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Dissolution and emission patterns and influencing factors of greenhouse gases in Panjiakou Reservoir. YANG Fan-yan'?,
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Abstract: Hydropower reservoirs are important natural source of greenhouse gas emissions. Therefore, taking Panjiakou Reservoir, a
large hydroelectric reservoir with deep water as an example, 33 sampling stations were set up in Panjiakou Reservoir in spring (may)
and summer (August) of 2020. Headspace equilibrium gas chromatography and empirical model methods were used to measure the
greenhouse gas concentrations in surface water and estimate the diffusive fluxes at the water-air interface, and the main influencing
factors of greenhouse gas concentrations and fluxes in Panjiakou Reservoir were also analyzed. The results show that the average
fluxes of CH,, CO, and N,O at the water-air interface of Panjiakou Reservoir in spring were (1.11£1.60)umol/(m>h),
(1333.31£546.43) pmol/(m*h), (76.65£19.54) nmol/(m*h), respectively. In summer, the average fluxes of CH,, CO, and N,O at the
water- air interface of Panjiakou Reservoir were (0.62+1.13) pmol/(m*h), (746.08+1152.44)umol/(m*h), (141.18+256.02)
nmol/(m*h), respectively. The greenhouse gas emissions of Panjiakou Reservoir showed large spatio-temporal heterogeneity, the
greenhouse gas fluxes of the main body were larger than those of the tributaries in spring and summer; the diffusion fluxes of CH,
and CO, in spring were larger than those in summer, and the diffusion fluxes of N,O in summer are larger than those in spring. The
results of statistical analysis shows that methane diffusion fluxes were mainly affected by environmental factors such as conductivity
and wind speed, CO, diffusion fluxes were affected by wind speed, pH and DOC, and N,O diffusion fluxes were mainly affected by
NO; -N. NO, N in water column.
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Fig.1 Distribution of sampling sites in Panjiakou Reservoir
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Table 1 Physical and chemical properties of surface water in Panjiakou Reservoir
EELAD HE Tt EES T S
WT(C) 19.64+0.87 19.60+0.92 19.74+0.74 26.54+1.08 26.40+1.22 26.83+0.62
DO(mg/L) 10.96+1.54 11.08+1.84 10.72+0.53 9.84+1.24 10.05+1.24 9.42+1.14
Eh 58.95+17.16 60.44+17.40 55.98+16.26 48.64+13.71 46.78+13.38 52.35+13.63
pH 8.6620.06 8.65+0.07 8.67+0.03 8.72+0.21 8.72+0.23 8.71£0.18
LS (uS/em) 536.32+30.83 539.43+35.28 530.09+17.42 535.53+24.77 533.44+23.05 539.71+£27.41
JKIF(m) 28.56+16.21 31.48+17.53 22.72+11.10 25.64+15.42 28.60+17.05 19.71+8.89
NH4+—N(mg/L) 0.13+0.05 0.12+0.05 0.13+0.05 0.15+0.05 0.16+0.06 0.13+0.05
NO;-N(mg/L) 3.31+0.23 3.36+0.23 3.20+0.18 2.60+0.48 2.66+0.57 2.48+0.19
NO,-N(mg/L) 0.03+0.01 0.04+0.01 0.03+0.01 0.10+0.03 0.10+0.04 0.10+0.03
TN(mg/L) 4.204+0.33 4.31+0.32 4.02+0.16 5.34+1.23 5.51+1.46 5.02+0.39
TP(mg/L) 0.04+0.01 0.04+0.02 0.03+0.00 0.05+0.04 0.06+0.05 0.04+0.01
SRP(mg/L) 0.02+0.01 0.02+0.01 0.01+0.01 0.02+0.02 0.02+0.02 0.01£0.01
CODwmn(mg/L) 1.68+0.26 1.7240.27 1.58+0.23 1.38+0.94 1.54+0.31 1.29+£0.19
DOC(mg/L) 6.79+4.74 6.78+4.81 6.80+4.59 4.79+£2.16 4.49+1.23 5.38+3.24
Chl-a(pg/L) 0.21+£0.68 0.32+0.82 0.01+0.02 3.96+6.54 3.58+4.12 4.72+9.47
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Fig.2 Greenhouse gas Concentration and saturation of surface water in Panjiakou Reservoir
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Fig.3 Temporal and spatial variation of greenhouse gas diffussive fluxes in Panjiakou Reservoir
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— 30, T R R, A K45 0K, AR 1) CH, T
KT A BEL 34 T 325 100G H R, 4 20 5 [9] DK 2 il
1, CH, 38 I 7K S5 1 0% H okt T BE 22 CH,
MRS TEERREZ — KA CO, WA &
Y R AR T R R R AR,
FOKARTE AR ) 1) A A AR Ak 0 A AT
YER, M T KA HR EHLER | pH {E. DO 5 25545 1k,
IS T KA COy R P NLO i
EREENEN AL FEEa TEFTNFN LML
T, 1R B 5k ) 2 S AR B AN [ R K A K
WAV DG, N2 A6 U7 H 2= il 2 WA SR, 4
PAIEPAAAER NoO Bl M R AR S AE it A K
J2E A A M R AP T g S AU R NLO PR
{14 J5 A
3.2 IR EAACHE O Y Y R b
KRR Z KB HIIE CH, PRIEE A, A HL
W) BRI AR VA AT R A AN g R R YR
MU UL SR AT U R 1A AR A P A5 R A5
PR G R 43 M7 45 L2 W, 5600 CHL 3 5 MR
AR DR B 52 I R 1O FEL R R (R 2), F 3 R AR ROR VA
TR 2% 2, T AV 0 il B AL A 2

