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Competitive Microbial Oxidation and Reduction of Arsenic
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Abstract ; Filters are widely applied in drinking water treatment plants. Our previous study, which explored the asenic redox in a filter

of drinking water plant treating underground water, found that As’*

could be oxidized to As’* by biogenic manganese oxides, while
As’* could be reduced to As** by some microbial arsenic reductases in the biofilter system. This microbial competition could influence
the system stability and treatment efficiency. To explore its mechanism, this study selected a manganese-oxidizing bacterial strain
( Pseudomonas sp. QJX-1) and a arsenic-reducing strain ( Brevibacterium sp. 1SJ-9) to investigate their competitive relationship in
nutrient acquisition and arsenic redox in the presence of Mn>* | As®* or As’*. The results revealed that the concentration and valence
of Mn and As varied with different reaction time; biological manganese oxides dominated the arsenic redox by rapidly oxidizing the As’®*
in the existing system and the As’* generated by arsenic reductase into As’*. PCR and RT-PCR results indicated that the arsenic
reductase (arsC) was inhibited by the manganese oxidase (cumA). The expression of 16S rRNA in QJX-1 was two orders of magnitude
higher than that in LSJ-9, which implied QJX-1 was dominant in the bacterial growth. Our data revealed that hydraulic retention time
was critical to the valence of arsenic in the effluent of filter in drinking water treatment plant.

Key words : oxidation and reduction of asenic; manganese oxides; microbial competition; biofliter; nutrient
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308 3 I A i S A R o R R 2 Y
BT, 2 TR0k et 3 T A 0 5 v 5 A = R AR R A i
itk S W A A — R AR A R T 2
o Mn®* | As(As® | AS’) IR AH 5 [R] B AE AR
BF X As B9 LA it S 0 23 [R] B i A 5 4 0l fif
TEAS B2 - BIAR S A0 TR P P A 09 5 S8 A, 4
AS AR ASTT TR B RCKS AS’ T IR K AsTT
[F]ERE, PR AN A B I8 23 e s 6] B R, DUEAR
I Gt A Yy b Ak B K e
B B REAIL, ELARA AN =220 AS’ B A e, 4
IR R A AR AR ) SR AR B T AR A L T
AW OA R AR g R S R AR, BN
As(AS’ ™ AS’) W R 7K 48 08 Tt AF FH A K LA
AST R E. NRAERRE, DL R AR R A 1
PR R AT B 58 X 52, 45 A 34K 43 #7 S o+
Rzl , PRSP TR PR A K R B 5 4 DL RO ) A/
EIRTEF R OCFR , LU A 08w 5 Ak 22 B b R K
o Mn®* | As $ROEFEIS SRR

1 MRS

1.1 R FREEFE R

W AR 35 2 R PYG 1% 3% 3 ( peptoneyeast
extract-glucose ) : it 0. 25 g, BEREE 0. 25 g, &5 H
% 0.25 g,MgSO, -7H,0 0.5 g, CaCl, -2H,0 60 mg,
7&K 1 L, | HEPES ( N-2-Hydroxyethylpiperazine-
N'-2-ethanesulfonic acid,4-% Z FENREE 26515 ) 717
pH K 7.6 0.2, B KA.

S R B R TR O R AT R LS- 9
( Brevibacterium sp. 1S8]-9) ,iZ Bk A8 2 R BHME %
PRI TC AT, S APAR e RS2 S g B Y
TR AR B AR A AL RO BRI QUX-1
( Pseudomonas sp. QJX-1)" % B Rk N H 22 FCBATE
ageat v o [ I o N S o R G R
P AR DI 3 ) g Al A5 ).

PR AF T - 80°C VKA 1 ) Pseudomonas sp.
QJX-1 #0 Brevibacterium sp. 1.SJ-9 WK 3 mL, 737l jn
FAAT 27 mL HifE PYG B339 100 mL 4R
H1,309C, 170 r-min " fEIEAR 1R 24 h, B3 mL 35
FRIG R, A FIRERAE  SE U BRI AL,

L2 PIRREN As™ | As™ HYSEALIR 5

IR IR TERAL JS O TR 20 mL, [R) B 22 2 A
160 mL 7 fif PYG HiF= 4 H) 500 mlL HEFHA P, 8
HEPES 220 . Mn®* BRI As(As* | AS™) B

— R K TS 9 0. 22 wm JEBSEE I8, AR M) B
FrBe AR Mn® T R BER 5 mg- L7 As (AS’T
As* ) Y E H 0.75 mg-L~",30°C, 170 r+min ' {H
TR SR 72 h. 55 AR v a) B 4 s I 1) IBORE
FAZE 0.22 pum PRI I8 38 0 o R 5 45 5
JEF R HHGIEE (700 series ICP-OES) Ml Mn®* (1)
VR EE G SR OO EIEEE As® FILEL As VR
AR ZAE T, 5B Pseudomonas sp. QJX-1 B Bk PRl
A4k Mn®* Il Brevibacterium sp. LSJ-9 R B A 5
AS* VRSN RS | IR S g i E 3 4°FAT.
1.3 PIRRE A K I RER Ik S

AFFER, cumA TEAR M T B S A e rp o2
WAL D] T arsC 2 WA 0 240 T B A 38 2 17
FEEIEH. FIR A PCR J Real-time PCR 4347
WIARAE [A] — PR 58 T AR K ST 4 e T RE R 5 e 4+ 1Y
KA.

