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Abstract To explore the mechdmsm and efficiency of ammonia mtrogen moval a pilot-scale biofilter for the sﬂfﬁltdneous removal of high concentrations of ir 1ror1 mdngdpese
and-amimoniasnitrogen [ Fe( H )11.9-14.8 mg-L ™" Mn(}I)l 1-1. Sthgal ™", and NH," -N 1.1-3.2 ing; Ry "] fiom low temperature (5-6°C ) groundwater was operaled n
a wate;,.supply plant in Nottheast China. Results indicated excelleft performance for ammonia nitrogen removal dunng the initial start-up stage. According to theoretical

3

analysis| and ‘experimential verification, TN, was driven by the adsorption oﬁammoma‘" nitrogen by iron oxides, and the conversion of ammonia nitrogen into nitrate nitrogen
occurred via biological nitrification. When the concentration of ammonia nitmg'eﬁ.increased, due to limited adsorption sites, the adsorption capacity of iron oxides remained
stable at approximately 1 mg-L~". For the same period, the amount of ammonia nitrogen removal via oxidation continued to increase,, with higher quantities removed in the
upper filter layer than in the lower filter layer. Dissolved oxygen(DO)is the limiting factor in the further increase in the removal of ammonia nitrogen by oxidation. With an
increase in the filtration rate, the adsorption time of ammonia nitrogen by iron oxides was shortened, and the adsorption amount was reduced. Meanwhile, the shortening of
EBCT reduced the ammonia nitrogen removed by nitrification under the action of nitrifying bacteria in the unit volume of the filter material. Based on these findings, it is
recommended that the thickness of the filter layer should be increased to improve ammonia nitrogen removal performance.

Key words: groundwater treatment; high concentration of iron and manganese; ammonia nitrogen; biological nitrification; adsorption

TE S A 1 A EE RGN R LR BB removal over nitrite, CANON ) i #& 7F i 7K Z & 1)
IR E T KRR S P OB LR AR R R TARKREER, SR b A R R A
Jes X o BT R AR A K AR B AR 4 TIREA AN TRz b J A S AR
o NOECYARNIEE &/ G734 Teas AL DN (0] B S 2 S TN U e er NS08 S - FURL i
TE A 2 X B A R ) sy TP RRI R R R M B U e A I R S A
SN 2 il AP A et 5 s i W & A EELUEE R E L R 2B LAY

TE S AT S U T 7Kk A B A , AT & HR A R R I H 2 BN KA A% 28 [ A 1 R A9
WIS AR AR 22 A AR PR G AL S B A A AL R AR B B A A L BRI R E R, A
() B Sl & — Bk b e ARSI T PR KPR RS, it
FACHEIGA A LK MU (R, AR FORKT IR 9154 AU 7
SRR R R 2 ) SR i, gy K IOTRIETRE RISIRRE R SR R DL S

LRI BRI TR PRER ZEHE AR BIR FR iR B A 2021-02-27; fEiTHEH: 2021-03-17

B Cai ZUE SIS ES 51T E B E BEWH. X ARSI (51678006)
% 5. Cai 3 MR ISR S k106 1) ik b LA £
54 H 3% i %l ( completely autotrophic nitrogen JRkE SRR E A | E-mail; lidong2006@ bjut. edu. en



10 4 AT AR T KL T R R BR AR RE S AL 4827

FEAH R 22k PR
1 R

1.1 SEgkes

ARLE R E WA 1 Frn, L2 d5HE 3 A
AHLBFGIEAE R1 A R2 B 7 0t , PB4 P17
14T, NAREIN 200 mm, 543 000 mm , 28R
HRATIE, JE 25281 600 mm F1 300 mm, 45 F& 20
em A HURE VRS 1.

i

MR K

RN
LY &1
ToHARE R
ATk
(WiEARER)
—— HLEbIER
LR
AWK R Vi it i
AR Q>0 —— ><] —
RAERITT Rk K ik
B rREszE L U
F ig.| 1. Séhematic representation of thé! reéctor"" .
' . A _.--“‘" S
1.2 *%mﬁ 7 o

$%9Aﬁuﬁﬁ&ﬁﬁzﬁﬁmﬂﬂﬁrﬂkmﬁﬂiE’J
K, FBKFEAEHRU T Fe** 11.9 ~14.8 mg-L~',
Mn** 1.1 ~1.5mg-L™", NH;-N1.1~3.2 mg-L~",
NO, -NJEH, NO; -N 0.1 ~0.2 mg-L ™", FthiRh1s
<25 mgL™", pH A 6 ~7, DO N 8.1 ~8.7
mg- L™ KR 5 ~ 6°C. S50 I 3 05 20 5 1) BiE A
A PRI R T S g g K D AR v g
IR R
1.3 Sk

RI FIR2 BJLL 2 m-h~" Ay 8 o S zﬁ,ﬂﬁi?‘%éﬁt
w1 Fra,S1 i K ZE G sh o B B, S2 b2
i B TP B, S3 ﬁﬁ%%iﬂ]ﬁﬂm&(ﬁ%hud’a’%ﬁ
FERRIR) 565 106 ~107 d NHEFT A 24 h AR AE D

