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JK I M R G TR Bl A ) K Bl SR A R R B L A7 B ] N A I e R SR T

ARSCEEE T R 50 R AL D BERUE W) S AR T #, U4 T A2 358 IR 1 19 7 A 3 45 2o 7 gk o
A2, AR T N,O B AE MLIRRSE i N 3R, O X0 VR KO0l A= 2 2R 4 A W 9K Bl UG A AR DG BF o gk
7B, D9 iRK e 2 G 04 S0 PR WL F0R 358 98 2 19 k72 3 BEAR i

2 IRIK M R S8 R R R AL R A W B A T A

HARFER, WMAEYRKDEATFEALBEARE L, BT FBMBE . H 1990 4 Carl Woese 1E
i 4 ORI Ok, A SR IR 0 T AR SR BOR B R B TR 5 e T ARG S T BERI R, A
AT W 0 53 2 M7 . 22 Pk A A 25 ) R R AT S5 0 9 P BUAS T e v R TR L R AL TR ) K
RE AR AW LUZ I (E 1),
20 SEMWHEE  Venter S " T 2004 451 R & B HA LAE A FR 0L IRER AOA, J5 R & BLILTE g
TERILUURR Y PR TR B SR X LA VT T 2 A A, B AR SE T AR R P R I K R A A R
TEHF AOA B 20 A 6 3 D CamoA) JE 1R 45 DURCEE AOB B 5 1 ~ 3N MR ™, IF 1E 048 SR 49
Z3 7 17 (Thaumarchaeota) ™' o AT AN | JE A FAE A ACHHSAE BAT Z0E0E, Bl 071 1 %K X &
TR B IR A A BT R K B amoA FE H 1Y Candidatus G. insulaporcus 5 Candidatus G. karuke-
rense s B R ELEE A G HURR IR AT IR A B SR A K, FOB D TR Sk R R T A 1o R Y A
Fe. A BT S ISR R B0 A A e ST IR B R LA VTR AOA MY R | S REYE K Xt
AR ST R AR AR T, AOATEA AL b M. PREIRE . pH AR 1y 2
W 28 A AL T RE T L L M AN ) BCRE WA S A, TR 2K R e SR L S R R e AR AR A T A R
HEA T
22 RESENE  Anammox {4 AR E, RELERAFZM FLINO, M F 24, LINH, B+
A, ¥ WD R FE BB F Ak O N, (INH, "+ 1.146NO, +0.071HCO, + 0.057H *—0.986N, + 0.16INO, +
0.071CH,0, 4N, s+2.002H,0) o Anammox [# ] {2 73 A T ¢ UCAEUZ XL R UTARY . IR K WE K 1
BASRG Y, HREKAIT WA K B BRI . Anammox B W T PE R B, fRiE pHE N 6.7 ~
8.3; XTFREBEUE B R NI, RIEEE F30~35C"; ASREST 1 pmol/LIF 5 Z M ™ . H
B, E%ﬂﬁ/‘36}%27*‘{4Anammox%ﬁ}%?f?%%ﬂ(Planctomycetes); TIAETRH . K T AR R G
BEXS M ) Brocadia .Kuenenia 1 Jettenia % 5 )& , ﬁc%%’éﬂ?%#ﬁﬁﬁﬁﬁ%ﬁ“” o Anammox [ i & A0
R F BRBE S AR T RO A AN B, 35543 DX 2 Bl b 81 5T R 5 3 80% L i AR 1 A BF S W AR
Z I AL O 2R, R I Anammox T8 1Y 55 i 46010 38 B (HAO) FE 22 41k 38 It 8 (HZO ) il B AT 428
VT R A R, W] BE 4 el SR 1 TR Y A IR R S 1k 3 D i (Nef A T AR R TR, T BE 5 R A W A 9
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NH,OH RIMREEVE A 50 A ML . S . 4R R T3 T 60 IR 7 1 % iy R 2 S A I
23 REEUREFRELE 2006 45 & B K0 A H Be S L (DAMO) H, 78 IR & 4% 14 F LA
CH, 44, 43 511K NO, 5 NO, 38 J50 5 NO, #1I N, g #2, % DAMO-A(NO, + CH, — NO, +
CO,) I DAMO-B(NO, + CH, — N, + CO,) o %@ 76 IR S8 N A 59 A0 I 20 ok L r 25 2 TR 9 1 1)
F o BRI 4L T AR A 50 B0 o B % X B e SR B T ) RE R TR R M S T T & . DAMO R B R 3
