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Promoting Nitrogen Removal in AN’AMMOX Bloﬁlm Reactor by Fe’* Undef Low

o
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ZHENG Xu- wen' 2 QlN Jias fu', WANG Xiao- jun' ‘2 ) CHEN Hao-chuanl 2 ZHU Z1—]1an CHEN'Zhen ~guo f 2 i
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Abstract; The feasibility for _nitrogen removal in a two-stage ANAMMO% biofilm reactor promoted by Fe’ under Jow nitrogen concentration was investigated. TR results
showedrthat tlhe ANAMMOX reaction could be effectively promoted b} ap(Fe’* ) of 5,10, and 15 mg-L™". Ap(Fe’*) of 10 mgsli™" presented the highest promotion for
the ANAMMOX reaction, with the Higﬁest nitrogen removal-efficiency( NRE')'B_f __Sl’ﬁl% under a p(TN) of 150 mg-L ™" and a nitrogen loading rate (NLR) of 0. 62
kg+ (i’ +d) P S promoted the secretion of extracellular polymeric giibstance (EPS) and the synthesis of heme ¢ in the ANAMMOX system. Batch test results further
verified the! ;fbsitive effects by Fe® * on the activity of anaerobic ammonium oxidizing bacteria (AnAOB). The specific ANAMMOX activity (SAA) of 10 mg-L ™" p(Fe**)

was 3. 6 fimes as high as that of the control group [p(Fe>* ) =0 mg+L ™" ], whereas the activity of AnAOB was significantly inhibited with p (Fe?* ) increased to 20

mg+L.™". High-throughput sequencing results showed that the addition of Fe* *

increased the abundance of Candidatus_Kuenenia. When p(Fe®* ) was 10 mg-L™" | the

relative abundance of Candidatus_Kuenenia in reactor 1 and reactor 2 increased to 16. 18% and 4.22%, respectively. The stable operation of the two-stage ANAMMOX bloﬁl

process promoted by Fe®* provides an altemative technology for low-strength nitrogen wastewater.

Key words: anaerobic ammonium oxidation (ANAMMOX) ; Fe** ; biofilm; biological nitrogen removal; facilitation
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Fig. 1 Schematic diagram of two-stage ANAMMOX biofilm reactor

R2FZ R 3%

P %% Fe?* X HI 9L ANAMMOX 2E ) 5 22 45 i
PERERSE I AR ST 2 /0 3 4.
1.2 5K 55

A 5% K SR N TEC 7K, NH, -N (65
mg-L™") HINO,; -N (85 mg-L™") 4+ % F§ NH,Cl #I
NaNO, #A7H & , K NaHCO, 1 N B3, W i
400 mg-L~". JL AL 21 4> f1 45 : KH,PO, 68 mg-L""
MgS0, - 7H,0 150 mg-L ™' fll CaCl, 68 mg-L™". {5
JUEH EDTA 5 g-L ™" fil FeSO,-7H,0 5 ¢-L ™'t & ,
B R 1 mL-L™" ANFEKE Fe** F FeSO, « TH,0
PR e P e T L

FERPIS IR HL S50 2 R R i IR R A AT
T IRA B TF R M ERWE [ p (MLVSS) | 4
4240 mg-L™".
L3 WU AnAQB TG HERIIYCR T

WEFTRLAE A ANAMMOX 2 7 b4 skt 15
YEHIA 200 mL T T o 1 T A e 3
3 DL 5 2, 43 e 5 A I R A A, 50/ .
MY 1SO0LL Z K ) 98 LA 689994 1)
N, BER 30 min LIFHE BR 4008 i, AL
p(NH, -N) il p(NO; N) By 5351 21. 55 mgeL~ G
28. 45 mg‘”.[‘:fs p(Fez-:I‘) SRR 0, 5010, I;%ﬂ
20 mg- 1.7 A Sh BAIE 2 45 55 A AR
B A L IV P A ) B Pl
BLEEHEN 140 remin T ER IR TR FBT IR
JETN B3 AFAT I UG, FH VR 6 25 8] B BBORE 43 B
NH, -N, NO, -NFINO, -N# & 25 1k 8 56 45 3 5 B
50 mL IS 2 MLVSS F3H 5 H IR A & B Ak T
P (SAA).
1.4 JISNEAW) (EPS) MHEE S I & )7k

EPS (#5022 BESCHk [ 19 ] R HE1 7. =0
12173 132, 159, 180 #1202 d i}, 70 BI7E R1 Al R2
S g B V5 YR RE S 5 mL, 7E8 000 remin ' &1
TG 15 min, 728 BV, A 10 mL 79 PBS 2%
M, SR G TEMEFE % (40 kHz, 120 W) 5 F il 3
min, FEHREYE T 80°C /KB 30 min, &5 1E
8000 r-min "' M4 TR EC 15 min, BUE FE R
WL 0.45 wm FECFLUE B 38 5 B AT 58 B EPS 142
I X BB SR EL) EPS #4785 5 ( PN) Fil 2 b
(PS) FEAYIM ZE. PN K & IE ) Folin-Lowry ¥
SE , PS SR FH TR LY €232 0 2
1.5 WARIMLLE ¢ BIE

WARRIMLTER o M4 S e 2 BESCHk [ 20 ] 0k
PEAT. RV ABATH) 132, 159, 180 #1202 d I, 4341
FE R1 A1 R2 B as G V5 IR AR AL 5 mL RS e



4 39 MBS AREEWREE T Fe? ™ {23 ANAMMOX A H 58 52 10 3 2 2049

7% 10 mL PBS &P, 8K 5 A6 vk R 75 15 e TR
AW 5 min, £ JFE12000 remin~', 4°C T .0 15
min , i JEVE W 5, FH Pyridine-NaOH 43 )6 B 5 78
LHMHOGEETT .
1.6 ZtrS5itaE Ik

NH, -N. NO, -NFINO, -NJ% F [ 5 b o 732
MR pH SR PHS-3C % pH 3 ; %A
(DO) FiE R H HQ-30d i 485 0% A% ; MLVSS
R R EINE. PR 22500 (ANOVA , B 57K
- 95% ) HTF SPSS 25. 0 FRAFSER. NLR | BA 2Bk
fifar (NRR) il NRE 2 B SCHk [ 22 ] A KT 15
). SAA ZHESCHR[ 23 ] 11515 5.
1.7 i

K FH I T e AN R AT B AR
T2 2 A A IR i mP At A 0 TR O 23 A RS AR
M7 LT BO&E w5 P kR &, H Powersoil DNA
R GEAT DNA SEH SR A 8 5 1 0T ek
FHIEAT 165 rRNA §™ 88, 514 7% 51 1 16 1k R 5
SCHR[24 7, 8198 16S tRNA V4 BB X @514,