®1 REETSH

Table 1 ~ Operation parameters of the two biofilters
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Fig. 2 Concentration profiles of ferrous iron and manganese
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Fig. 5 Ammonia, nitrate, and total nitrogen profiles along the height of biofilter before, during, and after nitrification inhibition

(3) A AEAE ]

A A AR T 43k 5 75 RORE AL RN 35 R A AL
AR TR SRR R BN T 2.5 mg - L7,
R O A R e P T B v i R AR 4R KUK 202
mg- L1 A ML) R A EL AR S 56 9 R A ik
TR, S5 5% SR Ak 38 B A R e USB43R
S AR B LA RIER 1 Ry Hi T B A0 S R AN S Ak
JITRE TR B A S B S A A et R T i A a0 K
A EBAR0.1 ~0.2 mg-L™"), H7ES 1630 1
B A A Rl s il BIE 0.1 ~0.2 mg L'
HIE A AR S S I g b RE A F 1 mg- L' A E
PR AT-HAL. 540, A AL i i 5 A R B A X
R, Xt — A Ui I S A Al A R T 2 AT, BOA
UEAE 0 ~ 20 em UEJZ N 1 0 F 1018 AN 02 i R Ak

K

(4) MBI

B ALY ER DB | K S L iE
THEMWIRSYIL A, R —E W SR R
a-FeOOH ™! FE7R VR h 8k S Ak 1 2 W B 7K 53 -7
HARTIE ORI B RE I %8 RE T LIVE M & A
PSS . BRIRRER AT BH B ST B A IR B R T A
4 (b) e, 2R 8 A S T BRAEDE R [R] — e
B EBR, B ERURAFTE X 0] 5 R A S 2 BRI
[ 725 BE T 5. TN O 2R 3R 2R 2k 2 A 4 O R
T TRAR SO L IR A B S R R TR
ALY R A ALY A R B AT, H
IR S T RVR A R Hghis A
SLHGAAF]. £ L BT AR 0 ~ 20 om 38R



4830 EZN b}

B 42 %

rh ) SRR 0K A AT B R PR A AR 2 A T o
B, FEIZUE )2 DX R P, 2 B2 7K R AR A2
fil S AR TR AN A B0k Y SR, DA e A8 4p
b A B — e e Y 2 RT3 B AR PR

2.2.2  ZHERFEACS ST

WE 4,75 0 ~20 em JEZ A D5 0y A E
Jﬁﬁﬁ%§wmmwﬁﬂﬁ%~ﬁ%$TLﬁ
g W, A T 2RIk Bk 2 i AL 4R
mmwm%wﬁawﬁ OERERR) 153 LB,
X RS K A BT R AR L e fk
A& B TR A 1.

WA 5 Fros RS AT, D820 2 A A BT
M2 BREE ST, BRI B VR BRI A A5 i A —R o
G AL R B AR B B X AR A
FE LB R R AR B SFE. T R A ZE IR A Y
Ji B RN 220 R o v B B 0 A A D i AR
ST LUE P 5 (b ) A A0 R R R 70 A =
U A 1 & FR. TE B AL IR, U8 HE P9 A 0. 56
mg - L™ AR RUE B, T RS AR I 18 T i, 84 P %
ﬁmaimammmw:
%L mmmm&mwmwﬁ%gdﬁgmﬁ
0. 67 ,mg-L"~ ]ﬁfﬂiﬁﬁﬁiﬁi Hﬁﬁtji‘dﬁﬂj ﬂﬁ.?fI]ﬁJ
18 h I, AR R A R B ﬁméﬁ%
ﬂﬂEﬁﬁ Wﬁiﬁ%%ﬂm%ﬂﬁﬁ?

%i%%ﬁﬁ@ﬁH%%%Fﬁ%$%ﬁHf

Iﬁﬁﬁ%%ﬁmﬁm:ﬂﬁﬂﬁﬁ%m%@%%%
PR BT T Kb AT A A AR P e
MBI AR, M R R R AR AL T 2 AT A BB = 5T
TESE BLARAE T SRR M 2 4 AT A4 A= MR AL A
LR S I LB e I A P A2 R S A

