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Possibility of Applying Anesthesia by Carbon
Dioxide in the Transportation of Live Fish

Tatsusuke TAKEDA*? and Yasuo ITAZAWA*?

Three different methods to induce either anesthesia or sedation were examined for the purpose
of applying to transport of live fish. Two of them, production of carbon dioxide by adding sodium
bicarbonate and sulphuric acid to water, and bubbling carbon dioxide and oxygen into water for a
short duration until the fish were anesthetized, were simple and cheap ways but were found to be
unsuitable in the case of live transport, because these methods were applicable only in cases of
very low density of fish. The third method, bubbling carbon dioxide and oxygen into water
throughout the course of transport, was safe for carp when Pco, and Po, in water were kept at
95-115 mmHg and 400-480 mmHg, respectively, but is considered to be impractical because of
the laboriousness and high cost in maintaining Pco, and Po, at their optimum levels. And this
method was found to be inapplicable for porgies, because safe Peo, was not effective and effective

Pco, was not safe.
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Fig. 1. The relationship between Cg,go, (H:COs
concentration in water) and Pgo, in water,
using NaHCO; and H,SO, just after adding
the reagents to water.

mgfl O3 RBE T FE T.4x1.5g =21 %,
2 HiffEA e Thb, &K1z NaHCO; ik & H.SO,
B Mz ERE S BEETOMEL, FBRI LRED
PIE L BB AT > Tro AOIUABE L 68-85g/l, =&
KB 25.3-25.7°C TH oo

CO; & O, ZERMKEALFZ #RALLTKE
61241768 D 2 A H oo FERRKIE LI12iEE LW 23°C
T 10 BRLLE, WB2 A B vy tEEELRED
IEALEE Lico 30X45%30 (EX) ecm DkiE 151 o
KEANTEZ YR ERA %, | ARERIRCa 1%
1-4 EHERAL, BKORERALEELELTCO & O,
D1:1 BEkERSL RERXTHLLR 1/min) &y
Bx, 10-22 e FADOREALFELL, TOHD
IKFF Poo, 38 XU Po, b ONCKD pH A MEL, Zic
BORELEE Ui, FRKEIR 228-23.7C Th-
120 L EDEERLZMT B B Tsa MITSUDA ef al.® D4
LTI D THSHD, MITSUDA ef al? DRL T3
PITIROKEY T45g, FARZAZEFHED 23 4
Thy, KEIT15°C L Bbh b,

CO; & O, ZERMICKRZARGIT D HE

1. 21 wesd558 #ARELTIHBFE 17828
DaAf i, EBRKEEIZIFE L 23-25°C T 10
BELE, WlR=1 ARV, e s 2 e BIELE
BHlin 1 B2 2] OEBCARKEE L, 2H
FfeR S ie 2 A 2 LA 8-11 BEENAL, i
CHAREL BT 2e L, CO, % 7.5-18.1%
&l CO-0; BEVF A%, BRFE 2cm OMEREN K
ALK, B 30 HRITIRIEH AFHCET S LD
DY SRR ERS, 30 BB KEY D
L, £EREOBREH, #RAOGKE, K& &
DINEBE, KERZF A DR X OE% Table 1
RS, BET A% 24 REHER L TR ERARET, %
O H ORI ER S X OB oREY BT 5 L3,
KD Poo, LT Po, 7 HUWKD pH % HITE Lico
24 BRRCAERBAZEIERERATHAKECEL,
B D ORIE L BEOREXYBR Lico ER KR IX
22.5-24.5°C TH 7o

2. =EARKTHER #HRAELLTX T-16g ©
<A 4RI MR~ 1AV y AR S LN
b 20-24°C T 1 BEUEFHEAS Lick, ERKRE
BT LV 23-24°C ¢ 3 AR EIELES Lico ¥k
133545 33.8%0. pH 4.8 70 VE 114 (CaCOs, mg/l)
Thotco 1HBWIE 2] DE OV AREKERERL,
2 HEHRAEI = £1 2404 10 JHETOMAL,
Tl FAREL e HF e T2 a L, CO; % 2.3-
14.3% 47 CO,-O, BA N A%, HEE 2cm OEKE
PHRERAE, TFO 30 HRECIRIEH A ET
% X5 IEORE R RERL, 30 HEEEETE
FAied Lico & EBRE OERLM4 Table 3 1TRT,
BAET A% 22 BREELE LR ZAZMT, Tof=2A4
DHEERBROBRE L BER T o> T, ERKER 23-
24°C TH » 7o

