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5. College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 6. Foshan
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Abstract; Nanoscale zero-valent iron (nZVI) shows excellent reduction of Cr( VI) , but the passivation on its outer surface can restrict
its longevity and performance. To tackle this problem, this work introduced Shewanella oneidensis MR-1, a dissimilatory iron-reducing
bacterium, into the chemical reduction system of aged nZVI/biochar (B) and Cr( VI). The potential synergistic effect of Cr( VI)
reduction of aged nZVL/B and MR-1 was systematically investigated under varying conditions. The results indicated that aged nZV1/B
and MR-1 exhibited a synergistic effect at a pH of 7, and the removal rate of Cr( VI) increased by 51.3% . Further research showed
that the synergistic effect could be attenuated with the increase in the initial Cr( VI) concentration and enhanced with the increase in
the MR-1 concentration. The XPS spectra confirmed that Cr( VI) was mainly removed through reduction. The dissimilatory iron-
reducing ability of MR-1 played a key role in enhancing the Cr( VI) reduction. The reductive dissolution of the oxidation layers not
only released reactive sites inside the nZVI, but also reduced Cr( VI) by producing ferrous ions. Moreover, B promoted the reduction
by dispersing the nZVI and mediating the extracellular electron transfer. This study provides a new insight into solving the passivation
problem of the long-term application of nZVI for Cr( VI) removal, which is considered a promising solution for synergistically improving
the performance of nZVI in environmental remediation.

Key words:aged nZVI; MR-1; reduction; synergistic effects; biochar
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Fig. 2 Effect of pH on the reduction kinetics and removal rate of Cr( VI) and kinetic fitting

2.4  Cr( V) WA EXT MR-1 &4k nZVI/B PrEI%L
IO A

M 3 AR, Bt Cor( VD) ¥ EESG N, MR- 1
Cr( V) BBRFREAL. IRESMT, Cr(VI) WRE B
— S [ 25 38 BB B MR RN, B IR MR- 1 38 5
Cr( VD) R R Bl S0 R 2 F Cr( VD) ¥R 3 44
i, % MR- 1 R0 — 2 A B0, il AR i %
FEAR.

H & 4 (a) W51, ZA4k nZVI/B XFCr( VI) B %
0 10% . 255 I YA RAE , 2465 nZVI K TH
JELAAFERE o E RSB AL )2 T Sk A
FALPrXF Cr (VD) BEAT I8 JERE J1 , BV Ce( VL) e 2 14
T2 BR BORATAA W b 2. A MR-1 )5, 2 &
RARMCr (VD) KB R W E 5w, fE 4(b) il 5,
Ak nZV1/B I MR-1 9 PR [R]85 Bl Cr (VI 8
HOMZE AR 5. T Ce( V) ¥R A5 4B XF nZVI/B
(4 52 W) N K, I IR B [ 3550 07 1 72 Ak 32 B e e T
Cr( V) M BE X MR- 1 A4 5 0. AR 5 117 17 A4 50 B7 , B

MR-1 BB JEEE ) &0 R A AT MR-1 4
BREALYI BB R e Ah , MR-1 38 0] F F AR AR
W Aok LA SR Cr (VD) 53038 i 57 Ak 2k i it A
FEA R He TR] $E 38 R Ce (V) P40, DL B 5 SR T
MR- 1 Fl2& A4k nZVI Z [8] 52 80 B S %) B3 [) R0
IF B SAT mAA

(b)

1.0

i

4
+4
"

0.8

0.6 -

—a— pH=35
I ——pH=7

—— pH=9
02 -—— MR-1pH=35
—+— MR-1pH=7
—— Mlli—lpli—(il

0.4

I ACH(VIYECr

L 1

0 50 100 150 200 250
i} fial/min
1.0
0.8
. 0.6
<
= 04
0.2
U 1 1 1 1 1
0 50 100 150 200 250
5 i) /min

++

—=— KEATHR
—e— 12mgL™!
—a— 20 mg-L™!