32

3dﬁHWﬂﬁowﬁ

SREERE PR T A B A SRS, DAk Wl S A5 R
ZE RS, HURTRE P T 2 10 B BG4 ) T LTS
M5 [ SR EAL AR L EU e e 22, R Hh R
TG 5 BECR frE SR A O
2.3 UEMEXTE AN EBRYERE
2.3.1  FFOKE U VR BB AT R AR B
WK 6 Fron, 38 A B K 2 & T2k R
1.37 mg-L~" i}, 3EHE 20 em 40 & &AL K 0. 06
mg-L™', 0 ~20 em JEE P E A LB E N 1.31
mg-[fl ,?’{ 20 ~40 cm JE)Z PRI S H AR 52 L
Bi. HApE L & 6 (b) Wl %1, 0 ~20 cm JEJZFHE 1
mg L BIREIE, £ 2.2 WR R EBRBIE T,
N1 mg- L' A SRR E AL W B 25 B, T A Ak
FBRIE AR 0.37 mg-L~" . M3 K 41 AU e
T4 1,61 mg- 17" I, Bk AL W I 2R LA
FREEV B R 1-07 mg- 1" WAL 22 18 1 4480 110, 54
mgL‘#mmﬁﬁimf%EpE%fﬁﬂ%ﬁ
ﬁ%ﬁ%%%@%%ﬁkﬁﬁ?T%%m%ﬁﬁw
WJEE¥ME%%ﬁm%ﬁﬁamFMkﬁ$
?%Whﬁﬁ%%ﬂ%%ﬁ SR R TR ek 2 1
mﬁwWEﬁﬁfing?ﬁii%tgmﬁﬁ
I IERETH .20 em UEJZ %WWﬁﬁﬁﬁ%F%
A S S WO Wi
S K 00 TV £ 1037 mg- L 373 1. 08
mg L~ AR o B AL T 20 em VEE MR AZ
Wik Z  JEAE A A & R R T B8 2 R
40 cm HENE) 160 cm. 43E K & AR =W 2. 49
mg-L - H#EEF] 2. 87 mg-L", H K iR A AT Bk
FEHH 0.40 mg- L™ #8 /%] 0. 67 mg-L~", /K& &%
R EE S T EF KA KA ERI (0. 5 mg-L™").

32

(a) —a— 5364 —e—1fi52d L (b)
28 —a— 168 d —v— 80 d 28|
~oaat —— 11944 A
£ 20 £ 20h
= e
§ 1.6 § 1.6 §
]
% 12 % 12t
& v b
P osl EN bi5] 08+
R v .
04 —_ vy 04
H‘“\.‘_____“R‘H
0 . b — y — A 0 L 1 L L 1 L 1
60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
I L flem I B L fem
6 2PEERSRABEENL
Fig. 6 Ammonia and total nitrogen profiles along the height of the biofilter during stage 2
TEDRAEHR T 1) |, it 2 AU i W I 2 JE BB T2, MK " A BT W 1,37

DO, 37K Sl e T 7K S, 12 9l fek 745l 1 1 5 5 A
DAL BAR R 4. b FRALCR BRI, X T B AR 160

mg- L~ $E R H] 2. 87 mg- L~ H]L, 0 ~80 cm JE)Z ML
EBRE A H 0. 36 mg- L™ "B h1%] 0. 85 mg-L ™", ifij



10 #4

AT AR T KL T R R BR AR RE S AL

4831

80 ~ 160 cm J&)Z AL BRI A 0 mg-L ™" 30
#]0.24 mg- L™ 7EPE/K G A Bt vk B 2 i ad R
SR R B i R, kSR DR B
B, X R B RS 7E | mg- L 2 A, Ak
T LR A R RUE A B N, — T U T (1 4
T OB YA AL T R A 3 — 2B 5 4, DT A5
FAAL KRR Frsg I, i 53—y A AL R BR
AT DO HAE R W Z M, DO & ¥
b Gy FOBAR RS A6 B R RIR T DO AR B
REAR . MU RV AR S 2 2. 49 mg- L7,
SR R BRI IR R, K & B i, #E K &
R ER 2. 49 mg- L' E % 2.87 mg- L', i1}
AR R AT B 0. 40 mg- L7 SN E] 0. 67
mg-L™" 17K DO <0.50 mg-L~", LB DO A XF T
2.87 mg- L™ MK E AR IR EC I AR, i T
DO AYFRH, Hh 7K g 20 S AN W g hn i 28 2o
KUK BRHERRAE. & DO 22 A % B it AHE 4k 2k
S v BRI PR 2R i
2.3.2  JEHOUEAERR RO I
ARSI AE R/ B 4 i R K R ik
1. 5img L~ V2,0 gL PTG it )
7E 2 410 6 ivh B 1T U R AT
TR BRI AT, WP 7 s, i 1 -4 T
AN | ik ST ik vl S B

ﬁﬂﬁﬁ%@%@ﬁ%ﬁmﬁﬁﬁﬁ@ﬁ%iy

mg-L_ulZE'E ,f}?lﬁ*ﬁ%ﬂ‘ﬁ 6m-h’'f5 ,mﬂ«ﬁﬁﬁi
B BRAAE 0.5 mg- L™ e A7 Wl , 5 FAK K b
WEBRAELAH FL A & A2 i), — H b K s /U 2 IR
P HAOK BOME LU R, [ 8 AN [A)iE T 4 s 3
FERAR S BAERAR 454 1. 7 nl A, 24t
KBERFRHWEN 1.5 mg- L' Zodq, IEHE K 2
meh ™" 14 meh U $E K SR AR AT 5 4 R bR,
Ho58 4 F B 5 U8 2R EE 73 514 100 em F1 140 em.
M4 E T2 6 m-h 5, KR AR E N

2.4
(a) —=—%55d —e—#67d
20 —a—183d —vy—4i97d
- —e—117d ——45139d
]
P‘_‘J
=
2
=
o=
&
=

0 20 40 60 80 1000 120 140 160
8 )2 J5LJiE fem

0.08 mg-L ™" ilf /K A T i W &k 2.0 mg-L~
LA BB R 2 meh A, K RS A ] B o8 4 2t
B, Ho8 4 K BRI 75 U8 J2 SR 2 160 em. 17 >4 U8
BIFE 4 m-h A6 m-h ' JE, KRR R ERE S
B4 0.16 mg-L™"F10.51 mg-L™".