HEDWTFhOBEHETE T, FBET 80K

Table 1. Conditions of the experiment with carp kept in the water bubbled with CO, and O,

throughout the course

. . Composition of Flow rate
No Nu(l;x;ber g%%lﬁt on%{};I:;i V&I:;::r bubbled gas (%) of gas (m//min)
fish ® (i) (e/D) co, 0, 0-05h 0.5-24h
1 10 32.34+5.4 860 376 0 100 30 30
2 11 67.54+7.6 1582 470 0 100 434 30
3 9 62.0+6.3 1732 350 7.5 92.5 440 53
4 8 70.1+4.7 1729 324 9.0 91.0 440 62
5 10 51.74+7.6 1773 291 10.2 89.8 440 53
6 11 62.9+7.7 1599 433 14.3 85.7 434 30
7 11 25.843.5 896 317 14.3 85.7 218 30
8 10 31.2+6.9 868 359 18.1 81.9 218 30
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Table 2. Results of the experiment with carp kept in the water bubbled with CO, and O, through-
out the course
No in ?:fgﬁgfgl_glg . pH . Time It}g;:essary Survival (%)
of water h .
co, 0, sedation (min) in 8h in 24h
1 14- 20 387-437 — —_— 100 100
2 19- 28 367-463 6.82-7.22 —_ 100 100
3 65- 76 401-474 6.22-6.45 384 100 100
4 80~ 87 482-510 6.07-6.34 211 100 100
5 81- 90 482-526 6.04-6.35 270 100 100
6 95-117 398-462 5.98-6.32 26 100 100
7 106-113 462-479 6.12-6.39 36 100 100
8 122-128 392-474 — 24 100 70
*  Alkalinity (pH 4.8) is 147 (CaCO3, mg/l).
B L BUAMEDEH LR L T2 0RE (BET AR S EERTNCHMRBEREC I - 7oy, 3K 20

BB (2) DIREE) HERRRE, FHEE L THELL
FEREAEHIEL T BARIER I EIE LT g
REE (BEEERNB (3) L (5) OREE) HRREERAE
RS T D,
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NaHCO; &LEZRAWEHE ERI T, =24 0IlX
BEER 13-17 g/l LEBEETH -T2 KF Poo, 134
EEAR & 4 2SR & CET L (Fig. 2) 25, KA
Po, it Cryo0, DEVEIZ ERERLHIET Lz (Fig. 3),
Cuyo0, 296 mg/l [XTi, NaHCO, ¥k & HaSO, %
iz, 24 RARTHD LEEERIC 21 238 BIFReE
R LUBDICH, 4EHSE CREBICEED R - T,
442 mg/l X Cix 20-40 S L B EFEREC, 4
A FREERARIT T » 7o 2y, TRRR 10 s bmEL
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Fig. 2. Change of Pgo, in the experiment using
NaHCO; and H,SO,.
Numbers in the figure show the initial con-
centrations of HyCO; (mg/l). Density of carp
was 13-17 g/I.
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w1, TER 49 e VEESERELL, £/
& HNWIE LT,

KRR TIL, =24 DINEREIL 68-85¢g/l LovEs
27 £ LTKEF Poo, BBARICET L (Fig. 4,
Car,c0, 490 mg/l X G35 HHI 1 EESFREHRBIC
ofedy 10 SBCEFEREERE L, o 4 EERTFRER
FBICEE B 70k » T2, 586 mg/l K T 5-10 1 3 B FA
IREEREBC T » 7o s 30 82 b P& EIE LisD, 35
DECIEIEEE S PEYEE L, £ LT 2EFILE
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Fig. 3. Change of Py, in the experiment using
NaHCO; and H,SO,.
Numbers in the figure show the initial con-
centrations of H,CQO; (mg/l). Density of carp
was 13-17 g/l.
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Fig. 4. Change of Pgo, in the experiment using
NaHCO; and H,S0,.
Numbers in the figure show the initial con-
centrations of HyCO; (mg/l). Density of carp
was 68-86 g/l.

