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

Aquatic Environment

LUO Peng-cheng', LI Hang', WANG Shu-guang'*"

(1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2.
Research Center for Environmental Pollution Control and Resource Engineering in Beijing City, Beijing 100029, China)

Abstract: Hygrophytes are planted more and more in landscaping and greening in many cities, but they often encounter threat from
environmental pollution. Arbuscular mycorrhiza ( AM ) have been confirmed to enhance the tolerance of terrestrial plants to
environmental pollution in many previous studies, but it is unclear how they affect hygrophytes. In the present study, a hydroponic
culture experiment was carried out to investigate the effects of AM fungi ( Glomus etunicatum) inoculation on the tolerance of cattail
( Typha latifolia) to different concentrations Cd** (0, 2.5, 5.0 mg-L™"). The aim was to provide reference for evaluating whether
mycorrhizal technology can be used to enhance the tolerance of hygrophytes to environmental pollution. The results showed that
symbiotic association was well established between AM fungi and cattail roots, and the mycorrhizal colonization rates ( MCR) were
beyond 30% . However, MCR presented downward trend one month after mycorrhizal cattails were transported to solution, and the
maximal decrease was 25.5% (P <0.05). AM increased pigment concentrations and peroxidase (POD) activity in cattail leaves, and
also increased roots radial oxygen loss. However, AM only produced significant effect on increase of fresh weight in 5 mg-L™" Cd**
solution. Although plant growth was inhibited by 5 mg-L™" Cd** and MCR was lower, AM increased Cd uptake of cattail at the two
Cd** levels, and the maximal increments were 40. 24% and 56. 52% in aboveground and underground parts, respectively. This study
indicates that AM has potential to enhance the tolerance of hygrophytes to environmental pollution and might be used to remedy heavy
metal pollution.

Key words:: cattail ; arbuscular mycorrhiza; Cd; aquatic environment; mycorrhizal colonization rate

bt e L SR BT P8y R O RT3 Jo
FORAHR i, T 0L AL R ER IR 75 Y i B AR KB
KR, AR R S AR AL . AL FIERE S
AR Z EAE T, R, B S R, SR,
TAHEEUKRIGe  ERM 2E (A SR R BT
130 | R E SR A A AR A N e e
B PRAE  SPUZE | TREZEF R, A ERE
T AR A 17 ELME LS 2 505 FAY. i far 1
SRR AR AR T L R PR A I TR 52 BE ) BN A 3L
RARNLE R D REFIAT IR0 S

AT T, MRE TR AR (AM) I 1 n] A b i A 1
FAEWI R A=A B 5R 15 AR 09030 R 5 9% 38
BT IFAEZRE L IRAE PR | V5 LR IBE R 5507
T S R R R Y S LAR A TR A R R
MEAEFREE PO F & 1AM B T I HL AT 4R
PR AR PR RIE R AM S 2510 1%
i BHA: 2015-08-23; 1&iTHHA: 2015-10-09
E£TH. EHXARBAELTH (41201528)

VEE I BMGEE (1990 ~ ) 5B, Wi BH 98 A, BB 58 )7 1) A £ 4

B4 ), E-mail :514301414@ qq. com
# JHIHIK R A, E-mail : shgwang2013@ 126. com



2 4 B EFRAE : IRAE IR P AR AR (AM) X il i Cd hid 520 751

AM A HA KM ERY AM I REE A TE AL
Hil, A/ R4 Y AM DIREIFoT EEE R 7
Xof AL A AR S S 0 IR ML S T T, (EL ik AT —
BUWLEE , X A R K TE s i s
FE R A A WO B AR A
HXF WSO R A R Sl f . A
DVFRIFEOCTE T AM RNRAE AR YK T3 G il | TS
Jefifpae SR s 0 TR A BRI AE LA
A PHERIZSE, TOIE VA AM X% AR A W) be it 34
BEis e psem. B TR IR AR A Y BT TS YL RE )
I ELR K AR WA ZETT J& AM X AE A Uy it #4158
15 YL 38 5 R A 5T

B (Cd) S5 Y PRI e WL 4 J 2 — %
A W)FE FAE AR, A5 LA 4B Bk 4 55 ( Glomus
etunicatum ) A X AM EH H, DL F Gl ( Typha
latifolia) FE FHEH, LA Cd g BARTS Y8, %5 42K
BT AM XA il AR R 0 i 4 S W WS A A S )
DL 1y DAl AR H R RE A5 48 IR A A D B i PR3 7
Qe mRe it

