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A oot §19 odvegee HFRF U
7152 g2 ¥kl sulfur dioxide(SO2)%F nitrogen dio-
xides(NOx)Z 1% 42H3¥] (acid rain)ot #3g /7
BHEHET nFe] F5E0] AYAFRA AU &
T2 ZHEo|gd mel 2ol FA} AHYsHo F
Aol A1 e WF, 27/, FAFSEEY 4%, 44,
AET A4 Fol7t dojr} ol YEAE, 53,
ol FEol A AterArIL Q) oo B HAE]
A9 4H48l7} o] Foll il AElahy Jgo g
Be d7E g3l 9oenz oo AFAAE E
) 23te] £Ae AYEE dojuhe "ol Ay
ool AT ollo] dojukiz 7™Ml diste] o}
HuA o

1. ©t4=0{2] AMES}D} jon TE

dytfo g ggole zhalel AY(body fluid)E ot
AbEolo] AA o #1745 (environmental water)ol A
Agsta 7] Wi 34 }AEF2RE B9 A4
Aol Aue FE dsjde 4ol dojua Ut
a2eg, gfolE AWE Sole FES uEdn
24" dNEg BEsopyt ot

Gerolofl glo] & ofrtule} el 4 A £ (epi-
thelium cel)& F3te] GE& &bl o3t FAYsH
F2 A& (kidney)ol 3 k(urine)2A] #i& €]
T, A3 H(electrolyte)d] 42 o}rtul(gilnt A%
(kidney) & F3lo] dojuu}, 2 o}vhu] Ao A E oA
Aol ahel +E A Ht(passive diffusion)
o2 dojdthFig 1). ob7in] Ao E A Ha]de
FEe 271A F22 dojdoha dElA o AW
= o}zin) Av|A|Ee] apical®} basal membraneE
2% transcellular pathway(Isaia, 1979, 1982)2 4], &
A4 pH7t 4% BAdE e F2 o) HA2E
B8t Hajdo] AdEh(McDonald ef al, 1983).
A o}zn} A4 Aol 9li= apical tight junch-
tion'd %% paracellular pathway(Isaia, 1982)2 4] ©]
AR2e §7459 pH7t F4R) HSolle Ca¥ol AF
3] Ca** —bounded membrane& HAs=z A3
o] E23}x Z¥t} (Gonzalez et al, 1976 ; Mar-
shall, 1985). A& A e] B3 o}7bu] A= A E e chlo-
ride cell& §3l F= 7ol gt TEH £4
(active transport)l] 2|3}e] o] Fo]AthMaetz, 1974),
o} o} chloride cellél EA3H= Na* —K*ATPasedl] <]



116 Acioitication of Water and Physsiological Disturbances

C1-.0054
H20(0.15-0.4% body
wt/hr)

Ci- 214

Fig. 1. Ion and water fluxes in freshwater fish. Thin
arrows indicate passive processes, Thick ones

active transport.

Fig. 2. Schematic representation of ionic exchanges
in branchial epithelium cell of freshwater fish.

ATP7} V8815 o] energyfl &2 ©]8¥th Na o
CI"= Na'/H*&& Na*/NH: exchanger®t Cl /HCOs
exchanger(Maetz and Garcia-Romeu, 1964 . Payan,
1978 ; Claiborne et al, 1982)3= 4zt SH¥ car-
rier® F3t A9l ¢RLoHNH)S bicabonate
(HCOn Mz m@xo] FAa {<]dcKFig 2).

2. $Eeo| fysrt g4012 ion ZFO| OjRl=
I

AR5APH 700904 A3 e @Fole £3Ho)
H43EY jon 2A7FN Aozt dojvt A (pla-
sma)z ¢} Na*# Cl7o] @A&A A= =(Fig 3)
e A4 o8 ojF oA vEhdth McDonalds
(1981)2 rainbow trout® pH 4.09] Aol =&Al

{C1°] (mequiv/l)
2= R @ &
c & °
1 1 T
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Fig. 3. Plasma Na* level(A) and Cl level(B) in the
rainbow trout prior to and acid exposure. Dot-

ted line indicates beginning of acid exposure.

