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Comparison of Nitrogen and Phosphorus Uptake and Water Purification Ability

of Five Submerged Macrophytes
JIN Shu-quan', ZHOU Jin-bo', BAO Wei-hong®, CHEN Jun’, LI Dan-dan’, LI Yang'

(1. Ecology and Environment Institute, Ningbo Academy of Agricultural Science, Ningbo 315040, China; 2. Environmental Protection
Research and Design Institute of Ningbo, Ningbo 315012, China; 3. Ningbo Yima Environmental Biotechnology Co., Ltd. , Ningbo
315000, China)

Abstract: Uptake of nitrogen (N) and phosphorus (P) and their purification capacity for five native submerged macrophytes were
investigated in laboratory simulated hydrostatic conditions, including Hydrilla verticillata , Vallisneria natans, Ceratophyllum demersum,
Myriophyllum spicatum, Potamogeton maackianus. The results indicated that the moisture contents of different submerged macrophytes
were almost the same before and after the test, with the range of 89.8%-92.0% . The net accumulated biomass changed from 1. 52
g-m™? to 12.92 g-m~? among different submerged macrophytes, and the highest net accumulated biomass of Hydrilla verticillata was
8.5 times higher than the lowest plant of Potamogeton maackianus. The N and P contents of five submerged macrophytes ranged from
26.54 to 34.44 g-kg™' and from 2.54 to 4.01 g-kg™', respectively, and the N and P contents of Ceratophyllum demersum were
relatively high. Total N and P removal efficiency of different submerged macrophyte treatments had ranges of 63.8%-83.1% and
49.2% -70.8% , significantly higher than those of the CK treatment (39.9% and 36.9% ), respectively, and the removal efficiency
decreased in the order of Hydrilla verticillata > Ceratophyllum demersum > Vallisneria natans > Myriophyllum spicatum > Potamogeton
maackianus. Total N and P removal efficiencies of different submerged macrophyte treatments were significantly correlated with net
accumulated biomass, with correlation coefficients of 0. 994 (P <0.01) and 0.996 (P <0.01). The contribution of direct N and P
uptake to different submerged macrophytes had the ranges of 1.5%-13.3% and 2.2%-13.2% , and the synergism contribution
(deducting self-purification capacity of water) of different submerged macrophytes ranged 22.5%-29.9% and 10. 1% - 20. 6% ,
indicating that the synergistic effect of submerged macrophytes purification was much more significant than the direct uptake effect in
the process of water purification.

Key words :submerged plants; nitrogen and phosphorus uptake; water purification
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Table 1  Basic properties of experimental water

CcoD TN NH; -N NO; -N TP DRP ppP

UgE| pH -1 -1 -1 -1 -1
/mg-L /mg-L /mg-L’l /mg-L’l /mg-L /mg-L /mg-L
AR K 7.13 25. 60 6. 85 4.86 0.56 0.65 0.31 0.34
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Table 2 Variation of plant height and biomass of five submerged macrophytes

ey R GRINAN _ HEFCRE _ H A

HEE /g m 2 IR % ¥R/ cm BE/g-m2 & IKE % ¥R/ cm THE/g-m?
Litgl s 119.05 £0.00a  90.8 £0.5a 25.0+0.0a 271.67 £13.38a  91.2%0.7a 66.7 £1.5b 12.92 +0.55a
iR 119.05 £00.0a  91.2+0.5a 25.0+0.0a 201.90+9.95¢  92.0+0.8a 80.7 +4.2a 5.67 =0.48¢
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T IR 2% 119.05 £0.00a  89.8 +0.9a 25.0£0.0a  140.95 +4.10e 90.3 0. 4a 51.3 +4.2¢ 1.52 0. 12¢
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Table 3  Plant nitrogen and phosphorus contents of five submerged macrophytes/g-kg~