O FIEVE . WA . RS AR S, AR B A A SR A s, KR
fili 25 B AN HLT HEAKAR, 5 DAMO W 1 A A7 3 4t 7 1 4 1 .
24 SREEAE 20154F, BFIEE#00 S il T K I 0 a8 K 4 BRI Anammox S5 2%
KT TS AL IR B IR (Nitrospira) W S A= 4, L mT DU 37 58 A 20 R Ak R R 3k 19 UG fead B, e X
h e FEE AL (Comammox) T o WFFE 5325 H 1 2 RE A AL TR & Nitrospira inopinata t AOB HA3 XT 2 1) 55 5% Fl
LA R g R K Y R WSS S IR S A AR D R SRR A L T U SR R AN R LA WL
BRI RE VR AL NH, 0 NO, ™5 %3 B AR 5 32 B AN R BE (5200, T 2 Bl N, O B g s 50
25 WERMUEERE EHESMET, S50 AR (DNB) BEK NO, 5t NO, if Jii kN, 5%
N,0. NO. Hur, W08 K 7RS4 A0 N BA LS se o i s Al s, e 1)@ F i A s
PAF A SR, O 2% % W B 37 RS L 41 3 AL 48 Thiobacillus denitrificans Fll Thiomicrospira denitrifi-
cans ", FAE 1990 4E A%, FURI A ALAE IR & B, DL EAT B S AR R G, B 4R Ly
WK, B ALY R RE S, HRCR AR R A i AL AR AR SR SR Ak
VERD, BS80S Bl Ak T4 B 0% 6 A5 S 2% 1 1 TR Rh 04 7 A AN SRS ARV 30 T 58 B S R i R e Ak
2.6 FHULERFIER VoK &I TE AT [ B EA 7 RO AL AR, BPA/E S G TR P, ok
A GE AR K N, AR O NO, T, Bl RDEAA 5 NO . NLO M N, % Al B 7] i /7 78 AMO . HAO,
Nir. Nor. Nos[iHEAE ™ o i 4k 8 1 SR A0 A F A A S JL 38 MR R 45 Lo An IR A< (0,) i —
Fifie v 1 A o ROBSARAE & TR ISR S B U i b AT, B2 BIRRIE . pHE . O, . NO,
SR MW,
27 WERIZBWUEFERE MRS 00 R (DNRA) N A& 48 40 0 5 B 3 LA NO, S HL 7324k,
AL NADH P A2 NH, B9 72, DNRA 2R 09 32 5 H 92 7™ B 3l 20 o 40 i A 25 55 7 i NO, /NO, ™
DNRA /EHIH NO, 38 J5i oy NH, Fr 5 2510 A B 68, o R A AR T # NO, I8 )5t N,O F1 N, 1 H g
JIt DL 22 500 0 R R A B 2 5 K A o — BB DNRA 32 5 A RLA» S AN B B, DR AR DNRA 2 1 A1)
S AL R 3 J5 18 (Nar) 685 NOL IR J50 NO, ™, 1T 5 0 Al % £k 78 J5URE (Nin) 5 NO, 38 50 NH, ™0 Btk
ZAN, A RGN AT LU A R R S AL B AL B B B A NH, T, R RRR Y F 3R DNRA 70
BRVRE AL Y R BRI R W R B, ek TR AR SR R I, B T ALY
HERAL IR, B — DA R B IR AR W2 N A, R B AR W R L BRI

3 IROKI M R GE R W A ) R B U AL AR Y S BRI

ULAE R, A5 A 78 A RN 235 3l B 0 ™ B kS TR M R R A B A . R SRR LS S
MM RS MKW S R AR s ER L SRR SR R T TR s R AR A, I, A
KA B BRI AR S R AL S R R Hedn, IR W2 AR R TR I S B
SR, YR b OGS A DR A D, SO DR R A T 5 I R LT AR
W HD IR BOK AR P A L . A S KR (0) S R R AL T A i
oAl (9 2R 7 5 3 R BTS20, AT M R 400 O A 5 DN A5 LS s s T BN IR R il i
e 25 LI T 2 5 R O A B R 4 5 BT SR AL IR B 0 R L BT RS B A A R T b e
WU, TR IS W, TR A A B AR A R AR R A A TR AT AR R TR AR, TR
v SRE BT B i L LU IR B A B 4 2 R K AR RIS Y L K R R e Y — HE
MR G AR AR RIS KR AU T R LR S R AR U, U A R R B
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IR R (R 1),

