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BB " o 2010 4F 4 ~5 J FIRERS 138 5 A WTISEAT 50 BIUK (10 ~ 11 H 25 H ) fRE i R 4 1 505 43 7
TAHE,
1.2 HEmRESHWHE

B H PEOO B IR S 2R U W AT KRR R AR, AR AR R, REEW A Wn T A
10 HoREESEEE, AL A LTI T H R SEEE, 50 RIFEM R TAET 5 1 25 Hitfy, H S Wrimdy
TE 1 d PORAESEHE . A TR AE S0 T W R SL LR AL . BLE R AT YSI® ProODO 5 fift 48 13 I 5 /K Ik B V% i 4R
(DO) (KB435 0. 1C L 0.01 mg/L) ; YSI® 63 AU pH/Hy 3 320 i {00 52 /K 44 pH i L HL 338 (cond ) RS JE 4
5145001 4 pH, 0. 1 wv/em) 5 K TG4 1B HIA &R B (PAR) SR AT 36 (6 LI-COR® 192SA 7K F & 7 AU 2
(K§EE 0.01 wmol/(m” = s) ) 5 BIEE (TA) SR F HACH® 2% ) 1 B 55 00 2 25 B b o B0 192 V8 Y090 320 0 o8 (R JEE
1.25 wl) , KU p(CO,) MR pH L B3 B 5 A BO T RIS o BFAMI G SR8 76 SR BF LA A 46 © 28t
WERCIERE Y o B INREE G, R 45 W7 T KRR [0 5258 % T 48 h A S8 U B 48 AR 19 20 A il AR, €045 Chla
AR i PE A HLI (DOC) o Herp Chla 300 %2 5% TN B A5 O3 606 BE 3% 5 DOC SR ATKKEiE 450C HE+ 4 h 1Y
Whatman® GF/F BEHELFAEIEAE, 8 HE® TOC-V BRI S3 HT 3 e 5 " o 45 19 187 7K 1k B 323 46 o S 5
B B IGARH  JR R IL 1,

®1 FHEKES RN ALE
Table 1 Observation of water stratification schedule

W AL I bR

[T KT pH. cond. DO . BJE DOC 4% 2 . PAR(0.5 ~8 m)
i 0.5m 0.5m 0.5m

= 0.5.1.,2,3,5,8,10m 0.5.2,2.,5,10m 0.5.1,2,3,5,8,10m
A 0.5,1,2,3,5,8, 10, 15,20, 25, 30m 0.5,5,10, 20, 30 m 0.5.1,2,3,5,8,10, 15m
BT 0.5.1.,2,3,5,8, 10, 15,20, 25, 30m 0.5, 5,10, 20, 30m 0.5.1,2,3,5,8,10, 15m
]I 0.5,1,2,3,5,8, 10, 15,20, 25, 30m 0.5, 5,10, 20, 30 m 0.5.,1,2,3,5,8,10, 15m

T AEH 25 HREE R U 45 W i 322 0.5 m /K AE DOC 23 #7 .

1.3 p(CO,) URBEHITE
KA R R P JEHLRR Bl CO,, H,CO,, HCO; DAJ COY™ #Al. ¥ pH. /K8 /K37 W b 8y 7
FEHX 4 MR SWIE AR EERE, FIRKRG KD EFRIE ] 284N, B4 Co, 7K
VYRV B R ST 4 SR B, RE S R R kR pco,) Y
¢(H,CO;) _ c(H")c(HCO;) ()
Ko, Ko, K,
X p(CO,), Sk CO, JrIE, Pas Ko, Ky HPHH %G c(HT) | c(HCO, ) 435 skt HT J2 HCO, ik
B, mol/L,
KGN CO, 284l i 52 3R 2 KR 5K B RS CO, 14 He 22 F RS REGE W, T AR s He &
B Z gk . W, REFERZREZ . X TFIRAKKE, KRG CO, a4 i (1E Bk . 7 i) vl i
K (2) G,

p(CO,), =

FcoZ = kcozKo(P(COz)w -p(CO,),) (2)

K Foo, WK CO, i, mmol/(m® - h) 5 K, K/KH CO, ¥ MNE, mol/(L - Pa); ke, A CO, 58 Ht
FH, em/h; p(CO,)  HEKJEKS CO, 431k, Pa; p(CO,), HRAH CO, 43 Hs, Pa,