1 MRS

1.1 Y

Tl (Typha latifolia) #1 LA I 4 H I 25
GEM X RF ) AR AT . BB/ ME
IEMETE N (15 em Z£47) , Jef AR ZE B )l K/
BRI =08, A = AIBHUIRZE LR 2 12 4
em KAY/IMR, DLg/> + 38 AM ELE YR R R YL 05
M), SR J K6 18 JHL AT 198 A6 3 e AR P B A K TR T |
K10 em BYIPRLZE (AR 50 em) A KIE Y 2 JA
Jei , BN R B /N I | A A R A i v A
S T RV R sl AM LR Juid 72
1.2 AM HEH

MG Z /T B S a5 R, e H 4 Bk E
( Glomus etunicatum) AL AM E B , B850 A4
22 BRI B B B AR, K 0 R Y 7 i
IR AM BB, AM B8 R 42 Fp i o 3L R = Y
T% AT AR, AT BRI A5 5 1 TR B 77
PRI TE] 2R 30 d.
1.3 Cd* Wk

CIl " HENO,2.5.5.0 mg-L~" (LA Cd** 3,
PL CdCl, -2. SH,0 JEAMA) . % B AR A cdCl,
-2. 5H,0 I A& IEJ5 ) Hogland 5 37 I ( B vk 2 R
1% 50% , Hoe oy e BE RS ), sE iR A1 JE A 2 1
e e SR K R AR IR0 BOEE A SRR

WREE AR HrEEma o 30 d. 3] A K Ab T 48 2k
E SRR, BRI e — IR Cd* BE TR
1.4 SComAba

gL 6 AN AbEE B3 A~ CdP (0, 2.5,
5.0 mg-L7") Al 2 4~ AM EL i 4b B (422 Bl ALK 32
Fv) , BRAAbEE 4 AN, R AM B 30 d 5,5
A3 T AR R T A ARAR e 3 A &)y 1 AR
BEEBASAFERE Cd*" 1Y Hogland & I,
AL BREFI. LT 2013 4F 6 HAEFAMA
SRICIR S F T AT ,30 d JE 45 R S5, TS0 45
HI 1 d, AR R U A O, IR SE 58 ), S0 A i
R ERIRUITEZ B T 24 b, FF I BE MR R R s N T
e B K, IBR MR R BB Cd® . SRJE AR
SVEEEE AR R T AR LRI E A
TFitagZE | POD I MM , o 4% 1) B il b b | Hb
THEMETHTESE Cd & RATNE.
L5 ik

TR 52 0% 2323000 7 >R o R 2 i % -5 SRl 2k
PRI R 2R 0 A R i R P AR R K 4 Ol
500 POD TGN 2 SR A B AR i P ek R
FE R R -3 06 B A Cd & 200 SR
H] ICP-OES 7.
1.6 ZHitirk

AN ) b 381 ) 2 S5 (%) S 2k FH SPSS 13. 0 A3
T80T, P <0. 05 KR &5 B35

2 HFREHMW

2.1 HHZYR

A AT 3R AM BB 1 A H G BFIER AR
IR MR Y R 30% , 2 W] AM H i 5 & e s
TREMILESSR, EBRABR L AR, L2
BAEAE CA* 5 Gy, AR (R Y a3 LU RS AR AN [ R B
R R, R R 25. 5% . Cd** e BE (88 I e
R B ARR YL 2 TR 5K Cd i g
BORER CA>* MR IEAIE R4 G, A4 Pl kb B il 1348
STUNITE IR AR AM B R Y, KA IR R A
BAK( <3% ) {24+ % (0t T2 e R 15 T 4 F ik
S 2 AT
2.2 Y

FAEVD R ST AM A g5 Ry ) 1A | AR 1L
AR A Y e R — 2R
TUHERA R AM X Cd** e R AR AE R 52 16
FHT e BRI PPN T b, RIVSC 56 25 o A 114 4
Yyt B SR AR A WA () B 25 (E. AR 2 TR, R



