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Abstract To re(,over nitrogen and phosphorus, fmm ¢ supernatant of anaerobic ferm’entanon of! ﬂpxces’s sludge in the form of th’uY!tE 4
(MAP MgNH P@ 6H ,0), the optimum eonditions “of n1tr0gen and phosphorus dissolution and the effects of different reactigit
conditions on mtrogén and phosphorus regovery Were studidd. The results showeéd t!ﬁt the Concentration of ammoni@*hitrogéh and
OIthophosphate that dissolved in the fermentatlﬁn liquid jpéaked on the fifth day of“the experiment at pH 10.5 and 35°C. When a
phosphorus source was iand was not added | thé optimum conditions for recovering phosphorus were pH =9.5, N:P=0. 8, and Mg: P =
1.8 ﬁld pH=9.5, Mg P =116, and %peed 200 rp mln l, re%‘pectlvely In addition, reducing the N**P molar ratio had a significant
effect /on the m01'p11010gy and purity of the struyite. Scannlng eléciron microscopy (SEM) , energy dispersive spectrometry (EDS), X-
ray dlffrdc.tlon (XRDY)., and Fourier transform infrared spectroscopy ( FTIR) were used to analyze the surface appearance and phase
composition of the recovered products. The main component of the precipitate was MAP. Recovery of nitrogen and phosphorus in excess
sludge in the form of struvite is an effective means for realizing sludge resource utilization.

Key words: excess sludge; anaerobic fermentation; ammonia nitrogen; phosphate; struvite
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Fig. 1 Effects of different pH, temperature, and fermentation time on SCOD dissolution
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Fig. 2 Effects of different fermentation time and pH on the dissolution of phosphate and ammonia nitrogen
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Fig. 3zuEffects of different fermefitation time qn’d temperature on the dissolution of phosphate and ammonia nitrogen

450

(o) REEUE

o 1 2 3 4 5 ¢
R REN i/
|

4 SKEVRA TR T RS T PO AU PRI I N S T, 2

TRt 35CRE MR AE , 12U 1E 25°C 1451
B T T AL R e A S 2 O 3 AT B
ARG R w0, Fr AP IR R B A iR
FE35C. BEMRELTE 35C Ik e, EHT
35°C 4AF R V5 IRV H 1Y SCOD i vk i 5 & [ 14 1
(b) ], HECEY QTG , B2 08 H R 5
AR R
2.3 MAP 3 [FNSCR B A2 R R
2.3.1  BEIE K pH XFBERR SR A A R R Y
pH &R0 LI A 45 N iR LR R Z —,
pH AN B 28 4 A W s B, 8 Tl LA
T 5 M) YR ) e A AR R 285 32 T R ) 5 2 B A
JUE H R B 5 W 5 b i B T, (R
NH, 1 PO; ™ 5T o s vk J3E vy B2 At pHL (B
TEABIZE, N THfE MAP W R AE pH 1, ¥
VER R K EE PR IR 1.2.2 W & 1.2.3 T4
BRIATEAE. WP BE IR &L . E EUR A e B K
P EISCR Gn & 4 firzs. AR AT HTJC IS J& A5 s
WEUR, WERRER AN 2 A MY IR OR AR AL R AL AR — B,
PITE pH R 9.5 B iR SIIEAE. JkSedm pH, BEfRE:

4 pH (4R S B —E B, WM ) OH ™ &5 1Al /g
5 Mg R W AR i Mg (OH), UTTE, I Mg "
WD, NI RE M S 28 A DT TE AR S AR . T LA, W IR
I ESR IR SRR. h T AR LB PR
AW RBERELN 3 52, LS 31 i
BEIREL S o, It B 4 Fros7E BRSO T B
Pk 1 [ SR B i R 51 90% |, AN AR I U5 ) =
R ATt IR TS I D s 14 [T i .
2.3.2  BEUR RSB R X B IR kA A A iR
(14 5 Wi

1Y AL B B b W P NH, N R R EE R
PO, -P 1Y 3 5, RHA R &0, Hik, Mg: P
JEE 7R He S MAP M E 38 R PO~ -P (1) SRS
. AR5 T H e A F Mg: P EEJR L R
R A SR RE ], KI5 e IR A R TV W
MR 2.2 5 8 1. 2.3 WAL BREF THAE. LT
Pl mEmR e | EER B R A 1 R gl 5
. NHETED, TR E B INBER, 7E Mg: P EE/R
FEAL. 2 ~ 1. 6 BB R ER IR By LB T3, X
JE AR B MAP B FRIS EE /R HUJ 1010 1, ARk