NG w <3 m/s W, ke, T HIE(3) KT
ko, = Eggy (600 °7) (8™ ! (u <3 m/s) (3)
KA koo A TRALH (SF) AR Y 584 R B, em/h, SR E R0 9 7K MR 5 A O i3 (R (4)) %5 Se iy
t°C T AL BRI Schmidt % ¥, %K & #8 (5) #EATHE .
ke = 2.07 +0.215U,) (4)
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Se = 1911.1 = 118. 11¢ + 3.4527¢ - 0. 041 32¢° (5)
KA U, KK ET7 10 m K, m/s,
1.4 #BF CO,(Ep(CO,)) RRMEME (A,,)

HE W R 5 W AT AL ) B SR WA R K R R CO, Y T R UR AR Wt VR W A R T LR R R
ZT_\‘[IS]:

(CH,0),, (NH,) ,H,PO, +1380, + I8HCO, —124CO0, + 140H,0 + 16NO, + HPO}"

BRI b2 2 W g O W A R R PR A A LR 52 4 el R TR R BN, R 2R Y CO, S AR R Z
124/138(£90.9) . {5 H Fij 2% 3 A Ay 5 37 00 W 1 FH 9F R 25 I REK AR 9 HCO, , 28 LAY Redfield Hoff Jy 106/
138(£50.77) " . A, N T VM A BEIE R TR AR K AR p(CO,) M EIN R, % 25 AP KRS
Ep(CO,) Fl Ay Hrr, Ep(CO,) =¢(CO,) " =e(CO,) 5 Ay =¢(0,),, —¢(0,) "o i, ¢(CO,) " KB
MK R CO, W BE (pmol/L) 5 ¢ (CO,) ., g BLIZ K I K 46 £ F /K f CO, 3 5 4 IR 25 B 7 0F B 159 ¥k
(pmol/L) 5 ¢(0,) ., g B /K TR 4 1 T /K MR 46 8 At 480 ( wmol /L) 5 ¢ (0,) ™ g B35 WL 345 it 4 ( mol /L)
Ep(CO,) /A, iR /N R F 5 35 40 T ) FH A A3 BLJTR AR 40
1.5 BEBSHHE

AR SCR i B /D — e ¥ (PLS) X p(€O,) B 45 BAL 645 (pH . TA | DO | cond, ki . Chla, DOC) JE47 [l 4
SPHE N e R MR A AR A T L % S TR R G B 3 S — s R R R 1
P, I HAHESE AR B A S EASENE, IR X — 7k + a0 A B, T 55 3 4 40 7 L J% 4 [
SYMTHIEL , %7 A5 A — A B A R R B R S R . 5340, U4 45 HE A, (variable influence
on projection parameter) 2 ¥ T LA Sz e [ A5 5 X R AR B AGAR SRR /IS, Fyp > 1 2B B AR BEXF p (€O, ) 19 T RRAR
K, M Fy, <0.5 BHJGEZ M > . FTA PLS 43 #7476 SIMCA-P 12.0 F 52K .

2 RS0

2.1 chla = THEFE

2010 4F4 410 HES A 25 H, WEW FMFEDSEN OWm L2k TWROKE, - HEBE4 A 10
H O3 N v A W T (R S Wi HO%E 3R )2 0.5 m Chla #EAT WM, SOCRAAT EIHr) , o, 3K oy o 1 5K
48, Chla ¥R 17. 06 wg/L, B A7 W1 A Ak 827K 48, Chla %< B2 535 108. 99 we/L(WLIE 1) o MG & B . OB A
W TE, Chla ¥R BEArHI{UA 4. 58 pg/L, 4.94 ng/L fil 1. 82 wg/L, HInss RALEA W B AP, Sox
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Fig. 1 Variation of vertical distributions of Chla in the water in phytoplankton bloom period, 2010
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3AWIE ARIEKSE, 4 A 25 H, #AaEMOWmEREtgRZRE, SAEwENKERS, Hhakh
Yt LA, 3 ANWTTE 9 Chla ¥R EE4» 51 R 51. 68 pg/L, 74.69 pe/L K 67.83 pe/L, 3% ¥k 3 W [F i)
N3] e S5E K A, 00 R ik T A A BT TR /K R S A BT 8, K AR ], JKAA Chla W B2 73 2R (WK 1), Sm
PL_EK AR Chla ¥ B ¥y g, LU WIRGEE R, 10 m KL FAUA 2 pg/L 24 5 A 10 H 4 Wi Chla ¥ i F [
$6.84 ng/L LT, BEWHER/N, HA1.62 pg/L, HAKMAE Chla 53 JZ2IEWH K. 5 H AU 8] 32 1% 0]
DB R DL B B A R oKk A, IR AT DA B A . M) Chla ¥ B A (A BLAE BV 1 m K
JZ, 4 31.06 wg/L, WLMHIE Chla 73 2 R4 — K 8% &k,
2.2 7kiBRK DO R = IL4S1E

