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mg/LOlIAl 56.7%, 60 mg/LolA 83.3%°12™, 96AI7H= 50 mg/LollA] &
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mg/LoIA 83.3%, 6.4 mg/LoAE 100%S E . wEbA alevin ©AR= oFEAA
a0l AW 571 Aol 54 vizdo] Wekoy, fry@t parr BARE XY= HA]
of7hu] W3} A HAdo] 76t oH, E5] parr AN E 7HY w2 WS
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7IE: Ao, 7] AYAL oFERA A&, BHFAAEE

This study examined the acute toxicity of nitrite nitrogen(NO, -N) on the
early life stages of chum salmon(Oncorhynchus keta). The results showed
that LCsp values for nitrite nitrogen decreased progressively as the fish
developed through their early life stages. In the alevin stage, the 96-hour

Received 2024. 10. 17. LCso value was measured at 89.98 mg/L, while in the fry stage, it was 29.36
Revised 2024. 12. 03. mg/L, and in the parr stage, it was 1.89 mg/L, indicating that the toxicity
Accepted 2024. 12. 04. of nitrite nitrogen increased as the developmental stage progressed. At

24 hours, alevin had a 10% mortality rate at 160 mg/L and 56.7% at 240
mg/L of nitrite nitrogen. By 72 hours, mortality rose to 90% at 160 mg/L,
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with 100% mortality at levels above 200 mg/L. At 96 hours, mortality reached
16.7% at 40 mg/L and 96.7% at 160 mg/L. For fry, at 24 hours, mortality
was 3.3% at 30 mg/L, 56.7% at 50 mg/L, and 83.3% at 60 mg/L, with 100%
mortality at 50 mg/L after 96 hours. In the parr stage, the mortality rate
was 10% at 1.6 mg/L after 24 hours, with all individuals dying at 6.4 mg/L.
After 48 hours, mortality increased to 56.7% at 3.2 mg/L, and at 96 hours,
mortality reached 83.3% at 3.2 mg/L and 100% at 6.4 mg/L. Therefore,
the alevin stage showed lower sensitivity to nitrite due to reduced nitrite
absorption, but as the fish progressed to the fry and parr stages, gill
development led to increased nitrite toxicity, with the parr stage showing
the highest sensitivity.
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OFLHNO, )& 4 8loflA] 583 St AR A< AE
Aol 2 Aot 9 2As} S B9l FAAEH. dEYot
(NHa)}= 23} Altol] <sff oFalite = Asle T ZAHNO; )&
Agkelw, A AP = w2 = EARI. ofFgik
o}F9] o] 24, TF, AEH, v 9 uid 7|53 EIlst
ohegRt A2lA IS WefistAl EtiKroupova et al., 2005).
53], oAl FE7t =OoHAH ErolRs oS Bl dAa
o] X(Cl") thAl oFaike F5-51A =™, Aol 2% oAk
3222 ¥ (hemoglobin)S HE X2 ZZ ] (methemoglobin)
07 ASMA FHY ibA 28F 5HES ASHAIZITHEddy and
Williams, 1987). °|2 <ls| fd¥ HWEHZZ=HIES
(methemoglobinemia)2 AAA AlEl(hypoxia)gs &5
W gt 5 8 73] 42 oItk Arillo et al., 1984
Hofer and Gatumu, 1994).

oAy AAa9] 4 2 ofF It Aol7t AH, o=
QF gl WiF geld] wt wje thFstA yehdth £9],
e} S]] BE A8 4= AL P4 o] Eol 55t
= FEA$9(Oncorhynchus mykiss), &°|(Lateolabrax
Jjaponicus) W 73R R 17| (Esox lucius)®t T2 FE5L oA
AHg o] RiZFsHA ¥hS-Sh= HhHol, A4 o]2Z AA
G55k Yo(Cyprinus carpio)?} |X|(Tinca tinca)2t 2
2 T2 dHH R opELtd i) tieh iR T Wt
I BUEAHWilliams and Eddy, 1989; Tomasso,
19806). oF&AMd A9 HA2 o7 A719t 4% dA
w2t D2H2t} Perrone and Meade(1977)0 mEw, 2

nitrogen, LCso

O, kisutch) X|ol= 1A

o
o] § &3t=Hl, ol F

§ AR opdiby A4o] WA

J2 Hake- &oi(Salmo trutta L.),
FAMNE0] D PAFA(S salar) & THE HojT} o] 7oA
T YoM #EEAHRusso et al., 1974: Bartlett and
Neumann, 1998; Williams and Eddy, 1989). uletA], &
FrolFollAl obdAd AA0 B4 ofF, A A 2 &3
821 5ol 9Jsff 2A HLHW, 5449 WHEE 2H5=
8% 2947 g

