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Temporal , and Spatlal Varlatlon Characterlstlcs of Mgthane, | Carbon D10x1de and

Nitrous Ox1de Concentratlons,'and tHe Inﬂuencmg Factors in Small Aquaculture Pond

SHI Jfé ZHANG Ml QIU Jisli, WAN Zi-wen, ZHAO Ruo -nan, XIE Yg,n hong, CHEN Ming-jian, ZHAO Jia-yu; XIAO Wei, LIU Shou-dong
(Yale-NUIST Center on Atmospheric Environment, Intemational Joint [ﬂerafDI'V B2 Climate and Environment Change (ILCEC) , Nanjing University of Information Science &
Technologyy“Nanjing 210044, China)

Abstract’ As an important source of greenhouse gases, the changes in greenhouse gas concentrations of aquaculture ponds are not only the basis for accurate quantification of
greenhouse gases emissions hut are also important for identifying their influencing factors. The spatial and temporal variation characteristics of CH,, CO,, and N,0
concentrations and the influencing factors in a typical small aquaculture pond in the Yangtze River Delta were analyzed based on the headspace equilibrium-gas chromatograph
method. Except in spring, the concentrations of CH, , and N,0 appeared high at noon or afternoon and were influenced by water temperature. Impacted by water temperature
and aquatic plant photosynthesis, the concentrations of CO, were high in the morning when photosynthesis was weak. The concentrations of CH, and CO, were the highest in
autumn and the lowest in winter. The mean concentrations of CH, in autumn and winter were 176.34 nmol+L ™" and 32.75 nmol-L ™", respectively, which were mainly
affected by air temperature, water temperature, and dissolved oxygen. The average CO, concentrations in autumn and winter were 134. 37 wmol+L ™" and 23. 10 pmol -L ™",
respectively, and were mainly affected by aquatic vegetation photosynthesis and pH. N,O concentration was the highest in summer and the lowest in winter, with mean values
of 97.05 nmol-L. ™" and 19. 41 nmol-L. ™", respectively, which were mainly affected by air temperature and water temperature. In terms of the vertical spatial variations of the
three greenhouse gases, the concentration of CH, decreased with water depth in summer, and the concentration differences between the surface layer and the bottom and middle
layers were 71.28 nmol+L ™" and 42. 80 nmol+L ™", respectively. The concentration of CH, increased with water depth in autumn, and the concentration difference between
the bottom layer and surface layer was 163. 94 nmol+L ™", The CO, concentration increased with water depth in summer and autumn. The concentration differences between
the bottom and surface concentrations were 18. 69 wmol-L ™" and 29.90 wmol+L ™", respectively. N,O concentration showed no obvious change in the vertical direction. For
the horizontal variations, the concentrations of CH, , CO,, and N,O in the feeding area in summer and in chicken manure in spring were approximately 1. 34-1. 98 times and
1.95-2.42 times those in other areas, respectively, and the concentrations of N,0 and CO, in spring and summer were approximately 1. 13-1. 26 times and 1. 39-1. 74 times
those in other areas.

Key words:: aquaculture pond; CH, , CO,, and N,0 concentration; temporal spatial variation characteristics; influencing factors
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Fig. 1 Schematic diagram of site location and sampling site locations
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Table 1~ Volume and depth of water samples collected at A1, A2, A3, and A4 sites in the aquaculture pond during thé’ expenment'
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A R 2 1 R 43 B0 5R B i /K AR vf DOC
iﬁam BE 4514 19. 81 mg-L~" F119. 24 mg-L~",
Z5 i ) e 5 A R R B i T R B AR, 11 H
FP’EUE@J}:&%:, Rk A DOC #41%, 290 8. 04
mg- L' DUZ IR K IR B 7 3 R 24.5 ., 336,
18.4 F14.3C.
2.2 FERESEKAART CH, . CO, FINOHEJE (] 25
LR
2.2.1 FFFEKM CH, , CO, FINOW 1Y H A8
FEFFIE
TR AR 4 A~Z=7T CH, WREESSE R H AR
AR 2 (a) BT7R , BR A SN, CH, .,%%.E*E%J%‘{E
BIFEF 1) A5 3L 5 % o (CH,) BRI N
08:00 >12:00 16 .00 3/\HT?Ui’J{E§}%UﬁSO 80,

