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Abstract; Watershed field town development along the river, an important mode of urban development in mountainous areas

in southwest China, has brought a series of environmental problems for river and impacted the riverine biogeochemical
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process. However, the effect of field towns development on the spatial-temporal pattern of riverine greenhouse gas emissions
are not clear. In this study, the Heishuitan river, whose watershed is undergoing rapid town development, was selected to
investigate greenhouse gas concentration and diffusion fluxes in the surface water of main stream and its tributaries from
September, 2014 to June, 2015. The results showed that annual average of partial pressure of carbon dioxide (pCO, ),
methane (CH, ), and nitrous oxide (N,0) concentrations in the main stream and tributaries were all oversaturated, which
indicated that Heishuitan river was the net emission source of atmospheric greenhouse gases. The concentrations of carbon,
nitrogen, phosphorus, and chlorophyll a in water increased to different extents before and after it flowed through different
towns. This suggests obvious accumulation of pollutants due to the pattern of town distribution in Heishuitan basin.
Meanwhile, CO,, CH,, and N,O concentrations and diffusion fluxes from Heishuitan river also showed significant increases
before and after different towns with average increase ratio of diffusion fluxes of 25.88%, 55.22%, and 99.64%,
respectively. pCO, and N,O concentration were found higher in autumn than in other seasons, while the concentrations and
diffusion fluxes of CH, was the highest in spring, followed by autumn, the lowest in summer and winter. The seasonal
pattern was co-regulated by both water temperature and precipitation pattern. Correlation analysis showed that pCO, was
closely related to water temperature and pH, while CH,and N,O concentrations were positively correlated with the biological
elements such as carbon, nitrogen, and phosphorus, reflecting that the concentration of CH, and N,O in water body of
biological elements input was extremely sensitive. The pollution load increase due to the watershed town development may
have a significant excitation effect on the CH, and N,O emission from rivers. In this study, the distribution of the beaded
field towns along the river in mountainous areas would have cumulative impacts on the river water biogenic element and other
physical and chemical properties, thus changing the spatial and temporal pattern of the greenhouse gas generation and

emission.

Key Words: field town; Heishuitan river; greenhouse gas; spatial-temporal characteristics
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Fig.1 Location of sampling points in the Heishuitan river
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30T 7 25508 A 3 B S AT e T e A, B Ge it 3 MK P<0.05, 4 U R Excle2010 il
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2.1 KBS

FEIRKMERT T S AS RAE W TR K AL T 2% 2R a AEB(E AR B 17.03—20.94°C Fil 1.54—21.16pg/
L, W5 7K 7 1) 42 0 kit i 1 2 i R 3 T pHL RIS At 4801 5 o 0 A 2R A6 A I, 3Rk W 2 7K I8 32 4 4
Rk (32 1) . REKME TOC DOC HIZSLEA, FHIE N 17.23+8.6 me/L 14.0+7.1 me/L, WUy %5 K
T3 AN I, BN T S0, K I 2t AN R A BT S 7K A& TOC . DOC ¥ & Fhim (£ 1) o S K 1A
T A LX) 2 TN AT 5 RE K TRT T3, VAT U 25 SRAE DB T K R B R B AR AE B R s S IOk A
TN S5 A BE T BUAE S, BT (3.61+1.48mg/L) ,NO;-N -2 & 5l NH;-N -2 3% 5 i) e RABLTE S, , Wi,
P T 2{E N 2.2740.99mg/ 1. 1 0.343+0.174mg/ L, FEKFEA T SZHKAE TP DTP PO; & &4 P31
43924 0.206+0.091mg/L 0.124+0.069 mg/L 1 0.072+0.046 mg/L,¥J7E S, Wriki i K, 4K 8 20k &
YIre i 23505 BN [RIRE BE 34
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Table 1 Average physical and chemical parameters of water body at the monitoring section of Heishuitan river

SRR Pk LIEa) LOURTIE
HieSH Heishuitan river Liuyin river Jingguan river
Physical and chemical parameters
S1-1 SI-Z S2-1 SZ-Z S3-l SS-Z S4 SS-I SS-Z SG-] S6-2