35 i 6 100
3.0H 5 e
T, 25
|l 1]
,§ 201! o o
: i i 43 E -
. 15 —o—skam || H
i —o—ﬂt‘éﬁﬁ&( i 28140 o
—tr— P42
Z 10F - EBR |
4B i
o [ i 20
0 : o Jo
40 60 80 100 120 140

W i/d _
H7 S48E R#HKERRERESEL )

Fig. 7 Concentration profiles of ammonia in R2 duri-rrg."étage 4

L O T A% X T AR A A R Ve
DX ], B R (42 g L) AR B (P
WEHE (24915, gL ) EUGR E HE HERR s [
T B MO X LI M 1 LT A 6
5 e IRy RUR X 8 20, 92 S B R T T e
P R R e e e o
I A RT3 5 2 1 IR, SRR 2 B
2 AR S BRI/ T K TR ko FE P 1 Dk, M
T 75 44 2R T 51 B . 4 ) — i
SRRV I ] 4, 25 0 3 T, S ALt
LA Rt 1 % Tk 8 00 1 T L k40 47 0
D BRI 0 2 5 PR T S B
SRSEE | T T 25 k20 ) 5 92 05 T
HAETE, EBCT 4, AL B 2 A LU L DO /M)
TRRE DT WA, B S i R T 15 £ A
BRI (0 T2 AR | S R
S B U A RS 22 . AERESE IR UERE o L)

24

(b)

Ling
=)

-

MR R /mg L

e ———

038 i
0.4
0

0 20 40 60 80 1000 120 140 160
JE 2L /em

8 MfEEREEAAEEN

Fig. 8 Ammonia and total nitrogen profiles along the height of the biofilter during stage 4



4832 EZN b}

Es 2 &

DO 782 A $E , [ 108 T 0 A X L ) T I
S KRR A M Z A LR
EBCT PR, 22 5 iy 2 A L BRAOCR | 75 258 i
BB 2 5 B i 7 e n 2 AR A R B i

30F w = L] = 100

55 | I kK
) W it it 480
] Wik m

SR R I /mg L
G BB %

B9 S4 HESAELMMIHLERBR
Fig. 9 Removal of ammonia nitrogen by adsorption

and nitrification during stage 4 {

EE?IEH 0~ 2@’ cm aﬁ):' REM ﬁeﬂ’IEzT
Eﬂﬁﬁéﬁﬂﬁﬁkﬁ/ﬁi%%ﬂ%%ﬁ%:\. '[iﬁj:
TG HE A A2 03272 %ﬁﬁ%ﬁﬁrﬂ-ﬁ%ﬂﬁﬁﬁ

2 ) BRI I e i o ﬂ@ﬁu
fq@fa ﬁﬂ%ﬁ%%ﬁ%ﬁﬁﬁwwi%%f ey

[4]

[5]

[6]

[7]

[9]

[10]

et ﬁ’ﬁzﬁﬁﬁ*ﬁf@EMM’EFFJ%%I%%E’J%QTE%M*g:#»E”'/ .

l DO El’{’l BRI, R RO Wi AR 2% K PR
AR I 25 UK T K AR YE R DO
E%RWEYKFT EARZEAR = Y FR ] PF 2R
(3) BB AR T AR, by T B IR T A B
SRR A BRI, EBCT s
P AL 2 U DO B AR T [, 2 m 4k
Tﬁzj&l}?%%ﬁ*ﬁﬂj/}ﬁ”‘ 1E DO FERMARIFT
TG INDEZ R R AR R A L BRBCR.
Sk
[ 1] Z=2%hh, 230, Bs5, 4. EM T KR
fELT]. ARSCHLBT TARHAT, 2019, 46(6) : 1
LiSP, LiWP, Yin X L,
characteristics of national groundwater quality from 2013 to 2017
[J]. Hydrogeology & Engineering Geology, 2019, 46(6) ; 1-8
Fd, wIETE, UL AN IR KR | A
FREGIEIN G BT (], FREA 22 54 HL, 2006, 31(1): 152-
153.
Wang L, Meng X X, Xu H E. Analysis of causes of
superstandard Fe and Mn content in source water of catchment
City [ T].
Management, 2006, 31(1) . 152-153.
T UL SR A T -5 7 T i 3 2 4 Ak
G RBIE[ D]. KFR: FbkR%:, 2019.

Fang M. Formation process of inorganic nitrogen pollution in

ﬁﬂ‘ﬁ&*ﬂ:%

et al. Distribution and evolution

areas in Jiamusi Environmental Science and

[3] A IE Y

[12]

[13]

[17]

shallow groundwater of Songhua and Naoli River basin, Sanjiang
Plain[ D]. Changchun: Jilin University, 2019.
KA, B, Yot e R R[]
W), 2004, 31(6) ; 359-361.