e BH 230 10 D T8 A Y ) B 23 R AR R AR A0 1B 2 R IR S T T X262 0.5 m KR AT WS, SOl A
BRI ) o 4 /ST 0 96 o0 AR AE e AL, W4 H 10 HES H 10 H, & RFES ETKEKIBRES AL,
KL ~1.5C, 5 A 10 H LLJG 8RR KR Z 8 s 2, KB R)Z 3 25°C, FRERIRZ W
20°C, H5m DL EAKERTREERD, 5m IR —FREEBHARIEEM, K&K DO 4 ZFE 5 EIFA 54—,
4 J 10 HEREAWESL, KIS DO #ERA MR M2 %, M4 H 25 H, BEE B A Z 0 K5 m 5
K, Ko DO WELT W B4y 2, A S R H W DO W B 4y BN R E ) 14.7 mg/L, 20.8 mg/L,
15.2 mg/L FREFR)ZM L 8.3 mg/L, 5 J1 10 H &AW DO 43 )2 AR EHBN Y A T a8 — 5 KERE N
1Eo 5 A PR YOKERRT AW s, HE 3 AW DO 73 E o3 B, RZ KK DO ¥ 3 5l &k 15.9
mg/L, 14.4 mg/L f114.9 mg/L, J34b, BB A XK KERKSFET, 8 mPL B /K IARE fif 51 it i
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Fig. 2 Variation of vertical distributions of water temperature and DO in the water in phytoplankton bloom period, 2010
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Fig. 3 Variation of vertical distributions of pH, p(CO, ) and alkalinity in the water in phytoplankton bloom period, 2010

2.3 Kk pH. p(CO,) R B i Bt =5 T AL HHAE
AR pH | BB B A AR RO 54T A 218 0T g FH 29 1 W KA p (CO, ) I 25 284N 18] 3 fr s o pH 5 p
(CO,) I 28 3 A A A 2 W A9 AU o B2 K ARBR 4 H 10 H 9] 1 Wi 1, 39 52 BLER 2 KA p(CO,)
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ETIEZ, M2 pH & TIRZ MM AEAE. 4 A 10 BRI, #4 p(CO,) dFEJZ 1 17. 1 Pa 34 i 7
JEJZH 118.5 Pa Zidy, pH f132J2 119 8. 88 T REFIRIZ A0 8. 14, % th %2 /9 63. 4 mg/L( Ca0) 34 1 B ik JZ 19
2470 mg/L, TiHE 3 MWiH p(CO,) . pH KBiE EFMZ 2R AR, 4 A TFa, BREsHErmss, Has3 4
Wi kA p(CO,) . pH KBRIEMZ B, RIZKIEK p(CO,) B/NF R 38.2 Pa™ ', 435 18.1 Pa,
4.3 Pa };26.1Pa; pH 7 8.84,9.33 [ 8.68; Bl H 62.7mg/L. 47.8 mg/L J 61 mg/L, 5 A 4], HiEM K
IR, HBE A LT W p(CO,) 43 EhEC W, HOE & Wi K2 /KK p(CO B = T RS, S H2S H,
Y UK AR, ST LR KRR (BRI OB T Ah ) 2 p (€O, ) B0 B0 Sk AR BB % KO,
S /M BUTE 5 BHIRT I, (A 12.4 Pa, HOKIK p(CO,) | pH RBE S ZHM L+ 4 B3 . WFIss £ won, KiE
W E KA 2 ~3 m K p(CO,) 4R, 405 LA KA p(CO,) A AR e, R I s i, Jf-7E 10 ~ 15
m /K2 i) TR