(1) RNA $2IC5 fefesk ARAESLE 4,9 h 1
FREEP AR Z 27 h IR ARAE T3E 4% ,51 h
IRBFEE”. PR 9, 27, 51 hiXx 3 AN [E] £
HUFE 1. 8 mL, FH Trizol ¥ ( Tiangen , China ) $2& HUFE i
W R ) B RNA, A FastQuant RT Kit ( With
gDNase) ( Tiangen, China) ¥ & RNA Jz %% 5% K
cDNA.

(2) PCRY B DL &R cDNA AR, 5 5%
1943 TR 1) ) R 3 P ——Z2 i S8 AL cumA ™) Rl 34
JE arsC"'® YEAT PCR 9788, #3398 Brevibacterium sp.
1LSJ-9 Fl Pseudomonas sp. QJX-1 iR cDNA 7
B Bt I A B T R 16S rRNA AR X4 57 4 1 751
Yy, W51 4 43 0 DA 4l R 79 cDNA g i, #E 4T
PCR §"34. TR Y PCR 514 Je ) 3 2 56 1
fi7n. PCR SR H 20 pL 7341k &, 2 x Tag PCR
Master Mix 10 wL,Forward primer(10 wmol-L™")0. 4
pL,Reverse primer (10 wmol - L™") 0.4 L, ddH,0
7.2 wL, B 2w, SEER i E 3 41T

(3) Real-time PCR f iR 4l 116S rRNAFlI
arsC BEP B PCR 971y = Wy alife | IS 15 2 1 ifF
L AW R TR, LhA B BRLVE AR
LU P HUAY L RNA S He 5% DNA Dy B, AT
Real-time PCR, i1 5845 W Bt Pseudomonas sp. QJX-1
W EFN Brevibacterium sp. 1.SJ-9 B #E16S rRNAE D1
HOR4s B B BRI RR 16S tRNAFE DUBZ [, DL A5 By
Bt arsC FEH 145 D1 EL. Real-time PCR 2k H 20 pL
Pra K &, 2 x SuperRealPreMix Plus ( with SYBR
Green 1) 10 pL, 50 x ROX Reference Dye 2 L,
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Forward primer( 10 wmol-L")0. 4 pL,Reverse primer
(10 pmol-L™")0.4 uL,ddH,0 5.2 pL,HiHR 2 pL,

LI E 3 1T, TR HAY Real-time PCR 5|49
P B &R 1 iR,

%1 PCR, RT-PCR 3| Ry a5 4"

Table 1  Sequence of the primers and thermocycling condition for PCR and RT-PCR
] 51¥1(5'-3") R A ik
umd (800bp) cumAIdg2B: GAYGCCGGYAGCTACTGGTAYCACCC 94°C 3 min; 94°C 30 s, 45°C30 s, 60°C 1 min; 72°C 2 min; (171
cum P cumAIdgR : ACYTTGAARSYCATGCCRTGCARRTG 30 RAGH
C(353bp) amli42f: TCGCGTAATACGCTGGAGAT 95°C 5 min; 95°C 45 s, 60°C 45 5, 72°C 1 min; 72°C 2 min; [16]
ars P aml376r: ACTTTCTCGCCGTCTTCCTT 40 YARFF
C(353bp) amlt42f: TCGCGTAATACGCTGGAGAT #95°C 15 min; 95°C 45 s, 60°C 45 s, 72°C 1 min; [16]
as P amlt376r: ACTTTCTCGCCGTCTTCCTT 40 YAEH
S F:AGACGGTTTACGCTGTCACTT #95°C 15 min; 95°C 30 s, 45°C 30 s, 60°C 1 min; e
- e
16S (ST R:GGTACTTGTTCTTCCCTAACAACA 40 RIGHA B
163 (BN F:GGTACTTGTTCTTCCCTAACAACA #94°C 15 min; 94°C 30 s, 45°C 30 s, 60°C 1 min; K

