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HERMILA/KAP CH, FA N, O SR E
B B T AE

b 12 o I 2 2 — k2 2,3
HERT REE RER# W @ EWE T

MR E L FRAE ML AR EFE L RRE, ST 550025; *F BAFRARLF LA ERANF AR E
S EIEE | 5 550081 ; * University of Glasgow, Glasgow G12 8QQ, Scotland, UK)

W E TANAABRAEREAR, EHMAES AR YN ET MG BRI EERN
o W H R A E AREER A R K, (B3 AL TR CH, F2 N,O B 7 @ 8 #F &
BY, WRABEFABETECH, MNORENHZ P ARERELHEZ, HEER
HIL(BIL) TRAEELRAAF CH, 1 N,O Rtk 7T FFUXELM, EREH,
HILA K H CH, £ & X 2.3~864.9 nmol + 7' \N,0 4 & % 8.2~23.7 nmol -+ L', A CH,
GEMEARMELEZF(P=0.112) B KM NO L ERZEETEAH(P=0.017), %
KR A2 A Z 0 CH, A1 N,O Bty £ B F, F LK CH, 72 N,O By B £
SR H43~11.1mgC-m™>-d'#0.16~037 mg N -m™”> - d™" , HkEHH N 1.88~4.59
Gg C - a ' f10.07~0.16 Gg N - a™' , 24 4y & 227 it CH, 7 N,0 B & # 1.25%0~3.06%0
A1 2.17%0~4.96%0, \LH T 5 CH, 77 N,O By H A F £ 51 B EAL, 2300 i i = A RBER T
e FEHATEH P,

KR FR; F(CH,); ALEA(N0); AkEE; BHEZE

Concentrations and emissions of dissolved CH, and N, O in the Yarlung Tsangpo River. YE
Run-cheng'*, WU Qi-xin', ZHAO Zhi-qi*, HU Jian*, CUI Li-feng’, DING Hu*’" ('Key
Laboratory of Karst Environment and Geohazard , Ministry of Land and Resources, Guizhou Univer-
sity, Guiyang 550025, China; *State Key Laboratory of Environmental Geochemistry, Institute of

Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China; *University of Glasgow,
Glasgow G12 8QQ, Scotland, UK).

Abstract; Rivers release large quantities of greenhouse gases into the atmosphere, which is an
important link in the material cycling and energy flow of terrestrial ecosystems. Mountainous rivers
are ‘hotspots’ for greenhouse gas emission, but the release of CH, and N,O from those rivers has
been less documented. To explore the spatio-temporal distributions and related controls of CH,
and N,O in middle-large plateau rivers, the seasonal variations of CH, and N,O in tributary and
main stream of the Yarlung Tsangpo River were examined. The results showed that the ranges of
CH, and N,O concentrations in the Yarlung Tsangpo were 2.3-864.9 and 8.2-23.7 nmol - L',
respectively. There was no significant difference in CH, concentrations between low-flow and
high-flow periods (P=0.112), but the N,O contents were higher in low-flow months than in
high-flow months (P=0.017). River water discharge and water temperature were the major fac-
tors controlling the dynamics of CH, and N,O emission, respectively. The release rates of CH,
and N,O in the Yarlung Tsangpo River ranged 4.3-11.1 mg C - m™ - d”' and 0.16-0.37 mg N -
m~ « d”", respectively. The emission amounts of CH, and N,O in Yarlung Tsangpo River system

were 1.88-4.59 Gg C - a”' and 0.07-0.16 Gg N - a™', accounting for 1.25%0—3.06%c and
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2.17%0—4.96%o of global river estimations, respectively. The evasion of CH, and N,O in moun-

tainous rivers need further detailed studies, which may revise the global estimation of greenhouse

gas emission.

Key words: river; CH,; N,O; gas flux; influencing factor.

