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BREARSTHEEMNMERSZ —, M HS ZEIbB—H, B —FMKFariR =80
%%,E%mﬁﬂiﬁﬁéﬁﬂﬁt&“fﬁiﬁiﬁr(Wang et al, 1976; 1990; Khalil er al,
1990). K+ PhEmEsmEN IREEIIESBRZTL, BRS ZEABRARKE,
REHPHRERE—MEEY R, IS5 BFE KSR M EN, LERBMAIFH
HeEeE s, Es S %E 4 (Meszaros, 1981; Street-Perrott, 1992).

Mg 25 Lt 4E 8] £ o A K SR B, B vk O SO 4 A BT AT SK, FEad & 100—
150 4F A, KA B GE o B 40 LA 4E 1% RO P39S i fn. Tk ARl £ BRR A beF 39
BERA0.6—08x 107V, %] 1990 £ ELFIK 1.72 X 107 ° V. ik 1.5, L 40 B HFE
WMER,HH 1986 LG, KAFRREMEMERE TRKGYE, B2k P
# 4 0.9% (Houghton et al, 1990).

B A Xt KA e 38 B D R o R SR AR, — MU R A T Bl i AP e R SR
L EHATRER R T AR EEIEFREKREEN, ATEH S TRRXIPEEN
BRE, kW AR EYE, FEEHAEMBTRRIP RS HHERENRRE, &
Hai A%k, BETLRBRBIKSPHE LR, AL X B K&K (Khalil e al,
1983), RMAB AR KGR EER BHECRERB RKEBHRBELY
(Cicerone et al., 1981; Harriss er al, 1981, 1982; Sebacher er al, 1982; Delaune et al,
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1983; Bartlett et al/, 1985) xF T A1 KK DA B (de Angelis et al, 1987; Khalil
et al, 1990; Chen et al, 1994), BEH X W EPHMHERXMFR. BHHASH X B EBIA
MHEEBLBEVESHR, UBTHBEEEH SRR L ERHWER.

1 MHES5AZE

AR R AINE 1R, BEASRET 35 0NHAE, KHEET 10 M WA

HFEBM REXHE pE
£z \F‘/km
ks g TR

R
HEN
BB o R

MEH— 7

eI /

mE#

S EnXe

WEBAR—.  ARY s

ERke /| PRETRE
BAE | t®

7 Kok

— X R
-

M

Gx

B BE TR

Fig.1 Methane sampling station in lakes
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B Johnson % (1990). R A&
B % (septa) B9 20ml KA, RAF 6T
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Bl £ % % 5, # M headspace
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HEE P AL Bunsen B8R E ¥ BB E, A XS M Wiesenburg % (1979). B p1E
o, MR AT 020 28, BASR KA eh B & (9 B BE MR E

KEPWEE (X 107" V) = Cg X [(B/22356) X RX K+ V,./ V1= Cy XV, IV,

C R SR B, SR R BEIRBE (X 107° 1) C O R, B KT 4%
W (X 107 VKRB B S SEMER (mL); V2 K R A 7K 4R 89 R R
(mh); RAKIKEH,

F o 5 B B A A T, R BRI R T —RWER LR, KZERERE
fE A X, i A B Ge B4, B TR B e, BRI SL R E 5, Rl R ST BGHAT BB e ik &
ST BEMAR MM AL, E R RCER. HitELwT.

HIERHGER [mg/ (m’ * h)] = (C, - C,_ ) X Vx[273.15/ (224 x T)] X [16 / (4,
x 4]

CHMARRNERTBZE n MEBAKRE; C_ R RAFRKEEREZE
n— 1 NRBERRE: VIRERAERER(m); AARERWEEHmM); THRHE
Y SE CK); A n IRERS n — | BEAWE R B Z BHE]2 (h).

H-MEEBERERENMGE, WEMBAKSKEEZMGEE, EEMKE Lanmers %
(199 B HH FRHT, KEZHAELRBEAEHX, BEKESKRBWIEZHEE
RH A 87 X7, MEREKEARKEERE AN PREEE, B EETHRE
Foatel R HGER. HPRELCHRR BRI FE ERHE Wanninkhof (1992) Frig iy 2 it
FREAHMT, A AN SRR, BEXNE KBEEE, BB IETHREL, #it
MR RRBENGER. THRIMMER, WA ERIANPEBEREERELE KT
A,