R:CCACTGGTGTTCCTTCCTATATC

30 KAEH

1) * 75 Real-time PCR §" 34 454

2 HR5ITE

2.1 PRRERXT As® B A BYSAB IR

HERFE RN As™ | As™ IR R 3E 4
¥ 1.2 WA Jrdk, B M T Pseudomonas sp.
QJX-1 gl 4 Ak Mn®* & Brevibacterium sp. 1.S]-9 H.
IIAIE AS’ T )R I 1. AR, Pseudomonas
sp. QIX-1 WK 9 h ZEA47 AR KGR RIS K, JFHF I A
ANEEAA [ 1(a) ). 5 Pseudomonas sp. QJX-1
%Hﬁiﬁﬁ%*ﬁ{u,Brevibacterium sp. LSJ-9 HkE9
h Ze A AEAGR B R T 5 Z AN R Y S, 78 R AR
KRB ZHT, AS™ A IRPRFE B 1(b) ]. X
S TRV E AL R 06, SREE P i As® Al
T S i A PP ) 8 i A R A L A A
RCGH L P AR e B 3 1) 4 RO A 25 04 LY ars € R
WA R AS® PR A AR (R A R A
FE S R S AR SRR A ) (4 A K P R AR Y
WFE. I cumA TG PEIE R F5 2 Mo (95 S,
Mn®* BUAFTE R AR AR K A AR L SR 3R DR I A
AMKRETERB A EREEZ)E.

[ B 52 B T = M i B AL A AR 3R 5 SR R T
PRXT As® | AS™T B ERAIE IR a4 QiR 2. S TBR
PN FRA H T B AR [ R SR, =ik R op
AT A AR A B I R B B AE S [ 2 (a) ], 1H
B2 Mn®* 1AL TR 98. 3% , A U AR W A AL
Xt As’T AL R IR 95% | 5 G B A W A AL
PSR AL As®T Y ORI RIVA A DB 11 A7
FE AN i A W AR R AST B SRR,
MR R A BE R B —ERRE (73% ), EY)
AALETIT IR A AL A R As® T [ 2(b) T, T e s -

AR B 340 J5L BT B 5 TR Y fi R R (86% )
R B 25 HE S A DL AS® 1B AR L. 25

FWL, B AT, P BR bR 2 S B T AR A AR ik
JEAE T (E 5 28 1 ) S8 A 0 A ) S A A A L
T A S R A SR O R T LA
AN REIS ], B 3R B vf Mn 5 As #7176 B9 5 LU
Lty 25 AN [, dy g mT A 8 oKk g 45 B8 1]
(HRT) BAN[R] 22 52 0 th K i | ) e e S/ 9

6 0.6
(a) Pseudomonas sp.QYX-1¥EAMn® iy %tk
-
- 4t — "800 {4
o
? —a—Mn?* =
= —o— Do <1
=
s 2l J02
0k . . -T—Iml——la_.—l—l -0
0 15 30 45 60 75
0.8 0.6
(b) Brevibacterium sp. LSJ-9 BT As™ sk
0.6 | /’*u\.—n/u -
- 4 0.4
T_::) —a—As™
=
£ 04} D
% 402
0.2
S USTY:
0 . ) . 10
0 15 30 45 60 75
t/h
E1 EHREKBEERSHIX Mn** | As’* HI1EA

Fig. 1 Strain growth curves and effect of Mn?*

and As’* |

respectively
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A, NS KK B 45 BE A e 4, A ) SR AL A
KFEEFE A’ WA RBN RO EER B,
I HAR Z E AL W &) As™ B B 8 R AS
LY R AS® Y AL R R T L As B R B 25
. Devi %' 7E X R[] HRT X A 2 B 2k S 4 BF
FEPAL R AR 5T 488 10 h XFA Y 25 BR AL
RENTIFEH 2 ~8 h.

0.8 — 6
__{ (2) ZMPER
M
0.6 [ 15
- 14 =
L L] As\+ 5
% —eo—As E‘-‘
E 04p —A—AgSt =
= 12 ©
0.2
o+ ‘%“*—“*/ H0
0 15 30 45 60 75
0.8 - 6
(b) FATERIER
?\N‘(/
0.6 -
L 1 2
g Z
= 0.4 =
< ‘E
< e
2 o
02F
0 4o

0 15 30 45 60 75
t/h

B2 FREREN Mo’ | ASHIRETR
Fig. 2 Concentration changes of Mn?* and As in the

coexistence of two strains

2.2 WA R RIIBERIBTE R
2.2.1 PCR ¥

R EE Y R A R AEXT B S TE v i DAY
JELPR X PR B R A D REEE I 64T T PCR 973, i 8]
3 ATLLE th, 240 S AL cumA (800bp ) 7EPFIIK & i
WA 2K AR S5 arsC (353bp ) H7E LA ifi 4
F Oh FES A RIE  HARITRIRE S P R R,
WCAHEIN S At R Y cumA FEPRANE] T arsC BERH AR
ik, 1§15 Brevibacterium sp. 1.S]-9 TERRAIA 57 )
i, Greene %5 FERFST I At Ak B B 8 ( NR-SOB )
FIBRBRER I U (SRB) 5 40 I o 75t AR LAY 2518
MRS T SO A, PR R IG IR rh Mn® R 20
Aot E A, i EZLL A BIE S AEAE R TR AL
WERE T EARIEM P AR U, A 5
BEw K E A KR AsT R

