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Acutetoxicity of wood vinegar on culturefishes

Seok-Ryel Kim, Sung-Ju Jung, Shin-Ichi Kitamura®, So Young Kang and Myung-Joo Oh*

Dept. of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea
*‘Center for Marine Environmental Sudies, Ehime University, Matsuyama 790-8577, Japan

Application of wood vinegar in fish farms has been used for the disinfection of pathogenic microorgan-
isms and the treatment of infectious diseases. This study was performed to know the acute toxicity of wood
vinegar to carp Cyprinus carpio, flounder Paralichyhus olivaceus, rock fish Sebastes schlegeli and black
sea bream Pagrus major. The 24 hr, 48 hr and 96 hr L Cs respectively were: carp 1243, 1143 and 1016 ppm;
flounder 1397, 1253 and 1226 ppm; rock fish 1058, 993 and 967 ppm; and black sea bream 650, 616 and
596 ppm. Death and survival of fish exposed to lethal concentrations of wood vinegar were apparently relat-
ed to massive necrosis, fusion and epithelial lifting of gill lamellar epithelium, suggesting the osmotic

imbalance and lack of oxygen uptake.

Key words: Wood vinegar, L Cs, Carp, Flounder, Rock fish, Black seabream
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(Pillmoor et al., 1993; Neale, 200
2003).

329 (wood vinegar)>- Al E @SIATE
oA W= A7IE YHAIA LolA=
SEEe YRIERN BA s FHW 3 T2
2 T Ee, BE 2 (BEmH okl (B
2)S FHAIAG 7heuEe] 8- Eat,
TR A= Qe e Hxg g,
, B4 3, akska s 7k Aol N
A T BRH o AMFE AR ARE-Sle gk
2 (Toth and Potthast, 1984; Pszczola, 1995;
Guillen and Manzanos, 1996), -2l Uzl &= <l

o

i L

o A
= =
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FE AFaATE o] dAAFgeEE o
B= o] sit} (5553151, 1999).

Hxo] FQ PAE-S HE Fo] 80~90%E
2Bkl W AZE {7 E11E, f71E Sl
PAES 7R 2B vES fr1k s
7F FEelw, 2, 2E, s, YEF
o] F71dz vletyl Bl, B2 -5 200o17FA]€]
7IEE T/ Eo] pH 3~4X =7} F4 0]
= Zo=z HiEoe] qdrt (Kim et al., 2001;
Farag, 1989).

ExHE Y EXE ARS-3e]
sk #oA] FAHEEA oo FHt
= Exde FoIvk mE 52dS A}
SAECl oJal ALk ATk
AN A TIAA A B o
X o= R AREEHIL Qe

|

>
=

AL,

o o of

BEe A%

1 =

e r

A
A

A &

1y

i)
i
e
o



278 TR e

B AT E EEAE o591 ol e} siat of
T2 FX, 2H gt g A ES gt oE ofx
23S H7FsITE B Aol ARR-gE Jol= AlF
36-42g, A% 6-7 cn PX= AE 41-630,
AL 6-7 cm, Zv] 2t A 78-9.19, AL 7
-8 cme] AVE ARSI A EE Al T74-
919, A% 85-93cm =7]¢] oA S A}&-E1%
o} (Tablel). & A3 ol= =
oA ARl U= 77E oA & s, A
JAZ o]F3 T HA 109 ol AFFEE U

oA =X AL o)Fel) Aol AME- S T

NEES
zjze] A%

FEIRRE ALE ST AMg SR A Ao
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0%
ofp
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Table 1. Weight and length of fish used in this study

Flebre} o)A - gadd - eF

Fe] MAsle] L3 AZAR F ARG AT
2 AR AF g & 7IEe] AT (AR
ExH)E NAA Al ARSI TE

Jolo] Alfell= FxES 3YU7 F7] AIA
g9 AYE BS AR ARSIt A,
) Eet 9 I FE] AT o A A
S Ao A S AR AR5}
= I G T E EAIRE FEol] A
T HAXE ARFAS sl Askal
2 T (199 2] Wl Fole] WA LA E
7REsle] 2H3F9F 3w TROOSppme] =&

o A~
| Je T Je= HA

|_\
>
i
2
&
%4
&
4

N

E2] A1%-2- Hal and Golding (1998) 2] “Acute
toxicity test protocol” % o] HSFIA A AA]
BHAESGAIE S T e Fete] &
TFolF FEEE AYeE Yol & tteE, si
TolF FEE AdeE WA ¥ ZyEett
e o E AAlETh

A -G o] ZAl = AlTHE AL
F2 9Y0R sl 4 AP L A
(ppm) 22 wE] 2 wksie] AEF AIA ARGt
ATk ZF ofFel thigk oA 2= 10000 ppm,
5000 ppm, 2500 ppm, 1250 ppm, 625 ppm, 312
ppm # 156 ppmA2] =71 &2 7F 5 1014 €]

FE SR 4817 AFsle] EAIY T

Cap Flounder Rock fish Black seabream
Weight (g) 36-4.2 41-6.3 78-9.14 74-91
Standard length (cm) 6-7 6-7 7-8 85-93