9 WA . TR TS PR R R R B W b LA S 3B X [l i 4173
o SURURIAR v - G EBRE 10 ;: (b) MBI ] iiﬁ
14 T i I ]
(2) AN ’ a i A
_ 12+ y _ 1.8 - /ﬁ_.-- 90
S, // 10 ijﬁ% 0 L
s b oy
= & o2 7 &
2 Jﬁ % ﬁhm// f/ 150
& 00 %4 140 ﬁuség %ﬁ 40
* 04 ?ﬂ ‘RM-%g‘ gg 130
bl / 1%
02 - . ' _ \ / N _
D y, \| o N K
8.5 9.0 9.5 10.0 10.5 85 9.0 9.5 10.0 10.5
pH pH
B4 BHER pH XREER SR MR K20
Fig. 4 Effects of phosphorus source and pH on the recovery of phosphate and ammonia nitrogen
1.6 % 120
oL@ R s - s s
PR AR e BEEBRE {100
-,—:] o = 'r:]
& &
B B
1.2 - """ 1.8 § 2.0 ‘.“.
Mg:P
~ 3 I, = M5 WER VD R R A B b | F
In‘ i f-'ui e Fig. 5, Effects of pilosphpt!l‘ls sf;urcel'aind pl_'_L'f)n _th_? recovery of pfllt')sphate and ammonia mitrogen
) | | =1 ; T A -

J ) ! -"f i o i =
R, St o e A . R .

REFTIEST AT, [, i Mg S N, #B0
R0 S 1, MAP 75 [ E0T , AT R AR 7% 4
BRI 15, HETT R R, ARG Mg: P g
IREC, B ORISR % 2 B 010, T APl —
PR EE RS T 5 e R 9 SCOD (ANEE FI BT, By
RIS T ) 45 446 % 5 SCOD BT . 7E IR
TR Z5E T Mg: P BEJR L M1, 6 B HUAS B

MO, ZER BRI A9 A PF R Mg: PSR 1. 8 I

0.12 100
 § A

BRI A
BT A T

0.10 F (a) ¥ It

)

i N S
EU.US: § | o
mo,ol- % § 20

2.3.3 BRI, GUBRIEE IR B ST PR G 0 B R A
SR RICR B 5 R

FERIMBRIRAAE T, WFFE T N: P BEJR EL AT B
FRER AN AU RSCR R R, & PR FR h 5 R A &
BRFhE N: P EE /R s i =i [ &1 6 (a) .t MAP
A RN AT, ol R v B A T v A R RN ) I
AT, R A BRI . IR
HFERE N: P =0. 8 NEAEAM:. AR IBE IR A1

1.2 120
(b) AT s
1.0 1 100

=
oo

e
=)

Fl A e e /mmol-1
SN

%\\\\\ ﬁmﬁ %N ’7/:;\\33 %m 0

200 300 400 500 600
Be bk /rmin™!

6 BEIR. N:P EE/R b R HEE X BEER 3 A0 S m B W R ) #M

Fig. 6 Influence of phosphorus sou

rce, N: P molar ratio, and agitation speed on the recovery of phosphate and ammonia nitrogen



4174 57

B 40 %

T, WEGE T B R 5 AN TR Y S
RIRTERERERE 3K 200 remin ~ I, BERRER M A A
KB T fem e, ORI Y PEE RRT, —
J7 T 5 8 b VRS A B R A SR AR R ) )
RA, 3 —J7 H4R S T 45 551 R/ fb A (] filf 42 7
FIRBREL, W HEREAL, BT RVNRIRLS B IEAS)
AYES. UEEHK T 200 remin T, BERREL IR AN
MICRE L T R, SORFE PR R, itk
T AR T 8 YR F S 2 (o Rl 43 e — RS 1) 5 - 1
IR TCEAR RS S, S /MR TCE R E K.