KR WT/C 17.03  17.14 18.18 2035 20.43  20.94 20.84 19.72 20.48 18.73  19.58
pH 8.45 8.40 8.28 8.18 8.11 8.18 8.44 8.11 7.75 8.42 8.18
H-4%2% a Chl-a/(pg/L) 1.54 1.62 1.81 320 2.83  21.16 17.01 320 853 1.53 2.02
7% DO/ (mg/L) 10.84 8.58 820 732 7.68 6.76 8.77 8.00 680  9.33 7.76
MAHUER TOC/ (mg/L) 753 1215 1165 1641 1657 23.18  22.13 832 1072 26.09  34.73
AR HLEK DOC/ (mg/LL) 6.47  10.20 9.27 13.44 1349 1798 17.76 6.42 8.52  21.56  28.48
M TN/ (mg/L) 1.505  3.683 2.769  3.829 3.555 5718 4514  1.900 2.905 4.120  5.237
fili &% NO3-N/ (mg/L) 1.083 2787  1.867 2.234 2307 2575 2212 1417 1548 2701  4.242
Bt A5 NHE-N/(mg/L) 0.142 0310 0.316  0.388  0.363 0.478 0437 0.136  0.184  0.367  0.649
S TP/ (mg/L) 0.133 0201  0.165 0.18 0.174 0269 0219 0.116 0.140  0.281  0.383
b BB DTP/ (mg/L) 0.096 0.136  0.089  0.097 0.087 0.172 0.133  0.057 0.069 0.180  0.244
IEBfREE POT -P(mg/L) 0.053  0.088  0.041 0.063 0.043 0.098 0.077 0.036 0.037 0.111  0.148

2.2 BOKFEERNR KK pCO, 5 CO,HEL
ARG, SR MERTR IR A SR AR KT pCO, AR Ak I 2 4% K (Y8 R 100—3346.29patm ) , “F-44{H (930.89+
794.51 patm ) A RS EHE (380matm ) (Y 2.45 5, R B i AK AR KA CO, MR HEE . anE 2-a,pCoO,
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TEET BN FAEAE B 255 A AL Ak ZE pCO, (141 2175.72+555.64 patm ) 1E & T HA F= 45 (&
Z%.606.60+153.58 patm ; 7 %% :380.56£204.33 patm ; & 4% :561.67+237.37patm) , 25 [H] 4345 L, MBI S, H B8R
AEYS R pCO,(1261.9+1205.8 patm) |, T FFWLTHT S, Fefl (649.97+622.35patm) | K, 78 = 348 M HA
FIEAEK R pCO, G 2 TG (& 2—c) 3 IE L H A 38.3%—66.1% (&l 3—-a) , I , 75 42 T REE A A
MUK BB IS T 5T, 43 IR I 211.58 (159.33 patm,

FIFH 1 FZ AR CO, P HGE &, IRA pCO, Ml ky(2.617—3.773 em/h) 15 H sk 4R EEWT T CO, 3 1k
W 16.0£34.6—52.7+77.8 mmol m™ d™', Fe RAH F R /IME 73 51 BLAE S, Fl S, WIS, BT 31{H 2l 29.9+
46.5 mmol m™ d”'(&l 2-d) ., CO, ¥ B &M= AT pCO, ML, 78 = 35 WP EME W ES R Co,Y"
RO £ L A B TS IR 105.1%—156.9% , 1 #E 4 TT WA A A D488 - /K A U LA RTRE R 20.6% F1 31.5%
(K 3-b), H4b,CO, ¥ HEE R 255 pCO, M, Akt & T HALZT (K 2-b) .
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Fig.2 Spatial and temporal variations of pCO, and CO, diffusion flux in the Heishuitan river ( dotted line is mean, solid line is median)

