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Ammoma Nltrogen Removal Performance Wi}h Patallel Operation of

Conventional and Inverted ,A 4 O Sewage Treatment Processes in Winter

LI Jih- cheng CUO Ya:ni'", QI Rong®", YANC Min’ ;

(1. Sehool of Env1ronmentdl and Chemical Eng‘lneermg, Xl an: Pt‘)'fyteehnl( University, Xi’an 710048, China; 2. State Key Laboratory of
Environméntal Aquati¢ Chemistry, Research Center for Eco—EnVlronmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China) f

Abstract; Ammonia nitrogen ( NH," -N) removal capacities of the A>/0 and inverted A>/O processes were analyzed with the same inlet
and parallel operation during winter. When the operating water temperature was 14°C , the inverted A’>/O process exhibited lower
NH, -N removal from the volumetric load[0. 13 kg-(m®-d) ~'vs. 0.29 kg-(m’-d) ~'] and a lower ammonia oxidation rate ( AOR)
[0.07 kg- (kg-d) "' vs. 0.11 kg-(kg-d) '] than the A>/O process, whereas the two processes exhibited similar performance at
26°C. The quantitative results for the ammonia oxidizing bacteria (AOB) population were almost the same in the two parallel processes
(3.2% =0.24% for the inverted A*/O process and 3.4% +0.31% for the A>/O process). Clone library analysis showed that at low
temperatures, the inverted A’/O process had a lower capacity for ammonia nitrogen removal than A*/O process. This is because the
particular AOB species [ spirillum ( Nitrosospira) | facilitated the slower AOR type (K-growth strategy) of nitrosation in the inverted
A%/0 process, whereas in the A>/O process, the faster AOR type (r-growth strategy) of nitrosation was facilitated by bacterium
( Nitrosomonas). At 26°C, the dominant species in the two processes were Nitrosomonas. Through comprehensive analysis of the
pollutants during the removal process, we found that although temperature is the leading cause of AOB advantage in species succession,
the changes in the inverted A’/O process structure, caused by the aerobic unit, resulted in high COD load and high NH, -N
concentration, which were unfavorable for the growth of AOB. This shows that under conventional sewage conditions, the K-growth
strategy is advantageous for the AOB species. Therefore, the structure of the inverted A’/O process for heterotrophic bacteria
( phosphorus accumulating bacteria and denitrifying bacteria) indirectly affects the population distribution and succession of autotrophic
ammonia-oxidizing bacteria, through COD load and other factors, thereby leading to weakened nitrification capacity at low
temperatures.

Key words:inverted A>/0; ammonia-oxidizing bacteria; clone library; COD load; low temperature
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Fig. 3 Neighbour-joining tree of partial amoA sequences recovered from samples with inverted and conventional A2/Q systems using amoA primers
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Table 5 Distribution of amoA OTU in the clone libraries of the two systems
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CJ (A2/0, T=26%C) 11 1 1 1 1 1 16
FhJE OTU % 28 13 9 7 3 2 2 1 65

1)0TU ESAEE s B FIZIE OTU TEE B E T i 9w 5 ,O0TUL ~ OTUS /& % A5k, N oligotropha , Nitrosospira-like . N. ureae . Nitrosomonas-
like, N. europaea. N. nitrosa . Nitrosomonas-like . Nitrosospira briensis; 2)IM {8 A2/0 T.2:3 ABYEEAR,T=14C; 1,88 A2/0 T.7.7 H Okt
A, T=26C;CM,HH A>/0 T3 ARIREAR, T=14°C; CI, WM A*/0 TZ7 AMREAR, T=26C

Nitrosomonas; [F) B} W A~ T2 89 SVI ¥/ F 150
mL-g " WWHEBR T & Z15 IR IKXT Nitrosomonas 1)
SE PR L SEAT T2 A e K AR Tr) ) £
B AY/0 LM E A4, Mk FhAs £k 25 51 i
PIHEMAS T 2080 £ BR i B A A — & AN [A], X AOB
DT I 14 AR A7 PR T ] BT R — 2.
XA T2 80 #3 Y COD |, NH, -N | NO, -N

3 iTig

FHWFFEHE H MER A i Tl & K R IE AR DO
S Nitrosospira (S EPEH A FZNE S (AN
SEATIBATIY A®/0 T2 HHE KK T 23817 564
ST S8 (R, SRT #il DO) ¥ 51 E A’/0
TR, H A0 T 2R3 FhE th & N