W IRACHVD/ECr

—v— 30mgL™
I I 1 I
50 100 150 200 250

it fi) fmin
B3 Cr(VI)#HKREST MR-1 EECr( V) B500
Fig. 3 Effects of the initial Cr( VI) concentration
on Cr( VI) removal by MR-1

Cr( VD) # a4 MR- 1 36 PE A2 30551, Dy 5] 2500
B 22 B A 1 BA P ) 0007 5 BT LA MR- 1 4kik
JRF SR R
2.5 MR-1 ¥EEXTCr( VI) i A 52

WK S (a) fl S (e) B, 7E MR- 1 B8 i
Cr( VD) iR & rpr Bl MR- 1 ¥ B3 h0, Cr( VI 3 JiE
R JFFE R BN #a 3. MR-1 %fCr( VI) B8 J5
T FRALEE PIFR B AR, T 5 W B 7 200 R 2 1T Y Ce (VD)




4524 wom B % 0 %
100
i (b Bl MR-1nZVIB
Hl VR-1
80 [ VAL
0.8
5] b
9 % 60
*;'? 0.6 ﬁ;
= —e— 12 mgL™! ﬁ‘,
& —a— 20 mg-L”! g 40
e T s 5
e —— MR-1 12 mg-L™!
02 | —— MR-120 mg-L™ 20
—+— MR-1 30 mg-L"!
0 1 | 1 I 0
0 50 100 150 200 250 12 20 30
i Cr(VD I i i /me- L

B4 ERENCr(V) ERFHNZFMNEBRRHNZIE

Fig. 4 Effects of the initial Cr( VI) concentration on the reduction kinetics and removal rate

— TR 5323 1B R AR I i Ak S5 Cr (D) FF 1T
FTEAMM R i 205 5 — 34 Cr( VL) W03 3o 4 7% 46
%m%éﬂ/\éﬂm@w,ﬁ{m&mﬁﬁcr( ) =27,
ST MR- 1 e S8 X 7= 40 W RS A 2 30 30 i A i it
FEMLAERL S (b) Fl 5 (d) HhrCr( VD) 09 2 B il
Iy AT e T2 48 5 T 90 . ok A AT
h—gesh J1 vl UAF/E(Rz)ﬂnlzl s(c)ﬂls
(d) iR, Fﬁﬁ%ﬂ“i‘ﬁu o 5 B 0.0000 35
0.001 4710, 60;2‘7 min " 38 111 £0) 00’9”6,«"' 0.4001-8
F10. 004 2 rn1 i “rﬁi e nZVI/B En‘ fimﬁﬁ
jﬁ&%ﬂlﬁ 7. 5% F R ke, A R0 0902 n}m‘ i

0 5850 1 540 e, b e ;em
KL%Bﬁﬁﬂﬁ‘iﬁﬁem LI AT E Y, uzldvé‘rf-"ﬁw"’

1.0 (a)

0.8 |
(‘J
pes)

= 06 |
-
=
o
04
E
P —a— MR-11.25%

0.2 | —e— MR-12.5%

—+— MR-13.75%
0 1 1 | |
0 50 100 150 200 250
1.50
® MR-13.75% ()

125 | @ MR-12.50%

= & MR- 1.25%

R R*=0.90
= @
S 075t
B R =0.83

0.50 | .

025 R2=081

0 1 1 1 1
0 50 100 150 200 250

[} ] /min

E5 EREXCr(VI)ShSEHE

Jea, T e Cr( VI ZBRZCR AU A MR-1 E
B XF Cr( VD) 40 Ji 9 3 5%, TE AR A6 T MR- 1%%
7 1 D RO - ﬁﬂ
2.6 MLkl
ﬁTfan MR- 1 1% 4, nZVI/B ﬁJ %F
Cr(VI) %@\E’Jmﬁﬂ XTBEU HU}:E’JHﬂLﬁ XPS
#r. Lﬂl’fl6(a)ﬂ”1mt‘fu7;zf)uirﬁii*ﬁum Cr
WEAR | I nZV1/B % Gt FO W W P Al 7T
RE S EG AL MR- 1 SV Cr B2 AL Q_V
416 (b) PIZR ) nZ VB Ky Cr TE3 XS 1
LA AEHSTTIL eV il 588.3 eV i e AL 2

. A DN R o VDAE BN Cr( ) S8 T 4

itk K 6(c) F6(d) 23k I b Hi e &1k nZVI/B

1.0 (b)
0.8
5]
s
= 06
2
9]
%04
% —=— nZVI/B
02 | —e— MR- 1.25%
—a— MR-12.5%
o L7 MR-13.75% , . )
0 50 100 150 200 250
1.50
(@ ® MR-13.75% '
125 | ® MR-12.50%
® MR-1125% R*=091
loo . ™ nZVIB
) . R1=10.83
< 0.75
=] L) [] .
L ]
0.50 |
H R =0.85
0.25 -M
F R-=0.93
R = —= T - 1 1 —
0 50 100 150 200 250
i i) /min
SN EN S FUE

