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Acute toxicity of TAN and CO2 on the Israeli strain common carp

(Cyprinus carpio) during transportation by plastic bag

Jihyoung Son

Department of Fisheries Biology, Graduate School,

Lukyvong National University

Abstract

Transportation of live fish in a polyethylene(PE) plastic bag is simple
and convenient method for small fingerlings or ornamental fishes. However,
water quality in the bag become easily deteriorated with metabolites from
the fish because of high fish density with small amount of water in the bag.
Total ammonia nitrogen (TAN) and CO: are the most common metabolites
to affect transportation time of the PE bags. Therefore, pre-fasting and/or
reducing temperature are the most common methods to reduce the
production of metabolites from the fish. However, according to previous
study, even though these methods can extend the transportation time of the
PE bags, the mortality of the fish are directly related with the certain
concentrations of TAN and CO: in the bag. This means that the toxicity of
accumulated TAN and CO: are the most important factors to extend
transportation time for live fish in the PE bags. Therefore acute toxicity of
TAN and CO: on the fingerling and immature Israeli strain common carp

were tested to enhance the transportation efficiencies of PE bags.



Various levels of total ammonium nitrogen (TAN-0, -10, -30, -60, -90
mg/L) and free carbon dioxide (CO2-0, -50, -100, -150, -200 mg/L) were
initiated when fish were stocked in the PE bags. Two sizes of fish, average
body weight of 12.8¢ (small) and 107.8¢ (large) were used. Two different
fish densities, 100 g/L (100) and 200 g/L (200), were stocked in each size of
fish. When 509% percent of fish in each PE bag die off, experiment was
stopped and the time was recorded as 50% lethal time (LTsy). Water quality
parameters such as pH, TAN, CO2, NO>-N, and NO3s-N were measured at 1,
2, 4, 8, 16, 24, 48 and 72 hours after the experiments were started. All
treatments were duplicated.

The LTsos of small size (S) fish of lower stocking density group 100 g/L
treated with 0, 10, 30, 60 and 90 mg/L initial TAN (S-100-TAN-0, -10, -30,
-60, -90) were 64, 61, 59, 56, and 54 hours respectively while those of the
treatment groups of S-200-TAN-0, -10, -30, -60, and -90 were 32, 27, 26,
24, and 20 hours respectively. The TAN concentrations of water in the PE
bags of both stocking density groups at the end of these experiments were
increased with increasing the initial treated concentrations of TAN. The
TAN concentrations of the treatment groups of S-100-TAN-0, -10, -30,
-60, and -90 at the end of experiment were 187, 191, 238, 274, and 349
mg/L, respectively while those of S-200-TAN-0, -10, -30, -60, and -90
groups at the point were 150, 153, 189, 246 and 287 mg/L, respectively. The
CO2 concentrations of the treatment groups of S-100-TAN-0, -10, -30, -60,
and -90 at the end of experiment were 316, 342, 365, 369, and 381 mg/L,
respectively while those of S-200-TAN-0, -10, -30, -60, and -90 groups at
the point were 326, 332, 347, 352 and 362 mg/L, respectively. The
concentrations TAN and CO: at the end of the experiment in the treatments
increased faster with the initial concentration of treated TAN increased.

The LTsos of large size (L) fish with 100 g/L stocking density treated
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with 0, 10, 30, 60 and 90 mg/L TAN (L-100-TAN-0, -10, -30, -60, -90)
were 91, 89, 87, 81, and 75 hours respectively while those of the fish with
200 g/L stocking density treated same TAN concentrations (L-200-TAN-0,
-10, -30, 60, -90) were 54, 53, 51, 48, and 39 hours respectively. The TAN
concentrations of water in the PE bags of both stocking density groups at
the end of these experiments were also increased with the initial treated
concentrations of TAN increased. The TAN concentrations of the treatment
groups of L-100-TAN-0, -10, -30, -60, and -90 at the end of experiment
were 113, 113, 118, 139, and 154 mg/L, respectively while those of
L-200-TAN-0, -10, =30, -60, and -90 groups at the point were 116, 103,
113, 143 and 150 mg/L, respectively. The COs concentrations of the
treatment groups of L-100-TAN-0, -10, -30, -60, and -90 were 308, 316,
320, 329, and 334 mg/L, respectively while those of L-200-TAN-0, -10, 30,
-60, and -90 groups were 307, 310, 311, 316 and 319 mg/L, respectively. The
concentrations of TAN and CO: at the end of the experiment in this
treatment groups were not much different compared with the small size
group.