8 3] FEMAE: A2/0 SHEE A*/0 T ZMGEAIE T AR L IREET b 3871

FINO, -NI LRSI R #AT TP A7 0 A e (1 4 ~
6). [l 4 B PIRD T 24 A & 15 /% CoD 1
far BEREE IEAH O, (EL7E V5 Yo vk JE S A R AT T,
8 A’/0 T4 56 COD 2Bk 1 fif b F1
A0 T2 200 26%. I/ 5 FIE 6 [ T COD f
NH, -NLL K NO; -N | NO, -N#e & fifi T 25 Bk iy 728
fhitash B8 A>/0 T2k W R &5 4 R 5%
WEDIRESEAT Ak, RIVAE 3 B P I 9 a2 B Al Ak i
V555 4[] I A0 A8 225 () TP (R G R i sz o e A A B
g s, BT K E A PN IR A IR R AR FH ek
55, R T 2 R FEAONH, -NYRE S COD M iE B
IR TR A’/0 T2 (S FiE 6) 5 & COD i
fa AT LA COD 520 A/ 2285 A A= i 5 5 U | 5% i)
T ZHNH, -NEBRA BT mifEE A0 T2
AOR HF T A*/0 T2, Fr LA H A 9 i 7k
NH, -NWBEWMZ ST A*/0 T.Z.

0.8

O #FEAYO
07+ WAYO
06
S 05t
=]
=
_é;”
= 04t
iE
=
g o3
]
02t
0.1t
0

3H 5H H
B4 HRAEI. ST AREHIZERES
&SRR COD faf
Fig. 4 Comparison of COD sludge load in the aerobic sections

of the two systems in March, May, and July

XPPAT T2 & A 1) AOB FiE 4T T 8%
HF RDA 4387, &5 8 878 (K 7), COD FINH, -N5
Nitrosospira-like H.A7 1 25 W) IEAHOC, MR EH .
oligotropha FLAA — & B IE A M. XS AOB JE T
AER WA R ZER N, oligotropha AR (v
KK WE ) , 1M Nitrosospira-like “Jy 18 A # ( K- K 3K
W) . KA A SR 8 3k Bl A 0 2B R R AT, A
PR, ELIf 22 06 45 1 A A7 R0 5 K AR )
Qb P PR — e DR Bl A 1 AR R BT A
AOB W #Fh g K Z A4 RUE) Nitrosomonas ; 1M
TEM IRV | Tl B K 450 25 Rt vh A 25t B AR
R Nitrosopira (S HEACH B L . MIXF A*/0 T
ZLEE A0 T AR COD fafi J 5 R Y
254 2%t AOB FEFAE K R BE 7= A A RIS I >

300

o +@EEAYO 30
OAY0O
2 200 |
E
<]
P
fa) *
= 100 b
o D[ﬂ %
. * * * *
U 0 gpo ooood
0 L L L L
0 20 40 60 80 100
300
M SH
% 200 |
E
| *
¥
o .
& 100 f
S o 0 e * . . ¢
m|
0 20 40 60 80 100
300
7
& H
% 200 |
E
=
*® .
& 100 } Op A
- o o * *
- oo o0 g §
U L L L L
0 20 40 60 80 100
KHEE 4 %
VI 48 T2 B AR R 0%, Kk 100%, F

b e o K 0
HS H8043,5M7 BREHILH COD RE
FEiF R KENTN
Fig. 5 COD concentration variation through the length

of the aerobic tanks in March, May, and July

IR & B0 T 8 4 48 508 85 v w3 VR E NH -N A A
Nitrosospira TEAJAE W) HE V& 1 7 32 5 ML 57 19 28 101 B
G122 iR A%/0 PR O NH, N RE AT fiE
TE—EFEEE FAEVE T Nitrosospira WL E M.
AT T T A0 AOB A 3 &8 A8 1k 15 R 5%
HZ A A ML UEAT T PR o007, B8 A>/70 T
R ZAFAENH, NV BE = . NH,-N UG ] J2
COD i fif =y S5 A A F r-A K RIS B AOB A A7 1 3R
Beokk. 4 T = 14°CHE, A AEARFI B R A& A2/0
o AOB B3 Fh & g K- KSR 0 [ 3] 44k
AOB 1) 87% ; WA AFIFZER A*/0 T 2ZRE R r-
R ISR S BRI H N, oligotropha B4 & LY 151
R 47% . 25 T FHZ= 26°CH, f&1'E A*/0 Hf AOB
el gty KA K SR B s 5y e S R, L
AR AOB (1) A9 h 53%, T A>/0 T2 W -2
K AEHE AL AOB 1 LU U T 28 69% . 3X AR,
WARSZTRE AOB IS4 2 1 e S . 2400
BARHS (T =14°C) ,REHH A*/0 T2 AOB /&