FE. BT H A B S QA 0 T T AL B T
[D]. #i& . PHLRMRBIERY:, 2018.

Wang H. Proteomics and metabolomics analysis on the toxic
Northwest A&F

[ B2 (TR

mechanism of manganese [ D ]. Yangling:
University, 2018.

Cheng Q F, Nengzi L, Bao L L, et al. Distribution and genetic
diversity of microbial populations in the pilot-scale biofilter for
simultaneous removal of ammonia, iron and manganese from real
groundwater| J]. Chemosphere, 2017, 182, 450-457.

Stembal T, Marki¢ M, Ribiti¢ N,
iron and manganese from groundwaters of northern Croatia—pilot
Process Biochemistry, 2005, 40 (1) . 327-

et al. Removal of ammonia,
plant studies[ J].
335.

Cheng Y, Huang T L, Sun Y K,

removal of ammonium from groundwater by manganese._oxides
13

et al. Catalytic oxidation

filter: Performance and mechanisms[ J]. '(;he}pjcal"Epgineqring
Journal, 2047, 322.82-89. e ﬁ 'y B
Cai Y A, LiD _,_Llanu Y H, et al. Autotrophic nltl;ogen Temoval
process m.a polable water treatment biofilter that'si a-neously
removes Mnhﬁnd NH41 -N J] Bioresource T‘E‘(‘hy;g, 2014
172, 226 231. ,f i <« fj’
,m,"’r"ﬂ‘T #x 155{ ﬁ%%ﬁﬂiﬂ?*%ﬂc:@a*%
ﬁ(;g[f?ﬁ{;“] uA J\{;i::l:‘ KR, 2020, 52(&'), 85-
93. '] P _;J
Zhang .] Mei N, Li D et alX Removal route of ammonia nitrogéﬁ/‘
in purlﬁcaf(:n process™ “oftlow temperature groundwater L()Iltd_]lllng
high concentration of iron and manganese associated a.n'i"‘I monia
nltrngen,[ 1] Jnurnal of Harblr_}, Institute of Technology,, 2020, 52
(6): 85-93.
SRAS, T, XU, . AR R v B I IR IR R R
KR HEBREAR[T]. REER, 2020, 41(6) : 2727-
2735.
Zhang J, Mei N, Liu M H,

nitrogen removal from an iron,

et al. Low temperature ammonia

manganese, and ammonia
groundwater purification process with different concentrations of
iron and manganese[ J]. Environmental Science, 2020, 41(6) ;
2727-2735.

Michalakos G D, Nieva J] M, Vayenas D V,
iron from potable water using a trickling filter [ J J.
Research, 1997, 31(5) : 991-996.

A RN, LU, SF BRERERAR AR 0E)Z N Bk AL %5
l@%ﬂﬁ%ﬂ%ﬂ J1. WRIE T K24, 2007, 39(8) : 1323-
1326.

Li D, Zhang J, Wang H T, et al. Study on the mechanism of

Fe?* oxidation and removal in the biological filter for iron and

et al. Removal of

Water

manganese removal [ J ]. Journal of Harbin Institute of
Technology, 2007, 39(8) ; 1323-1326.
Vries D, Bertelkamp C, Kegel F S, et al.

removal ;

Iron and manganese
recent advances in modelling treatment efficiency by
rapid sand filtration[ J]. Water Research, 2017, 109 ; 35-45.
BEL SHRMEARN T KA SR BITD]. dtat.
AEH TR, 2015,

Cai Y A, Li D, Liang Y W, et al. Effective start-up biofiltration
method for Fe, Mn,
community analysis [ J].
149-155.

KA, X, R, S AWER RIS TRER [ M].

and ammonia removal and bacterial

Bioresource Technology, 2015, 176:



ZRAAE  IRIEHE T KL T 2 rh R R L B S AL

4833

[19]

[20]

[21]

[22]

[23]

> }Eg&ﬁr‘ﬂ% [1.
_ 2083! -
"

s

bt PR T R, 2005, 47-48.

A, ERAE, B, S IRIE & SRR AU T KA Rl it
B[ J]. BRIERE, 2017, 38(12) : 5097-5105.

Li D, Cao R H, Yang H, et al. Removal of high concentration of
iron, manganese and ammonia nitrogen from low temperature
groundwater using single bio-filter[ J]. Environmental Science,
2017, 38(12) : 5097-5105.

WEORESF. 5 VR B R S R A T R A A Re S TR
BEFHBFFE[ D], MR : WR/REE Tk K2, 2010.

Zeng H P. Biological purification of iron, manganese and
ammonia with high concentration in groundwater and engineering
application [ D ]. Harbin;
2010.

LY. MK R RIS (2 & FR A O R BT 5

Harbin Institute of Technology,

[J]. RS54, 2011, 36(9) : 118-121.

Wang H Y. Correlation analysis on CODy,, and CODy, of surface
water[ J]. Environmental Science and Management, 2011, 36
(9): 118-121.

TG, EAMBIE g K AR FH K AL B T2 07 BRI
[D]. kP PRPHES R, 2014.

