission Characteristics of Industrial Water Pollutants in Gansu Section of the Yellow River Basin LI Xue-ying, YANG Xi, QIAO Qi, et al. (2459)
Spatial-temporal Distribution and Pollution Assessment of Heavy Metals in Sediments of the Yellow River = ««seereereeeeesereneenenicncnneennes WANG Tao-yi, PAN Bao-zhu, HAN Xu, et al. (2467)
APCS-MLR Combined with PMF Model to Analyze the Source of Metals in Sediment of Xinglin Bay Suburban Watershed, Xiamen =~ «+++e»eee SHEN Chen-yu, YAN Yu, YU Rui-lian, et al. (2476)
Spatial Differentiation Characteristics and Response Relationship of DOM, Nutrients, and Heavy Metals in River Sediments +«++++++seeeereeees XIAO Yan-chun, YU Hui-bin, SONG Yong-hui (2489)
Distribution Characteristics, Evaluation, and Source Analysis of Heavy Metals in Soils of Fenhe Riparian Zone in Taiyuan City ++«+-«+eseoe HU Jie, ZHAO Xin-yu, WANG Ting-ting, et al. (2500)
Binding Affinity Between Heavy Metal Hg and Dissolved Organic Matter in Hongze Lake HU Bin, WANG Pei-fang, ZHANG Nan-nan, et al. (2510)
Ecosystem Evolutionary Trajectory of Lake Xiliang over the Past Century Driven by Eutrophication ZHENG Jia-nan, XU Min, ZHENG Wen-xiu, et al. (2518)
Sediment Release and Pollution Source Analysis of Typical Reservoirs in the Upper Reaches of the Yellow River Based on DGT Technology «++«+seserrerrerresneenensimnscnnensnnncinnnens

............................................................................................................................................................... MA Yu-shen, ZHU Xiang, PANG Qing-ging, et al. (2527
Differential Characteristics and Source Identification of Water Quality of the Rivers in Northern Henan Before and After Rainstorm ~ +++++++++: ZHANG Yan, ZOU Lei, LIANG Zhi-jie, et al. (2537
Adsorption and Interception Effects of Eichhornia crassipes on Microplastics in Water of the Poyang Lake Basin ««+«eeeserrerserserescnenenes LI Wen-gang, WU Xi-en, JIAN Min-fei, et al. (2548

Spatiotemporal Distribution and Ecological Risk Assessment of Plastic Additives in Taihu Lake LIU Shu-jiao, DING Jian-nan, SHI Jun-zhe, et al. (2557

)
)
)
)
Distribution Characteristics, Sources, and Storage of Microplastics in Surface Sediments of Luoma Lake YAO Ming-xuan, BAI Xue, XU Zhen-jia, et al. (2566)
)
)
)
)