Fig. 5 Influence of the MR-1 concentration on the Cr( VI) reduction kinetics and kinetic fitting



9 PRSI A . FL I U Wi A W B e 0 kU [ B A Cr ( V) AL 4525

FREWT: Fer :Fel'=2.79:1

(a)
o]
Fe
C
J2 R i
0
Fe
C
Cr
R S
1 Il Il Il Il L L L L
200 400 600 800 1 000 1200 575 580 585 590
(c) (d)

RREfG: Fe*':Fed'=3.29:1

1 1 1
705 710 715 720 725 730

L 1
705 710 715 720 725 730

HiEhkleV Ea eV
,-" . .,z"( 2 i T ! F i A _-_u:l“! II,-’ v a " I__:‘:,( [ 'l‘-i__.-"
' Ty .y s /ﬁ TEMnZVUB B XPS B | | ) © P
a | o P LR ! 1. J f -'Zr‘-fﬁ
= J."“" /¥ Fig. 6 :’{PS “.sP'éctra."of 1;.,2-\/ 1/B before and after.,lshe._r duction @ ! e i o
| | . ] i ¥ £ { =
KIFe 2p fi, R B0 BRI R A\ ‘ ¥

SEOAEAE 711 V724, 5 eV i0Fe( I ML,
BHED 713. 58V F1726.5 oV e () (AL

HofFedI) FIFCC I ) 9 H B RERTH9 2. 79 25
JZ WEJE I 3. 29, phy I T IR 2 %7 S A nZVT 25 T
(ke (11 ) A& 90 s in. S8R 74 2 SR rh & A
MR-1 SALERAE B | 77— Fe (11 ) B 5. X 4
Fe( 1) & XRER IR Cr( VI) , 7E 250 min J5iK & H
(4 Fe** YR BE Bt /K 0. 82 mg-L~" K Z& P Fe ¥t
sl i RIS Y.

nE 7 frR, MR- 1 FEAR R [l B & A= Cr (VD)
T DR D, 17 4% 38 B AN A0S T &4k 2R 16 Y
nZVL, &7 TR LA Cr( V) iE S i Fe (1) . AR
Py AACRT LAXT nZVI A0 AE R 38 mT LUIAE ki
HNELF AR, A5 nZVI FIl MR-1 Z ] i HE 1% 13
R A R A R B RCR D

BRI pe(11) + Cr(VI)— Cr(lll) + Fe(lll)

L1 W
g7 O\ THEm /:rmn

E1LE
: MR-1

Cr(V)

Cr(lll) g\ /=

Cr(V)

B7 Bz

Fig. 7 Speculative mechanism of the reaction

3o f s

(1)MR-1 Fl nZVI/B By HpRA R 5 5 A R A
HeEaR T Cr( V) B 2B, RILH PRI AN 78 pH
7 BHIZEON KB B, SRR R 2 51, 3% . FETR
PEFIIEAEFREE T, MR-1 RS M2 B4, 1Ot T
nZVI KFBRCr( V). 0T, MR-1 TG P3G 5%, i
SR EfE Cr (VL) () £ ZE8R 5 7.

(2) TR RIIR AR F T B A 4% v FE 1S i, MR- 1
I nZVI/B B R 6: Cr( VD) 200 28 55, B MR-1 3k
JERIN, MR-1 1 nZVI/B 8 B[R] 55 Cr( VD) 2% 87 28
5. PIMRIRE N AR T MR-1 A BRIE R . 2k
B AR L T nZVT B S A, SO A A R
Fe( II), W TXCe( VI) FYIEJE.

(3) A=W TR (B) BT MR-1 A8k A i i
BT nZV1 5 AR FEALRY ). MR-1 A By 5
#Cr(VI) i J5iFnFe (1) i BiE 7, i A= 9 53 < AT LA 53
B nZVL IV F RN MR-1 SR F1%
st FE. MR- 1 A o () 2L RVE T, o] DL &1k
nZVI EAER R RE D), 32T Cr (V) AR ECR.