TR A2 H A IR = SR HE O T (Strom et all.
2007) , {HLAFERFSE 5 Z O K ALk (CO, ) B
Ji% (Raymond et al.,2012) , B ¢ (CH, ) FE AL &
(N,O) W5 #H%T 45 b ( Seitzinger et al. 2000 ; Upstill-
Goddard et al.,2000) , T 3 78 KA H A K14 1R
WY CO, F 25 %5 A1 298 £% ( Strom et al.
2007) , X i 23500 14 TR 43 13K 20% 1 6% ( Barrie
et al.,2009) , EFERMK CH, Fl N,O F4EHER &k
1.5 Tg C.32.2 Gg N( Bastviken et al.,2011;Hu et al.,
2016;Stanley et al.,2016) 17K CH, F N,0 Bl
BRI EZE,

Ly (7 b BR Bl b TR A 259% , LK 9% 5 26 7 e
2 BRAY 30% UL | (Meybeck et al.,2001) , H 1L}
WK B 1 5 BOR T 46 2 4, SRS He R 4
AL G A K (Schelker et al.,2017) , E K E S,
IR A X, A, B4 K ER 4 CH, 5T &
FLAR R E ST i DAL, %o S AR | AR e X e A
M DXL AT 58 45 /0 ( E AR5 ,2017) o £FXT N,O
IR 22 3 £ TR AR S R G0 ] -] V-3 g 5
IKEE RGE (B bR 2015) , DL K R A0 fr 488 i 1 75
Y[ (Liu et al.,2015) , 10 L HLT 3 A9 2R Ge i 52
KA,

W CH, SRIEARZ , B Hh 72 3t X 58 %
MR KA PRI 30 A6 AR T A 1) DR S A S5 P orT RE AT
HARER CH, ¥ (Stanley et al.,2016) , W55
B, CH, MRz BB AR 00 K Ui i | O 1 4
F 52 (Salimon et al.,2013) | M\ 5 26 B 3 ( Bil-
lett et al., 2013 ) F| F 747 Fil W #4747 0] i ( Anthony
et al.,2012) , CH, ¥ & 5 Il Jii Ui 1 15 22 1 AH G ¢
F I B 5 U A RN ( E R SR, 2017)
[RE T N,O AR TR AR 372 31 AR &2 [ & 52
T N,O 77 A B — A B 4 A it 7
(RERAE,2011) , IK AR SHL A g KT B LA
TEAS NI oK el KR Y 7 SR G B R
SEBIPR N, O MHER ™ 4 — s FEEE A2 (B 2%
46,2018) , pH W RV HK IR AS M EESHL, 5
IR 3 A BRI o AR R %
I, %8 R il Ak 23 5 A 1 252 ), 2 5 M K A

CH, FIN,0 P ZFHI N R (£5855,2012) .

e A VL T MR Y L R DR BRI, 7K
SCRAEAZ 7 AUEE ] O 3 I T ) P 28 22 S K, W)
B Ak 2% KU AE A 5% 21 (Hren et al., 2007 ; Manaka
et al.,2015) &4 R0 AL AL Y BURH X, 78 42 2K
AT P HA B2 L, Qu 55 (2017) B90F
FEFM] B TR AT VLI /K L & AR R Ay, ]
RETE BRI it I 2 AR b Ay, (HIZF
U % AR, T HBCA WAL OB U Y
S, AT DA A VLR 32 S S Y
X ORI K 9 CH, FTN, O ¥ I 28 A AL
MESH F R R AT 1 438, I R K AT
CH, 1 N,O FI A 1) 28 4 3 48 LA K K TR e <A
BEMCR AT T AR, LU D DX A 4 R O T % <
PRI S AH AT ST $ LAt B A S AR R

