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Fig.1 Location of cascaded dams and sampling sites
on the Huoshaogou River
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TERE AR H ) R ANE B L RORE AR T R KA 1 R
A CO, \CH, N, O HEJBGE 5 377 Wi, SR A
AFE] 09 : 00 — 21 : 00, &P% 3 h RAE 1 K, B K IF I
WM 3 ASPATHE . SRAEHT AR AR5 8 T30 AL 48
WA G5, RAERE B RARAE & T /K, (48
FHRAK R N 2 LS /M R4 . 25 B 2 4h
B A o AR 5 4 S ] i) B 2 532 i 38 AR Wk B
AR RS A e A5 L R 50 mL ST RS R R
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Mrial—S kFE R i CO, CH, A N,O ¥ B, FH A
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Tab.1 Emission fluxes of GHGs by month in the

Huoshaogou River

CH,/pg * COz/mg * N20O/pg +
Ay BbiE . , ;

(m? « ! (m? « W) (m? « )™

09:00 910.34+185.4 327.94115.2 187.4+22.4

12 : 00 920.4+54.8 232.1+£713.8 175.1+80.1
6 15:00 1950.24+£175.2 —-411.94+276.1 209.84+114.3
18 : 00 6150.2+106.6 —1283.44+1101.9 222.74+227.8
21+00 1345.3#£235.2 -1092.54+225.4 214.5+253.1
09 : 00 670.0+978.1 -127.74505.3 304.74290.7
12 : 00 2924.44+404.8 -47.2+17.9 239.74+161.3
7 15:00 6580.34786.6 186.5+740.1 216.74118.1
18 : 00 1130.24+254.1 —548.54692.7 264.64208.6
21: 00 997.3+£77.8 195.2+489.8 361.04+288.3
09:00 1162.44642.5 361.9+114.4 248.44109.9
12 : 00 1581.6+164.5 465.34+462.7 233.74+225.3
8 15:00 6549.24775.4 —-38.4+587.1 209.14163.1
18 : 00 4008.5+489.3 -37.3+£111.0 234.54329.0
21:00 6890.941186.4 —271.6467.4 256.14315.5

7R KOpe i K AR T R = AR HE . CO, B
PR RPN, CH, M N, O RN, 6 -8
H CO, HEif 5 WA B i 47, Bl i KT B
i, S A S W GEERT 6 -7 H.FHEA
(-137.314£919.8) mg/(m? * h);— K ,CO, HEk
3 B KB BLAE 09+ 00, 2(327.94115.2) mg/
(m” « h), fe/MEH BLAE 18 2 00, Ky (— 1 283.4 +
1101.9) mg/(m? « h).CO, HE 5 W W % e i it
]k Z 4L fE 15+ 00 fiHiE. 6 -8 J CH, HEiit 7
YME R (2 255.34+146.5) pg/(m* » h),8 A FHHE
iR i s — R P CH, HECGHE & i KAETE 21 ¢ 00,
K (6 890.941 186.4) pg/(m* « h), e /ME H B
1E09 : 00, (670.0£978.1) pg/(m* « h), N,O
IR 1) RAHE T 45 A HE G & 25 7R KL 7 H HEik
WG E{E R (238, 6+205.5) pg/(m? « h), —
Kt N, O HEHGE & e KA B FAE 19 = 00,24 (361.0
+288.3) pg/(m* « h), H/METE 12 : 00, K (175.1

+80.1) pg/(m* « h),
2.1.2 ZFEBAE  HF KR KA IR E AR
He s & 2 fioR . CO, HER 5 el se Bk 17
B i 9 B - 1 544.1 ~ 1 750.5 mg/ (m® + h),
CH, F1 N, O B jCiE &t 19 42 £k 48 3K, 43 00 R
152.8 ~ 6 163.4 pg/(m’ « h) fl 70.6 ~ 746.7 pg/
(m* « b, MWESHHRHEGE &2 M ERIAH CO,
I sl e e BRSO DX S 1 G B b de /ML TE R
FUIX, 5730 IXF 4 HE i385 659.9 mg/(m’ « h),
2 330X S 9 HE A 5 90.1 mg/(m® « h); CH, HE
JHCE AR S B AR X g T A SR X R A
SIS 24 HE il 8 2 065.4 pg/(m® « h), KT
DX 35 HE S8 1 042.4 pg/(m® « b, HEHE i i
KA B ST 058 4 B fe /N 7 S 301X
55 2GR RE s N, O HEBGE & SR B S BH R SITX
AT S DX R, HE 0 2 e/ IME e KAE I 7
B4 B BRSO IX P ¥ HE B & 371.9 pg/
(m” « h), K MW X ¥ HF ik il & 132.6 pg/
(m* « b, A F Z, Kbe i 503X 5 A HE
BEBHT RKIIX (P<C0.01), H X 17 %= S A&7
T3 HF b A i S ARSI Y 4,12 £% .
22 HMBTEKERETH