2 BR5IHE

B XA, KR EMNE R, 2 0 E WL K imms. mLEhaE s
BEHHEET 1500m, ZB T BRKE, ABRER, BKERSITA 3 X 10°m™EA. HEME
FHWET 10 A5 WA (R 1a), H A (U AR 3t FR ) 28 06 i 3 17 1 o e B A Sl Bk <ok
EENHE. HABUBHRTLREMMEAS, UAAKKKEEERGBEFRBER
BE., EFMNENSLED, Pad AT RIBERIHEM (K la). BRAIALSIT
BARE, EBRERE. BAEGLEMBMIALRKS, ¥ & B2 3R (Swinnerton et al,
1969; Lamontagne e a/, 1973; Wilkniss ez al, 1978; de Angelis et al, 1987; Chen et
al, 1994), ERFREM &S LBAF, PraB MM 4L, RALBY—NDI#—
BOEW, TS RREERE 177107V, MEEMRRSBIAERNYE LBNATNT
5 BRTHENEYERERESERTR, BB KEZI, BIFERARXH HEHATRE
FHREE~ER, G B L REBHHABIAF (Harris et al, 1982; Chen et al, 1994), A1t
H AR A 2 9% 0 R 24 F0R 2R K.

HEENFEBRETREIR, 4% 0.002—1.2mg/ (m’ * h) Z 8 (& la), B XH
EHIEA X 5. BARE, & WL R R SRR 8 A KK, KA LASEEHE X
M L BIA, AW, KR R RIS R R R T 2K 0.07mg/ (m® « h), FEILHE
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£1 ATMXFUMNAEGQMEDEEG) MPRKE(x 10 V) FMEHER (mg / (m° * h)]
Tab.1 Concentration (I X 10 ° ¥) and emission flux {mg / (m’ * h)] of methane in the alpine lakes (a)
and the lakes (b) in Taiwan
g HE(ER) WE (FK) BEGER (CWE) BHERGHEHE)
R 1.89 0.39+0.25(n=6)  0.074+0.061(n=10) 0.012+0.008
HBEMS 1.94 223 — 0.15
Fi 2.16 5.32 — 0.034
HWiE#H 1.97 177 — 12
mFE 1.85+0.04(n=2) 1.96+0.55(n=2) — 0.012+0.004
a EFIPN ] 2.08+0.05(n=3) 0.1920.05(n=4) — 0.003£0.0007
ANEH 1.66 10.10 — 0.45
R 1.80 0.19 - 0.007
+tEH 2.02+0.45(n=3) 0.51£0.214n=17) — 0.008+0.003
KAR# 1.95+0.15(n=2) 5.44+2.16(n=14) — 0.09+0.04
5y 1.96+0.22(n=16) 6.3825.41(n=48)
& X 1.56 4.13 — 0.20
E 1.83 3.03 — 0.38
S 1.62 0.24 — 0.033
=W 1.74+0.04(1=2) 3.49+1.00(n=2) — 0.026
A it 1.85 2.75 — 0.085
KIXER L 1.54 0.09 — 0.004
ATTKE 1.74+0.11(n=8) 1.54%1.68(n=12) 0.52%0.65(n=9) 0.15%0.16
=) 1.83 0.27 — 0.021
HEM 1.69 11.92 — 0.23
F Lk FE 1.64 25.12 — 1.31

b =NIPR: 1.92 12.30 - 0.081
WHEEGRE 191 9.11 — 0.083
JFi KoK 2.03 0.31 — 0.002
HA®E 2.85+0.49(n=8) 2.51+0.44(n=8) — 0.006+0.002
[i}: ¥ & 1.79 30.66 — 1.07
- XHE 1.81 0.58 — 0.018
= 2.11 11.57 — 0.39
Sl kok 2.19 1.65 — 0.053
FuHW 93.70 5815 — 68
18 1.86+0.09(n=13) 9.64+3.89(n=36)  0.11+0.19(n=32) 0.21£0.09
EHE 1.82+0.18(n=2) 10.81+£4.90(n=2) — 0.34£0.16
B 1.69+0.10(n=6) 3.75+5.08(n=2) 1.42+1.48(n=6) 0.36+0.52
ik 1.96+0.39(n=9) 6.01+7.62(n=4) —0.05%0.1(n=6) 0.13£0.15
1h 68 a7 1.81 0.06 — 0.002
REM 1.96 1.43 — 0.06
25X M 1.80 87.52 — 8.85

-2 (FF L #ABR 51 ) 1.95+0.45(n=66) 7.72+10.65(n=84) —
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AR E L SEE SRR EEY 200kg. YRITEF, HEAXEEWMANSTHE
FATHBHERARENEBRERE, S LBEPROBRRERE SE R,

SUBAMFEEL, FEREZKEEAEIR KA Ewm, LIs KRN (E 2),
KIEFERGERENEESMASEE RSB EAS AR, 0 K e 31 SR | A 3R 3R
T.&2EKRERLK, ERLUMXKAAKKKEZSMMBERRBEEZN, FFESER
., HEME XM R FREAFRBERESPHERE., Ak EeEne), Bk
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B2 RAWMEHELTREESHE (G BWamn er ol 1997)*
Fig.2 Vertical distributions of dissolved oxygen and methane in Great Ghost Lake
a19934E58; b.1994%4A; OCH,{umol/L), ® DO (mg/L), DAEE