3.1 HEUIEHRSKE p(CO,) MEEXRRHMHLIE

F R e/ — e %k p (CO,) Ko 45 FLAL 45 45 (DO cond, 7K. Chla, DOC ) ¥ 47 [l 4 43 47, i1 F p
(CO,) Jif i pH FH3EA8 Y, # pH ARG RN A3 07 o 4007 75 A0 O d5 /s — S [l U 45 SR A ] 4 o7 7% o [ )
T FAS AT A E A, B R (W) 8 T 44, 6% W80, M T 73.6% 1 p(CO,) A1k,
R (W) ST 29.2% 19 1 A8 B0I, IF 55— £ — R M T 82.2% 1 p(CO,) A5k, MIA 4
ATLAE H, 0 FEAKIKTT R, DO, Chla 5 p(CO,) #M I AARSE, J F B BIF ik 1.65 1. 32(L#2) .
M Chla \DO P p(CO,) (1, B2, [ 3) {2 40 i o] LI, p(CO,) 5 H#A B A —5bk . ks
KW, Chla f40 2 B4 S EORRIKZ 64 1E TR R 22 5, 51 E K& DO #1 p(CO,) W42, X HiF
Wet ) A A F K2, BRI 2 ~3 m A BRI, BOZIZ KR p(CO,) AR AR, 38 50 6 45 1 i 75 %
J2 p(CONMET RAFEHAT-, 1 DO KA T AURA . 103 m LUF AW TO6 & 1E RS, W0 KA FL I
AL B ZEARSE , i p(CO,) 2RI, 10 DO tu G AR, JF7E 10 m e TRUEH ., KEREITE,
OH B 3 i 2 2 K TR BRI, O 2K AR CO, P — WG . ply e TT UL, 49 I K A S ] 3 0 4 A
JEEHUKA p(CO,) Iy m N Z ™ o [mIH 20 W1, HAR I E] KR 5 p (CO,) A&, R i T 1 56 2 B A%
(Fyp <1), R p(CO,) LTSI, 1% 55 Sobek [RFFELE SR — 3y o A HEHT Ity T 384 1% ) /K 3R
G2, KK BT RIRAGHBA, $p(CON WA ESZEINE; S A 10 0 T EIF, KEIFIE 13
2, TR B AR TR B CO, MMM % )2, BB R & A KA, KA p(CO,) R4 J2 B0
%o B4 FIES p(CO,) A —E MIEA SN, S PR kK A 00 ) 7 7 A 4 6 A5 TS O PR g N P4
FeW B, TR 2 AT AR, LR M2 IS, MK LSRG, X — B BRIk (W 3) .
W& B, DOC 5 p(CO,) 83 HUAHSE, 1 M o] REAZAE LT AP ELE . D DOC fy 2k 4y Al W i Mk ke 5 T JL A
p(CO,) MYMITEME o 7K P IR WA W W AR 72 2 119 K it DOC AT LA AR B ok 40 T e e, 1 242 11 T i V14 8 3 ok 25
WU R 5yt W e A, B 1AL 3 I ] A BE I IS AE G R L @ Sobek S S EBISEH F I p(CO,) 5
DOC IEAH X (2546 2 T )P A AR AR B F g ™, o 1 7K R T 35 4 1 i % 15 T 1) 9 4 190 A 35 5 4 36 e B oK A=
A5 B BLAT TR PR 5, T WA A e K22 5 . Soumis (9 BF S8 45 S [0 423 52 T K% p(CO,) 5 DOC A Hi %
X —BG I  -FRK PAR 5 p(CO,) AL, il FEAKFEEF G, BrlS p(COo,) MRMERSS,
2
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#2 p(CO,) 5xRERFFH PLS @3S 0.7F 2 KE
0.6
Table 2 PLS analysis between p( CO, ) 82 r
and environment factors 8% i ADOC :;jgf p(COy)=
= = 3 0.1f
A Fyp A Fyp 2 0
3 -0.1r
DO 1.65 ki 0.71 oAl ATA
Chla 1.32 cond 0.46 03+ AChla
TA 1.02 PAR 0.43 odr
DOC 0.77 -0:6 .‘D.O PR RS PR T
-0.7 -05 -03 -0.1 0.1 0.3 0.5

