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Abstract; Lakes and reservoirs act as a " sink" of terrestrial and anthropogenic nitrogen, and their water-atmosphere interface plays
an important role in global N, O biogeochemical cycle. This paper summarizes main research on the progress and emission of N,O,
the process of N,O generation and emission in lakes and reservoirs, temporal and spatial variation characteristics, influencing fac-

tors and monitoring methods of N, O emission. Researchers found that N,O produced in lakes and reservoirs is not only by four mi-
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crobial internal processes, but also by metabolic processes of some benthic invertebrates. Meanwhile, the inflow of upstream rivers,
the input of surface runoff, sewage discharge and groundwater discharge also constitute important external sources of N,O in lakes
and reservoirs. Nevertheless, systematic research on quantifying the relative contribution of endogenous and exogenous sources are
insufficient. Current knowledge reaches consensus that the N, O emission of lakes and reservoirs include diffusion, plant transmis-
sion and small amount of bubble emission. Besides the degassing effect of hydropower turbines in the downstream of the dam may be
a potential way of N,O emission. Research has shown the remarkable seasonal variation ( summer> winter) and daily change of the
N, O emission. In the meantime, significant spatial variability was observed globally and regionally (low latitude > high latitude ).
For a better understanding of how the changing environment and human activities may modify the dynamic of N, O generation and e-
mission from lakes and reservoirs, this paper discusses the potential impact factors of N, O emission from lakes and reservoirs and
constructs a system framework of N, O emission influencing factors. This spatial and temporal variation is mainly caused by the
physical and chemical factors of lakes and reservoirs (temperature, nutrients, dissolved oxygen, C/N hydrology and meteorologi-
cal) , biological factor (aquatic plants and algal blooms) , and human activities ( sewage disposal, agricultural activities and urban-
ization ) . In addition, different monitoring methods are also potentially influencing factors that both floating box method and the
thin-layer boundary method may underestimate the N, O emission flux. Therefore, in the future, traditional monitoring methods
should be combined with eddy covariance method to reduce the monitoring uncertainty. Base on the current knowledge gaps, we
point out that in the future the N,O emission from lakes and reservoirs could reinforce from the microbial mechanism of N, O pro-
duction in lakes and reservoirs. Research in future should strengthen the coupling relationship between human activities and N, O e-
mission from lakes and reservoirs on a regional scale and pay more attention to the N, O emission from the amphibious zone, and
monitor methods.

Keywords: Lakes and reservoirs; N,O emission; production and emission processes; spatiotemporal variability; controls

W A BRI A MRS H 2RISR IR U — BB RO AL B A (N, 0) R E Y
E AR — SRR SR, (U AR RSV B CO, 1 298 51, FLAENS 15 5L ISEIE T
PRRGER I N O WL F9E 32 IR M G, i, N, 0 X &3R8 % 1 ST R 2 09 6.4% 7, HL
KA N O i LUREAR 0.3% [yt BN " BFIT A 2R RN IG 301 N, O HIEROW AT 40 #4225k N, 0 oF
7 AT FLBERE S KA A 75 R AR Bt U B A TR R 0 T 2 A R M BR A2 R B 0 2 4 S
w7 IR N, O. Hoe, 380 ARy BTN T 12 K SC A PR IR 1 DB Kk K, 76 42 8k
N, O HEjl e LA AS AT AR AF . ARAGSE, A Bkl AR S5 N, O iRk 0.78 Te/a”™ A sk KL B 5
G5 N, O MUY 719 ' B N B 72 15 BT G 4 BREURERBE 0 RINERE R, ) RGP AR w4 T
ZERCATIAE ) N, O HERCHGR ™. SRTAT, 1) LR K T 2R3 R R B ALt B S S 2, 32 8 A R S5 A PR 32 1
ZEIGI. B BRI S NSRS AW, ) K IR N, O 7 HERGE B, o5 R S S ah HL ) 45
Dy RS AR | A 25 R G Sl i BT H