1 HARRBEHARGE

1.1 B XA

AT VR U5 T V9 R = S e L G R Y
ALY sZ k)N, P 1) AR 48 1 ek e DR g 3, S =
7 A LK E AR i 4] i 2L PU UG 27 1) e 3 o ks
Qb e 3 32 B % BR b | Y AR (3R ER AT ) A
651300 km?, A5 X 4k 5590 m, Hp Ui (K 1 E
K SCuh A | ) W4k 3000 m LA E, A AR E 5SS )
TRER 500 m 247, TRIN AR 2R, i X
JELLIEYS TR H KRN R RRAE 1 s R A A, DA
T A R R A A R, R R 25 5
=, LU CE 1 ROk SO L) DA FE T 5
F1%) i b R A R B 7 55 O 3 R Ui AR MO
(Ray et al.,2015)
1.2 W5k
1.2.1 HERRESHHT AUCRHT 2017 46 A
A9 A AT, 43 B F A K T =E K B RE 5 TR
BT VLTIt S S S R AR KRR i 3 52 4,
WFFE X IARAE SO E AL 1 R,

FH WTW i 45 3XK T S 50 I X 3 78 7K
MR(T) pH A B RE(DO) FESHEH T E, R
10175 i ( Labeo ) B3 R 4 CH, FIN, O S {& ( Wallin
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Fig.1 Sampling sites of CH, and N,O gas in the Yarlung Tsangpo River
(BE V1 == 83 43 531 Ry SRR SR A Sty e rh S R s O A IR R TR ST, SR £ :2.4.7.9.,10,12.,16 18,20 .23 24 25 26 27 .28 X it
PRI A48 PR 20 30 < B S AR BB ME T R 2 MR 22 MR SEHEYL | FT Ity BB JE e B il B SR I A R

A RIS

et al.,2011; Halbedel,, 2015) ., WAFEfT AR 40 . fd
60 mL %5 N M 1 S 4 >R A2 KT 10 em B 7K 44 30
mL, I =@ 2873 A 30 mL B9 4 &<, K . &
AL LML) TS 5 2 Je B v 6 e 0 7E /K T
RS 1 min, SRR SR AR, %
FE =30 A 0 — SO TS SRR 25 mL, B
A SR A C S e i B A T A i R
[l SEIG 3 RFI R e R B R A 9 T S5
552 B9 S AH (4% ( Agilent Technologies 7890A ) 47
CH, FI N,O ¥ B 43 Br, W 4 45 B 4 0.01 ppmv, FE
TS SRR JeE A FLZS I TS SR A i AR
= A E A A AR A9 CH, F1 N,O 7% & (Halbe-
del ,2015) ,
1.2.2 SRS ARAGE AR K-SR AR
TRV IO R X K - T AR A H e AR AT A
A BRI AR AR

F=k- (C,-Cy) (1)

F KR SRS 3 AL umol -
m™ - d™ F>0 FoRAKR R R PRURR, F<0 3
IRIKAR T R PRI SR b R SRS 28 C
KSR, nmol -+ L7 C,BRER PR
PAHRE ,nmol - L™ 2R JH 2016 448K CH, I N,0 =%
EOEHIHEE (43510 1853 Fl1 329 ppbv, WMO,2015)
HRHE A SR (R IR ) AR fb i Bl %
JE B AETT P A2 A 55 Ry B2 2% , AR HE VI T 7K Sy
3 AT o R 5 B, a3 AR AR R B b BORUAAR
W EE S AT
1.2.3 SIS BE kA kHAEZEZHTE K
R K T B R R 2R el T KOR R A
FK RS K KR, k(B T BE 35 22 3245 0] i 1) IR

W RIK B ) 26 S5 3R (Long et al.,2017)
W, FE MBS XS N AR PR A5 B R 538 i 24K
EEJC MBS, AR5 REL Raymond 25 (2012) ITik
5 AN b, A

koo =5.14u57" (2)
ko =k (600/8,) )
Scen, = 1898-114.38:+3.29/*~0.0391¢° (4)
Senyo=2056-137.111+4.31712-0.0543°  (5)

o kg R EE R 10 m BRI R B U, R
FEH MRS 10 m &b (4~ 35 KU, SR A T H g
PG FIAR = i 725 X (B SR U8 https : //en.
tutiempo.net/climate) ;¢ A 7K I, S, KK B3l 1
R BE 5 7 I AR 53 19 03 % 22 ( Wanninkhof
1992) .l EXF A, 3 Al i 14 A A 34 XU 22
SEARKHAGR A & i T, AR AR B i, PRk
Fie BROK SCat 43 Be py I 43 BO 8 T 2 TTBE kg o