e uE FAAYLS 7% wHslkel 22
anHoR o-gor] Yl &8 HA|AFl(Recirculating
Aquaculture System, RAS)E =5t W&o volrial
Ut 53] dojx} o 7o} T2 IFEIIHA] E52 HEAL
2 Aot £, 844 5 T4 HEE AT
SAlsk= Zlo] F85tth. 12y RAS €304 =9 wA7t
ARtE 1 &S o} o] A E A-55HA] & B2
25 opdito]l dAito g FHE5| AR E|A] Xotal
FA oA Azt Aa B S
(Svobodova et al., 2005).

AN keta= S tHEZAQ] A4 olR=E, B
A Ejojd Fof| BittE o|Fslo] S UERt Tt Ak
ol o= Eote=t, = EHjEY HFsl, ot Z2
AR SfGolA Aalsh= Ao dEA St dol= Aol
7] &% BTt} 98 QU= S 7HAAL Qo] st
@5 AN 523 JTS o, olE9] BET A2
a2, o] 9l |7 59 A Q8Rlo] A JFE H=th
(NOAA Fisheries, 2024). gr=ollA= ikl 37 ARglo]
1967958 AlZo] Eoigtom(Kim et al., 2008), A4 7€,

=
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A8 9 &4 52 40 '21We 10.549HtE], 22
239k 9 "23Hol= 11,799 e 2 WRE Qlok
(FIRA, 2021~2023).
lojoll et Hff A= & AHA E4(Kwon et al,,
2014; Hur et al., 2021)3} o]&E0] tfgh 4] AF1Z g
2015; Min and Song, 2019; Cha et al.,
2020; Kim et al., 2021) 23 g AR dAO1A 42
(Jang et al., 2022), ¥%&(Cho et al., 2022) € Al=w TF
315(Cho et al., 2023)2F 47 7+e] A thsf] i3
]q- _'j_E{L]— Oq010ﬂ T;H‘c‘ﬂ- O]—X]/\]-/H 115\_9] J/H E/Hoﬂ _TL]-‘FS]-
T oF4] EarE HE7} glof, o]of] & AFtolA= old
27] JEALQL alevin, fry © parr @AOIA oFgAg A4

(Lim et al.,

o B4 542 WKL 24 A gAY Jolg sl
of lo] Aol Fol AT Y F WY 5 Uk oFI
3 Akl WS oYt A9 $2 242 vAsA

s,

Qlofi AT

opdlo} Z2YE T

SNYBALAE oA TS
U HAR] A4 0] 1‘%9}559} A}q—m_ 192
1(1.2x0.8x0.3 moA ARSE I} A8
alevin(®@% 2.2+0.1 cm, AF 0.1+£0.02 g) 6001Eﬂ fry(A3
4.0£0.5 cm, A 0.6£0.1 g ¥ 170¥% parr3% 10.5+0.7
cm, A% 6.6+1.0 g5 dAFOZ 310, QA Eolo]
P AMRE o7t &Rt JHAIE AEste] ARSI ARG
22 13.0£0.5CofA T2530™, alevino] §8F F 3794
s oot A W n)gEA ARR(MICROBAQ-O,
DIBAC, Zaragoza, Spain)s 19 1452 3.96%% 33] H+o]
Al ZaSkeiTh

N4

2. M8

24

o

ot

A= 1 L |9 HolAE ARSI, frye} parr
SA= 27 L A §852(30%30%30 cn)E ARE-SHRIH
7} RBGAL At 77 oFAAMS A SEE A7gst] 33
HHE ASS Agetoion, ZF AR 21709 25 ARSI
o} AEE AT 2 {AIE SlsiAl $Z471(BF-2000G, &
o4, SEE AT AR AH(0.8%1.2%0.3 m)jtol &5

Alevin

SEAI] OFEMY B4 20| DXz 29 =4

APttt FF71= 12L:112D=
ARSI AA7IE Bt oA A4S sk WIlkE |48}

oF7] Sfel 19 13] A= 8Ho = WA & A1) A%
7+ 9ARE Bt A oH, Aol 2 Aol 1011
% 5835t
3. NggY

opEAMg A4 HFENL FHH FHLATHANE =
(2022.2.1. 787l ulz} oFHARGESR(NaNO,, sigma aldrich,
St, Louis, MO, USAy& AR&510] 10,000 mg/L H== AX531
t}. A9 &= 2ol |(D-500, SPLASH, China)s S33t