3 &5 O, BXMHMAEY AEMGENMELWIRTNE -, S5IRAKWH R 5 A G0 &4 LB Y
. Yao 2 HFFE R, S YT R B A DO A A R0 R Y AL AE 7 Y 32 B D A R VO B AL
PR . KR RUK AR 45 . KBRS R T, O, 0 Atk ad A2 B oS e A, XPRE A . RS fE . Anam-
mox FI DNRA sz 75 S0 4 BT 2207 L 2SR A o i 9 1 S (DOD W B /N T 2 mg/L I, il Ak ek 506 4 52
BEL T AL A R B A AR, AR A RE I R SR AL 0 G, I 2 5 BT YRR R A N0 9 AR
2 BB VR E (DO < 0.5 mg/L), A F T AOB (4 K il NOB™' . #FFE ik kK3, b2
36 R 0 AR A 9 L SR K AR A R GRS A K LR R, I RERG I B R AR A AL
T2 0 A o T AE H AR 9 EE 8 T RN OB S5 IR KT, R 9T N 51 R B DAMO T B A T AE IR AR
PR R 2 BT

32 HKE  GKFRMLHERERYFENY M EERREE, B RERERRESEME, &
155 8 B AR T o A AR W et - P ORI R R, R K T R B A S R G P Anammox B 1 P 19
KB T, RS ARG 32 i RS AL R DNRA E 43 5 9 Anammox B 42 £t 37 il 2 £5 A g 5 L
Liu 25 “HFSE R B, 0 s R K I IO b Sk R L AT R i 48 AL 3 DT 7 A A T T
EAE IR 55 . S KRB m iy, SIOMA LR A, 55 5 R v /e, B AIG
b AR A TR S A, o8 A5 T R R 1 T RE AR TS AR/ T B B DNRA R T

3.3 FHHE AT FHA NPT GEI HIAS LA Anammox S, WX T RIEE A . AL A DNRA o #20)
AW AE T A U A (R ) B s i, 249 509 18 fil§ B2 £h 18 5T i DNRA 3255 1 864K 1
A WU S, DNRAAY & 24 4% ~ 359%™, 16 Z= 35 PEAR A0 D Ui AR W b, 3 i 26 00 2 SR AR S R Ak
YIS RS L . ROAS AL AT DNRA B9 36 7 - Gyosheva%[mﬁ%ﬁfm, FRINA] Y 5 Z2 840 s, 12
P b AT BB AR O AR R I AE T K vh) R R L, AR BRI R AR SR BN Y SR AR AE . TR 2K A
e TR R I A HIL TR e R DU 2 S o R 4 ol S Ao A i TR AR B IR T

34 SE®  ZAAREMPA LA Anammox TN, XA AL FI DNRA S 50 R B 802 R R [l a
B IR AT Xt TR AL 2L W B 95 S A S M /N, (HURT DL 3 R AR A SR 2 LR R AOA I AOB (1
R YR SR AL AR R U R B A R R A E Lu S TR R B, R R T R [
SO E KR AL TR h AOAFIAOB W E M A MAAAAH B 25, HANICHW, T #XEh
6 4 b A 7 AN R B, KR A SR R ORI s, AR T IR AR v R SRR AR TR
MR B IR R, AOA W32 B, AR AOB T B A A I EREE . B B SRk
KA, AOB I % E & A Ak e R R