S VAT 3 K AR e e A BIL T L K MR R
Al 0T A AE B B 22 S, 2 5 i T RO HE T )
JR R (R AR 4, 20165 R BE T 48, 2016) . T DIAE
F 5 RS o 6 B K R B AL 48 A B A/ CTND L i R
(DO)  BAHLEK (TOC) Ak 275 i (CODy,) . pH
{H R (SaD) /K (T) L5 % (Cond) | A Ak 34 Ji7
B AL CORP) LB i [ & (TDS) 3131 10 10 B fk 48
FRAE R S i H (3% 2), " RLR I, RS
FISFTI X K A8 bR A7 AE 3 DX 0 SR K R ) CL
N s B A —E 5E . 1) I8 45 (2016) 7 55 VL3 3 i)
LW TN M i 2 R U7 % G FAR 31X 5 AR IR 98
SR —F0 W B, ARG T R SFIIX B DO, TOC,
CODy, I8 T IX L 7] BB 2 32 B 52 . K
UK AR AR B0 R 0.6 m/s 5 1 22 50 3 IX 1 7K A4
2 Vi T DO 9 L LR R A 0, ARSI B pH L #R
JE KL L F T 38 R A [ AT T AR T AKX
o, DK LS R R AR LA L, RIS 2 2
553 BB AR 4 KA TR FUIIX, g S 58 0
524 F IR SN IX 8 T R FUILIX 5 oA S0 X 19 44k
WA TS SINX

g5 b SRS A LT A TR DX KK Ak B AR
PERT 22 7 5 B HEGE B A —E MR,
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Fig.2 Spatial distribution of emission fluxes of GHGs in the Huoshaogou River
®2 KARBEEENHRTH
Tab.2 Environmental factors at each sampling site before and after the construction of cascaded dams
I B T/ Cond/ ORP/ TDS/ i l TN/ TOC/ DO/ CODww/
P a
Ed Ak C pS e cm™ mV mg e« L7 mge+L? mgeL? mgeL?' mgeL"!
5% 1% 22.842.3 2310.841005.9 10.8+41.0 1150.9+499.5 9.0+0.2 1.14+1.6 1.640.5 19.9417.717.4+15.5 1.2+0.5
i 29 23.247.3 2297.4+101.7 8.0+44.7 1161.6+70.5 9.1+0.2 0.9+0.3 2.44+0.1 20.04+22.117.5+19.3 2.84+2.1
W
3% 23.4+6.2 1874.6+120.8 10.2+37.2 941.6+94.3 8.7£0.4 0.9+0.1 2.94+0.2 10.2+2.8 8.9+2.5 2.2+0.6
= 4% 21.3+57 434.8+88.8 52.8+29.5 216.5+5.0 8.84+0.4 0.1+0.0 2.3+0.8 5.7+2.6 5.0+2.3 2.1+1.0
KHI 549 21.6+4.9 555.3+84.6 58.84+44.4 251.2+18.9 8.54+0.5 0.3+0.2 3.4+1.9 6.5+3.6 5.7+3.2 2.7+0.2
3 i KD RG T IRV IE A B 5Ll (Wang et al,
W . p ; .
2013 5 AR S 2600 38 2 00 O A i L Dl TR e
3.1 KSEFREERESEH MO IESER P T AR TR R E T R L A2 e AL B O e R

KA SR E SR R AR 2 A

AR KT B K AR AR, BIDE IR  pH L KR L KL
B, B2 W A AU 1 HE B W i A R S
(Jahangi et al, 2016), JK ¥ Mk & A HLE 2 5k
PGS EZEY . B T CH, 5 N, O 7= 4 %
71 (Al-Khdheeawi et al, 2018), TOC 4 Jy It & i
Hi RN K A A 3 2R 58 70 2 AR W R Ak 2 0 B 1Y) T R
Bk AR T OKAEES R E Pk EEERX
— PR T AN A A AR R G 3 L 2 T A

AR R CH, HE (Truu et al, 2009), ZASHF5E
L CH, HEBGHE 5 N, O HEBGHE & 3 eI %
FOFFAE, 78— B LU CHY 5 N O HF i &t
AJREAZ B AN [A) A7 AL BT 9 A2 46 19 52 i) (Beaulieu et
al,2010) . CH, )™ A 32 2 Bk T B g i 19 i
PR TE R R IR v n] Dy 22 e B A ) BR A
FH 3 17 H e 3 M DU 7 A 7 B 22 1% H e
(Siciliano et al, 2013), KK X TN & & i .
CH, #7850 £ fe K, U B kB8 1 S i CH., HE
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RERE ELANARRKAFABREZAGRFIRBERE D HEZR 21

