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Stability of ZVI-dependent Autotrophlc Denitrification-by ANAMMOX Bacterla
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(1. National and Local Joint Engineering Laboratory 61 ‘Municipal Sewage Resource Utlhzatwn Technology, Suzhou 215009 Chma
2. School of Env1r0nm,ent Science and Engineeting, Suzhou Unlversny of Science and Technologyl‘, Suzhou 215009, China; 3. lnstltute
of Env¥ironmental Blotechnology, Suzhou Unlversn;y of Sclen_‘t_}é and Technology, Suzhou 215009, Chlna)'

Abstract Fe()-(]ep.endent autotrophic denltrlflca;lon edlated by anaerobic ammonia/ 0x1dat10n (KNAMMOX) bacteria‘was-carried oui o

2%
F o

in continuous flow réaglors under non-strict dndemblc Londlt}(’hb Three strategies m(?udmg ad]u'étmg the influent pH ;+adding Fe
and regular renéwal with fresh iron powder, were used to Jlnvestlgate the appropriate cénditions to maintain the long-term stability of‘this
process. The results showed that the nitrate removal efficiency declined due to Fe’ passivation over time), and this ultimately led to the
redctwn b@!comlng unsustainable. Neither redu(,lng the mﬂuent pH (within the pH range 5-7) nor adding a quantity of Fe’* had an
obvious effects onthe sustalnablhty of this prgeess. Instead th-e itrate removal efficiency and the sustainability of the reactor was
enhancéd significantly by regular renewal with fresh Fe’ p'('iwfier Compared with the control group (with a 7-day stable operation) ,
experimelhutal setup was run steadily for at least 60 days, and the average nitrate removal efficiency was increased by 22. 23%.
Consequently , maintaining an adequate amount of activated Fe’ and eliminating the adverse effects of Fe° passivation are vital for the
sustainable operation of Fe’-dependent autotrophic denitrification as mediated by ANAMMOX bacteria.

Key words: anaerobic ammonia oxidation (ANAMMOX) ; nitrate; zero-valent iron (Fe”) ; autotrophic denitrification; passivation
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Fig 1 gohématl(‘ glagram of the up-flow bioréactor =

1.2 ifiéﬁlﬁ?ﬁ{)ﬁ %;&%}%H%ﬂ( PRI
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A EBRPEA(NRR) 1E9 kg (m’+d) "' ZE4. BLE
*ANAMMOX 158, 43l B BN g N A B0
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f, 24 RORLAs ZE KK s A7 A [A) . R1, R2 #E7K pH
7, R3#EK pH ZEARFIB B4 7, 6,5 Fil4,
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. S RAERBIT AR 1 R,
Zl—‘%%ﬁfﬁ?hﬁé 100 Hiy gty (& & =
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TPk DL 25 bR 3R AR AR, BB AR — oK R B o

®1 REHFBEITEH

Table 1 ~ Operating conditions of the reactor
N7 /K pH Fe #it/g MR/ mg - L BT
R1(XfHE4L) 7 20 70. 00 —
R2 7 20 70. 00 FEZER AN 0. 75 mmol -L~" Fe? ¥
R3 7 ~4 20 70. 00 WK pH
R 5 20 0. 00 BT d —A SRR SO A A I AR IBCHS TE E  AE )

[kl 2 T“%%Fﬁi%‘?ﬁﬂ/\(ﬁ%ﬁﬁ’] Fe’
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N A BN P TS T AR TR A ) A T I E e
P, 8 E 5 min, TR B ECR S TR SR,
¥ FEAEY B, S R — SO BT ke
PR HLER B ) B R TS R 8 A AR A s ks
S g AR T e B | sy g, RO 20 ¢ &G fLfE
81 3HT B R
1.3 I SRpRFnIr ik

IBAT R B SO A% K pH fH L, NHY-N
NO, -N, NO; -N, Fe’* | & Fe il ORP #& i 3Cifik
(19 ] AT INRE , 4k 2 PR,

#2 WEWBS5H*E

Table 2 Measurement variables and their methods

W ETH W58 J5 1 X

NH, -N AICHGIPOEE  BH UVmini 4240

NO; -N/NO; -N BEAEE % 10S-900 BT i
MLSS | MLVSS Eif a7 TR

Fe** /& Fe FHEBWOIOCETE B UVmini 12407
ORP . S ik T ORR 501 @A
pH /' AT g il P8 25