PCR " 38 F B /1N 4 480 bp. 5553 32 Novasep--

PES0 I T AR B it 10 e i
& R AR R R A R e

2 #R5H® By

2.4 #0 Ve HIR % ANAMMOX é%ﬂ%fi@%ﬁxf

BT il
Wi B B B B2 R R R | AR B
AR ANl 2 TR, 7E55 — B BE, R1 W #5 19 NLR
H10.12 kg (m’-d) "$EFEH] T 0. 62 kg+ (m*-d) ',
R1 fJ NRR H 0.07 kg-(m’-d) "42 5= 5] T 0.32
kg+(m’-d) "' ,R2 A NRR fH1 0.01 kg-(m’-d) " #2
FEHT0.11 kg-(m’-d) ~'. fi& NLR AY$2 , R1 Al
R2 HiZKNH, -N | NO, -NFLEZ (TN ) e L B
SRR G B T = Ak . Hod R K p (TN) ML
64.40 mg-L ™" T BB ARE 19 32.55 mg-L~' H&
Wit w3 72,46 mg-L™' R2 /K p (TN) M 31. 67
mg- L~ N R AR A 19 18. 90 mg- L~ F- 2 M FI &5
F51.69 mg-L~". BLILL AT GEJE T B2 b 48 477 30
AnAOB AbF3& 1 By B, AbFEAE 1A BR, R1 A1 R2 11
WK AR B S BB BT A3 i AnAOB 3% ¥
AR N R R T RN AR 0 A DA B RN
K R R W B R W R, B HRT 456, a2 i
TS HE K IR 5 N #8 P AR 0 R f s 1y e
[ R4, B0 B B A 1 K R R R E I B T
ISR 1~ 119 d, B NLR AN W 5, B9
NRE Hi 87. 40% 12 FEAREI B Bt AR B/ 70. 17 %, 11

R1 Fl R2 ) NRR Y& 8 . AL 2 (a) 1 2(b) AT
LRI R HKA AR W RE NLR T i 1 A B 7+
5L R2 B K p (NH, -N) #l p(NO, -N) 43 BI7E
5.52 mg-L~'H15.32 mg- L' LR (KA 4238 0
mg-Lfl). XU B TE— % NLR JEFEA ,R2 S 4 ]
DARE—2E i BR R1 BN 2% K 4 R E, 3t 48 4iF
TP ANAMMOX A ) J5E 52 v s Ak BTG MR B A
JEK BRI AT PR AR E k. & TESH 119 ~ 132 d ¥
NLR 2/ 5] 0. 62 kg- (m’-d) =", R it & 1k BE
PEAL  R1 AT R2 A9 NRR HR#EAK, H R2 44 Hik
p(NH, -N) Fl p(NO, -N) B i F+ & 12. 06 mg- L~ il
10. 53 mg-L~" ,NRE il — [ % 66.25% .

AT R Fe’ Xt PR 2 S8 Ak R W A 5 5
i 20300 AR R B Be B T ORI Ee’ i
HEPIZE ANAMMOX “ 901 52 17 7 I PR T 77
PE. 4 1 RO 265 36 ANOVIA J7 2 41 BT 48— 1
IR TR Fe' ™ X ANAMMOX [ 2L R iy
TAAEBCR D 5 (8 <0.01) . T Jl 2 @ 440
Fe®* A PR T S I8 28 38 W A LG T R B ™ ot
AT R, 965 ] 2 () F 2 (d) T LR B -
p(Fe?* ) H A0 mg-L i \R1 A9 ik TN NRR AP
NRE ST FE ) S mg- L HHAOATREE /10
M p(Fe?* )k 15/mg- L™ I, 2 S0P R TR
AR X — A Zhang %1 1 B 5% 45 SR —
F, FK W Fe " B2 %t AnAOB §i6 75 7= A 4l | i
BV A RE AR 22, K 2(a) M1 2(b) i8R Z 3L,
K p(Fe** ) g5 10 mg-L "I, 55 1 d Ay K
AT E s BRES R1 AT R2 K&
REWREZHEAR, e A % Wi g ANAMMOX Ab B
JE i R2 HZKNH, -NFINO, -NEJREFE 2 5 mg- L' LA
T, HFfi# p(Fe** ) FF £ 10 mg-L~' ,R2 H17KNO; -N
Y P LB ARG, P g ANAMMOX JIE A= ) I 197 2% 11
7K TN ¥ EE AR, NRE F+ 2 81.71% . 145 £
Rl RGEHFERI A AR BE Fe’ ™ 1T LA RUE = R2
JVisH AnAOB 3 P AT 45 =5 22 4 Mt /U1 g
¢ ANAMMOX A= 495 [ B2 1 # 04 B BB A =0 1L £ —
() Fe’ Hr b 68 1. B & p (F* ) T+ £ 15
mg-L~" R2 FH4H 7K p(NO, -N) K 2.61 mg-L~"' {H
SEEHIK p(NH, -N) THE E 7.53 mg-L™', S8 R2
7K TN T &, B &P BE T B, R 4% Strous A=y
B, n(NO, -N): n(NH, -N) =1.32 2RA R A1k
SV 1 BT A BEJR B, T R2HY K NHL -N ¥ JEE s 75
NO, -N¥R BEBAR T BE 2 R BN e B ke 41
AnAOB 36T NH," -NJE X E A E— B 9lR] .



h

2050 I A 43 %
1 F—Hr B BB B BB
(@) Ll 5%l & () AR E
40 - —a— RIHKNH,-N ; E E B E KLY o A— R2H{7AKNH4-N ' £ g ;E: g
v— RIHANO N 12 2 T v— R2HANO, N PP, vl ¥
kLR o RIHKNOT-N [ o b 30+ o R2HIKNOs-N 00 & - ® %
£ £
# |
=3 -3
Ll =)
0 Il 1 L 1 1 1 :l L : I‘: 1
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
H-BrE FBrE EialigEe B HB
(c) : 120 | () o RuATN i3l TP 21 Zd00
®6F  uNLR =T R A R2HATN i e
® NRRp - i E E‘ ; 5 : E NRE R _
_ 05F @ NRRps P T O wr o P = 80
= - L w0k R Il
- o= . i
g = F" hl‘ B 80 |- | ‘ | ‘
20 i ] I (8 H 60
= 1 ! -3 | i, 0 =
o @ ! 20 i £
% : : E 60 | ‘ “m I g
=3 : 840 || e z
RN ' " mﬂmmu EHMHMI
P AL |
: : wfnﬂl i 4
e i H“ mm “‘HH& |
H i 1 0 “d 0
0 20 40 60 80 100 120 140 160 180 200 100 1 l] 140 160 180 200
i a/d i/
o P 1 . |
PR (m b= adhoe e tre s ne k=Rt )
n o
i L | L Feor mre Jir‘%r% NLR'W&NR z dYRI1 1 R2 KR4Ik TN 1 NRE 254k
v | . v
Iy .-"J ) &2 NAMMOX HIZ1TRR
r"‘ Fig. 2 Operational performance of two-stage ANAMMOX reactor
¥ |
#£1 FRERE F* 3 ANAMMOX Fi &R R N80 2 E R ANOVA F7 £ 547
Table 1 One-way ANOVA analysis results on the effect of different Fe? * concentrations on nitrogen removal performance of ANAMMOX
AR p(Fe?* ) /mg L J5 25 7 A A Bz ¥1J5 F rY
e
41 1341.58 3 447.19 545 35 0.00
0.5,10 f115 HN 36.25 44 0. 82
it 1377.83 47

