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AT AR oH K0 £ BB RR £ BN e Ay BE M L B A MR BRI 8%, TEREK
WHi, pH<4.5 I, NEMEBELEETEELM. EIATEMR pH KT T, KREHBEHBHR
o pH<5.5 I RSB Z BIME] BBk IR, pPH< 4.5 I, IR A FRI4 AR
FFIER (K pH KN LB &8 20 hRIFE. (K oH A AR TENRE
PR EHORE ., B0, 88 _E B R B s BRI ET S

XeiE  pH, BAKLEK.EMWE,LE

RN AMTE EXREN— MR, AR TRRAEN, SR THFLM
H, FHTEBRARIK R ARV M, K b 28T B M e R T 2 T A
BARVTE, BSNCEIRIE , MKk pH 24 5.0 ZEAH, REFFEWATEREHET K
#o pHG.0 DUFE R R B BeAMRAL A e M 3R W T & R R IR A TR I B 3B A8
B EUR, MARKAEERELAT RHNBREIE D, EHFERMELE B LT
O A IAEE ARG IMIR T (% pHKE S AR A S . L, AT R AaF e TR
AR R, DUOEER W 16 F A TRUAD TR 42 R R 2 kiR

FER SRR ALK IR AR, EHLEERE W T AR e 2B T KSE (>0.2mg/L), i
B oH EA S MR R S B AR T WRR , NRE S /KEE K o B FIEN BT FE
TR FA™T, BT DA SO 3 T AE SR K R B T s oH ROSEAS Hiko ‘

LT oH N AKENN ERLRFEEAANRAL, HIW ARG oH KL FHEAR
BEATHGUR BT AR 3 Mo

B OE A 5k

R PLTE 8k (Misgurnus anguillicandarus) F1 8 & (Crenopharyngodon idellus)
Akl MERABRRANEZBINABTERMMNWAR, ASENREEEZBNAaRE

* G, ATERBBCRRE 75-55-01-06,
1991 &3 A 23 i,
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ARE HAWHREKERRBRFEDRE, EMAOENEER S Bit, &K% 6578x
0.188mm, ¥ ALREFE KB RK, ALK % 2.08+0.15cm, hEY 1.02+
0.29g, HKEFTAMLBER, EAEAIIF 4 REEARE, YIRHARFECRET 2%, &
Fifgtt. BEZREINEERNATEEKE.

ARBSBERT ZMARERNREKe —MALEERSERRES 240 D b
BIE KK, SEEEX 124.11mg/L (CaCO,), HHRE Y 2.29meq/L, H5FH % 418us/cmo
BRAMEMEEETEEITE L

#1 BEARARAHHEEAFSR (mg/L)

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

ﬁi ’ Calt Mg 2+ Nat 4+ Kt Cog— HCO; SO%" cl-
a8
Content 39.76 6.08 44.50 0 139.80 37.74 42.11

A—MOYEAIOK KR T WATEE X oH BRI, UURARE oHAFE TR
HL4EXT 2RO EABOKEIBR BT & 296
F2 BHRKERM

Tab. 2 Content of reconstituted freshwater

& B W B
N ?gea%sgqtﬁé %/L) Hardnﬁs Alkalinity
€ alt {mg (mg/LCaCO;) (meq/L)
NaHCO;, CaS0,-2H,0 MgSO, KCl ,
40—48 0.60—0.70
48 30 30 2.0

RIRH# K, B (OAT4) EHIR&MINERITE oH KRR BRI R K,
pH FHREZE 3.5—6.5, 4 0.5 B AL, BN 78 4 BE 4, <, (EK B S BLE CO, iy
SEMIRERE. EREIES, 2N SRABAFTHH B ERTIEMELNHE
o HRUNEE £ 8 A EH =Ko

TAEE T HMERSE [AL(SO,);  18H,0] 24k, SEE 0.5mg/ml §J & (Ll Al
i), RBHEEITRIRE A SIAR oH EREABIK R pH 45, 5.0 F1 5.5 =N KFEH
AVREHRELRATIRE, RKKEN 0.1mg/L, HEH#/T 96h, ERIEXZABAND
LT Do

BBk A M L (IR — P D E AR oH K M RIAR, RA#HKE, IFEMB
HEFAHRB K ZRENEFREHRERA—FEBRHSEARE, A —FHATRE
13 Ko MRS T BRA ALK, HEE T EOLE, LLBAR pH AP TF
FaLKNERE REHNE, 20 TR A BN, R BT amFEafran
KB WEAMFALRUSERR, BRKARSREFR, FEERZR 2R
BRA, SRERRBAMARE X EEIRMY, DR RIFOKR, BEAKT 6mg/
Lo

REKE: AIRMARRKIREILE 2121C; AMBELE 26£1Co WREHE: &
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2 WHEEE: K oH HEAXMBKES, ArE KRB AR

SR AT BN %0 S F 250ml foB 3 45 5 L, A A iR B SR P 21 % 19 X 29¢m Ky U3 B Lo £
O, A A R, SRR AR RN IBOR G S BCR A B4 50 MALE, 25 RAHW
10 BEM. KRBT FITH.