Wang Q. Study on the drinking water treatment scheme of

compound micro-polluted groundwater sources [ D ]. Sl'fenyang;
Shenyang Jianzhu University, 2014.
W, s, ik, %. E%%%B{F%{d ??a:ﬁiﬁ’ﬂ

BT[], 4 HIEER, 2007, 7(1)7 88-91.
Yang H, Jia Y Z,"Yang ] L,
~eendition of thk flltenng layer for blologlcal removal of e §-rl‘d

et al.

. manganese.[] ] 'Journal of Safety and Envfron'mi?"‘

=

(1) ssoft | 1 -~
| B %%PJWEI . ﬁ%%ﬁﬁ%ﬁi%mﬂh

i Stady on the nut.rlent ,

TR FREERE R 2014 33(11;‘ 2077-

[24]

[25]

[26]

[27]

(28]

[29]

Zhang M M, Shen J P, He J Z, et al. Microbial mechanisms of
nitrification inhibitors and their application[ J]. Journal of Agro-
Environment Science, 2014, 33(11) ; 2077-2083.

Daverey A, Chei P C, Dutta K,
evaluate the effects of temperature and pH on anammox activity
[J]. International Biodeterioration & Biodegradation, 2015,
102, 89-93.

Van Hulle S W H, Vandeweyer H J P, Meesschaert B D, et al.

Engineering aspects and practical application of autotrophic

et al. Statistical analysis to

nitrogen removal from nitrogen rich streams [ J ]. Chemical
Engineering Journal, 2010, 162(1) : 1-20.

Straub K L, Benz M, Schink B, et al. Anaerobic,
dependent microbial oxidation of ferrous iron[ J]. Applied and
Environmental Microbiology, 1996, 62(4) . 1458-1460.

A WEE, WL, SF AP R S R AR R T K
ﬁﬁiﬂl&%Mﬁ%’ [T hE R ER, 2017, 37(7): 2623-
2632.

Li D, Cao R H, Yang H, et al. Removal mechanism of ammonia

nitrate-

nitrogen in bio-purification process for high iron and manganese
groundwater T ] ~China
Environmental Scienct, 2017, 37(7) ; 2623- 263g.,=" 'e

Meng L, Zuo R, deg J'S, et al. Response of the _rcdox species

removal from low temperature

and mdlgenou% mlcrobla} community to %ea%opél tindwater
ﬂucluatlop ftom a typlcafl riverbank filtration” sne ., Northeast
Chma[ﬂ Ecologrcal' Engineering, 2021, 159, doi: lO" 10_}'6/

j- f-(‘oleng 20204 106099. } i

PRI ﬁﬁaAﬁﬂwﬁEwﬂmfwmrmm ﬂmwm
B b aﬁiﬁﬁ[D [i B Vﬁ}'ﬁfﬁﬂﬁﬁ% 2018.. --"'.;ﬂ.
Cheng Y. Cata_lytld‘ 0x1datlon removal of ammonlum and, arséitic
from; ﬁrou water by a(‘klve composite manuanese oxide film:
Xi’an Umvexé{y of

mechanisins 'and performance [ D ]. Xi’an:

Architegture and Technology, 2018.



HUANJING KEXUE Vol.42  No. 10

Environmental Science (monthly) Oct. 15, 2021

CONTENTS

Continuous PM, 5 Composition Measurements for Source Apportionment During Air Pollution Events CAI Fan-tao, SHANG Yue, DAI Wei, et al. (4575)
Orographic Influences on the Spatial Distribution of PM, 5 on the Fen-Wei Plain ~ +xtereeeeerereeensenenseee +++ HUANG Xiao-gang, ZHAO Jing-bo, SUN Cong-jian, et al. (4582)
Characteristics and Health Risk Assessment of Heavy Metals in PM, 5 Under Winter Haze Conditions in Central China; A Case Study of Huanggang, Hubei Provinge — «+:+ervesreesesseennenees

..................................................................................................................................................................... LI Xing-yu, MAO Yao, CHEN Zhan-le, et al. (4593)
Concentration and Reactivity of Carbonyl Compounds in the Atmosphere of North China HUANG Yu, CHEN Xi, WANG Ying-hong, et al. (4602)
Characteristics of O Pollution and Key Precursors in Chengdu During Spring HAN Li, CHEN Jun-hui, JIANG Tao, et al. (4611)
05 Source Characteristics of an Industrial Area in the Yangtze River Delta Based on Boundary Observations — «+r+vesreeeeereereresneeeeens HUANG Qing, HUANG Yin-zhi, ZHANG Shan, et al. (4621)
Characteristics and Source of VOCs During O Pollution Between August to September, Langfang Development Zones ++++++++ ZHANG Jing-giao, WANG Hong-liang, FANG Xiao-yun, et al. (4632)
Coating-derived VOCs Emission Characteristics and Environmental Impacts from the Furniture Industry in Guangdong Province +«++++++++ ZENG Chun-ling, SHAO Xia, LIU Rui-yuan, et al. (4641)
Response of Air Quality to COVID-19 Lockdown in Xiamen Bay = +++-veeeeessessesssmssnsnsinminnininisinssn e XU Chao, WU Shui-ping, LIU Yi-jing, et al. (4650)
Similarities and Differences of Valley Winds in the Beijing Plain and Yanging Areas and Its Impact on Pollution «e-veeeseeresserssesenennsssennens WU Jin, LI Chen, MA Zhi-giang, et al. (4660)
Characteristics of Atmospheric Particulate Matter Pollution and the Unique Wind and Underlying Surface Impact in the Twain-Hu Basin in Winter =«+eserereeresremenenennieneninniinenn