®2 RBSEEFAEKREFRKES ‘*EI A F_;,.f
Table 2 Variations in water quality factors,and water temperature in the aquaculture pond during the experiment 4 -
Zyy S DO/mgl ™ pH ORP/mV [ * 1/ DOC/mg:L! 7J<q‘ﬁ/°c"l_ '
TR S 812127 £7.49 & 9»34, 20.10 ~193.1107 | 011.96 ~24.84 20.3~32.6' |
CBF S ) 0sseiss v 2}-"’ 9:46 26.00 ~93.00 9.39~19. 26 30.6 ~37.4 -
WE 0.74~13.17 = & 7.0028,77 4 65. 10 ~204. 30 3.72~17.15 17.3 ~20.0
% L1 10.81~17.27 /8105 ~9. 90 21.00 ~ 163:20 10.96 %-22.150 0.848.8
i | oo —

¥

72. 62%[153 74 niiol L=\, H 16:00 i} GH, /ZU“ ‘?li
ér%ﬂii/\ﬁi?uwﬁﬁfﬁﬁiﬁ E%?—%ﬁﬁiﬁmﬁi’
c¢(CH,) I LE 1600 K 226. 25 nmol -L~", &S
TH A WA 20 (Y 142,48 nmol -1~ (12:00) Fl
116. 95 nmol - 1.7" (08:00) . #kZ c¢(CH, ) #JMEFE 12:00
i, A 2 K 227. 74 nmol -L™", Hi4x /> i %1
c(CH,) ¥J{H 43 %] 4 128.91 nmol-L~" (16:00) £/l
128. 63 nmol -L. 7' (08:00) HIC i &2 5. &%= ¢(CH,)
PIE H ALK :16:00 >08:00 > 1200, X1 Y3
FEHIE >N 35.76 . 33. 54 F129. 20 nmol - L.

CO, ¥ B 72 U Z= 9 52 B 0800 > 1200 >
16:0009784k [ B 2(b) ], HPUZE 3 M0 Z] CO, W
PEARR I W 1) 22 5. F 2= 3 DMITZ] ¢ (CO,) B
B0 54 57.92 . 49. 46 F134.03 wmol-L~", &)y
Wk 137.39 . 58.00 #131.83 wmol-L™", Bk Z=43
9169. 13, 131.47 F1102. 24 pwmol-L™", & Z=43 5l
k1 34.40 30.77 F127.63 pmol-L~".

NOMe B 2 0 B 9 H 28R4k, HiAy 3 4

RT3 AN 20 1A N,O R B2 AR F B0 o Wl 35 22 5 [ D 2
(¢) 1, NOWRBE7E 7 Al 577 J5 il Bl e i fH. 2R TE
16:00 B} ¢ (N,O) {5, 2974 100. 74 nmol-L™",
508,00 FFFY 92. 45 nmol - L ™' £ 7 3. FkE AL

2 12.00 B ¢ (N,O) WA &% &=, 4

nmol L' F117. 78 nmol -L.™".
2.2.2 FEEEIEKIET CH, . CO, FINOU i Z=)
AL HFAE

FFaE KRS CH, . CO, FINOHRJE HA ]
BT A (B 3) . CH, Fl CO, MREEMEERBN . Bk
FESHESHEFES>AXF[E3(a) MK 3(b)].
c(CH,) XTI A IE 4 3R 176,34, 162.95, 71.99
F132.75 nmol - L™ | Bk Zok R v CH, W E Y
HEHFEEMEAEERLE. (CO,) XTI HHE T
WISk 134.37 . 56.51 , 47.72 F123.10 pmol L', 2
WEFRE. «(NO)ELNENEFEE, HEH
e, YWY 97. 05 nmol - L™, &A%, WIEHY
4 19. 41 nmol  L™" | FEZERBZ ¢(N,0) ¥IE 5 R
50.23 nmol-L " F127. 34 nmol-L™'[ & 3(¢)].
2.3 FRBEMEKAKH CH, . CO, FINOW B (123
TR
2.3.1 CH,. CO, FIN, O 1Y 3 5 A LA AE