- ~

L4 | F T e s by |
[ JHEI# T OBE (Quanta FEG 250, (FEI |

W, ST A ER 10 d JFER, H KRS R Sk v
B L FRRAS, BT 20 d HiKRY W ke B ik 5
60.97 mg-L~", IR AF AR EE 23 BR AL 13.16% ,
JRE B LA ARSI AT, E RGBT, ok ks
W) D S BRI U B, P39V 43500 5. 06
mg- L™ F12.65 mg- L' BbAk, KSR E S5 1
FRth KRR R IEAICIE S 163 ~9 d flREh K%
R E DU, oK BB 8 (148.78 +
10.09)mg-L~". MifESE 10 ~20 d WIiE), fisARER 6%
SRFFLEMRAIT, TR H AP Hh A0 G o
1. HULATIL, LB Fe” 197 R 1T, FR
B TEZ 20 d, HAPREBTRECN 7 d, MU
RS RAE HL AT
FBFFCARGE, 76 Fe® 7 IR W2 £h 7R 2 11 R A
Fe’* T LI Fe' 5l kb2 ] 19 iy, 744238 ) 7
I 7 R4 67K R AR 0. 75 mmoke ! (e
(HeH A% 5 R ) |\ D45 583X Ry 2042 75 4 R
kil ANAMMOX FA S Fe® 2: bRl A % K
EVE S TR . R2SE (T i B PR AR Y
Rtk LR LB H N st i 2 (b) Bk, | 5
R1 L, ELET OB S , thK Al A bR
T, AER PSS 3 d, KRRk
12, 64(megal) ! ) IR ERFE IR L F 82. 16% . 473
~ 12 d R, RS 10 d; e LI KRS

A8 A Gy T T S P TR - yesh RS %
USA) W58 15 U8 5 S RS IE. 15 V8 REh S 10,00, EhWKIEAE 18. 54 me- L™ Ze £3 Ui, Mt KBRAAR

mmol -1 77 BERRZESIA B VE, S AIA 2. 50998 —
WS pH 7) T 4°C VKR B 109, s il
5.00% . 10.00% . 15.00% . 20.00% . 30.00% .
50.00% . 70.00% . 90.00% £11 100. 00% . B % K
BRI AK , LV B B AN M) 336200 Ao R
7K 10 min J5 B2 TR G f e RERS A& m
LR AL,

2 ER5HMH

2.1 A[E ST 6l R Ak 2% B SR I s 1 A
pog:d

g% R1IEAT 20 d A R R AR L | iR
R RBRAR LS K S B AR A I 8] 2 (a) PR,
SN ARIBATINER 1 ~2 d, PEKASRR R A 70. 00
mg-L~", HUKAYBRER MR EEZ M 42, 11 mg-L™", filiiR
ERBBRFAUN 40. 24% . X —Fr Bt A ANAMMOX [H
SHZIR ZE R, W 3 d JFLR, KRS R $hik
JERGHR R, iR LBRFAH 74.82% . 153 ~
9 d Hia], KA R R Wk B AR E E (15,29 £4.58)
mg- L™, SERER L bR RIAFFIE 68. 54% ~87.04% ,
SR AR ERE N 67.00% . X—Br BN Rl 5

FifE 65.72% ~ 82.16% , V¥ B A Z B RN
52.00%. %5 13 d, R2 KA IR £k vk B T &=
36.87 mg-L™", AR EE KBRAE N 42.62% . ) i
IKEPRER MR AR S 52 BT 3. 25 20 d, H/KANR
Ehve 1 ik F) 42.86 mg-L7', il R Eh £ B R AL K
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AR B SRR R KRR W R B, 7E3 ~
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R RBRRAT B, RIS 5 P A S kv
WAL, 458K, £ R2 PinA —EWER
Fe’ fE—a R RS T RN g faEtE, 5 RI
L, RBestaEWIh 7 d SEKZE 10 d, B8R
DDA R AR 2 B 4T Y )

pH {HALEFZM Fe’ R MAIIL R FERE
Z—. pH M FIFI0H] Fe® 2P Bk &
ey . WAL AR R, A6 N A R3 Al
I REARHEK pH, DL %% 2 75 g 35 219 1k 5 F
PERSE Y. $2BBPEK pH A7, 6., 5 A4 KpistTid e
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Fig. 2 Variations in nitrogen concentration, nitrate removal efficiency, and total iron during the operation of the reactors

K pH RS, RAE T d BB, BT
X — it 75 BB SR A SO #R R . 1B 1T
R AR R R AR | AR ER B R A K H /K kAR 1k
WE 2 (d) IR, Hdk s R gkhy. 2558
FH, A o i 2, ROV R AR S IR
EIBFT. KK 60 d B T E, KSR E P18
WM 17.23 mg-L™", HFRER PR K N 75.00% ,
ST IR AR AT AL FRE A BR. BTN, HK

S RN GELS Rl ESIE =R A AP~ W28 U3 b7 (93 s | )
12.54 mg-L ™" F12.55 mg-L~". [FAEH, [ R4

K SRRV B 5 R £ S PR R L IE ARG,
S KRR BE R 259. 86 mg- L7
fE LR 4 FORFLZ AT &4 T, ANAMMOX B |
mFéﬁ%ﬁ@%ﬁﬁW%m%*%iﬁjﬁ
S, 33 FR. RUAGKEMER2 4 =1
ﬁmLAw%mﬂmgﬁmﬁﬁ

is47 4]