3872 I A 42 %
12 6
(a) B AYO L ENO -NY AL (b) HHLAYOTENO, N JiEA b
T e osp e °r
as :
- s | A a6l @A - a4l
= =
b B
£ ol R
Z 4t Z 2t
2 F 1
0 =R . H W} 534 ol A i luf 5T o LELM . HRE e  HOH] | HWE HINEL . olF8h
0 30 51 74 100 0 16 30 43 57 71 86 100
14
(¢) HIFAYO T ENOS-NHE &L
12 ¢
Lo L
2 gn
E st E
z Z
S 6f =
z Z
4 L
2
0 [g pu} , T
0 74 100
40
(e) B AYO T ENH, N BE2E 1k
E E
& &
E E
% z g
= =
z 4
HHEE 4 /% RHEE 53 /%
i DU T2 BOR IG S 0%, AR i 100 %, B A b Sy URE 7R I S B Y I 1T 23 L
E6 @MMILETE2~7 ANO, -N, NO; -NFINH, -NiR ERiFR it K EHTK
Fig. 6 Variation in NO; -N, NO; -N, and NH, -N concentrations through the length of the aerobic tanks in each inverted
and conventional A?/0 system, from February to July
b r-AERKIRWERIE) N, oligotropha 5 P H M7, (H H:

-1.0

N.ureae

N.nitrosa

% N.europaea \ Nitrosomonas-like
Nitrosomonas-like =3

Nitrosospira -like
N.oligotropha NH4™-N

CoD

i

-1.0 0 1.0

W AARRL AOB TIRETE R , L6 T 2181 T I MR K
E7 EFREAKFLEINFAOBHMEXMEEZN TR

Fig. 7 RDA (redundancy analysis) of impacting factors

and AOB community (at genus level)

FeBAS R 5 TN A%/0 FEARIR 5 A FI R & ik m
YERITR , H: AOB BDL R & i LL 9 Y KA 43R
&I Nitrosospira-like; 33217 /KIRF+ 2 T =26°C A,
JUEEIE A*/0 TAMKIAFIEE AFT oA KRR
B4 AOB HAAF IR (BAEIR A AOVE IR 3 AOB
TRy 3 R BR B P R AR Y A RS B V.
oligotropha ; M A20 T. A% v KRB N
oligotropha WK K H2 & T I (5 31k AOB 9 LL. 4. {0
5 COD Ffi7 B NH, -NAEAH K R B2 A n] 2
P, TEAR IR 25 P A AT 2 T, IEJ2 % COD 1 fip | 5
NH, -NZER ZPeE THIE A°/70 TA4H T LITEH R
Wi K Z T B K2R R s B Y i 4 AOB
g, T F 4T i AT B A0 LA AR IH 2

Nitrosomonas.



8 19 A AY/0 SHEE A*/0 T 2%

NERNE=RN 5

RE SR HT 3873

B A/0 T 2RSS0 PSS A AL B i 72
MTHEAT, A K 2 7 A Wy AL BB i H 120 {H
M TIPS e B A ) A ) AR S SRR BRI Y
IIRERAE BORAL A S AL FA R Ltk IR 1 5
ESUNIKE FineRing S AN 0 S NV WN:UE S B =97
TR, PRHAR) S A%/ 0 BEXT 5 TR (R BE RS S
TR B T2 s AR AT i COD ey 25 Rl FE2 1
) [ F RS B AL IR RE A SR O R
T AR A 1F T RS AL RE 7 i 55 25 x4
AN AT B R RN L B 14 A R o T 5 e v 2