FHBERTERE, ¥EREAWE. KIEREKEZEB 4, Bt EAMHAEMA
EAKFEERER S, FEAITEEX FHBERSERY 10°'m’, AT ARITH, F 1
EHREBERETREEETEHWLMNA. UHATKRET 26 M ERHXE (3 1b), WA
EHESTRREKETHHRN195+046 X 10 °Vin=64), 5KEFLEFHME1.7—1.8 X
107° VA SR, MKEFPENFHERENR 7.70 £ 10.70 X 10°° V(n = 82), HAEH
REAEISRMEE 005 x 107 VEHRFE, 2.

X 26 NERT LM TATRAUK, K8 F A ARHERE m, 88K &R
RKEABEHRERBE N UBECHTHBRKERK, & 1.42mg/ (m’ - h) (K 1b), HEEH
EHERFEEEAYK, EEERETRKENBREESK EEHHMME, SERTFTE
HE AR ZETH IR, A W 325

30 4
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* Wann J K er al, 1977. Aquitic Geochem. in press
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Bl E R R, M T e BACEK A P 2, A SRR B E W AT BB R E
VERRAETEA. BEMM P EBEIGER, MW EBETWMER, FHA K 0.11mg/ (m’
chZER, MRAKKKEEHENER, 95 021mg/ (m’ -« h), BEM YEM. AR
EM TN, KPR FHEEALE 7.70 X 107° Vin = 82), 5B E M FR K H LM F
BWE 9.64 X 107" V(n = 36) LM, HLUEEHTUTFHHERULE THBEES 10°
m’ M E L KBRS IT— A 1.1 X 10°kg W PSR HE.

REHBRTREPHE, BBHEX 1990 £ @R, %8 WL BAH. K
.o SEFEYRNBRER) MR EBRREAN 9 x 10%g. UHBBHEEXRE. G
BHEBAKERREMAERERARA 2R, AAKBBRO T2 —. TRABIAKEE
575 3 X R e VR A o A K A L
3 #iE
3.1 ¥ 1 500mlA b LA TE A R A R R, B S KRR B R R .

3.2 10 NEWEAN RSB HCE BT R EUK, 4 f 7€ 0.002—1.2mg/ (m’ « h) Z ], {HE
RRE, B S BRM B A KK, FEHBRBOARLZ 0.07mg/ (m’ « h). & WL, #HKE
EERY 3 x 10°m’, BEAl 4 9 B 62 S Al B 8 4F 2 200kg.

33 26N TFHIBIIAKEMNERBIGEETREES T WHENA, UL H AR ER TR X
E-PEBIGERTHY0.11mg/ (m’ « h), 24 %K | S00mA THELA 10°m B @R, K
H—EFEH LI x 10kg WRBERE, REE—-KFAEA.

34 ZEXUN. GEFRBHGEEHWEMENL 0.51—0.95mg/ (m* + a), DR HE
F£11x10kgER. SHUFRBRELE, MENFEBRICEEHK, B ELERE
BR, BT &5 7 b X /K S IR 88 o, b WA /K P B SR L A TP S B B 3R 8 A FR.

Bt Prof. A.P. Mitra, SR, Eokik. B FEH. FEE. THE HEH. Rx
T A LIRS T U, L.

2 % X W

Bartlett K B, Harriss R C, Sebacher D I, 1985. Methane flux from coastal salt marshes. J Geophys Res, 90:

5710—5 720

Chen C TA, Chen Y S, Wang S L, 1994, Methane emissions from natural waters in Taiwan. Proceedings
of the 7th TUAPPA Regional Conference on Air Pollutiion and Waste Issues, Nov. 2—4, Taipei. Vol I, 51—61

Cicerone R J, Shetter J D, 1981. Sources of atmospheric methane: Measurements in rice paddies and a
discussion, J Geophys Res, 86: 7 203—7 209

de Angelis M A, Lilley M D, 1987. methane in surface waters of Oregon estuaries and rivers. Limnol
Oceanogr, 32:716—722

Delaune R D, Smith C J, Patrick W H Jr, 1983. Methane release from gulf coast wetlands. Tellus, 35B: 8—
15

1) BEIT, 199, REZRYLE RBR-HE SBECRELY 24T QREFARE bz &
FERENBRERESAFRSEUMEEFRSIPCCHE 2 EE. WEZFHRIT R, EPA8S-1003-09-13



5 EWe%E. SEBRENPERKE 533

Harriss R C, Sebacher D I, 1981. Methane flux in forested freshwater swamps of the south—-eastem United
States. Geophys Res Lett, 8:1002—1 004