[ 1] DesMarias T L, Costa M. Mechanisms of chromium-induced

toxicity[ J]. Current Opinion in Toxicology, 2019, 14, 1-7.
[2] Jayakumar R, Rajasimman M, Karthikeyan C. Sorption of



4526 7D 53

Es 2 &

[3]

[4]

[5]

[6]

[7]

[8]

'3

(97

'10]'Il Shi Z J) Shen-W J, Yang K, et al. Hexavalent chrumlum.ﬂ"
| rerﬂoval by 4 31 composite system of dlsmmllatory iron red.uenon =~

[11]

[12]

[13]

[14]

[15]

[16]

hexavalent chromium from aqueous solution using marine green

algae Halimeda gracilis; optimization, equilibrium, kinetic,
studies [ J ]. Journal of
Environmental Chemical Engineering, 2014, 2(3) : 1261-1274.
Hausladen D M, Alexander-Ozinskas A, McClain C,

Hexavalent chromium sources and distribution in California

thermodynamic and  desorption

et al.

groundwater[ J]. Environmental Science & Technology, 2018,
52(15): 8242-8251.

Gheju M. Hexavalent chromium reduction with zero-valent iron
(ZV1) in aquatic systems[ J]. Water, Air, & Soil Pollution,
2011, 222(1-4) . 103-148.
Shahid M, Shamshad S, Rafiq M,
bioavailability, uptake,
system: a review[ J]. Chemosphere, 2017, 178 513-533.
A, e, #IE, & Rl

et al. Chromium speciation,

toxicity and detoxification in soil-plant

R Ji [ 52 1k - S R K Sy
IR )]. PR TR, 2015, 9(7) : 3077-3085.
Zheng ] Z, Shi M, Li J, et al.

hexavalent chromium in contaminated soil and groundwater

Reductive immobilization of

systems: a review [ J ]. Chinese Journal of Environmental
Engineering, 2015, 9(7) : 3077-3085.

KAKAE, WAZ, B, L RERPKREN YL LRI K
2,4-Z5UKM[)]. BRI, 2017, 38(6) : 2385-2392.
Zhang Y X, Chang S, Li I, et al. Removal of 2,4—dicﬁ.lor0phenol
in underground water by stabilized nano zero-valent ‘ir&ﬁ[] 1.
Environmental Science, 2017, 38(6) : 2385 2392.

Zhou H M, Shen Y Y, Lv P, et al. Degradauun pathwdy and

kinetics of 1- alky] 3-methylimidazolium bromides ux1ddt10n in dn_;

/“ultrasonic ndnoscdle zero-valent iron/ hydmgen pcroxide sy tem
[i. Joumal 4f Hagardous Materials, 2015 “284: 4195,
Tang C L hZhang 'Z Q, Sun X N. Effect nf cnmmon mns on
| nitrate removal by zero-valent iron from alkalme sm][]].

2012, 231-232 114 119.

Joumal

of Hamrdous Materials,

hst&l"ld Aéromonas hydrophila and ndnoscdle zero-valent™ lfon
[J]“ Chemical Englneerlng Journal, 2019, 362 63-70.
L7, W7, TR, R B 4 i % 6 75 e - 48
e (VD) MRS 12 1], SEERL 2, 2016, 37(5):
1953-1959.

MaS Y, Zhu F, Shang Z F. Reduction kinetics of Cr(VI) in
chromium contaminated soil by nanoscale zerovalent iron-copper
bimetallic[ J]. Environmental Science, 2016, 37(5) : 1953-1959.
Guan X H, Sun Y K, Qin HJ, et al. The limitations of applying
zero-valent iron technology in contaminants sequestration and the
corresponding countermeasures: the development in zero-valent
iron technology in the last two decades (1994-2014)[]].
Research, 2015, 75, 224-248.

Yuan Y, Bolan N, Prévoteau A, et al. Applications of biochar in

Water

redox-mediated reactions [ J ].
246. 271-281.
Su HJ, Fang Z Q, Tsang P E, et al. Remediation of hexavalent

Bioresource Technology, 2017,

chromium contaminated soil by biochar-supported zero-valent iron

nanoparticles J]. Journal of Hazardous Materials, 2016, 318
533-540.
Su H J, Fang Z Q, Tsang P E, e al. Stabilisation of nanoscale

zero-valent iron with biochar for enhanced transport and in-situ

remediation of hexavalent chromium in soil [ J]. Environmental
Pollution, 2016, 214 . 94-100.
RN, 25, XIENE. S-S0 i A i S e

T HLRINTTC R )], 3R, 2016, 53(2) : 277-291.
Wu Y D, Li F B, Liu T X. Mechanism of extracellular electron

transfer among microbe-humus-mineral in soil; a review [ J].