%, CH, 725 2 Bk b )G CH, i
AL T3 — SRBERE I N 7 (3R 3), MG K] 32
KRR 25 R G I, ind K AR CHy A, Bl
CHy HEBCAH AT BT W, R T R A3 (K K 4
BEAR 1K i e K8 B g B i fie 3t CH,
JBCOL AR AR AL A S CHL S RERINAR FE (1) 575
RS [A] I PR At F5E S Wi 7 FE e 3 T

*2 EFEBEROKERESKEE. RESHEREFZE
BIEIAFIE
Table 2 Regression equation between greenhouse gas
flux,concentration and environmental factors in

Panjiakou Reservoir in spring

B B Epaps F P
CH, j# 5 Y=-15.03+0.06X 3+-8.91 Xyr 55.067 <0.001
CH, ¥ 7=0.483+0.004X 15+-0.078Xyr 43.069 <0.001
CO»JlH  Y=41867.88+3059.94X 10u~5317.71 X, 11.666  <0.001
CO, W% Y=236.72-21.66X0+100.09Xcomm 8217  <0.001
NoO JlAE  F=17.58+866.04X1p+79236 X 40.030  <0.001
N>O W ¥=37.62-14.75X uu+127.22X1p 40311 <0.001

®3 EFBEROKERESKBE. RESHERFZE
BEIYAF I
Table 3 Regression equation between greenhouse gas flux,
concentration and environmental factors in Panjiakou

Reservoir in summer

S [l =1 5 F P
CH, it Y=7.02+0.95X x-0.0LX e 22906  <0.001
CHykpg | RO eom 008000 001

0.003X
CO, il it Y=321.50+1151.32 e 82.149  <0.001
CO, K JiE Y=426.20+1.15X 444 8536 <0.001
NoOJHRE  V=469.07+219.49X 1u-54.00Xp0  26.698  <0.001

