


W % B 3 $40 % 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4F 4 H 15 H

H &K
BT AL X RS U S VBT MR AR s R R B R L B, D, M, 2R IE(1521)
PEETT PM, 5 PRSI TS Y e --- - - 2%, WRE, TUR, MR, £5r7, %ﬁﬁ Wik, EAE. K p(1529)
KIETH%4-F= PM, %iﬂﬁﬁﬁﬁ%ﬁ%ﬁ ------------------ XE, LY, ik, B, Bk, BB, B, kEA(1537)
f[g}[[rﬁjgméﬂmﬁ#%q:j(ﬁ@%% A PEASAVARAE Ky LRBAIT <o vveemerneene
................................. ]j)’f& ngF]X, Bﬂ%"\j( %/ﬁdvb,%%ﬂ,gé\ ?zi,ﬁ*ﬁ? EE}(EE, WNJ(1545)
FRHFTIABIX T PM, , HPE B R T R TR AR -oovoeeveoe R, B, FEE, TR, #E%F, ABA(1553)
YU R IR KR T G JIRLRE A A LGB vvvevoeeess oo SRl R BRI, BEE(1562)
T SOA LA AR T T AL BRA R TG o oo
.............................................. j% {é% %E *@@ E[}“ ?H‘J’% f‘f?ﬂf‘[‘] %W ﬁﬁﬂﬂﬁ, %mm%(1575)
FORBR I ﬁ%ﬂﬁ&ﬁﬁﬁﬁﬁﬁmiﬁﬁﬁ ----------------- AI EAF, BXE, FEE, Bk, ZHM(1585)
2015 ~ 2017 AFAb 50 2 I F 31 BAR AR IS K L7 BRI -+ ereeveneeseeneneesseesssneneseannesesses s esenenssenn,
........................................................................ ﬂx% 3}2/\% j—ﬁlh%, %EE ﬁﬁlﬂl E%‘fﬁ ﬁl}g/](1594)
ST M SRR BN HD D MR oooevev Fok, RBE, R, ﬁ%ﬁ,ﬂ Bash, BFE A (1604)
U148 NGB S AT WL 2L 4305 20 R H L AR JTBEBAL e e ettt
..................................................................... )%]—Trﬂm, g(g;@” iggk‘x, %7}:5]7%5, x}sﬂﬁ(’ %mg’ };’]/J\f/%(1613)
U JAEAT DU AL - vve v WEE, TAW, FEE, REN, XRE, YTE(1627)
PRI R ORI YIBIAGETTHIS TR PAN B Oy SPAT cooveoverescesceeens a%, WER, BE E&J&%(lﬁu)
jtgfﬁggiﬁ%% MEEELH VAL RAEBRTEAL,  «eeeererrereremmmmmrmimmiiiiiiiieitt e g;ﬂ;] H, Ew, f»'ﬁ}b % 8(1645)
BT PM, o ZER SRS MR BB vveoeoee THE, M, %, ERA, HA I, HALE(1656)
E % "‘ﬁFﬁkl?Liﬁ/f&'ﬁfﬁﬁ .................................................................. *:{;H:/;’ ;%/;ﬂ%’ E%}L, ?égﬂé(l664)
PRAE T R AL R S TR AMT v vvvvvvmmrrrreeeeeeeetee ettt ettt e e ettt
---------------------------------------- D, KL, EW, BUA, KW E, F, B, Wi, RS, TR(1670)
50 RV U 5 5 A R LR TR B oo o W, BEE, E, X5 (1680)
%35 & LRSS T B2 IR HE B TR IELTTAL «evvvevrevmmmmmmmnereeeeeeeee et MEIE, A4, il (1688)
S FFIHEALI T ZE SR I o oveeceeseenssenes e UM, %ok, KEM, BRG, X%k, EA(1697)
L o ] i 25 4 % — 2 MR 2 4R E ) PHEV — SRR - e, EHR, %%, BOEAE(1705)
SRl 2R 1 T A] A R R I TR LIRS . DA IR R 25l TN BRGE TG «ooeeeerrrrmrmmmmmmmmmmmrmmneenereeteeeeeeeeee
............................................................ B, GEE, KB, BE, TEMH, 2F, B¥EL, 2 HE(1715)
I PH S 2 K Ak o S8 AR PP TR R 114 75 R AE A 25 U oo A, IR, KA, EE, BLA, REE, FHER(1726)
YR PSS (HCHs) T35 ( DDTs ) 45 HUEAR 25 0040 A EHE 55 KU A «ooovveeeeermmmee e
...................................................... Uik s, R, LEW, hEd, THRR, 2ER, P54, REE(1734)
HEZSEAL R SR DOM Gkt B 520 R 24347 - U\ihjz/,ﬁﬂ%éjq{ﬂ.............................‘..‘ ................................
.............................................................................. _%;5’ é}ﬁ’ E;é’ E%ﬁ, %ﬂg, Tﬁk, %@}35(1742)
AR DL (DOM) 5 DIl - MR FI Y O 2R < T 29GP AT T 2007 (EEM-PARAFAC) weveeeeesesmsnnneeesesnnee