Wa

3.2 HWF SR AE B X ER K p(CO,) BRI
ARG Ep (€O, ) /A {H 2K PF Hr /K A2 3 72 o i i
W) E SRR p(CO,) AL i R o — I B % 7E
0.62 ~0.79 Z [l i B 25 9y 4 U 0 i 2 42 K 1 p (CO,) Y BN & L Zhai BF 5% & BLERIT 1145 45 Ep
(CO,) /A TE0.53 ~0.78 [l , HILE I AP AR R B HIBRIL O p(CO,) M FEBRIN " AR I B 5 4%
RAnE s Fis, N4 10 HES A 25 B, R4E Ep(CO,) /Ay (FEIRIR) | & BRI KA K A L 2 43y B
3B B AKARRAEIIAE 4 A 10 B, BRyT WA HZ Er ARG R A, HR 3 Wi Ep(CO,) /A, =
0. 30, /INT A= Wy 1 S IR WA P42 KA p (€O, ) B BEIE TR FR 0. 62, 58 W IH IS /K (A e A 26 1 o, S B0
G VE R A KR 1 CO, MR FRCRAR &, 40 ff . PRI AE AR A X A58, B A 09 CO, ARIREE W +&
BACHT; 4 A 25 H VR AR HE T, S PH LR BT Chla W8S, TR 2RZKIE(HLA), £
ERRKIR (L B), WU A R KA p(CO,) By TR Z, H R JZ /K A U5 0T 0% Y 57 ik 22 9 T %
A B S 10 BRI A KR, IR E L KRBT, Chla Wk EEI B AL F45 W B, 9
KIHAIERKT, KIEEKE p(CO,) FK T RATFHAKF. ZB BEEA/NLKEK Ep(CO,) /Ay, =0.67, i
A A= W Gy SA T R P U LR KR p(CO) M E R R, 5 H 25 B, BEMWHEAT —RKERLZT, N

80

B4 e/ T M 4 #r
Fig. 4 Loadings plot of the PLS regression analysis
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Analysis on partial pressure of CO, and influencing factors during spring
phytoplankton bloom in the backwater area of Xiaojiang River
in Three Gorges Reservoir *
GUO Jin-song', JIANG Tao', LI Zhe', CHEN Yong-bo®, SUN Zhi-yu®
(1. Key Laboratory of the Three Gorges Reservoir Region's Eco-Environment, Chongqing University, Chongqing 400030, China;

2. China Three Gorges Corporation, Yichang 443000, China)

Abstract. Monitoring of the partial pressure of CO,(p(CO,) ) was conducted in the backwater area of Xiaojiang Riv-
er in Three Gorges Reservoir. Water samples were taken from the five cross sections in the Quma-Heikou reach of Xi-
aojiang River during the spring phytoplankton bloom from April 10 through May 25, 2010. Results show that there are
obvious stratifications of chlorophyll a (Chla) , dissolved oxygen (DO) , and p(CO,) in water columns. The value for
p(CO,) is low in surface water due to phytoplankton photosynthesis effects. The surface water can be the CO, sink if
sufficient sunshine presents. A minimum value of 4. 3 Pa for p (CO,) was observed from the cross section of
Shuangjiang on April 25, with an absorption flux of —0.28 mmol/m’/h. The value for p( CO,) increases vertically
with the water depth, and will be stabilized in the 10 — 15m layer of water. The partial least squares regression analy-
sis reveals that the growth and metabolism of phytoplankton in the surface water are the key factors controlling p
(CO,). A negative relationship between the water temperature and p( CO,) has been found, but its influence on p
(CO,) is minimum. Using the indices of Excess p(CO,) (Ep(CO,)) and apparent oxygen utilization (A,,), a
three-stage bloom of phytoplankton in the Xiaojiang River was observed, during which, the surface water had gone

through a sink-source-sink cycle for CO,.

Key words: phytoplankton bloom; partial pressure of CO,; partial least squares regression analysis; carbon sink/

source
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