M, R R Z3EHIAE 200 remin T A2 A
2.4 IO RRIE 23 BT

AR et S5 1 T 3RAS UL sE Y, FIH SEM-
EDS| FTIR & XRD %5 T Bt A7 F ik 43 M. oS Jn g%
TR SEM R 7 (a) ] B 5 28 S 2 i g
BAEFE) | Huang 5% Hi38 T ff H MgCl, 1E N
Mg® " IR AT IR, EDS W R[ Il 7(b) &l 7
(d)], DUEY R EEREAFIESE ¢, Mg, P IO A
. FTIR 43 #7 B 41 A £ 406 3% 5 MAP AT
( E8) ,3700 ~2500cm ™" i Bt I 45 5K A 11

(b)

. 1 l(. L
3 4
,-‘.-|
Al
o
1 1
3 4

i f i keV

(a) WHNBEIRAY SEM; (b) TRAIBRIRAY EDS; (o) RESIIBEIRAY SEM; (d) RAINBEIEAY EDS
E7 B SEM-EDS Bl
Fig. 7 SEM-EDS images of the recovered products

P(.-)Jj-

PO

(a) ¥ B

4500 4000 3500 3000 2500 2000 1500 1000 500 O
i ¥/em™!

(b) AR B

4500 4000 3500 3000 2500 2000 1500 1000 500 0
il #/em™!

B8 Er=#H FTIR Eik
Fig. 8 FTIR spectra of the recovered products



9 4 W45 . TR TS PR IR R R e i h LA S Jp e =X T Uil 4175

TEAE, 1649 em ™" P BEFHIT A9 (4 B 21 S 3% 2 B
g H—OH 45464, 1445 em ™' BE NH, AY4RAE
W) 1077 em ™ A 567 em T ECE PO] T AYARAE
W PRRA R4 & NH, . PO R H,O0 e ik
Fh, XRD X HArHT s (1 9) , ARESI#EER XRD
EIEAE 20°F1 40° (260) Z [8] 2 A L0 FE 1Y 9a . A
WFFE R , %Sl JC e AT ST BT
Y e E B A, X5 SEM BME[E 7(c) ]
NITEE TE IR GRS S 3 A bR iR
FXFE, RIS IR ) £ 2 A i B B ) LR VR
BRI .

(a) iEIEE ¥

* G¥n

b) AR MBI

0 10 20 30 40 50 60 70 80 90
2007 )

B9 B4 XRD Eif
Fig. 9 XRD spectra of the recovered products

3 it

(1) pH | I B2 A R ] 252 e 3 4 75 e IR 4R
R EE N R, Bk (pH =10) &4 TR 4375
WS K, EAR, #AKILE YA SCOD 4 7= 1
HWE R, I PIRAE(35°C) REISHRE Sk ik
(18 A A R T AR A % 1 0 7K i T ) Bt
T o & B 1) SCOD A= il ik

(2) pH, Mg: P EEJRHG | N: P BEJR L B i 15
MRS MAP 3 MRS EER R, B&EAE
A pH 212 9.5, Mg: P EEJR L N1.6 ~ 1.8,
P FE 3 4 200 1+ min ™!

(3) N: P BEIR LY 2 5 M 5 2 4 143 14 DG S5 i)
P, MHACT 1 B, f i SEM A XRD El3% Al %0

T MAP @R RTE R, S5 AR ME 55 26 A7 Y VT 50 B2 B
. LA MAP ¥R RIS AR R FE v, RS EERER N
1P BRI, DMRIEDTIE Y M 2l

(4) LA 2 I8 20N Ax 5 g b Il AU, 2

PR TV BALA B — A RO . R TR R

RIS T 5 TG K — & A5 Kb A3, T

s A, BAT)T AR

SE k.

[ 1] Chen M P, Graedel T E. The potential for mining trace elements
from phosphate rock[ J]. Journal of Cleaner Production, 2015,
91. 337-346.

[2] Lasen T A, Udert K M, Lienert J. Source separation and
decentralization for wastewater management[ M ]. London: IWA
Publishing, 2013. 29-44.