............................................................................................. Auy, B A, AL, KB, FEE(1751)
I T VRS YL EURRHETCE AL A0 - eeermrmmeeeemmmm e BEE, BEL FAHE, 2E%(1760)
FET RZWOQM HSEUBD AT LI L B8 X R B S AN BT R I I e eeeeeeemmmm
....................................................................................... XK, THE, XNHE, FEF, F#A(1770)
VBB K B L F K R TR RIS o (92 R e 4290, 25, D)1, HEM, A%, B8 (1779)
A B P ) L0387 0 BT | B K FEh A AR oo eveveeseeeee WEFE, #F, Bl 4], FEF(1788)
B2 PhACs TEFE B KA AR B 20T JL BRI XU v eeeeeeeeeeeemeemmtmttiit e s e e ettt e e
..................................................................... iaﬁ‘ ;(]J}%i ﬁgi]}_ gﬁ 7K -L!F?Jg_wk TI‘J‘\E%, [%75::11@(1797)
SR RTIRTLEAE ) GHGE M vvverereerseresennsssns sl Sk, P, LEL, RET, H42(1803)
AP A TRV K ORI ... o 3N AN, BRI, Ak, BEEE(1811)
/\Eﬁmﬂ: MIL- 53(Fe)7mfﬁf§’ﬂﬁl_)?7kqj U( V[) ............................................. ]j;}-ﬁm ’Jfﬁf/y\ ilﬁ( 1819)
T MRS [ 15 X TR e 25 AT L I A U BRI B ) B 55 weevmemmmmmme ettt
........................................................................ Q'Efif%, ﬁ:”&iit, %ﬁlﬁﬁf&, ﬁ@ﬁ, }ﬁjéﬁ’ Ei\ﬁuﬁ(l826)
A EN FLAE ST AE AR BRIEPERE oo T, BN, BEE, BRR, R, £ E(1834)
ﬁﬁﬁ%ﬁi%ﬁMﬁﬁﬁi EWW&% ------ Wi, AR, Bk, X BE, ThE, BXE, 4F, X5H(1842)
YPORBEVERETR — S50 Cd BYMR | TS AR oveerrrrrrrrreeeeeeeiiiieees BN, R, RER, £E, Bik(1849)
IR IR R ERER B K A AL ™ S it B BRAL U AT - FE, o, AR (1857)
TR RS S IO g AL SELVE 7K 5 I 7K P e ST Ge e -+ S, EZWG, Mg, m, RE, EF, BREMH(1865)
A TG K FTVE -SNAD JIURLTG I8 T 20/ MVEL  woeeerrmmmmeersses i A ERfE, RER, SR, KA1871)
AT K S AT Eﬂ?kXTﬁ%%\?ﬁ*ﬂ?{}E/%éﬁE’Jﬂ’ﬂﬂ L RRLLLL IR BACFMAE, 20, kA, FEH (1878)
BB/ TR F IR SRR ARG EERE -vveerreeeremeeeeenns %ﬂ,%i?,%%ﬁ,ﬁ%$a¢ﬁ,éﬁﬂ,gﬁm%ﬂ
E%ﬁﬁﬂﬁ?ﬂﬂ% Pseudomonas putida YH E/Jﬂﬁﬁ%‘gf#ﬁ&%ﬁgﬁ'ﬁ# """ AIMEE L, HEH, KT, HE, £33, HHISF‘F( 1892)
Eﬁ#&pHﬁﬁﬁﬁ%%WI BURBIYFEI +ovveveeeneessnnneeneens %&@,ﬁ%@,ﬂﬁ,%%%,ﬂiﬁ,%%&U%m
ERPESRAF T ANAMMOX-EGSB W, i URLT5 JE T AE MR - vvveeee oo Euy, @A, RERES, S, 20, ¥ (1906)
IR PHA B0 A5 R A R R IRAF AR - eeeeeeeeeees WM, Kb, B, KW, FI7, Wolfgang Sand (1914)
T B S T PR & R SGTE AR «oeeeeeemeeee e TH, Kk, RE, BN, £, 2%, %%ﬁﬂ%m
AT K™ i 2 RUGE AL B ) 0995 YU AR N2 A XU DAY e Thilg, Tk, BEr, HI, a4, BAF(1931)
FAT B SR PR R A B (NO ) YR BERFAE SFEIA R ZR <-eeveeeeeeneeee Hiksdh, TE, #&, ff;‘%ﬁf, R (1939)
P52y Tl 2 X [ R L 458 CH, %Ulﬁ(ﬂ@ ............................................. WA, B, HiE, BE#(1950)
7K}éﬁ‘ﬁ%ﬁi)%ﬁ$ﬁ$ﬂ§-i%%éﬁﬂ1ﬁﬁﬂ lﬁi% X]‘BE@QE/Juﬁr“ ...........................................................................
............................................. s }g]l%EC KAy, /&Qj_;ﬂ T}tﬁ;’r‘], 4%@‘3\ ZAK, ;K)/j— %%(1957)
K AT T RS 7L AL Gpoh, HE, ME M, TR HUE(1965)
B P DB I SR B BRI 2 S BRI 26 oo T, KU, BH, KA, HHH(1973)
A b AR R U AE SRR B e e LEE, ?KﬁiX ZHY, HEFT(1981)
R IERIZE VOCs SURIATIF RIS SR8 - ERFA, KHAF, Wik, BUHE, A, REM, BH5, HH(1990)