800 bp

(b) arsC’
1 ~3 23 HIFR =M R 9 27, 51 h;
4 ~6 SPMFRIMBIAR 9,27 51 h
3 IhgeEE PCR ¥ =Y IR RS HE R AL AR ik
Fig. 3 Agarose gel electrophoresis of PCR products of the

functional genes cumA and arsC

2.2.2 Real-time PCR 43#7

Rt LW TR AR A K R A ] | E SR
PIR Y58 4 2, XTI PR 16S rRNABEAT Real-time
PCR ER . M8 4(a)  4(b) W[ F i, R 41
(9 h),16S rRNAF A IR KAE, 5K 1 45584
A5, RIS 6] | 8 379 T =5 6 i, T B R 34 AT R AR
K. HWE R G Pseudomonas sp. QJX-1 Hik 5
Brevibacterium sp. 1SJ-9 F#E16S tRNA A @ Z
SN 2,63 x 10* Fi1 1. 53 x 10%, F W Pseudomonas
sp. QIX-1 J2UHIE , TE R — PR P A . B
23 (8], E SR E s, 16S rRNA Y Rk HE 4y
WS, (H (WK, 27 h BPRAY16S tRNA KA
R HIh 2.86 x 10° 1 1.76 x 10°, 51 h 435
H3.13x10° 4.4 x10°. FH=R] | ERYTE
U S T AR 8 A AR AT 34 5 T 4% 8] 174 3
PRI MR X SRR A ] E R
YIS TR 5 R A G, A 8 4ol 5 A AL TR B T 9%
BIRWD R E R RKAGE AT

it HT I RERE R SE DG R X arsC A
P17 T Real-time PCR Em AT K 4(c) ], 450 %
B, ORI, AR R arsC SEF B Z B H A4
A — B g, B AS’ T BFTE A T arsC 5E
PRI ERIA. B RS HELT  arsC HE PR B B W /D
H. Brevibacterium sp. LSJ-9 HFikE16S tRNAY arsC 3
PRI 3K B AH L IR A 25 PN ECR 2L B X FEEL 3
Kl 4 TTLIE ), Pseudomonas sp. QJX-1 B&HELESE S
A= Y ER B s 3 B35 M Brevibacterium



2 4 Wl s . R PR ) AR R T 613

- a) = 3
2.00E+H010 = @ =Hroviex
[ Pseudomonas sp. QIX-1
Brevibacterium sp. LS§J-9
_LO0E+010 | I
|
E 5 —=
B 50084007 | i
® %
4.00E+007
9 27 51
) (b) EMNBHER
2.00E+010 | T
[ | Psendomonas sp. QIX-1
|| Brevibacterium sp. LSJ-9
L.LOOE+010 |
:‘E‘ A= s
&
= 160E+008 |
® T
8.00E+007 | /
9 27 51
120000
; (c) arsCHEF L
/ ] =twmikz
/ A i brabik
- 80000 L /
5
E
& /
S
40000 . £ /T
0

=1

27 51
t/h

4 FEHREME16S IRNARIZER arsC EERIE
Fig. 4 Expression of 16S rRNA and arsC at different

growth stages of the two strains

sp. LSJ-9 BPRAYAA , {H Rl % S
R T arsC R IR
2.3 HEEEN
AR T 2R 2 i as T K R
A2 B ) 5 4 O 2R 5 ) B b BT 25 R e e 1 sk
RO TR AR LS R [, S 80K R4
i o E/M“ /WA BERE RN IR AN [ AR Ak,
AR, 5k i R K T LA A Ry T RN IS ) 4 i
IR HCRE AS® T 38 5, T A B AR ) SR A A A R
RO S AS® T AR, RO R T K AR R i B
PE. #E—PBUE T HRT &8 38t % i (1) 81k 2L BRI
22 S KoK B, PR ORI 5 0 Tt B T ol A=
S AT T AT A VE FE AL, DA 5 5 it

,cumA

%k Mn . As S5 FRUBCR  FRAGH K #EME
3 i

(1) cumA FEFNH] arsC & 1) F 38, T REAR
T Brevibacterium sp. 15J-9 BREXT As™ B8 JF M
BV A oy AR A A R e 8 S AR AR T A A X i ) i
SN

(2) Pseudomonas sp. QJX-1 HR16S rRNAF:[H
FIR IR Brevibacterium sp. 1SJ-9 T #E = A4~
B g, RIEXS AR R W3R8 (25 10] L B IR ) 524+
H | Pseudomonas sp. QJX-1 FRFRIGZ L

(3) SR AL TR 5 B g SRR A/ AL AS [, A
(LIPS AN N L1 6 R S (A7 7 N R D e SN o T
TR uEM R HRT W)L, 5200 H 7K 7K .