FIHT, B4 600 K (A N, O HERCH B IE EZAE R - (1) N, O HERUS 23 28 SRR AR S P L] ™" 5
(2) FEBRAK SCIX (K SE R X R AR AR IX K PET  1X248) N, O R ™75 (3) B 8 R Al s e
W1 N,O 7o SHERGE AR 4 A BOIRTE % T IR T X W R N, O Y B I 0 A 5. 4K
T, S ML 7 W S0 M A T R, W31 F 5 S B 4 A A AL R T2 56 ™ S X, K P ) 3 e o
TERHE R LE R X 2 AR IS L, WIS AR LS , R M M X F 7 29U 5 A
X3 R ELEW) N, O HERUIFFT AR ARG T — 2 HE R, A ™ R Sk s
AN R RS BN SR IEAT T N, O HER B AIDCI ST , (8 22 B F RIS PR R B, e = A IX
SRR, HOR AT B T4 22 53 0 B (8 PE R G N, O HERCSE. b T itk — 2 58 36 L 2R 9 AU R A
I TRR AR A P S0 P RCHE BT , ik TR 90 L1 3R 56 N, O 1 T L B 5, A B S
FEAEAS R GE N, O ARG TR YDA, S5 AR I N, O 7 FE L 7, I MR [ 2 JUSE £k L
ARG N0 HERCYAS SARFAE, VAN]SR ST N, O JCHERGIR I 3, b 0T 452 14 BB B P 7R A5 R 48 N, 0
FRYBIF S FE B 7 A LR I DX R M | XK 3 00 R G I 3 7R W 2 44 5 T S
R XA B BT .



K445 5 B KAR N, O He3BT it e 321

18 Bk N,O P fHERE 72

W) KRR A SRR LR T WA A R S8R B M AR U i A L R T K HE R A B A 23 R
TORAREIR ERAE . AR AR WA A8 A7 BRI AR P A E VU2 2L ERUAEET T 25
HEYIHARARER IF 7 N, O FIIRAK IR T N O 72 A ORBAIL , RS IE ™ IR S S HE R AR A
HE Pt AHEA LR B R 3 5 (K A A B (P 1) 20 e, A ki K o T R Y
N,O BEAM] AR, B T5 YR 2 N, O HERC A EEZORIR. W) KR N,O 7 A SHERCR — R S
LR R R A O W R NLO IR = S B, 5 — D T G A ) S (K — i
S IR — LK B RS M KRR A T AR ) N, O AR I B A RE A S v R A ] 2 Y
WP N, O HBORERY , 37 A7 R I HE T

N,0 N,0

T
7]
%
i

-%M V.0

R KA AN, O
——

T LR KRN, O
——

T AEAE]

N,0
NH;/ :

—NO,

S NOy — N,0 —N,
B 1 2R N,O 7 AE RCHEROR BB (MR 3E SCk([ 32118 0k)

Fig.1 Schematic diagram for generation and emission of N,O in lakes and reservoirs"*!
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Fig.2 Framework for generation and controls of N,O in lakes and reservoirs
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Tab.1 The global N,O emission flux of lakes and reservoirs

WA bINES
e T Y NCE T Y
KK A4 Camol/ (m’+d)) i}; Sk (amol/ (m?+d) ) —’i;
F-H{H JLH T {H JL
Pty Lake Kivu 0.43 [62]  Tucurui Reservoir 125 [23]
Samuel Reservoir 157
Petit Saut Reservoir 93 -135~219
Serra de Mesa Reservoir 3
Manso Reservoir 3
Fortuna Reservoir 7 -8~22
WA p. U] 93.25 [65]  JuleiesK A 8.53+5.86 [66]
A ER 19.92 [67] =K R 7.60+11.50 [33]
116 JZE 78 10.7 Wi X/NKZE - 303.80+294.10 59.0~663.4 [48]
Okaro Lake 0.6 [68] gk imsi/NKEE  111.30+78.00 40.2~254.4
FRARIX /N IK PR 20.10+11.80 2.4~39
LT K 15.36 [12]
PR 10.80
b= Great lakes -8~8 [22] Lacamas Reservoir 12.41 2.18~24.32  [69]
JERNRFE SR 13 -3.8~6.9  [20] W mIKIE 3.60 [10]
Hicking Broad Lake 36 [70]
Baldegg Lake 12 8~16 [71]
Huahu Lake 44 -38~191 [29]
JEH  Kevaton Lake 177004 [25] e Boreal 0.02~0.08  [26]
Forest Reservoirs
Postilampi Lake 2.46 -0.11~7.00
Heinalampi Lake  —1.80 Lokka Reservoir 1.18 [25]
Vehmasjarvi Lake 2.89 0.93 Porttipahta Reservoir 2.60
Makijarvi Lake -3.40~9.60 Boreal Reservoirs -0.02 -0.08~0.023 [26]
JNERUTR YA A 5.15 1.85~38.00 [72]
SRR 3.90 1.92~7.99
FUBIRMARE  3.95 1.85~7.98
hAEEESRIARE 9.96 3.19~38.00
Mochou Lake 1.69 -2.26~14.50 [17]
Tuanjie Lake 1.36 -2.56~3.98
Daming Lake 3.93 1.09~9.49