(ARBERZENVAEIT S 35 (1612) (ﬂftﬂ%wﬁfmsﬂkl(ﬂsn f51.(1663, 1796, 1833)



ChsE ;7

Eco-Environmental

Knowledge Web

5540 45 54 1 2019 4E 4 A
Vol. 40, No.4 Apr. , 2019

B M %
Environmental Science

& E S IK I IE-SNAD Bk 5 TE /)it

A BRSO BCHERD', xR, R

(L AEE Tk R2F 5 TR AR, KR SRR E TR T s S e =, bt
B, AT KSR SRR E R H S SR %, MR 150090)

FEE . RAIATEIK, 76 SBR s g sh DA . IR ARG LAk (SNAD) ikii5 e 1.20, RG22 i bR i
KERWSE, RAA BT — B S BA TG BTG 15K, %48 SNAD BURLIE U6 1. 20 Ak 3 A 16 15 7K 19 e 0 1 e K
EPE. LKW, SNAD TG, BRAERERT 98% , MAERETE 89% ity , Mtk & A HIE B W%, W
HEREE SE AL BT (NOB) 1 PETH R, AL BRRBHT NI E 75% A4, B ATULE L& 57K (NH, -N 52 ~63 mg-L~', COD 99 ~
123 mg-L™ ") 5, FHEAEBRRN 73.2% , HK COD HRIELE 35 mg- L' LU, e KH/KEEMBAWKE N 0.7 mg-L~'F
12.8 mg-L~", #%4E 30d LA L H /K S ZUR S EUR R B O TS /K AR BE T 75 G W HE ORI ) — 2 A HERIORRHE , ST 236 157K
TR L e s L By H Y.

KHEIF :SNAD T 205 WivE; AR T5K; WOkLT5 e ; 2 H IR A (CANON) 1.2

hESHES. X703. 1 XEHFRIAT. A XEHS . 0250-3301(2019)04-1871-07 DOI: 10. 13227/j. hjkx. 201807227

100124 ; 2. M5 /R¥E Tolk R2F IR g2

Pre-precipitation of Sewage-SNAD Granular Sludge Process Test

LI Dong', CUI Ya-gian' ,ZHAO Shi-xun', LIU Zhi-cheng' ,ZHANG Jie'*

(1. Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, College of Architecture and
Civil Engineering, Beijing University of Technology, Beijing 100124, China; 2. State Key Laboratory of Urban Water Resource and
Environment, School of Environment, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Using artificial water, the simultaneous partial nitrification, ANAMMOX ( anaerobic ammonium oxidation ), and
denitrification (SNAD) granular sludge process was started in a sequencing batch reactor (SBR) , and then the ammonia concentration
in the influent was reduced gradually. After stable operation for a period of time under the low ammonia concentration, sewage treated
by a pre-precipitation process was used as a substrate to investigate the performance and stability of the SNAD granular sludge process.
The results show that after the SNAD process was successfully started, the ammonia removal rate was greater than 98% , and total the
nitrogen removal rate was about 89% . As the influent ammonia concentration decreased, the nitride-oxidizing bacteria (NOB) activity
was increased and the total nitrogen removal rate gradually decreased to 75% . When the pre-precipitated domestic sewage (NH," -N 52-
63 mg-L~", COD 99-123 mg-L™") was used as the inflow, the average effluent removal rate of the total effluent was 73.2% , the
effluent COD concentration was below 35 mg-L.™" | and the maximum effluent ammonia nitrogen and total nitrogen concentration were
0.7 mg-L™" and 12. 8 mg-L~". The ammonia and total nitrogen concentration in the continuous 30 day effluent reached the 1A level of
the integrated discharge standard of water pollutants for municipal wastewater treatment, indicating that the removal of organics and
nitrogen from domestic sewage was achieved efficiently and synchronously.

Key words:SNAD; pre-precipitation; sewage; granular sludge; CANON
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1.1 M5

N AR IR R A AR TS Je A5 KA BT A%/
0 TZRGTH. RAAAMMGIek A LR =N
FEIZATHY SBR RN 4%, 15 ¥k B S 000 ~ 6 000
mg- L', BAERRLE 80% Aiti; A0 T. 251k

K B ACRT R G TG K AL B, V5 YRk BE A3 500 ~
4500 mg-L~".
1.2 SEEAK

SIS B B B R N B K, A8 R K FR s
NH, (SO, ), FIA & &4 $2 ft % & Fn CcoD, 4% Jm
NaHCO, &AL ITCHLasR I M i, fA%F pH 7E 7.0
~8.0. MgSO,-7H,0 5 mg-L~", K,HPO, 2 mg-L™",
CaCl, - 2H,0 3 mg-L™', fE CREWgm 1. 1
1LOmL-L™". S e RWAm I mAEHM (g- L")
EDTA 5, FeSO, 5; Tl & 7o 2 W 46 W 11 09 41 B%
(g-L™"): EDTA 15, H,BO, 0.014, MnCl, - 4H,0
0.99, CuSO, - 5H,0 0.25, ZnSO, - 7H,0 0.43,
NaSeO, -10H,0 0. 21, NaMoO, -2H,0 0.22, CoCl, -
6H,0 0.24, NiCl,-6H,0 0. 19.