SE Lk

[ 1] EPA. Technologies and costs for removal of arsenic from drinking
water[ R]. Washington DC; U. S. EPA, 2000.

[2] Herbert K J, Holloway A, Cook A L, et al. Arsenic exposure
disrupts epigenetic regulation of SIRT1 in human keratinocytes
[J]. Toxicology and Applied Pharmacology, 2014, 281 (1) :
136-145.

[3] R, Wy, B, 5. s R wie 2 it R
[J]. BRIERISE, 2011, 32(3) ; 817-824.

(4] TZ&Wh, BWE, KEL. HRKEEHESHT].
AR BRI |, 2007, 37(2) : 319-325.

[5] Wang Y X, Duan J M, Liu S X, et al. Removal of As( ') and

AR

As( V) by ferric salts coagulation-Implications of particle size
and zeta potential of precipitates[ J]. Separation and Purification
Technology, 2014, 135 64-71.

[ 6 ] Katsoyiannis 1 A, Zouboulis A 1. Application of biological
processes for the removal of arsenic from groundwaters[ J]. Water
Research, 2004, 38(1) . 17-26.

[ 7] Katsoyiannis I A, Zouboulis A 1, Jekel M. Kinetics of bacterial
As( IIl') oxidation and subsequent As( V') removal by sorption
onto biogenic manganese oxides during groundwater treatment
[J]. Industrial & Engineering Chemistry Research, 2004, 43
(2): 486-493.

[ 8 ] Bruins J H, Petrusevski B, Slokar Y M, et al. Biological and
physico-chemical formation of Birnessite during the ripening of
manganese removal filters[ J]. Water Research, 2015, 69 ; 154-
161.

[9] Han X, Li YL, GuJ D. Abiotic oxidation of Mn( Il ) and its
effect on the oxidation of As(Ill) in the presence of nano-
hematite[ J]. Ecotoxicology, 2012, 21(6) : 1753-1760.

[10] Watanabe J, Tani Y, Chang J N, et al. As(Il) oxidation
kinetics of biogenic manganese oxides formed by Acremonium
strictum strain KR21-2[ J]. Chemical Geology, 2013, 347 ; 227-
232.



woooH

2% 37 %

[12]

[13]

[17]

[18]

[19]

Bai Y H, Liu R P, Liang J S, et al. Integrated metagenomic and
physiochemical analyses to evaluate the potential role of microbes
in the sand filter of a drinking water treatment system[ ] ]. PLoS
One, 2013, 8(4): e61011.

Katsoyiannis I A, Zikoudi A, Hug S J. Arsenic removal from
groundwaters containing iron, ammonium, manganese and
phosphate : A case study from a treatment unit in northern Greece
[J]. Desalination, 2008, 224(1-3) : 330-339.

Devi R, Alemayehu E, Singh V, et al. Removal of fluoride,
arsenic and coliform bacteria by modified homemade filter media
from drinking water[ J ]. Bioresource Technology, 2008, 99(7) :
2269-2274.

JEVIRIR , AARENE , B2 4Hl, 5. Pseudomonas sp. QIX-1 B4 &
TERFPERESE [ T]. EERI2, 2014, 35(2) ; 740-745.
Brouwers G J, de Vrind J P M, Corstjens P L, et al. CumA, a
gene encoding a multicopper oxidase, is involved in Mn?*
oxidation in Pseudomonnas putida GB-1 [ J]. Applied and
Environmental Microbiology, 1999, 65(4) : 1762-1768.

Sun Y M, Polishchuk E A, Radoja U, et al. Identification and
quantification of arsC genes in environmental samples by using
real-time PCR[J]. Journal of microbiological methods, 2004, 58
(3):335-349.

Francis C A, Tebo B M. CumA multicopper oxidase genes from
Mn ( II )-oxidizing and
[J]
Microbiology, 2001, 67(9) : 4272-4278.

Gladysheva T B, Oden K L, Rosen B P. Properties of the
arsenate reductase of plasmid R773[ J]. Biochemistry, 1994, 33
(23) . 7288-7293.

Achour A R, Bauda P, Billard P. Diversity of arsenite

diverse non-Mn ( I )-oxidizing

Pseudomonas ~ strains Applied and Environmental

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

transporter genes from arsenic-resistant soil bacteria [ J ].
Research in Microbiology, 2007, 158(2) . 128-137.