0 10 20 30 40 50 60
FHd



7 FRSCERSE . ANAMMOX B2k A 37 SOk T 20 rfa e 3205

T8 AL 43 0 — 22 Wk B2 11 Fe®* FHIE Y R AR 2E /K pH

(B, X oAl S WA E PR VE FH A i 3%
®3 BREFBREEMEMHEBITZBREL
Table 3 Comparison of the stability and nitrate

removal efficiency of each reactor

)5 % T IBITREY d TR LR %
Rl 7 52.77
R2 10 57.65
R3 15 40.72
R4 > 60 75. 00

2.2 ANAMMOX {911 SEM 5#Ei% 53 Hr

R T HEAE Fe' KEIEAT . ANAMMOX f/E
YIRS 0 284k, BEHUR N 4% R4 H1 Y ANAMMOX
WEE Y AR, X HEF TG DL 60 d 1
ANAMMOX 504 #4749 4 F - S U8 (SEM) 43
Br, DIORERAE Fe' KIAME T fAE W e & 10 A2
fe. B 3(a) F1 3 (e) PTLATHRE ML t, A0S
DIERIRE S 3, IF H R H 6. Eﬁﬁi%"‘%iﬁ%ﬁ

AR MM EEI SR A T W Bk, T 3

(b) B3 () o, ARHEAR SEERARSP R P | 6K 853

MUEYRAKNIER, REHE T KRR, 4550
RYITT, X e AR ISR, S — 2 X R R
T A2 o B T RIS 0 A, S5 RN 4 Fos, 42
Fhis e F WL C, O F1 S &N E, 4405
65.50% . 31.50% 1 2.10% , T Fe 7 A ARAL N
0.40% . MAKMIEFEE, AR ICE BT K
ATHRA L, Hd ¢ &8 KiEFEAKE 20.60% ,

1M O Ml Fe JUE & & B R, 207153 40. 00% F
37.50% , 5 g AT oA B R UAE AR L, 4

SRS T 130 5194, 00 5. HHTFEBITN, K
JOE 8 HE 7K HR R 38— e B R R, RT DAHEN Fe®
Y Fe? 28 MU AL I 25 e i A ¢ e .
FA A 25 SR AE HoAth 2 3 A B 9% Hh A #E, Oshiki
S ST R B, 44 ANAMMOX T $2 LAY R £h
A Fe?* A g FE W AS, 24 h J5 SEM. B I R

ANAMMOX [ i /IR T 7 . el 1
m&%ﬁﬁm%ﬁw%wﬂ@m&ﬂﬁ%mu&ﬁ
ANAMMOX ﬁlﬂi % 4‘& 15;1 Yﬁ e £ 5 -4 % EA
T '

ff}”

¥ W

(a), (¢)0d; (b). (d)60 d
3 REIRE R4 BMYEEIETT 60 d SRBFRAMEMER
Fig. 3 SEM observation of sludge samples from R4

3 g

TERR A IR AL A IR R A rh, R S Y
Fe?* 5 Fe” Bl {2yl T UL B AR EL. Fe’™ I
SR Ty WA ) B A, (BAER M RS A i 42
TSR, Fe ™ i By S Al A Bk SR 1R W 9 T
VE, FELFe T HYSEPR A AFEAR. T Fe’ R K fif

TER AW Fe* | RITE Fe 559 R) Y 19 A
T A FE—E 0 Fe ™ W BE, T LA & i A 0
Fe* " BRI R | JEHEEIRER AR IR, BRI ER 7y Fe*
WAL Fe’ T Fe’ IIAFFE, Fe'* 29k 5
R Fe . X Fh Fe’ | Fe’* Fil Fe’* A B AL 1E T,
PREIRR TP E 2 Fe® HAb B T84k (Fe? " 1E
Fe'*), RK$EE TE T RE W EWR R [,



3206 ST S < R 40 3%
(a)0d i3 (b) 60 d i 4
c JEht i E% o k8% o
C 65.5 0.3 o 0 400 02
0 315 0.3 Fe 375 0.2
S 2.1 0.1 C 206 03
Fe 04 0.1 S 1.2 0.1
P 0.4 0 P 0.7 0.1
> K 01 0 1
1. s Ls Ie
P I
<L M K , T I I LL LJ\_ ) A I ]
0 5 10 15 20 0 5 10 15 20
HifriigleV Hifrig/eV

El4 [RBI2% R4 HEMYESIEIT 60 d iSRREREIES

Fig. 4 Energy spectra of sludge samples from reactor R4

Fe' ATLL NO; 7 ANAMMOX F# 42 {36 5 3 1 1 2 K
B AT Fe' AEMIA T LT R L I %
PRIME IR, LR (45 6 FE A 2 e R TTAIAL
SHUS R T S Y 17