AN ZET A S KR CH, . CO, FIN O &
TR AL AN 4 FiroR. B2 CH, e EE R B Rt 7k
BIMGE FEAK, 2)2 15 em AT E]))Z 30 em 5E)JZE
60 emAbIK A vk B 25 53 1 3 (3R 3) , 2 (H 400l ol

A 27.22

s ] 25



9 4 ABESE . NELFRBESEK R TR CH, | CO, FIN O FZ I 23 A8 LA AIE K 50 [A 3R 4871

300
250 b W 08:00 4 ' (a)

¢(CHy)/nmol-L™!

¢(COz)/umol-L™!

e(N2O)nmol-L™!

5% ITE e 4% =

i
o, [ Kk futornmmach, 6 747,
|| ok w5 (P <D o)

£

F T Y
Y .2 'Iﬂiu al variation in.GH, , CO,, arjd N Olllbon ntrations 4
‘ﬁil / \ I'F;@r i .J?"ﬁ‘ . :afé T
/ n aqu!aculture pond in different séasons
(e f ™

71. 28 nmol - L. "' Fl 42. 80 nmol-L~". Bk 7 CH, #k &
Rl K TR IR B v IR R T 5 R 2 | ha) )2
KA ] e JBE 2 S ol 2 JHL o RS U 3% 1 RN ] )2 30
em Ab K AKTH] ¢ (CH, ) 258 & K, 24 181.65
nmol + L™'. FZEFNAZE IR KR CH, Ve 76 1
BT I JCRH WL AR ML, CO, MR ZE Rk F I

&

| I | i l'n'
Il,-@'f Z)?@%TF‘%FE Jkf&s CH, . CO, 1 iib }ng]g’ % ' l'ﬂ, =3 iﬁléiﬁ7

300

(a)

200 | A
150 -

wof g

o L e

¢(CHg)/nmol-L™!

¢(CO)/umol-L™!

e(N;0)nmol-L™!
o
(=1
>

L
L

e HE B

FA
SRR G, O, ABO. Y.
| I SRS (P <0.05) 7
® CH,. 092 MN,OREMNETE
Fig. 3 Seasonal variations I‘in CH,, CO,, and N,0

l_ﬂ’,,r"J'

concentrations in the aquaculture pond

IKGEINR G 8T =, BRI E KR Co, WEH
BT RIZAKE HIR)Z 60 em 5£)Z 15 em 4Kk
(9 E 2508 M 18. 69 pmol-L ™" FkEEZ 5 em KK
1 e(CO,) Tl M 119. 41 wmol - L~ I 5 H AR E
Z5 W BRMAFIHE KA CO, W 7E
BT I G A AR A A NLO Uk I 7 DU 2 4 0 B

®3 FEHEKEFR CH,, CO, MINOREEETHHNEREZESHT

Table 3 Significant analysis of vertical variation in CH,, CO,, and N,O concentrations in the aquaculture pond

[l — 7 AN IR R Bk B 22 S

Uk Sl 5 cm 15 em 30 cm 45 cm 60 cm JRUE R TH
B a a a a a a
CH, "7 a ab be ¢
& b b b b b a
=S a a a a a a
B a a a a a a
co, "7 b b ab a
&= b a a a a a
X7 a a a a a a
B a a a a a a
N,0 ES a a a a
&= a a a a a a
22 a a a a a a