SRR B AT M BOR FHTTVE S A & 15K
TROLYE KK BT an2 1 foi.

F1 Bumie kKR

Table 1 ~ Characteristics of the effluent from the pre-precipitation
Ko mi H i 28 Ao Bt H B 28
NH, -N mg-L~! 52 ~63 COD mg-L~! 93 ~ 141
NO; -N mg-L~! <0.5 pH — 7.3~7.9
NO; -N mg-T,~! <2.0 TP mg-T.~! <3.0
SS mg-L~! 55 ~85 T C 17.2 ~23.6
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Schematic diagram of the experimental equipment
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(145 ~198 d) Wi Eis BB, VATUIEE 54161
KMFERT, R AN BHUR Saafrfase e, AR
Bt KK BrdE bRin k& 2 s,
F2 TRENRKRRBIESE

Table 2 Influent substrate and operational conditions at various periods

BB NH, —IYI NO5 —l\il COD y
/ mg-L / mg-L / mg-L
S1(1~44d) 120 0 0
S2(45 ~98 d) 120 0 100
S3(99 ~112 d) 80 0 100
S4(113 ~144 d) 40 0 100
S5(145 ~198 d) 52 ~63 <0.5 93 ~ 141

1.5 KIS EO T vk

AR 52 56 v NH, -N 2R 40 G370 6 B 30 5
NO, -N R I N-( 1-28 ) -2 = e ol B2 v I 5
NO; -NFH SN G pH (B, DO A i B
FE SR #E R WTWpH/Oxi 3401 I & X & ; COD
K A B Y P s e A s kAR R
Mastersize2000 %I 38 56 k0 AU 52 ; ML AN RS
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Fb297R 10 1. SO 4 K IR ORFFFE 12.7 ~18.3C,,
Je ST S AR A TR, JEJA Bl CANON T2,
FHWHFE R AOB XF DO 43 F1 118 NOB
AOB E A H K—M} 0.2 ~0.4 mg-L™", NOB %
WFEECH 1.2 ~ 1.5 mg-L™", K DO ¥ & Al LI
il NOB 7t , {HXF AOB FEAAT R, K1t~ 4
FE RN IE R 1817, R as N DO ik B R EF7E
0.5 mg-L™"Z2 47, LIl NOB (94 KI5 4 AOB.

N i i K R B B AR A ] 2 s, RO
fr ik K SR AR S B A R BRI 3 FR. RO
fr i SIS R KK BT 2%, K Z AR COD ik i
BIab TR KT, W RESE: FH T AR M LA N i A
Be, MMEZEIET, I HIEKEECR 13.7°C, %
YNGR 2E, WE BN, BER N ARAIETT, HK
RARWE B, DALBRREH . H35d
Bf, KL A S ER, DA LRERILT 87. 6%,
K BRI E M 14.9 mg-L™', CANON T.25J3 5
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Fig. 2 Nitrogen and COD variations of the reactor
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Fig. 3 Total nitrogen variation and total nitrogen

removal rate of the reactor

REBRREZ A0, 11, P # R A R
MR R LR EZ LR R CANON T2 s friEm, %
ZAEFRA R, AHFEE/NT 0. 11, UEBH H KR
Rk, ROV AN kA RS AR N, A REAE(E KT
0.11, ULH] NOB IEPE3E 8. &4 Sy SCU0 ] S v 2%
FHIEEAR L.

NH, +0.850, —>0. 44N, +

0. 11NO; +0.14H" + 1. 43H,0 (1)

028 81— 82 ——83—54—— 55—

0.20

Eo] 0.15 |
=
£ 0.10

0.05

0kE L L L s
0 20 40 60 BO

100 120 140 160 180 200
i fi)/d

B4 REBFFEEEZN

Fig. 4 Characteristic ratio of the reactors
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K. 165 23 d FRAFMEIAE] 0. 115, SHISH AR,
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fEAEHE— 25 Th @, Al A8 2 th T4 A5 e A7 4635 o
NOB, - FLJH sl /K 220 20 B AR KT NOB
IV B, BRIV A8 N DO YR AR, (AR AR
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{H7E 44 d 355 0. 127, NOB TEPE#E— LT,
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COD ¥ FE/NTF 20 mg-L~", HRAFAE I /N 2 0. 050.
T AN AT ehd, DR EA TR T PSSR I
I, Bl DA AL BTG R WK R, R IE A %
T, 5559 d K ERREZLFEMILE 1 mg- L™
PIR, BARZERRIET 88.9% , HiZk COD i/
F 15 mg-L~", FRAE(HTE 0. 11 247, SNAD T 203
). BEE RIS T, HKEE R B T
5, AF N DO W BEAR SRR FFAE 0.4 mg-L~", &
REBRRBH FHEE 86.9%. 45 87 d /KA & Hk
FERTF 14 mg- L', FRIEEZ#EHKE 0. 127, 1LHE
AR LM T, K DO X NOB Ay il £ FH A FR
NOB {if it — 20 G 5.