The LTsos of small size (S) fish of lower stocking density group 100 g/L
treated with 0, 50, 100, 150 and 200 mg/L initial CO: (S-100-CO2-0, -50,
-100, -150, -200) were 64, 50, 49, 47, and 44 hours respectively while those
of the treatment groups of S-200-C0O».-0, -50, -100, -150, and -200 were 32,
16, 14, 10, and 8 hours respectively. The LTsos of higher stocking density of
S size group were significantly shorter than those of lower stocking density
treatment. The CO: concentrations of water in the PE bags of both stocking
densities of this small size groups at the end of these experiments were not
significantly different with the initial treated concentrations of CO:. The CO»
concentrations of the treatment groups of S-100-CO»-0, -50, -100, -150, and

-200 were ranged from 313 to 325 mg/L while those of S-200-C0O:-0, -50,



-100, -150, and -200 were ranged from 313 to 329 mg/L. The TAN
concentrations of the treatment groups of S-100-CO--0, -50, -100, -150, and
-200 at the end of experiment were 187, 172, 170, 123, and 91 mg/L,
respectively while those of S-200-CO»2-0, -50, -100, -150, and -200 at the
point were 150, 52, 49, 34 and 27 mg/L, respectively.

The LTsos of large size (L) fish of lower stocking density group (100 g/L)
treated with 0, 50, 100, 150 and 200 mg/L initial CO: (L-100-CO2-0, -50,
-100, -150, -200) were 91, 84, 83, 74, and 60 hours respectively while those
of the treatment groups of L-200-CO2-0, -50, -100, -150, and -200 were 54,
52, 48, 42, and 39 hours respectively. The LTsos of higher stocking density
of L size group were also significantly shorter than those of lower stocking
density treatment either. The COs concentrations of water in the PE bags of
both stocking density of this large size groups at the end of these
experiments were not significantly different with the initial treated
concentrations of COs either. The COs concentrations of the treatment groups
of L-100-C0O->-0, -50, -100, -150, and -200 were ranged from 307 to 319
mg/L while those of L-200-C0O>-0, -50, -100, -150, and -200 were ranged
from 305 to 323 mg/L. The TAN concentrations of the treatment groups of
L-100-C0O2-0, -50, -100, -150, and -200 at the end of experiment were 113,
85, 82, 78, and 79 mg/L, respectively while those of L-200-C0O->-0, -50, -100,
-150, and -200 at the point were 116, 83, 85, 77 and 77 mg/L, respectively.
The average LTsos of high density groups were significantly shorter than
those of lower density groups in both small and large size fish. The average
LTs0s of smaller size groups were also significantly shorter in both stocking
densities than those of larger size groups.

Average concentrations of TAN at the end of the experiment in both low
and high stocking densities of small size fish treated with different initial

TAN concentration were 248 and 205 mg/L respectively while those of large
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size fish treated same way were 127 and 125 mg/L respectively. Average
concentrations of TAN at the end of the experiment in both low and high
stocking densities of small size fish treated with different initial CO-
concentration were 149 and 62 mg/L respectively while those of large size
fish treated same way were 87 and 88 mg/L respectively.

Average concentrations CO» at the end of the experiment in both low and
high stocking densities of small size fish treated with different initial TAN
concentration were 354 and 344 mg/L respectively while those of large size
fish treated same way were 321 and 312 mg/L respectively. Average
concentrations of CO2 at the end of the experiment in both low and high
stocking densities of small size fish treated with different initial CO»
concentration were 319 and 322 mg/L respectively while those of large size
fish treated same way were both 311 mg/L.

The concentrations of CO» in the water of PE bags at the point of LTs
were all higher than 300 mg/L while those of TAN at that point were
ranged from 27 to 349 mg/L. According to above results, the concentration
of COy in the water was much more affect on LTs of small and large size

Israeli strain common carp than that of TAN.
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Fig. 1. Mlustration of the experimental design.
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Small (S) fish at the stocking density of 200 g/L (200) under different
initial CO» concentration

Large (L) fish at the stocking density of 100 g/L (100) under different
initial TAN concentration

Large (L) fish at the stocking density of 200 g/L (200) under different
initial TAN concentration

Large (L) fish at the stocking density of 100 g/L (100) under different
initial CO» concentration

Large (L) fish at the stocking density of 200 g/L (200) under different
initial CO» concentration
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Table 1. Average LTs (50% lethal time in hours) and water quality parameters at the end of experiment
in polyethylene plastic bags for live transportation of Israeli strain common carp fingerling
(average body weight 12.8 g) under different initial TAN concentration with two different
stocking densities