1) ARG T FRIRTE Rl — 2 AN [ R BE T R BE 19 25 b, 3 PR P <0. 053 JEF BEARIC AL FRR 2K TR T BEA A TR BB R 4R
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e(CHy)nmaol-L™! (CO3)/pmol-L7! (N2O)/nmol-L™!
=200 0 200 400 600 8OO 0 40 80 120 160 200 240 0 20 40 60 80 100 120 140
0 0 ? T d 0 i — T —
@ M ) —a— % 1 ‘ (b) i o (¢c)
s e _o g 15 S ' 15
30 Hipde i —A—BF 30 30 ' i ﬁ—
£ —— %% = £
%S‘ 45 % 45t L= Tﬁ 45 H pe—
* 60 ® 60} ¥ 60 - ——i
75 57 75
CII X , 90 ¢ 90 oy
B4 FREEKEH CH,, CO, MINOKRERNEREH
Fig. 4 Vertical variation in CH,, CO,, and N,O concentrations in the aquaculture pond
BAHE - R Y CH, ¥R BEIF 1A RIS 1 3 125 [A] 22 5.
2.3.2 CH,. CO, FINOHE 17K A8 AL RFAE AR BORE J CO, ¥R B BIE 10 =5 6] A2 Ak an 18] 5

BEMEF AL S CH RIEN IR B T (b) FR, 5% AL ~ A4 5 ¢ (CO,) B 4151
A3 AHREL[E 5(a) . BZFME c(CH, ) BIH  49.95,49.74 48.25 Fl44.97 pmol-L™', AT A5
HIN: AL > A2 > A3 > A4, B4 5 h 98.42, A3 Rl A4 ROHRIE 2 5 L Eé’ﬂﬂﬁ’iﬁﬁ({ﬁ“m
72.93 ., 66.48 Fi149.80 nmol-L™'. 7 A1, A2, A3 & CH, @Fﬁ{ﬁi%m?/ﬁ\%?/\ﬁl#%,f\l ~ Ad
il A4 HURE 5 e (CH, ) BI{E 5351 H 268. 20 | 13'?' 60, A c(CO, >i"JiEﬁJ‘%'U§' 77.24 44. 4} "8 A
135.24 F1110.77 nmol L™ Bk AAGR 4 (lipegy 5554 wmolf L. S AR B A 9@2

i L ¢ — zﬁr‘i@ﬁ%ﬁ&*%mm{ﬁ A4 5 1F] 2 SO g 5 2
mAlmAZ mA3 mAd W ElaTﬂ(é’f@ﬂﬁﬁﬂﬁi‘%j\gﬁfWEEEF%@TE‘-}#E;E&"
T P R BN AL BUKE 134 om, KK REL
o | | R, Ao EN co, /M“Fﬁi%ﬁ@%
£ 20 | S AL 4,00, mrrﬂéﬁ 4 A-IBURF: A7 1] 9 551G
B | ,.s' L 4 4 £l COMFER A7 615257,
SR HURE A ITIN O W6 BE AL 76 F2 Z2 e UL, 1 3%
¢ | (7 [ 225, HAy 3 1T 4 AN TURE 510 R 2 2 57
00— - = = AWE[ES(c)]. FZF AL, A2, A3 I A4 KK
200 e (N,O) ¥ 43 0k 57.39 . 50.80, 45.31 Al
r, leof L 47.30 nmol-L~", X FE i A i f5 A1 SINOVREE 5
R THA 3 AW A, B A3 F1 A4 SOk E 22 =
200 e E
T . AAAA 2.4 FHGEKIKS CH, | CO, FINOWE i 25 4k,
o — - A S
140 2.4.1 FEFHKIAF CH, . CO, MINOWE H 2k
ed | ‘” [y N
2wl . SYT 3 R SR H A1 55 45 500 R T 1)
S ofm __B_ Shd s moo MIERRLB(F4) , BT CH, WM HARLS
T .1‘ Lhl: 13T ZK R 7 3 2 1 AR G, B TR B4, CH, ok 3
* | Y mmn | S CH, WOE SRR DO T pH A ST
#% AR o 2% % Ko, FEHHA T CH, Wl AL 57K dt ORP 2
RIS 447 R REE A CH, . CO, FIN,0 IR, ORP 3, CH, WREEHE .
W B HIAT 225 (P <0.05) FRIAH KA T CO, YRR H AL E R FE A
E5 FEERREESKET CH,, CO, FIN,OREHE ZElt /IR DO B R, I HAE R iR 5 pH £
Fig. 5 Mean concentrations of CH,, CO,, and N,0 BER A SE. #kZE Co, W H A {k5 DO il pH

in water at different sampling sites in the aquaculture pond %*&E%ﬁ *H;& gé COZ W}‘E E/(J H @,{){35% & F