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Acta Pedologica Sinica, 2016, 53(2) . 277-291.

Wi, TRAT, BoBite. 28 A P DA S5 S Rk A Cr
(VDYBFFE[J]. BREERIE, 2013, 34(7) : 2650-2657.

Tang J, Wang Z X, Xu X H. Removal of Cr( VI) by iron filings
with microorganisms to recover iron reactivity[ J].
Science, 2013, 34(7) : 2650-2657.

Wu Y D, Luo X B, Qin BL, et al. Enhanced current production

by exogenous electron mediators via synergy of promoting biofilm

Environmental

formation and the electron shuttling process[ J]. Environmental
Science & Technology, 2020, 54(12) . 7217-7225.
Zhang L, Lei J P, Liu J T,

nanoprobe for biosensing and lifetime imaging of cell apoptosis via

et al. Persistent luminescence

time-resolved fluorescence transfer [ J ].
Biomaterials, 2015, 67 323-334.
Liu K, Li F B, Cui J H, et al. Simultaneous removal of Cd( II )

and As( Il ) by graphene-like biochar-supported zero-valent iron

resonance energy

from irrigation waters under aerobic conditions: synergistic effects

and mechanisms [ J ]. Journal of Hazardous Materials, 2020,
395, doi; 10.1016/]. jhazmat. 2020. 122623.

Parker D L, Borer P, Bernier-Latmani R. The Ieshgnse of
Shewanella onELdemls MR-1 to Cr( ) toxicity dlffqurorﬁ that
to Cr(VI)[J]. 2 d01 10.
3389/fmich. 201F. 00223. rd

Yin Y R,'Stl;en CY, Bi XY,

| 8
chromium  from

honnerq in Microbiology 2011,

Remov-al of -ﬁ-exdvalent
fabnﬁdtmg
heleroaggregdtes i montmorillénite mlcropamcles w1th 'ﬂdnostale
Z€er0- leent 1r0n[ﬂ &wntg,flc Reports 2020, 10( 1) Ao : 10
1038/34\1598 020-69244-7, _‘ﬂ -
Han R, L1 F B, Liu r[""’X, et al. Effects of incubation mnditi(;ns_:-'
0 nCr( V[) ediction hy c-type cytochromes in 1ntact ghewane[la
[R-1 cells[] !
doi; 10, 3389/fmlcb 2016. 00746.

Springthorpe S K, Dundas C M, Keitz B K. Microbial reduction
of metal-organic frameworks enables synergistic chromium removal

2019, 10 (1), doi: 10. 1038/

et al.

1 .
adqueous solution by novel

oneLdensw Frontiers in Mlcroblology, 2016 7

[J]. Nature Communications,
s41467-019-13219-w.

Ding Y Z, Zhou Y F, Yao J, et al. Molecular evidence of a toxic
effect on a biofilm and its matrix[ J]. Analyst, 2019, 144(8) .
2498-2503.

WRA, KA, BRE. BUEYIEE Cr( VD) IHLEHT I R
[J]. 5 THE, 2015, 33(1) : 32-36.

Xu TS, OuJ, Ma C C. Advances in mechanism about microbial
reductlon of Cr( VI)[J]. Environmental Engineering, 2015, 33
(1):32-36.

Pradhan D, Sukla L. B, Sawyer M, et al. Recent bioreduction of
a review [ J].
Journal of Industrial and Engineering Chemistry, 2017, 55 1-20.
Jobby R, Jha P, Yadav A K, e al.

biotransformation of hexavalent

hexavalent chromium in wastewater treatment:

Biosorption and
[C(V) ]: a
comprehensive review[ J]. Chemosphere, 2018, 207 255-266.

UM, AT, ShRsEE, 5. Fe( 1) M40 TR AR
HAE AsCID) S ALE RS PEIBLHILT]. Bh2fid i, 2020, 65
(11): 997-1008.