[ 3] Fischer F, Bastian C, Happe M, et al. Microbial fuel cell
enables phosphate recovery from digested sewage sludge as
struvite[ J ]. Bioresource Technology, 201 1, 1“02 (. 1-6')';. 5-824_

5830. i / &7 &
[4] Korboulcwsky N, Dupouyet S, Bonin G. EHVII‘OIIFH_I.(intdl zisks of
applying sewage ‘sludge compost to vineyards: pdlbon hedvy

metals, mltogen and phbbphorus accumulalloﬂ{]],”]foumal of

Environmental Quahty., 2002  31(5) ; 1522- 152'2\, .““;‘,n‘
(5] F=ArR ks T B
HEk 2018, 54(8) Y98, 7 5

[6] Parsons-‘S HA Smllh J A} Phﬁsphorus removal and recovery fnom".
mlll’ll(’lpﬂl wastewaters[ J]. Elements, 2008, 4(2)' 109- 112 —

[7] t“?& wﬁf?ﬂ%m}ﬁh«ﬁ VL 44 P B OB [ D).

M. TERET K2, 2014, 15-17. “..-*

Bi W. Study on"magnesium ammonium phosphate production from
the alké;line hydrolysis superﬁatant of excess sludge from the
second level biochemical sewage treatment plant [ D ].
Guangzhou: South China University of Technology, 2014. 15-
17.

[ 8] Schoumans O F, Bouraoui F, Kabbe C, et al. Phosphorus
management in Europe in a changing world[ J]. Ambio, 2015,
44Suppl 2; 180-192.

[ 9] EgleL, Zoboli O, Thaler S, et al. The Austrian P budget as a
basis for resource optimization| J|. Resources, Conservation and
Recycling, 2014, 83. 152-162.

[10] Zoboli O, Laner D, Zessner M, et al. Added values of time
series in material flow analysis: the Austrian phosphorus budget
from 1990 to 2011[ J]. Journal of Industrial Ecology, 2016, 20
(6): 1334-13438.

[11] Zoboli O, Zessner M, Rechberger H. Supporting phosphorus
management in Austria: potential, priorities and limitations[ J].
Science of the Total Environment, 2016, 565 313-323.

[12] Pastor L, Mangin D, Ferrer J, et al. Struvite formation from the
supernatants of an anaerobic digestion pilot plant [ J ].
Bioresource Technology, 2010, 101(1); 118-125.

[13] ZouJ T, Li Y M. Anaerobic fermentation combined with low-
temperature thermal pretreatment for phosphorus-accumulating
granular sludge: release of carbon source and phosphorus as well
as hydrogen production potential [ J]. Bioresource Technology,
2016, 218 18-26.

(14] kI3, JHIR, T, 5 W05 K35 R h B g
A KRR ES T[], FRBE TR SAR, 2016, 10
(3): 1200-1204.

Shen X L, Zhou Z, Ren W C, et al. Fractionation and



4176 H

5

bioavailability of phosphorus in sludge from municipal wastewater

treatment plants [ J ]. Chinese Journal
Engineering, 2016, 10(3) : 1200-1204.

[15] Gallipoli A, Gianico A, Gagliano M C,

of Environmental

et al. Potential of high-

frequency ultrasounds to improve sludge anaerobic conversion and

different  food/inoculum
Bioresource Technology, 2014, 159 . 207-214.

Jin X D, Gu P, Zhang G H, et al.

surfactants removal at

[16]

ratio [ ] ].

Removal of nickel and

strontium from simulated radioactive wastewater via a pellet

(J1
Radioanalytical and Nuclear Chemistry, 2014, 301 (2):
521.

coprecipitation-microfiltration  process

[17]

Journal

of

513-

Uysal A, Yilmazel Y D, Demirer G N. The determination of

fertilizer quality of the formed struvite from effluent of a sewage

sludge anaerobic digester[ J].

2010, 181(1-3) . 248-254.

Journal of Hazardous Materials,

Latifian M, Liu J, Mattiasson B. Struvite-based fertilizer and its

physical and chemical properties[ J]. Environmental Technology,

2012, 33(24): 2691-2697.

from alkaline hydrolysis supernatant of excess

magnesium ammonium phosphate [ J].

2014, 166 1-8. =

[20] Sun R, Xing D F, Jia J N, e al.

BiW, LYY, Hu Y Y. Recovery of phosphorus and nitrogen
sludge by

Bioresource Teehnology,

=
Methane production and

microbial community structure for alkanne prelre“'ated waste

activated sludge[-:r] 5
501,
21y #3. mwﬁ% ﬁm@AILLﬂ %%ﬁyﬂ
o KRR Ay 2014 17-20.

Bloresaurre Te(‘hnology, 2014 169 . 496—

'Huang Y Treat’ment of strontium- contalnmg wastewater by

~# combined| process “of mechanical mixing jand mICPOflltrdtld)n[ D].

