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i ERASEFLYNEEST 4 o BB HEFRE G RALB AR (I kg R 65 58 5 4T 5F
Ko RAT FHEDYEASHACGEFRT) Sk pH A BT A, X RLMAE pH KEHRE L
B COy 3 Ca AT AT 8, ik b podant s 2 6988 A 3 R T R B s AA4F R 3 ALm pH
8 b, HaoRPE CO, AEhr R R e, A CO, NS HCO, 88 PRk 24 2008 G 1894
h, LFPHETRAREFHSEARBERT O TRSHAMIRY OH BFEE O, fo Ca¥ " KRB L
A, ERIT T REARY pH B CO,.Cat ' RAEATHEMTREGHELR, S HTENZE

S E TR,

@I Sk RAH AR E 48 Al
HEFES. 912 SCEEERIDAD, A

REF 867 H hm? HBa, e+ k%
B3 4 A5 3R] 43 i B AR K A L AR L Ak KA
FAAkR, BATHIEE - FaRESEm L
EAFAYKE, BEER ™ g™k, Hig
BELWEER oHEB, MEEEAEKERER .
AR, COI MABRESER_MAETFS
HEEFHILE RENAENEEFER
CO;™ BIEME), MR CO, B—ER, CO% WA
MR EER B Tk 49 pH (R, Bk, W% pH R AR
Eh e i R BOK R T BB AR E.
R HI L AL (SO, )5« 14HL,0) TR FLG &
(CaS0,+ 2H,0) 7 BT s sk i pn*, T
T T (ICAE I A S K, FIT M, BLBR 40 BB 4T
AR, AU A EHMISH Y B A% pH SURN,
Pote 210V [a1HE X 785 9 G 68 B A0 9K, FEHMSS.
FHALHS . BB BEES ., X k¥ (ground corn) BEFT AT

HmB 1998 -05- 11

BEHE AR M s LS RRMH(39725023): BE
~ U R BB T H (96080401)

fERB T TRP1966 - ), B REH I AFEAFERFRESS
W,

3L, WA ER EARBEME pH G B ESHE.

5 FREBXEME, Clp ™ Clg KBt
BREEE —HEALTEHEE, EFREHRH
AR R, FiTAL RSB Ca® M HCO, "
WEERERAHE pH Zuhfe ) 003UR, W
b b 5 FERA K ORI SR B R RO

| MRS

1.1 MEEXER

REEN TIURARE BMIEE, 5 F
HRFE 1. 0 531992 FIFIZ, BRBULEK, BY
60 cm, —~HEFA, ARERE, DEERATE
CO, WE (BB, HYRAS TH CO, IKE6 5
V1994 SEH 8, FERAEM; 33 5 19 54
1991 FEFE, NI EFTEFAGTAMN SEFTERE
FIE;EI HEAEL2~1.6 m, BEEREHBNT
BCO, E(REME), 6 EM33 SHEEENT
B CO; HRE, 19 SRBEE /DN T Co, WA,
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Table 1 Primary information of experiment ponds

WERS HEOE AE/C B BEE mocl L") o) B COy/ BE/ AW
Pond Date of Water Area of Salinit pH Total ( ’ 1L 1) (mmol: L~ 'J {mg*L"~ 'Y Water
No. trial temperature pend y hardness mme Total CO; DO type

0 2247 2R.5—-34.0 2 333 9.55 9.36 34.22 3.82 2.59 5.23 CIEN'
6 11/8 28.5~-34.0 3 467 3.50 9.03 §.06 1.27 5.67 7.43 CluN'
19 3/9 24.0--28.0 2333 2.01 8.92 4.83 1.00 6.7 7.73 CluN'
33 26/9 26.5-30.0 7 350 2.03 8.31 6.22 1.90 5.48 3.80 Cly™

T B 00, @ S REER pH TR MR, TR, Total 00y was caleulated based on total alkalinity and pH, the same below.