RERIHE B S HILR , 5838 X R WO RE i B R A
BN A AR T MR BT I R 3 Bt BN 58 4= 9 B
SRR

4 it

EEXHEIE A*/0 T4 ZENH, -N& %ﬁ%j}—l\_fw
MG X PR FATIZ AT R A%/0 T L*ﬂﬁ]ﬁ
A’/0 T ZEHATRYES A R 5001, Ziﬂi(" T =
14CHMTN, B8 A0 TLR A B N -N%

BRAE LI A1 1Y AOR #H 1M K I Wﬂi 26°C. ai
Tﬂi/\I E’JNH*-Nﬂ%ﬁEjJ il AOR L%}mm
7. FISH 5 GRS 7, 194 T 2 AT [ BE A 0B
%ﬁ(%ﬁzﬁﬂﬂ M2 R J'JTF&E%E T A
AOB ﬁ}ﬁﬂﬁ/\?ﬁ&{fﬁ%ﬁﬂfifﬂﬂ? lﬁ i #A°/0 )
IL‘fEE/E' i A@B fILH e
%lﬂ%) l?l/] Nltrososplm—hke, M A0 T.2 N H%EE{(%
W& N. oligotropha; /KR BB, T A0
3 AOB F1J& b N. oligotropha. & W WA~ 1.7
AOB A [7) R LA 11 3 22 J R IR R (5 B A%/0
TAEW G E T 2B S COD i fi, &
NH,’ -N¥#k B2 45 I 2.

%%irﬁk:
[ 1] Seyedsalehi M, Jaafari J, Heélix-Nielsen C, et al. Evaluation of
moving-bed biofilm sequencing batch reactor ( MBSBR ) in

operating A>0 process with emphasis on biological removal of

nutrients existing in wastewater [J]. International Journal of
Environmental Science and Technology, 2018, 15 (1) 199-
206.

(2] &MEME, MARIC, FHhE, % HE A0 5HMA/0TZE
BREMCRXT L[], PR LRR, 2015, 9(2) : 501-505.
Jin P K, Zheng W Y, Wang X B,
phosphorus removal efficiency between reversed and conventional
A%2/0 processes [ ] ].
Engineering, 2015, 9(2) : 501-505.

[3] FangF, Qiao L L, Cao J S, et al.

A20 and reversed A20 processes for biological municipal

et al. Comparison of

Chinese Journal of Environmental

Quantitative evaluation of

waslewaler lrealmenl using a projection pursuit method [ J ].
Separation and Purification Technology, 2016, 166. 164-
170.

[4] Sims A, Gajaraj S, Hu Z Q. Seasonal population changes of

xikﬁi’flﬂ%g(ﬂ‘K %fi —

[5]

(9]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

ammonia-oxidizing organisms and their relationship to water

quality in a constructed wetland [ J]. Ecological Engineering,

2012, 40 100- 107.

Siripong S, Rittmann B E. Diversity study of nitrifying bacteria in

full-scale municipal wastewater treatment plants [ J ]. Water

Research, 2007, 41(5) ; 1110-1120.

Liu F, Hu X M, Zhao X, et al. Microbial community structures’

response to seasonal variation in a full-scale municipal wastewater

treatment plant[ J]. Environmental Engineering Science, 2019,

36(2): 172-179.

Cydzik-Kwiatkowska A, Zielinska M. Bacterial communities in

full-scale wastewater treatment systems [ J]. World Journal of

Microbiology and Biotechnology, 2016, 32(4) : 66.

TR, MAE, M5, S WOTTS K R I R 25
SYERESMITI]. BREERLAE, 2016, 37(11) : 4366-4371.

YuLF, Du Q Q, Fu X T, et al.

activity analysis of the nitrifiers in raw sewage of wastewater

Environmental Science, 2016, 37 (11) .

Community structure and

treatment plants [ J ].
4366-4371.

