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Stable Nitrite Accumulation and Phosphorus Rem0§al- t?r(;m High-nifrzﬁe ‘-dﬂnd
Mun1c1pal Wastewaters in a Comblned Process/ Qf Partlal Demtrlﬁcatmn and

Denltrlfylng Phosphorus Removal (PD DPR) / ) P
WANG Qiu-ying, [ YU De- %huang, ZHAO Ji, FWANG  Xiao-xia" , f:YUAN Meng-fei, GONG+ Xiu-zhen,
CHU/Guang-yu, HE Tong-hui u,’ W . 4l

(Schﬁol of Environmental Science and Engmeermg angddo Unlverslty, Qingdao 266071, Chlnd)

Abstract: In thls.- study, /a novel process combiningpartial demfrlflcatlon (PD, NO; -N—NO, -N) and denitrifying phosphorus
removalt (DPR) 'in an anaerobic-anoxic-aerobic sequenciiig 'batch reactor (SBR) was developed. By comprehensively controlling the
influent €N ratio, anaerobic drainage ratio, and anoxic duration, the nitrite accumulation and phosphorus removal performance of a
system ‘treating high-strength nitrate and municipal wastewaters was investigated. The results showed that, after 140 days, the nitrate-
to-nitrite transformation ratio (NTR) was 80. 1%, and PO -P removal efficiency was 97.64%. In the anaerobic stage (180 min),
glycogen-accumulating organisms ( GAOs) and phosphorus-accumulating organisms (PAOs) efficiently utilized the carbon source in
municipal wastewater to enhance intracellular carbon storage. In the anoxic stage (150 min), denitrifying GAOs ( DGAOs) and
heterotrophic denitrifying bacteria (DOHOs) carried out endogenous and exogenous short-range denitrification, respectively, to achieve
stable nitrite accumulation; simultaneously, denitrifying PAOs (DPAOs) carried out denitrifying phosphorus uptake to achieve efficient
phosphorus removal. In the aerobic stage (10 min ), without initiating ammonia/nitrite oxidation, PAOs absorbed excessive
phosphorus, which improved the phosphorus removal performance of the system. The effluent NO, -N/NH, -N of a ratio of 1.31:1
(close to the theoretical value of ANAMMOX process, 1.32: 1), with little PO~ -P and COD (0. 30 and 12.94 mg-L™") , meets the
requirements for deep-level nitrogen removal by coupling with ANAMMOX process.

Key words : partial denitrification ( PD ) ; denitrification phosphorus accumulation ( DPR) ; intracellular carbon source; nitrate
wastewater; anaerobic ammonia oxidation (ANAMMOX)
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Fig. 1 Experimental device and operation procedure

of the PD-DPR SBR system
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Table 1 ~ Operation conditions for the PD-DPR over 140 days
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gL, CuSO,-5H,030 mg-L-", MaCl,-4H,0 120  HINO; -NHPE mg- 11" sINO; Al NOsﬁw'Jﬁﬁ%ﬂfz
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SRR R NaNO, ﬁﬂﬁ?ﬂﬂ’ﬁﬁk ot p @ THNG s = NO:)
2. “ .~ NO;
1971300 4 350/ mg- L7 4 A SN0 ~NOe) ()
RS LI SE S T 240 d Fe LA R CoD,,.(%) = COD x 100 (4)

(COD,, - COD, ,)

RBRMETE Y SBR, £ % 2% N MLSS 43 540
ARV 1Y B F S R AR N H STCOD,, NO;, il NOL, 4031 4 LB 1

mg-L™" V5IRTTRE L (SV) 48 31%, 15 IR IR T8 % COD. NO- N HINO- N fi e L con
(SVD)Z)/91.3 mL-g™". > 2”7 B X, Mg 5 e AN

L3 RN E K s By ik NOzic,A*ﬂﬁoapAﬁ‘%ﬂi?%”fufﬁﬂiﬁﬁ COD, NO, -N

L3 EHIE 1\{03*-Nﬂﬁ¥i%r;,mg-L 2.86 Al 1.71 AHLE b
KAE R IELE 011 em(FKFLIAN 15 ~20  DENO;-NAINO, -NﬁﬁlJLE T MRS A T T A Y

wm) SHE R LT A S8, po)- PR gy COP LA N/COD T (BTALEE).

IPOECEEEIE ; NOS-N R/ B OOLE 2 ZREITE

N Cﬂll—‘—'. - 7 _ _% _ — RERY »ﬂl . N
PRZE s NOy -NARHN-(1200) -4 —HOBREN ) 0 oy ppp /%f:éu_ﬁﬂ;ﬁlﬂ COD M5t

COD ﬁi}ﬂﬁ £ 5B-3A COD %75 3 0 S0 7 yg&dﬂgf%g{%%ﬁﬂ@ 2.
DO R H TG JPB-607 Wi E I 5 pH (B K H B 4 P 2 AT B EE 1(1 ~ 15 d) 243K CoD ik

PHB-3CpH 7155 MLSS, W HETS R UTKETERE  prspay 24 % 300.05 me-L-", KA ¥ COD ik i
(SVI) R E mEE. ok, SBR I %15 17 Y 5 225.03 mg-L~' B}, K 4 F COD ¥ ¥ By 186.20
141 d B, 2 SERG2 AT B NHS -NU NOy Ny o 1SRRG E4E 10 d BFAY 149. 80 mg-L~", T

NO; -N ., PO}~ -PHI COD ¥ (25 AL A5 1. J5 W& A B B A & 150.77 mg-L”'; COD,,. M
1.3.2 8% 40. 43% Z AT E R 75. 60%, bifi J5 WA AR B R

WASTRER LR (NTR) HIF 3R AE SBR N #%  4E357E 66. 37% o7, i IE IR E X & 48 COD 14 %)
SR B A TR 6 8 Tl o P STV PR - 1 A G O THBMER; IFH, MiERG ST R A K,



34 FAKFIAE : PD-DPR ZR G4k BT 5 7K 55 v i £k A /K S92 PR A IV il 0 B SR N 25 Bk Py A 1387

DGAOs il DPAOs i N B IR G A7 REPE ARG 3. 1 71. 47%, [A]A COD Z2BRR ik 5 95. 40% . WXt PD-
AN AEZBYBE, HIJK COD e 121,33 mg-L™'3&#F  DPR 2 48 gk 47 R S HE K 6l A F T 88 55 IR & Bt
WP E]7.93 mg-L7'; COD BIEPR*H 46.38% % DPAOs Fll DGAOs N BRI AEfA1E T, H R G R4
W Tk 2 96.49% . BEWITE R G A B W E T T B COD ERRAEEA RS COD FBrad 72 v i 5Tk
COD MY EBR. 4y U BRI AT BE7E T oA SR MHEE T &k
PD R HEAT , SEE T XF COD (1R fige. BrBE5(91 ~126 d) , YR G L BRIRARHKH