1)P<0.05 FRHAEBEMELES, P<0.01 FRIMEEMRBERES TR

2.2 Fe’* X ANAMMOX Jii & RE 9 5% 0
2.2.1 WA EEBELT AT EPS 781k

EPS 25— &M T, huE AR ™ A 0 36
B TEAN M EESIY —Fh = o> TR AW, KRB H
PS. PN FIAZ R . EPS AN BE A% H 4t 40 it A K 1y
SERGFET T HAE BT B ) 55 T A % LA
-3 AN EPS H PN/PS 11 HAR AE 15 U6 1Y 0k
AR T AR A O AE . PN/PS i,
T IRRRE R 0 RIRIEK Fe™ ¥ e BE N KL 2% 1
AW PN I PS AR I E 3 R,

I3 A BN T Rt 25, BT A Y
PNl PS & SR i i, AR & ke ¥R 19 T

&, PN/PS LU fH B R B m. 7E R1 S B A%
p(Fe** )0 mg-L ™", A=W 0 (PN) Al w (PS) 43
Sk 115. 68 mg-g ™' F136. 88 mg-g~'. M p(Fe’* )Tt
FEN S mge LI AW w (PN) o (PS) 230507 2
196. 64 mg-g ™' F140.25 mg-g~"; K& p(Fe’ ™ ) AksL
T #) 10 mg-L ™" 115 mg-L~" PN I PS &34
@f?pﬁ{am%?pwe“ )40 mg-L~"IFAY PN H1 PS
AR 2 ZER TN, TR E Fet A A
?{gz)é'%i‘ﬁiﬂ@ TR BEFUTRE , A= W 25 53 W K & PN
H1PS R 4K AH 3 Fh 26 55 A8 £k LA 32 T 15 U8 3 BE 4L
PECTY M 0 2R, (LA 1 T B Y Fe®* X R A
B P AU o 1 P 48 5 2 T B0 L 4 I R i T e



4 39 MBS AREEWREE T Fe? ™ {23 ANAMMOX A H 58 52 10 3 2 2051

AT R1,R2 S #s H ) PN I PS 75 i 32 15 )
PSRRI, AT REZ A M R1 HIK Fe " Mk BERAR, V578
ZURTRBEEFDLREAE AN 2.

[ PSgy B rSg, —0— PNri/PSgy
[ PNg [ PNpz  —o— PNpa/PSpo
9
250
- ] 48
s
£ 200 + L -
& Lo 17
- |
&"‘.
250t mm le 2
= z
E a.
€wi | [H 15
=
=
z Z,._Ho/
= 50t L7 y s
o 13
0
0 5 10 15
B hhp(Fe’ )mgL™!

E3 WREREARERE Fe’* {fEAT PN #1 PS T4

Fig. 3 Variation in PN and PS under different Fe?* concehlrations

F—

in a two-stage ANAMMOX reactor -

2.2.2 WAERMALR o SRl |

e " %ﬁjﬂéﬁﬂﬂl@% c E’JTF/ESZL%E ﬂﬁjﬁﬁ,ﬁﬂ.—
Q?cﬁﬁ %%ﬁﬁkﬁ¢¢ﬁ%%éﬁ%
<stﬁumm’zaﬂm@(Nmf&%ﬁﬁ@?ﬁ g
PR, e DR I R R e o

TS 00t BB I B I 2 e 0 4 B LA VS
ﬁﬁTWWMMBﬁﬁﬁE%%¥mmlm5{y

ok, fR’l ﬁﬁ%ﬁ?tp élp(Feh)ﬁO mg - LFH,
mB(Jwimél%% ¢) H(3.99 £0.35) pumol-g~", 4
p(Fe ) HTFE] 10 mg-L7 "B, ¢ (WML R ¢) 35
£(8.49 £0.34) wmol-g™" , BXTHRL [p(Fe’") =0
mg-L™ 1Y 2.1 £ B p(Fe’* ) E— 2T & 5] 15

mg-L™", my (AR o) FEEE](5.20 £0.29)
wmol - g =", L& 55 K g i A PERE Y Atk — 3% A

I EIRE Fe®* TR INAh 78 T IRAZ E L RGN
R IGE Fe, BEMSIR B AR IMLL K ¢ &= KLIIHE
it TG AT AR 3 R AR 2 AR AL 0 L, T Fe * 3 ey
52T ) T O R R R
e % p(Fe’™ ) 0 mg-L™" B 7+ 2] 15
mg-L™" my (WEIML E ¢) H1 (1.00 = 0.24)
pmol - g ' T TR F (2. 48 £0.22) pmol-g ™", XUt
AL LR Fe? " YR EE B TH R REAS IR &0 R2 SN #s N Fe*
Ao TR R R T R ¢ ARl
2.2.3  Fe’* % ANAMMOX [ 1 VE (19 5% 0
YT IRAAAMEYIERS, Y Fe’  WREL &

B, Fe®* s ik i A= Wy W B | 325 A 2 38 R P PR R
R AT, 24 Fe® Uk B AR 1 A 0 M 1) Wz o

BB T, RN 2 I A P i 2 52 S 2 1 S 0B

.

T gk T 41 A 1 5% SR AR 6 JIE /pmol-g ™!

0

@ifip(Fe*)mg L™
B4 ARHRMBAEKRE F* EATLHMTE c L

Fig. 4 Variation in heme ¢ under different Fe?*

concentrations in a two-stage ANAMMOX reactor P

AE TR, itk b B R [ o Fgf’ﬁaFHT
XTBE””%WCL,&E’JE?HI’J%Mm“iﬁ *ﬁi?%m
BT R ﬁﬁ%ﬁi%ﬁﬁ%ﬁﬁ? Fe’j/\ 4
ML VI, 4 %gﬁi’é 2 5 T, di#2 RS
FANOVA 474 SUaT s < i p(Fe“)jjo
5,10, 15 iFu 20" mg- Iy ' ANAMMOX @{ﬁ T
Eﬂm’?ﬂﬁﬁ—ﬁr{%%ﬁw <0.01). mf@ 5 75&[1 W
ﬁ_iz“i‘&ﬁnp(lé“)jyo mg-L "B}, SAA 76(31 0} +
3.38)mg- (g-d)# ,é[p(Fe:“)iF P 21 5 mg- LA
10 mg-L~" B, SAA 4r 5 FF 2 (95.52 + 5.26)
mg- (g-d) "'AI(111.15 £20.02) mg-(g-d) . X i
A ARV e+ 3 L A X R 4 2 S Tk 5 8 1 3 2
B2 B HEIER. HoP p(Fe* ) A 10 mg-L71Xﬂ’
15 VRIS AR 45 T BB AL A 35 VR 0 AR T
T 3.6 4%, BET p(Fe’ )NS5 mg-L™"BFAY 3. 1 £5.
M p(Fe’ ) HTFE] 15 mg- LB}, Fe®* X R G0 s AR i
R EBE AR HEVE T T 4508055 , SAA FEAIRE] T (65. 65

W a

0 5 10 15 20
B ifip(Fe? )/mg-L™"

140 |

b
=
T

+

o0
=
T

60

SAA/mg-(g-d)”!