Hong Z B, Fang L P, Zhong S X, Fe ( I )-mediated
activation of oxygen by goethite for the As( lll ) oxidation and the
Chinese Science Bulletin, 2020, 65 (11) .

chromium

et al.

mechanisms [ J ].
997-1008.
Liu K, Li F B, Zhao X L,

carbonaceous supports in enhancing arsenite oxidation and

et al. The overlooked role of
removal by nZVI: Surface area versus electrochemical property
[J]. Chemical Engineering Journal, 2021, 406, doi: 10. 1016/
j. cej. 2020. 126851.



HUANJING KEXUE Vol.42  No.9

Environmental Science (monthly) Sep. 15, 2021

CONTENTS

Spatiotemporal Distribution and Health Impacts of PM, 5 and O in Beijing, from 2014 t0 2020  «+eresreerrersrsmsssnenensnnsnscninnessns e CHEN Jing, PENG Jin-long, XU Yan-sen (4071 )
YANG Xiao-hui, SONG Chun-jie, FAN Li-hang, et al. (4083)
Impacts of Anthropogenic Emission Reduction and Meteorological Conditions on PM, 5 Pollution in Typical Cities of Beijing-Tianjin-Hebel in Winter =~ «+reereereesrersosssiennesinncninnenees

SHAOQ Xuan-yi, WANG Xiao-qi, ZHONG Yi-sheng, et al. (4095)
Influence of Pollutant Transport from Both Sides of the Taihang Mountains on Cross-Valley Urban Aerosols WANG Yan, GUO Wei, YAN Shi-ming, et al. (4104)
Variation Characteristics and Source Analysis of Carbonaceous Aerosols in Winter in Jiaghan ««+-veeeesereressemeniennininenniiisn ZHANG Ying-long, LI Li, WU Wei-chao, et al. (4116)
Simulation Analysis of the Impact of COVID-19 Pandemic Control on Air Quality in Henan Province based on Machine Learning Algorithm —«eeseseereressssssennsiiiniie

High-resolution Estimation of Spatio-temporal Variation in PM, 5 Concentrations in the Beijing-Tianjin-Hebei Region

.................................................................................................................................................................. WEI Yu, XU Qi-xiang, ZHAO Jin-shuai, et al. (4126)
Seasonal Variation, Source Identification, and Health Risk of PM, 5-hound Metals in Xinxiang —«+v+ereseeerrsessmsenenssinnesnseseens LIU Huan-jia, JIA Meng-ke, LIU Yong-li, et al. (4140)
Distribution Characteristics and Seasonal Variations of Arsenic in Atmospheric Aerosols over the Yellow Sea and Bohai Sea  «+++ereeeeeeseereens YUAN Shuai, WANG Yan, LIU Ru-hai, et al. (4151)

Extinction Characteristics of Aerosols and the Contribution of Pollution Sources to Light Extinction During Three Heavy Pollution Episodes in the Winter of 2020 in Tianjin »«««+«+sessesseeeeees

-+ LI Li-wei, XIAO Zhi-mei, YANG Ning, et al. (4158
Spatial Variation of Surface Ozone Concentration During the Warm Season and Its Meteorological Driving Factors in China «+-«+eeeseeseeveeseseeneens HE Chao, MU Hang, YANG Lu, et al. (4168
Exploring Characteristics and Causes of Summer Ozone Pollution Based on Process Analysis in Wuhai ZHANG Rui-xin, CHEN Qiang, XIA Jia-qi, et al. (4180
Pollution Characteristics and Source Analysis of Atmospheric VOCs in the Coastal Background of the Pearl River Delta «+«+++s+seeseeeeeees YUN Long, LI Cheng-liu, ZHANG Ming-di, et al. (4191
++ KONG Xiao-le, YANG Yong-hui, CAO Bo, et al. (4202
CHENG Bing-fen, ZHANG Yuan, XIA Rui, et al. (4211

Pollution Level, Distribution Characteristic, and Ecological Risk Assessment of Environmentally Persistent Pharmaceutical Pollutants in Surface Water of Jiangsu Province «+«+«+sesseseerseseeses

Hydrochemical Characteristics and Factors of Surface Water and Groundwater in the Upper Yongding River Basin

)
)
)
)
)
)

Temporal and Spatial Variations in Water Quality of Hanjiang River and lis Influencing Factors in Recent Years