7IH EAFL NaH# Cl e o] ZdaHn, oprtulg
% Na'#% Cl" 9] &4e Fvlsid, U%g 53 o
ZHe olF o] Y& A Wyt givtx Hu
st o m(Fig. 4), Ultsch$(1981)& pH 7.4~359] =
Z A7 carpll A, Wood 5(1987)2 pH 480 =& A7)
brook troutell Al #& AaE AATh EF FA-o) 3t
AEsE of7bu] FIMEE T Na' 3 ClI' 9 5
A #2& F71shY ©olF iong FEAHA KPS
#HAgrHFig 5)1 B =X vhMcDonald, 1983a
Heming and Blumhagen, 1988 ; Wood et al, 1988 :
Booth et al, 1988). 22| 2H48E ofrluloA] o]}
Ze jon A7 Folrt Yol RE& Na'd
Ciroll ti@ of7tn] FoMxe] F4d F7HMcWil-
liams, 1983 ; McDonald, 1983b ; Marshall, 1985 ; Au-
det and Wood, 1988)% °1& ion® S&HA el
o d= Na'/NHY F& Na'/H' exchangers} Cl7/
HCO; exchanger] 7]%5°] QA5 7] of &o]cH(Fromm,
1980 ; Heisler, 1984 ; Heming and Blumhagen, 1988).
&, F2ol s, FA4HANE Ca* 7 A
3le] Ca’* —~bounded membraneFEE Ho] Na*3}
Cl7oll tia] S4do] kgt paracellular pathwayol Al
B FE H'ol o8 dAgso] AU Ca* o] e
"ol =k Na* 3 Cl o] di ¢ FapAdo] F7hstd, Bt
B2 ¥ Na'3 Cl o] o}7halE §8ld /&1,
EF FH0] AAEY $£He H' s2rt §959
H'3ERt 54 fX"os 4302 NHY &
24 T (efflux rate)’} A} ZA o] A3 o & Nat 9
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Fig. 4. Branchial net ion fluxes(A) and renal net ion
fluxes(B) of Na* and CI~ in near neutrai(hat-
ched bar, pH=7.5) and druing acid exposure
(unhatched bar, pH=4.2)
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Fig. 5. Effects of acute pH 4.0 exposure on ion fluxes
in rainbow trout. (a) Unidirectional and net so-
dium fluxes ; (b) Unidirectional and net chlo-
ride fluxes.

frd & E(influx rate)= HASAHL olg sty

Ao F7HE HY S FHAA A -7 g8 &

A3t71918k], HCOs® #3457t Aol 4gg
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BA5Fo EA8e Ca?* 9 aluninum (ADQ] FEo)
FEFE dega 234 AvHBrown, 1981 5 McDo-
nold, 1983a ; Malte, 1986 ; Jensen and Weber, 1987 ;
Wood et al, 1988 ; Heming and Blumhagen, 1988).
o] 241, McDonald (1983a)% rainbow troutE o] &3+
AHA Z4(hard water, Ca?* 21600 pequiv/)ol Al
© A (soft water, Ca®" =223pequiv/D| BT} 52
9] 243pH 4.3)2 A¥ ol7tulol A Na*$} Cl-9
&) A3 FaEo ¥ Na'# Cl 9 &4
ol 2 A Algo] ZAaTIA B8ty en, Brown
(1981)2 brown trowto| M5 2 Fo] 48 Ca®*%
=7F F7F8hE A SHpH 3.5~4.0)2 1§ #ofrt 3}
a8ty 2ustdct. £3 Heming® Blumhagen(19
88)2 rainbow trout® A& HEMAM AlS FEY
EHoz A9 ApH 43)2 AT YHZ9Y
Na*et CI" 9] 243 AlYR & ¢ F7HAZ0n B
aatgch whEbA £de] AARE QI olrlule gl
©]A Na' 3 CI 9] 24759 o= Ca?t ol M e
a5 Al M 0 ZHEE ¢ 4 AtkFig
6).

o]k Ca** o] H:= paracellular pathwayo] %
Fdel ols Uoidth(Booth ef al : 1988). = Ca?* &
paracellular membrane$] surface ligand% (membrane
protein, mucopolysaccharides, anionic residues)™ o] &
Z %38t paracellular membrane S A SIAI A inte-
rcellular tight junction®& ©-2 & 54 sto], Natd}
ClI™ ¢ ti g membrane?] S#4& 7H4 41719 McDo-
nald et al, 1983), =& Ca?*-& surface ligand®l o3}
H', A1t 34 H o2 2487 g&o) (Brown, 1968),
FZ9 Ca" ¥x7F $718d °lE ligandd Z2¥S
go] Frtetr] gj&ojh Ale] AIE branchial Na*
—K* ATPase < #(Staurnes et al, 1984)$} o}7}ojuf
35 A 29| paracellular membrane2] surface ligandol
W& Ca** 2 42 28w (Brooth et al, 1987)°l
dojc},

=, Na" ~K"ATPase7} JA=H Na*/NH;y &&
Na®/H* exchanger®} CI"/HCO; exchanger 7)1%°]
A3t=o] Na*# Cl'9) 553 #¢o] 0L 2751,
£ ol7bu] Au XY FHAol L FvhE o]
Na"3 ClI"¢] fr&e] o 7ok
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Fig. 6. Effects of water pH, Al, and Ca*" on plasma concentrations of Na* and Cl~. Asterisks indicate

significant differences(p<0.05, unpaired test) between high-and low —Ca?' animals at the same

pH/Al exposure.