Bret2(16 ~40 d) , M RGHK COD WEHR—R B4 A 1 240 min 4556 % 150 min i, KA COD
B2 351.25 mg-L7 B, JRAAH) COD WK El  wkpFfase 4 457E 166.61 mg-L~' 247, COD, 4%
263.41 mg-L™" I, R4 K COD ¥ B /1 218.52  #E739% Z:47; RS/ COD R (1575 18. 00
mg- L™ ZHFEMLE 174.71 mg-L™",COD,,,  Z#HITF 1o L' 2547, COD MR 53K 93% . 106 I 45 k40
FREAERTE 77.16% Zedr. AT, HEK COD WRIE iyl ut PD-DPR 45 COD ZIRARHEA A1 .
E‘J%%,ﬁﬂ?%%%%&mﬁ&ﬁ%{%ﬁ, RITE &R S8 TEMT B 6(127 ~140 d) ,ﬁg\gﬁug{ﬂ_@%;ﬁ_ﬁi
KRB G DOHOs . DGAOs 1 DPAOs A TR s jes iz 471, R 40K COD B LK COD ¥
ARSI HEAT O IR SRR AL R D5 10 A2 IR B, g o 75 1) B 58 26 9 (4 0 29 160. 60 .9.63
COD Rt 80. 66% 2w #] 90. 16%; K COD oy -1y | gk coD R 4 H51E 12,06 mg o,
W H 51.92 mg- L' 3 i B K I 8 2 78 20. 65 COD,. R4 T 5 % 24 80.71%, COD ggﬁgimL
me- L7 LI COD SUGTHGTH R JLPANE PDDPR 5 o6 630, 43 1| wpn,| PDADPR %ébﬁﬁ&ﬁ}iﬂzﬁ
Gilt) COD KBRMERE ™ 5. - COD B @ﬁ@ 1 | p

FrBe3(41 ~60 d)  HRGBRFBAKNOSN ) 5 oy ppp iEIMINOT -NFINO; -Nﬁ%ﬂ&%@
eI R #1350, 25 mg-L” ZEEHT,%@’EBE%&EE%D PD-DPR %% ﬁﬂﬁ@ 5 I 5% ik $7J<No3 N
A CoD A fE 9 i 5 W IR A FINO; -NHRJE 2 NTRé“{ﬂ: WL 3. o
18027 mg- L7 ‘%u 25. 45 mg- L~ BT %166, 92 " - 4
me-1) "1 18737 mig-1.~'; COD,, /11 63/00% Ziff 7t @'B‘l(% 15 4)3PD-DPR ”%éf'“ﬁljkm 2
T3 73420% %435 COD EHRH i 9. 46%%%& REEZ T 30445 me-L7, K NOT-N i # o1
#395/20% . e 48 1 K NO; NSy T L B BEIOPRUE AR 1193 mg- 170, I
DP SR PD 1 0347, WA T 8 0 con. g tHZKNO, -NHEEE R NTR H 5.22 mg-L™' Rl 19.77%
FE AR @ A G0 COD B RERE G T AR (AR AE 35. 83 mg- L' il 35.83%.

BrEE4(61 ~90 d) 4 Z5 ﬂ: TIREAH KR, UiW] PD-DPR RZE AT LASEBEINO, -NAG AR S il Akl 72
PRAAK H K COD #e B 17.52 mg-L7' FEIKE No, -NAYFLE.
12.35 mg-L~"; COD,,, H 68.00% & 4 3¢ fin % BrBe2(16 ~40 d) ,F& K COD Mk B2 B4 &

400 ' ] ] T T 120 - 120

| .l‘

350
300

250

200 | gh'?i g
150 |

100

(=)
=

CODimll'll%
l
=)
=
HBEA%

COD e iE/mg-L™!

o ik % R4UK » AR
v ik @  CODjpry O L

-

Y,
v
50 |- ‘%’;
%

1 1 1 L] 1 1 0
0 10 20 30 40 50 60 70 80 90 mo 110 120 130 140
i i/d

B2 AREETHE COD REFMEBRER COD,,, . HELER

Fig. 2 Variations of COD concentration and removal efficiency and COD,, efficiency during different operation phases



B 41 %

1388 w5
£ HEKNOTN o BAGENOSN = HA4LANO N
o HKNO-N ¥ HKNO;-N  © NTR
400 . 100
MrErl: BrBR2 BrBE3 D BB FrELs  ErE
350 i T s % o
i = ] - .
T, 300 | sty Lﬁb@@ ;mww&d@ﬂ 80
a0 : 4 e .
2 2500 o
P ig o 0.2
= 200 . uﬁ‘“ ag,.‘d: E
X 1sof & a0 “
4 i
za 100 g : .
=] £ H
11 ol e ey 20
0 % ; s |
0 10 20 30 40 50 60 70 80 90 100110120130140
fifi/d

B3 AEEZETHE NO, -NIREF NTR L IER
Fig. 3 Variations of NO_ -N concentration and NTR

during different operation phases

(2974 351.25 mg-L~"B) , HiZKNO, -N¥RJE i 5. 86
BRI AR R TE 1.60 mg- L' 405
7K NO, -N ¥ & Al NTR fH 29.56 mg.k=" Al
48.94%7%&%%@ 44.00 mg-L ™" F1 73. 35%F 4.
LR R UK COD WA M TR TR SN0, -NFA

mg-L~'

SRR, SMHT LR AE ALK COD e AL
AL [ AL RN, N 1 T AP

ﬁ“ﬁﬂsﬁ
o

COB/NO; -Nl:[ﬁﬁcrj(é’]j\j3 5), ‘Ju%vb
5F£NO INFIRR . [

B"&S(M ~60 d), %%;JKN@ -N%miéﬁ
350 25 gL j,tlj7J<No N BE R 10 62,..mg_L‘f/r'”

WEEEQ/TS 60 mg-L~", 7K NO, Nk i 1 40° 62
me- L ARW T} % 53.23 mg+L~". NTR f1 67. 16%
B R 83. 22% oAy, S B2 ML, T BL &R
Si i KNO; -NV BE RS A TR 29 4.00 mg-L~", A
JKNO, -N #& B T+ 29 8.00 mg-L~". 5 B ik /K
NO; -NY AR = (COD/NO; -N Il 3 ~4) , A
FAE Dk R S Al it A2 A AT FINO, -NFL B fH %%
Zy i INO, -NZEBRANTE 4. SCHR[27 138 1, kK
COD/NO; -NFAE 3 Ze A i B A1 1 o Ak s # v
NO, -NE2E R 2.