2 Tla]lj‘ln Tianjid University, 2014. 17-20.
(224", hifede. | wig %ﬁ?ﬁﬁx%mwﬁ&ﬁ&ﬁ&m
L] g HOREER | 2018, 37(6) : 29-35. 47

E’;A-ﬂ'j(”

Wu.H Y. Inﬂumi(‘e of temperature on hydrolysis and a(‘ldlfl(“atl()n

of primary sludge under alkaline condition [ J J.
Purification Technology, 2018, 37(6) : 29-35.

Water

[23] Andreasen K, Petersen G, Thomsen H, et al. Reduction of
nutrient emission by sludge hydrolysis[ J]. Water Science and
Technology, 1997, 35(10) . 79-85.

[24] Cassini ST, Andrade M C E, Abreu T A, et al. Alkaline and
acid hydrolytic processes in aerobic and anaerobic sludges: effect
on total EPS and fractions[ J]. Water Science and Technology,
2006, 53(8): 51-58.

[25] Z=ffl, 2o, BUBHIE, 45 BAAbBE I B X {5 Je K 8O

R N = AE O EIERE[ 7]
46(9) : 102-106.
LiQ Q, Guo L, Zhao Y G, et al.

EPLI/&##C”M}& 2016,

Effect of pretreatment

temperature on excess sludge hydrolysis and its characteristics of

fluorescence excitation-emission  matrix

spectroscopy [ J 1.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

% 40 £
Periodical of Ocean University of China, 2016, 46 (9) . 102-
106.

hrom, TWEE, BUKE, A RS U8 M X I A

Tﬁ'%ﬁ(ﬁ?kﬁ?ﬁﬁ%ﬂ@fﬂﬂ[ﬂ.
(4):1231-1236.
SuG Q, Wang SY, Zheng B Y, et al. Effect of temperature and

sludge concentration on hydrolysis and acidification of waste

Wb TR, 2013, 7

activated sludge under alkaline condition[ J]. Chinese Journal of

1231-1236.
Appels L, Baeyens J, Degreve J, et al. Principles and potential

Environmental Engineering, 2013, 7(4) :

of the anaerobic digestion of waste-activated sludge[ J].
in Energy and Combustion Science, 2008, 34(6) ; 755-781.
SR, Tk, IR, AF. pH {EXTRIAR IS YRS K I A R
)], HEREESHEAR, 2014, 37(6) : 144-147.

Cai Y C, Zhang P, Su H, et al. Effect of pH value on hydrogen
production from dark fermentation of surplus sludge [ J .
Environmental Science & Technology, 2014, 37 (6 ). 144-
147.

Banister S S, Pitman A R, Pretorius W A. The solubili_sation of

Progress

N and P during primary sludge acid fermentation- and'ﬁ.recipé_tqtinn
of the resultant P[J] Water SA, 1998, 24(4). '_337 54,

fitse, BOB, HEH L JBE X 7 '?Wﬁﬁi:{’i%?fﬁ
r‘ME’JEyuI‘][J] D ﬂ Ak, 2018, 41(4') 139145,
Xie J, Duah’ X, Feng LI Y, et al. Effects; ot tepfperalu;e on
ultrasomc alkaline-dugmentation of volatile fatty acids Brﬂﬂug}ion
sludges [ ] ].
annonm‘en.tal Scuance & Technology, 2018, 41(4) . 139‘ 145
Nelson N 0, Mlkkeken 'T{ L, Hesterberg D L. btru‘\f’ le_-ﬂ
premplt&tmn injanaerobic swine lagoon liquid: effe(’t of pH and

in anaeroblc v fPrme latlon of  wastewater

Mg: /P ratio|and determl‘lallon of rate constant[ J: Bioresoiirce
Technology, 2003 , 89(3) ; 229-236. ¥
Tong J, Chen” Y G. Enhanced biological phosphorus removal
driven by short-chain fatty acids produced from waste activated
sludge alkaline fermentation [ J ]. Environmental Science &
Technology, 2007, 41(20) . 7126-7130.