Harriss R C, Sebacher K I, Day F P, 1982. Methane flux in the great Dismal Swamp. Nature, 297:673—674

Houghton J T, Jenkins G J, Ephraums J J, 1990. Climatic Change. The IPCC Scienufic Assessment.
Cambridge: Cambrdge Univ Press. 23—52

Johnson K M, Hughes J E, Donaghay P L er a/, 1990. Bottle—calibration static head space method for the
determination of methane dissolved in seawater. Anal Chem, 62:2 408—2412

Khalii M A K, Rasmussen R A, 1983. Sources, sinks, and seasonal cycles of atmospheric methane. J
Geophys Res, 88:5131—5 144

Khalii M A K, Rasmussen R A, 1990. Constraints on the global sources of methane and an analysis of
recent budgets. Tellus, 42 B:229—236

Lamontagne R A, Swinnerton J W, Linnenbom V J, 1973. Methane concentrations in various marine
environments. J Geophys Res, 78:5317—5324

Lammers S, Suess E, 1994. An improved head-space analysis method for methane in seawater. Mar Chem,
47:115—125

Meszaros E, 1981. Atmospheric Chemistry. Elsevies Scientific Publishing Company. 3.3.1:35—38

Sebacher D I, Harriss R C, 1982. A system for measuring methane fluxes from inland and coastal wetland
environments. J Environ Qual, 11:34—37

Street—Perrott, F A, 1992. Atmospberic methane—tropical wetland sources. Nature, 355:23—24

Swinnerton J W, Linnenbom V J, Cheek C H, 1969. Distribution of methane and carbon monoxide between
the atmosphere and natural waters. Environ Sci Technol, 3:836—838

Wang W C. Yung Y L, Lacis A A et al, 1976. Greenhouse effects due to atmospheric perturbations. Science,
194:685—690

Wang W C, Molnar G, Ko M K W er al, 1990. Atmospheric trace gases and global climate: a seasonal
model study. Tellus, 42B:149—161

Wanninkhof R, 1992. Relationship between wind speed and gas exchange over the ocean. J Geophys Res, 97:
7373—7 382

Wiesenburg D A, Guinasso N L Jr, 1979. Equilibrium solubilities of methane, carbon monoxide, and
hydrogen in water and seawater. J Chem Eng Data, 24:356—360

Wilkness P E, Lamontagne, R A, Larson R E er al, 1978. Atmospheric trace gases and land and sea
breezes at the Sepik River coast of Papua New Guinea. J Geophy Res, 83:3 672—3 674



534 i # L b H 294

METHANE EMISSIONS FROM LAKES IN TAIWAN

Shu-Lun WANG, Chen-Tung Arthur CHEN, Che-Ming CHANG!
(Institute of Marine Geology and Chemistry, National Sun Yat-Sen Universitv, Kaohsiung 80424)

Y(Center for Environmental Studies, National Central University, Chung-Li, 32054)

Abstract Aquatic environments have been postulated to contribute over half of the total global
methane flux to the atmosphere. Most investigations of methane emissions from aquatic ecosystems
concentrated on rice paddies, salt marshes and freshwater swamps, little attention is focused on the
lake, so data on methane flux from (especially Taiwan) lakes are scarce. We do not know of any
methane measurements, either on concentration or on flux, for lakes in Taiwan. So this study
focuses on evaluating the methane emissions from lakes in Taiwan.

Data were collected by two methods. One was the collection chamber technique. In an area
with easy access, we used a plastic chamber to collect methane. From the change of the methane
concentration with time, the methane emission rate was calculated. The other method was to
calculate the methane emission rate from the methane concentration gradient between the air and
water. The results from these two methods differ by one order of magnitude.

The methane emission from the alpine lakes was controlled by the water property; emission
rates were generally low, from 0.002—1.2mg/ (m’ « h)(averaging about 0.07mg/ (m’ « h)). The alpine
lakes roughly emit 200kg of methane to the atmosphere every year. The methane emission from the
lakes and reservoirs located below 1500m showed larger varations than the alpine lakes. The
average methane emission rate was about 0.1l1mg / (m® « h). Multiplying by 10000 hectares, the
surface area of all lakes / reserviors located below 1500m, 1.1 X 10°kg of methane is emitted per
year from the lakes and reserviors in Taiwan.

In conclusion, the methane emissions from Taiwan lakes are 0.51—0.95mg/ (m’ * a), totally the
lakes emit 1.1 X 10°kg of methane to the atmosphere every year. Compared with other emission
souces the lakes have fairly low methane emissions. It is evident that the lakes are one of the minor
sources of methane emission in Taiwan.

Key words Taiwan Lake Methane Emission flux
Subject classification number X142