752 w o B % 37 %
50 200
[ 1-am AM: NS (0.998)
a F77 +AM Cd: NS (0.151)
40 | I . 160 AM X Cd: * (0.012)
T b a ab 3
e 30F b I T 120 [ I
% : 2 .
= ‘F}‘:l T c
Bt 5 80 + s s
10 40 F
0 0
B 0 mg-L™! 2.5 mgL™! 5.0 mg-L™! 0 2.5 5.0
AbFH 40
Bl EWERERENTL AR
! = > Cd: NS (0.256)
Fig. 1 Change of mycorrhizal colonization rate in cattail root 10 | b AM X Cd: NS (0.087)
al
- f ab
BB AM LB, B R L5, 0 mg L O | ] il 1
g
Aef 4 25 T i, AR B2 MR BN e i AR ™ A T B e 0 b
LR AM B EAE 0 F1 2.5 mg- L' Cd*F R ©
MR A & W B (H 2 AR T 5.0 10
mg-L™" Cd** BFAF il A, LU AR i 56. 7% ,
FHH Cd** rad B W AFAE R AM AT HEfE AR Y 0 -
N . N e 0 25 5,
K. BT R R, AM R Cd Ab B[R] A7 7658 50
B, K5 CA M SE A iR R R AM 5 Cat NS (06
R MR R . 40r AM X Cd: NS (0.080)
8.00 T abe  a ab
. =] x
[1-aMm AM: * (0.020) @ 30T 1 d L bed
CZA+AM Cd: NS (0.338) 3 [ d ~
TE 6.00 | AM X Cd: * (0.032) 5 20 | 1
= a
Eu b E![b T
= a 10
=400 9 > I
= c
= L 0
ﬁ' 0 25 5.0
200 F Cd™> i ¥ /mg-L™!
3 FERE CE BT AMMEFCESENTM
0 o 53 0 Fig. 3 Effects of AM on pigment contents of cattail in
Cd¥ ik ]ﬁ-a‘mg_l_-l . solution with different Cd?>* concentrations

B2 AERE CE*BREF AMAEFEYEEMEN N
Fig. 2 Effects of AM on the increment of cattail biomass

in solution with different Cd** concentrations

2.3 Mgx

M3 W] LUE H, R4 Rl AM BT B B Cd**
WREE RGN 3 Bl 28 R & i SR 22 T R g AR
JE5 mg-L7' Cd* T AR, HERh AM B,
ANERBAAE C SREMAM L 3 MR & 248
BTN 4, AR A 2 Rk B
K ARZS A A AR R AR (R 2) ] H B AM
X B A Y A VE A B . ettt br
ZESLRIH B AM Al Cd** X Chl-a A i 35 58 .5

A A AS A7 8 2 ) LR 2R B A8 R ).
2.4 POD [igi% 1

POD il 7] 2 S5HWOGEAER . PP ARE 55
T, TR sl A 32 B B e A B P
A B S NE 4 TTLLE ), ANE RS AEAE
Cd** ,POD IHEPETE 2.5 mg-L~" Cd* " G PE R i,
X TR 5 I, 1 > A B E AT POD 1Y
TEPE  RHEY R B VE T (3 250 A 31— o B
J& ,POD WS SR R R, T L 5.0 mg- L™ Cd** B
POD JEMER MR, AERBAEAE CT Hfh AM
HE AL & T POD M, BARANAE 2.5 mg-L!
Cd** BHA ) B E K AR AM H i B A iR



2 4 B EFRAE : IRAE IR P AR AR (AM) X il i Cd hid 520 753

fr A A ) LA POD BT A1 38 AEE IS POD ¥
FEVE UG M AT BE , 506 AE Y T 24 58 W 38 G B
B G g R AM R Cd* T XF POD I 1
FERTE NS IR AR

4000
-AM
AM: ** (0.000) a % A
3200 | Cd: ** (0.000) [
AM X Cd: ** (0.003)
TCD
S 2400
=] b
S I
S 1600
[+
T
800 | od
d
d I
0 25 5.0
Cd™ ¥fe i /mg L™

B4 RERE CE*AEH AM 3EH POD BiF 8
Fig. 4 Effects of AM on POD activity of cattail in solution

with different Cd?>* concentrations

2.5 IMVEIR

WA AR AR AR 22 AR A W) A R AR, XA )
T N RAA SR A B A R B AR X AM H
BRIR UL, WA AR ) 1) b AR AR P B B Oy B HORE
M) AM EL TR {2 Y% 10 A= H P AR 2R T 7 14 S Ak R
fii. WK 5 AT LA, REEF AM H B, 2.5
mg-L~" Cd** X AR R0 E G R % B, {25
mg-L™" Cd** I BN R B2 TR, X RE S
Cd** XYM ARG EA K. AE C REAAAE,
FERR AM FLTA #5025 P i T A AR R 0 I A
S3BE TN 25. 2% | 13.2% F129. 8% , X W] e 5HR &
WAME B 22 I AETE AR T S S RO XK.