Francis C A, Co E M, Tebo B M. Enzymatic manganese ( Il )
Applied and
Environmental Microbiology, 2001, 67(9) : 4024-4029.

Xiu W, Guo H M, Liu Q,

oxidation by a marine alpha-proteobacterium [ J ].
et al. Arsenic removal and
transformation sp. strain  GE- 1-induced

Water, Air,

by Pseudomonas
ferrihydrite; co-precipitation versus adsorption[ J].
& Soil Pollution, 2015, 226 167.

Greene E A, Hubert C, Nemati M, et al. Nitrite reductase
activity of sulphate-reducing bacteria prevents their inhibition by
nitrate-reducing, sulphide-oxidizing bacteria[ J ]. Environmental
Microbiology, 2003, 5(7) : 607-617.

Lawrence D, Fiegna F, Behrends V, et al. Species interactions
alter evolutionary responses to a novel environment [ J]. PLoS
Biology, 2012, 10(5) : €1001330.

Collins S. Competition limits adaptation and productivity in a
photosynthetic alga at elevated CO,[J]. Proceedings of the Royal
Society B-Biological Sciences, 2011, 278(1703) . 247-255.
Gouzinis A, Kosmidis N, Vayenas D V, et al. Removal of Mn
and simultaneous removal of NH; , Fe and Mn from potable water
using a trickling filter [ J]. Water Research, 1998, 32 (8):
2442-2450.

Begum S A, Batista J R. Impact of butyrate on microbial
selection in enhanced biological phosphorus removal systems[ J].
Environmental Technology, 2014, 35(21-24) . 2961-2972.
Carvalheira M, Oehmen A, Carvalho G, et al. The effect of
substrate competition on the metabolism of polyphosphate

accumulating organisms ( PAOs) [ J]. Water Research, 2014,
64 149-159.



HUANJING KEXUE Vol.37  No.2

Environmental Science ( monthly) Feb. 15, 2016

CONTENTS

FEOK'S COMIEIIE +++++++++e+esesssesesesssssessssssssesssesessessse s s s eh st s bt s 44 s b4 4R 4484 4R 440 R4 40844 R b bR R bR bbb bbb bbb bbb bbbt (403)
WANG Tie-yu,ZHOU Yun-giao, LI Qi-feng, et al. ( 404 )
WU Jian-sheng, XIE Wu-dan, LI Jia-cheng ( 413 )
HUANG Bao-rong, CUI Shu-hong, LI Ying-ming ( 420 )
)

)

)

)

Risk Assessment and Risk Management of Chemicals in China

Application of Land-use Regression Models in Spatial-temporal Differentiation of Air Pollution

Ecological Footprint Evolution Characteristics and Its Influencing Factors in China from 2000 to 2010

TIAN Peng-shan, CAO Jun-ji, HAN Yong-ming, et al. ( 427
LIU Hui-lin, SONG Hong-jun, CHEN Zhi-ming, et al. ( 434

Pollution Characteristics and Sources of Carbonaceous Aerosol in PM, 5 During Winter in Guanzhong Area
Chemical Composition of the Single Particle Aerosol in Winter in Nanning Using SPAMS

Correlation Analysis Between Characteristics of VOCs and Ozone Formation Potential in Summer in Nanjing Urban District  ++++++++ YANG Xiao-xiao, TANG Li-li, ZHANG Yun-jiang, et al. ( 443
Seasonal Dynamics of Airborne Pollens and lis Relationship with Meteorological Factors in Beijing Urban Area  ««+sesseseesseseneeees MENG Ling, WANG Xiao-ke, OUYANG Zhi-yun, et al. ( 452
Mercury Distribution Characteristics and Atmospheric Mercury Emission Factors of Typical Waste Incineration Plants in Chongging ««+«+«+esessesesesesssssnnsniiiie

......................................................................................................................................................... DUAN Zhen-ya, SU Hai-tao, WANG Feng-yang, et al. ( 459 )
Characteristics of Atmospheric Dry and Wet Deposition of Trace Metals in the Hinterland of the Three Gorges Reservoir, China -w+++++- ZHANG Liu-yl, LIU Yuan, QIAO Bao-qing, et al. ( 466 )
++ XIE Yu-long, ZHANG Xin-ping, YAO Tian-ci, et al. ( 475 )

Mercury Transport from Glacier to Runoff in Typical Inland Glacial Area in the Tibetan Plateau SUN Xue-jun, WANG Kang, GUO Jun-ming, et al. ( 482 )
)
)
)

Monitoring and Analysis of Stable Isotopes of the Near Surface Water Vapor in Changsha