Aol=E ARSI oB] AR vl og AH opdAig
A49] FZ= alevin BACIA 0, 40, 80, 120, 160, 200,
240 mg/L, fry ©A914 0, 10, 20, 30, 40, 50, 60 mg/L,
parr BI04 0, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4 mg/LZ XA
t}. 7 Aro] opdibg A B2 1Y 13] ol2T ZutE T
T(ICS-1500, ThermoFisher, Waltham, MA, USA)Z EA5}

on Lo GEi4 pHE OdE $ASH7I(WTW,
Multi 3410, Weilheim, Germany)E A-&sto] 243514t
(Table 1).

4, X AHSE(LCso)

HAL 7HA] g1 =& Hietol] 59
EA7E HOE FRl AHolA 12
ZZ5E HAE 71202 1Y 235](09:00, 21:00) IHE5FAL
O6AIZE B9t BEE SHL 24A7F THA 0 R F4 HAERS

gRlsto] LCso& ARESHAH

o ol 55 B5E

5. SAEA

LCso= &78 Aol &L 7iAIGet HARt 7iA=E 718t
07 AESIg o, SPSS B4 =2 13(Ver. 20, SPSS Inc.,
IBM, New York, US)S AR&5}o] Probit 3|7 £4& 53
ATt LCso a2 Probit(p) = 08 WY s&= FH= 3
o} SAA FoidE& Eelshr] S8 ANOVA A= AAISHA
11, AR7IRE 5Rte] BEE AlolE B Fl, AR AHoEE
Tukey?] ths H9 A7 (Tukey's HSD)= AREsI] p<0.05€
o §oJu]gt Zo7} Sl AL 7Hsioith

%

%
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Table 1. Water quality in the experimental tanks with the alevin, fry and parr of chum salmon (Oncorfiynchus keta) for 96 hours

Target NO2-N Measured NO,—N

Temperature Dissolved oxygen

He vle (mg NON) (mg NO,N/L) (© (mg/L) P

Alevin 0 0.0£0.0 13.320.2 8.568+0.57 7.92+0.24
40 41.8+1.3 13.2+0.1 8.57£0.35 7.94£0.07

80 83.445.1 13.3£0.2 8.48+0.35 8.15£0.40

120 123.546.6 13.3£0.2 8.88+0.43 8.1540.24

160 158.5+8.5 13.320.1 8.410.17 8.01£0.37

200 203.7£15.4 13.20.2 8.34£0.09 8.11£0.39

240 241.2£13.6 13.310.2 8.51£0.18 8.14£0.24

Fry 0 0.0£0.0 13.0£0.0 8.23+0.45 7.7210.28
10 10.4£0.8 13.120.1 7.84+0.37 8.12+0.19

20 21.1£2.4 13.1£0.1 7.95+0.19 7.59£0.22

30 30.0£2.5 13.120.0 7.86+0.50 7.80+0.35

40 40.243.5 13.120.0 8.09+0.39 8.06£0.26

50 51.2+¢3.2 13.120.1 8.00£0.23 7.93+0.51

60 60.5+4.1 13.0£0.0 7.73+0.50 7.92+0.33

Parr 0 0.00£0.00 13.210.2 8.72+0.27 7.93£0.11
0.1 0.11£0.04 13.20.2 8.67+0.37 8.01£0.25

0.2 0.23+0.04 13.20.2 8.750.32 7.9620.21

0.4 0.45+0.06 13.20.1 8.780.13 7.95+0.05

0.8 0.82+0.10 13.20.2 8.73+0.58 7.93£0.14

1.6 1.5120.16 13.1£0.2 8.56+0.26 8.02+0.06

3.2 3.31£0.35 13.2£0.2 8.52+0.29 8.02+0.16

7E:I J-"l' Table 2. LCs values of alevin, fry and parr stages of salmon

oAb Aol Tt ¢do] 27 ALY HA4H JF
Table 20 e 9it) Alevin ©AOIAE & AJ7to] 2718k
TE 1Cs #ol FrelotA 7Aool 24417 LCso 352 239.08+
6.99 mg/L, 48A17F LCso %k 203.28 mg/L, 72A17F LCso
2 115.60 mg/L & 96417t LCsp Zh2 89.98 mg/LE -2
SHA ashs A HATH0.05). Fry GAPIAE LCso
2 olotA rasto] 24X 46.37+1.26 mg/L, 48417t
A 39.19+1.70 mg/L, 72X 34.76+1.12 mg/L L 964]
7 29.36+1.12 mg/LE A= ATHp(0.05). Parr THA]
ME LCsp B2 24AIZM 3.74+0.12 mg/L, 48AIZHA
2.8340.19 mg/L, 72A17H 2.43+0.06 mg/L ¥ 96AI7HA
1.89+0.11 mg/L& Yt 549 itk f-2JskA S71st
AH(p<0.05).