K X Al B 89 3T K kB AT RE D 11X ( Long
et al.,2017) It B Qu 25 (2017) M348 451 £ ik
ALK Sk 3 B A Ak B0 &k AR B FRAE, 1A
[FIAE S 7 7 4 B

1.2.4 CH, 1 N,0 HEir B8 SAEBUE ()
i/ Y /N N =
E=FxA (6)

Hor F O SRS e R A Sl K T AR, B
km®, FIFH Arcgis 53] T S AG VL (P ESEN) /)
R DL B AR Allen %5 (2018) T & 0 30
m F PR A 2RI U T] 58 A, DAAE S B i s
(B, AR A V1 4 4 - ¥ U i /KP4 /K T T
R I H LUK A 355 A 3 S0 TR 5 3 A1 VLT T o3 B
A3 545 2125 F K AR (RS B S R T AR L AR
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PEIHE A 53 B K T T AR L 4% BEAR B AR 52 8t
AR Ja RN B 4 oK i HE R

2 ERE5NH

2.1 HPAMKARTEEE 54

IKIESEANEE 1 FiR, 6 A 0 S AR 7T K iR
1 8.2~19.7 C, VYK K 14.3 C, DO (i 4A0)
$95.8~10.0mg « L' SFH{EH N 7.0mg - L', 9 H
KRN 9.6~19.9 °C Sk N 13.7 °C,DO N 6.1~
104 mg - L™ P(EHRN 7.1 mg - L7,
2.2 K& CH, Sik&E

EE AT VLT I K AR [F] 2215 19 CH, W BE 45

RN 2 Fron, MK T A SR A CH, e RS
FEl23 oM 31.3~864.9 Fi1 19.1~381.6 nmol - L',
YA 236.4 F1149.2 nmol - L™ F/K Wi Al 52
WL CH, W BEVE 43501 R 2.3 ~487.2 F110.7~444.3
nmol - L7 ,?ﬂj{ﬁj@ 125.3 #1104.7 nmol - L! ;EJZIK
K (6 ) e B SF-3(E (186.1 nmol + L7') /&
FTAKIWI(9 A) (113.4 nmol - L") {HAEGE T
T E 2R (P=0.112)  IUCRFES A L, S
He % (SF-1 127.0 nmol - L)X F TR A0E (F14
180.9 nmol - L7") s 7EZS 8] I, T3 b .+ R CH,
W ESEH(E 4> 9 M 156.0,175.2.97.3 nmol - L', |-
TEE A T e, e Ik B (e, T U
REAR

SR I A TR K Y CH, ¥ B S 34 (i s
5 T TENEET (40.9 nmol - L™, Qu et al.,2017)
RT3 B K7 137 (232.0 nmol - L™, Qu et al.,
2017) F& {0 0% CH, ¥R (349.1 nmol - L™, Qu et
al.,2017) , A% T H IR Ui (1856.6 nmol - L',
Hope et al.,2001) 25 HARM
2.3 KIEN,0 S ER

MECEAT VLI KOR R 2297 1 N, O MR 25 SR sk
2 Ji A 7 0 S A v R R SR 8.2 ~
21.3F1110.9~23.7 nmol - L™, F-HI{E K 13.5 F1 15.5

x1 KEBHER

Table 1  Statistical results of water temperature and dis-
solved oxygen
WiH ik Fki