2.3 CH MY HiGHE &

FETKETRT T | S U4 W I DB TR V5 47 CHL VR BE AR DO TR AR S b R R vk B i 1Rl oy 29.3—248.6 nmol/LL
(HAIE R :310%—10185% ) , F-HIME 115.1+59.0 nmol/L (481 F1 2 K . 2962% +2385% ) . 0] it 4% e E W Il Y
CH, W JEAFAE & 22 5 TR R R A S & T3 881, B0 CH, ¥R il 29.6—66.2 nmol/L, i
25.9%—86.5% (& 3-a) , SMA [ I\ _EiF 1] T Eis B A SR B G 1, Fe B Hh B I 1) S R i 7 R AR,
(Bl d4=c), FA RFEWTE o, #0LRNR TS, W K AR A7 CH, W& B A 55 ( 187.8+£39.0 nmol/L) , FRIK MR |
Ui S, WK A& CH, ¥ (45414 nmol/L) fefik, =19 22 fb b 2= 45 &5 (180.0+£57.3 nmol/L) , Bk FE IR Z
(113.1241.2nmol/L) , X Z= 1 451K (88.9+44.8nmol /L ;78.2+25.5nmol /L) (Kl 4-a)

AR 53 T RS AR A B3 T T AR S8 48 R A ko Y [ 3.876—5.386 em/h, BE T itk , 1153 CH, ¥ HitA
EAETE R 77.7—1085.3wmol m™ d™' (SFII(E N 499.54271.4pmol m™> d™') . CH, ¥ HUH & 45 8] 375 5K
IRIEAF CH R BEARA] W A 7K 07 1380, IR AE T ST A X R U S U & T3 800 (& 4-d) , 38m
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Fig.3 Increase percentage of CO,, CH, and N, O concentration and diffusion flux before and after the field town of Heishuitan river
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Fig.4 Spatial and temporal differences in CH, concentration and diffusion flux in the Heishuitan river

2.4 N,O BNy i 5

K MER IR SRR AE N,O W EETE N 11.6—89.9nmol/L, “F44(H 4 32.01£19.72 nmol/L( & 5-
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39.03+24.28 nmol/L) , & Z= A FHAR (43724 25.00+11.91 F1 24.62+12.73 nmol/L) ,

BT ko (JE1H :2.073—2.879 em/h) , AR AKMER UK AR N, O 9 H0GHE &5 [l 9.7—202. 1wmol m™
A7, P41 62.30£51.34pmol m™ d7' (& 5-d) , 5 N,0 ¥E—5k, S, , Wi A AAEF-24 N, 0 9" Bl i (144.9+
48.6pumol m™> d™") e, S, AEAK(19.127.4pmol m™> d™") , WA 3-b, WG AKMAK R &35 IX 5, N,0 § i
I E R IR A ) 33.19%—261.4% (M 155.2%) . N,O ¥ B & i el 22 Sl 1 8 (& 5-b) |, Fk
ZEIR 9 (901262 2pmol m ™ d™") , FFRZ (74.0£56.9pmol m™ d™') , A F AL (46.0+29.8pumol m™ d™',
39.0+28.6umol m 2 d™")
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Fig.5 Spatial and temporal characteristics of N, O concentration and diffusion flux in the Heishuitan river
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S KRR EE AN pH 2 3 A 2E (P<0.01) 5 KRV i CH, B e b 868 1 5 3R 2K IR & (TN  NH;-N) | fik
(TOC.DOC) B (TP .DTP PO} -P) LA K4 % a S0 EAIEMH IR (P<0.01) , H R /RN IE R 5L
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CH, 5 N,O B AR A0 Az BIUK AR A IR 350 M 0 2 76 AT Bl s e i B AN b RIS 0 T KR B 3R 50K
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WS — 2038 FH E A 75 (PCA) ST R AR R Z M IR R (3R 3) , A5 SR th 1Y 3 il S i
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FFEFNZ BN SN IS Y 00 m . ERLGY 2 58 17.3% 1977 22 , A0 45 KI5 . pH F DO, 35 T /KR AR 4614
TR 3 AR T 10.2% 075 25 AUA MR E a JB Tk — il , RIE KK & E IR,

