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Tab.l Content of major ions of dechlorinated water before acidification (mg /1)

B F

Ca*™ Mg Na~+K~ (60 HCO; SO~ a-
Ions
& "B

39.76 6.08 44.50 0 139.8 37.74 4211
content
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Tab.2 Compos@tion for reconstituted freshwater

X P&k $(mg /L) B B K
Needed salt(mg /1) Hardness Alkalinity
Water type
NaHCO, CaSO, - 2H,0 | MgSO, KA (mg /1 CaCO,) (meq / 1)
TRERRY K
Very soft 12 75 75 0.5 10—13 0.20—0.26
Water
® K
48 30 30 20 40 —48 0.60 —0.70
Soft Water
1 S
192 120 120 8.0 160 — 180 220 —240
Hard water
13 RKEARX

WE 7 R A KEMRUKE M. #KE 2R 2mol /| L ERERTE SL 5 A BB &L
BEH A FIE pHAK VR BRERK K. KR8, 2% pH 170 & XA
W, BRXEHRFEAE K ROKERMARE N SN EE A RK, ET R
WriFmemess, RAAHKBIAZER MKRE BHEAFEFENpHE, KEN
50ml / min,
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15 MEFHE

SEEA Ca® L EDTA i, B DARBK R BB i E. Mg™, Nat +K* DL
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Wi E. CO- f1 HCO; MR ETIE. SO LUsMEMA RS E, O USRS
AREWE. 8155 Cole—parmer {1 S{{ M5, pH (A pHB—29C ME &, &t
4 412 R B SR 4R Bouin FIKE R, GRS, H—E Jufs.
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211 {RpHM=MREEMENBERE (L RAEEDIE T — K8 pH KT FRiE
BOLAK¥, HLL, Fm. LBRKRBMRE(8H E 8 BREEFHELBIEAKT
(LLy) & 3.
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Tab.3 The toxicity of low pH on embryos of slver, bighead carp and grass carp

Rk LL, ( LAPH it )

Test materials 24h 48h 72h 96h

i s T e 1 57+0.1 59+0.1 6.0%0.1
Blastula late stage of slver carp

A4 1 AR 85 56+0.1 59+0.1 6.0+0.1
Blastula medium stage of bighead carp

R0 .\
) + 9+0.1
B Blastula medium stage 4.81+0.1 5.5+0.1 5.8+0.1 5940
Grass
=471
@rp & 4.8+0.1 57101 5940.1 6.0%0.1
Gastrula  early stage

HRERERY, ZMEXEEMRZTHIR XK pH SURERE, BREWBHESR.
% pH<6.5 1Y, ZHEIIMISCT R S AN, BY <60, ZHMMELIRY pH
HH BENRXNE, BHE pHEKMRER, ECRBEARR, 2ATHEIBESHE. A
K5 5R7E pHS.5, pH5.0 FI pHA2 B E 4l P, AR TIREHEA KX, EUXME—
REFHT. FAZHEIE LR =5 pH AP 3RITERRRE =K, B RME—
REHIET. Ho pHA2 KRR AT & HIET.
212 (R pHXM WA B KBRS T K pH XTSI 48h FI O6hiIFET- R, 4
RT% 4. '
2.1.3  {& pH X #L R/ R

& S, { pH X =F@ERKNBARAHB KM, BAEEE pH KFH
PEACTT S, LIS pH 2 S8 ik B R R 4.
22 R pHXEHAIRIE



134 EE X e SUPIR R 208 & i) A0 a3

F4 (K pH XESEERE A B
Tabd4 The toxicity of low pH on the embryos of loach

T 0 50 45

Control 6. 55 . .

48h 2 3 5 7 16
9%6h 3 4 6 8 3

£S5 (EpHMEGE, H6EMNREBERLENRE
Tab.5 The effects of low pH on hatchability of embryos silver carp., bighead carp and loach

FAL( %) pH

Hatchability- (%) X B

° 6.5 6.0 5.5 5.0 4.5
Control

HRHH
Test materials

#m(ZHE 4h, kiR 18—19T)
Silver carp (43h after fertilization, 80 58 42 38 A
water T 18—19T)

Fa(ZH/G 26h, KR 24T)
Grass carp (26¢h after fertilization, 86 9 17 S 2
water T. 24C )

EM(ZHS 48h, KE 21T
Loach (48h after fertilization, 9% 29
water T. 21£17C)

K pH Xt . Sifad, EayMEHENEYE, SRTxRG.

& 6 A L, 4 FpadHE pH MEURHERAK.
2.3 K pHXEKMEW

R pHAKFT, aAEMAHMEAETNE KA BHE, HBEMadE5K+b K pH
KA BENHEE, KRERTE.
24 HEHE

F 5 B A RS R TE 5 o RS pHOK PSR T 8.