AREEEA Ca™t DL EDTA B R IIE , TR AR Bk BB A M E o Mg™*, Na™ + K7
PRI E. CO R HCO; MRREETHEM B, SOOI DIRBRMIARENE, C1I7 L
BERBARBENE. BWEEMH Cole-Parmer SN, pH{EM PHB-29C BETH
HEMNE.

B PN ZER AR L, T Bouin REIEHEE , A8 8, AR - RE,

7 ZS

(—) EHKIE (KD
L. i pH 4B E Rty B
RIS T pH /KT R, JBEBERRAEY 48h, 96h A1 10d BUFE -3 (3 3)s

#3 & pH KFT,RMEHE 48h, 96h f0 16d fyZE =
Tab. 3 Mortality of the embryos of Misgurnus anguillicendasns in the 48h, 96h

and 10 days exposure period at low pH levels

pH 4.5 5:0 5.5 6.0 Co;lt;ol
48h FET-8(%)
48h mortality (%) 13 3 3 3 2
96h TR (%)
95h mortality (%) 35 5 5 4 4
10d FEToE(%)
10 days mortality (%) 62 8.5 6.8 5.3 5
#4 EXRAEWE pPH AL TER B X, BEHFaNFRER (nm)
Tab. 4 Comparison of body length of fry of Misgurnus anguillicaudarus
during 13 days at low pH levels (mm)
pH 6.5 6.0 5.5 5.0 4.5 Co;xt;ol
4.0705 4.2348 3.9000 3.8703 3.2615 4.1541
S.D 0.2954 0.4595 0.3118 0.3765 0.8314 0.4101

B 3 WL, Y pH < 4.5 B, MBBIRIGH AT P2 BB M. RO THE
pH 7KCE FIRSkEY 48h poIBL (B 1), RITE, WL RH% pH KR MRTMEIR, ik
1% pH AKESE TR BT ENE S, MHAR TR, 48h 4
WAL, SAT pH 4.5 BRI P INA 5% MAMKSERIBELERE, pHS.S AR AN b
R 75% BB,
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2. 7% pH AP FRBEHEENBCI—FENERLR

FEfE pH KETF, W EMMTEERKATARENZW (F 4o
KZF ﬁ%ﬁEEﬁ' F < Fyu, % ﬁ’

100 L, FILRKT AN KRR Z
ol pEL (AL T WE T 5 MR/ N B o
- th pH6.0 A1 pH6.5 B4 5% AR
" : ERFEEES, T pH4A5,5.0 155 =
z f MASH BHGERER D, BN
Z el PH < 5.5 I, B s B MR K (T A
ER | HK R
= (=) EaRBEHK)
= 1. % pH T & & 8 Fu
: B IR T B4 B 96h RIEE fa
T 3 10d SBT3 (3 5)o
o J | B 5 AT, Y pH<C 4.5 B, %
— B R B R T S B

pH uﬂo
B 1 REEEER pH AET 48h KRk 2. REI& % pH &k FhnE K ER
Fig. 1 48h hatchability of embryos of Misgurnus - .
anguillicandarus at low pH levels TEE’%E‘.,%}E;@EH'\J%W

R pH K F (pH4.5,5.05)
5.5) M1 EARFKE RS (0.1,0.2,0.4,0.8mg/L) S5 RIM R RABIEEM (& 2)0
%5 ERAFET,FARK pH AENEsENESHnEY

Tab. 5 Toxicity of low pH levels on fry and fingerlings in soft water

pH 3.5 4.0 4.5 5.0 5.5 M .

Control
&1 96h S5 (%)
96h mortality of fry (%) 100 100 7.5 0 0 0
: fFh 10d BT (%)
10 days mortality of fingerlings (%) 100 52.9 30 0 0 0

B 2 I, pH 7K SEMR, SR EE MR R , X B O FR 4 S M AR K, T SR8t S ke Hh
pH 7K S4RIRE Z Rl Al e A R Btk o

3. pH5.0 MARER M S B M Bt
SR RINFE 6o
FAPHEE KIS 10d 8 LCxy {H24 2.7mg/Lo.