9 1 AEES . NRIGRFEE KT CH, . CO, FIN, O (1 it 2 A8 AL B AE K 50 [R] 2% 4873
570 4 35 B A . FIEME. TERK S, NJOW E H 2424k 5 DO #1 pH &

FENOW E H A2 L 5 /KR 5 3 EAH G, K
TR, NOUR FEE Tt 5. B ZEN, O E 5 ORP 4% ik

WFEAAMR. L5 NOWE H AL 54 [H 5 2 (0] 1
Jol E A A

F4 FHEUEK{ETH CH,, CO, FIN,O L { I EENHEEESHFD

Table 4  Correlation analysis between environmental factors and diurnal variation of CH, , CO,, and N,O concentrations in the aquaculture pond

£ Ak DO/mg-L"! pH ORP/mV JKiR/C
CH, -0.434 0. 146 —0.347 —0.469*
HE €O, —0.886 ™" 0. 255 0.186 -0.787
N,O -0.043 0.158 0.379 0.513*
CH, 0. 620 ** 0. 645 ** -0.163 0.536
HZ CO, -0.863 —0.856** 0. 180 —0.643
N,0 0.171 0.151 0.518* -0.164
CH, 0.212 0. 331 0. 386 0.275
B CO, -0.890 ** -0.741* -0.069 -0.392
N,0 —0.485" ~0.558* 0.284 0. 089
CH, ~0.299 -0.368 0.910 —0. 449
LS CO, -0.653 0.593 0.238 0.737
N,0 0. 629 -0.396 -0.297 0. 696~
) *FIR P<0.05, ™ FR P<0.01 o _J,;;.'
2.4.2 FEEMOKIAT CH, . CO, MINOWESET &  DOC IE%‘JJFH?Q FRBEYE CO, MR ﬁ}wcx

Ak B 5 ] PR 2R r
FRIAIHK AR P-CH, | CO, %MO/ZU“%W;‘E%

G B AR R BT 1A 6 56 52 ke 5, (:H i

IR Fﬁmﬁﬁfgiﬁﬁn 981, G A5 501

DO, pH F1 DOC K KR 952, Fﬁﬁujzlﬂ%
4, co, {Z‘EFE%TW Noza%r“ﬁﬁé%f}mk%m
. 7k/ﬂ%$umrﬁfﬁ%m$ﬁaéaé% mﬁ%‘ﬁnﬂ(m.
FHEN OV, FPEHE | N OVREE FHe—

5 %&Et&*ﬁ:nﬁ CH,. CO, MN,OREFEHEA I q,fma;e R

Tdblﬂ 5" Correlation analysis between env1r0nmenta’l factorb and| seasonal variations in CH, , €0,, and N,0 concentrations in the aquaculture fond

Sk A S | R ki DO L ORP DOC NG
WL /mesT! =il /°C " /kPal a4 1T 2 /mg-1~! /mV " /mg-L7! /Wem ™2
GH, o 70. 259 0.409* -0.228 04315 —0.495" -0.294 0. 084 -0.375" /
co, i -0.09 0.276 -0.082 0.253 -0.771* -0.756 0.234 -0.818™  -0.560"
N,O; -0.231 0. 802 -0.804*  0.853* -0.419 0.025 -0. 386 0. 098 /
1) /R P<0.05, ™ Fmx P<0.01