B T3R5 K AR EUK BT, miE s B A
B R T AR 18 5 K S R B, Ry il I AR T s 7KK
[, A J5 S B B 0E H AT, 8 R IR a2 K
B, WS N g AR, S3 B BOks I v S kK &
RUERFARE 80 mg- L', HAWFKAFARAE, B4
WA A LB, FaoE s 1T B B34 K i vk
BEH 111 mg-L~', B 4% B A K BR RN E
83.4% , ¥R fE(H H4 N & 0.159, NOB % 1 12 .
Hellinga %" & BL7E 1 K T 15°C B, NOB #y/E:
KRS, ARTEMNSRAZAMMRETERIRY
WASERES , FECRAEE S THISE. S4 M Bog itk
RAWEH— LK E 40 mg-L~", NOB i Pk —
LTt
2.2 ACPREGORE G AT TS KB B T A A R

AR LR S TCTE R BARIB 1T S5k, DA
SRAER 25 TR BT T 45 5, ARS8 R H
PAC 255, #0480 mg-L™", i (200 remin~")
HE S min, 183 (50 romin ") #+E 10 min, #E 30
min J5 B EIEWAE SNAD T 2550 m 2

FUCHE T 2038 3 78 A2 16 15 K s i PAC 47
TREEVER, RBRA TG 15K B KW B 7 1 R it BT
REWA N, WS 2 b B 7, DRIE S 24k
T ZMIER BT, WU s i AR s 5 K |/ 2R
AR, COD M 280 mg- L~ Z A7 F#AK 2 120
mg-L™" Z£ 47, BOD H 100 mg-L~' P& K & 70
mg-L~".

BOD,/COD J& % 5 15 7K & 15 1 R A A Ak 21
fl—~ i B4 bR, — Ak BOD,/COD > 0. 30
(5 KA 16 TR AR AL B, I (AR, W A4k
P, fd WUl T2 A, A5 KT
BOD,/COD H 0.35 $#£f % 0. 60, V57K ] AL PE4R
B AP RS o/N BT 3 9 H coD Wk
KT 300 mg-L™", WJHES S5 SNAD S #i N S A
PR T i 5, S RN AR g 12 1T, IF g ms

VRIAL , BARA A AL AT LR AR R Ab T 2%
K I HA A T IE R Ak, X HEsK cop/
NO; -NJy 2 ~3 W}, R EALHRA SR Ak S A
H IR R E A TR T R A, TCIE T2 1K C/N
NS BRARE 2 Z247, KK B AR 2 SNAD T.7;
B BT %A

WA TICIE A5 KT, ROV ERKEAE 17.2 ~
23.6°C, HTAEE KA 2, Jf HoK B sh
B, SR IME LATE N R B, T PERRAR. 5 147 d,
K R EBR AR % 19. 8% , H /K BRI A5
42.6 mg-L™", BAEEBREN 11.8%, FRIEL N
0.295, WAEYIEMEAL T HBARAKT-, b5 16 P18 02
WA, 55167 d i, A LBRFIAF] 99.0% , SA
FBRFIRE) 84.3% , tH/AKEAE N9 1 mg L', W
(BT AR BRT 5 Y W HE PR ) — S A HEhR
HERLAE B 15.0 mg- L', RO FLBEARZE 0. 205, TR
AL TE B W T &, 5 AL E A AOB P [H]
FEHI.

B o B g it A RSB B IR BE, Z )5 30 d Y,
RN AR LBRRIEE]99. 2% , FHHIKEAR
WREN 12.3 mg- L™, BALBRFRIETE 74.2% /£
F. 5197 d, HAKERKERO0. 4 mg- L', HAKE
RIRE R 12.3 mg-L™", BAEBREIAF] 73.4% ,
WK R B 1 2R 30 d R BI5 K HER bR — 4 A
e .

A2 06 3 X AR T 75 K gE AT WO, LB
SNAD Hikii5ie T. 2 Eiztr. & PAC AL
J70.08 TGt~ (PAC M k% L1 750 JE-t~"3f) , Ifi
g AL AL T A sty AL N 1.5
JGt'0 ) BB T2, SNAD ] LT 5 90%
LA AT R AR T2 kb B A 3 5 K 1 ds AT
WARKLA A 0.23 g1, KR THESE TS, R4
W5 K BTE T2 A e w i i 22Kk, i Bk
TR BRAE | AR BRSAREAR, S,
TRULYE T 25 32 2717 MR BE 52 4/, BRAE i s R
T, AT LR gt far A ki, OF HACERACR 50
FasE. A T 20 TEbr TREA —E AT
IRERS AN e
2.3 ARFEIHE EPS M ki kit 284k

EPS & A 9 7 HL AR K ak B b a3 0 1) M
T, s e kL A 5 URL 25 R Y B E A R
Wi, ROHAS SZEG RS T SNAD T. 208 sh ki is 41
B Bl le EPS BURDAR AR (4 A8 AL R