QiR, YuT, Li Z, et al.
inverted A?/0  pro¢esses
behaviors [ 1] ]. Journal of Environmental Science.s"; 2012, 24
(4): 5711 578. Fg—
Flowers JI J{Cadkin T Al McMahon K D. ‘Seasgrfal bacterial
commumty dynarmcs in d, full-scale enhanced _bmlogmal
phmphoru% rembval plimt ] Water Research 2013, 47( 19) .
7019- 7031 )

R AR . ﬁqm‘a’iﬂumwmﬁzze[ha]

J5). AL, ISR A, 2002 ,.-
| Mueller *€"W, 'Hoschen C, Methods! for

visualising active microbial | benzene degraders in i situ

Comparison _of convéntional. and

phosphorus 'releasqd_aﬁfl‘(q uptake

Schurig et al.
microcosms[ J 7. Applied Microbiology and Biotechnology, 2015,
99(2) : 957-968. i

Limpiyakorn T, Sonthiphand P, Rongsayamanont C, et al.
Abundance of amoA genes of ammonia-oxidizing archaea and
bacteria in activated sludge of full-scale wastewater treatment
plants[ J]. 102 (4): 3694-
3701.

Taylor A E, Bottomley P J. Nitrite production by Nitrosomonas

Bioresource Technology, 2011,

europaea and Nitrosospira sp. AV in soils at different solution
concentrations of ammonium[ J]. Soil Biology and Biochemistry,
2006, 38(4) : 828-836.

Yu T, Qi R, Li D, et al. Nitrifier characteristics in submerged
membrane bioreactors under different sludge retention times[ J].
Water Research, 2010, 44(9) . 2823-2830.

FEVT. BUEFRAMF N MBR ., TAMBR B AZCR 5 A Y e vk
SRS HT[ D], K KRR, 2012

Du J. Analysis of MBR or IAMBR on nitrogen removal and
microbial community constructure in the oligotrophic condition
[D]. Tianjin; Tianjin University, 2012.

Wang J, Li Q, Q1
bacterial populations in a full-scale
Process Biochemistry, 2014, 49 (12).

R, et al. Sludge bulking impact on relevant
municipal wastewater
treatment plant [ J ].
2258-2265.
AR, We, BBk, A ZIRTE S YR K o i B 2 ik
PRFREIL)]. PREERlA, 2018, 39(6) : 2794-2801.

Gao C C, You J, Chen Y, et al.

phosphorus removal microorganisms in activated sludge bulking

Effect of denitrification and
caused by filamentous bacteri [ J ]. Environmental Science,
2018, 39(6) . 2794-2801.

AT, SR, M. RIBFRBUEY ISR R, N



3874

w5

Es 2 &

[20]

[21]

[22]

[24]

FIE S AEYIEMR, 2016, 22(3) : 524-530.

Fan N S, Qi R, Yang M. Current technical progresses in the
cultivation for uncultured microorganism[ J]. Chinese Journal of
Applied & Environmental Biology, 2016, 22(3) ; 524-530.

Li B K, Irvin S, Baker K. The variation of nitrifying bacterial
population sizes in a sequencing batch reactor ( SBR) treating
Journal of

651-

low, mid, high concentrated synthetic wastewater[ J ].
Environmental Engineering and Science, 2007, 6 (6) :
663.

Yao Q, Peng D C. Nitrite oxidizing bacteria (NOB) dominating
in nitrifying community in full-scale biological nutrient removal
wastewater treatment plants[ J]. Amb Express, 2017, 7(1): 1-
11.

Sato Y, Hori T, Navarro R R,

shifts in microbial community composition after high organic

et al. Fine-scale monitoring of
loading in a pilot-scale membrane bioreactor [ J]. Journal of
Bioscience and Bioengineering, 2016, 121(5) : 550-556.
Avrahami S, Liesack W, Conrad R. Effects of temperature and
fertilizer on activity and community structure of soil ammonia
oxidizers[ J ]. Environmental Microbiology, 2003, 5(8): 691-
705.

TREB. A SN R B X R 1 S - S AL R AR S Al
BRI D], rE s

RIEUIER, 2017, [ g

[25]

[26]

[27]

[29]

Chen Y S, Zhao Z, Peng Y K, et al. Performance of a full-scale
modified
sequence analysis of its microbial structures and their community
functions[ J |. Bioresource Technology, 2016, 220 225-232.
TEAMG, REBOWE, Wy, 55 KI5k A0 A E A0 T2
IR BRBEMERE T[], FREELRE244R, 2015, 9(5) : 2185-
2190.

Guo Y M, Wu Y H, Guo F,

phosphorus removal in A>0 and Inverted A%O processes in a

anaerobic/anoxic/oxic  process;  high-throughput

et al. Analysis of nitrogen and

wastewater treatment plant[ J]. Chinese Journal of Environmental
Engineering, 2015, 9(5) : 2185-2190.

