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T . AR SCBIF I R YR VR 42 1 [0 AL Ak A= ) 56 205 % ( biological bio-nutrient removal-carbon regulation and phosphorus recovery,
BBNR-CPR) W g TR AR PE. A WAL BBNR-CPR W #wis 1TiR A, & B BBNR-CPR S ¢ BE A5 I IHZEMRIRL( <15°C) |
ik C/N H( <4. 16) 5 FRUEIETT, B amn) T RERER 91.20% , FAM T REEEN 81.10% , MAM T LR
M 58.62% . B EA T ) A 6 A0 55 96 EE B R B, BBNR-CPR I 2% 25 9 4 55 EL A B0 460 % 9 L & PHA IV 77 2 B A b i
Candidatus_Competibacter . Candidatus_Accumulibacter , Run-SP154 | Thauera ., Candidatus_Nitrotoga AOARXT 3 AN, B Rt
ZARRAA PR, AEAHRIBRIE I | A PHA (B E — B0 40T, BB PHA (94 & Z RS m ; 25, 15 F1
8°C 4 A PHA T4 M G A T8 16.24% . 11.49% F19. 01% . Tt 47 PHA B4 ELAG T 32 (R IR N BE 71, 7675 PHA
K, 8°CHN15°C [HBRBERR 3N 97. 46% F1 100% , BEARCFRA R 55. 15% F1 82.55% ;5 WMitEAK PHA J/KF-, 8°C Al 15°C
BIBRBERCR A 1. 39% F1 35. 02% , BRARZCR 5 0% F1 12.10% .

KRR B ARRBE; REILERREE (PHA) 5 IR ; 1% C/N; IREG R

FESES. X172 XEAREF. A XEHS . 0250-3301(2019)04-1914-08 DOI; 10. 13227/j. hjkx. 201809145

Effect of Intracellular Carbon Source ( PHA ) Storage on the Mixed Growth

Microbial Community Resistance to Low Temperature

YANG Jian-peng, ZHANG Jian, TIAN Qing” , ZHU Yan-bin, LI Fang, Wolfgang Sand
(College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: This study investigated the removal of nitrogen and phosphorous by a biological bio-nutrient removal-carbon regulation and
phosphorus recovery (BBNR-CPR) reactor at low temperature. The operating temperature of the BBNR-CPR reactor was continuously
reduced, and it was found that the BBNR-CPR reactor could operate steadily at low temperature ( < 15C) and low C/N ratio
( <4.16). The average removal rates of total phosphorus, ammonia, and total nitrogen were 91.20% , 81.10% , and 58.62% ,
respectively. With increasing running time and decreasing temperature, the relative abundance of Candidatus _ Competibacter,
Candidatus_Accumulibacter, Run-SP154, Thauera, and Candidatus_Nitrotoga increased. These bacteria had the functions of nitrogen
and phosphorus removal and the storage of polyhydroxyalkanoate ( PHA) in the biofilm of the BBNR-CPR reactor and became the
dominant species to tolerate low temperature. It was found that low temperatures reduced the amount of PHA synthesized for a given
equal carbon source concentration and reaction time. The amounts of PHA synthesized at 25°C, 15°C, and 8°C accounted for
16.24% , 11.49% , and 9.01% of the dry weight of the biofilm, respectively. The pre-stored PHA biofilm has the capacity to resist
low temperature. At high PHA levels, the phosphorus removal efficiencies at 8°C and 15°C were 97.46% and 100% , respectively,
and the denitrification efficiencies were 55. 15% and 82.55% . At low PHA levels, the phosphorus removal efficiencies at 8°C and
15°C were 11.39% and 35.02% , respectively, and the denitrification efficiencies were 0% and 12. 10% , respectively.

Key words ; nitrogen and phosphorus removal; polyhydroxyalkanoate (PHA ) ; low temperature; low C/N; mixed growth microbial
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FemAe ], BT A0 R U W I A A L TR AR
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FUE L) AT B A AT B8 A fol A i s i A 3R
VAR A M. Lei 457 1 Wang 45
WFFE P IR 9K 5l A= P I R B B, 7RI C/N LE Y 4%
174 A e ] ) i A B A (98 B R A ) 1t 280 .
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PHB) 1E Jy M1 >k 52 3 i il Ak 3503 3 43 I
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TP R A F5.
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RASAEIRA, B THAS PHA & REEAHDG, BItA]
DU A= Wy R 9 R REIE A7 /Y PHA AT BE 80 22 i 2 7Y
TREXS ARG A S . SR, HRETITSE B
TP A PHA ISR AR SR 20 i o DA 56
A7 PHA U DI TE IR 2501 T AR B A 41 .
ABFFER H B S48 5 X BBNR-CPR 52 1] % JiE
FBR B A9 S W5 4> AT BBNR-CPR J B # 1 A Al
PHA FYZHRETRAE ; FHIE] 8RS IR AT 50 S5 0 g A ) i 15
P47 PHA RO AE T, DU A FE AR IR 2510 T 2
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1 #MR5AEE

1.1 ROV 5 Bt /K 4 g

ARSI R PR [ F00F & (A Bl VA 8 47 1l T ol
s Ak A4 W) i %% W% ( biological bio-nutrient removal-
carbon regulation and phosphorus recovery, BBNR-
CPR) RN #%. N R A gefib + KlA 414 0
B AW, N B 100 mm, 1E#IE1T520R &
JE 4 1.3 m. BBNR-CPR J )i #% %% & 2 W8 2 7 iff
g2 RN B R K R B AE T TS K, R
V5K B 2 B e oM B . TP (15.9 ~16.9 mg-L™") |
NH, -N(48 ~60 mg-L™") | ZIRHAFELHIAY COD (180
~200 mg-L™") . MgSO, -7H,0 (70 mg-L™") . KCI
(40 mg-L™") . NaHCO, (200 mg-L™") . CaCl, (20
mg-L™") | FeCl,(2 mg-L™").
1.2 Jhigsiatirat