Stocking Initial TAN L Ts Water quality parameter
density concentration (hr) TAN * Free CO*Z pH NO2-N NO3;-N
(g/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0 64 186.9+16.0  315.6+14.8" 6.08+0.0 1.00+0.1 23.29+0.1
10 61 190.6421.1* 3415827 6.19+0.0 1.06+0.1 24.72+1.9
100 30 59 238.2+6.1°  364.9+185™  6.14x0.0 1.15+0.0 25.86+2.0
60 56 2742+39"  369.3t8.2" 6.18+0.1 1.15+0.0 24.86+0.3
90 o4 349.0#51.5°  380.9+4.1° 6.09+0.1 0.91+0.0 25.80+0.4
0 32 149.6+6.8 326.1+12.7° 6.01+0.0 1.00+0.0 24.52+0.8
10 27 153.2+4.4 332.0+4.2° 5.98+0.0 0.72+0.1 26.54+0.1
200 30 26 188.5+2.7 347.0£4.2" 6.21+0.1 0.72+0.1 26.63+0.1
60 24 246.4+2.8 351.5£6.4% 6.20+0.1 0.96+0.1 26.42+0.0
90 20 286.6+7.4 361.9£16.9"  6.34+0.0 1.32£0.1 24.66+0.3

* Values within the same column with different letters are significant different (p<0.05)



Table 2. Average LTs (50% lethal time in hours) and water quality parameters at the end of experiment
in polyethylene plastic bags for live transportation of Israeli strain common carp immature fish

(average body weight 1079 g) under different initial TAN concentration with two different
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stocking densities

Stocking Initial TAN LT Water quality parameter
density concentration (h D)O TAN Free CO- oH NOz-N NO3-N
(g/L) (mg/L) i (mg/L)°  (mg/L)’ (mg/L)  (mg/L)
0 91 1125+13.1  308.1+4.2° 5.97+0.0 1.08+0.0 20.57£0.9
10 89 113.345.2°  3156+2.1%"  598+0.0 1.03£0.1 20.75%1.1
100 30 &7 117.9+0.0°  320.1£4.2  6.03+£0.0 1.09+0.1 20.72+0.4
60 81 139.3+3.6"  329.0+4.2°  6.03+0.1 1.10+0.0 21.46£0.6
90 75 154.1+2.2°  3335+2.1¢ 6.03£0.1 1.06£0.1 20.73£0.2
0 54 115.9+7.6" 306.6£6.4 6.15+0.1 1.05+0.0 14.07+1.7
10 53 102.8+1.2° 309.6£6.4 6.09+0.1 1.04+0.0 16.54+1.0
200 30 51 113.0+1.8° 311.1£4.2 6.02+0.1 1.03+0.0 16.44+2.7
60 48 143.2+9.0 315.6%£2.1 6.08+0.1 1.02£0.01  16.37+4.0
90 39 149.8+3.8" 318.6£6.4 6.08+0.0 1.02+0.0 15.95+1.2

* Values within the same column with different letters are significant different (p<0.05)
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Fig. 2. Concentrations of TAN at the 50% Israeli strain common carp
fingerlings died (LTsy) in polyethylene plastic bags for
transportation  experiment under  different initial TAN
concentration and stocking density (100 g/L).
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Fig. 3. Concentrations of TAN at the 509 Israeli strain common carp
immature fishes died (LTsy) in polyethylene plastic bags for
transportation  experiment under different initial TAN
concentration and stocking density (100 g/L).
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Fig. 4. Concentrations of TAN at the 50% Israeli strain common carp
fingerlings died (LTsy) in polyethylene plastic bags for
transportation  experiment under  different initial TAN
concentration and stocking density (200 g/L).
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Fig. 5. Concentrations of TAN at the 50% Israeli strain common carp
immature fishes died (LTs) in polyethylene plastic bags for
transportation  experiment under  different initial TAN
concentration and stocking density (200 g/L).
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Fig. 6. Concentrations of free CO: at the 509% Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial TAN
concentration and stocking density (100 g/L).
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Fig. 7. Concentrations of free CO: at the 509% Israeli strain common
carp immature fishes died (LTs)) in polyethylene plastic bags
for transportation experiment under different initial TAN
concentration and stocking density (100 g/L).
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Fig. 8. Concentrations of free CO: at the 509% Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial TAN
concentration and stocking density (200 g/L).
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Fig. 9. Concentrations of free CO: at the 509% Israeli strain common
carp immature fishes died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial TAN
concentration and stocking density (200 g/L).
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Table 3. Average LTs (50% lethal time in hours) and water quality parameters at the end of experiment
in polyethylene plastic bags for live transportation of Israeli strain common carp fingerling
(average body weight 12.8 g) under different initial free CO: concentration with two different
stocking densities