1

o, THMRA & i LR

ARIRRE EEHORAS RIFRE SEHUIRES
it 29.33 +1.31ab 34.44 +2.20a 2.96 0. 15b 3.33 +0. 14b
iy 27.68 = 1. 56ab 28.62 1.67b 2.40 +0. 12d 2.56 £0. 16d
S 30.12 1. 02a 33.24 +1.76a 3.88 £0.26a 4.01 +0.22a
TR AR o 26. 84 +2. 56ab 28.46 +1.48b 2.54 +0. 13cd 2.78 +0.22cd
L IR 32 26.54 +1.86b 27.66 +2.22b 2.76 +0. 12bc 3.02 0. 17he
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Fig. 1 Variation of concentrations of different nitrogen forms in different submerged macrophytes treatments
0.8
0.7 0.5 | (b)
0.6 o4 L
7,05 5 T
T]é:“ 04| g9 T:_u
03 Z 02| % £
02+
3 01 |
0.1 - —o— R il ME-3%
o L =aCK 1 1 I 1 1 0 ] ] | I | |
] 7 14 21 28 35 42 49 0 7 14 28 35 42 49 2
i)/ i i) /d Fif i) /d

2 ARIMKGELBELEESHRESTL

Fig. 2 Variation of concentrations of different phosphorus forms in different submerged macrophytes treatments
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Table 4  Nitrogen and phosphorus removal efficiencies of five submerged macrophytes and contributions of different effects/%

TN TP

liLYES IKIR L BRR FE PR HEEH FHAIIERL TR & R Fa R HEeEH FaYHERL

(n1) FRR(n,)  TERE(ny) FHERE(n,) (m) TR (n,)  BTHRR(n3) STk (n,)

ot R 83.1+4.5a 13.3+0.6a  39.9x2.5 29.9%1.3a 70.8%3.5a 13.2+0.7a  36.9£2.5 20.6 +1.0a

i 72.0 £3.2b 4.6+0.2¢  39.9x2.5 27.5+1.4ab 58.5+2.7b 6.1+0.3¢c  36.9x2.5 15.5+0.7¢

S fa 79.3+4.0a  10.4+0.5b  39.9%2.5 29.1x1.6a 67.7+3.2a 12.4£0.6b  36.9%2.5 18.4 +0.9b

BCRIUEE  68.9+2.7be  2.9+0.1d  39.9+2.5  26.2+1.5b  52.3+2.8¢c 3.2£0.1d  36.9x2.5 12.2 £0.7d

MIGIRFE 63.8+3.1c 1.5+0.1le  39.9x2.5 22.5+1.2¢c  49.2+3.1c 2.2+0.1le  36.9+2.5 10.1 £0. 6e
CK 39.9+2.5d 0 39.9+2.5 0 36.9 £2.3d 0 36.9+2.5 0




160 ¥

i

Bt 2% 38 &

ARSI E 3R B .
3 it

AR50 KA B Y 2 B S AR R A ) B
e | A A VAR BRI S A FH Sl A 25 I 0 Tk
R R BRER T X R R 50, i fE AR E R |
AL AR A 422 2 AR 1 FniE 2 mr R
A, KB TN, TP ¥R EITE 3 d F§f7 BT, X T G
S PR LK R 6 A% BB K R J5 R A A8 I 1 53
WA AE T MG L. 3 d JE A UTK A Py A B
KB TN, TP ¥ BN R e 3454 i g, 2 nT BB A7 AE
LA sgm . OUTKAE IR A B R X3
Oy FERIAE TSR BB N TR @ik
L) -0 B ook 2 BT 848 K A v F A8 T R
XA FEARIAEBORAS AL, Bk B0 TR Qidd
PRI P A W B R R s A A IR R R T R
YRR AL E . A5 35 d Je & TTK AR A
BEAYZKIE TN, TP ¥ B A, Fohok it TN vk &
AT RE A G 0 K A P AR A R IR AN 2 1T B 43
AP IR A K B R AET I s T KR ()
SPE AU RS AL A, 7K BT TP ¥ B T e e S ks
(PP TRUE ML R WE 2(c) ].