SN AR YR B F AL IS K i, B8
P R AR/ I SE R 8 h, PR BERHK 3 h Al
IR BERHS 5 he FEIRE B B, dE KA IV A
B A 15 V5 K S AT AWty oK [l i ik
AHRIKA ; FEAF4ABY B, SR FHZS FRLIR R, K
B ZK A FR B AR BT E A A R ) g, S
46 2 h KR ZE P RIKA, BG4 3 h KA
HeOMHE. IREV/ A RV A Y 0E b B35 4T 7 d iF
r—W w47 0 SRR, 7 IR 5
T, 1A 2 A B A v R R A VR ) Wl A
( TR S IC 1 A9 COD 2 000 mg-L~" OV ) , Ml
WA PR R K B L, JF RIS ZE2E W)
PN IE A7 R 7K S PHA .
1.3 FUVAE PHA B A 9 IS PRt ) 52 562

K FHIR A8/ g S8 B S BR AF9R UY AF PHA (9 4=
PRI AR 1 8 . 2 SO0 #3817 140 d B, FE
BBNR-CPR [ 7 # IS ¥ #F 7K g 0. 7m AR HRCHS (36
BEREE A 12°C £ 2°C) o I FE AR E (8, 15 Al
25°C) #F A7 [A) K S 5. ) K S 5 A TE R B R
(ZHWY-211B, i) 47, RSk 4 -
TTFE, JEORORAE S 0 25— B, B, B0 1T O
(250 mL) %A 0. 3g LB, #1100 mL & BLAFY
SN, ARIE RV 3 A MLSS 23 000 mg-L~".

ARSI 53R - IR SR AR A= W B 9 T SE A
PHA | QFELFASME TR A PHA RAEY I, i
FTICHI s 5 i) B S B il . RO AL 2. S D
W, Bl COD #eJE 29 1000 mg-L~" 1 2 BR BN 2 v
W, NIMARBEERTR, HETYTESR
Jof we K S AR R, AR 1) 00098 O I A SR R R
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A IR ) N R L2 B A RS 15 min, N EE 5% 5,
JIE 12 b, A a] B — a2 B I 2R FH 4T 45 UK RE I
COD, SV (TP). R4 SN 45 o5 D A8 9 BN
PHA &, SE5 @, ORI 9256 O rh BSE I A7
PHA WA AT I LBl , B 5 N & A 24
mg-L7"& A, 16 mg-L A IREE A, 16 mg-L7' &
B, v wrR 53R OME. SR i E
LAY 3 fE(BEFE 24 h) , R RN A HE, BUR
A= PRI O o S T I YRR P A 1) ) e 4 S
VW, RS T —Re iU . BE—%8 1Y PHA #54k
THFESRL, TR T AEYIE A7 PHA & |, fI83 M
VLK. AT 4 S I R T DN A O P e 7
PHA .
1.4 FZORESEO T

BB 8 AR A TP, COD, TN, NH/-N,
NO; -N, PHA, JrHCk: 5 U & {75 220 0. 45 wm €
3t . TP SR FH 2k i 1R 40 T A B R €0 58 A1 )
IR, M COD SR FH B 1 fff i o2 1 2
TN SR FH B 1 Ao i 2 40 30 A 49 06 06 B vk 72 (HJ
636-2012) , NH, -N & FH 4 FCiR 7] 43 % 0% 325 (HJ
636-2009) , NO; -NR FH 48 /0 430l ' B i >
PHA BYISE 7525 3CHk 23 ], AW RN PHA 4
A3RIE , TR 10% R B i e AL Y BEAE M TRk
W, R H RANIE AR g An e 48 R H AR
Shimadzu A A ) QP-2010 Ultra SR 3% - B35 56 FH
X (GC-MS) #l DD-5 B (e JA 0, 045 540 3 ok
55 56 [ [ AR R BOHE B (NIST1 1) JBTii He X3R4
PHA & 54147
1.5 16S rRNA LYW Fp gl sl oA

i AxyPrepDNA #2HU £ ( Axygen Biosciences,
Union City, CA, U. S)#BUEYIERE S DNA, JH
19 Byt B R M oL K KGN SR FH 40 1 S 5 1 40k
515F-907R XA 16S #%BER RNA [ V4-V5 X 3k
54T PCR ¥ 4. PCR ¥ 34k FH 95°C i il A8 3
min, 25 WAEFR(95°C 30 s; 55°CH K 30 s; 72°C 45
s), HJ5 72°C ZEAH 10 min. X PCR 4" 45 B k177
P\ 5 KON S SR, EALE Y. &
i DNA 2R PCR 9734, SRAEFES P 3+ b
WBEEEYELGREARAR CPE, L)%
MiSeq PE300 “F- 5 (lllumina Inc. , CA, US) #47
MR, I8 5 7E NCBI SRA 5l & 3k 15
hzlE Rz

Xt BT A 5 $E 47 OTU ( operational taxonomic
units) XI55, 7E 97% BIARRIKE X OTU #4174 1F
7 M7 [ Usearch ( version 7.0, http://drive5. com/
uparse/) |, 43 B 1E 2 > 43 25 K F . domain (3) |

kingdom ( %) . phylum([7]) . class(4) | order( H) .
family (B}) | genus(J&) . species (F") eI FEA AYHE
EH . KA 1-Sanger =¥ 6 ( LIgEE LY EZ
FHEABR A ) #7505 #r

2 HR5ITR

2.1 Vg KE I TEcer

B N 2 1T B BEZ AT 150 d 525
FIBER AL ROV AR KR EE AL R
RUEE. R AL SR 10 d 47, )R
NEES KRB AR BRAWEBTREE. YLk
B, AV KM E 30 mg- L' A4, TP HEKHkE
15.9 mg-L™", #E7K COD ¥ 200 mg-L ™", 10
o TRE, TP Ml COD HEKME AR, dEKE A
WP 30 mg L' FF % 48 mg-L™", 60 mg-L~", LA
il AR SN 2% N A5 RO AL TR