Stocking Initial free CO- LT Water quality parameter
density concentration (hr) Free CO» TAN * pH NO2-N NOs;-N
(g/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0 64 315.6+14.8 186.9+16.0° 6.08+0.0 1.00£0.1  23.29£0.1
50 50 324.6£14.8 171.6%19.0° 5.99+0.0 0.91+0.0  24.27+0.2
100 100 49 323.1+0.0  169.6+10.6" 6.03+0.0 0.93+0.0  21.59+0.3
150 47 320142 12474163 591£0.0 1.04£0.0  21.66+0.7
200 44 312.6+2.1 90.8+2.3"  5.95+0.0 0.97+0.1  23.85+0.3
0 32 326.1+12.7  149.6+6.8" 6.01+0.0 1.00£0.0  24.52+0.8
50 16 328.6£8.2 52.240.3"  6.23%0.0 0.56+0.1  26.71+0.2
200 100 14 322.8+8.2 49.4+23"  6.06£0.1 0.71+0.8  25.69+2.1
150 10 318.4+14.4 335%3.2°  6.02£0.0 0.08+0.0  26.08+0.2
200 8 312.6%6.2 26.8£0.9°  5.84%0.0 0.08+0.0  26.25+0.1

* Values within the same column with different letters are significant different (p<0.05)
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Table 4. Average LTs (50% lethal time in hours) and water quality parameters at the end of experiment
in polyethylene plastic bags for live transportation of Israeli strain common carp immature fish
(average body weight 107.9 g) under different initial free CO: concentration with two different
stocking densities

Densit Initial free CO» LT Water quality parameter

sty concentration » Free CO- TAN NO2-N NO3-N

(g/L) (hr) . pH
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0 91 308.1£4.2 112.5£13.1  5.97+0.0 1.08+0.0 20.57+£0.9
50 84 318.6+2.1 84.6+9.1 6.04£0.1 0.98+0.2 21.08+0.5
100 100 83 312.6x10.6 82.4+2.4 6.02£0.0 0.94+0.1 21.12+0.4
150 74 308.1£8.5 77.7+2.4° 6.031£0.1 1.03£0.1 18.82+3.2
200 60 306.6+2.1 79.2+4.1° 5.98+0.0 1.16+0.0 19.42+0.2
0 54 306.6+6.4 115.9+7.6 6.15+0.1 1.05+0.0 14.07£1.7
50 52 323.1+4.2 82.8+6.6" 6.00£0.0 1.04£0.0 15.71+1.0
200 100 48 312.6+10.6  84.8+11.6"° 5.98+0.0 1.04£0.0 15.99£2.2
150 42 309.6£6.4 77.4+5.1° 6.06+0.1 1.04£0.0 18.73+0.5
200 39 305.1£4.2 77.4+5.1° 6.09+0.0 1.01+0.1 12.05+2.3

* Values within the same column with different letters are significant different (p<0.05)
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Fig. 10. Concentrations of free CO2 at the 509 Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO-
concentration and stocking density (100 g/L).
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Fig. 11. Concentrations of free CO2 at the 50% Israeli strain common
carp immature fishes died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO-
concentration and stocking density (100 g/L).
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Fig. 12. Concentrations of free CO2 at the 509% Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO-
concentration and stocking density (200 g/L).
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Fig. 13. Concentrations of free CO2 at the 509 Israeli strain common
carp immature fishes died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO-
concentration and stocking density (200 g/L).
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EAY902 olatdea staE ZEldEd Zeag Ao 39359
%7 frElolatdtebx Fxrb ZhZE 50, 100, 150 2 200 mg/Le] HE=
SEEaL AY o {9 50%7F HARE Al o] 5 TAN %5 ZALSHO
Fig. 14-17°] YEhH At}

S-100-C029] W EF& WFEAAL Al £F TAN FE7F 186.9+16.0
mg/L %, S-100-C0.-50, 100, 150, 200 mg/Lol A& ztz 171.6+19.0,
169.6£10.6, 124.7£16.3, 90.8+2.3 mg/L® YEWTH FE&UEE 713
S-200-C029] WETFE 149.6%6.8 mg/L, S-200-C0»-50, 100, 150, 200
mg/Loll A= 52.2+0.3, 49.4+2.3, 33.5+3.2, 26.840.6 mg/LZ =4 5 Jt}.