CAEEEPERREL o ioh’, 1IEHE9 S b7
REE LA, 1IE 14 HEc2EESFE L EE
L?"Co

CO, & O, ZEBEREALHE BB LTWE
WKHERIZ COy: Oy 231 11 OREF AR EIAALEED
KA Poo, 3 X0 Po, 75 O ARD pH 1L, K &AL
1% 30 HRECLVLOMITE LSBT, REALREER
DENRENKELBETHLERLE (Fig 5., &
BRIV Linhs - T BR 35 X CIREE AR 7 AR &34
ZIEORIL S 8 FleDo\T, FAREXALFIEEDOK
7 Poo, ¥ L O Po, 72 HOMIK D pH DZEA{L% Fig. 6 1
Tt WENTES 7 AR EASKBEHORMERL, &
AOET REVAREALEEEZROETHS. A &
HBRRTAYINAELTEST, B, C, D KLU E X
TEENSLIEL, BE /D Thth 43, 29,42 &
I35 ThbH, FAREALEEL BLCTX104
B, DTt 14 2fE, ETik 20 5 Thotce F AR
XAZBEESRE R E, YHOKF Poo, 2L, KE
RABILBED Poo, ETFHERDTH -0 KAD Po,
LEREAERZRL, Ko pHRBERNOEAYRL
J2o 2413 B,C, D, E TERFH 29 5, 18 £,
14 5%, 18 HECIZISHEIREL e Y, B, C, D Tk
1R 6 0k, 4BER 31 88, 7THH 6 S ELIR
SEfEAEE L, E T 11 B 42 S ic—ETeE
YEE LIS ODT SIBEEL, 22 BB H%E T
~WEE Lo F, G (2ME4F/15 ], INEEE 80, 94 g/l, »
AWk X AL 18, 20 HH) Tk, KF Poo, IV
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" Fig. 8. Changes of Pgo, (open circles), Po, (solid

circles) and pH (crosses) in the experiment bub-
bling CO, and O, into water containing no
fish.
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FEE Lize fbo LEAE O BER] 50 A clskiEe
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DETEELER Uie H, T @ E&/15]L RNEEE
154, 176 gfl, 7 Atk ¥ AWM 12, 22 /3F) T, K&
ABEER OB H 13302 Poo, 2MEL, RERALKELE
D Po, ETHEM»Tco =4 X HTIT 12-20 Hiic 4
TEEE 3 EESTRE & 5 - T b8 2 EFRE L R EE
By, Mo TEE3EE 22 HECFELE - o
4B 8 HBED bR A VM ARRTEER DD, 4B
M 31 8D 8 EHE 47 S ¥ CR I EFSNGEL
foo BB LEMFIXO B 12 HHRBRAECHE Lick
12 5 CPEREE L, I Tk 5-20 S 4 Eke D
FRERRREIC Iz b, 1ERD 53 S b 6l 7 R ET
3 EEAANGTE Lo BB LEMRZ IR 52
BEARCEL, To9 0B FHLEELL, B
FTRCOBHEXRON, BLIEBL, 2 HEEFP
BE Ry, E2AFTMZE L, 3 BEIRAWIE L,

CO; & O, FEFMICKREAKFTBHE

1. 24 RKF5EE Table 1 KFET4M4ET CO,-
O, BE T ARRERALFET 1ok, HFEBEDOKF Poo,
3 X O Py, 7 b Ok pH 11 Table 2 imT #HFIC A
Tehdc, 24 DIUEEED 291-470 g/l OEBE » 7%
DT, Oy DHEREAALE Nos. 1-2 (HB) KThk
A7 Poo, 1% 1428 mmHg Wi Lz, =21 HEBRER
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Pco: and Po: (mmHg)

Time (h)

Fig. 6. Changes of Pco, (open circles), Py, (solid circles) and pH (crosses) after the start of

bubbling CO, and O,

The first point of each bended line indicates the value at the time of cessation of bubbling.
Density of carp was 0 fish/15 /in A, 1 fish/15/in B, C, D and E, 2 fish/15 /in F and G, and

4 fish/15/in H and 1.

725 D B LI K Bk Nos. 3-5 0K (Poo, 65-90
mmHg) Tl 3.5-6.5 B, Nos. 6-8 DFEX I(Poo, 95-
128 mmHg) Tix 30 HEETH %o SHEHEE T
WTRhO Ried ~NWIRRE LT, 24 BB oELRR
% Poo, OB b &L No. 8 (122-128 mmHg) i
1009 THwizo LD LKHIBX & No. 3 (65-76 mmHg)
RLBRICR VT, BERRTORArTED bhis,
Nos. 4-7 (80-117 mmHg) TixL&Etko 40% it
BOLNBIE EE -7, No8 (122-128 mmHg) T
124 Bk 1009 oK hiasr@Bonh, ¥l
AR Cix—H oG BERRFRIT O AE» R bhic, 24
BEEFC =1 2BKAECE Lick 25 Poo, 117mmHg
DT o#R CiBEOPEM 1 BRNICER Licas,
No. 8 (122-128 mmHg) TXREHED FOWHIHEL
2o ‘