K1 (b) b R #% BREERCR , 76N gt i 18
TR BE, SN AR bR S AR SZ IR B 5, R 7 i
TR B R (16. 40 £0.90) mg-L~", 7K B
BBy (1,45 £1.00) mg-L™', E#FFIE
BR A 91.20% +6.02%. & 1(c) FIE 1(d) M,
Bl R AR, JAS BN KRR MEE T
R s B E K A A V- U E y (53.47 £5.11)
mg-L™", TEWIRSAMT (22°C £2°C) , AAMAKF
P E R (2.23 £3.17) mg-L™", FHEBRFLT
T96.06% +5.38% , WA ZPR* 65.28% =+
11.03% ; MAEARIRAME(12°C £2°C) , RV A& A
HZKEHHR 2 (10. 16 £6.69) mg-L~", & AF14
EBRE N 81.10% +11.89% , MAN L ERE R
58.62% £11.04%. il (22°C £2°C) &M T, &
R ERRIE 84.31% ~100% 254k, MANEBRE
£ 58.71% ~ 92.78% 7% fb; ALIR & 1F (12C =
2C), BARFERRIET5.17% ~99.96% Z [0k ;
MR EFRHTE 40, 11% ~82.43% Z a5k, X H
METEITRORATLVE t, FEARIR ST, BBy 25
BRACREEANA, HRAAN P ERETRET
14.96% , SAMFHEBRETET 7% , AR LR
RAE FRIBATAE R R W], R X A fh o AR 5 e
K, T SR A R B e AN H R ROk
BBNR-CPR S b #x 7EARIR B B, I C/N L6254 T e
R IB1T.
2.2 N[ERLE S T A W T RE TR AR B o AT

WE 2 Fr7x, Innoc. JEWAVLI5/KACFE] HREY)
FheH R, A, B, C. D Fl E 2 H 216 N #8847 30 ,
60,90, 110 #1140 d WD FILEAL, FATA R
25T A W B R A0 o R T B 1 B R



4 1 MBS . PURAR PHA B A7 X R A R TR AR e 1 5% 1917
30
! : A GBRERE v HOKEBE o BEE R
: ! o (22 :!:1;):’(.' I (26£2°C 1 (12£2)°C
s % \ : - Al ¥, Y 1 4 100
s nn" “ AL T % 1y 3
- .-Il : : _ 16 M ‘ﬁ IL’:% F“g‘}l“;‘*ﬁ ?AA_ 80 <
20 " | a e
; (a) 1 I. n® | ? 12 - % (b) : : - 60 &
:g | " m | lﬂ: v £
= 15 L | | | o g | I
L | B 1
: -;.'- - ¥ : | 440
10 | | [ mt " e ab F ! -
4 | V_ 1 Vv 7
I | v e VVJ w L Wy
5 L 1 ! 1 1 | 1 L 0F w7 1 A4 A A
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
70 (& HEKEED v kB e EEEERR 70 A& KM v HUKME v BRER R
(22+2)°C | (26+2)°C | (12£2)°C (22:2C'  (26£2°C ' (12+2)¢°C
60 | f";'}‘ Ay Maaa 4100 60 |- Am:‘ N s - 100
< ¥
TS0 L oM KaATA MM, A ua 4 = N sl VAP VS S
20| ® : Fa o w K g 0 @ 1% ;?
Z | e 50 E B 0L L I o)
iz 30 A © L | 170 k< Z oo [ kT v:”" PV g W60
z 1 v Y oy ! I
L 7 A
20 & v ! f:g 60 20 ;'v T ve YT weaw w40
| 1 ! I v
e v o Ly vaw-su 10 F % ' v 1V
vV V &V | ¥ =20
or var hd Ib v 59&* L Y] TRV | | }
1 1 1 1 1 1 0 L 1
0 20 40 60 80 100 120 140 0 0 20 40 60 80 100 120 140
id id
1 BBNR-CPR R FKEIEITHR
Fig. 1 Effect of long-term operation of the BBNR-CPR reactor
(K 2). Nitrosomonas . Nitrospira . Zoogloea ()3 J& W %5 1 FE

M 2 w1, AERRTE BB, AR IR N B3 Rl
RSN SO BE R A R E 78 F A5 1)
W BOPEFBRAE (A PR T5 D8N WL B RER 180) ,

Anaerolineaceae _norank . Dokdonella . Dechloromonas .

ROREAR T AS W7 B, 1 AE DB N FF R Candidatus _

Competibacter |
SP154 . Thauera . Candidatus_Nitrotoga W)X} = i
Wit R A R AT TS BT TR, A AR S .

Candidatus_Accumulibacter

E2 FREBEFHTEMERAZRABSOMEENEE

Fig. 2 Relative abundance of the dominant species of the biofilm under different temperature conditions

Run-



1918 ®

F1 . BB Candidatus_Accumulibacter =15 /K AL PR R 5
HhE DL S B 1 ( phosphorus accumulating organsim
PAO) ™| T J@ Run-SP154 . Zoogloea VA N 1% )&
Candidatus_Competibacter [R5 ) F o H A W 5 o)
AE. I 2 b E By Ben A= W Ik a) k52 6, RGN
BBNR-CPR & W #% 4 W B N Candidatus_
B W F B & 5. Candidatus_
Competibacter J& ' J& T v LI W W W) Candidatus _
Competibacter phosphatis B\ IE LA EAG G R ATK i
UL IAE S . N RBET, RN s A A
A PHA By ) RE. AU (Y 52 6 Ak 7 P T G 7 s
( Thauera) , S & ( Zoogloea ) F0T LUK FH &Mk 5
PEAT AL, ELRTLAA B PHAS . Ak, BEE TR
FERYRRAR, e s e b oA 3 B B i A AL T
(40 Nitrosomonas ) VA J W fi§ R £k A fL B (0
Nitrospira) W4 BE AW T B, 55 it [a] i B A S A6 1)
e Candidatus _ Nitrotoga i = B AN W T
Candidatus_Nitrotoga J&=— PTG 1) I Al FR £5 48 1k
B (NOB), J& T B AR ™ > . 847 Hs [A) Al
T BV FER R, R4S
Frmfra s 4, A5 B A B A0 o 2 68 40 B AS KT e
85 DUMIRBERIRRAR, A 2 (45 O 4% o i S e 4
T B U0 T R T 1k et B8 ) 84k, 2 AR By
B, RO BUE A T R TR IR 00 A 10 40 R SR
TRAHTE. 98K, A W2 W B PR, S S R A
#F; 40 BBNR-CPR [ i 120 i ARG I, 5 o7 2 v
S R, A C/N Hy XS AR 0 I
NS AR YISO RERDRE A2 4k, [H X Se AL R A
FI T RO o R GE R B RE A A BEmAS . e, B
HRARE LR, MAAENEEBSES, B
A AT BER AN A2 R R e s . T
BBNR-CPR S s FEARIR A5 1F S AT AR AT B 0
SEACLA A RE ST, PRICHEI , SO & A ) B A7
TEFR I3 REWS Z A R YTk OR AR A AL RCR ,
SR JH 7k DR A A5 HC Al D 125 ) X T AR i Y
AOB Wy, 38 i e B sy 0y =X, AR SO
fr T HAT B R PHA B9 D) RE T RE 09 W) R AR XS 2 A
Wrdd s, AR SO A% AR P IR EAT I A7 PHA BB ).
2.3 IRARAFRKATIAE PHA