FFA A 104543, 8 3 22 085 H 2B 45 2o 5K R 2= SR HER P e R ange 4, vl I
WAy 1 BN CH, 5 N,O [k B ALE & (P<0.001) , 0 2 B E KR o, BB (P<0.001) , Wil 3 Xt
N,O RYHECEA &5 m (P <0.05) ,
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Fx4 3IWMERSS CO,.CH, N,O RER HEEMNEITFE

Table 4 Regression equation of the three principal components and CO,, CH,, N,O concentration and diffusion flux

EEpy R F1E

Regression equation F Values
CO, 43 M pCO, Y= 930.9-427.2X, 0.532 16.543
CO, ¥ HGdE i CO, diffusion flux Y = 29.9-24.5X,+12.8X, 0.588 10.822
CH, ¥ % CH, concentration Y = 115.1+39.8X, 0.668 33.829
CH, ¥ H#GE & CH, diffusion flux Y = 499.5+174.5X,-80.1X, 0.699 19.618
N,O & N,O concentration Y = 32+14.3X,-6.1X, +4X, 0.806 24.644
N,O ¥ Hi#E 7 N, O diffusion flux Y = 62.3+34.4X,-20.6X,+13.8X, 0.816 26.609

1) Z 0 BUE Y R 45 X, S R 1, Xy ER 2, X, R 3

3 e

3.1 S A R T R TR AR A TR R

Y R R VA R LI X & G0 55 Ok JEe () BEARE X, T 3 B P A JR s R () A SR B I U R 32 B A, AR
T 5 32 T X6 B K BEIAT | ST KARTE B 2 AN R 37 BRI 5 /K A8 IR 7 I8 A i 0, 370 e B 35 R e /K AR B o o
R AR R AR IR R AR A 38 KRB i a3 (3 1), 53X 5 R 43 3 Tl Vol i 0T 9 245 R —
OO TR I R A R BT K B R R, AREF SR KB, TR LT IR R iR R SR Y A AR
o B BB S A S e EL A A S A RO K R R Ak A R SN A YR 2 A AR S R R K
PRI A A A i Al R | T I A2 A S A R B AR HE TR ) 2 ) 3 A A R

AR5 BB | SIS WK AR AR Y pCO, 389 8 T KA {8 ( 380patm ) |, I HLARY) CH, MR BE T N, O
W EE R R e A RIR A 28 R K AR AR 2 AR I B ZEHE O . BE K MERT I K AR AR 2 pCO, B B AR T
SFRITHL pCO, T-HE (3100patm ) ) | 5K ITHH X BEIFIT4E 9 — 20 (981. 1 patm) ) Z8 i) 284k 17, K
W] T 2 AN [ S i Ja 7K AR pCO, 2R Fb KL R R], 10T R 2% S S R A G B 3 = T BT (B 2-c) .
WFFE 2B, KA CO, o3 F—J TR IR 0T i A 8 (47 AL 1 2 0 ok e, 53—y T D o Ja = 18 R A AR 3=
I 72 A ) CO, i Hi 26 A28 3 33 P it Y AP0 i R 3L TR ke 5 13T i K AR pCO, B 28 A8 AR AE . A
GO RTRIZE 1 T = TR (S, ) B ST (4 ZRBRA1 ) (BT K AR I 2 S B K AR CO, MR 3 35 i 2%
FhEn, AT BE B TR L R 5 AR T TS K A I, BRI CO, = A, SO R AR B9 L AN DIC
B A (RS UG X 2016 AR A= 5 U TS K HECR B35 5935.02 T ) AR R, 7E T i K A
24y TR 5 4% 2571 1 5L AR i 3 T BB B I CO, i A K SCad P R HE e PR 4k 2 6 R ik s 2 5
AN, S TR MK H R A X KRS =) S AR L N2 R iig , - BOK RS Bl A 1R
SR CO, M BERRAR > A Hrth B 0 3 (4K o) /KR COy BuEfE (% 4), 4L,
TSI A R U T K MRE TR AR T 43 W KR TR S 2 3788 pCO, A I 538 in , [R5 v] 6
VR KA E BRI N CO, MY .

