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Abstract: Dams affect hydrologic cycle and water environment through intercepting river
water. Therefore, “impounded rivers” or river reservoirs often affect river basin environ-
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ments. That has become a worldwide problem, especially the effect on N2O emissions. This
study investigates cascade reservoirs in the Wujiang River, and analyzes therelated param-
eters and N2O concentrations. It has been shown that the cascade development doeshave
impacts on water parameters, nitrogen loadings and N2O emission. Saturation of NoO av-
eraged 347% in the entiresurface water represents a N2O source with respect to atmosphere,
under influences of age of reservoirs, nutrient status and organic matters. N2O is emitted
more in spring and summer than in winter and autumn. The key factors of influence are
T, pH and DO. Organic matters and nutrient status are important in old reservoirs such
as the Wujiangdu reservoir. Nitrification is a dominate process for N2O emission in surface
water. But for water in discharge, denitrification is a dominate process. The annual aver-
age N2O fluxes were 0.33 umol-m~2-h™! for river water, 0.64 pumol-m—2-h~! for discharge
water, and 0.43 umol-m~2.h~! for surface water in dams. Compared to other surface water
in the world, emission of N2O acts as moderate emission fluxes in the Wujiang River. High
concentration in discharge water should be emphasized since it contributes huge amount
of N30 emission during hydroelectric production.

Key words: nitrous oxide (N20); cascade reservoir development; source-sink effect; emis-
sion flux

ST E(NL0)S AR HIEH AR S (CO.)# 296 %, HF AAEKRKSFAEKIX 1142
FIFF B A ), R HBRZERN R AT FRE T HEE(0:) BRBE —HURZE THRAK X
F2 HRER, BARIES S BH NoO EHRELA N 4.5x10° kg, 1 B IE AL 0.25%
FEEMMEL. HAT, KSF N.O AR H O B TV EATHN 2.70x1077 LA ZIREN
3.19x10° 712, B AR ER) FHBME L ENRNEER TS hz —. Bk, #F N,O
LM EBRERAMARELSLREEHNHANEERE L —.

KEEFREREREEFRNMIA. BMBEKE NO KEEMBRATEEFBRRENK
8 R ARk NoO BBUEEAHEMN EERFER R —. AKEESFEEFEMEE
BERUEET, MA-BE-KESKERECEEHRIN KRS N.O BEIBREEE, L
AR RIRKEN MR EREREREKERNITHE, 5 NoO BIFERIE THELA G
YREERE. RIVBRFE R KRB 7= 4 vRm M 1Y, RS S BUK EE R BGR E 548 N0
FRBELS R THAEE AR ZXE18], RE B i ERRaTFi RS BKEF R,
7 A R A3 A R M X TSR A K R i S R B OK EE T K. AR X B AR A E R
XAFRHEFREENHES NoO I ERETRENYE. B, BirxtHBEF XK
N O 7= 4 R B GRS B S AR B >, FrEUS ARG RE FR.

ETi, ATEEST U4 EESREF RIMTAMANER, EdlleKiESH,. A
KT AR NoO & &, Bt NoO = SR BWLIE . WILANEE, MRS R N2O #
BEHUKF, 3 F AR RSN R4 T B IR,

1 #RXEHER

BT RKIT R R AKSIR, TR 2K 1037 km, FHBEFN1.16x10° km?, FME
WFH2K 802 km, MIKEF 67 500 km?. SYTMIA BIILHIR, BIE =2, LB, £
KTERRZE 1000 km? A ERISCR T A NHIT . =& S BF50 . RATE . L. EK
L MW, ERITE. ST R TR/ EREGERE, BIRE 1500 m Pk, FRA4E 3 21K,
KEFWEME, PHFIFMNBROEERS, URRER. 24 E; THERMIZRERTH
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o R ) ARES i, RTE 500 m LU F. SILABMATRER T RY, HEF 2, RREK
BRERAEFASMERBEKR. ERBRENMX. BEl, STREHTT 11 ZBEF KR, 2T
YEREURAL T ST h LR AR AT s RIFR, DHREEKE. F1FEKE. RRK
FE. RNEKEMEITHEAKE, BT 5 ZARNELBAEREER. 5 MRENEERARS
BOLRL(FRRER: P EARKEENLERERA AR EE). 5 MKEEARRER.
FEgs . BOKTEAR, Rt R B b S B R IT ROKEE, 3T A NoO B A EE
BX.