K3 RTERESLME T, AW COD iy
PR Y EN A7/ PHA (. #£7K COD
He BEFEHITEL 000 mg- L' 24

WilE 3 FioR, 3 AR (25, 15 FI8°C) A& T,
TER W MWORIR ( ZBREN) 12 h =, AW TR A
W% 43 51 O 54.91% | 49.37% Fl 45.68% , 5
25°CZAFAALL, 75 8C 4 A, LR COD ML

Competibacter

B = 40 &

8

oD COD §SPHB I PHV {15

1000 | ops 5

gee = — asec 12

800 | HHH  HH +H 12

600 | 13

BEEE | {3

1 000 s EEEI % [TTTTT 18

- _ 115
% 800 b HEE 15°C {12
£ i 19 2
8 600 | [ % 16 £
° ; B MR o 1

1000 | 18

ais 13

800 | HHH 8°C 112

{9

{3

“ B omm [ 1

0 2 4 5 12 F4FPHA

t’h
3 AEBEEREEHENTERIRER
Fig. 3  Storage of endogenous carbon by mixed growth

microbial community at different temperatures

TFET 29 10% , UG IR 15 56 & 52 w2 2k 4 X
VEFA B, F 0 A 4 FE P B B AR MR A5 1
WS VR 36 T o, e A %) B i) DR 328 oy 3k KK
TR B S0 BeAh, IRIRR, YT B TR
LR R R R I A A TG 8. 3 MRERMT
AN PHA & 550 ) 5 A W BT 800 16.24% |
11.49% #19.01%. 5 Jiang 208120 Johnson 2512
WF5E SBR [ W # IR A BB PHA 19 2R 8 518 )%
R AR, SEREE B —3, B PHA 19 it Fifl
FHU T B TF AN, T Pittmann 2550 BFSE T AL
£ 20°C A4 PHA 19 R B = , JF H PHB &
F PHV, 145 55 5 BRSO I8 3 4R 2 B AIK PHA (1)
Ly AR S G0N/ RE= N 1 € oy VW 2% o B ) € 3
WeJE (COD #1000 mg-L~") | A i PHA I} —
AT, PHA A B2 AR AR .
2.4 JRFER PHA R HR A R b 41 R A0 1 bR
[Tl

K 4 FoRMIBRLK:, 78RR EE I PHA & &
FAFT, AW e R 2 G 4 3 R XoF I 7 5 A R 1Y)

Pl 4 (a) B RR B 25 (8, 15 M125C)
IS VAR PN B B AR AL 3 ST Y R R
PRBHE. EF PHA ACE | SO i FE A i s 10
EBRFAPEAF]T 97.46 % . 100% F1 100% . i
Zrf PHA 7K, TR G TR RS SR 2% 0 1 A0 o 17 Wt il
ERT, BRI ZBRF 0 51E8] T 74.74% | 87.29%
81 71%. THAEAR PHA 7K BB 25 R 2 501l
11.39% . 35.02% F1 38. 08% , = Z it [H & Ak Wy it
P PHA Sl #E 0 ad A2 A B 3 AR 2 R
JER .

Bl 4 (b)) 7 ] BRCSE 56 o S F v BV
AEAL, FETCAMIMBR IR A1, IR AR RE AT

=X
=
1

é’(\
LLF

—



4 39 eSS . NURER PHA B0 A7 0 TR TR AR JRL R 1 1 2 ) 1919

1

18 FPHA HPHA

TP/mg-L™!

NH4*-N/mg:L™!

50

TEPHA 1IPHA fEPHA
40 N
_ 30
=
£
=
Z 20
10
0 | |
60 72
30 : .
EPHA 1 HPHA i fIEPHA
25 (d) ' v
- 1
oo20 F !
:El) 1
sk |
5‘ 1
4
0 + !
:
5 L |
1
I
0 kL 1 Il 1 1

(1] 12 24 36 48 6i) 72
t/h

E4 AEIREMAEPHA §EXHEBRBHZMN

Fig. 4 Effect of different temperatures and PHA contents on the nitrogen and phosphorus removal

FH PHA B Ry SR £k ik U5 FN 68 B AT R A 4k, BL7E
5 PHA JKF, IR R 8 15 FI25°CHE, MA LKA
A3k E] T 55.15% | 82.55% F195. 89% 5 8°C JL i
IR R R AN = Y SR R B IE A Y PHA %
WK, WA 7SR PHA V54 RORARRR IR, IR 7
KRy PHA SBEE; & PHA K, 3 MNMEE TR
SBATERABEKRER, FEFHZ PHA &5
AR A2 55 % PHA /KF, 3 NMREZEMT
A T AR BN, A TR A b I 4.
ST 4(b) AT 4(d) HiE PHA 7K°F, BBNR-CPR X
i 25 B RS AL A PR (A A SR W 0, SR Ak SR BH A
45 A LARI RS BRERAE Ny fi 152K LA S PHB /E R
TR AT AR R A, 5 2 E Y B 5 4 SR A
RIS RIR &M (<15°C) R, bR A i
AR BB RCR. 5 Lin 20 ZE RS RIR (15°C)
T & B AL B W 18 ( DNPAOs ) H A7 AR I B it 86 7
FEPE, BEUSHERE SBR R GE [RIHH I AU SR BESCR M 45
W3 UL AR IR 5% A AT DR AU R
f£ PHA, FEAF SRR REfs [T BREE | S fiffk.