TR fH SR Fe® BlAk, IR A R R %
SERAGEIZAT, BRI 28 T R [ B8 A7 4R
@ K pH . pH S0 Fe® [ 72 7 ik it
TR G 22— Fe® /KR AL 500 S R £k 2
RSN R, pH MR, A A i gk
AR & fﬁTM%E?l@ﬁﬁ$‘N@%
5 Be [ T, ﬁﬂ?ﬁfﬁAﬁ%L
2L (R R R TR R
b, SR, 22, éﬂfﬁﬁ$@@
ﬁW‘ME%Tu%HEﬁmﬁ% R B fo
sl T R REAT e shA R R I grEr
GERZAE pH Ky 6 ~ 8 JLFEI N HEAT; @ HRIN Fe’ .
Eﬁh%‘%@qf + pH T, Fe** Al LY Fe’
T B R B 2 I R 26 1R B e Tk, ik
Fe' 55 R £k 00 2 R, TR I 2B R Fe' 3% 1 Al
W20 I, KNS Fe® A S T LA Rk Fe”
Bl | (23 R R AT O RS

AT 5% AL 223558 1 A T — E W E Y Fe® T FIAE
s R N R R K pH B 7 2 2R A Fe® G A,
SEH R B O RAEIB AT, (EL4% 572 W 53 P R
PR | RS UEAT RO T SR, X S R e
h F R DL R R A S B M AR FE
R2 s IN—E W) Fe**, S5XTIAZH R1 AH L AERS
FAIEAT 10 d, {F5E 2 0 1k 3 B4 8155 1T MO AUR.
LI PR SR G S A2 AT 7 2 I R 2 I
K0T TR B R BRI |, Fe®* 25 5 W SBALIR Fe ™ 321
WK SEALYY , Fe* STIR A R IR, J6 3k Bt Fe”
FHHLLIE. 7R3 h, #EK pH 7E 5 ~7 JEH
PR (L3R A S SR VP R 5853 S
W T Fe” i JE RS R Eh I Al ANAMMOX 2 i #f
ETLMAE W PR, IAE S ~7 90 BB A

7k pH Xt 2R 380 pH IR 1R 40 A TR, 7E 2
Wt R, X R3 P pH A I 15 TIE SC R o7
WAL IR ER S . 724 pH PR ZE 4 1, B
24t ANAMMOX SUEYITEYE. PRI, EL8RH
FFFE AL S D sl S B R 4 ﬁfﬁ%&ﬁﬂ
ﬁ*ﬁﬁ%%%% 5 4 T P A B 1
@Tuxﬂ%%FJ%% Lkﬁfﬁ@m
am ER Taﬁﬁmﬁfkﬁﬂﬁm&ﬁ%
i Lﬁmﬁﬁf Al Fe AR I
ToIk K R AT ) T AL I, e S 3% R4
ﬁﬁT%EﬁFem%T%ﬂTﬁﬁW%mK%ﬁ’
FIBFT. Wﬁ%%ﬁi%ﬁ%mﬁ% GEAENNL
S (L M SR BT SE RS20 TR, i Ly
T DL (R R 9 S T LR RO AR
5. HIFES, {9 HI6E T RGETTAms, TR
33— 7 2 T B A AT A ot
HEFABFIERIGER, A5 HBF5 T A% I
ATT TP i TF % T M PR R A 70, L 9IF
SRS Fe® BAZ AT TH | 3l 0l A K 1 61
. W25 RPN Fe Bt | T 4K Bt
REFHFF KA Fe’ (M4 B4 4%, ol 8 it %
Fe® TR 1255 )y 2 28 i st 4 T Fe® BT AL A oK
FOSTEES IR IR, iR Fe® SRNERER | Mk
DI B SR T — A PR A R 2, ARGtk o
SRS, IR AE LR, o, A
FHAHIF ST I #1052 56 - B X ANAMMOX B #E 47
KIAEEFE, X Fe® FIAHERERVE T A9 ANAMMOX TH
BETEAS AL . ARRERAR ISR 72 | ACRERI D AL N %
KA T R IR ST

4 i

(1) 3T ANAMMOX F 0%k A ik T 2.5
FEVEMS Fia i T 4l , 2B sk i Fe” B4k
IR PRIEIZ R N AR RS 1B T R &K

(2) TEART M RS T | U S s T i



7 K SCiHAE . ANAMMOX B8k H 37 RO T 24 ks e v 3207

R, A AR K pH(S ~7 LR s —

SEVRIE Fe? * 17 2O 0tk A 12 B A 5 B B E A

—RERCR, HIFA .
(3) b E Bk 77, ANAMMOX & 1] JH]

Fe’ FLBRAHMR £ 52N A 5 ﬁﬁﬁzifﬂﬁﬁﬂ%ﬁiiﬁ,

TR T3 LB R R 75.00% , WA EREN

54.02% .