L-100-C0O»9] 7% vlzFolAd e 1125+131 mg/L, 2 v=¥ A3
Sol e 84.6+9.1, 824+24, 77.7+2.4, 79241 mg/LE EFsom,
L-200-CO0ol A= kA A7 doj s W iz A4 115976
mg/L, & FTEd APTEolr 82866, 84.8+11.6, 77.4%51,

P W 7B =2 TAN g@S B A2 Ftgho] 141.2+34.8 mg/L W
2791, 7FE w2 TAN @& yed A2 2 Ftgho]l 6864285

mg/L 2 (CO02-200 mg/L T A H(p<0.05). T3 LTso] &=+= TANY



Aol2 200 g/l BEE 83 AT TAN HiFgo]l 6234500
mg/Lo 2 v A F5 A 7bF S dERsaL, 100 g/L BER S
£ 0E o 1487+39.8 mg/LZ 7FE EA UEyt vAol =S o
Poll e W5 AA7E doiwt We] TAN g Abolol A F2 2l Aol

o)

% % T )\MEHp>OO5>

I

o

2.4. pH, NO2-N, NO3-N9| F% %3}

pHE 59-62 Atoldth obdatA Aae A& S 200 g/L BER F
43 C0»-150, 200 mg/L oA 0.08
A TelME 05 mg/L oS dEtlglon, 2 Aolw uEhuA ook
tH(p>0.05). B i dae FEUEAAM FoHd Aols BAL
(p<0.05), o7 WA A717F A5 ghol v =A YERETH(p<0.05).

g A Aol wEAA Al SENLE FRE 13-18 mg/l B =
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Fig. 14.
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Concentrations of TAN at the 50% Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO2
concentration and stocking density (100 g/L).
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Fig. 15. Concentrations of TAN at the 50% Israeli strain common
carp immature fishes died (LTsy) in polyethylene plastic
bags for transportation experiment under different initial free
(O concentration and stocking density (100 g/L).
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Concentrations of TAN at the 50% Israeli strain common
carp fingerlings died (LTsy) in polyethylene plastic bags
for transportation experiment under different initial free CO:
concentration and stocking density (200 g/L).
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Fig. 17. Concentrations of TAN at the 50% Israeli strain common

carp immature fishes died (LTsy) in polyethylene plastic

bags for transportation experiment under different initial free

COy concentration and stocking density (200 g/L).
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TANl A3 54 54

TAN= stressorz24 @d FFAZ corticosteroid hormone W&
=8k Al ¥ 3L (Tomasso, 1994), = 7F7F 54 £+ ofa4 dEYo}
o ==HJE deles X4 W FHESE H[FEd JHEHEHN
(catecholamine) %X (Spotte and Anderson, 1989; Jeney et al., 1992),
&3 43 (Smart, 1978; Lang et al, 1987), A XAl 2 4 (Koérting,
1969; Sousa and Meade, 1977; Nemcsok et al.,, 1984; Begum, 1987) %
of ¥%F& WA Ho. dRYote] AstA T5H o7 = T AB A
R yole] Z=AJo] S v AN (Wilson et al, 1969; Smart, 1978;
Hillaby and Randall, 1979; Knoph, 1992, 1996). o &7} &% <&y o}

AL W A deuEs 34 54 A8 WRdes 49 gu
yolzk o) Abstel YA tiAS £ A1713L Smart(1978)e] o) &l X 1%
upob ol o] Ee QAXEFTE AqUAE AAAZ 5 Atk 34 dE
Yol $=2 Wy Az THel T

FoeFol gxs #
o tH(Knoph, 1996).

FAGEFS H7HE TAN 54 2dolA LT 2717F &

x
=
-
Mo
2]
o
ot

Mo

S-100-TANeol| A 3 59 A|ZF, S-200-TANe| Al 26 A|gte]QlaL, =7]7}
& L-100-TANel A = + 85 AlzF, L-200-TANo| A= Ht 49 A