NoOWKRIE  ¥=-56.30-6.25Xp0229.98 X 32.275  <0.001

IK—SFHHI ) CO2 A8 #3577 [7) S R /IS T B
YT RKAEKE CO2 3 s 22 B R /N 14 it ]
W KA CO2 43 s frp1E &, IR K — A4l CO2 il
HEEHIKER CO2 7 RvE KK CO2 73 s F 2532
RGBS KR TR IR R4 AN A 45 1 s i,
A5 1] U 43 BT 48 S WY IR 5% 1) C O 3 i R T
I B 52 ) [ 1~ (R 2438 3), X i = A ) 52 i)
5 R RAN RS R 5 R IRk R 2 ),
SECEH KA R B RS Ak i, AT 5
M KA 5 KA CO2 3R BE MK SR CO2 (9™
HU A T i e X g 7K YA T L P 3 R 4 T
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BUTE. AR Iy Ay 20338 24 B0 K 4k R Jee Jit o A BTG
TR PEAR, AN T3k 3 AR () 77 AR VR T AH R 5 11K
£ CH, JE Ik T#H7 Curua—Una. Petit Saut.
Wi Lake Baroon. Little Nerang Dam ¢ F€7y

Kotsamolampi 7K, X 32 2 J& T %5 K A
[ O 22 A P J 3 = b R 2 R AN ) e 107 3
FIKIE CO, AL T #4 Curua-Una 1 Petit
Saut A7 T LK PEAE, TS . KA B
VLVE 25 7K JE S AR $ty o Aty €T /K A, AT LA
RIVTAERAL RERO R KRR | Vv T fE A
KR o P PR 2% 1 g 1 45 2 5 Wi il A
TR E LR 2. B K LKEE NoO 9 ol s I% Tk
k1K AT Lake Baroon. Little Nerang
Dam Al e 3 LK 28, i T A SO 41 H 1 3 e #4
W AR L AT M FEAT AKX AR K R R 3 43
A AN [F ) = A FH 22 A K PERR A T AN TR A L
JRUET N AT D% AT LA H AN [R] DXC80K P = AR
T A 7 e BRI 85 A 5 oK 2 F 3 - s R
3 EFRERAAT  IK I P AR AN [R) S 28 B DA Aok
JE 1) % 5 DR 35 AT R R AN 4 AR B 3
AN FR = S AAOC 2 COy 5 NL,O B B
o1 7 S T A AR AR DAL 2K 1 K 8 )t = ARl
5K T AR KB A, [ It SR AT T3k — 20 F JE vy
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Table 4 Comparison of greenhouse gas emission fluxes from reservoirs in different regions at home and abroad

KP4 SRR CHa[pmol/(m™h)] COs[umol/(m™h)] NoO[nmol/(m’h)] LS RRS
Curua—Una(EL75) Ftie 173.25 2768.18 — [46]
Petit Saut(=E IV JI) Htiy 3045 4257.27 — (6]

Lake Baroon(# K A1) T 5.99~19.53 - 30~90 [48]

Little Nerang Dam (i AFl T 12.52~53.53 - 70~390 [48]

)

AR T 0.22 -51.56 20 [30]

Az K WAy 0.37 8.04 10 [30]

BEAK K T 0.30 7.78 10 [30]

YLK WAy 1.42 31.44 220 [30]

YR PE K WAy - 255.83 - [49]

IKATHEAK T - ~632.92~6951.25 — [50]

F.D.Roosevelt([H) ok 6.04 415.23 — [51]

Cabonga(JIll %K) bk 19.69 763.64 — [52]

T K bk 54.38+6.88 15097.95+190.68 12270+69550 [53]

TEFR LUKEGER) bk 1.11%1.60 1333.31+546.43 76.65+19.54 VNS

TR LUKEFEH) bk 0.62£1.13 746.08+1152.44 141.18+256.02 VNS

Kotsamolampi(%§ %) FEAT 9.17 15.83 -10 [47]
4 ZEig /K« NO3; -N. NO, -N. TN, CODy,~» DOC. Chl-a.

4.1 HFIKEREE KK . Er {8 pH fH-

DO & & 1 T L & | 22 R, 0 Lk
NH,-N. NO,-N. TN. TP. Chl-a I pH 1E 4k,
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