Korchef A, Saidou H, Amor M B. Phosphate recovery through
struvite precipitation by CO, removal: Effect of magnesium,
phosphate and ammonium concentrations [ J ]. Journal of

2011, 186(1) : 602-613.
Huang H M, Li B, Li J, et al. Influence of process parameters

Hazardous Materials
on the heavy metal (Zn**, Cu®* and Cr’* ) content of struvite
obtained from synthetic swine wastewater [ J ]. Environmental
Pollution, 2019, 245, 658-665.

Rouff A A. Sorption of chromium with struvite during phosphorus
recovery[ J ]. Environmental Science & Technology, 2012, 46
(22): 12493-12501.

Zhou JZ, Wu S M, Pan Y, et al. Enrichment of heavy metals in
fine particles of municipal solid waste incinerator (MSWI) fly ash
and associated health risk [ ] ]. 2015, 43

239-246.

Waste Management,



HUANJING KEXUE Vol.40  No.9

Environmental Science (monthly) Sep. 15, 2019

CONTENTS

Size Distributions of Different Carbonaceous Components in Ambient Aerosols DU Xiang, ZHAO Pu-sheng, DONG Qun, et al. (3849)
Analysis of Air Pollution Characteristics and Meteorological Conditions in Zhengzhou from 2014 to 2017 -+ GUO Meng-meng, JIANG Nan, WANG Shen-ho, et al. (3856 )
Characteristics of Atmospheric PM, 5 Pollution and Its Influence on Visibility in Background Areas of Ji'man BIE Shu-jun, YANG Ling-xiao, GAO Ying, et al. (3868 )
Source Analysis and Health Risk Assessment of PAHs in PM, s During Winter in Liaocheng City »«+eeeoeseeesessesssinsninsenn LIU Xiao-di, HOU Zhan-fang, MENG Jing-jing, et al. ( 3875 )
Temporal-Spatial Characteristics and Variability in Aerosol Optical Depth over China During 2001-2017 ««xeeesessessesnensesesnenneenennes LIU Hai-zhi, GUO Hai-yan, MA Zhen-feng, et al. (3886)
Spatial-Temporal Distribution of Absorptive Aerosols in the Yangtze River Delta ZHAO Nan, CAO Fan-shi, TIAN Qing, et al. (3898)
Emission Characteristics of Chemical Composition of Particulate Matter from Coal-fired Boilers YANG Yan-rong, ZHOU Xue-ming, QIN Juan-juan, et al. (3908)
Pollution Characteristics of Heavy Metals in PM, 5 Near Highway «+ereoveeevereeerssenissiienniene LI Xiao-hao, LIAO Zu-wen, ZHAO Hong, et al. (3916)
Pollution Characteristics and Potential Ecological Risks of Heavy Metals in Road Dust in Beijing «essesesessessesssesenennssninennsienennes HU Yue-qi, GUO Jian-hui, ZHANG Chao, et al. (3924)
Application of Test Method for Dust Suppression Efficiency of Wind Erosion Dust Suppressant ««+«+esesseseeesesessssnsminin. QIN Jian-ping, LI Bei-bei, YANG Tao, et al. (3935)
Emission Characteristics and Ozone Formation Potential of VOCs in Printing Enterprises in Beijing-Tianjin-Hebei «+:+-veeeeservesveesenenenns LIU Wen-wen, FANG Li, GUO Xiu-rui, et al. (3942)
Source Profiles of VOCs Associated with Typical Industrial Processes in Chengdu «+seseeeresssseesesenmensnmisiies ZHOU Zi-hang, DENG Ye, WU Ke-ying, et al. (3949)
Characterization and Health Risk Assessment of Exposure to Odorous Pollutants Emitted from Industrial Odor Sources «+:«+«+sssseseeseseeseneens MENG Jie, ZHAI Zeng-xiu, JING Bo-yu, et al. (3962 )
Analysis of HONO Concentration and Source in Typical Rural Area of North China =«eseseeseseessesssesenennniininensienenns WANG Yu-zheng, XUE Chao-yang, ZHANG Cheng-long, et al. (3973)
CO-SCR Performance and Mechanism over Co30,, Catalysts »++eseresesesesesssessssesssssnissninstssiss s ZHONG Xue-mei, ZHANG Tao, LI Jia-yin, et al. (3982)
Pollution Characteristics of Perfluorinated Alkyl Substances (PFASs) in Seawater, Sediments, and Biological Samples from Jiaozhou Bay, China +«+resssererssesressnsnmmisnnininsiiiinnens
.................................................................................................................................................................. CUI Wen-jie, PENG Ji~xing, TAN Zhi-jun, et al. (3990)
Occurrence and Influencing Factors of Odorous Compounds in Reservoirs Used as Drinking Water Resources in Jiangsu Provinge «+«+seseeseseseressernienenennnins
...................................................................................................................................................... SHI Peng-cheng, ZHU Guang-wei, YANG Wen-bin, et al. (4000)
Fluorescence Characteristics and Influencing Factors of Dissolved Organic Matter (DOM) in Water and Sediment of Urban Watershed: A Case Study of Xiaojia River in Ningbo City = ++++++++