Y

o2 yewog, =3 S-100-TANI S-200-TANS Ad F38 A =5
TANSY it gke]l Table 59F #o] Z+7F 248 mg/L, 205 mg/Leol L
L-100-TAN¥} L-200-TAN®] A% 1 Hitrgto]l Z+Zz 127 mg/L, 125

mg/LE2 PAAE AEE AdFE0 vl 29 ZFrko]l =g oA



MA 2717 25 &2 A A8 ow Q& wE¥ = TANS &

o] WX Ao 7|ddoa AZEv. Brett$t Glass (1973) L1l

Wiesner (1985)= olfoll A WA =A7]o we} &5 thAbsa A% o

A& o] F7hekttar o, Oikawa?t Itazawa (1984) 18] 31 Wieser %

(1990)& o7 2717} S71E5 Aba 4v] B dAt g so] ZAcA 9
W

g fd. 2UER oRFE F4dE AT e 47HQ 2Edab

i)
flo
N\
g
=2
o
fru
Mo
o2
ot
tlo
=
2
i
=
ne
)
2

o,
2
2
=
O
[0fe)
&
rlr
Mo
[-']I,

Ak S-200- CO5-20001 A= 27 mg/Loll XA fekar, Adole =7
Ho g itol A% S-100-TAN-2 248 mg/L, S-200-TAN-2 205 mg/L,
L-100-TAN<> 127 mg/L, L-200-TAN< 125 mg/L% 21, S-100-CO-
ol &= 149 mg/L, S-200-CO:91 4+ 62 mg/L, L-100-COz°| A= &7
mg/L, L-200-CO:°1 A= 88 mg/LT oA o2 +F TAN % =
S W o] F° TAN wjd=fo] Wolxltk= A& & &+ UAWH o=

ofF HAAE FuH: AR FHAEH FES FANE @ ofF



+ TANS wjAdgo=z4 A TAN 55 YA FAsE il skal, NH;
o wjdwEE A E Alo]o NH; 7]&7] xfeld s AAHC
(Wilson et al., 1994).

TANL o] 23tgl FRyoh(NH, )9 Hlo]&3te  9F Ry ol(NHy) &
oA =d o]z ofFoA M2 AL NHzolth B AFEolA

NH; 712717 d2Yol A5 24 Fa87] Mol FF9 NH;

= Hl&o] 2y mebd ¢35 pH FA4L dEYol 542 1A
st7] e o ds] FF Aol tH(Wright et al, 2001). pH7} =& &7He
A5 NHzo Hl&o] BobAH, pH ko]l 8 AFolA = pHF 14 TFH
7S NHzo &2 of 10M = F7kstot. whebA pH7F 2 s ol
Me o 540 dds] ZeAl vdeuA, TANS o] 257 FobA e
AW A i E F= do] WHH(AH, 2002). Ball (1967)° ¢]&t¥, of 7
6-hour LCso= 05914 3.8 mg/L Akolo] i, Weirichh
5(1993)2 sunshine bass (Morone chrysops)E 0.32-0.6 mg/L-NH3ol
96217 =FAAS W 50%7F #HAME o B389 al,  Russo9t
Thurston (1991)° &t FA 78 Fo 9 4% 96-hour LCs°l 0.16-1.1
mg/L-NHs, #2#”7]&=  050-3.8 mg/L-NH;, =F424<2 0.55-3.0
mg/L-NHsolt} o]% E3] Yol 96-hour LCso°l 2.2 mg/L-NHzo 2
slatol 5 Bl v E ool Hle] NHsell Blulz 7ZFghd o]t} A
A FAE TAN FEolA NHz9 %S Huguenind Colt (1989)e] <
gk 2oz AL R 0.03-0.349 mg/L-NHse] 2l th.
oWl AE F FAE Hi pH 6.1 3toll A= NHze s%=7F A3 oo

A Al s v A A &2 Aoz dAdHErt. Knoph (1996) thA %

rie
o

A (Salmo salar L) Foz2 3 AgoA FMNUAEFS 54 =
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bol gmujele] §4 =4S BARAL 9, £F TANS =7t 55

ol

mg/L o]l A= 40%2 HAFES E Y3 100 mg/L °]3e FXEolAe
100% #HAbE WEFR AR o] A oAl wEkupsl Fho] wemoo] Mg

< pH %71 =2 sf4kol7k TANo| sl o $1dst7] w&old.

)AL 7hnE FYsel olMuis EHS APPL W WA
AFAl LT50-% S-100-COz0 A 3w 51 AlZF, S-200-CO20 A 3+ 164
7k, L-100-CO201 A 3+ 78 Al ZF, L-200-COz0 A S+t 47 AlFo =

Butth ko] TAN =54 A3} wpdrAxz ofFe 7iA =277 2o

FHUETL ¥LFE LTS PRI, 53 TANS S4A02 #&
Wtk WA Ab] o2 Azko] Holdl AE & 4 9UTHTable 5)

# o] tH(Berka, 1986). %9 Hrelo]itstebao] e ofrimo] A o] 4l
steba o] 712 7] Aol &) AW oltsterA ZAE Wejdn o]z <l
3l ool Aol olitsteArt A EA star o] -] AFEel
Jes AW ofrfu|o| A Ao R AL FHFS FA L (Perry and

Wood. 1989), d=olFolA & Abao] thgh ste L CO0 BadFS

-7 ¥t (Branuner and Randall, 1996). &3], =529 CO.7F wxyz
T Sl g2y FAE o]&3 UHY FHo AL (09 4L ¢

Azrsit & 4= At (Fivelstad et al.,, 1998).