RME BRME TPHE BoME RRE THE
TREE(C) 8.2 197 143 9.6 199 137
DO(mg - L") 5.8 10.0 7.0 6.1 10.4 7.1

F2 FE HKERESESRKF CH,\N,O IEE
Table 2 Sampling location and concentration of CH, and
N,O
T g5 At G
(em) “EhRE 28K
(°N) (°E)
1 2915 29.28 94.31 1252 137.0 10.3  20.2
3 2985  29.11 93.45 16.8  303.2 10.0 213
5 3059 29.07 92.93 17.5 2873 102 19.6
6 3555 29.27 91.54 1942 554 10.7 8.2
11 4457  29.32 85.17 4872 2245 15.7 129
15 3951 29.18 87.67 23 404 10.7 114
17 3874 29.37 88.12 61.5 644 124 112
19 3812 29.34 89.19 1079 864.9 11.8 119
21 3702 29.32 89.93 71.3  278.6 10.7  10.1
22 3594 2933 90.67 277.7 3135 9.7 102
29 709  29.44 9541 112 313 99 11.8
S 2 2943 29.12  93.87 352 153.7 126 237
4 3003 29.00 93.32 12.1 3419 11.8 235
3615 29.48 90.94 4226 289.2 13.1 215
9 2736 29.71 90.87 10.7 1383 11.3 188
10 4477 2933 85.15 4443 381.6 13.5 144
12 4626  29.34  86.46 294 39.6 149 132
16 3950 29.4  87.95 59.5  36.9 125 109
18 3865 29.45 89.10 26.8  85.9 13.1 14.7
20 3756 29.36  89.63 13.6  19.1 13.6 117
23 3723 29.81 91.58 40.8 170.1 10.8 125
24 2913 29.52 9443 136.3  248.1 11.8 12,6
25 2362 29.99 94.88 1954 156.5 119 122
26 2018 30.10 95.07 289 271 13.9 136
27 2603 2991 9548 13.9  63.1 149 132
28 2746 29.71 9559 101.2 875 156 153

CH,(nmol + L") N,0(nmol - L")
FAKM Mok K Ak

Tt

nmol + L™ ; FE 7K H - I8 A1 S 3 1% ke B S L 43 331 ok
9.7~15.7H110.8~15.6 nmol - L™, SF-3{H A 11.1 FI
13.0 nmol « ™" BMA L, Ak N,O0 & & w T
FIAKBI(P=0.017) ; &4F K L, LR (-3
14.2 nmol - Lfl)g[%'}a::':bﬁ(qzﬂj 12.3 nmol - L™ );
FEAST] b b R N, O VRS IE 50 R
12.8.13.7 13.4 nmol « L', fiidg BRI 1T
G B e A E A8 AT i

SV S R AT VLW K Y N,O Wk BT 241
13.3 nmol - L', 5 Qu % (2017) % #fE & A5 VT N,0
(7.5 nmol + L™",Qu et al.,2017) , EIEI (7.3 nmol -
L™, Qu et al.,2017) ,FEKIT LI (8.5 nmol « L™,
Qu et al.,2017) F&3 [7(10.6 nmol + L™ Qu et al.,
2017) 25 Wk 5% 45 B AL, AKX F Hudson 7] i (20.5
nmol - L', Cole et al.,2005) 257 i .
2.4 RS AR R R

A AT(2) ~ (5) TFEEY ko TEAERG AT
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AINEAE 9 5.1 4.3 m - d7', T Ama-
zon JidH (1.4~3.2 m - d', Richey et al.,2002) FIPY
VLA (1.9~3.6 m - d7', Yao et al.,2007) HU{H {5
Fil o Xl TOREVI AL 5 5L, KU S5 PR IR R, At iR
W2 EET Amazon(1.0~3.0 m -
2002) FIPE VT, (0.9~2.4 m -
2007 ) 5 AHAR 3 XU AL B0 koo B 0 KT Qu %5
(2017 ) A2 4f8 7 V38 B85 R0 gt SR A R A & (B, PRI RS
PR IAR S b EAE R BR, FIHA (1) X
MEIT A543 BERY CH, AN, O AR T % 1) 915 Bl i
7 TSR AT B R BER K Y F o, 1 F 7090
M 43~11.1 mg C - m> - d"'f0.16~0.37 mg N -
m? . dflO