2, =FARBTHEH Table 3 WRTE£HET
COy- O, BAE T ARKERALFT I, BFERRKOKP
Poo, 3 XV Po, Ta b 0Nk ® pH 1 Table 4 wwint#E
Hefichic, B O INAREE H 117-143 g/l © Nos.
101-103 XD 4, Poo, 23-27 mmHg Cik 5 B 25 4
BICHEBRRRIC 7 » 7o b’ 6 BEE 30 AR TER LG,
AFRFIL 8 RpfBRT 907, 22 BRI TIX 006 Thw
720 Poo, 39-48 mmHg Tk 7 HHnDEF L, 45H
PHTVWRARTRL, 28E 27 5% bAWIE LAY,
AR T 8 B 109, 22 BRI 095 Th-
o T X 5 IINERKE 117-143 g/l ORKE TIE, ER
WRCETIERRBI GO ot WEEE %
50-64 g/l & &< Lz Nos. 104-111 Ko d, No.,
106 (Pco, 31-35 mmHg) T 45 b 65 HHEE TO
20 S IERR R 7 - e A3 2 DBEFEER L, Nos. 107-111
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Table 3. Conditions of the experiment with porgies kept in the water bubbled with CO, and O,
throughout the course
. . Composition of Flow rate
No, ~ |ember  Weight = Volume _Fish bubbled gas (%) of gas (ml/min)
fish () (ml) (gD Co, 0, 0-0.5h  0.5-22h
101 10 12.5+1.8 875 143 0 100 220 30
102 10 10.541.9 895 117 2.3 97.7 220 50
103 10 12.141.5 879 138 4.8 95.2 220 50
104 10 12.141.5 1879 64 0 100 440 60
105 10 10.7£1.4 2043 52 2.9 97.1 440 60
106 10 12.2+1.9 2028 60 3.9 96.1 440 60
107 10 10.242.5 2048 50 5.8 94.2 440 60
108 10 11.64+1.5 2034 57 7.1 92.9 440 60
109 10 10.6+£1.5 1894 56 9.0 91.0 440 60
110 10 11.7+1.1 2033 54 11.6 88.4 440 60
111 10 12.54+2.7 2025 58 14.3 85.7 440 60
Table 4. Results of the experiment with porgies kept in the water bubbled with CO, and O,
throughout the course
o, irll’l;gsastlé;e( rgfn gﬁ;) f . Time rt}g;:essary S&gglgll;ntg Survival (%)
Co, 0 Of WA sedation (min)  (min) in4h insh in22h
101 - 9 592652 6.71-7.48 — — 100~ 100 100
102 23- 27 509-620 6.08-6.43 325 390 100 90 0
103 39- 48 548-669 6.07-6.18 — 44 100 10 0
104 4- 7 586-722 6.94-7.62 —_ — 100 100 100
105 24- 25 612-713 6.22-6.51 — — 100 100 100
106 31- 35 624683 6.08-6.52 45-65 — 100 100 100
107 42— 45 598-672 6.07-6.13 19 58 80 70 40
108 48— 60 569-655 6.02-6.18 12 41 40 10 0
109 59— 65 544-643 5.93-6.08 16 53 50 0 0
110 79- 85 573-685 5.79-5.93 11 85 30 0 0
111 97-104 578-622 5.72-5.72 12 94 40 0 0

*  Salinity is 33.8%, and alkalinity (pH 4.8) 114 (CaCO3, mgll)..

(Pco, 42-104 mmHg) T3 11-19 HIEI EERRAEI 75 -
Tt 41-94 HEBITBER LIS, Pooy, DEVED BN
WIE Ll T X5 INAEE 50-64 g/l DREE
KThREBRER RO & THRIch -,

% £

CO,; [T ZROKISHEN R CO, »fEHEE
L, HLOBAYEORENELL HARMEVELT
RO LSRR R LT (1) BLETHOTELRLE
OB U HEFT 5. Q) BB+ KE0ELL 5B
WHMEDFEHIMER LTV B, IERNTIE & 0 E
Vo () RO FHE LS THIEL, 3&AEHIET S,
FPOEEN IS 20 () HitGERIE, MRIRERNTER
{2 (5) WiEkE, IGEENT AR, 6) #%
Bk, PREHEL, FTCEb, chb o ERE %
Kikucnr et al.”? w3 SBERY0ER (FLo ¢ 7))