Ho

36 o7t FAEW oA Wel 07 Mo mALLA Fahn
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o} F
A2 5o (Dicentrarchus labrax) 9

ol

(Grottum and Sigholt,

100~115 mg/Loll A Eyom

and Sigholt, 1996).
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1996),

3L (Toews et al., 1983), F A

253
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of 5 of] A 7k
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.

root effect

=7kl 9

1

R

5]

E

ks

hoF%el 0

H-or

o

N Fole A 12 mg/L o]

t}H(Smart et al.,, 1979).

(acidosis)ll
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™
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71 Al "R Randall and Brauner 1998; Branuner and Randall, 1996).
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=

HH

o
oH

o

i

o]

L=

AA7E Qojurn A

s o

=2
=

M

17, o=

)

¥+ TAN

=
=

o Froll A )

5]

°

)

Nlo

_43_



t}(McFarland and Norris, 1958). T3 NH3 A& £35 o] eris
e A FIeA R, £ o]AbserA T 60 mg/L ol o w FUFe
o Wz} dryol T 5AL Hi= NH; &0 Z4H7] wio] TANS]
Fol 3 AL Fo]EA FoH(Alabaster and Herbert, 1954; Lloyd
and Herbert, 1960). o1& ddo = Ads A F59 pH7I 6.2~9.0

o WMol M WMEHYS W BF pHE 7.7~829 WAE FAHGL 3
H

G EESs F7Hg TANS 5454 433 oisets 728 F
Pk ot etie] e FASA APoA wrEXAbe] ]2+ TANY
TEE 449 e 27l v&R APTEdA 44 EEmpel 3o
27-349 mg/L7FA] & zkol& HAARE el o]itsler o] FE= REFA
A7 dojwt s W TAN 54 A3 A= S-100-TANS 354 mg/L,
S-200-TAN-> 344 mg/L, L-100-TAN-> 321 mg/L, L-200-TAN 312
mg/Lon, olitgeth A AP A= S-100-COz0l A& 319mg/L,
S-200-CO20l A = 322 mg/L, L-100-CO29} L-200-CO20ll A= 311 mg/L
o2 BRE dxF9 AIFTENA 300 mg/L o]z YETHTable
5).

HH(2002) 9] A g oA TANO ¥ %7} 60 mg/L ol 18], & olit
stebae] F=7F 300 mg/L °]dd w ol F AL gL mHvhe= A
= Yo Sy FAE o]fste] FFSE T W 2FT F 27
o = o]Aitstetae] HjE o] =7 Wi ol (Chow et al, 1994; Randadll
and Wright, 1989) +rloj4tsterre] Fwx7F WA #HAF FX<A 300
mg/L ool Z=gsto]l o 7Frb #HAFsE 7] wimel TANe] wjd s+ &

o} o o4 FFol FAHA £aY] WEd Aoz 4w
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Table 5. Average of LTsy and concentration of TAN and CO: at the end of experiment in polyethylene
plastic bags for live transportation of Israeli strain common carp under different initial TAN and
free CO:2 concentration with two different stocking densities and size (fingerling, immature fish)

. TAN treatment CO2 treatment
Stocking

Size density LTsy concentration of concentration of LTsy concentration of concentration of

(g/L)  (hr.)" TAN (mg/L)" COs (mg/L)"  (hr)" TAN (mg/L)" CO2(mg/L)"

Fingerling 100 59° 2487 354 51° 149° 319
(S) 200 26" 205° 344° 16° 62" 322°
Immature fish 100 857 127° 321" 78° ]7" 311°¢
(L) 200 49° 125° 312 47° 38" 311"

* Values within the same column with different letters are significant different (p<0.05)
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4 51,2 4,8 16, 24, 48 Z 72 N3 (FA SR AFete] SA AL
BE AgTE 2wk ow st