I AL(6) , 7Bt T4 By CH, A1 N,0
ROV R, JF A INAS 2IHEVT CH, A1 N,O B
Filoh 1.88~4.59 Gg C - a” ' f10.07~0.16 Gg N - a™',
3 3 it
3.1 M CH, \N,0 B &

WL BT A RE S CH, R 5 E . DO pH |
DOC il EC S5 2RI A K5, KB CH, WRIE 53X
WRHLRARK, ATRE W THZENR R NE
AR EWEEESF,2017) . AWFFERM 78 it [ R
JE b i CH, W BRIy R 2RI &R, vy
71, Brocky Burn i 3 %% ( Hope et al., 2004; Yao
et al.,2007) , 2 TR UERE K DL S oK 25 Rl 6 R
SRS 2 I RZ A HEVT K AR Y A2 2 53 DA 3 2]
TR AR | 7 B B B SN BY 52 W ( Hren et al.
2007) , IHCHEYT. CH, Z2fb ] gt 5 ¢,
VL CH, MBS T3 4 ARk SOl iy 3t i (it i 5k >k
BT EFH,2015) 2R ERML(R=0.762,P =
0.05) ,#F—2LUE] T axAMBise . (H Tk oAt
ST RO U 0 R RO W BT

JFAA R N, O WA H 5 /KIR 2 235 AR OC,
R IR KB B S R ) 7 A ARAL(1 .2 .4.5.6.7
9 S oRME ), 3 B REGE 5 0.766 (P =
0.01) , 7 HIx 26 547 19 N,O ¥ & 5K it 2 0
AEARLA Sk 2 AAE O R (181 2) o 33k 2 o7 VA 3l 1
MY AT REA - (1) 33X 88 S T HLp= AT K SCuk
Z 1] Al K0 R T AR R AN A TR BE Y S, AN
B R S A T, S SO N T B ik T
1, P RE SN HY N TG B 52, 3 26 X IR 2 7
SRR Z | NIETE B A i R R R B AR T 5, AT

5", Richey et al.,

s, Yao et al.,
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Fig.2 The relationship between N,O and water tempera-
ture in the Yarlung Tsangpo River

TIPS g N, O S5 J 53 A, MO A O 10 SR B 1540 5, R 248 5
LR AP BN A B R K R Ak
REAIRIA SR N, O ITE (5 855 ,2018) 5 (2) Frib &
F14) A Ak VAT i R A T ) DX 8, A K K R 2%
REIE BURR R M DT -/K ST AR, 2 K R HR %
IR AR R SR T 25 5 % K Aok B 7 A 5
M N,O B R4 At T A F1) 45 14 ( GareiA-Ruiz
et al.,1998)
3.2 CH, 1 N,0 By sc e 5 tH 7 H A ]
FIXT E

G 58 LI K 1 CH, A H i R (4.3 ~ 1.1
mg C-m”-d"), SEPEW (24 mg C-m? -d")
NMFERIT FU(13.6 mg C - m™ - d7) ML MK T
Y CH, 2CH K 482 mg C - m™ - d™', 5 Qu
A5 (2017) X AR YT, CH, B FE 45 SR AL, {HIX
S T Y] It ) A S A8k S ] S AT T A A R 2
[ TAPEHLIX 7] 7K ( Hope et al.,2001) , 3L 3,
EHATYTH N,O 3843 % 4 0.16~0.44 mg N - m™> -
A7, 53R E R R KT F 37 0.18 mg N - m™ -
d7' W FE0.34 mg N - m™ - d7'(Qu et al.,2017)
Je O btk N,O 28 % 0.27 mg N+ m™ « d™'
(Richey et al.,1988) #H>Y4 , {H W] i AIL T VLI H (1)
fE1.64 mg N -m™> - d"'(Wang et al.,2007) , UL
4,