3 it

3.1 FFHSE KRS CH, . CO, FINOMRFE (125 [A] A5
LR

FRFHE KA CH, . CO, FIN,O W 32 fal B 4%
AR 23 7 HE KO ] 10 22 5. AR5 IR AR
KIEEZ A1 SKIET CH, F1 CO, W BE S TH
R3S EEREIER B A AL S22 M
TR 3 YRBHRRE, 5 1 D RHE A i FK Az 3))
P HE T4 R 2R 2 fo 5 i A A R R WL B A
T— M RKE. 2 AL 5 CH, FIN, O A B
FE R B R (EL, B0 AL a5 A ) DX 3 X6 2 5 0.
RS AR — o B T A B — R
HI AR =2 CH, ™ 3 HRER A B A I 3h ¥
FEHEHR B AR IR IR R DR AL R R EUR
TEUTRI A ML & =EHE I, AR 3 CH, A9 46 1%
FIHERL T Ak A e BE B8 . AS{L At , XS 24 Ry 1l

REIEAFRIE IR G, Vo5 ff e K PR v 2 7 10 R vl i
BHLAE, &Y ia , MR R & 0w, A A
FNOM A Wil A1 AN OB T,
TEARBFGE H , RAUE I T 3 P E SR K F
22 [ A4k, 1 H A E R R CH, F1 CO, W ETE
By 1) _EREAS R KR AR 4k, Bk Z: CH, WE S E
FkZE CO, e BEARRER K R B IR 1 T v, FE IS )2 7K
PRk B S (E. S AT G AR, R A )
A o) Y9 1 77 R 0200 R O B K A R Y CH, R
JESTER KT LA RS KRR AR T =
(4 CH, il N2 K RZH 1 E EJZ KR RS
O SEURZE CH, W & T2 M)z, s ss:
FEIER BB TE KR CO, YR R JEZE >
B2 > &2 B MR R KK A sh i
HEM Y FE S R TR B B2 E T CH, A CO, 1Y
FEAE IITEAS SR B S KA CH, Fl CO, MR BE AR
JRIRE i . AR ARG & IE R SR 582K
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B 43 %

& CH, ?&Eﬁi’%)%%ﬂﬂlﬂl‘ﬂ)gﬁ,H&I}'ETFEJ(%T%JJH
WA B G, X e e TR R &=
CH, FZ LB rpe e, <rr %%Eﬁ%ﬁﬁf"
SPECL CH, We B . DAAEFI R ) T - 72 W A
WFE SR B e N % R, S i) Y FR A
CH, ) E & {7, cH, B IlLHl s 3 T
97.5% . [AIRERY , Fif diL 7 g 08191 & 2= CH,, 3l i
B AL R Z S5 VoK R vk A S B i R,
CH, 7ERZ/KMPERE L, 380 CH, W TR T 2
m JKIRAL ) CH, HeE.
3.2 SRk CH, . CO, FINOMEJE [ i ] 25
NS ATISES

B T T, B 5K AR CH, FIN,0
W EATAE HARAERAE | ) 401 7 B 37 1 9% 3 22K ik
v CH, 3 R A M VI O SRR 355 A
(6 AR ) ~8 H Ha)) N O BT )5 ik 5]
W E R E, LA S5 7K IR 2 B 3 LE M D OC R AN AT
R B K IR U B BRI A 7 3 B K ko
CH, FIN O J3 #1316 77 18] 5 47 1A B0 H 1] ke

JEE A e e L. 85 7SR B B R Ak P R s ﬁlﬁﬂ:_d

Qﬂfllilﬂ:‘ﬂliﬁé%lﬂﬁ']{ﬁ M1 A AT CH4}DN_29EI’J
AR - K i CH, AINO W, AR R, A&
BF5E B, 4578 CHL, YR FE I 75 A 5 ’?ﬂuﬂ%yﬂui%