BEl5 FREKE Fe** 33 ANAMMOX & SAA 40
Fig. 5 Effect of different Fe’>* concentrations on SAA of AnAOB



2052 2D 53

B 43 %

+14.18) mg-(g-d) . MY p(Fe’" ) HF—LT+ =
20 mg-L ™" B 32 B0 B 4 AR, SAA B IK 2]
(11.83 +£2.51) mg-(g-d) "' AL M XF BELL 1Y 38% .

#2 7[E Fe** ¥ ANAMMOX EiE S

25 B SRR % ANAMMOX ZE ¥ 55 52 1% #4876 A
[EVREE Fe* M 2% 140 X5 W 20 P BE 19 52 i 15 B0 AH
L/ E=
N B E % ANOVA FESHR

Table 2 One-way ANOVA analysis results on the effect of Fe?* concentrations on AnAOB activity

14 p(Fe?* ) /mg-L~! TR Rl A ¥ F p
pn
2H ] 21 069. 29 4 5267.32 20,67 0.00
0.5.10, 15 f120 AN 1295. 08 10 129. 51
At 22364.37 14

2.3 AR T

6 g Fe’* BUIMETIE R1 Fl R2 SN a5 Ve )
KT L SR HE o A AL BB 6 (a) Rl AL
Candidatus_Kuenenia 72 HA7 IR 2 A AL RE J1 UL F
WRE. fE % Fe*t W 414 F, Rl W Candidatus _
Kuenenia B9 #3 Xt =F BE 43 51l 4 3.83% . 19.27%
16. 18% H1 16. 25% , R Wil 4 Fe’ ™ BT INA 2L
ek T PR AL Y & R AR K. & 6(b57%ﬂ
£ Fe " WRE ST R2 W Candidatus Kuenenla *H X
FBE 45 3. 09% 3.74% . 4. 22% 1 84 30%

Bl RBG-13-54-9 0 wse_ U}fyiﬂhaucua) Bl AKYGS87
/3 SJ4-28 Hl Ps-2 B Subgroup 17
[ Candidatus Kuenenia T2 Ellin6067
[ SBRIO3! B oLl
1 Denitratisoma
0 Haliangium

= A4b
B Halomonas
3 Limnobacter

[ Jenavibacterium
B Acinetobacter

[ JG36-G8-52 B PHOS-HE36 E others

100

(a)

80 -
S 60 —
&l
#
E=4
E g}

RI FeD Rl Fe5 R1 Fel0 Rl Fels
5 IR

B Planomicrobium

p(Fe** )N 10 mgL“Wﬂ'E‘Jﬁﬁﬁﬁ’fﬁ%%%?ﬁ%
Tl 3% 55 15 U8 T M N SR 2 B AT AL RE Y A8 Ak —
g5 LAl LLSEQ, Fe*t 1T LLARE ¥ Candidatus _
Kuenenia =F B 3G N, i - R4 757 g AL B B AE
E , DTS5 B8 2% ANAMMOX A= 999 B 2 i 25 7E I
SVRR T g AR E b AL A, ﬁ@f%%@fﬁ
Candidatus Kuenemall%]ﬁ_lrﬂ/] 11:5) ANMOEX i
Ha%f?ii%%%’%ﬂt}ifhﬂﬁﬂﬁﬂfﬁNO -NH&
g Fe 1454 4&@%%@%7@2%}@ o 2
WS P74

¥ 1 | i ol -l
B Haliangium

B RBG-13-54-9 [ Denitratisoma

= 54-28 Bl G36-(5-52 B VWE3

I SBRIO3T [ ;”H()S HI36 Bl Anacrosolibacter

[ Candid K i [ H. 5 0 WS6 (Dojkabacteria)

WpPs-2 B Bacillus B (Candidatus Brocadia

COLBI4 B /gnavibacterium [0 NBI-j

A4b B Limnobacter I others

100
(b)
80
i\f 60 - [
=
H#
=
=
R2 Fe0 R2 Fes R2 Fel0 R2 Fel5
5 R

(a)R1 JZWi#%, (b)R2 SN #§; R1_Fe0 /R R1 g8 Fe? * N 0 mg- L1, AL K3
B 6 Fe’* FETRMNAESRABKERBERNSS

Fig. 6 Distribution of dominant bacteria at the genus level in sludge under the presence of Fe?*

(1) R HP g ANAMMOX A= ¥ Ji5 22 G0 b B A v
BRI K, fe i NLR 713K 0.62 kg-(m’-d) ',
NRE V-3 67. 13%.

(2) KW 5, 10 Fl 15 mg-L™' Y Fe** REWS
AR EPI% ANAMMOX 4= I 2 42 i & M BE. e

in a two-stage reactor

Hip(Fe*™ ) N 10 mg-L~" 42 BEVE i P 8, e
NRE 7]3k 81. 71% . i8N JNi& &= Fe’* A BT EPS 1Y
SRBFNEERINELL R ¢ WG, LAtk — 25 3 8 I g 4%
15 Ve R 1 0 i R e

(3) AR Fe’* X AnAOB ¥ 1 1 i 10 5% g
FrEREEZS. p(Fe’ )N 5,10 F1 15 mg-L™'
i, % AnAOB i PEAT B AR HEVE T, Hirb p (Fe®* )

-
&

&



4 39

FBIBSCEE . AR ER T Fe " {23 ANAMMOX A& Wt i o7 2% 1 4

2053

10 mg L~ B A9 SAA E XTI 3.6 15 4
p(Fe’ ™) 20 mg-L~" i}, AnAOB 3 1 52 1| B I 41

i, e SAA R X} B2

1 38% .
(4) ATA] Fe® #e BE 218 T RE A 1 34 i g

Candidatus_Kuenenia #H%T £ & & 4224k, p( Fe** )
410 mg-L~"Hf, Rl 1 R2 ' Candidatus _Kuenenia
(R X 3= B2 43 5N p (Fe®* ) 28 0 mg-L™" 1} 1Y
3.83% F13.09% 152 16. 18% 1 4. 22% .