3. TE9 A4 @Al ok Hg

Fdo| A4E =W of ] g0l 9lo]A] haematoc-
rit, plasma protein, hemoglobin, erythrocytes- % #-2
oA ol ThFgt W7} Yotk B H 3 Qluk,
McDonald$(1980)2 rainbow troutE pH 4.0~4.5°)
5=ZAZ 9 haematocrit7} E7Hecha B astgon,
Dively 5(1977)2 pH 4.2¢ =% 417l brook troutol] A It
haematocrit7} 718t B aslgeh E3k Nevillee
(1979)%F Vaala$(1970)2 pH 34~4.0°] x&A2
brook trout*l4] hemoglobin’s =2} red blood cell
cout’} AAEA F7igcia sl o0, Milligans
(1982)% pH 4.0~4.59 %:ZA)7] rainbow troutol] A
Table. 1 3} €& chofgt o 4 abe] a7} dojtcin
Haustgoh e, ojghite ol gido] Yojutiz
Aol et M gAlEo| e M2 daA 5
5o} . Fromm(1980) Sprys-(1981)2 ot
ol 4gdo] Mg £29 24383 2§ hypoxemia®t
22 589 Fojg BAs7) Y8 dojute gL

4 %d 9F-8-(haemopoiesis response) F& HYF o]%

Whg(erythrocyte mobilization response)e} &t #4314
th. &, @45 H' 527 tiets] 271849 o}zl
oA mucus?t EHHo] o}7lulE Fa Abasiian
(oxygen diffusion rate)7} #2450l 3ol A hypoxe-
mia7b dojrbm, g #$7Fe) H st Zvhbstd
H™o] o}7tnl g $£3ted "z o % sle] gAo 4
487} dolvt hemoglobin® A2 $¥H5 (oxygen
transport capacity)o] Z4A&A H1g o5& BAS
71 $18te] kidneyoll 1+ haemopoietic tissue$} spleen
(Johansson-Sjobeck and Larsson, 1979)o1 4] 24 € er-
ythrocyte7t 4ol o] %8t haematocrit®} hemog-
lobin®] F7Hgchi &dct. A, Milligans-(1982)
&9 hypoxemia®t 2 TF 4Ny 529 pH7F
T2 vhe- 79 (pH(4.0)o) 9t Aojitm pH7} 4.
00149 FHAME Yojubx] goma ol aiate)
HMahe &l e BAurgo] ofije} ofz}ulo)
A olge FAY 242 Asty Aojuhi= 2x4HQ
Whg-o] Aeln Wasbeul

5, ob7bujell Al Na's} Cl o] F&3A 7As3hd,
g3 Na'3t Cl 9 o] zaso] #a 259t



Haematocrit 9%,
Plasma [protein]
(g/100 ml)
[Haemoglobin]
(g/100 ml)
Red blood cell count
(x 10*/mm?)
Reticulocyte count
(% 10*/mm?)
Mean RBC volume
(x 10712 ] /cell)
Mean cell [haemoglobin]
(g/100 ml RBC)
Mean cell haemoglobin
(pg/cell)
Spleen weightt
(8)
Spleen haemoglobin
(g/spleen)
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Control Acid - day 3
(n=8) (n=28)
213+2'9 473%78%
2:08+o011 394 +o28*%
5'95 £ 076 8-91togs5*
656+ 66 108'5+13°1*
18:95+ 545 8355+ 15-76*
0'325 + 0016 0°'420 £ 0'040*
29'4+37 167+ 1-5*%
92:26 + 945 6749 279*
0546 0071 0°340+ 0'0b0*
o018+ 004 cobtoor*

* Significantly different (P < o-05) from control values.
1 Mean body weight: controls ~ 180'3+ 153 g; day 3 acid - 198-0+ 202 g.