AR AR IRAR ). Wang 251 %0 A W10 B X 1T N, O HERBFFE & B, WTEAE N, O Hk s % m]
IKF429.5 e/ (m® +h) | HL T FE A0 ) A A T (XN, O o 38 25 4 A 2 4. P00 sl o Bl /A )
WS vhi: , BERS A AN B SR R0 , HE T A AIE N, O HERC A B X3k ™. SR, H i T R8I0 2
X (5T 22 Jo R - 5 = A 1Al X ) FB1 80 e N, O HERIC, 50 2 Tl 0l 45 HE Al b 0 7 05 28 R 38 Pk
TRIMAE XA N, O HERCHFSE ™. W0 5 10T S0 L, LA AR X 5 AT Ak 3 K B B8 A0 8 K AT, Bk X R R E
B U, M FRIGBR A5 AT N, O B2 227 BRI, W)L AR TR DX 38 N, O HE 2% 5. Frederic 25
KB Petit Saut K E KX N, O A7 K B _E 37 MR L R K3 ik R . RIS, T ok R M K 2%
S W N, O 2 B2 R ) 2 P KA R A I DX IR, A I A R R T T I, R R T 4
5, A AT SRS AL A2, R R R N, O 72/, Wang 25 R /N 2 %0 L BRI AE 7— 9 F e gt
K, RIUAEY A K E %, N, O (9 HE B 28 B W (. I HL, o5 A BRI 8 i APUE — 2 5 3K 1 (i BUN T
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1 km®) 7o KRB, A R A B N, O HERCA M A S X Zhu 251 BFSE R IT, ek i
A T 1 K A AR BE Gl DX AR K, N, O 1 HE R By BRI A0, PRk AR ol 1 2 ok A 78
A TE A I&T , 52 37K AR FREERI Bl M PR 1) 3SR S ), 308 1) BILAL P T AL AR ROIRES AR I X R AR R
HE A ZR A A TR N, O B 72 A 0 R 7445 T iR N, O HER g EE 5 X 2077 (B H AT i VS
KA 9577 X 3k N, O HE A 5% .

Y128 A R — W) KR A N, O W5 77 4 JE AR DU 5 8 R J2 P S 43 A 25 5. Fleur 25 5
Kiva 1 & B, B T8 S v B T8 26 rb B 2 2 55, O LG Al AT R B2 40 A0, N, O W vk Jis B
A AR S, AR Z KA T v BB 6~ 9 nmol/ L, £ G JE /K A (1 3k BEYE L g 0~ 16 nmol /L, JE
s Rk FEAB T 58 nmol/ L, FRTEA B — R E A3 AT, Christine 227 #f5% Lugano ¥t & B, VA KHE N, O
WA — K N,0 B A RIEZK T, I BAE KUY R 1 RERAEINAS N, O ¥ 5 35 ) W {5
(918 nmol/L) , 2 RS F-MHE M 100 A5 ; FUR Y AER R4S . [R5 28 v i B 5 1) b NOS i
2 AR N, O W A7H I T P8 S A9 — AN Chistine 267 000 & B JE/KHE F N, O Wik 37 06 £ 1 L7
NO;#e FE WA 22 J . Johanna %5 A kK MR P35 N, O e Ji 76 38 14 1) E 5 NOSHJE I fkita s —3%. H
i, X T N, O 772 A HEUE et gT 22 808 b TRk ) A DB gl SRk, T LB XS AN [RS8 13 |
FEARIEAT KT 10143 X (K X BOK X K X K X R X)), 15 )40 2 (ROK 2 A &2 VAR
B RAR) ELGA T N0 WM TEL, RGBT W) KA FERY N, O 25 (8] 28 7Pk,