ZHU Yan, ZHAO Tian-liang, BAI Yong-qing, et al. (4669)
Conversion Characterizations of Sulfate lon and Nitrate lon in Particulate Matter from Coal-fired Power Plants +-«+sesresveeeesenenenninenenninnenns YANG Liu, HE Qing, SHENG Zhong-yi (4678 )
Water Chemical Characteristics and Influence of Exogenous Acids in the Yanglze River Basin ««+eeceereevsevssssenersiniiniisiiniiin. WANG Qi, YU Shi, JIANG Ping-ping, et al. (4687)
Effects of Land Use on Nutrient Concentrations in the Inflow River of Lake Taihu, China =+«+«sssereresessssememimmimniminininin. LIAN Xin-giao, ZHU Guang-wei, YANG Wen-bin, et al. (4698)
Diversity of Zooplankton and Niche Characteristics of Keystone Species in the Weihe River Based on eDNA  «eeeeeerersesssenenensiiiienenn LIANG Dong, XIA Jun, SONG Jin-xi, et al. (4708)
Occurrence, Distribution, and Ecological Risk Assessment of Pharmaceutical and Personal Care Products in the Aquatic Environment of Sanya City, China -+ REN Bing-nan, GENG Jing (4717)
Screening of Priority Pollutants and Risk Assessment for Surface Water from Shengjin Lake «+:«+xeseereerersererensssnenensininennininnens GONG Xiong-hu, DING Qi-qi, JIN Miao, et al. (4727)
Long-term Changes and Drivers of Ecological Security in Shahe Reservoir, China :tovessesseresserersisminensiiininninen YANG Wen-hin, DUAN Wen-xiu, CUI Yang, et al. (4739)
Seasonal Variation and Influencing Factor Analysis of Antibiotic Resistance Genes in Water Supply Reservoirs of Central China «««+seeseeeeeerees ZHANG Kai, XIN Rui, LI Kuang-jia, et al. (4753)
Geochemical Characteristics and Driving Factors of NO5-Type Groundwater in the Rapidly Urbanizing Pearl River Delta «+eeresveeereeeeeresees LU Xiao-li, LIU Jing-tao, HAN Zhan-tao, et al. (4761)
Spatial Hydrochemical Characteristics and Controlling Factors of Surface Water in the Yancheng Area «veesesrerrereesesenenennincnens WANG Jian, ZHANG Hua-bing, XU Jun-li, et al. )

Identification of Dredging Depths Based on Sediment Vertical Distribution Profiles of Total Nitrogen and Total Phosphorus and Their Adsorption-desorption Equilibria
............................................................................................................................................................ ZHOU Ya-ting, CHEN Xing-hong, LI Li-ging, et al. (4781)

Role of Borate and Phosphate Buffers in the Degradation of Organic Compounds in a PMS/Co® * System: Influencing Factors and Mechanisims «++e+eveseevsememsensemiiiinie

............................................................................................................................................................... WAN Qi-gi, CHEN Zhu-hao, CAO Rui-hua, et al. (4789)
Degradation 2,2',4 4'-Tetrabromodiphenyl Ether by Activated Peroxymonosulfate Using Magnetic Biochar Supported a-Mn0), — +eeererereseseseseensess LI Xin, YIN Hua, LUO Hao-yu, et al. (4798)
Characterislics and Mechanisms of Bacteriophage MS2 Inactivation in Water by UV Activated Sodium Persulfate ~«++xeoveeseveeereeeneeee ZHANG Chong-miao, YANG Hao-ming, WANG Zhen ( 4807 )
Adsorption Characteristics of Phosphate on Cerium Modified Water Hyacinth Biochar «+:+=sesseseressesnesssssnsinmnininnnisne WANG Guang-ze, ZENG Wei, LI Shuai-shuai (4815)
Removal Efficiency and Mechanism of Ammonia Nitrogen in a Low Temperature Groundwater Purification Process LI Dong, LIU Meng-hao, ZHANG Rui-miao, et al. (4826)
Speciation and Ecological Risk Assessment of Heavy Metal(loid)s in the Municipal Sewage Sludge of China GENG Yuan-meng, ZHANG Chuan-hing, ZHANG Yong, et al. (4834)
Meta-analysis of Microbial Communities in the Activated Sludge of Wastewater Treatment Plants Under Different Climate Types «++++++++++ YANG Si-hang, QIN Ze-sheng, LIANG Man-chun (4844 )
Partial Nitritation and Anaerobic Ammonia Oxidation Synergistic Denitrification to Remove Nitrogen and Carbon from Domestic Sewage +-++eseereeseeresssserenenienenensininensnnee