3.5 pHfE pHHZ#N AOA R AOB LA AN 43 A5 ) 1 B IR S N 12— e YRR AOA X fii b
R R E AL BOR SN BRI R B, 7ERMRMEE KRR, AOBE EE TN . Le
S [] pH A A 52 75 Yo Tl 3 vh B AR/ F 0 8 J 2 25 SR R B, 6 pH A S, SR AB 1R 58 4
ZEN B, 0 A R R A AR TE pH BN 8.5 B A2 BsR ZUM ] ; BI5 AOBAH LKL, NOB 7K pH
TG AR S Z B . R AR A 5l pH (B AE 7.5 ~ 8.5'°, T S Al Ak 1 JH £ 16 pH {76 6.5 ~
75, KT 6.5 T 8#AZHMH . Anammox 4 i 4 K pH A TS B&L T, 7EMH IR K EREEh, pH
{4 3.88 1 8.91 I3 B AG I 1) HL A I E 9 Anammox 8™

F 1 OCHEIR T X Hh AR G AR A UK B R e R A ) o LR

AT KRR AL WA pH{H il

1% % N /' / N a a

fiffk A N N a a A

T Ak N /' / N A Ny

PR A A A N /' N a a Ny

T R kS A 3 D5 N v / N a A

W AMEdEs NI B 15~25C; pH: 6.5~8.0;5 N: LW
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3.6 BE IEXEIY N TR P A Anammox 1Al b i # K K 158 NV BE T 1S AN [A] 5 24 A
4 CTFiE 12 I, 2 A AL 34 38 1T Anammox 22 AR . AOA AT T IZ 4B fF TR 2R 85 b, RE A& I
0 PR A6 P E AR 3535 1. YR R T 20 CCIF, AOB (94 K 2R 5 F NOB'™, i Anammox B (1) £ 16
FERIEE 30 °C ~ 35 C, BT E AR AR T MR KR H R G G K AR IR

4 IROKIEHL AR G2 % A NLO HE R

RAGI L BE  = A NLO, J2 UK F CO, f CH, 128 = KR = A fk, R REHRL R Co, M
298 % . CH, B 124%™ . N,O fE5 B A A HEAT — R 51 Ak 2F S A AU A AR, AT AS T 31 /6 5L
A, BRRAR . REARY Saks 52 KPR RSN TE RN . ik, N0 177 A e o 42
BRAEAR A AR KRR W . A, R W IR B TR MR AT R, BaRBUER
P, AR X AR SMHE B W R B2, AR IR RGP E A . B TR
HE N0 R E R UE Y, AR, TROK T B G O B R Ak R R NLO B HETR ) R 5 ) T
ZWsE .
4.1 HERRHFAE A SIS Sh9sgma il AR KA AN A R AR KR R 5, REOKIKRFGTRY) A& &
W, MAwREA . RCRSARIE ShIEER, R R N,O B9 A B . IR KT b R 40 P NLO AR iR AR A
EY R R IR N~ KR RO V& [N AR R0y i EE B U R I 3ok Wk [ AN Y (R SN = = 4
i A AP N,O HE R LB S B & B, AOB 1EAR 0, 4% 11F T 16 A2 B NOS 1 [l i 4377 2 N,O ™0 — A Wik
T | A% pH (8 ARS8 DO 2 S U A Ak 1 72 b = 4 N,O B 2SR I L I S S b o L A 5 7
il R 5 76 J5U W (Nap) ,  AJ 6] iR NO, RO L7224, A HLAE i F A, RARNZIE R
AL e, EE YA N,0°, WA RERE AN,
42 FHEMNIE AP AR N,0 KA N0 W EEORIE, FE R MR shmiA L (£2). 7F
A E T, A0 RS Y Ak et R b B AR B 48 v ] ) — A AL (NO) BE— 25 3 JEAE BN, O
Ak, EHE B A IR s T KA AR AE Y RN A B N,0 . HLFSE R BRIk, BOAE AR I DU 2 il A 1L

F£2 WMKIBH R G N,O 4 s 44 B 3R S i E B

YE i # KB A A AL 27 Sk
il AL o R i R A AOB NH 20 N OH — 140, N —MREENr |\ 6t [75]

A A B 1 S A Ak AOB NH, —2M00 5 NO,; — 5 NO —*>N,0 1 [75]
S A T 03 S A A ST AT . T NO, —* N0, —»NO—"*5N,0 1 [74.83]
KA A Anammox F NO, —5NO —*5N.0 1 [76]

i R e 5 A 30 5T Bl DNRA B NO, — 5NO, —*>NO—25N,0 1 [11]
it ik b 30 5~k 4 Ak GReRiac) Fe’" +NO;——Fe’" +N,0 1 [78]
S it A DR H o A DAMO-A CH, +NO;—™ ,N0, ¥ N0 — 5N,0 1 [77]
il TR 6 3 I i 48 AL AL T H,$+NO;——S0; +N,0 1 [79]