PR BT TN, TP £ BR 3 5 T KA Y5 38 A= 1)
i ARART A U R EAT AR DG AT, KB TN
TP KB3R5 UTKAR Y5 A Wy i AH DGR &, 40 i)
3% 0.994(P <0.01) F10.996 (P <0.01) , ifij /K Ji
TN, TP EBRFB MR | B & EAHCHEA S,
AT LI K A v A ) R R DT A /K B Ak
eI —AEER K. #F—L50Hr, K TN, TP %
B R 5 UK AR P04 18 A ) i SR M DG R v, fRLK
i TN, TP KBRIFHEE S MKEE VUKD A . B A
BEWCVE AT, s b5 R UUKAE Y AL, B Rk
TR N 1.5% ~13.3% M1 2.2% ~13.2% , 140
kA4 B 5 A 4 RE 1 5 UTK R B3GRV FH Bk R
WJ5A 22.5% ~29.9% F110. 1% ~20. 6% , WK
FE I B 7K B AL BE 35 R T 45 5 B PE
X4 5 AR AEE .

P N ) & SL LTINS/ JLD e (N
25 76 AR N i TR BVEH . KR 3l it
BB s B2 KA i &Ll 3 s G o I K
IR Bl W SORN s A P 4 i e AL SV T 25 LK 2%
PER KGR >0 B—Ji, AR R KA
(B R TS A2 2 [ PR A e s A 1 i s N K
U N ag . AR AR K T BRI

SR BN AA —E W R BRYE , ERAR [R LK AR ) 75
K T R R A R, W A IR AR [ 2 B 2
DTRRAR Y E S BFIE A58, X5 T UK AR (0 1 7K LAl
PSS TR HIEA —E S H N H.

4 i

(1) AN RIGTKAE YR AT J5 112 5 7K 5 2 S
BN ABACTE R K 89. 8% ~ 92.0% , {H i1 A= 1)
25 BOR H AT W 3k 22 5, B A il (LA T
)M 152 ~12.92 gom ™* Hp g AR P i R R )
S SRR R I IOA IR 72 1Y 8. 5 5.

(2) RRITUKAE PRI A RS AR A B
B B R TR AR S R A B AR R
I3k 26. 54 ~34.44 g-kg ' F12.54 ~4.01 g-kg ™",
ANETUKAE ) Z 8] R AR R 2 1t 22 S A S/ | T AL
WM 2 22 A R AR, e rp 4 R SR RO AR AL R
B T AR g

(3) ANIFEVUKAE Y AL FRA K BT TN, TP LBRF
ARAE S L4 B 63.8% ~ 83.1% F1 49.2% ~
70. 8% YR EE T CK 2L 39. 9% H136. 9% , 7K
Jit TN, TP £ BRFR/PUT 108  Fent Mg > &
B> R > FRATE B > GUA IR 3% > CK, AR
IKAEH R BRAK B TN, TP bR 23R5 ed 2E ) i A7
FERS R AR A M OCHE R B0 R 0. 994 (P <0.01)
F10.996(P <0.01).

(4) ALK AE D) A B e W BTk R oy
1.5% ~13.3% F12.2% ~13.2% , i UT/KAH ) ) 34
R BTk RN 22.5% ~ 29.9% A1 10.1% ~
20. 6% , FWPKBTEAL A . 855 B R T UK A YY)
(B RV E FHEE R T B e .

SE AR

D11 R, M, R, S SUKHEE K T
[J]. H=A&240, 2008, 28(8) : 3958-3968.
Wang H, Pang Y, Liu S B, et al. Research progress on
influencing of environmental factors on the growth of submerged
macrophytes[ J]. Acta Ecologica Sinica, 2008, 28 (8): 3958-

3968.

[2] HiltS, Gross E M, Hupfer M, et al. Restoration of submerged
vegetation in shallow eutrophic lakes-a guideline and state of the
art in Germany [ J].
Inland waters, 2006, 36(3) : 155-171.