1.2 HWAE

HBEEAKEEYNEED, 500 ml LA
B TR0 AL Sk R wp il G BT i iE 1/2 &9
B a8 h, HOKRE RRTERAK, HE
IEHAL SR 16030,

FEAES 14 MRRE0 SHER 15,
B2 13442 ), B0 e M ER
(HF3AHATMES, 3 BT 8 oH RIRES).
B 14 RBAN, BIIA 1.0 mmol/L BI4AHT
BNaNO,, BREFTFHE, B 1 2% 12 12 HH
[E) BN A 9 8 w57 9 43 # 8 CaCly F1 NaHCO,
(F2). B 13 FE 14 HAM CaCl, F NaHCOs,
$15S ARMIKA CO,, i pHRE 7. 0(kA CO,
J6, DO 8 5.71 mg/L, & CO, 7 3.85 mmol/L,
Ca’* 8 3.88 mmol/L),

73 B 38 KR 0 B4R pH B IRIE) (IR B
(B ) BME(HC B ). Ca2 Y S B(EDTA B
EMBERTCIEETHSE(RIEITELRE.
F—4BEY B EEE UWEINE R G pH B ED
BAE LGRS E L BIME) . BEIREN AU BT E A
WHER pH ERE G4 FR019 5.

BEb, TE 6~8 H A 20 O bRl b B (ClL ™
B Clp ™) B LR AT T B E .

2 &8

2.1 ZAFSI K pH BBV IR
ME2RILE S, WESRGERE pH HEH
K pH TEREER A, M 33 B3 pH F 831, T
FROE TR/, B2 0.08, ZEHIMERM Ca?”
HHCO, MRBP(ME2 MNP oRB, 5 4 M8
10 3088), 33 S0 Ca® ' M pH BURBIF, TTHAR 3
LN HCO, ™ M pH M RE ST —4&. 2 Frdiop
F7E 4 OIEPEREL BN 1 Fh 5 o) e 00 10 TR SRR PR

pH 3. 0 SN Ca®* fF pH MIBLER D, UK 0.
02,

F 2 RIS E Mk pH R9E] i EEAL

Table 2 The sudden change of pH in pond water caused hy
adding buffers

¥R S Pt b= No.of pond
No. of tal Treatment 6—3Tﬁ
I|:;:;l#b:ﬁtl'{::uF'):-lcxpl.’rim*:nt 9.33 8.31 8.92 9.36
1 Ca* (0.5) 9.01 8.29 8.89 9.36
2 Ca?* {1.0} §.99 8.28 8.87 9.35
3 Cal*{1.5) 8.97 8.27 8.85 9.35
4 Ca’* (2.0} 8.95 8.26 8.83 9.34
5 Ca®* (0.5} + HCOy (1.0) $.94 8.27 8.82 9.12
6 Ca’* (1.0} + HCO; (2.0)  8.86 8.25 8.74 8.9%4
7 CE'(L.5)+HCO, (3.0)  8.80 8.24 8.67 8.81
8 Cal* (2.0} + HCO: (4.0)  8.74 B.23 8.62 8.73
9 HCO; (1.00 8.95 §.29 8.85 9.13
10 HCO, (2.0} 8.88 8.28 8,80 8.95

8.84 B.27 8.75 8.83
8.80 8.27 8.72 B.75

11 . HCO; (3.0}
12 HCO* (4.0)

= SR  FE R 1Y W mmol/ L. Concentration unit of buffers is

mmol/1..

FEERShMAKE pH 3K F

B BAREEEE AT, BB IMA TR
HIHEFLEN GREAGE ), 4 OBRIFRIE
TR R AR R = R B AR B & (P <0.01)
ANFRIMEAEH KR, R HBG ]G EN
OH HEREME 0.6.19.33 S3F2 515 8.00 %
10 °%.3.52%x10°7.5.40% 10 7, 1.11 X107 [OH" ]
mal/{DO)mg, tLEBNTF R &AL K AKFE(0.6.19,
33 B84 HH1.06X10°.7.30 X 10 7.6.88 %
1077.3.06 X107 7[OH" Jmol/{DO)mg}. XA N
HEAE SRR OH BE (XK pH)WHETR S,
EABNEESREAHBREEEEXER.