TE: AMO & Hm 4l ; HAO AR A LR 5 s Nor 2 — A0 R IS 5 Nir Jy 3V fF 92 £ 48 5t 5 Nar S il 2 &1 6 500 5 pM -
MO S VA S 4
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WA, WA E S FIEIE, S8 ZE S (Nos) 4b T 35 4 45 5511 0 16 A A6 38 i
NLO T H B0 BB, FR 2 R AT) 0 8 o 22 T 0z UE 4l R 92 B g IR B L ZE LR A A P, AOA fES
1w ] P A NO A ER e (NH,OH) B9 52 R A B N0, AOB 7 i Ak a2 rb 9 v ] 7 4 NHLOH 7£ HAO %A fk
AR SE A A LT T AR R NO, HET AR N0 R A B AR B R £ A N,0, (EAT g Hfth 6
PR W At A B NLO BOEE I NOT™® L A FE A AL T8 ( Comammox) BRS8N 17 Al £k 3 72 v N, O 25 J 114 52 2% i
B, o R A B N B R W R R R Y, BT WA R N,0 . BRI Ah, DN-
RA . A A0 DR A e Ak DA R4k L B 9K 8h T M i R 6 30 D A8 &, mT DA B AR BUNL,O, B 2B AR
NO, . NO, SHERAMERL MG, HmAR N0,

43 BWEZR B T RE G WA YR A a6 S B I BRI M, DO R . AR ER A EUA
U 5 37 S WA R KR M R S NLO AR B R BRI £ Zha S RFSE R, AR SR AL FUR FE
JE B 52 Anammox BT R E N,O I E 2 R o 53 4h, Rl ZK A& & A= BB VE 19 Anammox /E FI A7 7E
R, RE6S B NO IR, H KR g sk 7, B e B i NLO I HERC ™ . —
BN, eI R DO # s, N0 T8 i NH.OH AL M e 2E 08 2, Y i R 78 R K
(DO < 1.5 mg/L) 22 3k AOB AL B A2 T AL B N0 VR /KIS i 2 B I 8 i =45 A8 4k, &3 M i
A= 0 A A S Bl DL R - HE v AT BB I A R DT T NLO R HE O™ AR R M AR AR . R R Ak A AR
WAL, BT LU B I 5 2t 0 i 255 100 25 A 3 23 5 ) 1) 2R K N b 15 A ) R R RN A5 R I ek, BTG
Xof S A 2R RN O B 7 2R 3 F5 )

5 B

AT 0 56 TR BT B 5 A 72 K SO RERUZE W i T 98 B4R TR 7E WV . LW UL Y . Rt
b S W B BIK h RE PR AR AT Y, H R ST TR TR AN S UL A R, R
BRGSO . O . BRIEVC . KAT M . S TS AL TR M S KB R T, BRI
VE T 1K D 2 5 10 2 AN R AL 1 B BB SR AR A T HL, BUA AR 4 IR S U AL R S 3 B K
BT 5 T AW T B, X T O RE B e HCIE Mk L A 25 D R S BR800 O 1 BIF 5 B A AR K A JR R
A J AT s BEAE LR 7 T BEAT S IR A AR 5T -

LI RS AL W) B LA S BRI RE . B W0 R /KB R G BB FA I B IR S [ %, F %
HE— 25 s b 2R 5 P SR B AU AL A AOA . AOB. NOB. DNB. Anammox & . DAMO # & DNRA
I RGEWIS; WA IRE BRI RETE S50 . ZAEVE . RGN, RIL SO IBIANER . £
1 il A0 ER I 800 2 ] F) P L LA

(2) 37 750 8t Al SR A28 T JFG 7 8 738 b A 5 2% PR R IR o /10 A 1 78 Ak R 205 20 % T 4 9 3008 3 B
G5 K A7 A FAM U 35 e i A ), B RS MR K R R SR AR BE TR T, R I K Hb A
R B R AL IR AR 4% SN A K B I Sk AR AL . B8R RO T A B R T X B — R Al ol L
Fe e MR BT S5 TR e 8 %, (R B IR 2 W VGR IR R 8 .