3 #EEZKMR NL,O HEF =2 I F FHEZR

W1 JEKAR N,O HERL IS 32 BRI 25 A8 SRR T 200, 0 % N, O HERCSZ Z I &m0,
TERERAI i N, O HERCHESE M I R e A BT K (0 Bk = R Gorh i HESRIE 10 B AT M R
GEry N, O HERCE M PR T-HESR , SN J2 U e e A PR R BRI 56 22, RIS A o #6) N, O HERA
B 4 . 520 N, O HERL BB M S HOR IR B AR, 540 DO AL 5T L7 35 /K i ] | AT A1 9
A HLEK pH NO; \NO; NH KA R DL B AR 2 755 S LUAERIFSE b 8 K 9 FRBE S M R 2 AL &
B A SCBHE LK 23 h K AR BAL R T ERIR T AR T 3 N2 UORTE, KA BRI T2 N, 0 774
Y BRAL S50k, AR IRLEE (5 3R EE (DO (C/N K SC (3 KR JKAEASAE) 5 AR B K A A 2 S5
HEWIROPE T s NESEMATIN T-6046 N e— BRI =i s (K 2).

3.1 B EAF

31 EE BV R T A KRR IR R A KR S [ AR 2 K A T 3 1) O e DR
F % N,O P s AR W R KR TR A BRI N, O [ 75 A . Dorland % BE5T K
W, 76 —2~25°C 22 [1] , S5 it 1 5 f) - 5 AR5 0L 88 252 0 35 9 T AF 96 56 2R Silvennoinen 45 i1, 26 ], i % /K 3
BT W A A G W PR A A A D 3 K, BT AR 2 T K — S N, O FHE
JCE . [ T SR R R TC A A SR N, O By AR L K IR R S TE A A S £
I P 462 e s 5 ) T BEBR A R -1 9 L /K I R 8 42 01 T M 5 0 P O v %) 52 A e 240 18 34k %
MR N, O Fry 7= A R T oK BB I 2 N, O 197 2k HERICIS B , AR o M S BR 85 52 mi DR)
2 PE I AR AN TR AL N, O il LA T I ) A S, TR N, O HERCH R 1 Z 45 48
A7 R R BB HR B AT IR IR BN FRT, ¢ TR S0 2K A N, O 7 A G R I
RGBT A AN SR, B BN TR I K B FR AR M ke =, R T L 3 48 P9 S 36, i a0k
Xt N,O P HER B A