2.2
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Table 4 Some chemical items of water after experiment X +5D
& 3 Pond 6 19 Y3 Pond 19
e P BERR wgw e/ BEER awmms .
Treadment pH (mg- 171} (g L7 (ramol-L ') pH  {mmel-L71) {molL.%) (mmol-L ") Ca /-1
Increment Do Allalinity Increment . Lo Alkalinity (mmol-L7")
of[OH'] wnerement ()*[DH ] ncrement
Cab’; 9.41 1.51£0.08 32.14£1.24 4.0020.14 917 6.29+0.19 27.53+0.32 4.85+0.11 0.8
Calt 9.32 1.00:0.07 32.78+1.10 3.75+0.19  9.00 1.62+0.46 27.87+0.82 4.74+0.18  1.02
Call 9.24 (.68+0.08 31.2410.81 3.24+0.14 8£.86 -~ 1.15+0.0027.90+0.31 4.620.08 1.23
Cedy 9.07 0.11+0.06 31.30£3.84 3.45%0.06 B.73 -3.02+0.1228.80+D.27 4.52+0.21  1.47
Cad s+ HCO 4 9.38  1.35%+0.23 29.75+0.98 4.38+0.17  9.15 5.74+0.33 27.26+0.41 6.00+0.27 0.77
Callh+ HCOR o 9.22 O0.58+0.15 29.53£1.91 4.80£0.17  §.88 —0.89+0.2327.4420.54 6.44%£0.21 0.97
Cal’s+ HCOy3 4 9.10 G 1810.04 32.57£0.62 5.23+£0.06  B.66 —3.28+0.1127.18+1.00 7.03+0.25 1.13
Caly + HOO5 0 B.84 -0.37x0.0530.73+2.20 6.09+0.33 8,40 -58820.1228.35+0.11 7.70+0.14  1.30
HCOs) o 2.50  2.09+0.07 30.89%2.04 4. 720,19  9.34 3.50+1.61 27.29+0.10 £.00+0.16  0.54
HOOs 4 9.43  1.64%0.13 31.93£1.50 5.66+0.22 9.25 9.42+0.41 27.45+1.08 6.92+0.15  0.51
HCO5 o 9.31  0.96%0.10 33.02+0.74 6.67£0.17  9.19 7.04%0.18 28.21+0.5t 7.83+0. 16  0.48
HOOs, o 9.26 0.76x0.09 32.12+£2.26 7.50£0.06 9.16 5.93+0.26 28.11+0.37 8.66+0.10  0.46
Nig 2.53  2.29%0.10 31.37+1.94 4.13+£0.06  9.44 18.94+0.36 27.4720.60 4.92+0.09 0,57
Control 9.24  0.6520.02 18.57+0.37 4.45+0.13 920 7.36:0.17 14.4340.15 5.72+0.08 0.78
054 Pond 0 33 3% Pond 33

Caf s 10.36 20.62+0.75 21.35+0.36 1.36£0.06 8.75 3.58%0.13 15.16+0.42 4.52+0.22
Cedy 10.33 19.19:0.14 21.06+0.28 1.30£0.13  8.62 2.1420.16 14.39+0.39 4.21+0.06
Call 16.30 17.75+1.31 20.98+0.57 1.24£0.02  8.53 1.34+0.09 14.55+0.53 4.2310.16
Cail 10,28 16.76+0.93 21.36+1.12 1.1820.09  8.42 0.610.04 15.42+1.06 4.11+0.01
Cal %+ HCOy 4 10.04 B.78+0.14 20.85+0.57 1.95£0.11  8.64 2.31£0.20 15.05£0.24 5.24+0.16
Cad’y+ HCOM? 9.8l 4.13+0.08 20.56+0.89 2.61t0.02 841 0.53+0.10 16.20+0.47 5.98+0.16
Cal’s+ HCOum.o 9.48 0.75+0.02 21.11£0.26 3.40£0.15 821 -0.39+0.0915.88+0.64 6.88+0.16
Cady+ HCOX? B.Y2 -1.47£0.0120.65+1.15 4.29+0.13 802 -0.99£0.0414.2811.07 7.4510.14
HCGyy o 10.07 9.51+0.08 21.42+0.68 2.1910.0% 8.76 3.67+0.20 15.2330.05 5.49+(.18
HCO3; 4 9.87 5.06+0.12 21.56+0.57 2.89=0.09 8.65 2.46%0.16 14.13£0.06 6.27%0(.20
HCOs3.4 9.60 1.65+0.08 20.50+0.46 3.67+0.04  §.55 1.52+0.02 15.20+0.02 7.35+0.06
HCOu 0 9.23 -0.59£0.0621.07+1.87 4.53+0.04 . §52 1.30+0.14 15.05£1.01 £.03+0.06
Nig 10.40 22.54+0.40 21.33+0.04 1.40+0.04  8.83 4.67+0.24 15.24+0.55 4.66+0.09
Control 10.12 10.89+0.86 13.63+0.20 1.66£0.07 .39 0.39+0.03 3.56£0.59 4.89+0.04
A €O, 9.41 2.54%0.03 20.9620.04 2.1720.07