LRETHE, () 3 ABBOREBE, @ gl
1 HE TEREERDBEIKATEI DR, &8 12 1 TR
DK, BEBEIIFERILEDS, G) 13 g -1 #
TEEREZ O MORIKEL, (4 13 ' -2 1 PSS
HE, (FIE), EEEHORE N OBEOTLES, )
o ILE TG, EEESEBEEC AR, 6) 1
‘BIVH TRERHOFIE, BHBEOHEOELED Tk
FHLTHIDOLELDNS, RELEDBAKL UL
DERMEE T NCEET 5l Tiaie, CO, DEENR
EDBRCRTHOBRMITE LT, H50EBERFHD
HOBBCERITAZEL 5D,

NaHCO; &EBZRVBHE =21% 13-17g/l 0%
EECINE Lc 8 I 054, Cayoo, 23 442 mg/l LITFT
1TSS T RBEIRRBIZE B 20T, 586 mg/l BlETiEA3E
THEELH - 7oA, 514 me/l Ti3y 3 REREIREmRR fE A
W LT =4 % 68-85 g/l OMEETINA LR I o
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&, K Poo, DIETF 2L, Cryoo, PEEDHEL 681
mg/l RTH5 1 B LA REBEIRREA R LTnds - 7o
LA REBENE W DRI X B KB E ORI
B IORDTBEC X 5K bLEGHA~D CO, JED
BENKENTIDTHS D,

NaHCO; Lg% A58, Zr»oEETHS
23, Cryoo, B THIXRRBRAS Y, ELTHITE
ZHBAGIOBED /N E S KA Po, DIET23ELHTH
% (Fig. 3)o ¥RONBREL 68-85g/l BETILK
#1 Poo, NEEIETFTLTCLE S (Fig. 9, EEHDER
in 2 4 Bk 1 BICoVTRS &, 350 g/ DIUE
FET O, ¥R EARILDE 8 BHOWEL TR > T\
%o Thboz b, NaHCO; EEew 5L
HEVERHLEIELDRI G,

CO, & O ZEREMKRZALFZE FVARE ALK
DREE ERAF Po, DETHER D TH 7o THILK
i Poo, BB Y, TOMEMAIC L » TRDOHERE
EAMEI I hiclcd b B2 bivd, HARZIALEEREL
EBE D LKt Poo, BB L VBECEBRTHY, &
PBED LKF P, DIETHRICERE 0D, BOINE
BREEDS 80-94 g/l DBAT 18-20 HHIH AR K FAATE
FICix, 3-9 RMEMRERREEMRIch iz, L LINEEE
P 154-176 g/l DBEVTIEF AR ZALIERE O BEITH
Db TANNTETHEERD >0 TAREARELE
O; DK EIALRI L AFEBDT, BROWNAEEEN
DLBVEBERZVAEISPETHLOLBbh b,
BB OEE OBREMCT KT HINERENHLRT, 0%
ELHEDERNEEELLRE .

CO; & O, ZEMBICREDHMIDHE COTE

Tl¥, KPD Poo, b Po, d—EHBENIHERHKS,
24 R B EBRHITIE, Poo, % 95-115mmHg, Po,
% 400480 mmHg 1T{RCiE 291-470 g/l DE\ AR
ETh 24 BiEchic-> TRV EERECHE S Z L2 H
%, BEED 100% Thote, 8HFHIK DL OEE D
BIE Poo, DIBIXEDIEL 8B EE LB, Ll
& Poo, IXFRAEBRZINIIARAE T, CO, 1 LERH
KETRSPIBETHZLEARET LW EEZ LR T
5o CO DI HLHBETS 24 BEER R I h
7D, =24 BHERNCE Poo, 1KHEL, %7c ITAZawa
and TAKEDA? WHFHLHLNTWB X H I, Po, L

B HER IR TWIEL B THA 5o AEBRDOLFCE
W, RO Poo, DHETHE 95-115mmHg & Pg,
400-480 mmHg 1, CO, 7% 14.3% T4 0, DEE
H A% 30-60 ml/min DWETRERADZ LI -THE
bhicdt, COBEREREHCE > TREDEDLE
2bhbo EEOFERBRICLE > T Poo, & Po, &AM
OEBTFHBRNICHERET 200 E N EEBIAERLD
LHEBIh, #ENILAVCORTWS Oy OLXDEFTR
FRALCHNRTEBEER L 3ELD T, SR~ FA
CRTBHERBATE, ERHHRLBHIEED Poo, Tk
EE LI DAWE L DT oEGR EL, ReEselh
Poo, TIHEHTDREZBOLNT, ZOHEIL CO, THL
a4 IWZELL BRI~ 1 0B EBHER &
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