(2) HEaSARNPE
RS A R B A SR 2 3L, pHAS RIS pHS.0 RN B, 7280 3 R
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H2 HATRETHEMARR pH KPR A KN #ik

Fig. 2 Toxicity of low pH water with aluminium on fry of grass cap (soft water)

%6 pH5.0 HEHEaMNEHY

Tab. 6 Toxicity of aluminium on fingerlings of grass carp ar pH5.0

B & E (mg/L)

9 ol Xj-ﬁﬁ
Aluminium concentration (mg/L) 4.0 3.2 2. 2.0 1.6 Control
10d FEr-3(%)
10 doys il g 100 68.4 52. 20 20 0

—BEREERE, SNFARSIeTRTERAE NARIK pH KF T & S4H A

RO HE—ERHE TERE: M RANAE, R8N HEAIRESF 2R (B :1);

I =

>

pH6.0 th SR YD Fr W] ok Bk (R 1:2), #8438/ R e i (B 1:3); pHS.5
PR AT LRI BB S (B RR 1:4); pHS.0 g8l B R =4 el , 334y LA
HELR (BfR:5.6.7); pH45 (R ABHARRT M EIEE, BRI S8/ ZHGEE

B (B 1:8) 0 RRRERRES pH ACERIRERMAEINE,

2]

®

1. BRI REINE R pH K FEE L, BT R AR 1, T30 T B F R fnne
WE LR Y, BIaTEAF X B U B oH BISURE B AR, BRI BERIRGERIHFT,
K- E R IR A TT R LR F i e JRSONER M EROK R, INEERE, I
Bl R, AT SRENEBE TRAREA ,ERANNES LA 5T, SERE

HIPET o :
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pHL R (B B 2 B ML R BN O A , T L SR TE WAL T TR A D, ZE A S B, 24 7K R
Y% 21 1°C I, 25 48h, XA (pHT.0) & MWELIIE, i pH4S RWRAE 5% Wi
B, oHS.0 At R 75 % BSh X BARB A EE 4 A e, B
e 40 2! FOS o

{65 oY 3R £ 113K 15 AL T I Bk (R G R V6 B RE DA B 3%, Peterson %
(1980)FF95 T % pHL AR AT PESESR RO WEAL. , 5 TUAE WAL, 2 B AE (TN RSB 5145 A 1% pHL 1
Kih, SEERBE, pHA0BNRARMERL, Xi57EHERKIPOILTR D23
IR, WAERAHE KRR S, RAREN pH R, NRETR
OEL 3Kk th , SRR pH 76 JLANK PRERS SN UK BISE4507, {If obL 30050 T WAL 10 7%
Ve, X RN EE R Ho 54 8, AIIRIALEIR oF Bt EE R A%
DR AR BT e 1R BT R MR R, 764K oH /K P, ¥ B R 13 P R B
S E R B L, B A R, S50 AL B, MR B B AR N XE TR o1
ke, FERRATIEA R B R BIEE To %1% oH WS TR & B iR e T3
W, T BRI 28 1807

Runn 45(1982)9Se M0, 1 pH A A SN AL % S5 MRS BB/, B S
B YR BT SRR oH [E AT B R, X B S B T MR R B S,

2. RETR B WP EONLA , LR e £ 28 P A W BOE R B AT Qe sl B AL R R,
TR R A B, 0 4 (A ST B RO AR S S S R R B S A SR A B T, T LR
e T e A S e SR S R OB B DA Brown 45 (1984) XHITESAY 21d
BEKEIRDR , % T] pH6.0—4.2 BUBRIE K ST A B A R FRIRIO D RE. 76 pH < 5.2
IR LR R B 7 pH < 4.7 B TRV A Tk, SR, 1 3% AR
BER= R E R R K, £ pHA.0—4.5, i85 3d B IL R S BOL R,
FIEIIK I IE T I BREG 20T 15 , (R PR K D LS Bp £ 2 7 T 37 3 » I R MO S R I
M KU, K ST 5 1 T B SR A K Ko

Lemly 45(1985)RyHF 5t 45 B2 S E BB M A TF 40 T BB 3k kI 4 38 28 2 30 S ik
B RE, 75 oH6.0 EREIEREFIL; 75 pHES FEAR M HESE FHY, Mudge
S(1977)— 3 BRI, EWLL S EAENR oH B/, REBBIEARARER, Kis
Bk KA AR, S Bh A A AR T AR pEL % £ 2510 A R S M 2 B o

