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Abstract; The' purpoSe of this study was.to rdpldly 1mpr0ve the denitrification pdgklng activity in the denitrification/ pond sludge of *
sewage plants, 10 realize the engineering -gpplication” of emb@ddlng immobilizationy anﬂ“ to explor.eﬁhe characteristics ofthe microbial
community of the embedding packing. The) effe¢ts/of diffgrent C/N ratios, temperature, and pH on the activity of embedding fillet“were
studled by /batch expenments and the blolé;glcél coMmunlty characteristics of eémbedding filler were studied by high-throughput
sequdlcmg Results showed-that the embédding packlng mn C/Nio 10, the temperature of 30°C , and pH of 7.5 0. 3, resumed 5. 37
mg- (g-h) 2! of e initial"activity after 7 days: Under the optu-m'zed culture conditions of C/N ratlo of 10, temperature of 25°C , and
pH of 8.0 the specific rate of denitrification can be increased by 15 times to 80. 17 mg+ (g-h) ™" after 15 days, and stabilized at that
level. SEM results showed that there were a large number of mass transfer channels inside the embedding fillers, and that the bacteria
grew well as clusters in the encapsulated fillers. The high throughput sequencing showed that the denitrifying function of Thauera and
Thermomonas were 24.27% and 8.23% respectively, which ensured the high efficiency of denitrifying nitrogen removal. The rapid
proliferation of Thauera dominant bacteria and Thermomonas under optimal culture conditions was the main reason for the rapid increase
of packing activity.
Key words: denitrification; embedding filler; specific denitrification rate; sludge fermentation broth; community analysis
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Table 2 Characteristics of the sludge fermentation liquid
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Table 3 Characteristics of the artificial medium/mg-L ="

Eizzan BN
NH," -N 5.12 ~42. 41
NO, -N 0~2.32
NO; -N 39.18 ~341.23
POi P 4.86 ~38.74
SCOD 240.24 ~3412. 31
MgS0, 13.33 ~113.31
CaCl, -2H,0 10.4 ~88. 4
ZnS0, -7H,0 4. 67 ~39.70
FeCl, -2H,0 1.73 ~14.705
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Fig. 1 Denitrifying performance of embedding filler
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Fig. 2 Change of NO; -N and NO, -N concentration
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Fig. 3 Change of SCOD concentration under different C/N ratios

il 4 AR R BT KR A LA 10, pH R 7.5,

TSOrmln VI HE IR b T R fiﬁ%gthﬂqﬁﬁ
IEﬁﬁJ%HQP?ﬁribﬂDEﬂ4-Eﬁﬂ‘ :

Hefig/mg L™

B Al/min
E4 FAERETHR., THRREETL
Fig. 4 Change of NO; -N and NO, -N

concentration under different temperatures

T4 AL, R L BR R R A2 B B R AR A
SEMA , E AR S0 e S N AZ AR S e, R B
B2 1S CHRERS AR 2R N 15.96% , DLAT IR}
() HE RS AL 3R AN 4. 47 mg- (g-h) =", (AR T
TPETGYE 2. 37 mg- (g-h) 'HY LR A AR X

AT B R Ry S AR A0 TR X V5 1 e BV v R e R R
R T, Ho e [ A B R AT DA 5 A
RHCTUA S IR AR . I 4w, A
20, 25, 30°C &M~ , DR Lb S i b R 4y
5120 6.03.9.40, 10.66 mg-(g-h) =", PASZEEFTAE
KT, 57K e AR 26°C, It LUAS SAER)
B FRIRIE R 2 Sl 25°C.

2.4 pH XJ UL A OB S BR AN IR SR SR 1 52 )

WHE 4 474750 IR SRR pH X 4 34 5



10

Wr A . AR TS e R A e

RE R P 3 = AT o BT 4665

BH SR, 4 AN A5 89 pH 43518 6.5, 7.0,
7.5, 8.0 sl 4 NN TP A LA
10, R R 30°C, /{ﬂ“ﬁﬁ%&ﬁ? 80 r-min ' 514
THEIRIEFE. B0 g e . R AR AR b an
K5 s,

40 [
36 |
32

28 L
24 |

4
g
£ 20}
&=
2 16|
12k
8L
4L
0 C 1 1
0 20 40 60 80 100 120
B [#i)/min
E5 AR pH THEAR., THEKEEZK
Fig. 5 Change of NO; -N and NO, -N
concentration under different pH ‘
(4P
SyHTIELS TR, E 2 h RN, f R