CH, I N,O 1 B 47 R IR ZE SO HO= CO, 1Y 25 A5 H1 300 A%, i fii /K AR H s 4719 CH, 2288 T2 IR
S H B AR T N, O SR T AR (L DR SRR AV A A SR Ak - S A A
PEFRAE) 2030 AR BRI i L Y] 3, PR /KT ZK (R4 1) CHL MR (115.1+59.0 nmol/L) Al N, O #¢J¥ (32.01+
19.72 nmol/L) ZEAIK T4 BRI - 47K -7 AR R 43 B DX el g 11724300 S 3y = L b e 3 22 LA B A B
AR A, MoK L R T RS IE R SR B A SR, BT AT B
SN SA K TS T CH, A N, O WS THi (K 4—c,5—c) , it 7 — 205 JFmi L A 5T S K
W SZRUKPR CH, AN N, O Y BEH 3B R I iz 1] T U & 35 T o, ELWDK AR I3 B RT 5 CH, A N, O HRJEE
BIffAE i 3 25 53 (P<0.05) , S s 5 I BRI AH L P Y B IR TR 3] 55.22% F1 99.64% (Kl 3-a) , R H 1 B
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SRR T KA CH, RN N, O ¥R BE 2 [B)A% Jmy . AHIRIZ=0 P, TR Rk UGS R 3R 22 R B0/ K IR S 800
ZESETRRIE T2 CH, A N, O W HoA B8 22 S E2R A (R 1) o WA B L X K875 7K A 18 BT
EFEER S ANITE Z200 T] IA  EH  ARO Aey S B SRR B8 7 R e R R R AR i U X K-S
S CH, A1 N,O P HUGE EIGHE ) PCA 43HT 25 AR 7K AAT5 Gk & - 30m i CH, AT N, O 2 8] 25 5 (1Y
KHERZR (R 4) . REMFERM, Z 3075 G, Al 2 DKW i CH, AN, O HEBGI & T H AR, ik
KA A AR HERR 72020400 e S B Oh 1R B S A AL R A KA B A BT e A Y
CH, M N, O I 255 T MUK A, PRIE sl AR i g, SRR BERT KA TOC & 32 4 R SR 5% T d
F(RL) INZIMNEA B AR T RE DA R E IR R R AR A PR CH, TN, O 7724, RSl R AR
15 Y EE R N UE (S, ) , CHL AT N, O Vi BE R HiGH 3% 8 T HA B, A, % T 1L Ml il 75, L3
AP K TE P SR, ASFITF CH,/N,0 S8R 2R 1T IR fIR g , Ui A s, A A+ CH,/N,0 iYL
FEA IR R 2 R AR X K IR T Y i AR B BBV (1), BRIk, DA L3 R K A
CH,/N,O ¥R i 5 2R i s . BlE 7 1 X e dsd = HE 9 LU DX 4 4 | DR o L b 9 0 3 3 PN A0 %k L L
T A SR IO | 1T R T 2 O HE A 2 Tl Sy 7 A6 EE B R ), X [ SR Tl Ui = A0 HE il 2 ) A8 S it
FERTREA ISRAE . AR ZEdE— 20 I SR sl B kS R KA AR R R AR = SO IR FEAT , b & A
PR A SRS K AP IEAHT AR AR T BTk, B B SIS 3 sl i e UG S o0 R (R 52 )
3.2 PEOKMERI A AR L E SR B R HE R ) 21 AR AL AR