6.00
J-am AM: ** (0.000)
so00 | EZA+AM Cd: ** (0.000)
- AM X Cd: NS (0.328)
b a
2 400 1 .
I b b
= I
E 300} ;
: a
B 2.00 z
)
1.00
0
0 2.5 5.0

WHCA™ W /mg L™
B5 AMMARKE Ca** TEFRRDEERENIIN
Fig. 5 Effects of AM on rate of roots radial oxygen loss of cattail

in solution with different Cd>* concentrations

2.6 Cd W4y
TEARTIN Cd>* AIAL B | B e AT ) A PN ARG 0 1)

Cd BIFFFE. FEENIN CA* AYALFE A R BEFh AM H
1 o R 1 N O B2 = s i Sl i =72 e
Cd>* ¥ JE 1Y 34 i T 3G i, B 3R B (2.5
mg L™ ) B R TREEH (5.0 mg-L™") (Bl 6),J5&
ATAEJEH T 5 mg- L™ Cd*" SEHIYR R Z 2%,
WEUSCRE T T R, FERh AM BRI A b MR
Cd Fr SRR R R B A 32 o, M 38 Cd & =
SN T 3.31% F1 40.24% , ¥ F #4936 hn 1T
56.52% F125.21% , F W Bl AE MR RZ GO0 T,
AM 5 BA R BERE I Cd ¥ 7, 3 %k 15 e kb

FRAT RN R L.
1 200
[_J-am
000 FZ71+aM a Cd: *
! i Ccd: * [ AM: *
AM: * Cd X AM: *
T 800 1 Cd X AM :*
= g b
gowr o ] : 8 I
9 = b
3 b b
400 T
200 +
0
25mgL™?  5.0mglL™! 25mgLl™? 5.0mgL™!
L M L HFHER HFi

E6 AMXMARRERE Cd* THE#F LRBT Cd** SEHIHM
Fig. 6 Effects of AM on Cd>* contents in aboveground
and underground parts of cattail in solution with

different Cd>* concentrations

3 it

3.1 AM EHEXTE R R R Y

AM AR AT 2 AM ECT XHE S8 0
ARG, RTIRAE AR, A & (SR IR T
BT ) A AM BB 5 AR 2 108 R0 il 2 A 6
SRR R, A RGETS 1B R AR R T Ak S
AR AL E JEHL AL 5 T 250mV A AT JE L AM 4%
22 AR A I R AM 5 AR 2R 0 4 R B
B (ES) , BOK s AR PR A 5 2 A ik R
B, A FIT AM ETE 1Y B8 (T8 22 FHEF ) AT AR
RAMRY. BT AM H2 | @7 FRER/N, kK
(R A RS T, R 3R A R fh L PRI, T X V7
TRAE A EAE BE T K, A S0 2R HIAR Y 4 B AR ) AN
FETERXAN AR, P3G 1 AR NRREET
B, TRES LR A G OFAER RS AM B H
22 T AR AN (T 55 55 W A I e
OPANA B 22, IF AN AR TR 22 | A0 BE R W TR R
OB Fh T V0 J5 ST 40 B3 SRR, W /K R B3 T, 44k



754 2N 5%

B % 37 %

W JEHLAL MR X TR H ZATRIBER T E 4T LUIE
9;[7].