TS 22 W U5 BRI 5 e A0 S KA AR 9 728 AR RN Bk v A
BLA 5 ik BE 7 19 25 5, T BB il C O, HE 0 5 1)
ENGP
3.2 KEMRETHIRESEHMA M
FUIUG ARG S 5 G2 A PLR R EE R
B BOK R E 37 2h BB, K R B b M 5 1 i AR L B
L R = SR HEGE 2. SIS, KR COD
BEA UK B 5 4 L 0 T AT RE S K AR NL O 1 HE
HOGE R CE AR 46,2009, MR RS, CO, — 36
I3k HOE SR L AL EE SR K A A BT A P | il
L] I A B BT A e A DA S IR 4 DIE R L CO,
A 3E o B A AT S K AR A R e, BR S
FEAE R R B R (X AGRSE L 2009) . ARWFFEH L, CO,
HE il AR T A B A% L R Rk LA A, AT RE A
U [X 3 37 B BE 52 00 A K (TE B A5, 2014) 5 1] - 2
DX 35 AT B A2 /K TR pH A 25 5 19 52 i B K (2R 20

85,2012), W CH, HEBCS ™ H e o8 6 M G
KR g K iR S IX K IR LCH,
0T R U B I R A TR R o S A R A R B T
T R A (A 2R R 45, 2016) 5 {H % 45 B 5 F 75 &
(2010) 7F 5% B 7 e 3 1 1 F 52 285 SR AN TR) L 156 B CH,
HE il am B 2 28 M R s 2 F v, AR LN, O
HE S 5 32 pH (E 52 W 45K, 7T BE 5 6 £k 41 58 R
i A 4 TR 6 pH AR Ak By 3 BB 6 (T IR 4155
20083 5K R ,2001) 5 53 4h T UEK I 5 19 X 38, N, O
I T30 308 ot R X K i A T B A e R R B L
AR IE MR T TR SR R e SR, £
T N, O HEjli# & (Hemond et al,1989) .
33 RMEFAFSRESCHMEBESEMNHEXE
Bt DA i 2 SO HE A 32 B A IR IR B R
OB L KCBETR 5 G BT CO, LCH, #1 N, O HE
JHCIE 5 K R PR AL AR bR B AR DG C R L3R 3,

£33 NREAEFKSABABESKEESHERZNEXESN

Tab.3 Correlations between GHG fluxes and related environmental factors in the Huoshaogou River

KA B Ak R A R A pH e ARz KR ! S A T A
CH, 0.724 -0.968" " 0.225 0.227 0.539 0.399 0.828 0.737
1% CO; -0.887" 0.438 0.163 -0.781 -0.108 -0.636 -0.527 -0.882"
N:O 0.679 -0.807 0.249 0.219 0.448 0.207 0.952" 0.687
CH; 0.674 -0.714 0.101 0.623 0.095 0.692 0.106 0.671
2% CO, 0.540 -0.705 -0.613 -0.073 —0.055 0.241 0.354 0.538
N:O —0.866 0.929° -0.094 —-0.424 -0.199 -0.783 -0.876 -0.866
CH, 0.491 —0.687 0.979"* 0.337 0.124 0.601 0.153 0.486
3% CO, —0.684 0.782 -0.907" -0.578 -0.181 -0.705 -0.408 -0.680
N: O 0.903 " -0.720 0.397 0.852 0.229 0.675 0.895" 0.904 "
CH, —0.006 —0.458 -0.287 -0.022 0.348 -0.113 -0.070 0.003
549 CO2 -0.914" 0.608 —-0.247 -0.926" 0.327 -0.925" -0.978" * -0.914"
N, O —0.294 -0.035 —-0.250 -0.307 0.640 —0.369 —0.553 —-0.285
CH,4 0.807 -0.224 0.010 0.823 -0.341 0.260 0.773 0.803
5 CO; —0.624 —0.124 -0.774 -0.675 0.407 0.328 -0.158 -0.642
N2 0O 0.888 " —0.551 -0.036 0.872 -0.382 0.397 0.970" 0.877
1" P<C0.05; * * P<C0.01,
Note: * denotes a significant correlation(P<C0.05); * * denotes a highly significant correlation (P<20.01).