FE:Cal T HMA Call; 0.5 menl/ L HCO3 o LA NaHOO, 1.0 mmol/Ls Ny_g FILA NO, ™ - N 1.0 mg/L; HA&%® . Cal’s means CaCl; 0.
5 mmol/L added; HCOj; o means NaHOO; 1.0 mmol/L added; Ny o NO3 ™ — N means 1.0 mg/1. zdded; the others on the analogy of this.

2.3 BN CO, HCO,™ 5 Ca?* W iR it i 7k {5 28
MEEHEIER

MEIWTR SFLEARIERB LG, pH &
ETRKEAL FImMARMEENERF, OH %
HRMENRARE, B -2 maTiE, mEE
HELEAMBEE A BER —BERBEE, 48
FREBEEER(P>0.05), AL EBERES 1 &
F13 M HEANKIE, B TSP St M7 AL,
8.
6 5. 0HI= - 1.494 xX107° +2.185 x 10°*/
([Ca?" 1977 % TCO-®0y;  R?=0.951, F = 58.26,

P<0.0t,
3358, OHI= - 3.388 X 107+ 9. 566 X 10°%/
([Ca®" 4 xTCH %), R?=0.989, F=275.11,
P<0.01,
19 5. OHI = - 8.853 X 107 % + 3. 818 x 1074/
([Ca®' "3 x TC ™), R?=0.992, F = 389.34,
P<0.01,
0548, OHI = - 5.375x 10 %+ 3.082 x 1073/
([Ca2+ ]3.l)82xTCU.528);
R*=0.998, F=1 791,88, P<0.01,

e, OHI HEERIE TR OKEEM OH 3REE AN
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MR OB K2 2 (mal/L); [Ca?™ 17 Ca*”
HE (mmel/L, IKIR AT KN Ca” SMAH
Ca®' HREZH);TC 58 COx{ mmol/L, I i M 1
KEERE CO, SMAR HCO, ™ ZF),

Hptm B, BREIE OH HERNES G
MR CO, ERER B EAMRX(P<0.01),

MRIETEN, B FRASERNE CO, MR
CaCO; DLER(CREEHSI R M TR MA SZ 5
BV, MBS R, AP ERENEET
e ERAT BT R R
2.4 pH SHHEKBUETRHEXXR

1997 £ 6~8 A, E& S 20 ML B
(Cly ™E Cly™) 8 pH. B RIE, Ca2* BRI E
#AT T E, LR 68 HEUE,

FEBR Ca? " fLE O, M H T HFIERSIER
pH 18 b FF 9438 o i 2 4R 38 15 5 Z i A0 05 1B 49 2 Al
L, #5itam BRI THRAL,

pH = 6. 898 + (1. 474 x A%™3)y/(1 -

- |.aw><[ra“])(1 - U SWTCYY,

R?=0.634, F=27.32, P<0.01 (1)

Hp [Ca? 1. TC GRTHRE XA A Bl
K HKE (400 nm, 3 om LLEM), T EZRERH,
YRR INRW, M Ca° WL ML COo, REMBE K
HHELESEER pHE.