[3] Dai Y, Jia C, Liang W, et al. Effects of the submerged

macrophyte Ceratophyllum demersum L. on restoration of a

Limnologica-Ecology and Management of

eutrophic waterbody and its optimal coverage [ J ]. Ecological
Engineering, 2012,40 (3) .113-116.

[ 4] Dodkins I, Aguiar F, Rivaes R, et al. Measuring ecological
change of aquatic macrophytes in Mediterranean rivers [ J ].
Limnologica-Ecology and Management of Inland Waters, 2012 ,42
(2):95-107.



14

S 5 FUUKAEPIRI R BRI B4 L BE 7T L 161

(7]

[8]

(9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

HR, HRRIE, 2R, AR DK AL EAE R4 SRR 1R
[J]. REFAEZS2E4R, 2009, 20(3) . 705-712.

Xiao X, Lou L P, Li H,
allelopathically active submerged macrophytes: a review [ J ].
Chinese Journal of Applied Ecology, 2009, 20(3) ; 705-712.
Hilt S, Gross E M. Can allelopathically active submerged

et al. Algal control ability of

macrophytes stabilise clear-water states in shallow lakes? [J].
Basic and Applied Ecology, 2008, 9(4) . 422-432.

WA, BIRERE, XIIESC, 48, DU AR X DK A Y A=
KAZmrsE[ 1], FREERE24R, 2007, 27(1) ; 18-22.
Xie Y F, Hu Y H, Liu Z W, et al.
resuspension on the growth of submerged plants [ J].
Scientiae Circumstaniae, 2007, 27(1) ; 18-22.

Dong B L, Qin B Q, Gao G, et al. Submerged macrophyte

Effects of sediment
Acta

communities and the controlling factors in large, shallow Lake
Taihu ( China ) ; sediment distribution and water depth [ J].
Journal of Great Lakes Research, 2014, 40(3) ;. 646-655.
Pettit N E, Ward D P, Adame M F, et al. Influence of aquatic
plant architecture on epiphyte biomass on a tropical river
floodplain[ J]. Aquatic Botany, 2016, 129 ; 35-43.

Wsom, 2200, PhARER. PRI AL T b K A ] B K v
AETETHLA B [J]. HEERL, 2014, 35(6) : 2156-
2163.

Yang W B, Li Y,

macrophytes on dissolved inorganic nitrogen in overlying water

Sun G X. Effects of two submerged

and interstitial water[ J]. Environmental Science, 2014, 35(6) .
2156-2163.

Zhou YL, WuHF, Yan Z S, et al. The enhanced survival of
submerged macrophyte Potamogeton malaianus by sediment
microbial fuel cells[ J]. Ecological Engineering, 2016, 87 ; 254-
262.

Zhang Y, He F, Xia S B, et al. Studies on the treatment
efficiency of sediment phosphorus with a combined technology of
PCFM  and
Pollution, 2015, 206: 705-711.

Wang J, Zhu J Y, Liu S P, et al. Generation of reactive oxygen

submerged macrophytes [ J ]. Environmental

species in cyanobacteria and green algae induced by
allelochemicals of submerged macrophytes [ J ]. Chemosphere,
2011, 85(6) : 977-982.

TESCR, s, TEE, 4. 4 FUUKRYI [ E S 5
AR IBE S [ )], TR 2R, 2011, 20(2) .
345-352.

Ren W J, Tian Z F, Ning G H, et al. Purification efficiency of
four species submerged macrophytes for the eutrophic water in
Baiyangdian lake [ J]. Ecology and Environmental Sciences,
2011, 20(2) : 345-352.

KT T, TR, P, A DU S DI A Y i
LRSI . DI EE MR B[], HE R, 2016, 37
(5):1734-1741.

Zhang D Y, Zhang T X, Dong D P, et al.

submerged plants on microbial community structure in sediment of

Hongze lake[ J]. Environmental Science, 2016, 37(5); 1734-

Influence of

1741.
Dhote S, Dxiti S. Water quality improvement through
macrophytes-a review [ J ]. Environment Monitoring and

Assessment, 2009, 152(1) : 149-153.