TmHﬁ658OM‘mﬂﬁEﬁﬁﬁT£%£;
Bk, AR I 2 PE T LR il 1k o 5y Tl e

nﬁmpHAMﬂﬂm&aﬂE%m@fﬁ’ﬁu
#&F%*%pHm65ﬁﬁ§80ﬁ L AT
mﬁmmLzzn¢LﬁWMMtg 556179
5.56, 4,58 | 3. 9 mgalg-h) . HE H1%1pflxi
s Y R AT B 5
B P SRS AL R A A/, ARPEFIS TR, Y
g pH 6.5 K E 8.0 I, @ﬁﬁﬂm
LU R il A 33 38 R 52 0 2 B A s, 43 e
7.23.8.00, 8.39, 8.87 mg-(g-h) ~'. EZEFLEK
il BB {5 e & e W i i (9.0 £0.5) , H. pH i i
Ty i O Al A AR R BT LA A R ) R
PG pH H 8. 0.
2.5 AUSITURLE PR P AR T 8 R
FE2SCHMT, BRORIKE 201 ik
AL A 5.37 mg- (g-h) ' 189 3 RV s, &
T80 remin "' AYFEIR b, HEAT TG PEPLE AR TE 8 R
SCgG I R R N AR AT pH A 8. 0, BRA LN
10. SEEHIR S ER A M8 80 mg- L', SCHid 2
rHORR i L KRS 2RI A 2B AT, A G i 2 UK A
Ry, B R RE B A OB a1 6 PR,
2 ~15 d, AR BOE K R A ik R
Hi 15.21 mg- (g-h) "' KF] 80. 15 mg- (g-h) '

—

MK IR Eh A T I T 300 mg- LB, S B £
*mmﬂﬁﬂmﬂﬁTméfﬁ 152 Y )z i 7
fr ik E] 340 mg- LA, H 7K H ST AR Z0RTAY 2R
T, RBR%E 100% T %% 88.2% , MHAYEL
FAEAE IR BB R, K 80. 17 mg- (g-h) 'k
FRaE, PERH R Y R A A A T AR
E

s [ ek

o0 [ —— kA

260 | —o— HAKIERTE
—*— L R ki

240 |
_ 220
"yo200 F
S 180 |-
£ 160 |
=40 |

- 40

Fe B RALH R (PANO-N/MLVSSH)/me (g-hy!

0 2 4 6 & 10 12 14 16 18
I fi)/d

He SEEBWEERI T S -
Fig. 6 Iﬁ-creasing efficien(‘y of embedding fjlller =

26wyl sem x| L Sy

@N@ﬁ%?%%%@ﬁﬁﬂm%%@ ﬁ
A HMNE H s MWH% U T AU XA 4 e
T OB R BRI R, (R T A S R R sE
Y, BT 100% K, AT
%, SR T AR .

O HETRE 2 15 d PR SRIR | AR
BOF SEM S50 7(b) . 7(d) . i 7(b) Af
A, AU N AR KSR S B, RV O 1% A
(O3, PRUE T 03 SEORE 5 5% 35 W0 15 5 g i
HE 7 (), 7(d) AT, 08 78 SEORE A S A A R
WAERKRL, SHHEEEMERAE L, 1EPE
FHIE ) AR S5 R S NS , X BN A T4 S R
L S s .

2.7 IR Z R BB

4 NPMEARN o ZREMFE RS, ]
A, PIASREAR 78 35 RN 96% , XF (9] 4R A1 1 5 31
B A60 565 5T, XF2 (I PE R EERD A
59 83455 WUT A, R T IRE C 24k 8] TR,
R TITA YR, R ok — Bt [a] (9 91k
Ji, ACE 183U Chaol #8 %t 4> %) M 34 965. 10,
17 460. 653 i1 )42 786. 59 , 18 766. 93, 7 WA i 1
PR 5 5 A DR 22 R G R
2.8 QMR BEE S A

AR B T 5 57 IS T AR L As i e 22 1Y)



4666 7N 35

oo 39 %

(0)ﬂ]kﬁﬂﬂﬁﬂ*ﬁiﬂﬁmwlﬁﬁﬁfﬁ%%(ﬁikfﬁﬁ 10. Gx I:} ) td)fﬁﬁiﬁﬁﬁﬂlﬂﬂiﬂﬁiﬁﬁ*ﬂﬁﬂﬂ#m(M;&{“‘& 10.0 % w‘}

a0 L f F \ F - ’_,/J
l ;f / .l"l‘: - fﬁ"@ i BTN R SEM RIS %‘ ‘ e\ . % J_,,f"
. --J |iJH { ::"-' LI_ Fig. :7 E}@tﬁded fjle ‘material and SEM Lhardftenzflon jesuhs FH“ :| My ; l_?.rj y
(o !/ @ ) Gz rwmagt] © )
bl | AN 5 ! _u':‘-'_:' Tabl _.f’ 4 Thﬁa __y:jﬁex of the embedding filler i
#lﬂ! ."F ﬂ%ﬂéﬁ OTUs Shahnon E .n-—"'"'-rFCE Ei Chaol $5%L g Simpson F§%X
Xl:',l" 4 60565 3148 5.14 34 965. 10 17 460. 65 0.96 0.02
XF2 59834 2939 4.40 42 786. 59 18 766. 93 0.96 0. 05
A AFRRIEBIINER S PR, AHERERKE R mg-(g-h) ™', B8 8 T % & F & 1 o 52