Table. 1. Changes in various haematological parameters after acid exposure(pH=4.0—~4.5) in rainbow

trout
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Fig. 7. The changes of heart rate(A) and dorsal pres-
sure(B) in rainbow trout exposured to acid
(PH=4.0~45).

whola] A E 2l o] HE Yo 2 o) F 3l erythrocyte
cell-& W 35] 51 blood volumeS ZFAFo) 2 Az A
hemoglobin(tMCH)$} mean cell hemoglobin concentra-
tion(MCHC)= 7HAghdhar st

o4 HTES FUstelnu, £he W4nw
A% dAgddel Wske +3H9 pH7E 40 o8
v ZEYNE st dojuh, el pHIL 4.0
o]l A& olrtulol A F&F o] aHT AT 2
ARl w0 g dojdhrin 4 gt

4. TE2 AT HEMT| DX I

Milligan§(1982)2 "] A3t Ed, FA7 40
o] AFYHE f(heart rate)sd Hl-E9<t(dorsal aortic
pressure)o] B 5- FUHgctn B Y vhFig 7). @
WAoo g Ao Fteleost)?] AAde AANEE
XA 71 Bl B-adrenergic receptors} A%
715 & A& A 7]lvd B3}= muscarinic receptor”}
L% ZA8Y, B-adrenergic receptors ©] F&AE
Zluf &l Qlv= 7417 (sympathetic nerve)e] A5
o] %25+ norepinephrineo|tt ol Fo £33

Q1= norepinephrine & epinephrine% 2} catechola-
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Fig. 8. Proposed sequence of events through which acid exposure may exert physiological disturbance

of freshwater fish.

mineol] oJ3] &4 3} 31(activation) (Bennion, 1968 ;
Gannon and Burnstock, 1969 : Milligan and Wood,
1982)= il, muscarinic receptore ©] F& A& Rujs}t
a1 Sl F 3741 7 (parasympathetic nerve)l ]34l
Z(vagal nerve)o] A=€ W Fu]5+ aetylcholined
2| 3}o] g4 st ch(Randall, 1966, 1968 ; Wood ef al,
1979). &, Il Fv= AAHT £8, external hyper-
capnia, %2 acute hypoxia% 2| stress& o ¥l
Fo &#3k= catecholamine, 53] epinephrine®l 5
=7 X8 F78char 9 A 9 vhi(Nakano and To-
mlinson, 1967 : Mazeaud and Mazeaud, 1981 ; Bouti-
lier et al, 1986). olo} #& AMHES n#o] B
THol A d o el ARutEst —6—7}?# R
A& otntm jon ZAQ Ao, AN G Aol i
stressoll th3F whHg-0 2 ol ol @l
mine?] ¢Fo] F7tE]o] o]F o] 4%-2] B-adrenergic re-
ceptorg ¥A31A7]7] wjfo] doldrin AHztgch
Folfie wx¥HP HE:
(peripheral vasular smooth muscle)®] $l+= a-adrener-
gic receptorg ASIA A AL £EA7H, 1 4
2 Y HA e (vascular resistance)e] F7tecia o
2 AtHBergman ef al, 1974 ; Wood, 1975 ; Payan
and Girard, 1977 : Wood and Shelton, 1980). 84+
< WA dAtgeZriet 22 gAY 712 o
o ¥He] HE(blood viscosity)?] %7HCameron
and Pavis, 1970 ; Milligan and Wood, 1982)% 4%

catechola-

$HH, catecholamine &

FA7E Aok 28e g, Fig 79149 wjEswgte] =
Yhz A9 A4 H 2 st F7hd WA catechola-
mine?] HAEZFIAL, B2PAFLERLEY jon
ZHZNR A AHEY F7} wFo dojdrin
Hzrgrt ojhe A AA Folv FHe] A}
A& EY of-g olglslo] HFHo g YAy E of
IAA E8A Fe g Yozl

o] o] At E& 895, = Ho] 4148 Hd, WA

Frobrtajel QlojAl olezd7)5e] Hol7t Uolrt
A, 1A ¥, AgHdA, g ¥ F

Aozt doluA HAFEHo 2y 2879 Fe 2 213}
of ApgabAl gk
F, ob7hnlel A ge ol2e] LiHW HRF

Na# Cle] o] FHAHo] BFlo] weld 1 Hx
HEodo] MERRO R o]Fste] HYTHES B
A3, 849 Ri(plasma volume)”} 7459 hae-
matocrit, @74 @ Ed w5 Holeo YriEo| Zyihr}
a3, WA catecholamine®] 4% Z7islo] A3
UHE Aok ol sl HEH oz Ao H4y
2 Qs 230 2 AT F o] 5l Ao} 4] 2He tissue
hypoxemia® ¢1sto] AlgkalAl ®uoh(Fig 8). olgge
A& Adujd Aoz ol7lvloja L4EE o9
FF 1 A mEo] oz} olir o] o] A&
SHH7] g Ee] dolpe 2 243 wkgojt}
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