E’Jﬁi*ﬁa& R (1 R 01, R Rt A
9F‘3%°5Ei‘&ﬁﬁlﬂﬂ f“dﬁﬁm%ﬂ(ﬂ?@ﬁ?ﬁé W7

%UTIE%/JE{“% Wyrp CH, 7= R K TR S
KSR CH, 3 A BE WA, AT S S5O R T v
CH, WREEREAR. BAh, FFFRHIE 5 em KI5 R
FEm KR ] AR A9 22 F 7 08.00, 12:00 F1 1600
AR 2.6.0.5 F10.1°C, 08.00 Hif F258 5 % )22 K
12|:7kﬁﬁuiim?ft§ﬁ%%ﬁ7kw,ﬁ FEFRERIEK
RIZEE AT BB ) B TR LR Hh = A
CH, BRI /K R CH, ¥ BE7E 08 .00
Bk 8 — Kb mfE. AR kAR M E SR
FEHEAR M CO, ¥ BE Y H AL 5K IR R B T )
AR BV KR R A, CO, R
A, BEE PR K IR THE K AR AW 6 A VR G5
W K R CO, , DT il H Uk B A F R A B B
ANETIE I HL AR B AE IR & B, CO, W H AR L AE
. BRI DO 2 W E A, X FFES
KRG EE A O, e A 1E R Al
FEIIE KA DO THE, CO, YR FERRAR , 33kt ik — b
YEiE T 3B 5 Kt rfr CO, Mk BE 1 B AR b 43 32 5K
ARG VR R R .

AW K IR IEK A CH, . CO, FIN,OM
JEELA B 8 2 AR AR 510, )2 U IR A

NLOME B 53 B 5 W 3% IR AR O, 7E | 28 B i i
B AHIRSE & BN O 52 B IR AR IR 1 IR 5
P 2k DU 2 B i (. 3 2 R B 30 TR AN K IR
1o, KA R T AN TR LA RS A A BT P R A, A
FFFAE AR AR N0 7= A, i B ZEN, 0%k i 15 5]
oA, FER B R R, FRAE KR T CH, YR
E B Y (HRARIGE R B CH, W 7E IR
JEA DO MYSLRIFZM T, ERKZ di i, X2 Tk S
KRR A AR R R L 2R A, {H Bk 2 7 B I K (AR AR
DO M85 AUAR #E T CH, ¥ BE (09 FH i, B IR T
CH, 7E A& 4t 7 v bl AL B AR, AT {5 Fk 2% 37 4
PR CH, WP s T8 YT 3] 11 5% MR 9 5 22K iR
5, D0 F1 pH #AIG, (145 CO, W H Bt fe g (.
AR T KB CO, WP 45 B AL A2 3] DO A
H 5200, 34 55 K BA R 52 B0 0 25 671 H 0% Eéﬁ%ﬁﬁ
%KKH%ETL?%?@(% 7J<$1°E%E’J$k%ﬁﬁ LA
YEFT5E T8 5T COo, E’J%MEFHE% a%cﬂﬁké
FEFHIE KR pH ExzﬂfE CO A %Eﬁkﬁ?fe@ﬂm&’ Mﬁ'ﬁ‘?f
H#FE CO, dw“jj RE TR MCIRE ¥ Lo
fr] 40~ zrﬂﬂntﬁizh CH4 il CO, Ve JiE 7 578 3k,
5 DOC 2 W ERHDD:Z. Jﬁm—ﬂ%aﬁﬁnm
fig i TD0¢ RO 7 IR 3
AP IR J1 2 KAk Co, e i R A, MR
% T DOC % CO, KIRM . X CH, i3, LAFETE
AR SR IEVEA T IIR R , B CH, B
At , 4572 B i i A ol 74, 149% Y
DOC ¥4l g S BU= A0 CH, ¥ £ UL E g L HE
W PRI AR K R g CH, e B B . e X B v
FRAYERE I TP 2 B CH, B 7E DOC ik, Tl Ak 4%
TSR PR LA B 7K A e e ) 5 B U S T ey, LR
£ T DOC AJ& CH, P2 A=) FERIR, CH, WY
Tt 55 AT e 2 SR A YK AR R oK AR AR AR KB G A
YR A 77 R o T 2 AR IS 4 LA R e 90 A 0 e PR Ak
A= W) oM A ML S N A 45 5% 1A S DOC (1)
FREFE . fI AT W, DOC X /KAK CH, ¥ /Y 5%
M A7 FE AN 52 T
3.3 FEAHKMART CH, . CO, FINOUE K
WS IR KA T CH, . CO, FIN,OM 5
He I RXT L ngR 6 frs. AFE5HIE CH, WE S
VAT B SR FE AR LU A T — AN IR i e 4, 5 R R
WFRARIE S A Y SR A ST UL () CO, FIN,O¥E
FER LA IR IR . 2 e A SR IR R ] B DA
TILA. O A2 550 A 8 1 VT AL e T
101520477 1y b 7 A, SRS o, T A P TG R i 97
B BRI AN I 0 K A AR I 9 3% £ i | IR CH,