Pollution Characteristics of Phosphorus in Different Media in Taihu Lake and Tts Treatment Enlightenment —+-«+eseereereeesenenensienienens CAI Mei, LU Zhi-hua, WANG Yuan-yuan, et al. (2575
Analysis on Diversity and Structure of Microbial Community in River Sediment of Siping Section of Liaohe River LI Peng-yang, AN Qi-rui, WANG Xin-hao, et al. (2586
Non-point Source Pollution (NPSP) Induces Structural and Functional Variation in Bacterial Communities in Sediments of Jialing River «-«+++++ XUE Yu-gin, XU Fei, LIU Kun-he, et al. (2595
Effects of Microplastics on Bacterial Community Composition and Diversity in Sediments +«+esseeeeseseeresssinsinsii. LI Wen-lu, WANG Zhi-chao, YANG Wen-huan, et al. (2606
Vertical Distribution Characteristics and Community Construction of Aerobic Denitrification Bacteria from the Sediments of Baiyangdian Lake During the Winter Freezing Period ««++++++-seeeee
...................................................................................................................................................... ZHANG Tian-na, CHEN Zhao-ying, ZHANG Zi-wei, et al. (
GAO Yue, HUANG Ting-lin, LI Nan, et al. (
Distribution Characteristics of Microplastics in Bellamya aeruginosa in Typical Area of Poyang Lake JIANG Wei-qun, HU Qi-wu, JIAN Min-fei, et al. (2633
Electrocatalytic Oxidation of Bisphenol A by Porous Ti/Sn0,-Sh-Ni Electrode Loaded with Multi-wall Carbon Nanotubes «++++-+++s+-++- FU Yuan-hang, LIU An-di, HUANG Wei-bin, et al. (
Efficiency and Mechanism of Degradation of Methylene Blue with H,0, Catalyzed by Magnetic Mno 6Ln0 4Fe0,@810, e XU Dong-ying, YU Jing, HAO Qi, et al. (2650
Effect of Two Types of Nanoparticles on the Adsorption of Ciprofloxacin on Zeolite JIANG Lan-cui, MENG Zhao-fu, LIU Xian, et al. (2662
Adsorption Mechanisms and Effect Factors of As( V') by AMD Sludge Composite Material - -+ ZHANG Ya-hui, ZHANG Rui-xue, WU Pan, et al. (2673
Shifts in Microbial Community and Variation in Functional Genes for Nitrification and Denitrification in Activated Sludge Affected by Triclosan and Iis Transformed Intermediates ««+++++++++
......................................................................................................................................................... LU Ying-yuan, DONG Xiao-qi, PENG Xing-xing, et al. (2685)
Construction of Sustainability Evaluation Index System for Contaminated Site Risk Management and Analysis on Key Influential Factors ««++«++e+e- LI Xiao-nuo, YI Shi-yi, CHEN Wei-ping (2699 )
Construction and Empirical Analysis of a Comprehensive Evaluation Method of Coastal Wetland Soil Quality Based on Ecological Functions —++++eeeesessesserseresemenenieinienensininennnn
ZHANG Xue, KONG Fan-long, JIANG Zhi-xiang (2709 )
Source Analysis and Pollution Assessment of Heavy Metals in Farmland Soil Around Tongshan Mining Area CHEN Hang, WANG Ying, WANG Shu (2719)
Effects of Typical Iron and Manganese Minerals on Arsenic Speciation and Enzyme Activities in Paddy Soil = ++vereeeeeeeresnesseeseinenenn ZHOU Yi-min, HUANG Ya-yuan, LIU Kai, et al. (2732)
Phytoremediation Efficiency of Two Cultivars of Brassica napus L. Under Water-soluble Chitosan Treatment in Typical Ph-contaminated Farmland Soils +«+«+seseeseereessemserenenenimncnenenns
MENG Xiao-fei, ZHENG Guo-di, CHEN Tong-bin, et al. (2741)
Risk Prediction of Cadmium and Lead in Wheat Grains Based on Bayes Theorem - WANG Tian-qi, LI Yan-ling, YANG Yang, et al. (2751)
Interannual Variation Characteristics of Nitrogen Loss Under Rapeseed/Maize Rotation in Purple Soil Sloping Field = ++xtoveesvseesesesimsieneneisienen XU Man, GAO Ming, YU Luo, et al. (2758)
Physicochemical Properties of Biochars Prepared from Different Feedstocks and Evaluation of Its Potential as A Slow-release Carriers for Biochar-based Fertilizers —«+esseseereereeesenereeneenes
............................................................................................................................................................ XING Li-bin, CHENG Jie, GENG Zeng-chao, et al. (2770)
Effects of Combined Application of Wood Vinegar-Acidified Biochar and Nitrogen on Active Nitrogen and Ammonia Volatilization in Saline Soil »++«+x++sssserseressesenenseiinensnnsiininsnnnes
...................................................................................................................................................... SHEN Shu-wei, ZHANG Dan-dan, WANG Min-ge, et al. (2779)
Effects of Biodegradable Plastic Film Mulching on Greenhouse Gas Emissions Under Wheat-Maize Rotation System in the Guanzhong Plain — ++ereeseeesesenersinieneniiinin
.................................................................................................................................................................. GUO Yi-ting, LUO Xiao-gi, WANG Rui, et al. (2788)
Forest Soil Microbial Community Structure Characteristics and Its Influencing Factors at Different Elevations on the Southern Slope of Daiyun Mountain «++«+«sesseseerseeeesenenneinenennn
............................................................................................................................................................... HE Zhong-sheng, WANG Zi-wei, ZHU Jing, et al. (2802)
Effects of Simulated Warming and Increased Precipitation on Soil Extracellular Enzyme Activity and Enzymatic Stoichiometry of Abandoned Grassland «++«e-eeessesersereesemienensnnincnnnn
WANG Xing, ZHONG Ze-kun, JIAN Jun-nan, et al. (2812)
............................................. LI Yu, ZHOU De-cheng, YAN Zhang-mei, el al. (2822)

Effect of Induced Mixing on Bacterial Community Structure and Metabolic Activity in Reservoir