BBt 4(61 ~90 d), 4%t R G AT IR A AR HEK
if, HKNO, -N¥ 55 62 d BHAY 18. 37 mg- L' 3l
THZE45 90 d A9 27. 60 mg-L~" /3 Hr R 2 R EUR
HEAR FEASE0 4 A5 AN DR BE K HE HH R 58, i L R 58
HA) COD VR FEREAR , 1 11 S B0t U B S i Ak 72
JIrs AN IR AN 2. B B K NO, -N Yk BE i 53.23
mg- L~ JEFRIE 245 61 d Y 21. 55 mg-L~' )5 X%
Wik 2 33.23 mg- L™, [A A NTR S 78. 82% F#
R 46. 41% J5 XTI+ 70. 79% Fidy. Vi AE R 4 ik
A BRI E7E DGAOs 1 DPAOs (1) EPD #1 DPR it

T2, AT DUMASIE R 88 N NO, -NAY 4> 22 BR FINO, -N
R 2.

BrEc5(91 ~125 d) , 2 RGEAFIRERHEK B
Bl BEINHE] 47 8 2 150 min B}, H K NO, -N#R B i
7.28 mgL_lm%ﬁF%{ﬁﬁi%fETf 1.Omg-L™"PAI'F,
7K NO, -N ¥k BE RS 2 AR 5 7F 53.23 mg L™ £ 45
NTR Hi 77. 08% &2 = 5] 83. 41% 2o A7 46 50
SR AR [, AT A 200 Hb A B 2 AR 4 I FENO, -N B
Bt A B TEZBINO, -NEYFRE FL R, Wang 53T N
V5 R S AL B il i R B 5 1), [RIREAS: 1 & R 4%
S AT E] (150 min) AT LAAE #F S il A6 BENO, -N i
WL B (NTR 1 75. 3% ) 25512

FrBL6(126 ~140 d) , 4 5 Gt LA A -l S -l g
BB AT, K NOS -N I S8 B2 E 4B 45 7E 1.0
mg-L~ LA, MK NOS -N ¢ FiE Al NTR-4¥ 71 i ik
55.99 mg-L1H178.37% . 5B 5 *Hl:lzﬁjuﬁ”?
R A AN HITRNO; N . NOS -N¥e i JE Tl
L. ﬁfﬂ%%%ﬁ%ﬂ%m&#ﬂefmmfmhﬁﬂe
%%E’J%ﬁﬁfiﬁéﬂ:& “ - "'f
2.3 PD-DPR %%Uﬁﬂ;ﬁlﬁﬂw -Pztr%é% P

PD- DPR% u:ﬁ‘B;HIEﬂ S rLH7J<1203 *—P
WF&%%%&%E@£@4

I
25 , _ 1120
BrEe D BB BTEES D BB W BEs gﬂﬂﬂﬁ
20 ﬁ 100
Pt W
s o W ' 80
2 =
£ RCE
g 10 = sy H
54 s o EBE 40
5l o Uk | wEE
F‘“’W"ﬂ% L ox ALK 20
[ L ! I | I T 1 1 i i i W 0
0 10 20 30 40 50 60 70 80 90 100110120 130 140
ifiRl/d

B4 AREEITHEPO; -PREMEBREMNTUER
Fig. 4 Variations of PO}~ -P concentration and PO; ~ -P

removal efficiency during different operation phases

BB 1 (1 ~15 d), REEHEKPO; -PHREEZ
11.00 mg-L~" JREK PO, -P¥ E H 10. 33 mg-L~'
BT I R E AR R AE 11,77 mg- L', [l K
PO; -P ¥ JE 1 4.53 mg-L~" & W (5% & 3.94
mg-L7"; PO, -PEBRFH 56. 15% FH i & 67. 19%.
UtH] PD-DPR R4t H A& — & MBRBEPERE , (A REBE A
W Wl F WS ARG (4050117 4. 20 1 4.90 mg-L™"). 43Hr H
JRE T RETE T SBR R IR -/ iz 17 7 X, 78
BRABE PAOs I A4 B3k ol 175 1 A 553, 5% Wi o 1t AR A
B R PEA T, B K PO PR B i 5.



3 4 TS . PD-DPR 2 GeAb BRI TT V5 7K 5 T A b 7K S 0 o 0 1 e A 2 Rl 2 Bk 1389
BB 2(16 ~40 d) ,BEH#EK COD e A3, TE0.45 mg-L~" BB BE 4 AP/, BRI AR 4k

REA PO, ™ -PYR BE AR GE HEFFAE 12. 04 mg- L' 247,
{HHK PO, -PHJEFEE Z 2. 22 mg-L™"; PO, -P%
B 3% W T & 81.56% . AH LB BE 1, ik
PO; ™ -PU & T FEAIC, PO, -P R BRA i I i, Bt
WA R R GEHEK COD YR B, i C/P HEHFTE 31 A7,
iRl RGBT GE. X 5 B e 4 gh AT
7K C/P X SNEDPR % 5t Ji 2 55 4 R 52 Wi 114 512
gnt, A A FEE R Gtk C/P AR T E RS
HIBRETERE, H24 C/P 2 30 B &R 45 HA fe R ik
PEREM S5 e A — 2
BBt 3(41 ~60 d), b i /K NO; -NHk B iy 42
i, IR PO, ™ -PYR FE B W FH 35 %2 13.48 mg-L™',
[ 7K PO~ -PHR BEREAR % 1. 05 mg-L™"; PO;™-P
FERREIE92.21% . 5B 2 MHILE, ZM B R %
) BR AL REAS 245 T DI R ) B Btk KN, -N
VI BE AR TS DPAOs (9B B B, B DRAQ@ A
FERBINOS -NAEH L T-32 PR HEAT S Al
BrBr4(61 ~90 d) , 4 R GL i1 ﬁ%ﬂiﬂbklﬁ
%ﬂﬂwo“-mﬁ(@#%@ﬂmi 1671 mg- L7 _,mk
PO} P i 3‘32?1&@ Po*’-mztﬁ%iﬁw ,E}E
%IW@%W%&%W@ el T A
m_f?ﬁkﬁfx GOD R BRI, ﬁﬁ%ﬁfwﬁ%ﬂﬁfiﬁﬁ
(EILELEZE i DPAOs 945 76 2 M T 2% w#k
ke o | S “
B 5(91 ~125 d) é@%%&&ﬂﬂﬁﬂﬁ%ﬂﬁ 150
min A} BE%L?EPOL—PMU#FH 16. 66 mg-L ™" JI 1 3|
17. 83 mg-L~" BRI K POS ™ -PUR BE 4 F