1 FAKBAZKENEERRSH

Table 1 Main technical parameters of reservoirs in the studied area

e EBNE TR/ BA EWEKG  REEGET  EX L
7 E/km?  (m®s™Y) ME/m AKEEE/km® EX)/MZm® WA AR/ HKW

ElRi 6 425 152 130 13.88 5.43(3.97) 2004 4 16
e 5871 39 75 20.61 4.209(2.653) 1994 £E 7.5
R 18 161 345 162 19.06 8.63(4.9) 19944 51

ZRE 21862 427 113.4 5.7 1.57(0.85) 2005 4E 42

BT 27790 502 165 47.8 21.4(13.5) 1979 %F 63

2 H@RXESSHNR

2.1 HRXRE&E

FE2007 7 H. 10 AM 2008 £ 1 A, 4 ASFEWX SILH Lk e KER SITEKE
BRETF RFIRET THRRE. EEKEEXIE. 5 AR TRENES AIFREEX R
Bk UG T KT HEE KRR, FIA Niskin FKERER G, P75 RKEER 50 mL
BIMLFERE 3 K, W ZE 2 581, A NaOH R 7R pH>10, A 0 SEEFE A, UL 5 mL
—REEHBTFERKEE, HFRAE, REEHS, FHEPFERARY, £/ parafilm EE
O, BARE. BINKE 1L KE, SEE IR ERHT BT &N BE(TN). MR
R(NOZ AR (NHT). BIHFIF KRS HAL YSI-6600(4& R A R, EE)ELIR E KK
BE . BEE (pH) . B#4% (dissolved oxygen, DO)ES %L,

2.2 SR

R LM E 57 £ 4 HTX (Skalar 24 7], #722) M & K9 TN, NO; # NH}, HF| A
SHBENEHT N,O MEE. #RH N0 RENERAMZE PHE. B4
T BEREESEPEAN 20 mL SARS(N2), HSHEBK, EEEKBIERABZIR
% 30 min, FREEKBFHME TS ERTE, R, ASHAEBNETRE + NO KE,
Bt — A KT NoO RE. SAHAEKNE &M REH B -F 8 R 8 (electron
capture detector, ECD)H] HP6890 SAHEIE(L, Ar-CHq(V (Ar): V(CH,)=95:5)# S, Mk
20 mL/min, 80~100 H i) Porapak-Q &4 B, &i& 50 °C, A FERE 320 °C. B/trrE iz
FIFX ZHOXF) 0.999 9, RIE 1% M 2678 KR NoO ¥ E 5 (320.7+48.4) nmol/L. ER LK
FERRPERE NO IRERNBEREMNT 4%, HXRE/NT 1.0 nmol/L.
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Fig.1 Map showing locations of the Wujiang River and sampling sites

3 ZR5itE

3.1 LI#RFAMAREN NL,O HEN

BEE. B (pH)F1 DO & Z WA EY IR A BN EEKLESE, FHE
FE. BRERAE AN DO K A] LA ma K 4 MR AE Al f R4 FE RIS #2. 5 T K FRRT 7K 48
b, ERREKEERZE . EEMKEYRFESH/KER(T). pH E DO(INE 2), £ K&
BB UAHE. XU AKINEEE R AKEBMRAENEE, KEPAEERARER

2 SBILTHKAEKIESHERBER N2O 58

Table 2 N2O concentration and water parameters in main stream of the Wujiang River

REERTE] KRR T/°C pHE  DO/(mgL™!) N20/(nmol'L™') N2Osar/%

K 23.3842.32 8.0340.31 8.414+1.46 24.354+10.53 291+109

BE Ttk 21.49+0.79 7.7940.12 7.35+0.82 45.761+46.33 5124510
EXFEEK 2656+2.63 8.64+0.43 10.17+3.22 24.24+6.93 322+106

7K 19.28+0.76 7.82+0.15 7.65+1.21 27.35+9.00 290499

*= Ttk 18.83+0.56 7.79+0.22 7.88+1.03 33.45+12.81 3524142
EXEEK 19.45+0.55 8.00+0.28 7.85+1.57 30.06+15.34 3224169

7K 12.57+0.79 8.11+0.11 9.1240.51 39.24+14.08 3244142

K= Ttk 11.894+1.41 8.02+0.21  10.12+1.71 36.963+11.93 304492
EX#EZEK 12.64+1.23 8.0940.08 8.75+0.97 37.05+21.37 322+194

7K 15.794+2.42 8.3540.37 9.46+1.85 31.66+13.33 2824117

HE Ttk 15.4242.39 7.95+0.16 8.41+2.28 49.92+17.54 466155
ERXZFKEK 18.76+2.71 8.57+0.25 9.82+1.04 40.03+13.05 4164139

H: RP RSN PBEESD”, SD HARHEE; NoOsar A7KE N2O KA.
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pH M DO ARMERRE. NEFEXRE, KERE/KK pH E K 8.00~9.31, SFH{E N 8.33;
K pH {EN 7.61~8.92, FH{E K 8.08; Filt/k pH {E4 7.59~8.44, F3MH K 7.89. KERE
KEFHERT TR EK pH {E, J/KER fESER TR ERLIERE. DO 5
pH ERZBEHEAL, BRETEERREKEERLIEARE, THKBIKH DO KFTT
R SKEREMAK T KB .