EPS EZZHMEANMRE |, 45 Bh T35t
XA TR RS TT, S E e R AN SRR B AR AL
FRO3E 7 %00 Hodh PN PS (5 EPS A& 1 KR



45 A RIS KBUILGE-SNAD BURLT5 8 T2/ ik 1875

oy, AEXHG IR URAL B VE A BT AT, PN A A
TR GE YA AR K E ), T PS AT LA Al
JEL % B A 2. PN/PS W] L e SR V5 U8 114 A
EME, AIFIEERI PN/PS R, BURLTS U8 TR fE
R E R, PR A TG P

FW#s N PN FIPS S WA 5 Fos, JE sh) i)
WUEEYTEPER S | TR T /K BT A 28 R oo A8 5 30
A P ME LAIE BB PR B, IF H 3 AOK RS, A
YIS HEMELIVK S, PN FI PS b G 2408 Bl 1
A YEEHE DR B, EPS B Bk, 2URE
JerEK 155 V1A EPS Y WUE 1 F T Uk 5 2 B 14 7
e AR 5541 d, PN S EMKE 14.7 mg-g™',
PS &HAH] 9.3 mg-g™', PN/PS B K % 1.65, %
YGRS, 53 Ub 2 EPS. S2 B BeAE K
FRUE K RN RN, 36 5 1A HLAY T DR SRR
YA I AN IR A PN | PS B SRR W .
S2 B AR PS A K % 12.8 mg-g™', PN &kt
WK% 28.0 mg-g~', PN/PS 155 2.55, J5IR UL
PERBIEATRE .

S3., S4 B Bt ok ik K S AUk B 4 ) R 80
mg-L™"Fl 40 mg-L~", PS 1 PN (& & ik — 4 T
e, (B TR A s 47 50  NOB 35 &
HEHPIS, IRAZEAME S NOB udHab T4
B REEEACHETGTEZ 206, W PN =k,
TS U8 PN/PS B Z B4, S #§ PN/PS (2. 76
ST BT R IEZR 2. 44 T5URTTIEPERE AR 24,

SN 2 30 BT SE A 15 5 K, K B s
K, IFHIAKE S, WEEDTEE TR, PS HK
HORT R, RS R 3% 35 I E K K BT, PN/PS
Fhim, SELE IR, DIATE T K R
FERIG IR T2, PN S b K. 45171 d, PN
SHIkF 59.7 mg-g ', PN/PS 2 2.58, N #s N
AR 0 3 3 N E K K B, 0K TS e 2R 4 3% i A
7, PN/PS R 1E 2. 63.

J N AR R AR A A 6 IR, T ERRS
PEB MG KT ZORIG e, RN, IF BN 4
WAL, YA HRAR, B PR KR
SVRES . A ST RN g8 BIRAR R 1527 pum,
3 3 4 0 T B T 3 A3 DTVE M RE A 25 B TS e T
HZ SRS U e, 7655 41d P kiR
WK% 247.9 pm, BERTFESHKDEIAE N, G
TG VB R A, BT R R, R AR B 2 4
K, 5591 d R K= 403. 6 wm, SNAD Fikii5ike
JA ST, S3. S4 BBt PR By, K A IRE
FR#EZ 80 mg-L ™' A140 mg-L™", W5 NOB i
PETh R, DA AT AR X T R, O e fee

—=51 e S2
90 + m]]]]ﬂmps

80 +

=S 3e— 84—+ S5 !

PN —=— PN/PS

70 F
60 |-
50 +
40 +
30+

PN+ ]’Sr’lmg-g_l
PN/PS

20

) [I 6 ) !
ek fid/d
5 RMNEEHPSFIPNSETH

Fig. 5 Variations in the contents of PS and PN in the reactor

A, BRI K RS, A WUTTE AR 1 5 K
J&, WORCRLAR HE— 2P, 26 191 d Rk 34 3
542.3 pwm, BAKMH COD He AT LIE SR 5 N IR 4R
AL . AOB FIRAHALERE & R AP, MW HE 21
EPS, fe3EFRIE ik, If B A 1G5 K028 PN [ 4R
B, 1506 R ARG,
f——SI1 o+ 52

550 foS3ot— S4—ef+—— S5 —~|
22

500 +
450
400

350

Fife/ um

300 +
250 F
200k
150 S S S
0 20 40 60 80 100 120 140 160 180 200
e ) /d
Elo6 SiRMTEHBBRE
Fig. 6 Mean particle size of the sludge
3 g

(DRIRZMET, R ABCKS 3 SNAD Fik: i3
RTZE, MAARBEZITE, @A ELEBRRKT
98% , MR R 89% ity , H/KBEWENT
10 mg-L™", 353 (345 /K Ab B35 e 4 HE b
HEY —2% A FEHERRIEZR .