FFFE 97% A4 3X — B 4 3% B 45 J Gl S0 [R]85 I
Bl Ab HE AR R 455 B AENO, -NBY B, X 2R 45 1 [ Wl P

BEFEA WA 7= 4= 52, PD-DPR £ 45 I ] i 52 3R
NO, -NiyFaE LR PO, -PAY 2255,

FrBe6(126 ~140 d) , 4 5 Gt LA S -l S -l g
SRERIE AT, MR B DO M HIAE 0.5 ~ 1.0
mg- LB, REAK PO, -PHJEH 19. 89 mg L~ #F—
T HFAETE 21,99 me- L~ B4 AR PO~ -PHk iF
90.52 mg-L™", Hi7K PO;-P ¥ J¥ Fa @ K T 0. 50
mg- L' 285 BRI < B, A BT PAOs 1)
E— 2D FLOR B T R G5 R AR E BRI PERE. A
TR AE0 SR IR 4R -tk 419 M S 2052 1T DPR-
SNED R4, 3T AL B C/N 3T T5 7K 5 fil Bk

PRI R DO 26450, 5 ~ L 0-mg?T 1) 7T
LA 2R G S B =/ !
2.4 PD-DPR F&iaf1HIA] i /KNO, NS NI
fistesste ) ¢ ) ) ENH

PD-DPR RGBT A, K20 %%L#Hﬂ(NH?N
Ve g %%%KK&UMNO N/NH*-Ntt{Eﬂfh H/R
nEs. L T ¢ y
TPD*DP FAHA BTN, i 7J<NH* Nﬂé
R R AEHRE 70100 mg- LT ZE 47, K NH, N i
SEARYERFAE 42. T4 mg- L™ 647, NH, -NEERFRAN

f/'” 0.52% . LM RGN LT AR KA ON , HR I

HEHKNH, -N e BE i ARG 2 i T 420 B v il TR 5
TR KON 5 R BEAE 5 1 2 1Y
AN, R Gia 1708 7K NO, -N/NH," -N b i

o iEKNH4 N v HKNHs N @ 1KNOT-N
* HZKNO2-N/NH4™-N & NHi-NZELBE#
80 _ . 1.0 - 2.0
e W B2 B3 Ffr 4 | Bt s - Hrgrs
70 |- RPN SN, Nmﬂaﬁ@“#m;fw, P N0
— 0.8 - 1.5
60
_ 50 Jos £ 1o
- 3
: 5| g
B 40 ;‘ e,
# o4 = Hos
30 z
20 don 1o
10

70
i il/d

I I I 1
30 40 50 60

5 AERIEBETHBENH, -

L
80

= =0.5

i I I I L L
90 100 110 120 130 140

NiREREBRE, NO; -NikE K HKNO, -N/NH; -NHIE L 1E R

Fig. 5 Variation of NH," -N concentration and removal rate, NO, -N concentration, and effluent

NO, -N/NH, -N ratio during different operation phases



1390 7D 53

B 41 %

EIER T FERIAE BB 1 ~3(1 ~60
d) , i 24 0EK COD FINO, -NEYTHi M R G840 78
JAEA (Br ) PR3 58, tH 7K NO, -N/NH, -N H
0. 12 ZFHiTHE 2 1.23; FEM B 4(61 ~90 d), &
G AT IR AR HEK B, BT R G0 R A B R i Ak i 72
JIT s MR IEAS I BT 5 2 A NO, -NA BRI, A5
JKNO, -N/NH, -NE BB 3 R 20 0.51; ZERYELS
(91 ~125 d) , BRAGEAHHAT IR EARHEK B B
Bf (145 46 25 150 min B, Bl 75 28 495 0 P S Al Ab Pk g
e — 85 | KNO, -N/NH, -Nf/ 1. 11 #E—2
HEhE] 1. 30.

FERTEL 6(126 ~ 140 d) , RGE VIR A -Gl A - g
SRS TTHT, T AR R B AR R A AN, O
WET H7KNO, -N/NH, -NF& 2 4E 778 1. 30. X i B
K PD-DPR Z 45 A[ [\ i SEFENO, -NAFa & L A
PO, -PARY R 8L 4. Wang 25 SR FH PN U802 2 )5 7l
TEBRBE T 2 PRI T 57K 5 S iR (57. 3 4482. 6
mg-L ™) K SE T A R Ak AR R A A B,
H7KNO, -N/NH, AN 1. 02 (AR E < 1309+

H%?Dm%%%mmmﬁTEﬁﬂ%E%%ﬁJ

G s R KT
2.5 |PD-DPR ﬂﬁ?ﬁﬁlﬂﬂﬂﬂﬂﬁﬁﬂt%ﬁ
~H il — b%\*ﬁ PD-DPR iZfF T?FﬁtF‘NO
%up@B-qpﬂfm%J Xl‘fir“%%iﬁiﬁ 141 [dfif 4
ﬁﬂzﬂﬂﬁﬂmﬁﬁﬁzﬁﬁ T, WL 6. G
B 5 5 Ay COD 265.31 mg-L~",NH; -N 53.47

mg-L~" PO} -P 7.04 mg-L™"; BRAVINO, -N¥ &
H71 .14 mg-L7".

Apz

IR H FHAEE 180 min BFFEALE 96. 30 mg-L ™", [A]
if, PO} -PI& JE 2 #i FH i 2= 11,61 mg-L~'. NH, -N
FINO, -NR JE JL-F- & & ARk, 43 5 4E RF 7€ 50. 81
mg-L ™" F10,ENO, -N¥ & 1 13. 99 mg-L ™" i i %
K2 0. 12 mg- L', iIA7E RS IR A B DOHOs #E47
SR B RS Ak B[R] IE, DPAOs il DGAOs #E4T IR 4R
TR IS BLA M U5 7 16 A N B IR, DA DR e i 252 it 4
B AL BRBEA AT