PIREATER S5 1 o A &l 8 fis, K18 o, &0
PR T B 2 BE S, Thauera A1 Thermomonas
BOAEIRIECRH LS R TP, Thauera BT (5 H A5 B 1
PEPREEETE B SR ET A9 0. 01% 34K 21 7 15 PR Pk 4
T353R 509 24. 27% . Thauera =& B-Proteobacteria 2
TR EA RAEIRE S nE 2 R vEAN R, H A
WAk 22 Fh 55 2 75 Y e J17' . Thermomonas
PR TR PP SR TG TR AT Y 5. 7% 3G 3 T s R
WIRFF SR IE Y 8. 23% , Thermomonas 7&=—25/ T
AR BT SR A A B b R v s
WY, Thauera F1 Thermomonas & FLH T AR 51 1)
WEBARE Y, FA A A HSEURE ) 1 % A 0D L of e 2
S g B I A, HLbE R Ak R R Gk 80. 17

Thauera HEFHTE a8 i) P 3 58 5 149 BE 1 A1 i L 491 fRAIE
TR A IR Y OB AR IR R T VR
ZER 43 AT IR A AE Alcaligenes SIEEALE, Hrd
Felilhy 1.37% , i — eI &L 1 HAEAE S FR il
it B, i S B AR A T AR

x5 GEENNLEER
Table 5 Dominant genera of the embedding filler

T 4 B XF/ % XF2/%
Thauera 0.01 24.27
unclassified 13.99 5.44
Saccharibacteria_genera_incertae_sedis 17. 81 0.07
Thermomonas 5.7 8.23
Tetrasphaera 5.21 0.02




10 4 WA ARG RS Je R A AR RE A PR f i S AbEs A 4667
100 =
Thanera Vasilyevaea
Lo
unclassified Blastopireliula
—
Saccharibacteria genera incertae sedis Phycicoceus
Thermomonas Hyphomicrobium
| — - -
Tetrasphaera Grimesia
"
Defluviimonas Mariniphaga
- = _ o
— ; Ottawia Simplicispira
T
Zavarzinella Armatimonadetes gp3
=
Acidovorax Alcaligenes
=
Centipeda Comamonas
' —
Hydrogenophaga Exiguobacterinm
:ﬂ Terrimonas Gemmaia
ng 50 Melioribacter Dokdonella
E Rhodobacter Petrimonas
— —
Ferruginibacter Limnohabitans
e —
Cloacibacterium Phenylobacterium
— —
Flavobacterium Nitrobacter
— pee—
Aridibacter Aquisphaera
— —
25 Proteiniclasticum Pseudolabrys
Mesorhizobium Thermogutia
Fusibacter Anaerovarax |
= —
Pirellula Methylocystis
= e
Alkaliffexus Pedobacter
— ———
Gemmobacter Zoogloea ~j
= s
0 Defluviicoceus other ?J'
1 I
XF XF2
el | [ ol cole ol Sl ( -
(o Tl & i qgmm¢&XFymmﬁ¢ﬁ%%ﬁﬁﬁf )
; ! ] o J . . - J
,."; AW ‘f,_ | |:F'_F"g' 8 Dlstrlbutlog’ ‘i)alplb}?f_.of XEﬁ.ﬂ‘ﬂJ ‘lmcroblal communities at the genus level
) ’ J
! a fﬂ . | 4 — ) )
.Q:I: ) 4 microbial community structure dynamics response to carbon
3 4

(D) EME oK T Ok wiis U8, 7R A
30°C, BRAELL R 10, pH R 7.5 KM F &0t 7 d i9KE
Foha, R B AR 5 % 5. 37 mg-(g+h)
TEE.

(2) AL IEDRL Y J DL 3G 77 2% B AU LE R 10,
MR 25°C, pH N 8.0, TEHLAMT, &t 15 d /Y
9k, o R gk R R R R PR 5.37
mg-(g-h) "' ¥ K F| 80.17 mg-(g-h) ', i E
BT

(3)SEM /s 7E3FURH N AN B S AT R AE K R
U, I BAFAE G A0 A% A i 1

(4) /5 30 50 0 45 SR o SEURHE I PR 4
J&i, RASAER R Z | IR, Thavera 25 L1 )
PS5 DA PR UE T HEORE SR AR 2R i
SE k.

[1] XiaSQ,LiJY, Wang R C. Nitrogen removal performance and

[4]

[5]

[6]

nitrogen ratio in a compact suspended carrier biofilm reactor[ J].
Ecological Engineering, 2008, 32(3) : 256-262.

FEBLTF, i, SRR, SF. R [ BRI AR A X — R
AR A RE AR R [ J]. SREERL2A22 4, 2007, 27
(6): 968-972.