B2k

[1] LiuHB, ChenZ H, Guan Y N, et al. Role and application of
iron in water treatment for nitrogen removal: a review [ J .
Chemosphere, 2018, 204 51-62.

(2] T SRERAFRAEYRMATZAMEMRID]. M.
TR K, 2017.
Zhang N B. Reasearch on the conditions of iron matrix
autotrophic  biological ~denitrification process [ D ]. Suzhou;
Suzhou University of Science and Technology, 2017.

[3] sk, 2568, W5, & FMEA RIS R
WK Sl J]. ERAE, 2017, 38(9) : 3793-3800.
Zhang N B, Li X, Huang Y, et al. Activated sludge
mineralization and solutions in the process of zero-valent iron
autotrophic denitrification[ J]. Environmental Science,‘mai7 , 38
(9) : 3793-3800. 7

[4] LuYS, YangX X, WuZ L, etal. A novel control strategy for
NZO formation by dd_]uslmg E, in mlute/Fé(H HI) Cdrbonale

green rust 5Y%lem[] ] Chemical Englneenng 01/1;3& %9f6
304 579:586. | 1

S

[5 ]r Ren Y, Ydng J H: LiJ, et al. Strerllgtheningu.lhe reactlv1t-}"6f

|Fe®/( Fé/Cu ) by premagnetization impliefitiqh% for nitrate
reductlon rate andsselectivity[ J]. Chemical Engmeer]ng .lqurnal
32017 330 813I 822. & |

[6 ] f Llu Y Zhaﬂ'g B G, Tlan C X, et al. Optm]_lzatlon Gfd enhanced_.-'
bloele(trlcal reactor with electricity from microbial fuel cells for
gmundwater nitrate removal [ J ]. Environmental Technology,
2016 , 37(8): 1008-1017.

[7] Zhang L' Y, Sun H H, Zhang X X, et al. High diversity of
potential nitrate-reducing Fe( I ) -oxidizing bacteria enriched
from activated sludge [ J ]. Applied Microbiology and
Biotechnology, 2018, 102(11) . 4975-4985.

[ 8] Zhang M, Zheng P, Li W, et al. Performance of nitrate-
dependent anaerobic ferrous oxidizing (NAFO) process: a novel
prospective technology for autotrophic denitrification [ J ].
Bioresource Technology, 2015, 179 . 543-548.

[ 9] Zhang M, Zhangzhu G C, Wen S X, et al. Chemolithotrophic
denitrification by nitrate-dependent anaerobic iron oxidizing
(NAIO) process: insights into the evaluation of seeding sludge
[J]. Chemical Engineering Journal, 2018, 345 345-352.

[10] Zhang X X, Li A, Szewzyk U, et al. Improvement of biological
nitrogen removal with nitrate-dependent Fe( II) oxidation
bacterium Aquabacterium parvum B6 in an up-flow bioreactor for
wastewater treatment[ J]. Bioresource Technology, 2016, 219.
624-631.

[11] Oshiki M, Ishii S, Yoshida K, et al. Nitrate-dependent ferrous
iron oxidation by anaerobic ammonium oxidation ( Anammox )
bacteria[ J]. Applied and Environmental Microbiology, 2013, 79
(13) : 4087-4093.

[12]  Jfd. PRASEALBA: We 2 f kA8 JRURH TR 26 7K 28 oh 9 4 T
[D]. 3N ZRHAHE R, 2016.

[13]

[14]

[15]

[21]

[22]

[23]

[25]

Zhou J. The functions of Anammox sludge in the nitrate reducing
zero valent-iron oxidation reaction [ D ]. Suzhou: Suzhou
University of Science and Technology, 2016.

Jfd, #8, RIA, %, ANAMMOX 1 A 2 k5% b & fn
TR IR [ )], FREERI, 2015, 36(12) ; 4546-4552.
Zhou J, Huang Y, Yuan Y

biotransformation of Ammonium and nitrate via zero-valent iron on

, e al. Simultaneous
anaerobic conditions [ J ]. Environmental Science, 2015, 36
(12) ; 4546-4552.

Kang D, Lin Q J, Xu D D, et al. Color characterization of
Anammox granular sludge: Chromogenic substance, microbial
succession and state indication [ J ]. Science of the Total
Environment, 2018, 642 . 1320-1327.

Li BH, Pan X L, Zhang D Y, et al. Anaerobic nitrate reduction
with oxidation of Fe( Il ) by Citrobacter freundii strain PXLI-a
potential candidate for simultaneous removal of As and nitrate
from groundwater[ J]. Ecological Engineering, 2015, 77 196-
201.