T AL F AR AR Y AR |t S 5 i T it K AR B SRR T BIGHE B AR S0 OB, KT T 3
WFRZEAKIE pCO,ZE B s, FEFR I KZE pCO,IT i T HAM T | 31X 5 K EBATIR pCO,WFFT L5 FAHL,
TR AR o 7 BB A R A R R N — O T IR 2 T 2T SO S B A VT 1 - b 4 B
PEHGR , B8 2y - ST R | R B AR i i RN T A 3 CO, il IR A, F 3T TR pCO, Y T
P S R T DA AR R A CO, AR BRI AR AE AR B 22 (2015 4 6 A ) BB T IR
T %A, AR 303 1 o R K A T Y4 22 K1) [ T AT A Xk K AR TG ML 2L 1l R e B 7 A R B A T ) i A% 2
T pCOBAR, MR BB G A KT WaYT S pF o v tiAs 2 0, Rl RE 2 B 2R AT /K AR CHL, AT N, O &
JERRAEEER R, AT, KM Rk A& CH MR B AR b F T i, kR 2, A B ME B AR,
5 Wang 25" X 85 PRARTH IX ] ROBIFSE 0 5 X — 2, {H 5 Marescaux 251" 36T Seine River FYHFT 45 A
[, — MR, FERENR D mERAL, I SRS AR AT 6 15 BR; R E, 3 Z2 o 2 W 34 X
Bl B SRR AR TP R T A ) T S, A CH R AR R AT — i MR VE T ) ARG o SRR ]
TS, , H S, Wi A KBS, AT T A AR T R 4 B S 6 28 0, IR LR 25 v ) CHL MR B T B VA IR 1%
) o TR R e PR (3R 1) 5 = SRR BRI B (RS T it A AR R AR, AR AR AR B [RIBs
Ly 37 B 2 Rk 2 AT 1 B T S AN P SN T K AR B, R KR CH, B SR AR R g R
B BAR A AT UIE . Zhang 50 IR W W ) BE 5 R UM i R A R sh se e, ik - 5t ifi CH, HERL,
Jei , AR T T 7 AR T A R 25 SR O R AR, B Ry — S I35 R T B % CHL e IR 2L RN 7 ) 5 CH,,
AEARL, FEAK M PSR AT A N, O MR B S B i TAE B (B 5-a) . AU, KIKEZES
AR P 2 AR A 2 BIRE R IS DL MOK S sl AR BRI ER-5 5 | [l B FE S R s e |, S BOR el
IKIRE FRERFR IR BRI, % CO,/CH,/N,O ¥ B () 215 AR b AT — 5 1 5 ) , {5 55 55 5 v i 8] 43 3%
R ATIOUE, J3 56, =R E SR B ZE IR S AR T B UK R A A A T & SR
1 R R — 20 R 5T e E
3.3 MW EEST

FEIKREIT T | SIS R AE W T Ui 2 A HE IS BB R 1 28 ) 30 2l ok v B2 110 25 R AR S 1 5 2 2 M I 8%
AR B DIAIDE T K RGP HUBR I RI 9 A 7= OGS VERD) R AL F IR AR FH A A ST i K 4 CO, e JiE
AP EZPE R R KRR K-S R R S A HE R N, — i, KR B THE T
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IKARAG AL 3 i A AR 5 55— D T, Tk 5 el A5 gk 32 R KA 6 A 3 A7, R T 52 i /K A4 €O, 3k
JE A TR KR T R AT REAR HE A AR AR L 7 B AIOK AR pCO, . ARBFFE R, T sk 14 pCO, F CO, T K
WEY KRR B EIEAHIEC(R=0.708 , R=0.715) (£ 2) , T 5K R I8 B R 30 T ANBRR &0 B i PRt
SIEERRCRARR ) FEKIE COMRER S pH 2 3 fA G (R=-0.487) (£ 2) , X 5K ZH0T i
WFoEabie—20 % ) IRk pH (R M 7K Ak B R A 20 S TR R pCO, ) 25 22 [R) AT S ZU A TN G 2R