Wang HY, Ma F, Su]J F, et al. Influence of carbon source and
C/N ratio on nitrogen removal of aerobic denitrifier[ J]. Acta
Scientiae Circumstantiae, 2007, 27(6) : 968-972.

IR, WoKER, T, . BN SO Y E I LK pH
AL )], A EEREER: , 2008, 28(11) : 1004-1008.
Ma J, Peng Y Z, Wang L, et al. Effect of temperature on
denitrification and profiles of pH during the process[ J]. China
Environmental Science, 2008, 28 (11) : 1004-1008.

Glass C, Silverstein J. Denitrification kinetics of high nitrate
concentration water; pH effect on inhibition and nitrite
accumulation[ J ]. Water Research, 1998, 32(3) . 831-839.
Gomez M A, Hontoria E, Gonzalez-Lopez J. Effect of dissolved
oxygen concentration on nitrate removal from groundwater using a
denitrifying submerged filter[ J |. Journal of Hazardous Materials,
2002, 90(3) ; 267-278.

WRBAAY, XU, IRLEY) SR A% 5 e GE i P e S s o A 2



4668 A 39 &
YIRS ARAET]. MRl 2009, 30(2) ; 499-503. 3454.
Ouyang K, Liu J X. Analysis of characteristics of microbial Si WG, Li Z G, Xu C. Isolation of heterotrophic nitrifiers which
communities in membrane bioreactor and conventional activated can tolerate high concentration of ammonia-nitrogen and the
sludge process[ J]. Environmental Science, 2009, 30(2) ; 499- optimization of their nitrogen removal efficiency in wastewater
503. [J]. Environmental Science, 2011, 32(11) ; 3448-3454.

(7] VFBERt, JUleds, BRKE, % LML & AL s e A RR [19]  ElE, B, HB, % 15U R BN Bk IR Y SRS At

PES A AT (1], MBI, 2017, 38(5) : 2052- BRI ALI]. dbat Tl K224, 2014, 40(5)
2058. 743-750.
Xu XY, You XL, Lii CP, et al. Nitrogen removal performance Wang S Y, Cao S B, Du R, et al. Nitrite Accumulation during
and microbial community analysis of activated sludge the denitrification process with sludge fermentation liquid as
immobilization [ J |]. Environmental Science, 2017, 38 (5): carbon source[ J]. Journal of Beijing University of Technology,
2052-2058. 2014, 40(5) : 743-750.

[ 8] T, XUH, HE, % 10U E Ak 40 A R A AL Y & [20] 29, JDGAS, XVURBE, &5, 1508 RS B K I IRV Bk U it
BAGEBTT[)]. FERE, 2017, 38(7) : 2925-2930. PTG R R B T [T ], FRIER A, 2015, 36(3)
YuMY, Liu Y, Tian Y B, et al. Efficient and stable operation 1000-1005.
of shortcut nitrification by entrapping ammonia oxidizing bacteria Luo Z, Zhou G J, Liu H B, et al. Enhanced nitrogen and
[J]. Environmental Science, 2017, 38(7) : 2925-2930. phosphorus removal of wastewater by using sludge anaerobic

(9] @mlE, 7. mEU Ik B A A3 Uk 68 K i A ) 1 V% 43 fermentation liquid as carbon source in a pilot-scale system[ J].
BriJ]. FEERkE, 2017, 38(8) : 3339-3346. Environmental Science, 2015, 36(3) ; 1000-1005.

Meng T, Yang H. Analysis of high-efficiency denitrifying [21] [T, &5k, KEIE. qﬂﬁ?%%%ﬁ%ﬁ%/ﬁﬁfiﬁﬁf«tﬂ*ﬁ
bacteria and embedding filler performance and microflora [ J ]. FRELEL]]. L/@Uﬁ?ﬁj{ii’?ﬁ( H %ﬂi}%ﬁ@),ﬂzoog., 31
Environmental Science, 2017, 38(8) : 3339-3346. (3): 41-44. | { '_,_‘-"’r:.“ul

[10] ™4, Mol 2%, % KFEPIE pH 6 T At i Yan N, Jin X B, Zhang J Q. A (,ompdsnéén 'ﬂetwe‘en the
RIS 2R (T ], T ESREER 2R, 2017, 37 (“2;}-_"526— processes of denltrlflcatlo];} with glucose and methanollliaas—carbon
533. ) sourse [ J. “] Journal of Shanghai Teachers U‘mvem‘fy (thura]
Zeng ] P, Chen G H, Li J, et al. Kifetic chardetbristics of Smences) 2002,31(3) § 41544 u .-,f
immobilized dem{fificalion granules und'er different initial® ‘i)H ; [22] v ﬁ? :F{ﬂ% :F’fﬁﬂﬂ,.ff {7 SBR fiﬁﬁﬂiﬁﬁﬂﬁ

fﬂ China Env1r0nmenlal Science, 2017 37(2) ¢ 506~ 5331 ka/\?iﬁtyﬁ-ﬂn [ JJ }ﬁﬂ , 2009, 30 (12)# 3.619.:,1

rog e, 0 . ammwmmwa}gﬁamﬁa 623, s

-5 Eﬂ:%[]] ,EF‘IETi[é JkﬁF]J( 2011 27('21) ‘76 79 ¥ .“;‘_.. Sun H W fVVang S Y,.Wang X M, et al. Nltrlte dccumulatlon
Cao X S Qlan Meng X Z. Charactenstlcs of deniuifi¢ation durmg the” denitration procesa in SBR at low lemperalureLJ]