S aolitel Ul

ol AFe SIS AASATE R MBS o

2 HEsje] ojFnict
A@ ST R of
Ag FAY & " L el 22t ofF 2

A

ARE ATRE il oAl AE] F ZF A1Y
T3 10m ] AJRE ol FE 88l FAIR
o) Holg 2, gl e wHstaL 24, 48, 96
A7 2] H RS BHlstlth HAL A of
7Ha] Al E-so] AAE Ao} FellM s
o2 AHste] vbge] fl= JMAE Ve R
stk

AR7IERt AR 2, ST
pH 55 1 7HoR grixo s F4319
w73 W B ARl thste] AlAAAE B
2 Al Alge g sl valsisit zte]
Alg=2 SO R Sl s e ARkl uhE
W AAREE (LCx) & probit 1418 3ol 7l
Akt

Il

o

X

Al & 2 e A1, 8L AESAL
= A A disted= AR S5 Al 4
stal #HALe] IRIFALE fldte] APH ol wet of
7Ha], 3 2 AP, APES AFH sle] 10% 22
U v W gl 2ol E slsty g £
o] hematoxiline-eosin (H-E) <3418 3l &n)
ZdstollA el e 9l #E-g stk

Aojoll CHEt = x| 3= X ME|A|ZH| WE H
=)

o BiA el A 2500 ppm o]k Z AN A A
ZF ¥ A}5}997, 1250 ppmell A= 40% <] H At
LR om, 625 ppmel A= wlA7F UEkA] 9
of # Age] FET7e 500 ppmel A 2250
ppmAtelel] 250 ppme] ZhAS 7L 877k A

Hzolo] FAEA 279

stk

ole} Zro] A HAX Al FLeollA] 244]
75 ABAIZE Bl 96 AR o] AL RS- 24 A1k
£ 1500 ppmelide] FEollA 100% FAER1 Y,
1000 ppm32+ 1250 ppm<2] F=7-7FllA] 10 - 50%
o] HALZE BRI 48117 2] 7-- 24117k
Aol A WE> Lo, AR A 7EA] 2FE
Z7Fske A¥dS H=Adk

olF YolE o= ddh A2 HAAF 4
A= v ow Yl B4 dlste] Jojo] &
Zo Lmel AElol] i HEEAAEEE ARt
slo] 2 Axt 2417 kE ] 73 1243 ppm,
481712 1143 ppm, 96 A171A= 1016 ppme] <t
Q1= Ak,

] 2500 ppm o] FrdellM Jof o] g9} 2
o] A ARSI, I thE Al@Tzeldd
1250 ppmellA 2% 2] #HA7E YEbsko ), 1 3k
oA ol o] =<1 625 ppmoll A = HALZF
UERA] ek ARE g oR gX| o] olf
g BAEL] FEG oo st 2ol
500 ppmellA] 2250 ppmAte]ell 250 ppm <] 7+
< T 877 g sk

ol9} 7o) M E MY Tl Al 244171 48
AlZE 5L 96AIT A o] AXL e FIE g A 1500
ppmolde] Fimol #12] 100% HAE A <
oje] 73¢-¢} th=A 1000 ppme] L kel
HAAL7F 0-10% 5.2, 1250 ppm<2] 5= -7 kol A
10-40% 2] #HAL7E SR1IEATE 4817 o] 739
1500 ppm e} F7ell A A #HAlek sz, 1250
ppme] TE LM HAL o] A Z71EIR
O}, 71 o] 96 AR 7 73 E w7k o] HAY
Ao Z7Hs HolA| edkth

olE WAIE W o® 3 Al HAF A
g g od Z2ul M-S gte] gxo &
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B

of Ao Al W REEXAFEEE ALt
fo] 2 Ad JGx ] Hxfel tigk 24A17k
W= AR 1379 ppm, 4841 7k = 1253
ppm, 96A17HA1 = 1226 ppme] EFel =) th

0

O

ZUEEN et XU 5= H XE|A|ZH wE
2 A

ppmellA] 33] WhE Zs} 50% o] HAAR7E vt

ok gk 9 elefe] Fwazil 625
ppmell A= A e 92 Ao vl
o= Zvlase] 2AY TRk Jolel A4
-2} zre] 500 ppmeix] 2250 ppmAte]el] 250
ppme] 7HA & 7L 871 A sl

oje} o] AgE Al Tl A 244171, 48
AZE B 9BAIZHAI 9] AL ZES|E T 244]
7P elli= 1750 ppmelde] s5=ellA 100%, 1500
ppmellA]l 90%°] Hit HAXFES B oL ke
ol B gAe] Ageh= el 750 ppmell A
1250 ppm 9] FI=pgkellA X|<2]1 AAE &
Ash= el ATk

olg ZVEHS WFoR A3 AP F
AL AIE iR e Z2Hl 248 ete] B2
of &t Aol whE WEEAAREREE ARt

of & Az} 247 A=+ 1058 ppm,

F YT AERTE} Aol - g - QHF

48A117#)= 993 ppm, 96417 A= 967 ppme] Al
ael=d

ppm oVl FEmECM = HF HAbel, 1
o AT 625 ppme] Al el M= 33
W Ak S0%o) o] HALE Rl E o], thE o
Tl tigk EAE =7 g 250, 500,
750, 1000, 1250 %! 1500 ppm<] 670¢] F&%+%F
= AAse] 2 AIFS stk