Kl 4 (c) e St P 2d EO 2 28 4k, 78 PHA
WA (., 2 KR ), AR LB
R | RAHA LR AR R BRI (8°C F1 15°C)
HAMLBR LRI (25°C) 22, FEIFER R RE LM
AR PHA B i8I 38 AT RE 2 Al 4k 4H 18 19 T

PESZIRBE R AR, A Ao 1 22 S A A B Rk
ARAR AR RO 3 AR TR 2 A Ak 4 T A
PEFFEACRS AL /E R R, Ry PHA 7K1 5256 45 3ok
F, BMEZEARIE S (15°C) AW BATh SR EL Ao A il
FBREST, AT B A7 B PHA AT LS 5% A 3L ) 37
il 5 3 AT RS2 A W A R AR T A T 2 e 7 A NI
TR AR BE; AL 2.2 T e LM, 4
YR B SR T RE ) Nitrotoga oy & I il Ak
UIBETRHE Thauera , X WS 4 1718 H A7 HEHT AR 26
BERRRE ;s sEAh, RO A AN TR e 08 K e il i
A E I R AN A AL, W WAl R ER A, A
FI TR A S 8 T 61T

a4 PSSR, WA R AF
T PHA WYRIHE T, REUSAR LT b A FH P9 R e E 17 B
W, RAHf, EIROCR M RBRTE 3 HIREE AT
AL EHEARE. X E IR PHA K, 454 3 Hilk
JE T R R 25 R, PHA 252 520 U s i
M EZEHREK,; AR PHA KT, REAMR S, ]
G ERAORRE R AR BRBEFI R AH AL RE ST, BRI
F£7 PHA MR A BREELA it 32 (IR 0 R
2.5 IREGWHFEAFNRE ST PHA S22k

KI5 (a) 3R 3 A0S0 015 1% A= 40 JEE v 1) 3%
X PHA &5, 85 (b) Ron B — 5047 0 5 g I #E
PHA [



B 40 %

1920 7
10
gl @ BEZZPHB [ PHV
6F 25°C
4 L
1 L
10
s ¥
< j 15°C
2 L
10 | l
8 b
h E
4l 8°C
2 -
0 | . , X
24 48 72
10
g L (b) 25°C
6+
4 -
2 -
10
g 8r 15°C
-« 6
e
S 4r
2 -
10 B
8 .
6 8°C
4 -
2 -
0 | Fararirarara] | ZeTeToTe o7 I
24 48 72

i'h
5 PHA @EMTH
Fig. 5 Changes in the content of PHA

SIHTE 5 (b)), SB—F U A RN B BE Y PHA 728
b, LRI 3 AN Y S5 T I AERY PHA % &
KEAAF, 8. 15 F125°C X 3 MR S F7E = PHA
KFIHFE PHA 05 5 AT E 1Y 6.19% |
8.65% 1 7.86% ; 43H7r 0 ~24 h 4483 F2 (& PHA
K, MR R 8 15 AN 25°C B BB Y 25 bR R 4 5l
KENT 97.46 % . 100% F1100% , &b & 2 B F 55
KRBT 55.15% | 82.55% F195.89% , # Al A ABA
I Y 2B R A (B A RUTE 8°C &5k 4h, FE R
J&= 8C AU PHA X, THFEM PHA W AK) 5 WK
PIRA RFBRBE A i IR RE 1 5 PHA & % UIAH
XK. BLAR, 15CH 25°C Je B 451, PHA A2t , RA
HRFRSER M PHB, SRJ5THAE PHV, 3815015 /)
f) PHB tb PHV B 25 5 5 f0 2 W sc fL . e,
RAWEREZ 0 ~24 h I A ABRBE G, 1558 AEWS
FIAAR NI FE B 5% B PHA 4E359—%5 (24 ~48 h)
(R SR RN SR, TR MIAE 15°C F1 25°C &A%
(14 B R B B SRS P A2 4 i A K, {HAE 8°C
FUET, REMAEMERNITAF— 28 PHA, {Hiit
fF PHA FTHFEREBAR D, X SRR IE Y AR A5 nl B
e Se 8 T T AR F i A W8 MR A BT 7 1 SR AR e
T A 2 DL A8 36 2 S i b BT 75 1) i R 5 e

BBNR-CPR [ b g i 4 i [l e 1 iz 4707 X, g
g5 s KR B A AF PHA BEJT R DI RETA I,
JF38 2 DR AU [ R i Y PHA HEAE A 7L 1) 52
Wil g AT LS 1 PHA 2 2 IV 2% AE 1% 75 it 52
R s B A

3 it

(1) 38 3 ST it S5z 7 sk R R -l T L PR3 4 7
3, BBNR-CPR RN #EMRIR ( <15°C) | iR C/N L
FAF L RENS AERF RS AF I bR . AR,

(2) B I B (R REEAIS | 2L A3 A7 s T f 1
BBNR-CPR [z N #% N B A B & Bk %5 2h (e #h )8

( Candidatus_Competibacter . Candidatus_
Accumulibacter ., Run-SP154 . Thauera. Candidatus _
Nitrotoga) B RF G 32 AN W T , WA RIR AT
AL TR ; X LEFP R A HA I AF PHA R IIRE.

(3) R IR IZ A7 IF Bz 7 5 1) A 0 B 4[]
SEH, R AR AR BRI BE | S0 I ] — B 2
T, R ZFEAR PHA 15 .

(4) WFFE BBNR-CPR S a4 TR 45 TR AETE AN [+]
PHA 7KFRMHR IR AE T, A BLAR YR PHA Tl
PP, BAT R i I A BRSO, REAEIEAR
B X I AR W P 52
SE 0k
(1] 3RINE, HES, B8k, 5. BERIBOoSRA/ 5 fse g XAk

WERE/BRBEM S [J]. HEER %, 2014, 35(3): 979-
986.
Zhang S, Tian Q, Tang M L, et al. Effect of Phosphorus
recovery on phosphorus bioaccumulation/harvesting in an
alternating anaerobic/aerobic biofilter system[ J]. Environmental
Science, 2014, 35(3) : 979-986.

[2] LeiM, WangSY, Li BK, et al. Effect of carbon source type on
intracellular stored polymers during endogenous denitritation
(ED) treating landfill leachate [ J]. Water Research, 2016,
100 405-412.

[ 3] Huang L, Chen Z Q, Wen Q X, et al. Insights into feast-famine
polyhydroxyalkanoate ( PHA ) -producer selection; Microbial
community succession, relationships with system function and
underlying driving forces[ J]. Water Research, 2018, 131; 167-
176.

(4] W, BRIRT, DR, % KRNI 8RR K/ w1

fRBIRREIA[ )], FREIRIE, 2007, 28(9) : 1970-1974.
Tao Y, Chen Y G, Ma M, et al. Long-term and short-term
effects of propionic/acetic acid ratios on metabolism of glycogen-
accumulating organisms [ J]. Environmental Science, 2007, 28
(9) : 1970-1974.