Characteristics and Risk Assessment of Heavy Metals in Core Sediments from Lakes of Tibet = «+exseereeresesiemeneneninenenininininen GUO Bi-xi, LIU Yong-qin, ZHANG Fan, et al. ( 490
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Surface Sediments of Inflow Rivers to Northeastern Lake Tanganyika -+ YU Cheng, CHEN Shuang, ZHANG Lu ( 499
Over One Hundred Year Sediment Record of Polyeyclic Aromatic Hydrocarbons in the Lake Bosten, Xinjiang «e-vereeeeeerereesesennene SHEN Bei-bei, WU Jing-lu, ZHAO Zhong-hua, et al. ( 507
Distribution Characteristics of Polycyclic Aromatic Hydrocarbons in Different Environmental Media from Qingbang Island, Zhoushan, China -

............................................................................................................................................................ ZHENG Huang, XING Xin-li, GU Yan-sheng, et al. ( 513 )
++ LI Qiang-kun,SONG Chang-ji, HU Ya-wei, et al. ( 520 )
*+ WANG Jing-ping, LI Zhao-fu,LIU Hong-yu, et al. ( 527 )

Transformation of Non-point Source Soluble Nitrogen in Simulated Drainage Ditch

Influence of Landscape Heterogeneity on Total Nitrogen Concentration in Zhongtian River Watershed

Nitrogen Release from Sediment Under Dry and Rainy Season Alternation and Its Contribution to N Export from Xiangxi Watershed in Jiangxi Provinge «+etereeseressersesssennssiisennnen
- HAN Ning, HAO Zhuo, XU Ya-juan, et al. ( 534 )
Spatial and Temporal Distributions of Nitrogen and Phosphate in the Chaohu Lake XI Shan-shan, ZHOU Chun-cai, LIU Gui-jian, et al. ( 542 )
Phosphorus Fractions and Release Risk in Surface Sediments of an Agricultural Headwater Stream System in Hefei Suburban, China ~ +++++++ PEI Ting-ting, LI Ru-zhong, GAO Su-di, et al. ( 543 )
Surface Property and Sorption Characteristics of Phosphorus onto Surface Sediments in Sanggou Bay «+:++eereeseeeserereneninieneininienens ZHU Jia-mei, CAO Xiao-yan, LIU Su-mei, et al. ( 558 )
Particle Size Distribution and Pollutant Speciation Analyses of Stormwater Runoff in the Ancient Town of Suzhou LI Huai, WU Wei, TIAN Yong-jing, et al. ( 565 )
(573)

Abundance of Toxic and Non-toxic Microcystis sp. in Lake Hongze and Its Correlation with Environmental Factors LI Da-ming, ZHANG Tong-qing, TANG Sheng-kai, et al.
Effect of Charge-Transfer Complex on Ultraviolet-Visible ( UV-Vis) Absorption Property of Chromophoric Dissolved Organic Matter (CDOM) in Waters of Typical Water-Level Fluctuation

Zones of the Three Gorges Reservoir Areas JIANG Tao, LIANG Jian, ZHANG Mu-xue, et al. ( )

WANG Hui, SUN Bo, GUAN Xiao-hong ( 588 )

ZHOU Hong-yi, NIE Ya-zhong, CHEN Yong, et al. ( 595 )

(1602)

(609)

Influence of pH on Kinetics of Anilines Oxidation by Permanganate
Effects of EDTA on the Reductive Dechlorination of 2,4-D by Pd/Fe

Preparation of NiAl-MMO Films Electrode and Its Capacitive Deionization Property » WANG Ting, ZHU Chun-shan, HU Cheng-zhi ( 602
Competitive Microbial Oxidation and Reduction of Arsenic ~++«+sesserreseeesenneneens +=+ YANG Ting-ting,BAI Yao-hui, LIANG Jin-song, et al. ( 609
Community Characteristics of ANAMMOX Bacteria in Subsurface Flow Constructed Wetland( SSFCW) for Processing of Aquaculture Waster Water —««-«essereeresseserensenemenennsnininennnnens

............................................................................................................................................................ ZENG Xian-lei, LIU Xing-guo, WU Zong-fan, et al. ( 615 )
Analysis of Pathogenic Bacteria in Reclaimed Water and Impact of UV Disinfection on the Removal of Pathogenic Bacteria «+«+-«+eseessererseseserensinienicnennnnne JING Ming, WANG Lei ( 622 )
Analysis of the Microbial Community Structure in Continuous Flow Reactor Enhanced by Heterotrophic Nitrification and Aerobic Denitrification Bacterium Burkholderia sp. YX02 -+