65 S AT VT /K T TR 24 o 4 R e 3 K T i R
( ~ 774000 km*, Allen et al.,2018) ) 1.3%o, {H H:
CH, F1 N,O F i &t 29 o7 4 BRI 3 S B i it 19
1.25%0~3.06%0 ( Stanley et al., 2016 ) F1 2. 17%0 ~
4.96%c( Hu et al.,2016)

MEEEAT VLI K CH, 1 N,O Ik 3 Ab F 4Bk
BARAKF i m  AVBE R H e, BTk TE
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*3 HEBRGISHAEMAR CH, THRERILR
Table 3 CH, exchange rates between water-atmosphere in-
terface in Yarlung Tsangpo River and other global rivers

FRR(RLE) Fon, SRR

(mg Com2-d7)
HE AL 43~111% KB
B L 11.9 (Qu et al.,2017)
KT B 13.6 (Qu et al.,2017)
B 48.2 (Qu et al.,2017)
Stream ( interior Alaska) 7.7 (Crawford et al.,2013)
Indus 2.4 (Qu et al.,2017)
Tennessee 9.9 (Jones et al.,1998)
Manitoba 80.8 (Louis et al.,2000)
/& ( Finland ) 26.0 (Huttunen et al.,2003)
Ontario 134.8 (Baulch et al.,2015)
BRI (Scotland ) 176.2 (Hope et al.,2001)

o PR/ M R T B A S 803 die B o U R g
JETHL K RS A

*4 BEBGLSHREMTE N,O TRERER
Table 4 N,O exchange rates between water-atmosphere in-
terface in Yarlung Tsangpo River and other global rivers

LR (E) Fxy SRR
(mgN-m2-d™

T REA T, 0.16~0.37 ENTIEH

R 0.07 (Qu et al.,2017)
KA1 0.18 (Qu et al.,2017)
H# i 0.34 (Qu et al.,2017)
Neuse River 0.36 (Stow et al.,2005)
Indus 0.13 (Qu et al.,2017)
Hudson River 0.16 (Cole et al.,2005)
Amazon basin 0.27 (Richey et al.,1988)
Tamar 0.27 (Law et al.,1991)
KA 1.64 (Wang et al.,2007)

w T FEBL/IMILIE P A T 0 7 PR 22 B %, T (P P VL P
FE TR A i

FHR TR AR T =S4, X5 F A E H Al 1L X ]
A Z5 18 A — 2L ( Schelker et al.,2016) , HF 1L X
WK T2 AL B 2% R A B, X4
TSR AR JE 23 (R AR LR TE AN A, AR W58 348 7E
PLUR LA T BB R « (1) b (BB 28 P A
AR R A AT AR, — T T, AN [ A5E AU A5 )
() kA 2Z 2~3 %, B BUAR S 3 R FRE i
SRR AR, 5y — T T, [ RS RS 20 A £
FEZS (] LA A AR 25 S (Pl XU, i R B 5
() kTG 535 3.8~5.8 m + d'H15.0~29.5 m -
d™') 3 AT BE R L M AT 3 A FK T SR AR R 5
M R A I i 2 A L T R b (A R BT
(2) IR i AUS B AASER B, AR ST U
T BERE 30 m DL BT K SRR, A T

K KT %) 74 T T AR, DR T A4 5 1 485 SR T B L
VLK T %) S PR AR s B A1
4 &

M AT VT K B CH, &R 2.3 ~ 864.9
nmol + L™ N,0 &K 8.2~23.7 nmol - L™ ; HEE i
AT AR B 15 RSB CH, F1 N, O, B #2431
}4.3~11.1mg C +m™> « d"' M 0.16~0.37 mg N -
m™? - d7 B R AT A A AR L,
CH, SRS # R4 T AR T K T N, O kAL
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