AR T —YAEM, 5 pH M 4 30k R BAT IR T, SHBEKIT G iE % oHS.S,
RISk ki pH < 5.5 B, JREAF &R0 K B E 2 BIH W, ,

3. fERME KSR Ak BB RNER THRNEET, CAESE, L&
B4R, ST T , IR oH pUBR K B AR IR RO T S R LD BB T Y B
BIEHE, SR, EABEESN, RETEKESEEY, BOFEA NGRSk
B R E AR, B R T O pH e SETSHE AT ARSI RRER,
RS A AT R BT, SR R HOR A TR, A
R T ORI R B R A5 R TR G, FTLLES 44
E IR TS, BT DL BB B R T A0 TEEE (Ca* B AR,

RS TR I, pH AT RR, SRR RS X A 2B  sK, PRUE pH AR
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SR G TREED RS, | |

4 BRI A T, EB FOSE RS R AR, X pH 35 3.0—40 1, &
TEEASTEZ, SRR RO KRS W, U S EEREBEES, MAERTHR
L A R R T B, T T SRR B, (A 2 B fiFhe 4 pHL 4.0—5.0 I, B TR Bk

=1\

BT R EL, SR ARNP T,

£ RSN IRBE RIS 7388, FE R BT A SR, S MAR KR AL, MR
HHENKEFRE. Hughes (1966) t—Fbfifa (Mecroprerus sp) W %E, k&4
2.7g AR EEERY 755mm’/g (K, AR 115.7g ALY 311mm’/g (KE",
B, BT MABUNY A S KA S B FEN B R, F EMRENBARS , TR
ZHERE, NI BURE RS AR MRS, XZ2REZ—. |

M A SRR, KB oH 4.5—5.0 FUIRARANMEA, HENREHT KRENHR
TR — B L, SR B G R A I B R 5 T pHBLS NIV EL G, 2h AR
775 pH4A.0 (B2 4h £ 38T ; pHAS 1 5.0 [N E AR Z RB N R ELK, AT
PRI 1T pHS.5 70 6.0 BB 48, B 2RI 25 R AT # % A S L3 &

S A B BEA T Bk, RV oH ZACH PR A A HZ IR ENRER . BN
RAE R ARSI KRB B8R b B4 M IR SRR B A S BN Py 2 TR
BER G XEERABHEE pH/KBMERTME, pHESTH 05 MRA, Hie
TESA R RR R BB R B H ke RE S RBSESD, pH6.0 IFEH AT, & B5A
AR EBENEMN, X AEANNERERAFTE. HtTPEEERNREGELE

R (K pH ZH— - EE T
& * X ®W
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UDIES ON THE EFFECTS OF LOW pH ON EMBRYONIC
DEVELOPMENT, GROWTH OF THE FRY AND THE
DAMAGE OF GILLS OF FISHES

Zhang Fuying and Li Xinfu
(Institute of Hydrobiology, Academia Sinica, Wihar 430072)

Abstract

This paper deals with the effects of low PH on the survival rate of the embryo, fry and
fingerling and the pathologic changes of the [ish gill.

Under the condition of the hard water, embryonic development of Misgurnus anguilli-
caudatus was postponed at low PH levels and growth of the fry was also restrained at PH<5.5.

. Under the condition of the soft water, the survival rate of fry and fingerling of Creno-
pharyngodon idellus would be effected at PH<4.5. .
The toxicologic action on the fish had been strengthened due to the synergistic’ effects of

low PH with aluminium.

Pathologic changes including the increase of mucus, swell and disengagement of the lamel-

lar epithelim, hyperplasia and fusion of the tissue were observed.

A discussion on the toxicologic mechanism of low PH is proposed.

Key words Effect, Lamellar epithelium, pH, Hard water, Soft water



W, i pH A R BT A K R SRR o AT ¥ 1

LS R A RERE (< 150); 2. pHE.0 My, ) EAYRE BT (X 300); 3. pHE.0 gy Ay AT
g/ LS ER( X 60)5 4. pHS5.5 WAl LI MB I g (X150); 5—7. pH5.0 [ @M -\
8 B R7 B( X 150); 8. pH4.5 [y AR U R - L BR s8 / Jy 0 Bl A (X 600)

1. Control fish section of gill (X150); 2. Fish exposed to pH6.0 section showing mucus on the la-

mellar epithelivm (X300): 3. Fish exposed to pH 6.0 the curly lamellar are clearly visible

(%60); 4. Fish exposed to pH 5.5 section showing infitration blood at the lamellar epithelivm

(X150); 5-—7. Fish exposed to pHS5.0 section showing swell of the lamellar epithelim (X150);

8. Section thtough the lamellar of gill from fish exposed to pH4.5 the fused lamellar are clearly
visible (X600)
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