%%j{ﬁjﬁ:

(1]

[4]

J Zhao L J "Pen%] D/C, Li K, et al. Tre_ahrripnt

Wang Y, Ji X M, Jin R C. How anammox responds to the
status and mechanisms [ J]. Journal of
2021, 293, doi: 10. 1016/j.

emerging contaminants :
Environmental Management,
jenvman. 2021. 112906.

Huo T R, Zhao Y P, Tang X,
anammox consortia to decreased temperature [ J].
International, 2020, 143, doi: 10. 1016/].
105915.

Mulder A, Van De Graaf A A, Robertson L. A, et al. Anaerobic
ammonium oxidation discovered in a denitrifying fluidized bed
FEMS Microbiology Ecology, 1995, 16 (“3;2__-“&77-

et al. Metabolic acclimation of
Environment

2020.

envint.

reactor[ J ].
183.
RS, WA, B8, % —BoUH Tl as k- g AL
Taiﬂrf‘ﬁ(ﬁf*ﬁi‘u\ AHK[T]. HﬁTﬁ ?li, 2()2‘1,
A5(1): 143- 151 i A ‘.--'
Gupufated
medium and-" 'low strenglh ammonia waétewa,t‘é'r by single- stage

Chmese J ournal of

| partial mmtdnon ~anammox process [ Ji].

__/ Environmental Engineering, 2021, 15(1) : ]15«3 ‘151 4

[.v's" 1

[6]

[9]

[10]

F
| Dong:K, Huan Y H, Chen Y C,

W SRR T, Hﬁi%ﬁiﬁ%ﬂlﬂﬁéﬁ%ﬁ’ﬁ%m
memﬂ Kk BHEA | 2020, 46(5) % 87-91 §
et al.
an@é'rohio ammonia oxidation in a membrane bmreactnr [J].
Téchno]ogy of Water Treatment 2020, 46(5) : 87-91.

B, AR HT, RS, & — B IR A A AL
SMBBR UWP&&&E%%U%HJ]. HEERL 2, 2021, 42
(7): 3385-3391.

Li K, Shao X M, Wang K Z,
ammonium wastewater by single-stage partial nitritation-anammox
SMBBR [ ] ]. 2021, 42 (7). 3385-
3391.

Akaboci T R V, Gich F, Ruscalleda M,

operational conditions towards mainstream partial nitritation-

et al. Treatment of medium

Environmental Science,
et al. Assessment of
anammox stability at moderate to low temperature: reactor
performance and bacterial community[ J]. Chemical Engineering
Journal, 2018, 350 192-200.

WRYRIE, VEEZE, AT, S8, T IR - A= P A S BRI
SABKIERSIELT]. shEZAKHK, 2019, 35(3) ; 19-25.
Chen Z G, Wang X J, Zhou S W, et al. Stable nitritation for
low-strength ammonium wastewater based on adsorption and
biological desorption[ J]. China Water & Wastewater, 2019, 35
(3): 19-25.

Gu X Y, Zheng X W, Chen Y X,

partial-nitritation/anammox ( PN/A ) process based on zeolite

et al. A novel two-stage
biological fixed bed reactor for low-strength ammonium wastewater
treatment[ J]. IOP Conference Series: Earth and Environmental
Science, 2021, 787, doi; 10. 1088/1755-1315/787/1/012076.
Sindhu L, Niu K L, Liu X L, et al. Effect of Fe?* addition on

anammox consortia, nitrogen removal performance and functional

A
Sludy on starizup

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

genes analysis during start-up of anammox process[ J|. Journal of

Water Process Engineering, 2021, 43, doi: 10. 1016/j. jwpe.
2021.102251.

PRAERE. FETYOTRIERM T AL A A
K2, 2019.

FALTZEWFR[D].
Fi: AR
Guo B B. The study on strengthening anammox performance
based on iron element [ D]. Qingdao; Shandong University,
2019.

Zhang J X, Zhang Y B, Li Y, et al. Enhancement of nitrogen
removal in a novel anammox reactor packed with Fe electrode
[J]. Bioresource Technology, 2012, 114 102-108.

Qiao S, Bi Z, Zhou J T,
ferrous ion on the activity of anammox biomass[ J|. Bioresource
Technology, 2013, 142 . 490-497.

TR AT B Bk X DR A R S A S 48 ) B S RE S
VIR RS MR ERT R D). PH% . KEK2F, 2019.

Zhang F. Effects of Organics and ferrors ion on nitrigen removal

et al. Long term effects of divalent

and microbial communities in anammox reactor [ D |]. Xi’an:
Chang’an University, 2019.

KA, WAL, W, 5 Jk%ji%?ﬁm%%f\ﬂﬁ&fﬁﬁ
JE AU RE I [ )], R AL 2 R aw:ﬂ;m 015,
36(12): 1753-1756,

Zhang L, Hu X .M Jiang'B H, Effert rif ire
demlrlflcatlon performancel in anammox reacwr J 1,-" Journal of
Northedstem Umverslty ('Natural Science ) , 2015, 36'( 12.-‘{
1753- 1756 4 r

Zhang X'f] Zhou Y, Zhao S Y et al. Effect of Fe( Il ) “ing low—ll
nltrogen sewage on the reA( tor performance and ‘microbic al )
Pommumty of an ANAMMOX! biofilter[ J ]. Chemosph?re 2018"
200412418, 7 ;

Fan N S, Bai Y H, WuJ, et/al. A two-stage anammox.i‘)’fr‘gcess
for the of high-strength

et al. jons on

~ .
advanced  treatment ammonium
microbial community and nitrogen transformation

10. 1016/

waslewaler ;
[J]. Journal of Cleaner Production, 2020, 261, doi:
j- jelepro. 2020. 121148.

Connan R, Dabert P, Moya-Espinosa M, et al. Coupling of
partial nitritation and anammox in two- and one-stage systems:
process operation, N,0 emission and microbial community[J].
Journal of Cleaner Production, 2018, 203 . 559-573.

Hou J, You G X, Xu Y,

nanoparticles on the

et al. Long-term effects of CuO
surface physicochemical properties of
biofilms in a sequencing batch biofilm reactor [ J]. Applied
Microbiology and Biotechnology, 2016, 100(22) . 9629-9639.

MaHY, Zhang Y L, Xue Y,
nitrogen loading capacity and temperature in anammox reactor
[J]. Science of the Total Environment, 2019, 659 . 568-577.

ERAFARIBJR. KRR KW 4 7 [ M]. (581
fi) . Abmt: o R A, 2002.

Karasuta C, Wang X J, Zheng X W, et al.

retention

et al. Relationship of heme ¢,

Effect of hydraulic
time on effluent pH in anammox bioreactors:
characteristics of effluent pH and pH as an indicator of reactor
performance[ J]. Journal of Environmental Management, 2021,
280, doi: 10.1016/]. jenvman. 2020. 111716.