» QIN Yan-rong, YUAN Zhong-ling, ZHANG Ming, et al. (4853)
Cultivation and Performance Analysis of Simultaneous Partial Nitrification, ANAMMOX,, and Denitratation Granular Sludge «++++sseseeseserererenenenne ZHOU Feng, LIU Yong-di, LI Wei (4864 )
Application of Various Methods to Extract Microplastic from Typical Soils in China »«+«ssesseseeseesesimsenensininenenninneinenens ZHAO Xiao-li, LIU Zi-han, CONG Chen-yu, et al. (4872)
CHEN Liang, ZHANG Xi-ying, TANG Qi-liang, et al. (4880)
)
)
)

Evaluation and Sources of Heavy Metal Pollution in the Surface Soil of the Qaidam Basin

Content and Ecological Risks of Heavy Metals in Soil with Different Land Uses in a Rapidly Urbanizing Area LI Meng-ting, SHEN Cheng, WU Jian, et al. (4889
LIU Fei, YANG Ke, XU Ren-ting, et al. (4897
Carbonized Apple Branches Decrease the Accumulation and Damage of Cadmium on Apple Rootstock by Reducing DTPA-Cd in Soil +++++++-- DENG Bo, XUN Mi, ZHANG Wei-wei, et al. (4908
Accumulation and Health Risk of Heavy Metals in Cereals, Vegetables, and Fruits of Intensive Plantations in Hainan Provinge «+eeseeseeseseserenenmiemnenns
................................................................................................................................................... YANG Jian-zhou, WANG Zhen-liang, GAO Jian-weng, et al. (4916)
Correlation Analysis among Environmental Antibiotic Resistance Genes Abundance, Antibiotics Concentrations, and Heavy Metals Concentrations Based on Web of Science Searches —«++++++
MIAO Sun, CHEN Lei, ZUO Jian-e (4925
+ ZHANG Xiao-hong, TAO Hong, WANG Ya-juan, et al. (4933
Effect of Manure from Different Sources on the Leaching of Antibiotics in Soil LI Bin-xu, ZHU Chang-xiong, SONG Ting-ting, et al. (4942
Analysis of the Traits of Nitrogen Metabolism Pathways for Several Forest Soils in Eastern China ««+v+rereereeererreremresiennennncinnne LU Xue-li, ZHAO Yong-peng, LIN Qing-huo, et al. (4951
Denitrification Rates and nirS-type Denitrifying Bacteria Community Structure Characteristics of Bulk and Rhizosphere Soil in Spring and Summer in the Alpine Wetlands
of the Qinghai-Tibet Plateau LI Yu-gian, MA Jun-wei, GAO Chao, et al. (4959)
Microbial Community Structure of Soil Methanogens and Methanotrophs During Degradation and Restoration of Reed Wetlands in the Songnen Plain ««+«esserseeseserenseienienensniniinnnnn
.................................................................................................................................................................. WANG Qiu-ying, WANG Na, LIU Ying, et al. (4968)
NAN Zhen-wu, LIU Zhu, DAI Hong-cui, et al. (4977)
LUO Lu-yun, JIN De-cai, WANG Dian-dong, et al. (4988)
Community Distribution of the Rhizospheric and Endophytic Bacteria of Phragmites australis and Their Limiting Factors in Iron Tailings +«seseereeseeressemeriermnienniinis
CAO Man-man, WANG Fei, ZHOU Bei-hai, et al. (4998)
++ ZHOU Hui, SHI Hai-bin, ZHANG Wen-cong, et al. ( )
YU Hai-yang, SONG Kai-fu, HUANG Qiong, et al. (5021)
(5030)
(5037)
(

Selenium Geochemical Characteristics and Influencing Factors of Paddy Fields in Du'an County, Guangxi »+++++++

Pollution Characteristics and Risk Assessment of Tetracycline Antibiotics in Farmland Soil in Yinchuan

)
)
)
)

Characteristics of Bacterial Community Structure in Fluvo-aquic Soil Under Different Rotation Fallow «w+cxevereeeveesereens

Response of Photosynthetic Bacterial Community to Cadmium Contamination in Paddy Soil

Effects of Combination of Organic and Inorganic Nitrogen on Nitrification and Denitrification in Two Salinized Soils

Response of Yield, CH, and N,0 Emissions from Paddy Fields to Long-term Elevated CO, Concentrations

Effects of Feedstock Material and Pyrolysis Temperature on Dissolved Organic Matter in Biochars :+eeeseeeressressscnnsnniinin YAN Dai-hong, MA Ya-pei, SONG Kai-yue, et al.

LI Yu, ZHOU De-cheng, YAN Zhang-mei ( 5037
+ ZHANG Wan-zhong, ZHANG Peng-yi (5046 )

Spatiotemporal Variations in Atmospheric Urhan Heat Island Effects and Their Driving Factors in 84 Major Chinese Cities «+++++++++=+++++

Research Progress in the Odorants and Their Emissions from Indoor Building Decoration Materials



	1.pdf
	封面
	中文目录