Gao J Q, Xiong Z T, Zhang J D, et al. Phosphorus removal from
water of eutrophic Lake Donghu by five submerged macrophytes
[J]. Desalination, 2009, 242(1-3) : 193-204.

FEZ A4 SR, AR AUR K B x5 [M]. (381

[21]

[22]

[23]

[24]

(28]

[29]

R dbat. s EERERL S A, 2002.
State  Environment Protection Administration.  Water and
wastewater monitoring and analysis methods[ M ]. (4th ed. ).
Beijing: China Environmental Science Press, 2002.

o, O oA (M. dbsl o E R R
H AL, 2000.

Foarak, EEE, ariR€, & UK A KRR A
FEOKZ BB m (1], HER, 2012, 33(2):
385-392.

Wang L Z, Wang G X, Yu Z F, et al. Influence of submerged
macrophytes on phosphorus transference between sediment and
overlying water in the growth period[ J]. Environmental Science,
2012, 33(2): 385-392.

BT, EEEE, BREE, % SR AERIVIEY TS
A [ )], A25244), 2014, 34(20) : 5802-5811.

Ge X G, Wang G X, Chen C Z, e al. Effects on the
transformation of phosphorus in sediment with growing of
Vallisneria natans[ J]. Acta Ecologica Sinica, 2014, 34(20) .
5802-5811.

Christianse N H, Andersen F @, Jensen H S. Phosphate uptake
kinetics for four species of submerged freshwater macrophytes
measured by a®> P phosphate radioisotope technique[ J].
Botany, 2016, 128 58-67.

XPHY, IR, WL, S5 DR EEH B PR AR 6K
AR AR AL [ 1], IR, 2014, 35(10)
3764-3768.

Liu D D, Li Z K, Ye Z X, et al.

denitrification study on the joint treatment of aquatic vegetation

Aquatic

Nitrogen uptake and

and immobilized nitrogen cycling bacteria in Taihu lake [ J].
Environmental Science, 2014, 35(10) ; 3764-3768.

L, M&, ZHRE, G WEXDKRR-IUKIY RS
RARTBEA A [T]. P EFRER, 2015, 35(2):
539-549.

Kong X L, Ye C,Li C H,et,al. Effect on nitrogen transfer and
migration by Vallisneria natans (Lour. ) Hara in water-sediment-
submerged macrophytes system [ J ]. China Environmental
Science, 2015,35(2) :539-549.

Sachse R, Petzoldt T, Blumstock M, et al.

dimensional models for deep lakes to simulate the impact of

Extending one-
submerged macrophytes on water quality [ J]. Environmental
Modelling & Software, 2014, 61 . 410-423.
Xu W W, Hu W P, Deng J C, et al.

management of Trapa bispinosa on an aquatic macrophyte

Effects of harvest

community and water quality in a eutrophic lake[ J]. Ecological
Engineering, 2014, 64 120-129.

Ye C, Yu H C, Kong HN, et al. Community collocation of four
submerged macrophytes on two kinds of sediments in Lake Taihu,
China[ J]. Ecological Engineering, 2009, 35 (11 ): 1656-
1663.

Srivastava J, Gupta A, Chandra H. Managing water quality with
aquatic macrophytes[ J]. Reviews in Environmental Science and
Bio/Technology, 2008, 7(3) : 255-266.

Wang C, Wang C, Wang Z. Effects of submerged macrophytes
on sediment suspension and NH,-N release under hydrodynamic
conditions [ J]. Journal of Hydrodynamics, Series B, 2010, 22
(6): 810-815.

Silveira M J, Harthman V C, Michelan T S, et al. Anatomical
development of roots of native and non-native submerged aquatic
macrophytes in different sediment types [ J]. Aquatic Botany,
2016, 133. 24-27.