Wang Y Y, Xie H C, Wang D L, et al. Insight into the response
of anammox granule rheological intensity and size evolution to
decreasing temperature and influent substrate concentration[ J].
Water Research, 2019, 162 258-268.
Chen Z G, Zheng X W, Chen Y X, et al.

stability evaluation for low-strength ammonium wastewater by

Nitrite accumulation

adsorption and biological desorption of zeolite under different

operational temperature[ J]. Science of the Total Environment,



2054

E20

5

Bl

43 %

[26]

[27]

(28]

[29]

(301

_+ acceptor[ ] ].

31}

[32]

[33]

[34]

2020, 704, doi: 10.1016/]. scitotenv. 2019. 135260.

FEFER, IR, RKUK. B PN PR A A P IR SN
A AR X E RIS 2 [ )] BREERF 22, 2021,
41(4): 1303-1308.

Yan Z C, Tang R X, Wu D B. Effect of organic matter on
nitrogen removal efficiency and microbial community of an
anammox biofilm reactor [ J ]. Acta Scientiae Circumstantiae,
2021, 41(4) : 1303-1308.

LiZ X, Peng Y Z, Gao H J. A novel strategy for accelerating the
recovery of a Fe ( Il )-inhibited anammox reactor by intermittent
addition of betaine: performance, kinetics and statistical analysis
[J]. Chemosphere, 2020, 251, doi: 10. 1016/j. chemosphere.
2020. 126362.

Feng L, Li J, Ma H R, et al. Effect of Fe( Il ) on simultaneous
marine anammox and Feammox treating nitrogen-laden saline
enhanced performance and

10. 1016/j. desal.

wastewater under low temperature
kinetics[ J ]. Desalination, 2020, 478, doi:
2019. 114287.

Zhang X J, Chen Z, Zhou Y, et al. Impacts of the heavy metals
Cu(Il), Zn(Il) and Fe( Il ) on an Anammox system treating
low ammonia and low

synthetic wastewater in nitrogen

temperature; Fe (Il ) makes a difference[ J]. Science-of the
Total Environment, 2019, 648 798-804. “.-““
Mak C Y, LinJ G, Chen W H, et al. The short- and long term
inhibitory effects of Fe ( Il ) on anaelob}b ammomum. oxidizing
(anammox) procéssfJ]. Water Science énd“.Technolngy.u, 201'9

79(10) ; 186071867, oy -
Yabg Y B Xiab G C, Lu J H, /Fe..-{'f‘[[)

forwardlng ef- IlPW anammox-like pn‘)ceqs-"tn reriove, h1§h—

et al. .dFe

concenlratlon aminomum using nitrate as tetmmal elec!ron

Water Research, 2020, 172“, d01 10 .-JlOl()/J
watres 2020. 115528.

Stmu% M, ]’Lf)l_]l’]en T3 Kuenen ] G, et al The seque}lpmg ba:V
/ reactor as a powerful lool for the study of slowfy growing anaerobic

ammonlum -oxidizing microorganisms [ J ]. Applied Microbiology

and Biotechnology, 1998, 50(5) : 589-596.

d AN, 2R, kAT, . REMRA T Fe?t X IR A A A LM
HPERER MRS [ 1], KAFEEE A, 2020, 46(11) ; 125-128,
136.

Meng X S, Li J, Zhang S, et al. Study on the effect of Fe?* on
denitrification by anaerobic ammonium oxidation under low
temperature stress [ J ]. Technology of Water Treatment, 2020,
46(11): 125-128, 136.
K as, AW, AR,
BATHIAE I SRR E [T ],
27(6): 1672-1685.

Zheng J J, Zhang Z M, Xu X Y, et al. Structure and stability of
aerobic granular sludge during operation in wastewater treatment
[J]. Chinese Journal of Applied and Environmental Biology,
2021, 27(6) : 1672-1685.

TKWAR, sk, BEEA, S MAMREWRIES X RA
BEAEATHRIEERZmR 1], hEERSERE, 2019, 39(10)
4133-4140.

Zhang Y C, Zhang J, Hou A Y,

4t

- 5 KAk B AT S RV e A R
N5 3B AE e R, 2021,

et al. Effect of extracellular

_

[35]

[37]

[38]

[39]

[41]

[42]

[43]

[44]

[45]

[46]

polymers and signal molecules on the activity of ANAMMOX
sludge[ J]. 2019, 39 (10):
4133-4140.

RO, WER, B, . RO TFAIIENTRINES
Py EREE TS JEMORAL B [ 1], PR T AR A, 2021, 15
(4):1321-1332.

Yuan Y B, Zhang J] M, Chen X,

polymeric substrates on the granulation of phosphorus removal

China Environmental Science,

et al. Effect of extracellular

Chinese
1321-

sludge fed with macromolecular organic matter [ J ].
Journal of Environmental Engineering, 2021, 15 (4).
1332.

Yan L L, Liu Y, Wen Y,

extracellular polymeric substances from granular sludge for

et al. Role and significance of
simultaneous removal of organic matter and ammonia nitrogen
[J]. Bioresource Technology, 2015, 179 460-466.

Zhang Y L, Ma HY, Niu Q G, et al. Effects of substrate shock
on extracellular polymeric substance ( EPS ) excretion and
characteristics of attached biofilm anammox granules[ J]. RSC
Advances, 2016, 6(114) . 113289-113297. =

Bi Z, Qiao S, Zhou ] T, et al. Fast start-up.of An.arr‘l'i;ox process
with appropriate ferfous iron concentration [ J l,jB“loresource
Technology, 2014 170 . 506-512. e
Huang X L, Gao D W, Peng S, et al.
manganese ions on anammox process in %equen'(lng}yﬁl(h biofilm
redctors[ J]. Joum'al of Environmental Sciences, 2014 26(5-‘{
1034- 1039 ¥ r
Ferousi ¢, Lindhoud S, Baymann F,
ullhzallon in dnaerublc l‘mm’t)mum oxidizing bacterla J]. Cun‘ém_’,
Opinion'i in Chemical Biglogy, 2017, 37 129- 136. =
Jin RC, Yang G F, “lelang Q Q, et al. The effect of ‘sulfide
inhibition on the ANAMMOX process [ J ].
2013, 47(3): 1459-1469.

Eoy, 2, 1, S5 Bl B K A M H S R T 5T
JELJ]. BTk, 2020, 39(2) : 709-719.

Lii R, Li B, Xiao Y, et al. Research progress on the effects of

Effects ’“;)f ferrous and

et al. Iron aammllatlon and

ol
Water Research,

iron on microbiological nitrogen removal in wastewater [ J ].

2020, 39 (2).

Chemical Industry and Engineering Progress,

709-719.
7’52#, B, W, AF Fe? M Fed X RARAATT IR
FRENAL T ). BRETRIE, 2014, 35(11) ; 4224-4229.

et al. Effect of Fe?* and Fe** on the
2014, 35

Li X, Huang Y, Wu C,
activity of ANAMMOX [ J].
(11): 4224-4229.