.................................................................................................................................................................. ZHAO Mei-mei, FAN De-ling, GU Wen, et al. (4222)
Spatial and Temporal Distribution and Pollution Evaluation of Soluble Heavy Metals in Liujiang River Bagin «+s«+seseeseesererenseesenennes ZHANG Wan-jun, XIN Cun-lin, YU Shi, et al. (4234)
Source Analysis and Health Risk Assessment of Heavy Metals in Groundwater of Leizhou Peninsula SHI Huan-huan, PAN Yu-jie, ZENG Min, et al. (4246)
Distribution Characteristics and Health Risk Assessment of Metal Elements in Groundwater of Longzici Spring Area +++++* XIE Hao, LIANG Yong-ping, LI Jun, et al. (4257)

Seasonal Variation and Sources Identification of Dissolved Sulfate in a Typical Karst Subterranean Stream Basin Using Sulfur and Oxygen Isotopes «+x«+ssssessesessessensenseemenennsninensnnnnens
*+ REN Kun, PAN Xiao-dong, LAN Gan-jiang, et al. (4267)
Phosphorus Fractions and Quantitative Identification of Pollution Sources in Nanhai Wetland, Baotou -+ BAI Ya-hong, QIAN Chen-ge, YUAN Si-jing, et al. (4275)
Release Risk of Phosphorus by Sediments and Its Influencing Factors in Ponds and Ditches of a New Urban District Park —«+xeseeseseesseseserennennens LI Ru-zhong, SONG Min, YANG Ji-wei (4287)
Effect of Hydraulic Residence Time on Removal Efficiency of Pollutants in Subsurface Flow Constructed Wetlands and Analysis of Denitrification Mechanism ~+-+
........................................................................................................................................................................ QI Ran, ZHANG Ling, YANG Fan, et al. (4296)
Enhanced Removal of Pollutants in Constructed Wetlands with Manganese Sands MA Quan, WANG Dong-lin, LIN Hui, et al. (4304)
TAO Li, WANG Pei-fang, YUAN Qiu-sheng, et al. (4311)

Structure of Aerobic Denitrification Bacterial Community in Response to Dissolved Organic Matter in Baiyangdian Lake During the Water Delivery Period «+«+esseseerseeeesenenssnincnennnens

Application Effect of Four Typical Submerged Macrophytes on Removing Cadmium from Polluted Sediment

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHOU Shi-lei, ZHANG Tian-na, CHEN Zhao-ying, et al. (4319)
Nitrogen and Phosphorus Leaching Characteristics and Adsorption Properties of Hardwood Biochar in Stormwater Runoff -~ ++++essesresvereeneenes MENG Yi-ke, WANG Yuan, WANG Chuan-yue (4332)
Indicator Function of Ragworm ( Nereididae) on Sediment Microplastic in Haizhou Bay Intertidal Zone —««+s++sesseeseereesenmemncnennnnes WANG Jia-xuan, SONG Ke-xin, SUN Yi-xin, et al. (4341)
Antagonistic Effect and Mechanism of Nano Titanium Dioxide and Cadmium on the Growth of Scenedesmus obliquuis ««++++++sessersereeneserenesnes WANG Pu, ZHAO Li-hong, ZHU Xiao-shan (4350 )
Mutual Influence Between Microbial Community, Wastewater Characteristics, and Antibiotic Resistance Genes During Spiramycin Production Wastewater Treatment —+-«+seseesseeeresesnensenees

........................................................................................................................................................................ WU Cai-yun, LI Hui-li, QIN Cai-xia, et al. (4358)
Effect of Chelated Iron on Nitrogen Removal Efficiency and Microbial Community Structure in the Anaerobic Ferric Ammonium Oxidation ««+sesseseeseseserenemiemenenenninensinnee
LIAO Hong-yan, SONG Cheng, WAN Liu-yang, et al. (4366)

Effects of Dissolved Oxygen on Nutrient Removal Performance and Microbial Community in Low Carbon/Nitrogen Municipal Wastewater Treatment Process «+s«+ssssesseeesesensenseneseneneenes