B4 BE (180 ~ 330 min), COD, NO; -N Fl
PO, -PUe B S IR AR 35, L 23 I BE AR 8 14. 17
1.24 F11.55 mg-L~", [RIBFNO, -N¥& & T % 54. 33
mg- L~ UL 7E B4 B DOHOs % A AN 5 e 75 1 il
A1) R B, DPAOs #E 47 2 fifd £k B W, A S 3 &R 4
COD . NO; -NFIPO; ™ -P ¥ L BRHINO, -NEIFRR. I
Oh A EE A 2 COD E’Jz*il‘fﬂi%ﬁ”i‘f 180 ~
270 min P (A 39.58 mg-L~") | i fedh - 270 330
min [ COD mﬁﬁﬂﬁﬁgﬁh/l\(w 19 mg 9. 7%
%k S B (oD 75 f &t ﬁ@8h%LhE$T
NO; -N%nﬁfiﬁaﬂ:aiﬁ@?ﬁﬁfim COD> {E(S9 19
mg-L7"), u‘EHﬁT%éﬁVq DCAOs (1) EPD ﬁ%%ﬂ’]:_.
13, 54 NTR 555 55 180 min I 19 0 BT 5 250
240 min BTEI’J,.&4% F‘j@#’ﬂﬂ}kﬂii 330 «min T
75% . 5347 NTR JEH8 5 5009 J50 8 o] R 1 T4 s
AR, AT AR R 600 min YT FE K EENO, -N
FFr=HENO, -N; MAEJF4E 90 min A, EPD il PDR i
TEPEA TR0 LT P2 AENO, -N Sy B PR T Rl Ak
HETT 1 BENO, -NFL SR NTR 9 FEAIL.

TEBES B, COD ., NH,; -N, NO; -N, NO, -NAil

FEPRALEE(0 ~ 180 min) ,COD W FE R BUEHHE  POL -PILP AR HF AR A, 075 I th AWK B2 43 50 0
100 - 300
60 L PEABL AR
N =
A ' 250
50 F A A A A A A m 3 oo g
© : ] -
40 |- A A A m 1200
- © 4 60 T
| 3 B
& © A NHyN s £
= 0T @ POS P g 150 =
o & NOYN |40 %
i ¢ © : = m NRT g
20 0 ® NOyN 1100
! © COD
1 ] [ ]
10 e o 9 . 420
o o 8 0 : ° 150
n * : 8 o -
o 3 .
o 4 & & & & # ® |
0 30 60 90 120 150 180 210 240 270 300 330 360
B ) /min

E 6 PD-DPR ZLIZITH 141 d BB FHEFIRE R NTR HELIER

Fig. 6 Variations of substrate concentrations and NTR in a typical cycle of the PD-DPR system on day 141



34 FAKFIAE : PD-DPR ZR G4k BT 5 7K 55 v i £k A /K S92 PR A IV il 0 B SR N 25 Bk Py A 1391

11.44 . 40.31,0.98,52.16 F10.27 mg-L~". 1k,
PD-DPR 2 %5 H I A5 S i Ak . P9 05 0 2 I s Ak
FUR A AL RIS 9 R B 64T, S0 T X R GENO, -N 1)
FaE R RIPO; ~ -PI A2 4.

3 it

(1) SRR - - R B 17189 SBR IR
Nz il A TR VEK C/N H R HEK R AR
S]] RS2 PE PD-DPR £ 45 (4 15 3h G o2 i
7. & G 12 & 12 17 Br B, i K COD, NH, -N,
NO, -N. NO; -N Hl PO, -P ¥ & 4 %] & 12.94
42.14.55.99 . 0.30 F10. 60 mg-L~'

(2) PFIEPEK C/N(3.5 —3.0) . REHEAKZE
(0—0.75 —0) 1 e 48 Pt (8] (240 min —150 min) ,
A F T 5546 PD-DPR RGEHINO, -NF R R FIRE 2
PRYERE. RIN RS COD KFRF | PO, -PEFRFA
NTR 43 5 Hi 46.38%. 56.15% F1 19.77% %E%
96. 63%. 97.23% 1 78. 37%, 1 /K PO~ -PHINO; -N
e BE 43 5 52 B RaE 4 5 AL 0. s,‘mg-L-'l Al 1.0

mg* L 'PIF. r ! ¥ -'"-d

/ (3) R ED-DPR #? ifﬂﬂ‘%ﬁ‘f@ﬁ? ﬁﬂ(’ﬂfum
R R B Ak (uNo IN:300 ~350 mg-1 ") e, f R
BINO, -N B s BUR A PO; - -Pﬁﬁqiﬁz%ﬁw‘%%
NTRAFIRO; PEIGH LN 97. 23% F 78, 37% i
KNO; -N/NH’* N 131 1 (B2 AR ANANMMOX-AF
aiﬂﬁ»}ﬁ 1.32: 1), Ho 7KK 5 o] 5 /2 5 R E U
fL(ANAMMOX) T Z A 2R

(4)PD-DPR RGLIKALEL (0 ~ 180 min) ,DGAOs
I PAOs H5-#E7K v A7 HLBR PR At 77 o N B I ( COD,,,,,
ik 80. 71% ) , LA T J5 LBl 4 B P 105 8 2 e v Ak A
S AL BR B ; %‘GJ%”%TEEE (150 min) ,DGAOs Il DOHOs
SCEINO, -NAE e FUER, A DPAOs #E 47 v 550U iF
Pt s R B (10 min ) , 7E AN A A AR AR SN Y
HIEE T, PAOs R I, SCBL T R GEPO, ™ -PIY 2K
ZBR.

SE
[ 1] EME, BAEE, TR, % AN, REFELERBEM:RERY
KA ez T 1], HEBERE, 2016, 36 (11) : 3311-

3320.

Wang M X, Zhao W H, Wang S Y, et al. Denitrifying
phosphorus removal performance optimization and stable operation
of A,N, system[J]. China Environmental Science, 2016, 36
(11): 3311-3320.

(2] XUBesk. gAY Ibt A B w5 5 1 B W 0 20 T 25 1 L AR
[J]. BHESIRI K L7, 2010, 20(25) ; 130-132.

[3] #EdL REmES KB ARBER AR R[], Bk
2%, 2018, 9(22) ; 136-137.

[4] FEWEE, FHA, S, % SPNED-PR R4 PAOs-GAOs

[11]

[12]

[14]

[15]

[16]

[17]

MISE R ML AR BRI [T]. P EFRIERE, 2018,
38(2): 551-559.

Wang X X, Wang S Y, Zhao J, et al. The competitive
relationships of PAOs-GAOs in simultaneous partial nitrification-
endogenous denitrification and phosphorous removal ( SPNED-
PR) systems and their nutrient removal characteristics[ J]. China
Environmental Science, 2018, 38(2) : 551-559.
Kerrn-Jespersen J P, Henze M. Biological phosphorus uptake
under anoxic and aerobic conditions[ J]. Water Research, 1993,
27(4): 617-624.

T BOKAY B R BB T AR e R [J]. BHELTRIN,
2016, 14(4): 51-52.

FAl RO, SRR EE T A BRI RS T].
7K HEK, 2003, 19(9) ; 32-34.