3 it

3.1 ot Mt RIS RBRER

AW pH A | B AT AT BR (BRI
e A9 U B BICANZR IO BR (o B RO PR A
(BEWER), FTHRBBEOLESERS pH WA
HEBRREN, KA HBANEESHF SR A& 5
EEOH WM BERERBEMEN(E=HBES
e LB EEERE Fa RN, EEAL OH
R RS,

WBEKPMEREREER 2 00 —
HCO, ™ —CO, fl Ca®* —CaCOy A E. &%
F#EEE CO, 5l & 2HCO, —CO, + H,O+ COE .
LK E RSN Cal 1 Ca = CO +CalOy ¥,
MK R R R B CO BIE pH W3 E T
(=

T KR (Cly ML Clp ™) Hh 5of 7 38 K R B
BEER(>EWE), Mg HEEHFAKBT

€

Ca’ " I . K CaCO; it MgCO, BB HE B I
F2.8x10 M 2.6 %10 5 IRIES S EIFER
B, Y4IMg® 1/[Ca" 1< 9 286 R (F LM KB L3k
AR D TiX — WA ), CaCO, VLR, A
SRE MCO,; TiTE, Mg(OH), th A pH> 10
8 A RFZMTA KBRS, TR IR AH oH
>10 FERHFAT R, B, 08K M
EMELETRIEEAN_HHETR G, A
& Mgz' a

3.2 SHFERKRERS pH NIEH

ARIZBPFATERZPRAMERES—FE, &
B A CO, i HCO; M RiF, RERM T
A EALE A P W SRR ET & R K, 2
25% 121 Y& 1R FIA B X 3R 4 B R i, HROR SR
HOO; ™ BRRER I 7= 4 CO,2 7, 351K CaCOy VLI,
©RBE CO, HCO, ™ .CO% Z AL E ¥ .

WAKF R CO, MG WENREURMEEL
P MARE R MHARBRANER. AFE4B
PR A MBUEE R DUE Y, tii KA 2w e
HEERRCO, A Ca ' WEMB L, MK PR
AT E ek Z AR FEE i B (B CO, B Ca2 ) F
KISEEBEENEY. .0 SHAVECO, 5
Cal " WBEZL N 1:1.47(F 1), MK MA L
mmol/ L. B9 HCO; ™ LA 2 mmol/L B Ca®* EHER
H KRR APRE (K 3);19 BIEAKME CO, HE
Hel REZERG6.7:1, A 0.5 mmol/I. 1
Ca’' EEHIA 3 mmol/L. B HCO,” BHE ;6 S 33
SYEHEAHEMIAL, HEMA Ca2* # HCO,  Hb
BNMTE—F BB o SUR R R R LA BT g,

LA I, Mk R CO, FEBEM, R
FHBRE CO, W HCO, WEWH EFEEH S pH;
Lu K Co S BB, NRHERS Gl ik
B EREH H pH.

MF[Ca®' AT CO, WE R, 5
[Ca2 M P 6. 13 mmol/L. A BT 0. 56
RABEH AP HE R, MR EE pH BHAE
8.5 DIA, £ COy S RAMEET 4.03 mmol/L X
L5 A R 0.85(90% HAtE K T R 0D, & co, W
SR EF 4. 64 mmol/L., TR CO, ERT
[Ca?' JA9MBE, 2 TC N 5.56 mmol/LOKHHEHT
BAE).A RO0.56 B, MBEE pH HHRIESR. S L
P,Ca”' LIRS 1,75 mmol/L BLE; & A
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#0.85,Ca® " ELHHERF 2.22 mmol/L UL L, -
FEFRE Clp™ A Cly /K TY £E 5 ib 7 55 #Y )

WEEE, VEKBARGBEOSLFEIRSBL 1] FE8 ASRRTRIML IR KM, 1993.5.

AR TSR R e I OR R R TR A (2] RS BHZ FEM BAKRKEFIM] LEREHIE

: . . 1980.38 - 49,
WK BB CO, BR(—AET 2.3 mmol/L), Ca? T
ﬁ%ﬁﬁ(—fﬁﬁﬂz 3.5 mmol/L), ﬁﬁéﬁk%ﬁﬁﬁ [1]. 7KPE4, 1985, 9(2): 178 - 183,
:IE;'}(% Caz ’ #EE{&?:E‘\ COZ mﬁo [4] Boyd C E. Water quality in warm wate fish ponds[M]}. Aubumn,
i*ﬁgﬂ-&ﬁ pH ES]{/FH%_:“;".%‘E %[61’ iﬁ_\‘l‘jﬁ Ala: Auburn Univ Agric Exp Stn, 1979.359.