- progess with iodlum acetate as sole carborﬁu inu‘rce [‘J Chlna “ Env1r0nmentdl §01en(,e, 2009, 30(12) : 3619-3623. f
7 Watér & WasteWater, 2011, 27(21) ; 76-79. ! [23] A, BSOS, B4y, 8. DL EEAE R AMGRUR 1 A 9
[12] -I‘ﬂn tM LR . S [ B T B H ﬁﬁﬂttxmﬁé-ﬁbqf FHAGLT]. dEse Tolk K2E244, 2009, 35(11) ; 1521-1526.

ﬁﬁ‘]?}ﬂﬁ“] HHGETF'%P%, 2004, 30(1): 15-18. S Wang SY, Yin F F, Hou H X, et al. Biological denitrification
Wahg LL, Zhao L, Tan X, et al. Influence of different carbon with methanol as external carbon source[ J]. Journal of Beijing
s;)‘urce and ratio of carbon and nitrogen for water denitrification University of Technology, 2009, 35(11) . 1521-1526.
[J]. Environmental Protection Science, 2004, 30(1) : 15-18. [24] Baumann B, van der Meer J R, Snozzi M, et al. Inhibition of

[13] Gao Y Q, Peng Y Z, Zhang J Y, et al. Biological sludge denitrification activity but not of mRNA induction in paracoccus
reduction and enhanced nutrient removal in a pilot-scale system denitrificans by nitrite at a suboptimal pH [ J]. Antonie van
with 2-step sludge alkaline fermentation and A?Q process[J]. Leeuwenhoek , 1997, 72(3) . 183-189.

Bioresource Technology, 2011, 102(5) ; 4091-4097. [25] #RWIE. pHE . WEEX A gm [ J]. R R A,

(147 AP, B SR s ) A4 s Ve SR e A R 5 [ D ] 1994, 14(4) : 308-313.

Jbat. R, 2013, Xu Y T. The influence of pH values and temperature on

[15] shimil, &k ROMmEEEMEY T Erm)]. denitrification[ J]. China Environmental Science, 1994, 14(4) ;
IRl A2ER , 2013, 33(2) : 370-376. 308-313.

Mao Y H, Wang J L. Immobilization of activated sludge in PVA [26] M=%, FilE, Z248, % RREFRNTEREERT NO, -
matrix using innovative methods [ J ]. Acta Scientiae IR T]. TP ERERE, 2016, 36(10) ; 2964-2971.
Circumstantiae, 2013, 33(2) . 370-376. He Y L, Wang SY, Li X Y, et al. Effect of different waste

[16] HEREIEYE)R. KAEKEMSH [ M]. (N activated sludge fermentation supernatants on NO_ ~ reduction
M) . At R EERRERA SR, 2002, process [ J]. China Environmental Science, 2016, 36 (10):

[17] Yu G H, He P J, Shao L. M, et al. Toward understanding the 2964-2971.
mechanism of improving the production of volatile fatty acids from [27] ®R7AS, skBk. VM EFAR[]]. KERHEE, 2007, 36
activated sludge at pH 10.0[J]. Water Research, 2008, 42 (2):32-34.

(18) : 4637-4644. (28] ZTIF, MEBSE, XS, 5. 1 BRUFSUAN TR 17 8 S0 K

(18] FISCH, HAENI, Vi, Tz &k i e A0 5 55 0 A0 T 1 01 18 SURBACRFERTSE [ 1], SREERF:, 2011, 32(8) : 2403-2408.

MR AL [ T]. HEE R, 2011, 32(11); 3448-

Li WF, FuLQ, Deng B, et al. Identification and denitrification



10

WA ALME YRS Ve AL P RE A DR AR i B AV 23 #r

4669

[31]

[32]

[33]

characteristics of an aerobic denitrifier [ J ]. Environmental
Science, 2011, 32(8) : 2403-2408.

W, W RSO AN R 0 PR A 3R KR v S 2 A
SEHTLT]. HEERRE, 2017, 38(9) ; 3816-3822.

Meng T, Yang H. Rapid culture, microbial community
structure, and diversity of high-efficiency denitrifying bacteria
[J]. Environmental Science, 2017, 38(9) : 3816-3822.