Lu F, Yang D H. Advance in the development of denitrifying
phosphorus removal process [ J]. China Water & Wastewater,
2003, 19(9) : 32-34.

Wang X X, Wang S Y, Zhao J, et al. Combining simultaneous
nitrification-endogenous denitrification and phosphorus .removal
with post-denitrification for low carbon/ nitlrogﬁn"‘ .-Wastgwater
treatment[ J3- Bioresource Technology, 2016, 229_;-'"[7| 25.
T, S, XY JiﬁMt%ﬁ?kliIE/Jiﬁ?%&/ﬁ\Hﬁfﬁ@@e
L)), MG IR R, 2019, 39(2) : 158-162. /=5
Huang 1, Guo H Y, Lid X F. Cultlvatmn of-"demtr]fymg
phosphorus dccumulaﬁng organisms and their chamctenstlcs of
nltrogan and phospho s removal[] ]. Environmental Protectmn
of Chemléal lnduslry 2019 39(2) 158-162. .
R b 7T<5$ SR S ﬁﬁ@x“/&fh&ﬁﬂﬂﬁfﬂf
LRI S ] . FRBIS o S B3, 2003, 25(6) -
32574 iy o

LiY Z,':Peng Y Z, Zhang Y P, et al. Effect of nitxﬁ‘f:% on
denitrifying def;-hosphatatinn [J]. Environmental Pollution and
Control, 2003, 25(6) . 323325.

FUKY, Ska%, B, 5. BF 2R B30 Jr 20 ik
B S N, O By m [ J]. KAEBEAR , 2017, 43(12) ; 38-
42.

RER, g, XA, % RARAEALTZE3 A
HLYPR R HSE m BF 52 [ 1], BRI TR, 2016, 34(2): 27-
32.

Zhu G F, Zhang J R, Liu C X, et al. Study on start-up of
anaerobic ammonia oxidation and the effect of COD concentration
[J]. Environmental Engineering, 2016, 34(2) . 27-32.

Rk, AF, Bififth. REEAS MR, RS S5ELT].
LT 243K, 2016, 67(10) ; 40404046.

Kang D, Zheng P, Hu Q Y. Structure, morphology and function
of Anammox granular sludge [ J]. CIESC Journal, 2016, 67
(10) : 4040-4046.

W, IR, TR DRSS SY e DR 2R A O
[A]. WL: 2018 hEIFREER 2 e BhE HORAE 2 SR (O
*%M o ARE: h R 2, 2018.

Dai W C, Xu X C, Liu B, et al. Toward energy-neutral
wastewater treatment; a membrane combined process of anaerobic
digestion and nitritation-anammox for biogas recovery and nitrogen
removal[ J ]. Chemical Engineering Journal, 2015, 279. 725-
734.

Du R, Peng Y Z, Cao S B, et al. Mechanisms and microbial
structure of partial denitrification with high nitrite accumulation
[J]. Applied Microbiology and Biotechnology, 2016, 100(4) .
2011-2021.

Cao S B, Du R, Li B K, et al. Nitrite production from partial-

denitrification process fed with low carbon/nitrogen ( C/N)



1392 2N b} =S = 41 %
domestic wastewater; performance, kinetics and microbial denitrification [ J ]. Bioresource Technology, 2015, 179 497-
community [ J ]. Chemical Engineering Journal, 2017, 326 504.

1186-1196. [25] JiJT, Peng Y Z, Wang B, et al. Achievement of high nitrite
(18] fugEs. T WAtk . RAEEES L i E e 1.7 accumulation via endogenous partial denitrification (EPD) [ J].
&E?‘:fﬁjﬁ&mﬁﬁﬁﬁ[ D]. Kb . h’éjjﬁi, 2011. Bioresource Technology, 2017, 224 . 140-146.
[19] B, T3, 2o, 55 REAAS MRS A [26] ERABY SR, KAEKMN A FEIM]. (1
BRERAFSE T . COD/NH, -NXTFEG R AYFZm[ ], of = R ). dest: PEFRERE L, 2002, 252-354.
Bl2#, 2016, 36(3) : 759-767. [27] Cao S B, Wang S Y, Peng Y Z, et al. Achieving partial
Wei SJ, YuDS, LiJ, et al. Simultaneous carbon and nitrogen denitrification with sludge fermentation liquid as carbon source:
removal by anaerobic ammonium oxidation and denitrification I . the effect of seeding sludge[ J]. Bioresource Technology, 2013,
effect of COD/NH, -N on coupled reaction [ J ]. China 149 . 570-574.
Environmental Science, 2016 36(3) 759-767. [28] Wang X X, Zhao J, Yu D S, et al. Stable nitrite accumulation
[20] E4E, ®akEE, T3 T R N DR A A and phosphorous removal from nitrate and municipal wastewaters
AlJ]. dbs Tikj(%%?ﬁ, 2005, 31(3) . 298-302. in a combined process of endogenous partial denitrification and
[21] Kampschreur M J, Temmink H, Kleerebezem R, et al. Nitrous denitrifying phosphorus removal ( EPDPR ) [ J ]. Chemical
oxide emission during wastewater treatment[ J]. Water Research, Engineering Journal,, 2019, 355, 560-571.
2009, 43(17) : 4093-4103. [20] g, THE4E, LR, % #EK C/P XI SNEDPR R4
[22] Wi, B LN w0 S AU /K S R Y - B Y Tl Ak 3 A% 1 K 1 RBRBEIEREIISZMA[ ], BRIEARL:, 2019, 40(1) : 343-351.
AR S AR R AR [ D] dbat. JntsgiE kA, 2018. Zhen J Y, Yu DS, Wang X X, et al. Effect of the inflyent C/P
(23] RuUHE, bk, T, . EXT R MEEREE & N,0 ratio on the nutrient_removal characten'sgcs ..Aof_.-tl’fj(_:_ SNEDPR
PEAE RIS 1], FREETS Y 5 BTG, 2014, 36( 12) 11- system[ J]_~Environniental Science, 2019 40( 1)343351.
16. [30] AHiitm, Fige, %%, 4. DPR-SNED L—?Q?ﬁiﬂﬂi /N
Song C K, Qin J, Wang Y Y, et al. Long-term impact__-or__f.éarbon WG K 'ﬁﬁﬁ_@&i“@:ﬂ(‘% S TR ). ﬂriﬁﬁ;% 2019,
sources on denitrifying phosphorus removal performance and N, O 40(2) . 7911-798 HW 1 i
production[ J]. Environmental Pollution g'h'& Conlrol-",.. -.20147 36 Du S M Yu' D S, Bi*C X, et al. Operating chdracterlsﬁcs __9(‘3
(12): 11-16. i b X, ,-“ i DPR- SNED %ys{em lr(-iahng low; C/N municipal* 'Wastewqtt)r and
[24] BuR, Peng Y' L Qao S B, et al. Advanced mtr.bgén ne nitrate- co'htamlr_l_g sewage[ ] ] . anronmental Science, 20'19 40_‘
i from wastewatqlr by (2): 7‘91,“-798 i & P F
nw Y
[ ' ol " F
- 7