BT FRAK. FTHAKMEXR REKS TN, NOs-N #l NH,-N S ENERBEE. @K, F
HKFMEXREK TN FFHE 550 3.00, 3.35 A1 3.23 mg/L, NO3-N FH{E 554 2.60,
2.80 F1 2.56 mg/L, NH,-N HIEH{E 5508 0.35, 0.32 1 0.33 mg/L. KETHM/KAFTREHN
AEE, KIEBENFREARAL — K BREA. NERRRE(BE 2)KNE8XT B R
BEREMBEE, Saikf K RFEENEE. KIMMBREIF KEZZMES H K8
HEBK, RN BEZIEWN T FHAKERELRE, Fln NOs-N &8N EXKER 3.00 mg/L
BB T U ST T WK 1.93 mg/L, BIEZ1A 36%, 1X 5t 57 L HARR R BA BN
R B8, R, B 2 ATLAE S, KEFESTEF AR RIS S a8,
RIMHE A, BB R KERNIEIN T FHKEHER AR

KEXNBEHREBUN —HFTHTRESBEKAEFRYRLIHREZTERMAR, 5—HE
IKARE ST 0K 4 B B 3SR - 7K BE 1 KR NoO HIRRIR(46-7 1. BT TR & KK kv g
N.O KB EXRUEREBEAR 2) A NEHA, 24 N,O HHBMEZLA 160%~1 417%,
SEEME R 347%, FHRAKEKEZRIA KR N.O BIRBUE. FFEWAKE NO SENES
E3 H AR FSITE T ik, HAahkE Tk BRI B & FUROKFR RGNS &5
fE(RZK 2 F1E 3). T ARSI TR EKESRARERAKSF R, —4H T HtKE & N0
SEARRUKERERKEERENEE N.O F8NV, B—HH Fitk+ N.O BHEHE
REH, REZFHIKELREN KREZSEMBER, MA5IEEY. FKKE N0 SER
&, X7 6E 2 B MM E B BI&M K SN N1 &4, KB HRIES MR N.O MRS FHIBER.

FMEKE N0 MBBRIAHBBHETHEESR, SZRI/KERE N.O KRS RD
FKE, RBKELZE N0 §BIAH, REEHHE, LARERELYV. EHERTHEKES
K, XZKEE, AR FHREDRTES, BAERANRBAERRS, MEEFUHEK; 55,
FEEFKEHRNRESZH, MR- KRE NoO KT 8T RESINaRR 2K NoO B .

ST FRITHR NoO FEERZLNE 3 . REFES, BEFTR N.O B EHRN
HE RGBS, A F THSTLEKEKAE NoO (A RFERANEE. N.O IS
BB AREFA—B(NE 2 1 3), N\ LY EKER T SITEKE, NOs-N S8R
DU BT R A, —HE LR, BRI EHIAIRE RS N.O BB EER K19,
TN SILAREN NoO K RS MEE, BEARKERREZES N,O B XBEER. 51T
HKEREFREE, HIKARKKE. ¥EKE. 51 FEKEMRENEKERE L), BREN
JKEE B T R A W I L A A R AR KB VLS &, [FIR 7K B B M S e i
HEETEK U R ER MEFASH SR ERKEBRAENR RLMNHEVE. EEK pH 1 DO
F SR KRR VR R 1420 T & (R AE/KAEB IR N2 O.