H 22 3 1T O, obe i K AR R = R HER S
3 TDS AR 2R B2 L ORP. pH MK % W R
WER K (P<<0.05 8 P<<0.01), MmN E.BS
A FF N, O BHER H 26 CO, HE G KR
THEA R T N,O BHERC, J AT REH I CO, B9 HEHL 5
BEAN AT X3 5 i PR 3R A A IR ] L o, 5 —
ek ,CH, 5 ORP & %% fi 415 (- =—- 0.968,
P<0.0D), M7 3 %Kk, CH, 5 pH 2 3%
EAEG-=0.979,P<<0.01); [Al k£, N, O 745 2 %%
KK 5 ORP IEA 6 (r=0.929,P<0.01) , M 7E 4
5 oK N, O R 5 58 1M K (-=0.888,
P<C0.05), CH, Hei@E i 5 pH #H ¢ &R 803k 3

0. 979(P<0.01) , Uit BH >4 if 7K 44 ff B 1 119 24355 A5 )
F CH, HE. Zai#k 5% R K S5 w HE e 2 <
1A 32 JRUHE 52 Wi A58 S AR AR AT 50 oK R KU 5 TR = K
TRHET A O (Eh 8545, 2016) . i Tl &= SR HE
WOS R S 2R AE A Ja T A ol 75 Bk — A i
K SF V) P W0 DL KA G A 1 5 SR

4 ING
(1) SR T IRT G 04 7K SCRFAIE % K b v 7K A4
A ALBT 7 A B RO, SRR IS K AR A 1 Bk AR

A B AR LRI B 18 AT R T K SO TR A
HECH 7 10 5% 22
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i H 8 HRy-FHoaE & T 6 AM 7 A,

(3) 52 AR HECE E ARG R A B R
SEA R I A L VA A TR L ER B L p HFIKEL EOR
[7) I8 52 Wi PR 28 A7 AR 3R 22 5 Ul WK U T
i 2 A HE IR W) DN 3877 7 5 A e A B 1
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HESCH L, AL L BER L 55,2013, FE MK EK-SATIEE
S Al s H AR A0 K 5 i R R A ()], B RR 2, 34
(4):1271 - 1276.
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GHG Flux at the Water-Air Interface of Rivers with Cascaded Dams:
A Case Study on the Huoshaogou Tributary of Huangshui River, Qinghai Province

CHEN Yu-peng'?, MAO Xu-Feng'?, WEI Xiao-Yan®, SU Xiao-xia'*?,
ZHANG Shuai''?, LIU Xiao-Jun'?

(1.Qinghai Normal University, Academy of Plateau Science and
Sustainability, Xining 810000,P.R.China;
2.Key Laboratory of Physical geography and Environmental Process of
Qinghai Province, Xining 81000,P.R.China;
3.School of Economics and Management, Qinghai Normal University,

Xining 810000, P.R.China)

Abstract: Dam construction significantly alters the hydrology and water quality of rivers, leading to dra-
matic changes in fluxes and patterns of greenhouse gas (GHG) emissions. At present, the processes and
mechanisms of the impacts produced by cascaded dams on GHG emissions remain unclear, and relevant re-
search is urgently needed. In this case study, we investigated GHG emission patterns before and after con-
struction of four cascaded dams on Huoshaogou River, a tributary of Huangshui River in Qinghai Prov-
ince. The influence of damming the river on GHG emissions and the environmental variables affecting
GHG emissions were analyzed. During the summer of 2017, emission fluxes of carbon dioxide (CQO,),
methane (CH,) and nitrous oxide (N, () were monitored across five transects located above and below the
four cascaded dams on the Huoshaogou River. The emission fluxes of the three GHGs were determined u-
sing the static chamber-gas chromatography method, and three samples were collected across each tran-
sect. Hydrological and water quality parameters were simultaneously monitored to identify the primary fac-
tors influencing GHG emissions. Results show that: (1) Cascaded dams retained carbonaceous and nitrog-
enous organic matter and the GHG emission flux in dammed areas was 4.12 times higher than that in un-
dammed areas. (2) The emissions of CO,, CH, and N, O peaked, respectively, in August, June and July.
(3) The lowest CO, emission flux [~ 1 554.19 mg/(m? * h) ] and the highest flux [778.84 mg/(m? « h) ]
both occurred in the dammed area; the lowest flux for both CH,[360 pg/(m® « h) ] and N,O [34.72 pg/
(m® « h)] occurred in undammed areas, while the respective peak values [6 163.4 pg/(m’® + h) and
746.7 pg/(m* « h) ], occurred in dammed areas. (4) The primary influencing factors of GHG emissions
varied among the gases. The CO, emission flux was negatively correlated with water conductivity
(r=-0.914, P<<0.05), pH(=-0.907, P<0.05), TDS(r=-0.914, P<C0.05), salinity (+=-0.926,
P<C0.05) and air temperature(r =-0.978, P<C0.01); CH, emission flux was negatively correlated with
ORP(r=-0.968, P<C0.01) and positively correlated with pH(»=0.979, P<C0.01); N,O emission flux
was positively correlated with conductivity (r =0.903, P<C0.05), TDS(»=0.904, P<C0.05), T(»+=0.970,
P <C0.05) and ORP(+=0.929, P<C0.05). This study provides valuable insights into the complexity of fac-
tors influencing GHG emissions at the water-air interface of rivers with cascaded dams.

Key words: greenhouse gases; emission flux; cascaded dammed rivers; Huoshaogou River