Yang R L, Wang X J, Guo Y,
pathway recovery after high COD loading using water quality,

et al. Evaluation of anammox

molecular biology and isotope labelling analysis[ J].
and Biosystems Engineering, 2020, 43(4) . 625-636.
Zeng M, Yang J F, Li X F,

nitrogen removal via simultaneous partial nitrification

Bioprocess
et al. Enhancement of mainstream
anammox
and denitrification by the gel entrapment technique [ J].

Environmental Science: Water Research & Technology, 2020, 6
(3):767-778. = e
Ahmed W ,-Tian X, Delatolla R. Nlmfylng moyi d"biofilm
reactor; Performdnce at low temperatures and 'respcmse to cold-

%hnck[]] Chemo%phere 2019, 229. 295- 302 4
|




HUANJING KEXUE Vol.42  No.8

Environmental Science (monthly) Aug. 15, 2021

CONTENTS

Characteristics and Control Strategies on Summertime Peak Ozone Concentration in Shanghai «+«+«++sstssesssesssesensssnienensiinicnens YAN Ru-sha, WANG Hong-li, HUANG Cheng, et al. (3577)
Characteristics and Sources of VOCs at Different Ozone Concentration Levels in Tianjin WANG Wen-mei, GAO Jing-yun, XIAO Zhi-mei, et al. (3585)
Pollution Characteristics and Source Apportionment of Atmospheric VOCs During Ozone Pollution Period in the Main Urban Area of Chongging ««+«+«sssesseessessesenssmmienensinincneenns
..................................................................................................................................................................... 11 Ling, LI Zhen-liang, ZHANG Dan, et al. (3595)
Emission Characteristics and Atmospheric Chemical Reactivity of Volatile Organic Compounds( VOCs) in Automobile Repair Industry -+ CHEN Peng, ZHANG Yue, ZHANG Liang, et al. (3604)
Analysis of the Continuous Heavy Pollution Process in the Winter of 2016 in Beijing, Tianjin, and Hebei MAO Ye, ZHANG Heng-de, ZHU Bin (3615)
Evaluation of Air Pollution Characteristics and Air Quality Improvement Effect in Beijing and Chengdu - -» DANG Ying, ZHANG Xiao-ling, RAO Xiao-gin, et al. (3622)
Chemical Components and Sources of PM, 5 and Their Evolutive Characteristics in Zhengzhou ZHAO Xiao-nan, WANG Shen-bo, YANG Jie-tu, et al. (3633)
High-frequency Responses to the COVID- 19 Shutdown of Heavy Metal Elements in PM,, 5 in Shanghai »++eseseereeseerseeeseenenenenes CHENG Kai, CHANG Yun-hua, KUANG Ya-giong, et al. (3644 )
Analysis of Ultraviolet Aerosol Index in Guangdong-Hong Kong-Macao Greater Bay Area ««+xtoetovereessmesvsnssniisiniinensnnnen DUAN Jia-le, JU Tian-zhen, HUANG Rui-rui, et al. (3652)
Vehicle Air Pollutant Emission Inventory and Characterization in Henan Province from 2016 10 2019 «+sersereeressersenseeseneneninencniens GAO Dan-dan, YIN Sha-sha, GU Xing-ke, et al. (3663 )
Characterization and Exposure Risk Assessment of Non-phthalate Plasticizers in House Dust from Guangzhou -+ + LIU Xiao-tu, PENG Chang-feng, CHEN Da, et al. (3676)
Distribution, Sources, and Risk Assessment of Polyfluoroalkyl Substances in Main Rivers and Soils of Tianjin WU Qian-gian, WU Qiang, SONG Shuai, et al. (3682)
Differentiation of Hydrogen and Oxygen Isotopes in the Water Source Treatment Wetlands of Stream Networks +«++sesseeeeessessesesieneneneenne YANG Ting, WANG Yang, XU Jing-yi, et al. (3695)
Characterizing Sources and Composition of Chromophoric Dissolved Organic Matter in a Key Drinking Water Reservoir Lake Tianmu «+eeeoeereresserenssnnsnie
......................................................................................................................................................... ZHOU Lei, ZHOU Yong-giang, ZHANG Yun-lin, et al. (3709)
Sources and Optical Dynamics of Chromophoric Dissolved Organic Matter in Different Types of Urban Water Bodies -+ YU Xiao-gin, CUI Yang, CHEN Hui-min, et al. (3719)