Li Y F, Long X X, Chong Y X, et al. Characterization.of the
cell-Fe mineral aggregate from nitrogen removal..emplﬁ}.f;ng fetrous
and its adsprption features to heavy metal[]]. Jou.-gidt_-f)f éleaner
Productionj 2017,, 156: 538-548. [
Wang R, Zheng P Zhang M, et al. Bmaugmenl;aitmn-_pf-mtrate—
dependent anaeroblc ferrous oxidation /by _ ,lf'eterotrophlc
denitrifyihg sludge-’ ‘addition: "a promising way for promdtmn-’ of
chemoautotrnphnlr denlljltrlflcallon [J]. Bioresourée " Teghnology,
2015, 197 410-415. .-,:«‘ -
Peng C,, Sundman A J‘BryCe C, et al. Ox1ddtmn of Fe( H’) i
organic, malter complexes in the presence nf the mlxotrophfc
nitraté.—regi cing | Fe(IIY)-oxidizing bacterium Acidovorax Jsp.
BoFeN1 [‘J 1. Environmental Science & Technology, 201'.‘8': 52
(10) :/5753-5763. .

RIS JR. K RIS A BT J7 s LM (S
J) . At P EBRERN A R, 2002.

Wi, &0, 2E8L, 2. A pH (ExT Bk B A b id 72
RERFALMEM )], FREERE, 2018, 39(9) : 4289-4293.
Chen F M, Jin R, Yuan Y, et al. Effect of temperature and pH
on nitrogen conversion in Feammox process[ J]. Environmental
Science, 2018, 39(9) . 4289-4293.

Zhang Y P, Douglas G B, Pu L, et al. Zero-valent iron-
facilitated reduction of nitrate: chemical kinetics and reaction
pathways[ J]. Science of the Total Environment, 2017, 598 .
1140-1150.

Sun Y K, Li J X, Huang T L, et al. The influences of iron
characteristics, operating conditions and solution chemistry on
contaminants removal by zero-valent iron; a review[J]. Water
Research, 2016, 100, 277-295.

Han L C, Yang L., Wang H B, et al. Sustaining reactivity of Fe’
for nitrate reduction via electron transfer between dissolved Fe?*
and surface iron oxides [ J]. Journal of Hazardous Materials,
2016, 308 . 208-215.

LiYY, FuF L, Ding Z C, et al. Removal of nitrate from water
by acid-washed zero-valent iron/ferrous ion/hydrogen peroxide:
influencing factors and reaction mechanism|[ J]. Water Science &
Technology, 2018, 77(2) : 523-533.

Xu CZ, Wang X M, An Y, et al. Potential electron donor for
nanoiron supported hydrogenotrophic denitrification: H, gas,
Fe®, ferrous oxides, Fe?* (aq), or Fe?* (ad) [J].
Chemosphere, 2018, 202 : 644-650.



HUANJING KEXUE Vol.40  No.7

Environmental Science (monthly) Jul. 15, 2019

CONTENTS

Health Benefit Evaluation for Air Pollution Prevention and Control Action Plan in China

WU Wei-ling, XUE Wen-bo, WANG Yan-li, et al. (2961)
++ XIE Fang-jian, SHI Zhi-hao, LI Jing-yi, et al. (2967)
YANG Liu-ming, WANG Shen-bo, HAO Qi, et al. (2977)
)
)

Scenario Simulation Study Constrained by the Ambient Air Quality Standards in Nanjing

Characteristics and Source Analysis of Water-Soluble lons in PM, 5 in Zhengzhou
Relationship Between Atmospheric Visibility and PM, 5 Concentrations and Distributions «+«+s+eseseeserrerssnsennmesinnennsneens WANG Ji-kang, ZHANG Heng-de, GUI Hai-lin, et al. (2985
Characteristics of VOCs Emitted from the Rubber Tire Manufacturing Industry Based on the Inverse-Dispersion Calculation Method +++-+++- BAI Hong-xiang, WEI Wei, WANG Ya-ting, et al. (2994
Stable Carbon Isotope Compositions and Source Apportionments of Volatile Aromatic Compounds in the Urban Atmosphere of Taiyuan, China —«esssseseessersesesemenensnneninsnnse

LI Ying-hui, YAN Yu-long, LI Zhi-sheng, et al. (3001 )