3.2 A N2O FAEMHEBN#ImE R

UAANFERRBEKEEI T KU ESENEUYESESE N,O FBZAIMAESYE, RI
pH, DO 1 N,O Z [AFRIAE BEHAMERR(NE 3), RPTRFAR . EXREKFATHAK
1 NoO Al X ER B FHRILER. CHHRERI T RURME, EABLK SR, F
FBENTE. 1€ pH. B NO; S £ MHH M TRLIEAR N0 7E Kk 1 BRI20. R, #
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Fig. 2 Spatial distribution of nitrogen concentration in reservoirs in the Wujiang River
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Fig.3 Spatial distribution of N3O in reservoirs in the Wujiang River

® 3 DU LEEKEKESE. BHYE N0 ZHBHERKR

Table 3 Relationship among water parameters, nitrogen variables and N2O in autumn season

of the Wujiang River

T pH{E DO EC TN NO3 NH4 N20O Fnyo
T 1 -019 -0.74"" -0.26 —0.54" -0.57" —0.24 0.45 0.53
pH 1 0.68** 0.01 -0.34 -0.34 —~0.48 -0.75**  —0.70"
DO 1 0.04 0.24 0.25 0.02 -0.79** —0.85""
EC 1 0.33 0.38 0.09 -0.13 -0.17
TN 1 0.95* 0.57* -0.36 —0.37
NO3 1 0.65"" —0.37 —0.37
NH,4 1 -0.41 —0.26
N2O 1 0.93**
Fn,0 1

¥ **P <0.01 BFHX, *P <0.05 %,

HET, N2O BT B (AN, O) 5 R M#E B (apparent oxygen utilization, AOU)Z [A] ) 3%
Z W LA BAR NoO RIS, R

ANz O0=[N20] gz — [N2Ol s,

AOU=[O2]isp—[O2]mmp-

4 iR SILH E#KE N.O 5 AOU Z [HKXER. KEREKH N,O 5 AOU Z[d]
HAEEFNEMRKR, BTEHULERIERPEKHEAEEN N2O - HEBEIEHXE,
BrUMKEERBREK NoO KL E N B TAKAEFRIFLER, N2O X AOU KEIR R $
A 0.118, XG5 ErgiEf#lE NoO MBI RS R RAFEWTHHAXUEHTHE, RAH
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Fig. 4 Correlations of N2O versus AOU in reservoirs of the Wujiang River
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Fig.5 Variation of N2O fluxes in cascade reservoirs in the Wujiang River



%34 XK, % FIRARZIT RN S K AEE N2O BIHHIEM 309

HAT& XM R-K BE /IR R NoO MR, FEEFEERKTFRERE R AT K
FREMKE, REEDOREEFRBE D ERREREFRKE. H0 Swaleouse i N,O
BHREEAEHERENAKTE, A 14~100 pmol-m~2-h~11221, w4 #E 7 N,O BN EE S
0.23 pmol-m~2-h~16) F 4 & F BB E N 0.58~4.58 pmol-m~2-h~1231 B [F 37 % v
BIBEBCEE A4 2.00 pmol-m~2.h~1124, T ARG K315 RIH N.O RAFURE, BHGER
#17—0.60~4.60 pmol-m~2-h~1125), SZI5 Y K B I K T H HIAK- K EEGR &R BRI KR N0 B
PR 0226 — AR ELA B A VA AR R R AR (6

Hit A HAMERAR, SILEE N.O MEBBGERRE TH%/K¥. MHEkEmE, ST+ L
FREAFAKFFE, XA et RAKE N.O BIRAERARA R R, [ K E A # K&
REMEYHIRUETEREES NO BRNEERR. 545, TiHKkEEFEEZSTHREM
EXRBEKOBBER, ZKAEKBFRIBEPEE/FEI N, SHEE R RIEMERRR
XS P, RN EENEESERBRTT.

4 HXRIE

(1) BITTFRMPBRR I KX KEKIEESE . EHPDUR N0 AT EERNEW. pH f1
DO ¥RIMBEEXE R, THKEMEZBURE. MENDRKERNHFA—B, BERR
R U HIB BB, WARMERFRAREAFHERRAER. N2O HRAAN KK
KBHE, BEEAAEREEEENETHER. EEFEZKENBENED BRI FE 0,
AHREK NoO BBUKF.

(2) #BE. pH 1 DO Rm N,O BRI BE F, X TESREZN SITEMRRBIRY,
FVBERAKEE &M REREE N.O BN, BIA/ERRFR N2O AN EEiTRE,
ERTHEKB K NoO & EHHEX K RHEIEREEEENTR.

(3) EEWMPAK-S A HEHEZ T4 0.33 pmolm~2h~?!, Tt /KMBBEEN
0.64 pumolm—2-h~!, KERXREKBBEEHN 043 umolm~2-h~1. LSt 7 M FE KA,
BT F#ETIR NoO BB BUK TR T E/KF, TEBHIE R REEEARKFEMKAKNLE
M. AT, TtAKEREETRRNERREKOBERGER, XATESIZEN.
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