........................................................................................................................................................................ SHAO Jilun, CAO Gang, LI Zi-hui, et al. ( 630)
Comparative Metagenomics of BIOLAK and A%0 Activated Sludge Based on Next-generation Sequencing Technology +++++++++++eeeseeseeseiseisinnniniinennns TIAN Mei, LIU Han-hu, SHEN Xin ( 638 )
Identification and Nitrogen Removal Characteristics of a Heterotrophic Nitrification-Aerobic Denitrification Strain Isolated from Marine Environment ««+s«ssessesessessersensesemienennsnininennnnens

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SUN Qing-hua, YU De-shuang, ZHANG Pei-yu, et al. ( 647 )
Removal of AOX and Chroma in Biologically Treated Effluent of Chemical Dyestuff Wastewater with Nanoscale Ni/Fe +oveveeeeereeseeseeenenees SHU Xiao-ming, XU Can-can, LIU Rui, et al. ( 655 )
Feasibility of 3BER-S Process for the Deep Denitrification in Synch with the Removal of PAEs from Reclaimed Water ««+:«+s+sseseeseeeereess XU Peng-cheng, HAO Rui-xia, ZHANG Ya, et al. ( 662 )
Influence of Reaction Time on Titanate Nanomaterials and Its Adsorption Capability for Lead in Aqueous Solutions «+++«+essessessereeneeses FAN Gong-duan, CHEN Li-ru, LIN Ru-jing, et al. ( 668 )
Sorption Characteristics of Phenanthrene and 1,1-Dichloroethene onto Reed Straw Biochar in Aquatic Solutions — ««++++sssseseesessesseneees WU Qing-wen, MENG Liang, ZHANG Zhi-hao, et al. ( 680 )
Adsorption Characteristics of Norfloxacin by Biochars Derived from Reed Straw and Municipal Sludge ~ «+r+veesereeresreseseseseeneees ZHANG Han-yu, WANG Zhao-wei, GAO Jun-hong, et al. ( 689 )
Effect of Seasonal Temperature Increasing on Nitrogen Mineralization in Soil of the Water Level Fluctuating Zone of Three Gorge Tributary During the Dry Period — +xeereseereresssisssicnenisnene

LIN Jun-jie, ZHANG Shuai, LIU Dan, et al. ( 697 )
-+ CHEN Shu-tao, SANG Lin, ZHANG Xu, et al. ( 703 )
WANG You-qi, BAI Yi-ru, WANG Jian-yu ( 710 )
)
)

Effects of Warming and Straw Application on Soil Respiration and Enzyme Activity in a Winter Wheat Cropland +-
Distribution of Urban Soil Heavy Metal and Pollution Evaluation in Different Functional Zones of Yinchuan City
Differential Effect and Mechanism of in sitw Immobilization of Cadmium Contamination in Soil Using Diatomite Produced from Different Areas -+ ZHU Jian, WANG Ping, LIN Yan, et al. ( 717
Characteristics of Adsorption Leaching and Influencing Factors of Dimethyl Phthalate in Purple Soil = +xeoveseeeeesessnseresenenenisinnenn: WANG Qiang, SONG Jiao-yan, ZENG Wei, et al. ( 726
Cd Runoff Load and Soil Profile Movement After Implementation of Some Typical Contaminated Agricultural Soil Remediation Strategies — ++++xereesseresesereresiemieneniininis

Concentrations and Component Profiles PAHs in Surface Soils and Wheat Grains from the Cornfields Close to the Steel Smelting Industry in Handan, Hebei Provinge +:eesesveseeseesesnennees

- WU Di, WANG Yi-long, LIU Wei-jian, et al. ( 740 )
*+ LUO Peng-cheng, LI Hang, WANG Shu-guang ( 750 )
, ZHANG Wen-juan, et al. ( 756 )

Effect of Arbuscular Mycorrhiza (AM) on Tolerance of Cattail to Cd Stress in Aquatic Environment

Acute Toxic Effects of Bromate on Aquatic Organisms —«+osssseseerssssssmenenmmminn s WANG Zhi-wei, LIU Dong-mei

Development of Self-assembled Dumbbell-like Fe;0, Micro/nanomaterial for Application in Thermocatalytic Degradation of Polybrominated Biphenyls -+
............................................................................................................................................................ HUANG Xin-chen, ZONG Gang, LIU Ye-xuan, et al. ( 765 )

Impact of Salinity on Leachate Treatment and N,0 Releases from Semi-aerobic Aged-refuse Bioreactor -++r+sevsreeeresreresvsscnnesinenens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 775 )

Evaluating the Significance of Odor Gas Released During the Directly Drying Process of Sludge; Based on the Multi-index Integrated Assessment Method «+«+seseeseereeeeemenennenininennnens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DING Wen-jie, CHEN Wen-he, DENG Ming-jia, et al. ( 782 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == =
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
01642 B 15H #37% H2 Vol.37 No.2 Feb. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, R 2 : 100085 ) KEXUE) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
7N | —_————— = 2=
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