HUANJING KEXUE Vol.38  No. 1

Environmental Science ( monthly) Jan. 15, 2017

CONTENTS

Source Apportionment of Volatile Organic Compounds and Health Assessment of Benzene Series in Northern Suburb of Nanjing in Winter »+++++-+: ZHANG Yu-xin, AN Jun-lin, LIN Xu, etal. ( 1 )
Size Distribution and Mixing State of Black Carbon Aerosol in Nanjing During a Heavy Winter Pollution Event JIANG Lei, TANG Li-li, PAN Liang-bao, et al. ( 13 )
Interactive Effects of the Influencing Factors on the Changes of PM,, 5 Concentration Based on GAM Model HE Xiang, LIN Zhen-shan ( 22 )
Particle Size Distribution and Diffusion for Simulated Cooking Fume +:++«+sseseeesserererssimmienenenniniii e LI Shuang-de, XU Jun-bo, MO Sheng-peng, et al. ( 33 )
Greenhouse Gas Fluxes at Water-Air Interface in Small Pond Using Flux-Gradient Method Based on Spectrum Analyzer —««+:+ssesseeesessesseneens ZHAO Jia-yu, ZHANG Mi, XIAO Wei, et al. ( 41 )
Diurnal Variations of Concentration of Porewater Dissolved CH, and CO, in a Brackish Marsh Dominated by Cyperus malaccensis and Phragmites australis During Neap and Spring Tidal

Days in the Minjiang River EStuary «-«+«ssessessesseemsensensstnenensein ittt TAN Li-shan, YANG Ping, HE Lu-lu, et al. ( 52
Comparisons Between Seasonal and Diurnal Patterns of Cave Air CO, and Control Factors in Jiguan Cave, Henan Province, China «+eeeeeereeee ZHANG Ping, YANG Yan, SUN Zhe, et al. ( 60
Fluorescence Spectral Characteristics of Fluorescent Dissolved Organic Matter (FDOM) in the Surface Sediments from Lihu Lake «+++++- CHEN Jun-yi, WANG Shu-hang, JIANG Xia, et al. ( 70

HAN Xiu-xiu, HUANG Xiao-hu, YU Li-yan, et al. ( 78
ZHANG Wet, TANG Xiang-yu, XIAN Qing-song ( 87

Sedimentary Characteristics and Sources of Organic Matter in Sediments of Dianchi Lake
Seasonal Variation of Colloid Particles in the Shallow Well Water of a Small Watershed of Purple Soil -

............................................................................................................................................................ QI Chuang, WANG Guo-xiang, WU Xin-ting, et al. ( 95
Correlation Between LDI-based Land Use Types and Water Quality in Sanshan Island of Taihu Lake National Wetland Park, Suzhou -+ YANG Zhao-hui, SU Qun, CHEN Zhi-hui, et al. ( 104 )
Response Characteristics of Algal Chlorophyll-a to Nitrogen, Phosphorus and Water Temperature in Lake Erhai Based on Quantile Regression —«+v+reresrererresrerenensisnsenneinnscinnneee

......................................................................................................................................................... CHEN Xiao-hua, LI Xiao-ping, QIAN Xiao-yong, ef al.