302 HHEE WA SRR BRI I X N, O f 77 2E LA 4 s W A S, MO B SEA &2
F L N,O B3l g2 BT, A4k S fE LA R Rl fE— B AL RS A 1R R N, O BN 77 A iR 42, NH 2
TALAE R S 0 7R AT A T bt i 4 AL o NOS \NOS , DR it NHE 6 Ji 5 NOS e B DI 3G, R, 180
JEK MR NOS NOL R BRI T N, O fy7 A BAT IER0% " . Beaulieu 55" W], 24 A % Af) NOS ¥
JERN A7 2 N,O i k. R DRAR 4 1F T NOSYR BB, HoAF o e 32 PR i S B 000 3, 2 1
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A A s . Usui 27 000 76 Rk Id L R, (NOS+NO; ) (45 AT T HE IR 5 SR P A 75 N, O fiy =
2 NOS YR THES I NOS £ 24 He N, O B3 (3 FL 732 A0 — S0 Ak S0 A i AR ), 875 N, O M LA 4k &R
J5h Ny, T 75 N,O A5 BB A H BRI, Yuan 25 HFSEHLR I, 0 Kk fk b NOS e B B i, At 1k
PJ(NO; NOS ) e Bt 5 , B0 AL B PR e S AL 2 AM R, AT 48 AE 2 N, 0. HRISE T e K A e 2%
X N, O P A 75 H AR TR A R (B B A AT RE S BOK R BT 5 R4k, TR M N, O #9725, Wang
S STBEGE A R/ K ERE TP DTP 1 POY W B 15 N, O HERCR: 3 415G , Howt N, O Hiic iy ivf 23 25
SRS TR B 49% S9% Fl 48% . I (A AR VA H ) A K AR AR AR K I B FR G R, LR K I
BRI — A SR R T, H R R SR 7 N, O HERCRA AR A K570 ke R K i o
C NP Xf N,O 7725 HERCRE S 1R 7 B — .
3.1.3 DO KA DO Vi FE XK MR T W B T S5 A SR R, b 2 R R R AL IR AR, K I
TEBRER S PE T Aot B0 1 B B i o ) = Y e 2 A AR e A A, AT A JR N, 01 TRI e R 4 4 1
NO; BERSINER O,/ M T2 44, H 24 DO /N T 5% B, DO 23] T — %84k — &4 B 0935 o, ke rf N, 0
(977 HE AN IR 0. R , 46 X 9 PR SR B AN T N, O 1957% 4. Jonathan 45 3 b SR BCT R4 3 2
S S IR, AE ORI 0 BB AL R T, N, O B A B3 B S 0 PR B3, A 2 T3 3 I ) S 82
1.2% I, N, O 977 A 3 3 A 5 (RIS 20 B S 412 R, N, O 23 L 115 nmol/ (m” -+ ) f¢) 3 4t ple o 3
FE. Zheng % Ak Ay , AP IR G ) N, O W J&E S Ak 5 7 S M JEE 0.2 mg/LL I, 3F HAA h NO g i1 B ]
B B TS AL B ch R N, O P, FRTROBFFE 30 A A b DO Yk 2 X U ER 1 SR BF 5 AT b T 5
PEBYBE 0 T S HUBFFE K IR DO 5 N, O 7725 2 W] 56 2238 G HESS , (HIX X T T % N, O 17 AL WLk A
TR
3.1.4 /N ) JEAKHRFITURW ) C/N 23 ELEEREIR N,O 177 A MR LR )7 3. N, O 72 A i LA R 3 o =
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AR IR 5, TR i ) S 0 R 4z 18] Y /N e 8 LR A AR A S R 7 ok T S A A L
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FASER B 2t B BTS2 M, 30 A /K T KU -2 R K T R B 30, K SO T N, O B i ™
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217 3ot Lugano W) 5 25 K A3 A S8 RIVES -5 ViR 3 T 00 A1 45 SR 2 Y, AL SRk 38 I 7K TR 18 G 8 7 AR I, 7K
TRIK 20 m J5 WA F T K-, 7 Bk Pk NOS NO; S5 i S vk B A A i o R B R]. BRib = 4,9 %
IRAEAS AR N, O 72 A FNHE R A TR M A 28 1 R 55 2 I L T L 24 M K (57 25 A T T B 30
VEIX LA KA N, O HEMCI) B X I, — 7 T DR 2 I 3 o ELA o S A LR AR R, 55—
7 T ) 2 DR > I B 1) 9 K 5 Ak T SR — RS T, T A R T N, 0 R YR v, A o
TR AL FEOT A X BRI B YRR RS N, O HERCA IR I 45188 %, (EAR G I A BAR
WA AR RS , EL M GO A BEVE 24 00K U5 258 A7) B2 T B P R S R g e
32 £METF

SR KA N, O 7= A FIHERGE R AR W F R B 35K AR A 2 T . 30 P8 v K A A
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FERWIA P LE R KA N,O MHERCR R TP LR KA 14 4510 /N 22251 X 5 7 I 1y B0/ 4 380 1X.
5 & B, KA N, O 38 BERRAE 2« /KA 1 X (115.807+7.583 pg/(m® + h)) >FEALHIX (79.768+
1.842 pg/(m* + h)) SYTKAEY X (3.685+0.925 pg/ (m® - h) ). KA AKX N,0 Hik s mA 4 4
T s (1) BEARAEY AR A AR 48 A LUK IR, BRI K X N, O AL HE G 38 , AT $2 i HE ik
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PEIRFNRER AR 9 AR AR T AR 22 BB K 2.
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