HUANJING KEXUE Vol.41  No.3

Environmental Science (monthly) Mar. 15, 2020

CONTENTS

Evolution of the Distribution of PM, 5 Concentration in the Yangtze River Economic Belt and Its Influencing Factors ««+++x+veeeeeeees HUANG Xiao-gang, ZHAO Jing-bo, CAO Jun-ji, et al. (1013)

Chemical Characteristics and Source Apportionment of Water-Soluble Tons in Atmosphere Aerosols over the East China Sea Island During Winter and Summer ««««eseseesessersesenenenennenes

FANG Yan, CAO Fang, FAN Mei-yi, et al. (1025)
Analysis of Chemical Components and Sources of PM, 5 During Autumn and Winter in Yangquan City - WANG Cheng, YAN Yu-long, XIE Kai, et al. (1036)
Chemical Compositions and Sources of n-Alkanes and Saccharides in PM, 5 from Taian City During the Summer YI Ya-nan, HOU Zhan-fang, YANG Qian-cai, et al. (1045)
Physical and Chemical Characteristics of Atmospheric Particles in Autumn in Mt. Huangshan —«e-eeeseesereresrmenenninneneninenens BIAN Yi-shu, YIN Yan, WANG Hong-lei, et al. (1056)
Characteristics of Aerosol Optical Depth in the Urban Area of Beibei and Its Correlation with Particle Concentration «»«+s«+sessesveseeseeees ZENG Wei, HAO Qing-ju, ZHAO Zhong-jing, et al. (1067)
Emission Characteristics of Volatile Organic Compounds from Typical Industries in Zibo WANG Yu-yan, WANG Xiu-yan, DU Miao, et al. (1078)
Analysis of Pollution Characteristics and Sources of Atmospheric VOCs in Ezhou City FU Yu-meng, YANG Hong-gang, LU Min-yu, et al. (1085)
Producing Coefficients and Emission Coefficients of Volatile Organic Compounds from the Automobile Manufacturing Industry in Zhejiang Provinge  «e+vsseeseseeesssisssennsiincnne
......................................................................................................................................................... TENG Fu-hua, YANG Zhong-ping, DONG Shi-bi, et al. ( 1093)
Pollution Characteristics of Volatile Organic Compounds Emission from the Metal Packaging Industry Based on Analysis of Process ++:++e+e+ee: WANG Di, NIE Lei, ZHAO Wen-juan, et al. (1099)
Profile Characteristics of VOCs from Wood and Economic Crop Burning NIU Zhen-zhen, KONG Shao-fei, YAN Qin, et al. (1107)
Accounting Methods of VOCs Emission Associated with Production Processes in a Fine Chemical Industrial Park «++-eseeeeeeeee *+ YE Han-yun, TIAN Jin-ping, CHEN Lii-jun ( 1116)
HONO Observation and Assessment of the Effects of Atmospheric Oxidation Capacity in Changzhou During the Springtime of 2017 «++++- SHI Xiao-wen, GE Yi-feng, ZHANG Yu-chan, et al. (1123)
Analysis of Activity and Its Emissions Trend for Construction Equipment in China «essevesesessssssmsssmsnensinininnsneen PANG Kai-li, ZHANG Kai-shan, MA Shuai, et al. (1132)
Air Pollutant Emission Tnventory from LTO Cycles of Aircraft in the Beijing-Tianjin-Hebei Airport Group, China «+:«+ssssessereeressenserseneenes HAN Bo, KONG Wei-kai, YAO Ting-wei, et al. (1143)
Particle Size Distribution of PM Emission from In-use Gasoline and Diesel Vehicles —«+veesserrererseemeneneninsnsiiininsenns WANG Rui-ning, HU Qing-yao, REN Hong-juan, et al. (1151)
Impact of Parameterization on the Estimation of Ammonia Emissions; A Case Study over the Yangize River Delta -+ -+ ZHANG Qi, HUANG Ling, YIN Si-jia, et al. (1158)

......................................................................................................................................................... WU Hong-xuan, SHI Chang-qing, ZHANG Yan, et al. (1167)
Variations of Stable Oxygen and Deuterium Isotopes in River and Lake Waters During Flooding Season Along the Middle and Lower Reaches of the Yangize River Reglons ««w+v+svseeeerereeeee
.............................................................................................................. ‘e e L.l Jlngy “ U Hud -wu, LHOU Yong qlal’lg, el al' ( 1176)
-+ LIU Song-tao, ZHANG Dong, LI Yu-hong, et al. (1184)
LU Xiao-li, LIU Jing-tao, HAN Zhan-tao, et al. (1197)
Remote Sensing Monitoring on Spatial Differentiation of Suspended Sediment Concentration in a River-Lake System Based on Sentinel-2 MSI Imaging: A Case for Shengjin Lake and Connected
Yangtze River Section in Anhui Provinge «+-«e-«eesseeressesseestnennetnininiiniini st WANG Hang-hang, WANG Jie, CUI Yu-huan (1207)
CDOM Optical Characteristics and Related Environmental Factors of High-turbidity Waters on the Loess Plateau LIANG Xiao-wen, SHAO Tian-tian, WANG Tao ( 1217)
Effects of Artificial Destratification and Induced-natural Mixing on Water Quality Improvement in a Drinking Water Reservoir - + WEN Cheng-cheng, HUANG Ting-lin, LI Nan, et al. (1227)
Effect of Filter Speed and Water Quality on Ammonia Removal in Groundwater Containing Tron, Manganese, and Ammonia at Low Temperature =~ «+seseseereesesesenensennenensnininenne
ZHANG Jie, MEI Ning, LIU Meng-hao, et al. (1236)
** YANG Jia, ZHOU Jian, QIN Bo-qiang, et al. (1246)

Water Sources and Factors Controlling Hydro-chemical Compositions in the Yiluo River Basin

Chemical Evolution of Groundwater in the Tacheng Basin of Xinjiang in the Process of Urbanization

Long-term Variation Characteristics of Zooplankton Community Structure in Meiliang Bay, Lake Taihu