(Oncorhynchus keta) according to nitrite nitrogen exposure time

LCso alevin fry parr
24h-LCsp  239.08+6.99° 46.37+1.26° 3.74+0.12°
48h-LCso  203.28#8.04° 39.19+1.70° 2.83£0.19°
72h-LCsp  115.60+3.96° 34.76£1.12° 2.43+0.06°
96h-LCso  89.98+6.48° 29.3621.12¢ 1.890.11¢

Alevin ©A19] HARE oFdAMd A Fot Al7to] 3713
of wet APHoE 5ok FFS HAHFig. 1). 24417t
&<t oFaAMd AA 160 mg/LolA HAREZ 10.0£10.0%,
200 mg/LoA+= 16.7+5.8%, 240 mg/Lo|A= 56.7+11.5%
2 IVt 48417 B3t oA A4 160 mg/LolAE
30.0+10%, 200 mg/LIAE 46.7+11.5%, 240 mg/LojAl=
73.345.8%= Z7FFACE 72417t B<F oA A 80 mg/L
ol A& 23.3£5.8%, 120 mg/LolA= 46.7+15.3%, 160 mg/L
olA= 90+10.0%= 55t 200 mg/L oldelA=
100£0.0%Z 71533t} 96417 B2t oFAg A4 40 mg/L
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Fig. 1. Changes in the mortality rate of Salmon, Oncorhynchus keta alevin according to nitrite nitrogen concentration and exposure time.
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ol A= 16.7+5.8%, 120 mg/LoAl= 80+10.0%, 160 mg/LO]l
A= 96.745.8%, 200 mg/L oVdellAl= 100£0.0%2] BIAE:
< B3t

Fry ©A19] HARS-S o}dAbg A4 5o} Al7to] 71l
ue}t AP 07 AR5 AT BrKFig. 2). 24417 B2t
oA A 30 mg/LolA HARES 3.3%, 40 mg/LelA=
36.7%, 50 mg/LollAE 56.7%, 60 mg/LolA+= 83.3%=2 AF
STt 48A17t B2t oA A 30 mg/LolA] HARE-
13.3%, 40 mg/LoIAE 46.7%, 50 mg/LAIAE 93.3%, 60
mg/LolAE 100%2 YeRgth 72417k B2t obdAbg A
20 mg/LolA HARE2 6.7%, 30 mg/LolAE 23.3%, 40
mg/LoIAE 70%, 50 mg/LolA= 100%2] HARE-S Bt
9GAIZE B9t obdAY A4 20 mg/LolA HARES 16.7%,
30 mg/LolA 40.0%, 40 mg/LollA 83.3%, 50 mg/LollAl
100%= S7FotiTt.

Parr ©AY] HARE obdAHd Ah 5& E A7HO]
27Vt me} AFSohs AES HAtHFig. 3). 24417 B9t
obgAg A& 1.6 mg/LolA HARES 10%, 3.2 mg/LoA]
23.3%, 6.4 mg/LoIA 100%S EJct. 48417t <L oFdAA
24 1.6 mg/LolA BIARES 23.3%, 3.2 mg/LoAE 56.7%,
6.4 mg/LelAe BE 7IAI7E HAHITE 72417 B<F oFd4t
g Aa 1.6 mg/LolA HARES 36.7%, 3.2 mg/LolAE=
66.7%, 6.4 mg/LollAE 100%S E Rtk 96417 52t opdAk
d A4 0.8 mg/LollA HARES 23.3%, 1.6 mg/LollAl=
43.3%, 3.2 mg/LoA= 83.3%, 6.4 mg/LolAE 100%S Lt
138 Pei=d