Spectral Distribution and Pollution Characteristics of Polybrominated Diphenyl Ethers in the Air of an Office Building Clustered Area -+ WANG Lin, DENG Ya-jia, LIAO Xiao-yong, et al. (3008)
Characterizing Chromophoric Dissolved Organic Matter in Key Lakes in the Middle Reaches of the East Route of the South-North Water Diversion Project «+«+x«+ssssessereeresensenseenenennanens
.................................................................................................................................................................. ZHANG Liu-ging, PENG Kai, ZHOU Lei, et al. (3018)
Characteristics of Hydrogen and Oxygen Isotopes in Different Water Bodies in Hilly and Gully Regions of the Loess Plateau «+:«+e+x+ee ZHANG He-hui-zi, YU Kun-xia, LI Zhan-bin, et al. (3030)
Analysis of Total Organic Carbon Source Differences Between New and Old Cascade Reservoirs using Carbon and Nitrogen Isolopes — +reeesseseereesseesismensnninienniin
...................................................................................................................................................... WANG Cong-feng, HU Zi-long, YANG Zheng-jian, et al. (3039)
Pollution Sources and the Stratification Effects on Water Quality in Lijiahe Reservoir «+«+«sstssesesseesesensentninsinsininsnnnse XU Jin, HUANG Ting-lin, LI Kai, et al. (3049)
Distribution and Potential Risk of Organochlorine Pesticides in the Soil of a Submerged Area Around Miyun Reservoir = ++-e+++se-+: WANG Xia, ZHANG Qing-zhuo, ZHAO Gao-feng, et al. (3058 )
Distribution, Sources, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in the Surface Waters of the Yinchuan Wetlands —«+eereseereereeresemenenenneneniinincnnen
............................................................................................................................................................ TIAN Da-niian, DANG Lihui, DING Run-mei, et al. (3068)
Comparison of the Geochemical Characteristics of Karst Springs of a Vertically Zoned Climate Region under Human Activity; A Case of Shuifang Spring and Bitan Spring in the Jinfo
Mountain Area, Chongging —+«tsveesesssesssersssemtmsimntititii i XIE Guo-wen, YANG Ping-heng, SHENG Ting, et al. (3078)
Groundwater Chemical Characteristics and Analysis of Their Controlling Factors in an Alluvial Fan of Jianjiang River »«+«seseeseeseeesereens TANG Jin-ping, ZHANG Qiang, HU Yang, et al. (3089)
Dynamics of Epilithic Algae Communities and Their Relationship with Environmental Factors During Storage and Non-storage Periods in the Three Gorges Reservoir
.............................................................................................................................................................................. FU Jun-ke, LIU Li, HE Xin-yu, et al. (3099)
Influence of Rainfall on the in sitw Growth of Dominant Algae Species in Xiangxi River —«ereeeeseereeressrsineniennininiiinenn WENG Chuan-song, LIU De-fu, ZHANG Jia-lei, et al. (3108)
Decomposition of Myriophyllum aquaticum and the Associated Release of Nitrogen and Phosphorus —«+eeeseseererssinssniiiin TONG Xiong, LUO Pei, LIU Feng, et al. (3118)
Optimization of the Parameters for Microalgae Immobilization and Analysis of Tts Recovery Potential for Ammonia Nitrogen in Wastewater ««+seseessereseserenesemenenienninensininnenenee
LIU Xiang, WANG Jing-yao, WU Juan-juan, et al. (3126)
Ammonium Adsorption Characteristics in Aqueous Solution by Titanate Nanotubes «-«+«+stssessessesessssssneissenennnisinsnnens ZHANG Zheng, FENG Chang-sheng, ZHANG Xiao-rui, et al. (3135)
Application of Fenton-like Photocatalysts Based on Defect Reconstruction in Degradation of Dye Wastewater —«+:x+stseeveeesseseeseeees TANG Qing-wen, AN Xiao-giang, LAN Hua-chun, et al. (3146)
Degradation of RBkS with Peroxymonosulfate Efficiently Activated by N-Doped Graphene — «+«ereeeeseseereensenesienenenninicneininnenns YU Yong-bo, HUANG Wan, DONG Zheng-yu, et al. (3154)
Effect of Cu®* on Denitrification Using NO, as an Electron Acceptor MAI Wen-ke, PENG Yong-zhen, JI Jian-tao (3162 )
Start-up and Performance Optimization of a CANON Pilot Reactor SUN Qing-hua, WU Di, ZHOU Jia-zhong, et al. (3169)
Effects of Aerobic Carbon Sources on Biofilm with Simultaneous Phosphate Removal and Enrichment +«++xeseteeesereseinincnennininennnes XU Lin-jian, PAN Yang, ZHANG Hao, et al. (3179)
Effect of Organic Characteristics on Sludge Settleability in an AAQ System ««-x+sssessessesseseemenenssnininn e LIU Xiao-bo, YUAN Lin-jiang, CHEN Xi, et al. (3186)