GAO Feng, SHAO Mei-ling, TANG Jian-feng, et al. (4009 )
Water Bloom Modified Sediment Nitrogen Transformation and Removal XIAO Lin, YANG Jia-yi (4018)
Applicability of Bioavailable Phosphorus in Sediments to Indicating Trophic Levels of Lakes and Reservoirs = +xeeeeseeeesessressennsenisenn LIU Hui, HU Lin-na, ZHU Meng-yuan, et al. (4023)
Analysis of Nitrate Pollution Sources in the Rainy Season of the Lower Fenhe River :erereesesesrerersienneninninin. WANG Yin-long, FENG Min-quan, DONG Xiang-gian ( 4033 )
Hydrochemical Characteristics and Evolution of Groundwater in the Kashgar Delta Area in Xinjiang ««-vereereeererereseneneneninenennen WEI Xing, ZHOU Jin-long, NAT Wei-hua, et al. (4042 )
Community Diversity of Eukaryotic Nano-phytoplankton in Yellow Sea Using DNA Metabarcoding Technology Based on Multiple Amplicons
.................................................................................................................................................................. ZHANG Li, ZHANG Yuan, LIN Jia-ning, et al. (4052)
Comparison of Functional Groups of Phytoplankton in FG, MFG, and MBFG: Taking Three Reservoirs as an Example in Guizhou Plateau «++ CHEN Qian, LI Qiu-hua, MA Xin-yang, et al. (4061 )
Adsorption and Mechanism of Arsenic by Natural Iron-containing Minerals =~ ««+«+esseseereerseesimmenensnenienensinne s SHAO Jin-qiu, WEN Qi-gian, YAN Xiu-lan, et al. (4072)
Removal of Ph? * from Aqueous Solution by Magnesium-Calcium Hydroxyapatite Adsorbent HE Hao, ZHU Zong-qiang, LIU Jie, et al. (4081 )
Intensified Electrosorption of Ph** by 2, 6-diaminoanthraquinone/ Graphene Composite Electrode JIN Sheng-yao, XIANG Yang, ZHANG Jun-yu, et al. (4091 )
Experiment on Recovery of Phosphorus from Aqueous Solution by Calcium Doped Feg0, «oreeererrersevsseenmeinisininninenns BAI Run-ying, LIU Jian-ming, HAO Jun-feng, et al. (4098 )
Removal of Microplastics by Different Treatment Processes in Shanghai Large Municipal Wastewater Treatment Plants «+r+eeeeeeeresseesneneenens JIA Qi-long, CHEN Hao, ZHAO Xin, et al. (4105)
Enhanced Nutrient Removal and Microbial Community Structure in a Step-feed A%/ Process Treating Low-C/N Municipal Wastewater -+ RONG Yi, LIU Xiao-chai, HE Yin-xuan, et al. (4113)
Performances Analysis of an Upflow Anaerobic Filter for Domestic Sewage Treatment *+ YANG Zhong-gi, LIU Xiu-hong, LI Hai-xin, et al. (4121)
Electron Equilibrium Analysis of Integrated Autotrophic and Heterotrophic Denitrification Process Under Micro-aerobic Conditions -++++++- ZHANG Ruo-chen, CHEN Chuan, SHAO Bo, et al. (4128)
Pilot Study on Start-up and Stable Operation at Low Temperature Based on Denitrifying Phosphorus Removal - ««esssseeeereerseseeeseneneienicnnens ZHANG Fan, YU De-shuang, LIU Jie, et al. (4136)
Comparison of Polycaprolactone and Poly-3-hydroxybutyrate-co-3-hydroxyvalerate for Nitrogen Removal =~ +x«ssessesesesesenenmenenenenenininnenns YI Cheng-hao, QIN Wei, CHEN Zhan, et al. (4143)
Rapid Cultivation of Anaerohic Ammonium Oxidation Granular Sludge and Inhibition Kinetics of Granular Sludge »«+-++++++eseeeseeseereen TANG Peng, YU De-shuang, CHEN Guang-hui, et al. (4152)
Effect of Ca®* on the Nitrification Activity and the Flocculation and Sedimentation Performances of the Activated Sludge ++++++++ ZHANG Lan-he, ZHAO Qian-nan, ZHANG Hai-feng, et al. (4160)
Recovery of Phosphorus in the Form of Struvite from the Anaerobic Fermentation Supernatant of Excess Sludge +-«+s++sesseeeseeseseensienens CHANG Xiao, ZENG Wei, WANG Bao-gui, et al. (4169)
Effect of Signal Molecule Combined with Thiobacillus denitrificans on Simultaneous Removal of Nitrogen and Sulfur «+seseseereeeeeseene XU Jin-lan, CHEN Zi-wei, ZHANG Shao-feng, et al. (4177)
Bacterial Community Composition in Channel Sediment in Response to Mariculture Wastewater Drainage +«++:+sveeseereesresesienenensineninnenns HU Yue-hang, XUAN Li-xia, QIU Qiong-fen (4185)
Setup and Microbial Community Analysis of ANAMMOX System for Landfill Leachate Treatment Coupling Partial Nitrification-Denitrification Process —«++vereeeseesesesssnemenensnininennee
..................................................................................................................................................................... ZHAO Qing, LIU Meng-ying, LU Hui, et al. (4195