Temporal and Spatial Evolution Characteristics of DOM Spectra in Sediment Interstitial Water in Typical Zones of Baiyangdian Lake —«+«+eseessesressesemenninenennnncnninn s
...................................................................................................................................................... ZHOU Shi-lei, CHEN Zhao-ying, ZHANG Tian-na, et al. (3730)
Sources and Spatial Variation of Dissolved Organic Matter in Summer Water of Inflow Rivers Along Chaohu Lake Watershed -«+-«+:esseseeseee NING Cheng-wu, BAO Yan, HUANG Tao, et al. (3743)
Spatio-temporal Distribution Characteristics and Driving Factors of Zooplankton in Hongze Lake = «++eeesereereresrsinenensinniniinienen CHEN Ye, PENG Kai, ZHANG Qing-ji, et al. (3753)
Effects of Farming Practices on Soil Nitrogen and Phosphorus Concentrations and Its Loss in the Drawdown Area of the Tributary Embayment of the Three Gorges Reservoir
........................................................................................................................................................................... LUO Fang, LU Lun-hui, LI Zhe, et al. (3763)
Temporal and Spatial Evolution of Non-point Source Pollution Load of Total Nitrogen in Tuojiang River Basin = +«sseseereereeereseneneeiencnnens XIAO Yu-ting, YAO Jing, CHEN Shu, et al. (3773)
Microplastic-Induced Alterations to Antibiotic Resistance Genes in Seawater —«+seseseeeseesesssenensninineniini e ZHOU Shu-yi-dan, ZHU Yong-guan, HUANG Fu-yi (3785)
Enrichment of Antibiotic Resistant Bacteria and Antibiotic Resistance Genes by Sulfamethoxazole in the Biological Treatment System of Mariculture Wastewater —«-«eveseesesrerseseesennennenees
+=+ WANG Jin-peng, ZHAO Yang-guo, HU Yu-bo (3791 )
Optimization of Tidal-Combined Flow Constructed Wetland System and Tts Removal Effect on Antibiotic Resistance Genes -+ CHENG Yu-xiao, WU Dan, CHEN Quan-le, et al. (3799)
Temporal-spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soil of Xiangxi Bay in Three Gorges Reservoir Area «-v+seseeseereeesesenensininenennincneneenes
..................................................................................................................................................................... HUANG Ying-ping, JIN Lei, ZHU Can, et al. (3808)
Spatial Distribution Pattern and Influencing Factors of Industrial Pollution Emissions in Yangtze River Economic Belt LI Yun-yi, LIU Li-ping, LIU Yuan-yuan ( 3820 )
Aging Process and DOC Analysis of Four Different Types of Plastic Particles in Freshwater Systems LI Wan-yi, LIU Zhi-lin, MIAO Ling-zhan, et al. (3829)
Promotion and Mechanisms of DOM on Copper Adsorption by Suspended Sediment Particles ++= DING Xiang, LI Zhong-wu, XU Wei-hua, et al. (3837)
Transformation Characteristics of Dissolved Organic Matter During UV/Chlorine Treatment of Municipal Secondary Effluent +-++++s+-++: WANG Xue-ning, ZHANG Bing-liang, PAN Bing-cai (3847)
Effects of Different Nitrite Generation on the Short-cut Nitrification Denitrifying Phosphorus Removal Granules System «+«esessesressereeesennenens WANG Wen-gi, LI Dong, GAO Xin, et al. (3858)
Ammonia Nitrogen Removal Performance with Parallel Operation of Conventional and Inverted A%/0 Sewage Treatment Processes in Winter -+ LI Jin-cheng, GUO Ya-ni, QI Rong, et al. (3866)
Diversity and PICRUSt2-based Predicted Functional Analysis of Bacterial Communities During the Start-up of ANAMMOX -+ YAN Bing, FU Jia-qi, XIA Song, et al. (3875)