Wz, wali, Wik, G — R LT IR A 1Y SR Ak 2 T
[ 7 A0 L FRTIR A TG PE DR 5 SO HI [ P T E& R CN
103951050A, 2014-04-04.

ERE. KRG N E YR Thauera JEFHHELS 1
HUReRFsE[ D], 1. RIBASE KA, 2009.

WSO, HEFE, W, . 1 BRSIR SRS LB AN B A 4 g
FERARHPRRIE L], PREERIEE, 2017, 38(2) : 809-814.

Tan W B, Ma X D, Huang C, et al. Isolation, identification and
metabolic chaeacteeistics of a heteeoteophic deniteifying sulfue
bacteeial steain [ J ]. Environmental Science, 2017, 38 (2):
809-814.

P, NI, XITR, % P Yy R 25 O I i
RAWEMZ RS [J]. IR, 2016, 37 (1) 342-
349.

LiW H, Sun Y J, Liu Z L, et al. Analysis on diversity of
denitrifying microorganisms in sequential batch bioreactot-landfill

[J]. Environmental Science, 2016, 37(1) : 342—349-.“1::-‘"

[34]

[37]

HE, MRS, Falfh, 4 ZFLR T MBR 55 CAS T.2i8
Fr BB R AE ()], FRBERLSE, 2014, 35(3) ; 1002-
1008.

Huang F, Mei X J, Wang Z W, et al. Diversity of operation
performance and microbial community structures in MBRs and
CAS processes at low temperature [ J ]. Environmental Science,
2014, 35(3) : 1002-1008.

WX, BE, REN, S ST SR IS TRk Ak B 3R
FRHAREATIELI]. FREERE, 2011, 32(4) : 1210-1216.
Chang Y M, Yang Q, Hao C B, et al. Experimental study of
autotrophic denitrification bacteria through bioaugmentation of
plant [ J .
Environmental Science, 2011, 32(4) . 1210-1216.

kA, Bk, THEIT, 5. A/0 AW R sk Ab 38 fh Ik
KAL) ER AT [T, P E BB 22, 2015, 35
(1): 80-86.

Zhang N, Chu L B, Ding P Y, et al. Enhanced treatment of

petrochemical wastewater by using A/O biofilm reactor and

activated sludge from municipal wastewater

analysis of biofilm community[ J]. China Environmental Science,
2015, 35(1) : 80-86. -

Bae H'S, Rash B A, Rainey I A, et al. Qesc..r-iptiﬂ'r'l'_.-(;f Azospira
restricta sp<~ nov. , la nitrogen-fixing ba'(;terium.;i?aléltea from
groundwater [_ _L] International Journal of '.‘Syls't'::matrc and
Evolutionary M.Picfobiology, 2007, 57(7) : 1521.;‘-1':5

: y

& 1

i J 4 v : - 1
Ak K4 L~
J e o
I.' . 1} o
f: \ " "
/] o



HUANJING KEXUE Vol.39  No.

10

Environmental Science ( monthly) Oct. 15, 2018

CONTENTS

Ratios of Volatile Organic Compounds in Ambient Air of Various Cities of China —«esveseeesesesssrssminsniiiii WANG Ming, CHEN Wen-tai, LU Si-hua, et al.
Temporal Variation, Spatial Distribution, and Reactivity Characteristics of Air VOCs in Beijing 2015 «+eseeoeeeererssensscinsinieen ZHANG Bo-tao, AN Xin-xin, WANG Qin, et al.
Research and Application of the Technical Method for the Compilation of VOCs Emission Inventories from Architectural Coatings in Beijing ++++veseeeseesereresismieniensnninininninennn
......................................................................................................................................................... DENG Zi-yu, GAO Mei-ping, WANG Qing-wei, et al.
Content Levels and Compositions Characteristics of Volatile Organic Compounds( VOCs) Emission from Architectural Coatings Based on Actual Measurement — «+r«+sesesereeserersensssnenennenens
GAO Mei-ping, DENG Zi-yu, NIE Lei, et al.

WANG Xiao-yan, WANG Shuai, ZHU Li-li, et al.
+ FAN Xiao-chen, LANG Jian-lei, CHENG Shui-yuan, et al.
ZHOU Yi-ming, HAN Xun, WANG Jin-jin, et al.
MA Ying-ge, WU Xia, PENG Meng-meng, et al.
WANG An-xu, CHEN Xi, SONG Cong-ho, et al.