ﬁﬁ?’"_—tjﬁ% COZ ﬁ;éo E?’Eiﬁ, Fﬁ ﬂ_l_ ?ﬁﬁliﬁ ﬁﬁﬁ [5] Mandal B K, Boyd C E. Reduction of pH in waters with high total

alkalinity and low total hardness[]]: Progressive Fish Culturist,

RIRBEREAR pHOY), HRA B 5% A CO, R AR 1980, 42(3),183 - 185.

iﬁﬁmﬁﬁﬁjﬁ:é COy ;ﬁ;&o Xd- Caz ! Wﬁ%:l:,ﬁ'\ [6] Pote ] W, Catheart T P, Deliman P N. Control of high pH in
CO; mﬁmﬁﬁﬂgfm]ﬁﬁﬁmﬁmﬂﬂﬁﬁmiﬁ ﬁm* aruacultural ponds{J . Aquacultural Engineering, 1990, 9: 175 —

A . 186.
BRI pHt PIAER—1 ﬁﬁmzj}% 171 AR REE B SRR S KRN
JA CaCly Eﬁ%ﬂf% Ca™" WL, }tﬁﬁ& BEMPRL]. B SHIT, 1988, 19(6):539 546

KAXGHARSERHEETREEEL ER (5 okt Aaasm muesh cBA5IM). 8
CaSO,, H 1B B8 /b, | LK, WA e, B L. 1M B R, 1986, 230,

ﬁ%ﬁ&kﬁ% CaCO3, Eﬁﬁwﬁmﬁ%mﬁﬁ [9] Wetal B G. Limnology[M]. Second edition. New York; Saunders
,_E,’ %ﬂ(ﬁ Wﬁﬁ%ﬁiuﬁﬁmﬁ%o College Publishing, 1983, 192,

Sl ARBANPAEA KAR £ FEA LMY [10]  Chiayvaressajja S, Boyd C E. Effects of zeolite, formatin, bacte-

' N : = ~ rial augmentation, and sertion on total smmonia nitrogen con-

B4, ﬁﬁ*iw"’ eemitrations) | Aquaculture, 1993, 11633 — 45,

Study on buffer capacity of water
(Cly ™ and Cly %)in saline — alkaline pond

WEN Liang-yin', DONG Shuang-lin', ZHANG Zhao-qi',
LI De-shang', HAN Wen-liang’, REN Yue-da’
{1.The Open Laboratory of Aquacultural Research, Ocean University of Qingdac, Qingdao 266003, China;
2. Aquaculture Research [nstitute of Gaoqing County, Gacqing 256300, China?}

Abstract: The experiment was conducted with 4 ponds (Clg™) in June, July and Avgust, 1997. The results
show that the increase of [(3H™ ] (or pH value) in pond water correlated closely with the photosynthesis rate of
photoplankton; the buffer capaeity was controlled by the concentrations of total COs and Ca®™ ; the increment of
pH value caused by photosynthesis was greatly reduced by adding a certain kind of buffer, which was relatively
deficient, into pond water. When total C(3(or ALK) content was relatively lower, mixing COy into water was
more effective to promote the water buffer capacity than adding HCO, . The reason why pH values of pond wa-
ter in saline — alkaline land were relatively higher was that the content of total CO, or Ca®' was too lower. A
multiple regression was developed 10 simulate the relationship between the increment of { OH™ | based on the
same photosynthesis rate and [Ca’' | or total C( in pond water. Also a similar model was developed to simulate
the refa-tionship among the pH value, the contents of Ca’™ or total CO, and the relative hiomass of algae (as ab-
sorbance at 400 nm wave length with 3cm cell).

Key words: saline —alkaline pond; chloride — type; buffer capacity; pH
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