=
AollA] Aole] 27| YA HAIQI alevin, fry, parroll
opEibg HAa0] LCs 2 A DA eE AlRte] 4o
ArE 549 NFETE FolsHA Aot AR YERHTh
(0.05). 53, 242 o= AaE HFIohs parr BAIA=
L& AZto] S7FrE 5/d0] §43] 5715kl 96AIZE LCso
#ol 1.89 mg/Loll =25tHtHTable 2).

opEibg 40| =A4o] o F9] 27| LA AT AE
5 F7Ike ol &8 710 34, AR 599 ¥
A 4iba 90] HolF RS wIR7] whzelhal Hars it
(Luo et al., 2016; Kaneko et al., 2008; Levels et al.,
1986).27] AEAF DA Ak 5= AUSS o7t =
o, egg DA = F #HS B3l EHOE A4V 5

o] wjoHembryo)® AEHHBloomer et al., 2019).
Alevin Y= RSFA o] S50 8 HEkE ARSI
E]31(Wells and Pinder, 1996b), fry @AClA+= o771 ¢
5 golo] 28 Aka Wt 7o A A%k SHA HrKWell
and Pinder, 1996a). T3t parr ©AOA= ol7v] "eiiE
(gill filament)2} AHA(gill lamellae)2] =2t 2717} F7Fotod
4ba wgk FHAo] StElo] o8 mao] IA YA Hoh
(Fu et al., 2010).

o}7tu]9] dital 3 FAdE FA AlE(chloride cells)=
ol2 247} A% 7|5 8% IS AR A3t o]=(Cl)
I fxA o2 FARL oAl o] 2(NOy)0| FE= FEE
o] 8= tHEvans et al., 2005; Gaino et al., 1984). Alevin
SAlE A A7t ofz] mididsio] opite] S HIgo| W
Z¥HRombough, 1988; Fu et al., 2010), fry ©A° Fol&
HA ol 37 SVt (Margiocco et al., 1983; Evans
et al, 2005), parr DAOA = o)7L 5] Wl wet
opite] et FlzHgdo] B okt Azodi et al., 2021).

oj72] 27| AZAlA g7l W AkA @t A
H3lel AL 5] HiskE T4 S7Fk=dl, A H(Chanos
chanos) BlloF= g 2710 2 Ak A& Ho[oprt 23]
I G717F A F3t $of 5Hj o] F7IRIHWalsh
et al., 1991). &= BN Buphausia superba) -2 47
oA 4bax AB7F FA45] F7Fste] ET Al IF=
] XH(Quetin and Ross, 1989), %H 5°)(Perca fuviatilis)
A E HFo] STl wat Akh AHlEo] 5Tl ZoE
H11% v} It Christensen et al., 2020). WA, o}F z7]
AAfolAl= o7 | ol wet P A2 7 S7ISHHA
oF4te] A FZo] Fofual, FAlol| Aol whE Ak AH|RF
o] §43| F7oto] 2greke] f@4do] B ok 4= Stk

oFEARS 4bA 2HS HYolk= slEZERI(hemoglobink&
HESZZZ ] (methemoglobin) 0.2 WMEA|A N Ab4
2 582 ASHAZ| AL AW tiAfe] Rt FES AAE &
FHR] B84 st Wedemeyer and Yasutake, 1977). &
5], Aoj} off= Ah NEE B3 A3t o9 F5E0] =2
£ 7ML Qlof opdAke] F50] HA| YojdtHEddy and
Williams, 1987). o|2{3F o] w3t HAHYFZO R Qls| =52
opEAHg A9l FE7) ol AE-, olFe YoM = YR
ET o) 1004 2 5EE 529 4 UtHDoblander
and Lackner, 1996). Margiocco et al.(1983)9] ¢i+tof w}=
H, FA7NEIE oFdAMg A4 0.45 mg/Loll =E5E uf of
7] 2ZJoflA 608l, et 7F 2&|of|A] ZEz} 30ui7ER] E2%H
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Fig. 2. Changes in the mortality rate of Salmon, Oncorhynchus keta fry according to nitrite nitrogen concentration and exposure time.
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Fig. 3. Changes in the mortality rate of Salmon, Oncorhynchus keta parr according to nitrite nitrogen concentration and exposure time.
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HEs|HZ=R19] o] F7Fd 4 Uthal HarEQlth 3 F
A7WEol A5 15~20 cm 7HAIE R4 A4 0.45 mg/Loll
A 7247 59t &2 TS o, HESIEIER] F47 1t rER
Coote] &4o® Aika A7 faEohal HaEdoh
(Arillo et al., 1984).