9 1 FHES . NRIFERE KR CH, . CO, FIN,OE & Ay A 25 AR AL BT R 5 i R 2 4875

FEAK AR PP AT B AL AR R Mk CHL, e
T AHIESY. B SR VR N T3R5I R K
YE R FEZARPRLR IR KA TOC 1 TIC YR B2 5350
(348.05 +154.9) mg-L ™" H1(95.6 £22.0) mg-L",
JEIL i TA SR AY DOC(3.72 ~24. 84 mg-L™"),
{5 TOC A1 TIC By /KA EE S H CH, W A SR
BEYEI 3 ~ 10 5 VLA AR5 30 5 R R
KAL =AM, H BT A0, S 5 E AR, H
THAMFFE X R AL — 2 KSR M I | ToFR I K A=
Shy AT HEA T A B R B KR B Rk
FREE G, WIS BOK A N0 e JBE I AIG T AS #F 52 4%
SO Q3 AR . BRI T AR, AR
FESRTEAIERY 1. 57 A%, AR A3 K8 In 1 e Ak 45 i i
LS T IR (K CH, | CO, FINO%
T AR E . QUK AR« IR A SR
1] 2 ML A A2 A2 2 0 A K R e ) A 40, oK
A R R FCAR 2R 4300 A4 LR o 7 B 4 1 gt I
By K ARG A TR 2 DO Thisg, 1)

FERARAE S AT SR K MR CH, e B it i
BT ABISE A , N OV B I TA BT S Fe A, @
N6 BRI « A T 11 2 MR G B 1 6
~ 11 J L EFRFEAM (9 A ) ~ 11 AR ) k&4
R RRR, 258 i (7 A by ~9 A dihg) A
A9 H ) ~ 11 F R D) Gl ik 5 43 1
J 50 ~ 55 kg-(hm’-d)”" Al 40 ~ 50
kge (hm?-d) ~'2097) 5 PARHIFGE 548 8 B0 G ik
e Fott B AR S 7 F 0 B R R, (8 A o
CH, ¥k BEE 85 TATEI . AT 8 R4 F 0l
HFCHEAR B R R P B & e A BT R KT
P TR TS AL CO, FINO M B 85 T Ay 35 58 i
IR, G5k . ARSI, B AR
FAYE CH, 1 B X SBORB I
WE A CH, W AR THA L. @
1]« A5 5 2 4 BRI s ] b LA 4
th AR R | AR s, LI 45 AR
T AR FREE M 2L CO, FIN OB B

%6 FAMALKS CH,, CO, FIN,OREXH vy
; Table 6 Cnmpan'sﬁns of CH, } CO, z”"afld N,O concentrations in differenit aquagulture ponds i
~ / ‘ . W= ra ¢(CO ’ ¢(N,0)4 ] .
JEHJNIE\ .‘ 4 .'I # TR v ‘/ Il;:dl‘H;zﬁ! / anol 'ZL)’1 H.:" / néolz' L)il Fi I_ﬁk = g
R Y e | FRURHE 1300~ 55900 18.11 ~79. 60 5,089~ 14.112 [19,31] %
wapon | FeUR I /140 ~ 680" 13.03 ~ 66/ 4 ,"F' " (473 4
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