Microbial Community Structure of Activated Sludge and Its Response to Environmental Factors —+««+xesesseseesessssmenssenensnsineneens MA Qie-gie, YUAN Ling-jiang, NIU Ze-dong, et al. (3886)
Distribution and Sources of Microplastics in Farmland Soil Along the Fenhe River «++:toeeveesesrevesvsineisiniinennininene ZHU Yu-en, WEN Han-xuan, LI Tang-hui-xian, et al. (3894 )
Source Apportionment of Soil PAHs in Lanzhou Based on GIS and APCS-MLR Model = «+«+seseereereereeesenenenenincneninincniens GUAN Xian-xian, ZHOU Xiao-ping, LEI Chun-ni, et al. (3904)
Migration, Transformation Characteristics, and Ecological Risk Evaluation of Heavy Metal Fractions in Cultivated Soil Profiles in a Typical Carbonate-Covered Area —+-«+sessesreeeesesneneenes
-+ TANG Shi-qi, LIU Xiu-jin, YANG Ke, et al. (3913)
Effect of Elevated CO, on N,O Emissions from Different Rice Cultivars in Rice Fields «+++++++: YU Hai-yang, HUANG Qiong, WANG Tian-yu, et al. (3924)
Effects of Coconut Chaff Biochar Amendment on Methane and Nitrous Oxide Emissions from Paddy Fields in Hot Areas «+:eoveseeseereseens WANG Zi-jun, WANG Hong-hao, LI Jin-qiu, et al. (3931)
Effects of Biochar Addition Under Different Water Management Conditions on N,0 Emission From Paddy Soils in Northern Hainan ««+e+s+esverererrsrerenresnmnenneiinnscne e
......................................................................................................................................................... WANG Hong-hao, TAN Meng-yi, WANG Zi-jun, et al. (3943)
Ecological Effects of Species Diversity on Plant Growth and Physico-Chemical Properties in a Ph-Zn Mine Tailings * YANG Sheng-xiang, CAO Jian-hing, LI Feng-mei, et al. (3953 )
Investigation of Dominant Plants and Analysis of Ecological Restoration Potential in Lailishan Tin Tailings »+++«eseeeseerereesesesenens QIN Fu-rong, ZHANG Shi-ying, XIA Yun-sheng, et al. (3963)
Responses of Different Degradation Stages of Alpine Wetland on Soil Microbial Community in the Yellow River Source Zone «:+:«++++se=se-: LIN Chun-ying, LI Xi-lai, ZHANG Yu-xin, et al. (3971)
Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities and Microbial Community Structure in Rice-Rape Rotation ~ ++++++++ JIN Yu-ting, LI Xian-fan, CAI Ying, et al. (3985)
Shifts in Rhizosphere Bacterial Community Structure, Co-occurrence Network , and Function of Miscanthus Following Cadmium Exposure «+++- CHEN Zhao-jin, LIN Li-an, LI Ying-jun, et al. (3997)
Investigation of Soil Fungal Communities and Functionalities within Karst Paddy Fields =~ +oveeeeveeeseeressnsenensininn ZHOU Jun-bo, JIN Zhen-jiang, XIAO Xiao-yi, et al. (4005)
Adsorption Characteristics and Mechanism of Cd and Pb in Tiered Soil Profiles from a Zine Smelting Site «+++++xseseereeseesveerereneenes LIU Ling-qing, XIAO Xi-yuan, GUO Zhao-hui, et al. (4015)
Influence of Different Soil Conditioner on the Transfer and Transformation of Cadmium and Phthalate Esters in Soil = ««+sseesseeeseereees WANG Can, ZHANG Yu-hang, HE Ming-jing, et al. (4024)
Immobilization Mechanism of Four Types of Amendments on Cu and Cd in Polluted Paddy Soil =~ +«+xeseesrerrerssesenenmssninensininnenns DING Yuan, AO Shi-ying, CHEN Yi-hong, et al. (4037)
Foliar Application of L-Cysteine; Effects on the Concentration of Cd and Mineral Elements in Rice = +:esveeereeresseseseneininen ZHANG Ya-hui, WANG Chang-rong, LIU Yue-min, et al. (4045)
Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriacus 1. During Different Growth Periods —«+«eseseeeereereeseeesenenees LIU Jia-xin, CHEN Wen-qing, YANG Li, et al. (4053)
Evolution of Material Metaholism in China’s Pulp and Paper Industry +-«ssessereesesesereneneminenniniiiiss LIU Xin, YANG Tao, WU Hui-jun, et al. (4061)