[5] Tian Q, Zhuang L. J, Ong S K, et al. Phosphorus (P) recovery
coupled  with increasing influent ammonium facilitated

intracellular carbon source storage and simultaneous aerobic

phosphorus & nitrogen removal [ J ]. Water Research, 2017,
119 . 267-275.

[6] Wang X X, Wang S Y, Xue T L, et al. Treating low carbon/

nitrogen ( C/N ) wastewater in simultaneous nitrification-



4 39

eSS . NURER PHA B0 A7 0 TR TR AR JRL R 1 1 2 )

1921

(7]

[10]

[11]

[12]

[14]

[15]

[17]

[18]

endogenous denitrification and phosphorous removal ( SNDPR)
systems by strengthening anaerobic intracellular carbon storage
[J]. Water Research, 2015, 77 191-200.

Zeng R J, Lemaire R, Yuan Z G,

nitrification, denitrification, and phosphorus removal in a lab-

et al. Simultaneous

scale sequencing batch reactor [ J ]. Biotechnology and
Bioengineering, 2003, 84(2); 170-178.

Saad S A, Welles L, Abbas B, et al. Denitrification of nitrate
and nitrite by ‘ Candidatus Accumulibacter phosphatis’ clade 1C
[J]. Water Research, 2016, 105 97-109.

Wang X X, Wang S Y, Zhao J, et al. Combining simultaneous
nitrification-endogenous denitrification and phosphorus removal
with post-denitrification for low carbon/nitrogen wastewater

Bioresource Technology, 2016, 220, 17-25.
Miao L, Wang S Y, Li B K, et al. Advanced nitrogen removal

treatment[ J ].

via nitrite using stored polymers in a modified sequencing batch
reactor treating landfill leachate [ J]. Bioresource Technology,
2015, 192 354-360.

JiJ T, Peng Y Z, Bo W, et al. Achievement of high nitrite
accumulation via endogenous partial denitrification ( EPD) [ J].
Bioresource Technology, 2016, 224 . 140-146.

Pradhan S, Borah AJ, Poddar M K, et al. Microbial production,
ultrasound-assisted extraction and characterization of biopolymer
polyhydroxybutyrate (PHB) from terrestrial ( P. hysterophorus)
and aquatic ( E. crassipes ) invasive weeds [ J ]. Bioresource
Technology, 2017, 242 304-310.

Inoue D, Suzuki Y, Sawada K, et al.

accumulation ability and associated microbial community in

Polyhydroxyalkanoate

activated sludge-derived acetate-fed microbial cultures enriched
under different temperature and pH conditions[ J]. Journal of
Bioscience and Bioengineering, 2017, 125(3) : 329-345.

Liu S L, Li J Z. Accumulation and isolation of simultaneous
denitrifying  polyphosphate-accumulating ~ organisms in  an
improved sequencing batch reactor system at low temperature[ J].
International Biodeterioration and Biodegradation, 2015, 100,
140-148.

Laureni M, Falds P, Robin O, et al.
nitritation and anammox: long-term process stability and effluent

Water Research, 2016, 101:

Mainstream partial

quality at low temperatures [ J ].
628-639.

&3, IREEXT A2/0 RGN FMREAE K A R B AL B A
FE[D]. WRIREE: MR/REE TR, 2013, 15-20.

Jin Y. Effection of temperature on the performance of an A%/0
process and enhancement of nitrogen and phosphorus removal
[D]. Harbin: Harbin Institute of Technology, 2013. 15-20.
Helmer C, Kunst S. Low temperature effects on phosphorus
release and uptake by microorganisms in ebpr plants[ J]. Water
Science and Technology, 1998, 37(4-5) . 531-539.

Jiang Y, Marang L, Kleerebezem R, et al. Effect of temperature
and cycle length on microbial competition in PHB-producing
sequencing batch reactor[ J]. The ISME Journal, 2011, 5(5):

[20]

[21]

[24]

[25]

[27]

[28]

[29]

[30]

[31]

[32]

896-907.

Inoue D, Suzuki Y, Uchida T, et al.
production potential of heterotrophic bacteria in activated sludge
[J]. Journal of Bioscience and Bioengineering, 2015, 121(1) ;
47-51.

Johnson K, Van Geest J, Kleerebezem R, et al. Short-and long-

Polyhydroxyalkanoate

term temperature effects on aerobic polyhydroxybutyrate producing
mixed cultures [ J]. Water Research, 2010, 44 (6):. 1689-
1700.

Tian Q, Ong S K, Xie X H, et al.

recovery and biofilm microbial community

Enhanced phosphorus
changes in an
alternating anaerobic/aerobic biofilter[ J]. Chemosphere, 2016,
144 . 1797-1806.

BATRG. KRB KM A i [ M. (BRI . dbst:
L SR BERL A T RTAL, 2002, 266-268.

Tan G Y A, Chen C L, Ge L Y, et al.
method  for

Enhanced gas

chromatography-mass  spectrometry bacterial

polyhydroxyalkanoates analysis [ J ]. Journal of Bioscience and
Bioengineering, 2014, 117(3) . 379-382.

Seviour R J, Mino T, Onuki M. The microbiology of biological
phosphorus removal in activated sludge systems [ J]. FEMS
Microbiology Reviews, 2010, 27(1) : 99-127.

Mecilroy S J, Albertsen M, Andresen E K, et al. * Candidatus
Competibacter ’ -lineage genomes retrieved from metagenomes
reveal functional metabolic diversity [ J]. The ISME Journal,
2014, 8(3): 613-624.

Marang L., Van Loosdrecht M C M, Kleerebezem R. Enrichment
of PHA-producing bacteria under continuous substrate supply
[J]. New Biotechnology, 2017, 41 55-61.

Alawi M, Lipski A, Sanders T, et al. Cultivation of a novel cold-
adapted nitrite oxidizing betaproteobacterium from the Siberian
Arctic[ J]. The ISME Journal, 2007, 1(3) : 256-264.

Liicker S, Schwarz J, Gruber-Dorninger C, et al. Nitrotoga-like
bacteria are previously unrecognized key nitrite oxidizers in full-
scale wastewater treatment plants[ J]. The ISME Journal, 2015,
9(3): 708-720.

Zhou H X, Li X, Xu G R, et al. Overview of strategies for
enhanced treatment of municipal/domestic wastewater at low
temperature[ J]. Science of the Total Environment, 2018, 643,
225-237.