(2) Xt A 6 V5 K AT BUCTE , AT LR K PRk
TR TG 7K 2 50% 1Y COD, i C/N FLM 6 ~7 [
RE 2 ~3. &4 SNAD Bkiisle T2 W5, K
MAEEBRRILT 86.5%, HiK COD H ¥ 1E 35
mg- LU, HAKEAMEBEEETE 0.9 mg-L~!
8.2 mg- L™ 224y, S AR TR 15 K PR AR AP =
R bRe B .

(3) DATRULIE S5 AR 16 15 K MR, AT LA i
A5 PN, g st Kk, fE ks e
Wikifk, SV A% PN/PS e & He e e 2. 63 £ihh, W



1876

w5

2 40 %

RORARIAF] 542.3 wm, PUKLTS IR REEIE1T R AT
SE 3k

(1]

(2]

[3]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[15]

Jetten M S M, Horn S J, van Loosdrecht M C M. Towards a more
sustainable municipal wastewater treatment system [ J J Water
Science and Technology, 1997, 35(9) : 171-180.

Third K A, Sliekers A O, Kuenen J G, et al. The CANON
system ( completely autotrophic nitrogen-removal over nitrite )
under ammonium limitation; interaction and competition between
three groups of bacteria [ J ]. and Applied
Microbiology, 2001, 24(4) . 588-596.

Strous M, Heijnen J J, Kuenen J G, et al. The sequencing batch

Systematic

reactor as a powerful tool for the study of slowly growing anaerobic
ammonium-oxidizing microorganisms [ J ]. Applied Microbiology
and Biotechnology, 1998, 50(5) ; 589-596.

Jetten M S M, Strous M, van de Pas-Schoonen K T, et al. The
anaerobic oxidation of ammonium [ J]. FEMS Microbiology
Reviews, 1998, 22(5) : 421-437.

FESEG, AP, BREEf. B RN R AR A A AL 2 A
[J]. =T RER, 2011, 27(1) : 1-8.

Tang C J, Zheng P, Chen J W. Effect of sequential biocatalyst
process [ J ]. Chinese Journal of
Biotechnology, 2011, 27(1): 1-8.

Tang C J, Zheng P, Wang C H, et al. Performance of high-
loaded ANAMMOX UASB reactors containing granular sludge
[J]. Water Research, 2011, 45(1): 135-144.

Thiele ] H, Wu W M, Jain M K, et al. Ecoengineering high rate

anaerobic digestion systems: analysis of improved syntrophic

addition on Anammox

biomethanation catalysts[ J].
1990, 35(10) : 990-999.
Franco A, Roca E, Lema J M. Granulation in high-load

Biotechnology and Bioengineering,

denitrifying upflow sludge bed (USB) pulsed reactors[ J]. Water
Research, 2006, 40(5) . 871-880.

Zheng P, Lin F M, Hu B L, et al. Performance of Anammox
granular sludge bed reactor started up with nitrifying granular
sludge[ J]. Journal of Environmental Sciences, 2004, 16 (2) :
339-342.

Keluskar R, Nerurkar A, Desai A.

simultaneous partial nitrification, anaerobic ammonia oxidation

Development of a
and denitrification ( SNAD) bench scale process for removal of
ammonia from effluent of a fertilizer industry [ J ]. Bioresource
Technology, 2013, 130 390-397.

Daverey A, Hung N T, Dutta K, et al. Ambient temperature
SNAD process treating anaerobic digester liquor of swine
wastewater[ J]. Bioresource Technology, 2013, 141, 191-198.
Niu S B, Chen M Q, Li Y, et al. Combustion characteristics of
municipal sewage sludge with different initial moisture contents
[J]. Journal of Thermal Analysis and Calorimetry, 2017, 129
(2):1189-1199.

A R, Bk R, SF. A LR IEXT SNAD T2 A
REMUE Y R IE S ISR [ J]. WA IR TR Tolk R 22244,
2016, 48(2) : 68-75.

Li D, He Y P, Zhang X J, et al. Effect of organic carbon on
nitrogen removal and the microbial communities in SNAD process
[J]. Journal of Harbin Institute of Technology, 2016, 48(2) .
68-75.

Matilainen A, Vepsildinen M, Sillanpdd M. Natural organic
matter removal by coagulation during drinking water treatment: A
review[ J]. Advances in Colloid and Interface Science, 2010,
159(2) : 189-197.

Sperczynska E, Dabrowska L, Wisniowska E. Removal of

[16]

[17]

(18]

[20]

[23]

[24]

[25]

[26]

[27]

[28]

turbidity, colour and organic matter from surface water by
coagulation with polyaluminium chlorides and with activated
carbon as coagulant aid[ J]. Desalination and Water Treatment,
2016, 57(3) ; 1139-1144.

Dabrowska L., Rosinska A. Removal of PCBs and heavy metal
ions from surface water by coagulation [ J]. Rocznik Ochrona
Srodowiska, 2013, 15(1) : 1228-1242.

FE IR R SR, KRR K M o B vk [ M. (5
). HEsT: PEERE R AL, 2002.

Laanbroek H J, Gerards S. Competition for limiting amounts of
oxygen between  Nitrosomonas europaea and  Nitrobacter
winogradskyi grown in mixed continuous cultures[ J]. Archives of
Microbiology, 1993, 159(5) : 453-459.