Ao (S)E ¥+ HE= F83t9 0, 10, 30, 60 and 90 mg/Le] TAN
< ¥ A¥F(S-100-TAN-0, -10, -30, -60, -90)ell Al 2] LTs 2Z+7+
64, 61, 59, 56, X 54 At ® YEYN =2 UEZ F§I AP
(5-200-TAN-0, -10, -30, -60, L -90)°ll A ¢ LT50= 32, 27, 26, 24,
220 AlgFe g2 ZALEST o5 F AT HAE TR AY F

12

TAN ¥X+ S-100-TAN-0, -10, -30, -60, 2 -90 A @9 49 27
187, 191, 238, 274, ¥ 349 mg/Lo = ZAE ¥k S-200-TAN-0, -10,
=30, -60, ¥ -90 A9 B+ 27 150, 153, 189, 246 3 287 mg/L=
ZALE A @ A ojo A vre 8= S-100-TAN-0, -10, -30,
-60, 2 -90 d@TelA A T8 AlY 029 Fie 77 316, 342,
365, 369, % 381 mg/LE ZAEAD WH =& FEEEQ
S-200-TAN-0, -10, -30, -60, % -90 A|@ 79 49 = gkol Z+7 326,
332, 347, 352 3 362 mg/L= ZAHAG. AF F5 A9 %59 TAN
W 029 F=v x7] A" TAN F=7F S7beted wet w24 7t

nAdol s g2 Wxz $£835k9 0, 10, 30, 60 and 90 mg/Le TANS
w2 AE 4 (L-100-TAN-0, -10, -30, -60, -90)°ll A1 ¢] LT50+= Z+7 91,
89, 87, 81, 2 75 AoE YEHWI w2 HER FEIF AT
(L-200-TAN-0, -10, -30, -60, 2 -90)°ll A ¢] LT50+= 54, 53, 51, 48,
239 Aro R FAEAT. o5 F ARTOA AP Fx A =%
28 BA Y %<9 TAN sE+ L-100-TAN-0, -10, -30, -60, %
-90 AdF9 A5 27 113, 113, 118, 139, ¥ 154 mg/L= =A% Hb
" L-200-TAN-0, -10, -30, -60, % -90 A&+ 4-F 77t 116, 103,

_49_



113, 143 % 150mg/L= ZAE AT, &3 A8 T8 AlY &2 &4

W %9 TAN #%+ L-100-TAN-0, -10, -30, -60, % -90 A&7 9

A5 77 308, 316, 320, 329, % 334 mg/LoE  FAHAL

L-200-TAN-0, -10, -30, -60, % -90 A&7 A% z7 307, 310,

311, 316 % 319 mg/L= AT 49 T5 A9 vdo] A9
&

TAN & Aol Aol wlel WA YERSAIRE 020w Ao

H
rr

$ 247k 64, 50, 49, 47, R 44 NOR ZAHAT E& 5§
dE=2 F83 S-200-C02-0, -50, -100, -150 % -200 A& 73
32, 16, 14, 10, ¥ 8 At 2 ZAHQY. ol F A Y

- UER AP AT LTy Y2 Bz A48T A8 v

T O FEv x7] 0 A" F= e Aole fie
5-100-C02-0, -50, -100, -150, % -200 A&+ CO, ¥&= HH=
313-325 mg/L¢l ¥kH S-200-C02-0, -50, -100, -150, % -200 A3
o] 7% 313 - 329 mg/L W= vetwt. 49 F8 A 5-100-C0O»-0,
-50, -100, -150, ¥ -200 A& 9 TAN F=+= 77 187, 172, 170,
123, % 91 mg/Lel Ao w, S-200-C0O2-0, -50, -100, -150, & -200 A ¥
T A% Z7 150, 52, 49, 34 % 27 mg/Leo] At}

nNAg(L)E ¥ ¥=2 83 0, 50, 100, 150 3 200 mg/L]
COx2 ¥ Ad79 LTs #h2 247 91, 84, 83, 74, 3 60 A7tz =
AFE 3L wEE o] L-200-CO2-0, -50, -100, -150, % -200 A9 45

747 54, 52, 48, 42, E 39 AlFFo = ZALE T H[AolE =L WE=R
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Adok. AETF L-100-CO»-0, -50, -100, -150, & -20014 2] CO, ¥ =

9 307 - 319 mg/Lol 3 L-200-CO.-0, -50, -100, -150, 2 -200
AP A9 305 - 323 mg/Lol At AT L-100-CO2-0, -50, -100,
-150, B -200¢] A% % TANO F=+ Zh7F 113, 85, 82, 78, 31 79
mg/Lo] %31 L-200-C0»-0, -50, -100, -150, ¥ -200 A& 79 4% 7
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