CHI Yu-lei, SHI Xuan, REN Tong, et al. (4374)
Shortening SRT of Intermittent Gradient Aeration to Realize Nitrogen and Phosphorus Removal in Short-range SNEDPR System *+ ZHANG Yu-jun, LI Dong, WANG Xin-xin, et al. (4383)
Characteristics of Partial Denitrification in Biofilm System ««+«++s+sssesesssessessnesinenniinininsinn e YU Li-fang, ZHANG Xing-xiu, ZHANG Qiong, et al. (4390)
Effect of Anaerobic Plug-flow on Nitrification Denitrifying Phosphorus Removal Aerobic Granular Sludge with Intermittent Aeration ++= LI Dong, CAO Si-yu, WANG Qi, et al. (4399)
Combining Different Aerobic/ Anoxic Durations with Zoned Sludge Discharge to Optimize Short-cut Nitrification Denitrifying Phosphorus Removal Granules in Domestic Sewage «++++++esveeeee
WANG Wen-qi, LI Dong, GAO Xin, et al. (4406)
Meta-analysis of the Effects of Metal Mining on Soil Heavy Metal Concentrations in Southwest China ««+++++eseeeeeeee ZHANG Jian-lin, QU Ming-kai, CHEN Jian, et al. (4414)
Distribution Characteristics and Ecological Risk Assessment of Soil Heavy Metals in Typical Watersheds of the Qinghai-Tibet Plateau «+++* DU Hao-lin, WANG Ying, WANG Jin-song, et al. (4422)
Spatial Distribution Characteristics and Risk Assessment of Cadmium Pollution in Soil-crops system of an E-waste Dismantling Area »«+++++sese+e- ZHANG Lu-yao, ZHAO Ke-li, FU Wei-jun (4432)
Characteristics of Modified Biochars and Their Immobilization Effect on Cu and Cd in Polluted Farmland Soil Around Smelter ««++«++++++ WANG Xin-yu, MENG Hai-bo, SHEN Yu-jun, et al. (4441)
Combined Effects of Soil Amendment and Zinc Fertilizer on Accumulation and Transportation of Cadmium in Soil-Rice System +-++++++-- ZHOU Kun-hua, ZHOU Hang, WANG Zi-yu, et al. (4452)
Effects of Different Soil Conditioners on Rice Growth and Heavy Metal Uptake in Soil Contaminated with Copper and Cadmium - -+ WEI Wei, LI Ping, LANG Man (4462 )
Isolation and Identification of the Plant Endophyte R-13 and Its Effect on Cadmium Accumulation in Solanum nigrum L. «+-++eseereer PANG Jie, LIU Yue-min, HUANG Yong-chun, et al. (4471)
Response of Soil Archaeal Community to Heavy Metal Pollution in Different Typical Regions LI Yu-tong, YANG Shan, ZHANG Yi, et al. (4481)
High-throughput Sequencing Analysis of Soil Bacterial Community in the Grain for Green Project Areas of the Loess Plateau - : -+ LIU Xiao-hua, WEI Tian-xing (4489 )
Experimental Influence of Food Waste Fermentation Broth on the Soil Quality in a Loess Hilly Area SHAO Li-ming, REN Jun-da, LU Fan, et al. (4500)
Stahility of Soil Aggregates at Different Altitudes in Qinling Mountains and Its Coupling Relationship with Soil Enzyme Activities ««+«sseeseseersereeneeees MA Huan-fei, HU Han, LI Yi, et al. (4510)
Reactivation of Passivated Biochar/Nanoscale Zero-Valent Iron by an Electroactive Microorganism for Cooperative Hexavalent Chromium Removal and Mechanisms - -

............................................................................................................................................................... LIAO Cong-jian, ZHAO Xiao-lei, LIU Kai, et al. (4520

-+ HAO Lian-yi, ZHANG Li-hua, XIE Zhong-kui, et al. (4527
Effects of Nitrogen Fertilizer Application Times and Nitrification Inhibitor on N,O Emission from Potted Maize FU Pei-jiao, JI Heng-kuan, HE Qiu-xiang, et al. (4538
Gaseous Nitrogen Emission from Soil After Application of NH,"-N Loaded Biochar —+++sessseseseersessersssessiensseicieieinesnnen: MA Xiao-gang, HE Jian-giao, CHEN Yu-lan, et al. (4548
ZHANG Xiu-ling, YAN Zi-wei, WANG Feng, et al. (4558
WANG Jia-yu, CHEN Jing-wen, TANG Wei-hao, et al. (4566

Influence of Precipitation Change on Soil Respiration in Desert Grassland

Effects of Microplastics Addition on Soil Organic Carbon Mineralization in Citrus Orchard
Dynamic Material Flow Analysis of Perfluorooctane Sulfonate in China; 1985-2019