X, ZRs, B, . B EEM CANON T2 Ifigf
YWHEEMBPEE WM )], SRR, 2013, 34(2) .
773-780.

LiuT, Li D, Zeng H P, et al. Assessment of the effect of
influent NH," -N concentration on the abundance and community
structure of functional bacteria in CANON process [ J ].
Environmental Science, 2013, 34(2) : 773-780.

Hellinga C, Schellen A A J C, Mulder ] W, et al. The sharon
process: an innovative method for nitrogen removal from
ammonium-rich waste water[ J]. Water Science and Technology,
1998, 37(9) . 135-142.

Qe KPR TS /K AL B I R R B BOR s WP [ D]
KAf: FAORE, 2013.

Chamchoi N, Nitisoravut S, Schmidt ] E.
ANAMMOX communities under concurrent operation of anaerobic
ammonium oxidation ( ANAMMOX ) and denitrification [ J ].
Bioresource Technology, 2008, 99(9) . 3331-3336.

TG RE, R, TMK, 5 AL P Z A AL I XL R 5
W B AR ()], Tk Ab3E, 2014, 34(7) : 19-22.

Ful X, Tong Y, YuP F, et al. Two-way effect and disinhibition

Inactivation of

effect of organic matter on Anammox [ J ]. Industrial Water
Treatment, 2014, 34(7) . 19-22.

B, Tk, &M, 5. F LR — Ik R A 2 A LR
REas B ERERI R A [J]. ZeSHEET R, 2016, 23(4):
44-50.

Tan F, Wang D Q, Jin Y, et al. Effect of organic carbon source
on nitrogen removal performance of one-stage anammox reactor
[J]. Safety and Environmental Engineering, 2016, 23(4) ; 44-
50.

BHEAN, T, 2, & AIREEN T REAE LR
GERIREGURELT]. PRERLE, 2017, 38(2) : 654-664.

Guan Y J, YuD S, LiJ, et al. Nitrogen removal performance of
ANAMMOX  with organic
Environmental Science, 2017, 38(2) : 654-664.

WE, A, Db, & LTIk )3 8 A 5 KAk
B S r——3E T A 227 N5 K AR B
[J]. W EFRERE, 2015, 35(12) ; 3833-3840.

Tan X, Shi L, Ma Z, et al. Institutional analysis of sewage

different carbon sources [ J ].

treatment charge based on operating cost of sewage treatment

plant-an empirical research of 227samples in China[ J]. China
Environmental Science, 2015, 35(12) ; 3833-3840.
Mulder A. The quest for sustainable nitrogen removal

technologies[ J]. Water Science and Technology, 2003, 48(1) .
67-75.
Liu Y, Fang H H P.

substances ( EPS) on flocculation, settling, and dewatering of

Influences of extracellular polymeric

activated sludge[ J]. Critical Reviews in Environmental Science

and Technology, 2003, 33(3) . 237-273.



4 39

ARAAE ETRTS K IRUIE-SNAD JkL 158 1. 20/MK

1877

[29]

[30]

[31]

[32]

Zhang Z Q, Xia S Q, Wang X J, et al. A novel biosorbent for
dye removal; extracellular polymeric substance ( EPS) of Proteus
mirabilis TJ-1[J]. Journal of Hazardous Materials, 2009, 163
(1): 279-284.

Liu Y, Lam M C, Fang H H. Adsorption of heavy metals by EPS
of activated sludge[ J]. Water Science & Technology, 2001, 43
(6): 59-66.

WERE, RMIE, BREEL. B TR A Y=o KAL)
WIE )], M FEEIR, 2010, 46(4) ; 325-328.
Cao J F, Zhang P Y, Chen K S, Research advance of rare earth
and mechanism [ J |]. Plant
Physiology Communications, 2010, 46(4) . 325-328.

McSwain B S, Irvine R L, Hausner M, et al. Composition and

neodymium biological effects

distribution of extracellular polymeric substances in aerobic flocs
sludge [ J ]. Applied
Microbiology, 2005, 71(2) : 1051-1057.

and granular and  Environmental

[33]

[34]

Tay J H, Liu Q S, Liu Y. The role of cellular polysaccharides in
the formation and stability of aerobic granules[J]. Letters in
Applied Microbiology, 2001, 33(3) : 222-226.

Sanin S L, Sanin F D, Bryers J D. Effect of starvation on the
adhesive properties of xenobiotic degrading bacteria[ J]. Process
Biochemistry, 2003, 38(6) : 909-914.

Hou X L, Liu ST, Zhang Z T. Role of extracellular polymeric
substance in determining the high aggregation ability of anammox
sludge[ J]. Water Research, 2015, 75 51-62.

A R, R, . ORIRIHE AR X S A AL 1 e Ml A
REVINEZM[ 1], WBRE T RF%4M, 2015, 47(4) : 81-
86.

Li D, Wu Q, Liang Y H, et al. Effect of substrate concentration
and type on the content of extracellular polymeric substances in
Journal of Harbin Institute of
Technology, 2015, 47(4) . 81-86.

the nitrification sludge [ J].



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