BIRS mg L™ Cd* M T A AR (E2)
H50 mg-L " M12.5 mg-L~" Cd** L IF%A W B %
TR LR X 5 Z AT A —Se Bl A= i T 58 45
FEAR B R CA R I AR AM
HIH Glomus mosseae ¥ B AYZ YL, X[ HE 5%
BXT Cd™ AUREL Cd* R EAR I A . AR
& JE X R AR G R A S TR AR PR T E 2 T T
TRZAWT5E RS RIS [F] Y AM L T 0k o 4 i Bk
P2z AR
3.2 il AM HIIRE

Rt AM B ANE DRE RS AL, A
ARG E (K 3) . POD &M (K 4) #1528 T 1Y
I, R AM X4 R AR AR O A VR I SR A )
AT 75 G e RE A BRI, 3X 5 AM X i 2B A8
IR SEmaZ . (A R HOR A R TE Cd®
FAF AR (B 2) , ATREJE RON B SR &
FAEY)AE R T B A5 AE SR IR AM B ER A Y)
AR A s B AR A i R T A
AL, AE Cd** Wi B S AEAERT (5.0 mg-L7"),
AM 7 3 A 1 A e A A0 W s A B Ok
ZEF IR B WK X2 AM X e EAE
Ml AN R Ao 7 R RO, 3 A 45 B PR R . A
TREE 27/ LTS L E RN SER S AL iR/ POE S
SRR AM (D REAE A LA

AM $5 T AF L E AN Cd o, AR
SETEMYIRAZ B C HiEWIE T, AM {iRg 2
HEREP A G Cd A IR I, X 0] 42 ) Vs e g
SRV B . AM e SERE X HE G T I
SCREfH AR 232 4 TR R T A OGS iR AL ) A i
AR OB T AT AT 22 | AN
X6} B 4 i P I SR R T 2, AML L T X0 AT 40 A B A S
A RERYRCE A AR LA AT T S R Y R T A2
RETD. AN, 2R A2 S B b A ) X6F 1 7K B
e v 4 Jam AR R SCRR SR RE I TEAH 2 RO RE B Ik
THAMR R AW ERE ST, AP FEUESE AM BE 2 2
o A USSR RE T, WX AT BE AR AM i 2E 75 il
W 4 SR PP 2 —. (RSG5 RS Zheng 51 1Y
SERM R, AT & B OAM E B BEAR T M
( Phragmites australis) %} 55 43 J& B W, X AT BE 5 15
TR SERFETARMEA L. BT AR K
(V4 Jm il , B AT A R R B AML R 2 fif B
PSP A ORI AR FRAY PN X LEHT L T, AM X

HESE IR AR AR AP TS eI RE T A AR R AT .
IR TR MR A R, A SRR N R |
HLHIA AN, i e h s A e A T5 0, X
MR- A 0 DI R ML R 75 30 BE A AR, i 75 22
TR 3 22 RTS8 T DAIESE.

4 i

(1) AM E B RETE M K S50 T 58 MOV 7 37 1 42

e RGeS 30% B RE ASE IR U AR = gy 5

SN[ R R . A A K B

Cd* ™ B BEREAAZ YL 3.

(2) AM #2 55 7 3l A 0 3% & 5 A POD g%

P SRR R WU R R Cd®T (5.0 mg-L7")

BT A AR, X Cdt MR Cdtt (2.5

mg-L™") R Th A& ICA B SR RAE .

(3) AM Al HEF Xt Cd I, Rl & e 7

i AR A2 B R TS RE L HE XS Cd* AR

B S AL AU B D 25 AR SR AR

AR E R AR AR EOR B8 T8

SE Lk

(1] sl BROCEE, Fasle, 25 JL i As 4 X o4 Jm 5
AAEBA AR RE [J]. Az AR FFBE, 2008, 17 (4): 1458-
1461.

(2] T, B8, FNIE, % ATRIRY =215 K a7
RIS g et HE [ ] AR R 25440, 2011, 26 (2) .
149-152.

[3] Leung HM, Wang Z W, Ye Z H, et al. Interactions between
arbuscular mycorrhizae and plants in phytoremediation of metal-
contaminated soils: a review [ J]. Pedosphere, 2013, 23(5) .
549-563.

[4] Garg N, Bhandari P. Cadmium toxicity in crop plants and its
alleviation by arbuscular mycorrhizal (AM) fungi: An overview
[J]. Plant Biosystems, 2014, 148(4) ; 609-621.

[5] Willis A, Rodrigues B F, Harris P J C. The Ecology of
arbuscular mycorrhizal fungi [ J]. Critical Reviews in Plant
Sciences, 2013, 32(1) . 1-20.

[6] Stevens K J, Wellner M R, Acevedo M F. Dark septate
endophyte and arbuscular mycorrhizal status of vegetation
colonizing a bottomland hardwood forest after a 100 year flood
[J]. Aquatic Botany, 2010, 92(2): 105-111.