TERZHEFEH T JE KA CH, e BE 5 /K IR BT o i, FR e i 0 B S5 AR IR R R U™ Wang
SO H PR I ST F T KR CHL MR S5 /KA N P A A 35 TEAHDE G R 5 Hu S5 5 X R 8] )
MRS R ] KR CH MR EE 5 NHG BIEASCOC R, ABF5E, BKRER KK CH, K EE 5 TOC ,DOC \NH; |
TP .DTP H1 POy SR HYIMIC (£ 2) , HBH5HT &3, DOC \NH; TP X CH, ¢ B (%728 S RRAIE 09 £ B¢ 1
B, S SRR WA KA CHHEC OGS 28 (1 6) 1120 KR DOC Sy Y A T A= A S A e s ™ F
A >  NH; FRAEAKARSMETS Gtk , SR04 A5 B R 36 0 1 K AR R TS e i A (R 1) | hiTs 7k
B NCEFRER I AT K A R e TR 00 RO B A, R A P T R B CHL MR B 3 Y IR e vk
NH 0 i i 4 075 385 R A Y b S8 Ak B X K R A CHL I 5P R R, S R 1 i A ) 3
WA BT, T R BE T IR A AR G X SR I A A U AR AR B A B 1L/ N o ik R E T CHL AR
B AT K METT ALK A v A X AR (3R 1), R KA A AR 1Y R, DRtk b R e
SR IR TR AW (0 0 ARy CHL ¥ 3 B HICHIE A 2 1) SRR i PR 7 (32 2) Xk AAR CHL, W 19 72 S T 42
LG
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Fig.6 Relation between CH,concentration in river water and DOC, NH} and TP in each monitoring point (linear regression analysis)

KPR N,O F 25 TR E A YA R A CZ R R B ), A7 A 22 R R 2 A a4 . AAE
FEZIN AR DO NO; ZKPR N,O P2 (B BRI R 26 ) SR, AEAHF 58 b & BUK I DO 5 N, 0 ¥
I AR 3 AT R R O S K EAT S8 SR 54 L RT3, 7K A DO s Ay i L L DX YA] 3 Y 2 22 s B A
SHEETIA G, AU EI, KR N,O B 5K A R DS 40 3 a & i i 3 IE A G & (
7)o AL FE TG YA A L XTI, KA N, O v R X K A A VR 3R R R P A, i AR Bl 5 K i
5 Y SO IR, AT RE S AN N, O HEBCOR B0 L A&l 3 R, KR N, O YR BE R 7 80 ek T S T Bt
S1 AbEetgudk . PRk, RV G5 G 87 A ST I, (9L Pl 0BT 7 i AR B SURR M 05 , 2R 91 1 B R o B 35
IR N, O HERL B BN AN 2R 200, FET5 Yk B8 W S 3D v, AN TR H % N, O ik FEEBR A — E R TIAE 17,
Hinshaw %' SEHS7 T NO; o N,O §HIGH & A TN SC R |, 48 H mivk B2 19 NO; 7l AFHI N,0 8 J5A N, , A
M4 N,O M7=, Yang % spifg ) TP FIIFERER a Xt N,O W LA BSRIGTUNE R . ABFIE X 4H
KRS T BN T 7KAR N, O AP 5K AR SRS S B W SC R (L 7) , At N, O HERH S
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Fig.7 Relations between N, O concentration and chlorophyll a, DOC, NO3, NH}, DTP and POY in the water of each sampling sites
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3.4 HEWINA SR E SRR B R

] AL AN 43T 6 Tl 28 SR FOHE G S a5k 5 B o A9 b BROK BRI+ | S0 CO, \CH, 3 0 &=
AR E BT BRIP4 K707 R e H L T A ) K B SOR R T IR SR B B I RRAE )
B, SRR HETAT i AR IV 30T | ARSI, S8 CO, \CH I 0 B v T R s T il R i 2 i e Sty
KA EZRMBLR KK CO, CH, P BIGHE fkH: 2 5y B 98 43 By ) 3t O AR I AR T i ) (TR SR AR
T G Y A e A EPR O R AT, KT K AR N, O B HGH 5 T Adyar River' " R AR
Guadalete River' " | LA KV #4H7 Hb X ) Brisbane River' ® 1R ] 1 (B 368 17 a0 00 7 P30T %) 095 e 2 i
A GRS R, PR MO 2 A AR B 2 A A3 T A AR (HL s R A B AR T 7R
R JEFEMAFFLLIE R TT 5 T, A IR R 0 R B — 20 1 st o) Yt U 28 SR HE I, I3 W R KR 2 SR Y
IR,