Effects of Rice Straw Addition on Methanogenic Archaea and Bacteria in Two Paddy Soils — «+esevesersessesesssemenmmsinenninienen BAO Qiong-li, WANG Feng-hua, BAO Wan-kui, et al. (4202

Effect of Plastic Film Mulching on Greenhouse Gas Emissions from Rice-Rapeseed Rotation in Cropland —+s++sesvesseseesenenenesinennens CHEN Shi-jie, JIANG Chang-sheng, NI Xue, et al. (4213

LU Tian-xin, WU Yan-zheng, SHEN Jian-lin, et al. (4221

++ CHENG Fang, DING Shuai, LIU Su-mei, et al. (4230
(

N,0 Emissions from a Tea Field with Deep Application of Nitrogen Fertilizer and Intercropping with White Clover

Distribution and Emission of Nitrous Oxide (N,0) in Three Gorges Reservoir and Downstream River *

)
)
)
)
)
)

Synergy of Algal Sedimentation and Sediment Capping for Methane Emission Control in Bloom Waters ««+eseeeseseeresssisnsicnsiiniinn ZHU Lin, YU Jiang-hua, SHI Wen-qing, et al. (4238

Impact of Newly Build Lead-Acid Battery Agglomeration Area on the Surrounding Soil Environment: A Study Based on the Spatial Characteristics of Heavy Metals ««eeeesrerreeeesenennene
.................................................................................................................................................................. DING Ya-li, LIAO Min, FANG Zhi-ping, et al. (4244

Effects of Amendments with Different C/N/P Ratios on Plant and Soil Properties of a Ph-Zn Mine Tailings «+«+«+ssseeseeseseeseereeeenes YANG Sheng-xiang, LI Feng-mei, PENG Xi-zhu, et al. (4253

Derivation of the Thresholds of Available Concentrations of Heavy Metals in Soil Based on Agricultural Product Safety ++ ZHANG Yun-hui, DU Ping, HE Ying, et al. (4262
LUO Dong-hai, WANG Zi-fang, LU Chang, et al. (4270
Influence of Land Use Change on Litter and Soil C, N, P Stoichiometric Characteristics and Soil Enzyme Activity in Karst Ecosystem, Southwest China «+r«sseseeseersersenemenenenenenenenes

TIAN Jing, SHENG Mao-yin, WANG Pan, et al. (4278)
PENG Ou, LIU Yu-ling, TIE Bai-qing, et al. (4287)

*+ CHEN Yang, YIN Hong-ling, WU Di, et al. (4295)

Content of Soil Phytolith-Occluded Organic Carbon in Different Land Use Patterns at Jinyun Mountain




	组合
	单独封面9
	中文