Pittmann T, Steinmetz H. Polyhydroxyalkanoate production as a
side stream process on a municipal waste water treatment plant
[J]. Bioresource Technology, 2014, 167 297-302.

Zhao X Y, Yang J X, Bai S W, et al. Microbial population
dynamics in response to bioaugmentation in a constructed wetland
system under 10°C [ J]. Bioresource Technology, 2016, 205
166-173.

Kouba V, Vejmelkova D, Proksova E, et al. High-rate partial
nitritation of municipal wastewater after psychrophilic anaerobic
pretreatment [ J ]. Environmental Science & Technology, 2017,
51(19): 11029-11038.



HUANJING KEXUE Vol.40  No.4

Environmental Science (monthly) Apr. 15, 2019

CONTENTS

Source Apportionment and Mixing State of Single Particles in the Nanjing Jiangbei New Area YU Xing-na, SHI Zheng, MA Jia, et al. (1521)
Characteristics of Carbonaceous Aerosol Pollution in PM, 5 in Xi'an MU Zhen, CHEN Qing-cai, WANG Yu-qin, et al. (1529)
Chemical Composition Characteristics and Source Apportionment of PM, 5 During Winter in Taiyuan LIU Su, MA Tong, YANG Yan, et al. (1537)
Seasonal Variation and Source Analysis of Water-soluble Inorganic Tons in Fine Particulate Matter in Zhengzhou YAN Guang-xuan, ZHANG Jing-wen, LEI Hao-jie, et al. (1545)
Elemental Characteristics and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in a Suburb of Zhuhai City =«++eeeseeerereeeeee YANG Yi-hong, JIA Yan, BIAN Guo-jian, et al. (1553)
Impact of a Dust Event on the Size Distribution of Metal Elements in Atmospheric Aerosols at a Coastal Region and over the Ocean «++++++++++ JIN Tong-jun, QI Jian-hua, XI Zi-yan, et al. (1562)
CALPUFF Modeling of the Influence of Typical Industrial Emissions on PM, 5 in an Uthan Area Considering the SOA Transformation Mechanism  ++- GAO Shuang, BO Xin, MA Yan, et al. (1575)
Variation in Pollutant Concentrations and Correlation Analysis with the Vegetation Index in Beijing-Tianjin-Hebei -++:++xereeveerereeneenvnnnne SUN Shuang, LI Ling-jun, ZHAO Wen-ji, et al. (1585)
Estimation of Coal Consumption and the Emission of Related Contaminants in the Plain Area Around Beijing During 2015-2017 *+ ZHAO Wen-hui, LI Ling-jun, LU Hai-feng, et al. (1594)
Column-integrated Aerosol Optical Properties Determined Using Ground-based Sun Photometry Measurements in the Hangzhou Region *+++++++= QI Bing, CHE Hui-zheng, XU Ting-ting, et al. (1604 )
Speciated VOCs Emission Inventory and Ozone Formation Potential in Sichuan Province ZHOU Zi-hang, DENG Ye, TAN Qin-wen, et al. (1613)
Characterization of Volatile Organic Compounds from Cooking Emissions +«+xseeseeeresessseesninsinensienen B SRR GAO Ya-qin, WANG Hong-li, XU Rui-zhe, et al. (1627)
Analysis of Peroxyacetyl Nitrate and Ozone During a Typical Photochemical Pollution Process at the Panyu Atmospheric Composition Station +++++++ 70U Yu, DENG Xue-jiao, LI Fei, et al. (1634)
Characteristics and Interannual Variation of Chemical Components in Typical Road Dust in Beijing =~ «r«+«ssesserserseesenenensneneniensininsneennes HU Yue-qi, LI Meng, YAN Xu, et al. (1645)

Sources Analysis and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in the PM, s Fraction of Fugitive Dust in Nanchang City «+eseseeeresseressensissnnsini.
YU Rui-lian, ZHENG Quan, LIU Xian-rong, e al. (1656

FAN Shou-bin, YANG Tao, WANG Kai, et al. (1664
MA Shuai, ZHANG Kai-shan, WANG Fan, et al. (1670

)

Methods and Application of Road Fugitive Dust Emission Factor Localization )
)

YANG Tang, HAN Yun-ping, LI Lin, et al. (1680)
)

)

)

Characterization of Tailpipe Emissions from in-use Excavators

Microbial Properties of Different Size Aerosols at Human Average Respiratory Height During Fog-haze Days «+++++++++++-

Modification and Performance Tests of Visibility Parameterizations for Haze Days «+:+seeoreveeeseeeees ZHAO Xiu-juan, LI Zi-ming, XU Jing (1688
Application of Support Vector Machine Regression in Ozone Forecasting SU Xiao-gian, AN Jun-lin, ZHANG Yu-xin, et al. (1697
Analysis of PHEV CO, Emission Based on China’s Grid Structure and Travelling Patterns in Mega Cities  +++esresreereereresressensensnnsneeneens HAO Xu, WANG He-wu, LI Wei-feng, et al. (1705
Sources of Nitrate in Groundwater and Its Environmental Effects in Karst Trough Valleys: A Case Study of an Underground River System in the Longfeng Trough Valley, Chongging «+++++++

................................................................................................................................................... DUAN Shi-hui, JIANG Yong-jun, ZHANG Yuan-zhu, et al. (1715)
Pollution Characteristics and Ecological Risk Assessment of Phthalate Esters (PAEs) in the Surface Water of Jiaozhou Bay - * LIU Cheng, SUN Cui-zhu, ZHANG Ge, et al. (1726)
)
)

Distribution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Sediments of Zhanjiang Bay -+ PENG Shi-yun, PENG Ping-an, KONG De-ming, et al. (1734

Analysis of the Optical Properties and Factors Influencing DOM in an Ecological Purification System: A Case Study of Yanlong Lake in Spring ~ ++++-: MA Rui, LI Xuan, WANG Lian, et al. (1742
Analysis of the Relationship Between Dissolved Organic Matter (DOM) and Watershed Land-use Based on Three-dimensional Fluorescence-Parallel Factor (EEM-PARAFAC) Analysis -+
+ LI Yun, WEI Hong-jie, WANG Kan, et al. (1751)