4 ZEig

(1) PEssk N 7 E & e 1 35 g i) it K PR B o, A B K AR R B B P 4 R a S i AN R B2 B 38 Jn, pH
I it SRk /N, K PR o o T BRI 1 B4 5 K EYRT | SR K A = R IR 2 SR VR ) R RO A vk
JE 2RI R~ B I A T & AR HE IO 5 R o W T K AR T 22 5 pCO, RN HIGH H 34, A 1 1T H 1
KAE SRR R R KRR B IR RN G AT CO, IFEAR; I i A [ 358 X 5 K IR FE CH, 5
N, O ¥ i 35\ 3 in | SF- X3 MRk £) 55.22% F1 99.64% , AR b sl 348 & Jie b 28 AOE T D IR AR HE L
()2 A ) o
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®5 ERMSEAREZSET HEEX L/ (mmol m?d™")

Table 5 Comparison of greenhouse gases diffusion fluxes of some rivers at home and abroad

TR River HiIX Region S5 Climate CO, CH, N,0 S5 ik
References
MK #EA] Heishuitan River SHE| s 29.9+46.5 0.5+0.27 0.062+0.051 AT
A ]

%jjﬁf ‘Izilvjer network in Chongging 446.58 1.4 - [16,26,44]

ZEWE Liang Tan Rive -6.1—786.9  0.31—27.62 0.06 —1.08 [64]

KA River network in Tianjin 7.5—24.9 0.134—1.62  0.009 —0.08 [3]

L River network in Shanghai

NIl Suzhou River 161.96 2.04 0.38 [39]

BE T Dianpu River 71.5 0.23 0.015

J2 IV Longchuan River 304.1 — — [47]

H BT Maotiao River 295.9 — — [54]

Brishane River BRA) I — 0.02—1.74  0.006—0.213 [65]

Adyar River EEE ety — 0.002—59.09  0.0002—0.122 [15]

EN AL India’s rivers 19.865 0.9+3.1 — [66]

Amazon i 189 — — [67]

Comoé River e[S — 0.288+0.107 — [52]

Bia River — 0.155+0.038 —

Tanoé River — 0.241+0.091 —

Guadalete River PEPEF R — 0.496 0.093 [12]

Rivers of Québec IE=wN FEnfy — 0.36—3.53 — [68]

SFRIIL Global rivers 93 — — [69]
— 8.22+25.5 — [7]

(2) K AL 2 AR B ) 22 1) A8 S R 32 /K PRIE R R B s 32, b pCO, 320Kl pH A ZZ B3
Wi 5. 25, Xof KA TR R vk B AR A NS S 35 T KAR CHL, S N, O VR BE SR IR Al BSR4 IR R I 2
TEAOCIEFR  ABIGEN R Tk 5 B AR A At T 5, KA CH, 5 N, O ViR B0 A 2 3 4 AR B R A8
TR Y T T AR (5 A Sk 1) AR 356 35 7K B 4 vh B T REX IR K AR CH, 5 N, O HEHG™ A2 W1 2 #Y
RS, AR AT IAL 1) i T = AR HE O AR A2

(3) ABFFE Y, FRIAKMER T SRR Z KK pCO, 5 N, O VR BE e 4 HOH i Bk 2 & T Al Z= 7 ; /K 4k CH,
JE Kol AR AR i, K IR &M Zo A1 2o 1 PR A A F2 A2 W Rl B2 LA B 1 ] it /K SR 3 45
R ERE R (e UL AT T B I K B 2 AR R, %) CO,/CH,/N, O #R B B 2= 15 A8 AT — RE 1Y
A

W 74 e L1 D37 R A JR AR R IRt St /K ARl AT P A N A2 2%, RO T B — 2D T e i Sl L
JEE R KA A IR FR il 2 MR IRBIE ST, At % MR P U™ A RS ARLT K S5 A AR X ST, B B
T BB RGP B A REMA AP 3 A R 21 A A 32 B I W i i S K S B A5l R Y 2R R
My, B =R i, il 2 AR PR, B A 5 O & UM I mod HE U E— 2B, (e b
FUAR- N T ZIn 0T T A 4 f S Bt i e ) BB R i A 25 R ST BE )™ A T M | R R AR K B2t
R THEZRE,
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