24 pH 3y 5.0 i, S H A SR A R0 R SR AS RO TR | 4 4T B R 33% F 28%, AR E
WA E BT NS E BEREFAR, DRETEE SN L.
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k6 {EpHXEGE, WEY, HEHMREHES %A LL, &
Tab.6 The 96h LL of fry of silver carp, bighead carp gras carp and loach at low pH lewels

® B M OH LL, (Bl pHit)
Test matenals
Mo oA A 50
Fry of silver carp (5.1—4.9
L B W | 49
Fry of bighead carp (50—48)
B4 # 48
Fry of grass carp 49—4.7)
® #® 47
Fry of loach (4.8 —4.6)

=7 (€ pHHLIhEKE EKAKE
Tab.7 Effects of growth on species species of freshwater fish at low pH

S pH

Fish length 1

6.5 6.0 55 50 45
( mm) Control
t

Fish
£188( 10 %) 8.30 8.30 8.14 7.90
Silver carp (10 day) (820 —846)  (8.17—843) (798—830) (7.67—831)
t(10 X) 10.10 9.42 8.87 8.49
Grass carptl0 day) (947—1073)  (8.79—1005) (8.35—9.39) (7.71—9.27)
13 X) 415 407 423 3.90 3.87 3.26
Loach (13 day) (374—456) (378—430) (.77—469 (359—421) (348—425 (243—4.09)

25 (% pH X &R
£ pH 5 4.5 11 5.0 Bk p, —Hid K& S AR SIREN —EHRERE.
KBGO RS TREE G, EASETHAREE A RENGE, RESRT
#9.
26 PEFETEEMTE pH ARk hxt & KB
AFBEERKPENEERAEAR, EFR-—-EENKS. RE pHKFHH5HE K
BHUAR, ABSRTE 0.
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Tab.8 Teratogenic percentage of fries of silver carp and loach at low pH level
g it}
AR pH xR 6.5 60 5.5 50
Test material Control
BEAM(ZHE 7208, KR
18—-21C)
5% 6% 10% 17% 33%
Silver carp fry (74h after ferti- ” 7 " ” 7
lization, water T. 18—21C)
RHMM(ZHE 72/08t, KE
20—27T)
2% 4% 9% 12% 28%
Loach fry (72h after fertiliza-
tion, water T. 200—22°C )
9 (K pH X BHBALNEKR
Tab9 Effects of low pH on gills of fish
pH 5 4&  Symptoms
45 AL ENA, WSR2 EHE KRS FRE.
50 LR, o ERBBRAAR.
55 AR Mm .
6.0 SASBIA R, BN 4T i .
pog:d BN BRFHTL. RHRE. .
£10 EFFWEMFE pHALT, HF3EEMEHGBE
Tab.10 The toxicity of Al on grass carp and loach at various hardness and pH levels
KX B Concentration (mg / L)
Water type 01 02 04 08 16 20 28 32 40 64 128
BoK(BEag,.4 %) 4.5 27 555 925 100
Soft water (grass 5.0 75 125 875 100
carp fry, 4 day) 5.5 40 80 145 318
Bok(Fap, 10X)
Soft water (grass carp 5.0 20 20 524 684 100
fingerling, 10 day)
R 15764 5.0 0 5 95 100 100 100
0 b 15 100 100 100
(4 %) Very soft 5.5
water 6.0 0 5 9.5 100 100 100
fry ]k 5.0 0 0 0 5 %9 100
4 day) Sof't 5.5 0 0 0 0 %9 100
walcr 6.0 0 0 0 0 80 100




46 K & £ ¥ ¥ W 2l %

3 it

31 AEFEHEME pH HEURERSES. FWRHEE SONBEEBMAPEA TR
BURMEIGUY: AW > 86 > 568 > A8 > [iE > WeE > Mt > 8. WM
WERIGUBMIRF N KPEs: > R > Wes > sl kilELHRENZLEF
BRWMEEFRENSBRERT N 8> 5> 8 > F > 87 MEAEFTFRELEE
N FEE AL pH4.6 — 10.2, RE2HFEKF N pH40, fE5EFTERELH pH [EFRE(0.2
ML) %, EREPEMHRN, XRATROESE pH HEBREZREMR /P, 1EE
S F 96h BULER K -FEBILAKFEMUA LR, RRERTHEERNK. EHIATL R &
F—Rr(Fln: AssEE) RS REHE T LM pH AFE.