Vigneri R, Malandrino P, Giani F,
volcanic environment and thyroid cancer [ J].
Cellular Endocrinology, 2017, 457 . 73-80.
Oshiki M, Ishii S, Yoshida K,

iron oxidation by anaerobic ammonium oxidation ( Anammox )

Environmental Science,

et al. Heavy metals in the

Molecular and
et al. Nitrate-dependent ferrous

bacteria[ J]. Applied and Environmental Microbiology, 2013, 79
(13) ; 4087-4093.

Li X, Yuan Y, Huang Y, et al. A novel method of simultaneous
NH," and NO; removal using Fe cycling as a catalyst; Feammox
coupled with NAFO [ J].
2018, 631-632; 153-157.

Science of the Total Environment,



HUANJING KEXUE Vol.43  No.4

Environmental Science (monthly) Apr. 15, 2022

CONTENTS

Analysis on Spatial-temporal Characteristics and Driving Factors of PM, 5 in Henan Province from 2015 to 2019 «++reeeseererrsereeresseennsneenennenss GE Qixu, LIU Yan, YANG Hong, et al. (1697)
Pollution Characterization, Source Identification, and Health Risks of Atmospheric Particle-Bound Heavy Metals in PM, s in Zhengzhou City: Based on High-resolution Data ~ ++++++sesveeeeee

-+ QU Guang-hui, SUN Jun-ping, WANG Shen-bo, et al. (1706)
Source Analy51s and Composnwn Characteristics of Water-soluble lons During Spring Festival in ngbo * YANG Meng-rong, PAN Yong, HUANG Zhong-wen, et al. (1716)
Characteristics of Nitroaromatic Compounds in PM, 5 in Urban Area of Shanghai ««+«seeeeesesessensisennen: ZHUANG Min, MA Ying-ge, CHENG Yu-huang, et al. (1725)
Characteristics and Sources of Nitrated Phenols in Atmospheric Fine Particles of Northern Suburban Nanjing ««+:«+sesseseeeeeseseneenes CHEN Mei-juan, QIAN Zi-he, GU Chen-juan, et al. (1738)
Variely of the Composition and Sources of VOCs During the Spring Festival and Epidemic Prevention in the Pearl River Delta ++ JIANG Ming, YUAN Luan, WEN Li-rong, et al. (1747)
Speciated Emission Inventory of VOCs from Industrial Sources and Their Ozone Formation Potential in Chongging = +++«+seesresrsereeeerenneneeens LI Ling, LI Zhen-liang, FANG Wei-kai, et al. (1756)

Volatile Organic Compound Emission Characteristics and Influences Assessment of a Petrochemical Industrial Park in the Pearl River Delta Region +e«+eereeeeserserensmsiencnennincnenennes
ZHANG Xue-chi, SHA Qing-e, LU Meng-hua, et al. (1766)
LIU Xin-hui, ZHU Ren-cheng, JIN Bo-giang, et al. (1777)

WEI Xiao, ZHANG Yong-jie, WANG Pei-tao, et al. (1788)
Coordinated Control of PM, 5 and O in Hangzhou Based on SOA and 03 Formation Potential L LRI LIN Xu, YAN Ren-chang, JIN Jia-jia, et al. (1799)
Effect of WESP on Emission Characteristics of Condensable Particulate Matter from Ultra-low Emission Coal-fired Power Plants —«+xseereesesereresenenimenennnins
WANG Peng-cheng, YUAN Chang, LIANG Sheng-wen, et al. (1808 )
Measurement Analysis and Superposed Effect of Residential Indoor Air Pollutants in Xi’'an WANG Xiu-ru, FAN Hao, FAN Jie, et al. ( 1814)
Occurrence of Atmospheric ( Micro) plastics and the Characteristics of the Plastic Associated Biofilms in the Coastal Zone of Dalian in Summer and Autumn -+ :
........................................................................................................................................................................... TU Chen, TIAN Yuan, LIU Ying, et al. (1821)
Spatiotemporal Distribution of Ammonia Emissions from Poultry Farming in the Yangtze River Delta Based on Online Monitoring Derived Local Emission Factors «+esxeseeeseereresesissscnnsnens
GAO Zong-yuan, XU Chang, NI Yuan-zhi, et al. (1829)
Agricultural Ammonia Emission Inventory and Its Distribution in Xining City YANG Yi, JI Ya-qin, GAO Yu-zong, et al. (1844)
Analysis of the Urban Water Eco-environment Protection Strategy in the Beijing-Tianjin-Hebei Region from “Three Waters” Overall Planning -+ LIAO Ya, HOU Xiao-shu, REN Xiao-hong ( 1853)
Non-carcinogenic Risk Assessment of Cadmium Exposure Through Drinking Water in Chinese Residents Based on Age-stratification Weight —+«+reeeeresserrersenesemeniensnnicnensininennnens
......................................................................................................................................................... QIN Ning, Ayibota Tuersunbieke, LIU Yun-wei, ef al. (1863)
Hydrochemical Characteristics and Transformation Relationship of Surface Water and Groundwater in the Plain Area of Bortala River Basin, Xln]lang """"""""""""""""""""""""
o LEI Mi, ZHOU Jin-long, ZHANG Jie, et al. (1873)
Hydrochemical Composition Characteristics and Control Factors of Xiaohuangni River Basin in the Upper Pearl River TU Chun-lin, YIN Lin-hu, HE Cheng-zhong, et al. (1885)
Temporal and Spatial Variation Characteristics and Driving Factors of Nitrogen of Shallow Groundwater in Hetao Irrigation DiStrict ««+«+«ssesssssssressessneneniensnennnnsncnsinn s
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ++++=+ YUAN Hong-ying, YANG Shu-qing, ZHANG Wan-feng, et al. (1898)
Provenance of Groundwater Solute and Its Controlling Factors in Yancheng Area -+ -+ WANG Jian, ZHANG Hua-bing, XU Jun-li, et al. (1908 )
Hydrogen and Oxygen Isotopic Characteristics of Different Water and Indicative Significance in Baiyangdian Lake -+ seweeees WANG Yu-shan, YIN De-chao, QI Xiao-fan, et al. (1920)
Optical Composition and Potential Driving Factors of Chromophoric Dissolved Organic Matter in Large Lakes and Reservoirs in the Eastern Region of China «+:eseeseereeeeresenensnnienennn
CHEN Li-li, XIAO Qi-tao, YU Xiao-gin, et al. (1930)
Fluorescence Spectral Characteristics of Dissolved Organic Matter in Songhua Lake Sediment CHENG Yun-xuan, ZHAO Ke, ZHANG Yue, et al. (1941)
Abundance and Fluorescent Components of Dissolved Organic Matter Affected by Land Use in a Drinking Water Source -+ » GAO Jing, PU Xiao, ZHANG Yu-hu, et al. (1950)
Emission of Methane from a Key Lake in the Eastern Route of the South-to-North Water Transfer Project and the Corresponding Driving Factors »«+«+seseeseereeesesenenseineneninninennn
..................................................................................................................................................................... ZHU Jun-yu, PENG Kai, LI Yu-yang, et al. (1958)
ic Acid Esters in Surface Water of Qiandao Lake, China ««+«esreserereesrenesseminenmnininsnnnins