Analysis of the Characteristics of Nitrogen and Phosphorus Emissions from Aglicuhural Non-point Sources on Hanfcng Lake Basin ++++++ XIE Jing-chao, ZHAO Xiu-lan, HE Bing-hui, et al. (1760)
Simulation of the Migration and Leaching of Nitrate Nitrogen in the Farmland Soil Profile in a Hilly Area of Taihang Mountain with the RZWQM Model ~ «+-«+seseesseseseeemenmensininnnnien
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHENG Wen-ho, WANG Shi-qin, LIU Bing-xia, et al. (1770)
Spatial Distribution Characteristics of Nutrients and Chlorophyll A in the Lancang River Basin Under Cascade Reservoirs —+-«sseseeseereeseeees CHENG Bao, WANG Xue, MA Jin-chuan, et al. (1779)
HE Lu-lu, YANG Ping, TAN Li-shan, et al. (1788)
Distribution and Environmental Risk of Pharmaceutically Active Compounds in the Traditionally Aqueous Phase of Effluent-receiving Rivers «e-seessessessersesemenensisininsinsininsnnien
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Shuo, LIU Jian-chao, ZHENG Chao-ya, et al. (1797)
Effects of a Green Roof on Stormwater Regulation and Cost-benefit Analysis LI Jun-sheng, YIN Hai-wei, KONG Fan-hua, e al. (1803)
)
)

Nutrient Distribution of Overlying Water in Tidal Marshes in Five Estuaries and Bays of the Fuzhou Region in Autumn <+

Ultrasonically Activated Persulfate Degrades Typical Odors in Water SUN Xin, SUN Jie, LI Peng-fei, et al. (1811
Metal Organic Framework MIL-53(Fe) as a Photocatalyst for Visible-light Catalytic Reduction of U( VI) in Aqueous Solution «+++++++s+ssssseeeees YAN Zeng-yuan, XI Hai-ling, YUAN Li-yong ( 1819
Effects and Differences of the Release of Dissolved Organic and Inorganic Phosphorus in Different Sediments Covered by Different Materials of Erhai Lake ~e+vereoeeeeeerereenensssimnnenennnines
- +++ GONG Jia-jian, NI Zhao-kui, XIAO Shang-bin, et al. (1826)
Phosphate Removal Using Rice Husk Biochars Modified with Lanthanum Hydroxide XU Run, SHI Cheng-hao, TANG Qian, et al. (1834)
)
)

Characteristics and Heavy Metal Adsorption Performance of Sewage Sludge-derived Biochar from Co-pyrolysis with Transition Metals ++++* CHEN Tan, ZHOU Ze-yu, MENG Rui-hong, et al. (1842
LI Yu-jiao, YANG Zhi-min, CHEN Yu-cheng, et al. (1849

Adsorption, Reclaim, and Regeneration of Cd by Magnetic Calcium Dihydrogen Phosphate Nanoparticles -

-+ MA Hang, LI Zhi-peng, LIU Feng, et al. )
++ LI Dong, CUI Ya-gian, ZHAQ Shi-xun, et al. )
LI Dong, WANG Ying-giao, LI Shuai, et al. )
ZHOU Ya, MAI Wen-ning, LIANG Jia-wei, et al. )
WANG Xu-hui, YANG Lei, REN Yong-xiang, et al. (1892)
)
)
)
)

Pre-precipitation of Sewage SNAD Granular Sludge Process Test

Impact of Actual Domestic Sewage and Simulated Wastewater on an Aerobic Granular Sludge System

Nitrogen Removal Performance of a Sulfur/Pyrite Autotrophic Denitrification System

Nitrogen Removal by Heterotrophic Nitrifying Bacterium Pseudomonas putida YH and Its Kinetic Characteristics

Effect of Sludge Retention Time and pH on the Denitrifying Phosphorus Removal Process WEI Jia-min, HUANG Hui-min, CHENG Cheng, et al.
Microbial Community of Granular Sludge in an ANAMMOX-EGSB Reactor Under Saline Conditions — ++++sesetveeerssnssnesnennssneinenens WANG Han, LI Han-xiang, CHEN You-peng, et al.
Effect of Intracellular Carbon Source (PHA) Storage on the Mixed Growth Microbial Community Resistance to Low Temperature ~«++++++* YANG Jian-peng, ZHANG Jian, TIAN Qing, et al.
+==+ WANG Chao, LIU Qing-wei, ZHI Yin, et al.
Contamination Characteristics and Safety Risk Assessment of Perflurorinated Alkylated Substances in Aquatic Products from Guangzhou ««++sesveseeeseseseensnmeneninniiii
............................................................................................................................................................ WANG Xu-feng, WANG Qiang, LI Zhi-guang, et al. (1931)
Characteristics of the Dissolved Nitrous Oxide (N,0) Concentrations and Influencing Factors in a Representative Agricultural Headwater Stream in the Upper Reach of the Yangtze River
TIAN Lin-lin, WANG Zheng, HU Lei, et al. (1939)
CH, Uptake in Different Saline-alkaline Soils in Hetao Irigation District, Inner Mongolia YANG Wen-zhu, JIAO Yan, YANG Ming-de, et al. (1950)
Allocation and Stabilization Responses of Rice Photosynthetic Carbon in the Plant-Soil System to Phosphorus Application «+++++++++- WANG Ying-ying, XIAO Mou-liang, ZHANG Yun, et al. ( 1957)
Effect of Soil Moisture and Temperature on the Soil Inorganic Carbon Release of Brown Limestone Soil in the Karst Region of Southwestern China -+ :
............................................................................................................................................................... XU Xue-chi, HU
Temporal and Spatial Dynamics of Soil Microbial Biomass Carbon and Its Influencing Factors on an Eroded Slope in the Hilly Loess Plateau Region -+
........................................................................................................................................................................ QIN Qian, ZHU Shi-shuo, XIA Bin, et al. (1973)
KONG Chen-chen, ZHANG Shi-wen, NIE Chao-jia, et al. (1981)
WANG Dong-sheng, ZHU Xin-meng, YANG Xiao-fang, et al. (1990)

Contents and Forms of Phosphorous in the Municipal Sewage Sludge of China ««+s+sssssssessrsssrsmsmssnsnsnesissn e

NG Yuan, HE Xun-yang, et al. ( 1965)

Composition, Characteristics, and Accumulation of Antibiotics in the Soil in Agricultural Land

VOCs and Odors Control and Development in Pharmaceutical Fermentation Industry ««-««-«sesseseeseeseeneeses