32 A S B R AR K pH BV EURT H R BT KBRS ',
Dahl 75 1927 i R AP H B A F W By ta 7 pH4.7 — 5.4 F1 pHS.1 — 5.7 BF, 20 K
WEET- R4 5K 80% F1 10% , SRR BMBIMEMAE 12 XM pH EBEKTH
4.5, Lioyd #1 Jordan % BRAT 8% {F48 15 KAYEHIE pH KFh 4.5, 8 RFMEBIEK
-9 427, Carter & Bl 887 7E pH4.5 F1 4.6 (897K v 2 77 1% i ) 2 51 2 42h F1 6101,
Ellis % 81 4> £ 72 5 7K 2 96h - BUFL K FH 40, /KRR 43, Lewis fl Peters % B
3.5em & M 6E 4 75 pHAS (K, 4h REREY. EE WS EAY, HAal,
VRS i 1) 96h Y LB pH K251 K 48, 50, 49 f1 47, MEBEBREREWK
pH FRRAREL 5.5, X EHEEgMmAE, SafEmaiMEgRe. L. . SN T
B 5HZRIRMEE, L pH W ZHE 13— 1445, SHg@EMEN, HEHEEREEE9
BB EEFERET), RENHZHEE. Y TE2ad, HKPRAEERENENES
B, pHSO LKA ERAN AT, HIEREKEZ2H pHEKR, &
IR LL A B A I8 B BL R 8 4 R MK B

33 {KpHXKFTFT, MBI FAEER, EE L 96h LBIE KT, @ARNKEAE
HAF UK 10 B45. R WA NFER pHKTH FRK 5.5 MARWAERAEEY pH
KFRTRRE 60, XSMAXMBFRENILHEATNARS, FYRUB DG &
TRATRE—TEEHAENTE XRERT AR 5 BPE. Daye Hifg, @AM
A pHAKHFMIET:, BHTREAREMED. TR TEFATMRRAOLERE™, R
A& & W B R AR X BRI K I BURE R AR, BN E T REE7ERA M pH B AL
. BEEURMHBEROED, fEX—MKER FHRE pH A 6.00, X — i8] 1F 2
FERG FE 3R 21T 3 3 0 3 F TR ie i ] @,

3.4 Peterson 4R 7K pH HER K PG EREMIILIIR, b & B 7E 5994k B 43 o] B 4%
BEZREIFEAMPH MK, HEERFL, % pH N 40 URARERLL. X 54
EWMEL R B, KANZHIBIL pHEMNERER, EFNOIMLNFRE pH>
6.5. Ik pH 3R 324 SR 403X 15 AL B 05 PR BRI B MR TS shRE sl 58 A <1 ik
BMESREOKEEYES, BARBK pHKE ™, LKiFH, WEETIKpHH
K, SRR pH £ UM I EE S5 AN pH A B4, K pH M H TR EE AT
e, XAERBACIERE-ZHM FEEE. Peterson ST EH, YA #5p Fw pH (B
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FE315.2 i, BLEBHEHEMBIREEEN 0%, BEME, AEEBIEEKpH KhHE
MR NS, AREARUBBEmE. EERBEWER, 72K pH K HEMRENR -
REBBA S EENAEME. BARSXRAMLHBE/DN, XUEHEK pH KR IRE
MEBENMREFAEREHET. BRHK pHEMEKANE T EHRY FHKRAHEE
B, % pHKF, BEIREENEHYRN LGB/, FE2EFRYREHT 7RIE
PHENFENEE L, HERKBHEETRAEKE.
35 ZEfRpHM/KP, ANEFREMMRBTERA DRSO 8500 R
TERSREREY HER, XERUEKPEEETH TR, XHEEIHER
F# pHKFEMF. %4 pHAO0 —SORS, BFAAHEYE, SHEBUEMEERER W
pH4O0 LIF, SEAL™EHB G, BiRSAERHR, #agEEmE.
3.6 AGRUIBEZWERES, TP Ca’, Mg AP T THY, kP AP 5
H* BB IEMX, 3 BATaBR Bk 4 4 Yy i F K F( >02mg /L), B R F 14
SWEMOGEAXNS, EBETKPH pHEMEFE(Ca” F8)P. RRGREH, &
B 7E pH5.0 %K, BEERWKE N 0.1mg /L, 96h L HFEHE K 0.26mg /L. RMAT
f7E pHSO EAHKIKD, EXMNEHEERLA, W HERKKA(C™ J 87.3ueq /L) #,
BREHEH B AT HOK(Ca™ 3y 349ueq /L). T Ca™* BA MM EE R EYFEIFE,
R RE KA, BERE—-IT2EENKRSE.
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EFFECT OF ACID WATER ON SEVERAL MAJOR
FRESHWATER FISHES

Zhang Fuying and Li Xinfu
(nstitute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072)

Abstract

Under laboratory conditions, the toxicity of acid water on several major freshwater
fishes were studied. The results indicated that the H* concentration was correlated with the
mortality of embryo and fry of these fishes. The development of embryo was postponed at
lower pH levels. In order to keep fertilized eggs to hatch out normally, the pH level in wat-
er should be. at least, higher than 6.5. No significant difference in sensitivity was obseved
among the fishes tested. However, the sensitivity to pH of each fish species was distinct at
different development stages. The sensitivity decreased as the fish developed. Pathological
changes of lamellar epithelim were observed at pH 6.0. The toxicity of low pH and alu-
minium showed synergism and was affected significantly by hardness of water (or
Ca** concentration). Moreover, the softer the water quality was, the more harmful the
toxicity of H* and Al was.

Key words Acid water, Fish, Toxicity, pH. Sensitivity