opAMg Aol thet o o] B/ R ofF 27| U
Al wet A t2A YePdtHTable 3). Williams and
Eddy(1989)= thA¥dole] 27] BEALE A75HH, egg ©
AlellA 24A17F LCso 4401 3,276 mg/LE 7P Aol =42
, alevin @A9A+= 121.8 mg/L, fry 9A= 10.4 mg/L2
YA =7E 45| Asohe AL RIS 124 Eddy et
al.(1983) tiA g0l 194 parr®] 24417 LCso #te] 10.1
mg/LE =] 919 fry A= & A7) gtk B
St} FARE1Y B Al 2 g 7HAIS] 96AIRE LCso
0.39 mg/LZ &= AXTHRusso et al., 1974), A5 9~15g
A= 0.21 mg/LE Z4sh HFo] 7142 E4
AT} EZolRl= AgRS H¥HRusso et al., 1981). X¥=2
Ao\(Oncorhynchus tshawytscha)lA= A% 10.2 g 7§49
48A17F LCsp 2 19 mg/LE2 YEPFE oW Crawford and
Allen, 1977), A% 3282 7HAl= 1.65 mg/Loll =2=U=
o 24A17F 9ol 40%7F HAFATHSmith and Williams,
1974). 2A(Oncorhynchus kisutch) fry 0.65 g 7§Al= o
AMY A 9 mg/L(F4: o1& 30 mg/L E3hol =EAIX] A,

T2AZE &9t &S AEH A BRSS HolA| gtARE 19
A 34g 7MAl= 4841%F vtoll 33%7F HAFSIRITHPerrone and
Meade, 1977). &3}, Bake &0i(Salmo truttafs oFEAMS
A4 4mg/Loll =& Al A% 10~35g 7= 24A17F Yol 5%
Ao, Aol 0.075g2 229l 50%7t HASHICH
(Bartlett and Neumann, 1998).

Ao} ofF 29 ofFoIAE BTt Aol Y=,
Fathead minnow(Pimephales promelasq= A& 0.3~0.8g
7HA12] 96AIZE LCso FHel 70 mg/Lellont, 2.3g 7oA =
2.2~2.9 mg/L& J43] ZobxtHPalachek and Tomasso,
1984). U4 ggtuloN Oreochromis niloticus)® 96A17F LCso
=2 7iAle] wet & AolE =T, Alsol 4.4 g2l 7iAolA
+ 81 mg/LA2U, 90.7 g & A3t 7iAlolA = 8 mg/LE
Aas1elh. ol ol Ul detujo} ZiAlolA 4SS of
iy A9 AL 5T HojEtHAtwood et al.,
2001). ESH 50159 e HYF WX Gadus macrocephalus)
F89] 48417t LCso a2 #3F 119 54801 831.76 mg/L,
229 §480] 269.15 mg/L, 35¢ F480] 223.87 mg/L=E #A4
sto] TS oA A0 E/do] SIS HojEdt
(Wang et al., 2015).

2 A= o] 7] DAL DAOA oFEAMS Aao
T4 =40] 4 TAMEE 315 Ao|E Hol= A o= Rl
At Alevin ©Al= of7r| dWgo] w|oksto] oAt F47F

_ﬂ% o
ok

-

Table 3. Comparison of the time-dependent LCso values of nitrite nitrogen for Salmonidae

Time—dependent LCsp

Species Weight(g) Source
24hr 48hr 72hr 96hr 22day

Atlantic salmon 0.147(egg) 3,276 Williams and Eddy(1989)
(Salmo salan) 0.17 121.8 Williams and Eddy(1989)

1.01 10.4 Williams and Eddy(1989)

10-25 10.1 Eddy et al.(1983)
Rainbow trout 2 0.39 Russo et al.(1974)
(Oncorhynchus mykiss) 9-15 0.21 Russo et al.(1981)
Chinook salmon 10.2 19 Crawford and Allen(1977)
(Oncorhynchus tshawytscha) 32 1.65* Crawford and Allen(1977)
Coho salmon 0.65 9 Perrone and Meade(1977)
(Oncorhynchus kisutch) 34 9 Perrone and Meade(1977)
Brown trout 0.075 4 Bartlett and Neumann(1988)
(Salmo trutta) 10-35 4% Bartlett and Neumann(1988)
Chum salmon 0.1 239.0 203.2 115.6 89.9 Present study
(Oncorhynchus keta) 0.6 46.3 39.1 34.7 29.3 Present study

6.6 3.7 2.8 2.4 1.8 Present study

*40% death, **100% death
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