(3)N,0 HLE AR A% . SR R 7 R PR P 0L o R 2 7 A 0 B R TR B8 20 A7 2 98 9% /K M R 48 N, 0
A SR Y L T A R B AR AL s P SR IR S R B0 45 NLO 7 AR i B R VR K T 4 R
S5 N,O HERCHI Tk, #75% N,O 7 A SRS P ML R SR B 0R B DR 7, R Dl 28 4 R AU B L 3 AR 24 4K
s R A 8 DX R G B B A M S N, O HE T % AR A

(4) Z AL IB ARG B B IR G 2R SRV . VK 1 280 A o 2 Ak O AR 2 10 3o 2 T AL AE
Al — R B AT &, 5 25 A1 R O R 1 T ) 85 4 O 3R A B HL R IO G IR P LA B — R TR A
I [N, oK R S U E W IR S R i R Ao A SR . B L B PR R 0 AL o S A S
22T U7 T ST BR o B
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Recent advances in microbe—driven nitrogen transformation

in freshwater wetland ecosystems

CHEN Hongl, WANG Hongl, WU Min®, YU Guanlong], CHEN Jingl, LIU Dashan'

(1. Key Laboratory of Dongting Lake Aquatic Eco—Environmental Control and Restoration of Hunan Province,
School of Hydraulic Engineering, Changsha University of Science & Technology, Changsha 410114, China;

2. Basin Water Environmental Research Department, Changjiang River Scientific Research Institute, Wuhan 430010, China)

Abstract: Freshwater wetland plays an important role in the global nitrogen cycle. The microbe—driving ni-
trogen transformation is of great significance for fresh water self-purification and the control of eutrophica-
tion. In recent years, with rapid developments of molecular biology and bioinformatics technologies, function-
al microorganisms and microbial diversity researches in wetland ecosystems have made great achievements.
Meanwhile, due to the changes of climate conditions and intensified human activities, the habitat factors of
freshwater wetland system have undergone complex changes, which furtherly affect the functional microorgan-
isms and nitrogen transformation pathways. During nitrogen cycle, nitrous oxide (N,O) emitted is the third
largest greenhouse gas following with carbon dioxide (CO.) and methane (CH.). Since it is closely related
to the diversity and function of microorganisms, the formation mechanism and influence factors of N,O are
also widely concerned in the system. Because of the complexity of nitrogen biotransformation and unclear
synergistic mechanisms of functional microorganisms, and the susceptibility to climate change and human ac-
tivities, it is still necessary to study on the microbe—driven nitrogen transformation in freshwater wetland
ecosystem.

Keywords: freshwater wetland; nitrogen transformation; AOB; ANAMMOX; microorganism; nitrous oxide
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Study on damage and failure of gravity dam

under main aftershock sequence based on NGA Model

ZHAI Yafei, BI Zhonghui, TANG Yujie, MA Tianxiao
(College of Water Conservancy and Hydropower Engineering, HoHai University, Nanjing 210098, China)

Abstract: The traditional linear elastic and elastic—plastic DP model are difficult to truly reflect the dam-
age rule of concrete and rock when it encounters the strength beyond its tensile and compressive strength.
In order to better evaluate the cumulative effect of aftershock on the damaged gravity dam structure, in
this paper, the plastic damage mechanics model is used to simulate the dynamic damage of dam body,
and the non-linear property of rock material is considered. The method of plastic damage mechanics is ex-
tended to rock material, the whole damage mechanics model of dam body and dam foundation is estab-
lished, and the whole process of dynamic damage evolution of gravity dam is simulated. Combined with the
statistical relationship between main earthquake and strong aftershock and NGA ground motion, the main af-
tershock sequence is constructed. The effects of single main shock, single aftershock and aftershock on the
damage evolution of concrete dam foundation in strong earthquake area are studied. The results show that
the effect of aftershock on plastic strain accumulation of dam foundation is significant. For the concrete grav-
ity dam structure damaged by the main earthquake, the aftershock can cause large secondary residual defor-
mation.

Keywords: main aftershock; concrete gravity dam; plastic damage model; NGA attenuation relationship;

damage evolution
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