(7] DM, EMME, TG WK 3 B AR (AM)
FAE ARG 2 PR AW [T]. FEERAE, 2014, 35
(1):263-270.

[ 8] ZhengS, Wang C, Shen Z, et al. Role of extrinsic arbuscular
mycorrhizal fungi in heavy metal-contaminated wetlands with
various soil moisture levels [ J ]. International Journal of
Phytoremediation, 2015, 17(3) . 208-214.

(9] SRVLIR, M, 5o, 5. MORTR AR B pE XA [R] £ 2h i i
THER AR )]. BRI, 2015, 36(4) : 1481-



2 4

B

T AE IR v DA AR ( AM) XF SR it Cd W i 5 A 755

[10]

[11]

[12]

[13]

[16]

[17]

1488.

Dunham R M, Ray A M, Inouye R S. Growth, physiology, and
chemistry of mycorrhizal and nonmycorrhizal Typha latifolia
seedlings[ J]. Wetlands, 2003, 23(4) ; 890-896.

Fraser L H, Feinstein L. M. Effects of mycorrhizal inoculant, N.
P supply ratio, and water depth on the growth and biomass
allocation of three wetland plant species[ J]. Canadian Journal of
Botany, 2005, 83(9): 1117-1125.

Neto D, Carvalho L M, Cruz C, et al. How do mycorrhizas affect
C and N relationships in flooded Aster tripolium plants? [J].

Plant and Soil, 2006, 279(1) . 51- 63.

Likar M, Regvar M, Mandic-Mulec I, et al. Diversity and
seasonal variations of mycorrhiza and rhizosphere bacteria in three
common plant species at the Slovenian Ljubljana Marsh [ J].
Biology and Fertility of Soils, 2009, 45(6) ; 573-583.

Radhika K P, Rodrigues B F. Arbuscular mycorrhizae in
association with aquatic and marshy plant species in Goa, India
[J]. Aquatic Botany, 2007, 86(3): 291-294.

Solaiman M Z, Hirata H. Glomus-wetland rice mycorrhizas
influenced by nursery inoculation techniques under high fertility
soil conditions [ J]. Biology and Fertility of Soil, 1998, 27(1) :
92-96.

Stevens K, Spender S, Peterson R. Phosphorus, arbuscular
mycorrhizal fungi and performance of the wetland plant Lythrum
salicaria 1. under inundated conditions[ J]. Mycorrhiza, 2002,

12(6) : 277-283.
AR, 38 AR TR A P e LR B PR AE B D) RE A 5

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[D]. MA/REE: WRETARY:, 2010.

ﬁE)?H"]‘ FEAL, A, AF. AR X R A T
FARBAMRFEAER[T]. ZEALRE, 2015, 43

(17); 138-141.

McGonigle T P, Miller M H, Evans D G, et al. A new method

which gives an objective measure of colonization of roots by

New Phytologist,

vesicular—arbuscular mycorrhizal fungi[J].

1990, 115(3) ; 495-501.

XURRSE, AFOROY, 72, A 8 R A AR SR AR Y
WhFE[1]. SEMARLRLEE 2010, 38(4) : 47-50.

SRBLEL, A, ERRL, L ORTRERE T R X KRR
Jr RN i A B PR BEEE MR SE R (1], AR AR,
2008, 19(11) ; 2485-2489.

Beck-Nielsen D, Madsen T V. Occurrence of vesicular-
arbuscular mycorrhiza in aquatic macrophytes from lakes and
streams[ J]. Aquatic Botany, 2001, 71(2); 141-148.

FHEF, skosE, WmAEsE, 55 4 (Cd) V54 e EAh AR AR
B ( Glomus mosseae)XﬂLiﬁiﬁik*ﬂj‘ﬁ%ﬂ@w"ﬁﬂ[ﬂ. Bl
4, 2013, 21(1) ; 135-141.

Pawlowska T E, Charvat I. Heavy-metal stress and developmental
patterns of arbuscular mycorrhizal fungi [ J ]. Applied and
Environmental Microbiology, 2004, 70(11) ; 6643-6649.
BIGE, AR, MBSO, 5. AM B X4 R 15 Y 54k
PHEZ ISP )], AR, 2013, 33(13) : 3898-
3906.

20, R, XVEEE. AR AR AR R WA S
TR T]. KB, 2010, 26(1) ; 17-20.



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