Seasonal Variation and Source Analysis for PM, 5, PM; and Their Carbonaceous Components in Beijing -

Chemical Constitution and Carbon Isotopic Compositions of PM, s in the Northern Suburb of Nanjing in Spring
Analysis of Non-polar Organic Compounds in PM, 5 by Rapid Thermo-desorption Method Coupled with GC/MS -+

Association Between Fine Particulate Matter and Asthma Hospital Outpatient Visits in Hangzhou

Hybrid Electric Bus SCR System Operation and NO,, Emission Characteristics Based on Remote Communication Technology «+«++++++++++ YANG Qiang, HU Qing-yao, HUANG Cheng, et al.
Selection of Priority Contaminants in a Watershed Using Risk Ranking Methodology —«+«+sssssseessessesensnmsienensnsinincnsneens LI Qi-feng, LU Yong-long, WANG Pei, et al.
Characteristics and Sources of Atmospheric Inorganic Nitrogen Wet Deposition in Xueyu Cave Watershed, Outer Suburbs of Chongging City +++«eesressesrersenememenenseninenensininnennees

"""""""" DUAN Shi-hui, JJANG Yong-jun, ZHANG Yuan-zhu, et al.
Characteristics of Nitrogen Deposition in Heilongjiang Liangshui National Nature Reserve «««+eeseereeeresreenmennmsiinnennsnencs SONG Lei, TIAN Peng, ZHANG Jin-bo, et al.
+ ZHAOQ Qiang, LU Cheng-wen, QIN Xiao-bo, et al.
3 WANG Ning, HUANG Let, LUO Xing, et al.
Physiological Responses of Ryegrass in Cadmium-Nonylphenol Co-contaminated Water and the Phytoremediation Effects «++++++seseeseeneeeeree SHI Guang-yu, LI Zhong-yi, ZHANG Lu, et al.

Key Production Process of Nitrous Oxide and Nitrogen Sources in Tuojia River

Impact of Biochar on Nitrogen Removal and Nitrous Oxide Emission in Aerated Vertical Flow Constructed

Analysis of Absorption Characteristics of Urhan Black-odor Water «++«+«+sesesssersesesenenenminieninninininiiss e DING Xiao-lei, LI Yun-mei, LU Heng, et al.

Seasonal Variations of DOM Spectral Characteristics in the Surface Water of the Upstream Minjiang River FAN Shi-yu, QIN Ji-hong, LIU Yan-yang, et al.
LIN Xiu-yong, WANG Shu-min, LI Qiang, et al.
Nitrate-Nitrogen Pollution Sources of an Underground River in Karst Agricultural Area Using "N and '30 Isotope Technique ~++++++--- SHENG Ting, YANG Ping-heng, XIE Guo-wen, et al.
Spectral Characteristics of Dissolved Organic Matter in Landfill Groundwater «+»«+sseseerserserssssmenenenminininii e PENG Li, YU Min-da, HE Xiao-song, et al.
Adsorption Behavior of Phosphate from Water on Zirconium-loaded Granular Zeolite-amended Sediment - »+ LIANG Shu-jing, LIN Jian-wei, ZHAN Yan-hui, et al.
Control of Coagulant Dosing for Humic Substances Based on Ultraviolet Spectrum Analysis «++eeseeseseeseerersenemenenenninenenen ZHANG Bei-chen, ZHANG Xiao-lei, QIN Lan-lan, et al.
Reduction of Wastewater Organic Micro-pollutants and Genotoxicity in a Hybrid Process Involving Anaerobic-anoxic-oxic and Ozonation Treatments —«++s+sseseesesresrerersenemenennsnininennsnens
LI Mo, WANG Zhen-zhe, CHEN Zhi-qiang, et al.
LI Ao-lin, CHEN Lii-jun, ZHANG Yan, et al.

Water Quality and Three-Dimensional Fluorescence of Stormwater Runoff from Lined Bioretention Field Cells

Distribution and Removal of Antibiotic Resistance Genes in Two Sequential Wastewater Treatment Plants -

Effect of Magnetic Chitosan Hydrogel Beads with Immobilized Feammox Bacteria on the Removal of Ammonium from Wastewater -+« LIU Zhi-wen, CHEN Chen, PENG Xiao-chun, et al.
Enhanced Nitrogen and Carbon Removal Performance of Simultaneous ANAMMOX and Denitrification (SAD) with Trehalose Addition Treating Saline Wastewater ««+x«+sesserreseesesensenees

...................................................................................................................... YANG Zhen-lin, YU De-shuang, LI Jin, et al.
Characteristics of Denitrifying Phosphorus Removal by A%/0-BAF at Low Temperatures - - HUANG Jian-ming, ZHAO Zhi-chao, ZHENG Long-ju, et al.
Characteristics of Advanced Treatment of Treated Petrochemical Water by 05-BAC and Analysis of Consortium Structure «+++++++++++++++- ZHANG Chao, SHAN Ming-hao, XU Dan-ning, et al.
Microbial Community Characteristics of Shortcut Nitrification Start-up in Different MBR-Tnoculated Sludges ++«++++++sseseserseereenesencnenees +++ WU Peng, CHEN Ya, ZHANG Ting, et al.