MI Qixin, GUO Xiao-chun, LU Shao-yong, et al. (1966)
Phosphorus Adsorption Characteristics and Loss Risk in Sediments of Lake Bay During the Overwinter Period of Cyanobacteria ++ JIN Zheng-hai, TU Cheng-qi, WANG Shu-hang, et al. (1976)
Ecological Quality Assessment of the Wetlands in Beijing: Based on Plant Diversity «eesreoreresesemeseneninineninniniiin s LI Guo, SUN Guang, ZHAO Zi-yi, et al. (1988)
Effects of Pollution Control of Xiaoging River on Environment Factors and Phytoplankton Community in the Laizhou Bay seeeeeeens ZHANG Jing-jing, WANG Yu-jue, LI Fan, et al. (1997)
Effects of Different Aeration Treatments on Bacterial Diversity, Metabolic Activity, and Function in Constructed Wetlands -+ WANG Fei-peng, HUANG Ya-ling, ZHANG Rui-rui, et al. (2007)
Analysis on the Source Tracing and Pollution Characteristics of Rainfall Runoff in the Old Urban Area of Nanning City +++ YUE Zhen-wu, LI Yi-ping, ZHOU Yu-xuan, et al. (2018)
Effects of Aging on the Cd Adsorption by Microplastics and the Relevant Mechanisms ~ +++eereeeeereeneeenes WANG Jun-jie, CHEN Xiao-chen, LI Quan-da, et al. (2030)
Carbonized Foam Supported Co;0, Activated Peroxymonosulfate Towards Rhodamine B Degradation «+:+seesveseseseeserseinieinisineens WANG Yuan-yuan, YAN Xin, Al Tao, et al. (2039)
Promoting Nitrogen Removal in ANAMMOX Biofilm Reactor by Fe? * Under Low Nitrogen Concentration ZHENG Xu-wen, QIN Jia-fu, WANG Xiao-jun, et al. (2047)
Investigation on Oxygen Gas-liquid Mass Transfer in Sewage Pipelines Under Enhanced Ventilation ««+-+sseseeererseesesnennenmsinennennn YANG Zhou, ZHANG Zhi-qiang, YANG Jing, et al. (2055)
Characteristics and Assessment of Heavy Metal Contamination in Soils of Industrial Regions in the Yangtze River Economic Belt ZHANG Yi, ZHOU Xin-quan, ZENG Xiao-min, et al. (2062)
Distribution and Environmental Significance of Rare Earth Elements in Typical Protected Vegetable Soil, Northern China ++ WANG Zu-wei, LIU Ya-ming, WANG Zi-lu, et al. (2071)

Sources Identification, Ecological Risk Assessment, and Controlling Factors of Potentially Toxic Elements in Typical Lead-Zinc Mine Area, Guizhou Province, Southwest China ~ «+++++veeeeees
..................................................................................................................................................................... ZHANG FU'gUi, PENG MiH, HE Liﬂg, et ﬂ/l. <2081 )
Distribution Characteristics of Heavy Metals in Soils Affected by Different Land Use Types in a Superimposed Pollution Area with High Geological Background — «+«eveseesesresseseesennennsnen

................................................................................................................................... WANG Xue-wen, LIU Hong-yan, GU Xiaofeng, et al. (2094)
Distribution Characteristics of Heavy Metals in Farmland Soils Around Mining Areas and Pollution Assessment WANG Hai-yang, HAN Ling, XIE Dan-ni, et al. (2104)
Concentration Characteristics of Heavy Metals in Farmland-Sphagnum System and Ecological Risk Assessment ++ ZHU Di, ZHANG Zhao-hui, WANG Zhi-hui (2115)
Spatial Variation and Influencing Factors of Soil pH in Anshun City «++essesseresessssrenrsssssnsnsmnnntss e ++= CHEN Qing-xia, LU Xiao-hui, TU Cheng-long (2124 )
Synergistic Repair Effect of Calcite-Based Passivator and Low-Accumulation Maize ++++etsetoveeesesssnsssmsntnenmininisnnesne REN Chao, REN Yu-zhong, LI Jing-tian, et al. (2133)
Effects of Burkholderia sp. Y4 on Cadmium Damage and Uptake in Rice Seedlings + ZHANG Ya-hui, LIU Yue-min, WANG Chang-rong, et al. (2142)
Changing Characteristics of Carbon-Based Greenhouse Gas Fluxes in Paddy Field in the Middle-Lower Yangtze Plain in China +-esseoveoveeeeeeees LIU Shuo, ZHEN Xiao-jie, LIU Gang, et al. (2151)
Effects of Plastic Film Mulching and Biochar Application on N,0 Emission from a Vegetable Field - HU Jian, JIANG Chang-sheng, CHEN Xin-tong, et al. (2163)
Effects of Nitrogen Fertilizer Management on CH, and N, O Emissions in Paddy Field ZHENG Mei-qun, LIU Juan, JIANG Pei-kun, et al. (2171)

Structure and Functional Diversity of Bacterial Community in Rhizosphere Soil of Typical Vegetation in the Riparian Zone Along the Downstream of Songhua River

Effects of Cotton Stalk Returning on Soil Enzyme Activity and Bacterial Community Structure Diversity in Cotton Field with Long-term Saline Water Imvallon : :
ZHOU Yong-xue, CHEN Jing, LI Yuan, et al. (2192)
Effect of pH on the Abundance and Community Structure of Comammox Nitrospira in Paddy Soils -+ +++ MA Rui, ZHAO Yong-peng, WANG Zhi-hui, et al. (2204 )
Effects of Biochar on Soil Organic Carbon of Eroded Cultivated Layer of Slope Farmland in Purple Hilly Area ««+:esreosereseesennenen ZHANG Jian-le, ZENG Xiao-ying, SHI Dong-mei, et al. (2209)

Effects of Organic Fertilizer Replacing Chemical Fertilizer on Organic Carbon Mineralization and Active Organic Carbon in Dryland Yellow Soil +«+«sseseessereererereneneeiincnennsiiniinsnnes
............................................................................................................................................................ LIN Shi-fang, WANG Xiao-1i, DUAN Jian-jun, et al. (2219)

Soil Organic Carbon Storage, Active Component Contents, and Stability Along a Flooding Gradient in the Tidal Wetland of the Jiulong River Estuary = «eseereeeeseseressermenensnninennn
............................................................................................................................................................ HUANG Xiao-qing, TONG Chuan, LUO Min’ et ﬂ/l. <2226)

........................................................................................................................................................ . LIU Xiang-hong, YAN Y()Hg-jlll’l, LIL W’ei’ et (ll. (2237 )