(113)
Seasonal Succession Characteristics of the Morphologically-hased Functional Groups (MBFG) in Deep-water Reservoir «+«+«ssxssessesseesneereneenneniens YANG Yu,LU Jin-suo,ZHANG Ying ( 121 )
Change and Influencing Factors of Dissolved Carbon and Dissolved Nitrogen in Water of the Three Gorges Reservoir FAN Zhi-wei, HAO Qing-ju, HUANG Zhe, et al. ( 129 )
Characteristics of Nitrogen and Phosphorus Emissions in the Gufu River Small Watershed of the Three Georges Reservoir Area  «+++++++++ HUA Ling-ling, LI Wen-chao, ZHAI Li-mei, et al. ( 138 )
Characteristics of Nitrogen Transport and Its Source Trace in Loess Plateau’s Dam Watershed in Alternating Wet and Dry Seasons; A Case Study of Yangjuangou Watershed +++eseeeeereeeees
.................................................................................................................................................................. JIA Jundie, GAO Yang, CHEN Wei-liang, et al. ( 147 )
Comparison of Nitrogen and Phosphorus Uptake and Water Purification Ability of Five Submerged Macrophytes ««+:«+stssssseeesessenveeens JIN Shu-quan, ZHOU Jin-ho, BAO Wei-hong, et al. ( 156 )
Pollution Level,, Distribution Characteristics and Risk Assessment of 32 PPCPs in Surface Water of Luomahu Lake ««++-xsseveereveeneees ZHANG Qin, ZHANG Sheng-hu, WANG Zhen, et al. ( 162 )
Distribution, Sources and Risk Assessment of the PAHs in the Surface Sediments and Water from the Daye Lake =~ ««+esseeeereeeeseeees ZHANG Jia-quan, HU Tian-peng, XING Xin-li, et al. ( 170 )
Effects of pH and Complexing Agents on Sh( V') Adsorption onto Birnessite and Ferrihydrite Surface ++- WANG Hua-wei, LI Xiao-yue, LI Wei-hua, et al. ( 180 )
Effects of UV Radiation on the Coagulation Process of Kaolin and Involved Mechanisms WANG Wen-dong, WANG Chang-xin, LIU Hui, et al. ( 188 )
Effect of Dissolved Humic Acid on Thyroid Receptor Antagonistic Activity of Zinc in Aquatic Environment -+ Al Yang, KONG Dong-dong, YU Chang, et al. ( 195 )
Optimization and Validation of the Analytical Method to Detect Common Illicit Drugs in Wastewater =~ «+«+seeseesesereeressnessenennensenees ** GAO Ting-ting, DU Peng, XU Ze-qiong, et al. ( 201 )

Enhanced Treatment of Petrochemical Secondary Effluent by Biological Aerated Filter (Fe®*)-Ozonation Progess +++veeeeeeeuevenenens XU Min, WU Chang-yong, ZHOU Yue-i, et al. (229 )

Specificity of Intact Ladderane Lipids in Anaerobic Ammonium Oxidizing Bacteria from Four Reactors +«+sesessessessessersnenmmieniinsnsincnenens WANG Han,FANG Fang, LI Kai,et al. ( 238 )
Characteristics of Perchlorate Reduction and Analysis of Consortium Structure in a Sulfur-Based Reactor at a High Perchlorate Concentration «++++«ssessesserseresemenienssnmininininenn

ZHANG Chao, TAO Hua-qiang, SONG Yuan-yuan, et al. ( 247 )
Fast Start-up of SBAF System Assisted CANON Process and the Microbial Analysis «+:+-eeessereereersesesismenenmmninis LIU Zhu-han, YUE Xiu, YU Guang-ping, e al. ( 253 )
Mechanism for Effects of High Free Ammonia Loadings on Biological Nitrification =~ ««+«sesssesesssssesssssnenmimninsnsnneeis s JI Min, LIU Ling-jie, ZHAI Hong-yan, et al. ( 260 )
Impact of Biodegradable Organic Matter on the Functional Microbe Activities in Partial Nitrification Granules seeeeesss WANG Shu-yong, QIAN Fei-yue, WANG Jian-fang et al. ( 269 )
Process of Enrichment and Culture of PAOs on a Novel Biofilm Process of Dephosphorization ZHENG Ying, PAN Yang, ZHOU Xiao-hua, et al. ( 276 )

Identification of Efficient Strain Applied to Mining Rehabilitation and Its Rock Corrosion Mechanism; Based on Boosted Regression Tree Analysis «+x«+eessereesersesenensenenienennsiiniinsnne
WU Yan-wen, ZHANG Jin-chi, GUO Xiao-ping, et al. ( 283
SHI Guang-yu, CHENG Yuan-yuan, SHI Wei-lin ( 294