Effect of Microbial Community Structure and Metabolites on Sludge Settling Ability Under Three Different Switching Condition Pro

-+ WEN Dan-dan, YUAN Lin-jiang, CHEN Xi, et al.
ZHANG Hui-qun, JIA Yan-yan, FANG He-ting, et al.

Adsorption Mechanisms of Ciprofloxacin by Extracellular Polymeric Substances of Sulfate-reducing Bacteria Sludge

Rapid Improvement of Denitrification Performance of Embedded Activated Sludge and Community Analysis «+«+-«+essessersensenesnensensesnsnenenens YANG Hong, XU Fu, MENG Chen, et al.
Spatial-Temporal Trends and Pollution Source Analysis for Heavy Metal Contamination of Cultivated Soils in Five Major Grain Producing Regions of China = «+eseessersereeesenennenincnennens

SHANG Er-ping, XU Er-qi, ZHANG Hong-qi, et al.
++ MA Hong-hong, YU Tao, YANG Zhong-fang, et al.

Effect of Straw Residues in Combination with Reduced Fertilization Rate on Greenhouse Gas Emissions from a Vegetable Field =~ ++eeeeeeees HUANG Rong, GAO Ming, LI Jia-cheng, et al.
Emission of NH; and N,0 from Spinach Field Treated with Different Fertilizers =~ «+veeovseeeeseseresssininins SHAN Nan, HAN Sheng-hui, LIU Ji-pei, et al.
Effects of Various Combinations of Fertilizer, Soil Moisture, and Temperature on Nitrogen Mineralization and Soluble Organic Nitrogen in Agricultural Soil «+:esseseeseeeeresenensnsienenen
............................................................................................................................................................... TIAN Fei-fei, JI Hong-fei, WANG Le-yun, et l.
Long-term Fertilization Effects on the Abundance of Complete Ammonia Oxidizing Bacteria( Comammox Nitrospira) in a Neutral Paddy Soil = «+ereseeersersreressnemesnnsisnniiinnsninene
.......................................................................................................................... <+ WANG Mei, WANG Zhi-hui, SHI Xiao-jun, et dl.
Spatial Variation of Soil Organic Carbon and Stable Isotopes in Different Soil Types of a Typical Oasis «+++ CHEN Xin, GONG Lu, LI Yang-mei, et al.
Effect and Mechanism of Attapulgite and Its Modified Materials on Bioavailability of Cadmium in Soil »++++essessesseveeseees CHEN Zhan-xiang, CHEN Chuan-sheng, CHEN Wei-ping, et al.
Persulfate Oxidation Effect of Soil Organic Pollutants by Natural Organic Matters -+ » LIU Qiong-zhi, LIAO Xiao-yong, LI You, et al.
Lead Uptake and Accumulation in Rice ( Oryza sativa L. ) with Water Management and Selenite Fertilization «+++++++s+sereeeeeer WAN Ya-nan, LIU Zhe, Aboubacar Younoussa Camara, et al.
Key Bacteria for the Microbial Degradation of Pollutants in Cellar Water YANG Hao, YANG Xiao-ni, ZHANG Guo-zhen, et al.
Oidation of Humic Acid Complexing As( ) by As( Il )-Oxidizing Bacteria +++++++-+ LI Ze-jiao, CUI Yan-shan, YIN Nai-yi, et al.
A Thermotolerant and Halotolerant Sulfate-reducing Bacterium in Produced Water from an Offshore High-temperature Oilfield in Bohai Bay, China; Isolation, Phenotypic Characterization,
AN TNRIDILON  +ereeeereere e YANG Chun-lu, YUAN Mei-yu, SHI Rong-jiu, et al.
Isolation and Nitrogen Removal Characteristics of Salt-tolerant Heterotrophic Nitrification and Aerobic Denitrification Bacteria Zobellella sp. B30T = «eseereereeseresenenseienenennsiiniinnninnens
........................................................................................................................................................................ BAI Jie, CHEN Lin, HUANG Xiao, et dl.
Isolation, Identification and Degradation Characteristics of a 17B-estradiol Degrading Strain Fusarium sp. KY123015 «ereeeereereerrereeeens WU Man-li, ZHU Chang-cheng, QI Yan-yun, et al.
Effect of Fluoroquinolones on Performance and Microbial Community of a Vertical Flow Constructed Wetland «+s+eveseeereseeerrensennenenneeens LI Xin-hui, ZHENG Quan, LI Jing, et al.

Microbial Community Diversity Analysis During Composting of Lincomycin Mycelia Dreg with Manure
Oxidative Stress and DNA Damage Induced by DEP Exposure in Earthworms «eseeoeeeeerereesesienenennnes
Mineralogy Characteristics and Heavy Metal Distribution of MSWI Fly Ash

-+ REN Sheng-tao, GUO Xia-li, LU A-qian, et al.
PING Ling-wen, LI Xian-xu, ZHANG Cui, et al.

LI Jian-tao, ZENG Ming (4834