Community of Benthic Diatoms and Their Relationship with Aquatic Environmental Factors in the Tangwang River, China = -++esereeeee XUE Hao, WANG Ye-yao, MENG Fan-sheng, et al. (1256)
Succession Characteristics and Water Quality Responsiveness Evaluation of FG and MBFG in Yanlong Lake Water Source Ecological Purification System «+«+sessessersereeemenenseninenennnnens
..................................................................................................................................................................... WANG Lian, LI Xuan, MA Wei-xing, et al. (1265)
Characteristics of Nitrogen and Phosphorus Output and Loss Flux in the Shipanqiu Watershed, Three Gorges Reservoir Area «+««+«+-eeeseeee CHEN Shi-qi, LONG Yi, YAN Dong-chun, et al. (1276)
Effect of Optimized Fertilization and Biochar Application on Phosphorus Loss in Purple Soil Sloping Farmland «++«+sx+eseeeeeseesveesereneeees LUO Dong-hai, WANG Zi-fang, LONG Yi, et al. (1286)
Use of Iron-modified Calcite as an Active Capping Material to Control Phosphorus Release from Sediments in Surface Water Bodies -+ BAI Xiao-yun, LIN Jian-wei, ZHAN Yan-hui, et al. (1296)
Preparation of Tea Waste Biochar and Its Application in Tetracycline Removal from Aqueous Solution ««+sesesessessesremsesenennsenenns FAN Shi-suo, LIU Wen-pu, WANG Jing-tao, et al. (1308)
Adsorption Characteristics of Sulfamethazine on Three Typical Porous High-temperature Modified Solid Waste Materials WANG Jing, ZHU Xiao-li, HAN Zi-yu, et al. (1319)
Sorption of Polybrominated Diphenyl Ethers by Virgin and Aged Microplastics «+++++++++- ++ XU Peng-cheng, GUO Jian, MA Dong, et al. (1329)
Spatial Distribution and Risk Assessment of Heavy Metals in Sediments of the Ruxi Tributary of the Three Gorges Reservoir — ++++++++- FANG Zhi-qing, WANG Yong-min, WANG Xun, et al. (1338)
Distribution and Risk Assessment of OCPs in Surface Water, Sediments, and Fish from Lake Gucheng and Inflow and Outflow Rivers -+ KAN Ke-cong, GU Xiao-hong, LI Hong-min, et al. ( 1346)
Occurrence and Ecological Risk Assessment of Typical Persistent Organic Pollutants in Hengshui Lake ««+eeeereeeseerenensininineicnen ZHANG Jia-wen, WEI Jian, LU Yi-fan, et al. (1357)

Pollution Characteristics and Risk Assessment of Typical Orgﬂnophosphate Esters in Beijing Municipal Wastewater Treatment Plant and the Recemng Water

Advanced Nitrogen Removal Characteristics of Low Carhon Source Municipal Wastewater Treatment via Partial-denitrification Coupled with ANAMMOX — «eeereseereersenserenenensnninensnn

--------------------------------------------------------------------------------------------------------------------------------------------------------------------- MA Bin’ XU Xin'Xin, GAO N[ﬂ()'h(]ng, el ul. < 1377)
Stable Nitrite Accumulation and Phosphorus Removal from High-nitrate and Municipal Waslewaters in a Combined Process of Partial Denitrification and Denitrifying Phosphorus Removal
(PD-DPR) - erereeeee e e WANG Qiu-ying, YU De-shuang, ZHAO Ji, et al. (1384)

Start-up of CANON Process and Short-cut Nitrification in a Pilot-scale MBBR Reactor FU Kun-ming, YANG Zong-yue, LIAO Min-hui, et al. (1393)

Influence of Antibiotics on the Denitrification Process of Antibiotic Resistant Denitrifying Bacteria and the Analysis of Microbial Community Structure —««+«+«ssessessersesenemenenseninenennnnens

DAI Sha, LI Peng, PENG Wu-ging, et al. (1401)
Aerobic Granular Sludge System with Multiple Influent-Aeration Operation Strategy ZHANG Jie, WANG Yu-ying, LI Dong, et al. (1409)
Effect of Alkaline Sludge Fermentation Products on the Nitrification Process and Performance QIU Sheng-jie, LIU Jin-jin, LI Xi-yao, et al. (1418)
Effect of Sulfate on the Migration and Transformation of Methylmercury in Advanced Anaerobic Digestion of Sludge - - HE Xiang-lin, LIU Ji-bao, YIN Yong-guang, et al. (1425)
Spatial-temporal Variation and Source Change of Heavy Metals in the Cropland Soil in the Industrial City ~+««ersesessereereenees LI Yan-ling, LU Yi-fu, CHEN Wei-ping, et al. (1432)
Assessment and Spatial Characteristics Analysis of Human Health Risk of Heavy Metals in Cultivated Soil JI Chao, HOU Da-wei, LI Fa-zhi, et al. (1440)
Microbial Diversity and Physicochemical Properties of Rhizosphere Microenvironment in Saline-alkali Soils of the Yellow River Delta ZHAQ Jiao, XIE Hui-jun, ZHANG Jian (1449)
Effects of Different Land Use Typess on the Molecular Ecological Network of Soil Bacteria «+«+++++++++- LI Bing, LI Yu-shuang, WEI Jian-bing, et al. (1456)
Responses of Soil Organic Carbon Fractions to Land Use Types in Hilly Red Soil Regions, China - -+ ZHANG Xiao-fang, ZHENG Sheng-meng, XIA Yin-hang, et al. (1466)
Effect of Organic Fertilizer and Inorganic Fertilizer Application on N,O Emissions from Fluvo-aquic Soil in the North China Plain -+ SUN He-yang, WAN Zhong-mei, LIU De-yan, et al. (1474)
Characteristics of Heavy Metal Absorption by Winter Wheat and Its Quantitative Relationship with Influencing Factors =~ ««+eeeeeeeeeeseesee WANG Yi-wen, RUI Yu-kui, LI Zhong-yang, et al. (1482)
Effect of Calcium Magnesium Phosphate on Remediation Paddy Soil Contaminated with Cadmium Using Lime and Sepiolite -++++++++- YAN De-mei, GUO Zhao-hui, HUANG Feng-lian, et al. (1491)
Passivation and Remediation Effects and Mechanisms of Plant Residual Modified Materials on Lead-Contaminated Soils -+« FANG Ya-li, ZHU Zong-qiang, ZHAO Ning-ning, et al. ( 1498)
Effects of Exogenous Spermidine on Seed Germination and As Uptake and Accumulation of Rice Under As® * Stress -+ * LIU Shu-jin, HUANG Yi-zong, BAO Qiong-li, et al. (1505)



	fm+zml.pdf
	fm
	未标题提取页面 