)
Effect of Cadmium on Biodegradation of Nonylphenol by Pseudomonas aeruginosa )
Effects of Different Agricultural Practices on Soil Carbon Pool in North China Plain «+«eeeseereeresesssenensnminiiniiinnne SHI Xiao-xia, ZHAO Yi, ZHANG Lin, et al. ( 301 )
Seasonal Variations of Soil Microbial PLFAs and Soil Enzyme Activity Under the Citrus Plantation in Mt. Jinyun, Chongging -+ LI Nan-jie, ZENG Qing-ping, HE Bing-hui, et al. ( 309 )

)
)

Composition and Environmental Adaptation of Microbial Community in Shibahe Copper Tailing in Zhongtiao Mountain in Shanxi =++-«++++++seeeseeeees LIU Jin-xian, LI Cui, JING Ju-hui, et al. ( 318

Spatial Distribution and Source of Perfluorinated Compounds in Urban Soil from Part of Cities in Anhui Province, China «+sessseeseeeeseereeneees

LI Fa-song, NI Hui, HUANG Han-yu, et al.

Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon and Its Components: Influence on the Soil Active Organic Carbon -+

............................................................................................................................................................ ZHAO Shi-xiang, YU Xiao-ling, LI Zhong-hui, et al. (333 )
Effects of Different Water Managements and Soil Eh on Migration and Accumulation of Cd in Rice TIAN Tao, ZENG Min, ZHOU Hang, et al. ( 343 )
Mechanism of Soil Eco-Functional Stability Under Pyrene/Cadmium Simplex and Combined Pollution Stress CHEN Xin-yao, YANG Hui-zi, LI Min, et al. ( 352 )
Fractions Transformation of Heavy Metals in Compound Contaminated Soil Treated with Biochar, Montmorillonite and Mixed Addition -+ GAO Rui-li, TANG Mao, FU Qing-ling, et al. ( 361 )
Screening of the Reduction/Stabilization Reagent for Cr( VI) Contaminated Soil in a Planting Site and Reaction Process Monitoring *++* LI Pei-zhong, LU Xiao-jian, WANG Hai-jian, et al. ( 368 )
Cd( 1) Ton Adsorption and Sealing onto SBA-15 Mesoporous Particles and the Related Potential on Cd( I) Polluted Soil Remediation — +++++++ssssssssssssusussmsmnisiinininiiiins

............................................................................................................................................................... HUANG Hui, NING Xi-cui, GUO Zhan-yu, et al. (
HE Ming-jing, YANG Ting, LI Qi,et al. (
CHEN Zhi-liang, HUANG Ling, ZHOU Cun-yu, et al. ( 389
(
(

Bioaccumulation of Halogenated Flame Retardants in Fish of Dongjiang River

Characteristics and Evaluation of Heavy Metal Pollution in Vegetables in Guangzhou
Variation Characteristics of Vegetables Cadmium Uptake Factors and Its Relations to Environmental Factors «+-eeesereereerseresenenenennes YANG Yang, LI Yan-ling, CHEN Wei-ping, et al.

YU Ya-wei, YANG Yu-han, ZHANG Cheng, et al.
ZHAO Hui, ZHENG You-fei, CAO Jia-chen, et al. ( 412

Effect of Sewage Sludge Compost Products Application on Total Mercury and Methylmercury in Soil and Plants «+-++++++++

Influencing Mechanism and Spatio-temporal Pattern of Stomatal Ozone Flux of Winter Wheat Under Ozone Pollution



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
N, o < W N7 2z
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
Ay N 3 =
WM W OE W MW A
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
201741 B15H #38% H1 Vol.38 No.1 Jan. 15, 2017
F & hEPFERE Superintended by Chinese Academy of Sciences
* 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 B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
= # ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
18 5, MR 4% : 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 Fi-mail : hjlx@ ‘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
ED Rl 34T dtaiR B R ARG RS R Printed by Beijing Baochang Color Printing Co., Ltd.
% 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 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 s
mEHS ERERLE RS 2-821
RERENS: O Tioi805/X = ISSN 0250-3301
B A E fir: 140.00 T ES&EITRS: M 205 01>

BRSNS FET

9H

7702507330172




	页面提取自－环境科学
	页面提取自－环境科学201701电子书
	页面提取自－环境科学201子书