Effect of Free Nitrous Acid on the Activity of Nitrifying Bacteria in Different Sludge Concentrations Under Anoxic Conditions LU Xin-tao, ZHOU Tong, TIAN Xia-di, et al. (3195)
Stability of ZVI-dependent Autotrophic Denitrification by ANAMMOX Bacteria + ZHANG Wen-jing, HUANG Yong, BI Zhen, et al. (3201)
Effect of On-line NaCl0 Backwashing on Microbial Communities in an Inverted A%0-MBR System -+ WANG Xu-dong, GAO Miao, WANG Ying-ying, et al. (3208)
Evaluation of Organic Matter Release and Economy for Various Pretreatments of Sewage Sludge «+++-v+esseerereesrenrensssnsnennininennens YUAN Yue, TAN Xue-jun, ZHENG She-yu (3216)
Model-based Optimization for the Coordinated Supply of Clear and Reclaimed Water in the Central Districts of Beljing, China ~ -+»++s++eseee+: ZHANG Tian-yuan, TAN Qian, WANG Shu-ping (3223)
Occurrence and Removal of N-nitrosamines in the Wastewater Treatment Plants Using Different Treatment Processes ++++++++++ LIU Wang-rong, ZHAO Jiang-liang, YANG Yuan-yuan, et al. (3233)
Occurrence of Tramadol and Fentanyl Use in Domestic Wastewater in Beijing seeenenees ZHOU Zi-lei, DU Peng, BAI Ya, et al. (3242)
Pollution Level and Ecological Risk of Typical Antibiotics in Guiyang Wastewater Treatment Plants +-«++++++* YANG Zhao, LI Jiang, ZHANG Sheng-hu, et al. (3249)
Characteristics of Antibiotic Resistance Genes in Various Livestock Feedlot Soils of the Hilly Purple Soil Region »«teseeseeseereseesieneneninenne CHENG Jian-hua, TANG Xiang-yu, LIU Chen (3257)
Effects of Tetracycline on Microbial Communities and Antibiotic Resistance Genes of Vermicompost from Dewatered Sludge ++«+«+«++eereeseees CHEN Jing-yang, XIA Hui, HUANG Kui, et al. (3263)
Fate of Antibiotic Resistance Genes and Virulence Genes in Enterococci During Anaerobic Digestion Process of Thermal Hydrolyzed Sludge »++-+-- LI Hui-li, PEI Yuan-mei, LI Shan, et al. (3270)
Effect of Co-composting of Chicken Manure with Chinese Medicinal Herbal Residues on Antibiotic Resistance Genes «+++w+srsereerererseseeens WU Jin-ping, CHEN Jian-wen, LIU Yong, et al. (3276)
Spatio-temporal Patterns of Microbial Communities and Their Driving Mechanisms in Subalpine Lakes, Ningwu, Shanxi —««+seseeseeeseereens WANG Xue, LIU Jin-xian, CHAI Bao-feng, et al. (3285)
Community Structure Characteristics of nirS Denitrifying Bacteria of Spring Typical Parkland Waterbodies in Shijiazhuang City =~ ««+eseereseeeeeese ZHANG Yi-ran, LI Zai-xing, SUN Yue, et al. (3295)
Differential Responses of Rhizospheric nirK- and nirS-type Denitrifier Communities to Different Phosphorus Levels in Paddy Soil ««+-«+++++- ZHAN Yu, GAO Dan-dan, SHENG Rong, et al. (3304)
Comparison of Soil Bacterial Community Structure Between Paddy Fields and Dry Land in the Huixian Karst Wetland, China - - JIA Yuan-hang, JIN Zhen-jiang, YUAN Wu, et al. (3313)
Cd Balance Analysis of a Typical Rice Paddy System in Central Hunan —«+«ssessessessesssssemensmsnsnsinnntisis s JIANG Kai, DENG Xiao, ZHOU Hang, et al. (3324)
Effects of an Amendment on Cadmium Transportation in the Rhizosphere Soil-Rice System ««+xesesetereressesenvenmsininsiiienenes LI Yi-chun, WANG Yan-hong, TANG Ming-deng, et al. (3331)
Isolation of Heavy Metal Immobilizing and Plant Growth-Promoting Bacteria and Its Effects on Reducing Heavy Metal Accumulation in Wheat —«eoeeeseerereresemenenenneneniininennn
..................................................................................................................................................................... HAN Hui, WANG Xiao-yu, CAI Hong, et al. (3339)
Differences in the Cadmium-Enrichment Capacity and Subcellular Distribution and Chemical Form of Cadmium in Different Varieties of Pepper ++++ PENG Qiu, LI Tao, XU Wei-hong, et al. (3347)
Effect of Phosphorus Addition on N,0 Emissions from Rice-Rapeseed Rotation Soils — «+eseeseereereeressmmenenenninnin SUN Zheng, SU Rong-lin, XU Peng, et al. (3355)
Impact of Land Use Type on the Stability and Organic Carbon Content of Soil Aggregates in the Weibei Dryland —«+-v+seseereeseesesencreeneeees LIU Jie, MA Yan-ting, WANG Xian-ling, et al. (3361)
Vertical Distribution Characteristics of PAHs in Soils with Different Land Use Types During Rapid Urhanization ««+:«+s+ssssssessesseseess LU Yin-tao, XIANG Xin-xin, ZHANG Shi-chao, et al. (3369)
Pollution Levels, Sources, and Spatial Distribution of Phthalate Esters in Soils of the West Lake Scenic Area LIAO Jian, DENG Chao, CHEN Yi, et al. (3378)
Impact of Biochar on Soil Bulk Density and Aggregates of Lou Soil + LI Qian-gian, XU Chen-yang, GENG Zeng-chao, et al. (3388 )




	1.pdf
	单独封面7
	zm