oje} Zo] A H AN =l A 24417, 48
AZF B 96AI7kAe] HAbERS ZIE SRR 1000
ppm o]e] FET A 24X 7ol A =
HAFE LS, 750 ppm &] kol A = 80-100%2]
HAL7E SRl = ATk

ol AuEE WFeE A AlFE HAL
ARE ves z2l 45 st Hx29
Aol mE WEAALEES ARk
2 A3} 2477 LCX]i= 650 ppm, 48417
= 616 ppm, BAI 7= 596 ppmoE A=)
t} (Table 2).

=L

Table2. LCx of carp, flounder, rock fish and black seabream to wood vinegar treated for 24 hr, 48 hr and 96 hr.

24hLCs (ml/L) 48 hLCs (ml/L) 96 hLCs(ml/L)

95% confidence 95% confidence 95% confidence
Mean . Mean . Mean L

limit limit limit
Cap 1243 1176 1316 1143 1038 1251 1016 972 1060
Flounder 1379 1349 1409 1253 1204 1300 1226 1170 1288
Rock fish 1058 980 1134 993 940 1044 967 897 1035
Black seabream 650 624 675 616 589 643 596 571 623
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Concentration of smoke flavorig (ppm)
Fig. 1. pH change of fresh water and seawater by trestment with wood vineger.
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Fig. 2. DO change of fresh water and seawater by treetment with wood vinegar.
220 520l G pHY SEALY (DO)Q] HE  Wel TN By
WEsh siRolA, Bxe) Fwo] mWE pHel  zizhe] SHAEA ALY o], |, 2]
Wshs xolg Btk Yol A 100 ppme]  Beh 2Ee] obhu] 2N kE FogES

9301} 1000 ppmeflA] 495 pH=E vk ke 1
Atk 1ol vkl sfiroll A = Hx el 1000 ppm 5
ol A= pHel W] 7] §l.2m, 10,000 ppm
oA eF42% ke pHE Bt} (Fig. 1).

Lxd Frd wE g Te] Heke '
Fob slFehd I Solxgl Wshrh HEEA|
XA (Fig. 2), A1 215, 24h 7 48h A2 F-2]

PHSL S 2baage] W8} ek 2 o] & uo]
A esiek

gl o) Jole oprbm 2L
7h wesle} qiglom, Ajgke] 3ol Bk,
WA E ANl opbule] ek FAel el 2
Qlsl elhulel Hejrk WA H o] B
o ZvlBete] ot Al g9 el
o] AahAl Hlelsle] T FAHel glglom,
WES obble] Ajgto] Alshl el 4l
AL WA Z 4z FAE BET A
(Fig. 3).
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Fg. 3. Histologica section of gillsexpaosed to each letha concentration of wood vineger.
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1984; Fillmoor et al., 1993; Pszczola, 1995; Guillen
and Manzanos, 1996; Neale, 2000; Lee et al.,
2003).

Exole] RS 10~20%7F §713FEelH
°o|Z el 12%¢] §7]4k79} 13%¢] phenol
1, 19%2] carbonyl sl&-+, 9% dcohol &
EFE] oF 20004Fe] ARo] FE =
Zeow I#x g (Kim et al., 2001; Farag,
1989; Yatagai et al., 1988), El=Z, ¥=, wigks, =
A, Rl 53 22 f8dwe] e Eo
Ao, MEZSAGE 28 e 2o E A rk
(¥, 2005).

Kim 5 (2001) & A7 g 2xole
3

Mgk A PR =R 2650 S TS
AL, HAewA BIdME 2% HAsEstes

Ao, AlAAlEe] FEAR] F8 74
J 82 guaiacol, 4-methylguaiacol, phenol, p-
cresol, mcresol o] 23 ¥ 7519 th

2 ATl 532 ERls] I8l AREE
of, Y|, =& g T WA ALl
z}z} 2F 1200 ppm, 1300 ppm, 1000 ppm 2! 650
pome= Uelch 58] 1wl 39 Jolet
WA WEdEe] FheolA wkExAbgke] viE:
o tighk IzHdS Bt o= A4 3

7z

ol WIzFEE 7 Eo] Bkele] BfElol U o

LI = Y

7} A2 S A5 AQlstals 2] A, 7
o] 7k ke ool vlste] tiAEETE B
o= (Kikuchi et al., 1990) E-x o] =20l U]
o] tha A veld 2o 2 Azt
Hwang 5 (1998)-> &2 ghslalle] pH e} Al
= eshi o L ek AA 7 dokaL sk,
e gl ox = S ElE o] Aok
IRom, o] 5 (2002)2 Aeh2] B 71A A
Hxoe] B8 AR A pH, ¥ Ak, &
SEFZ Fo] M) Bxdo] 7A2] ExH B
ot 545 velli= AR sEFel AA Sk

Rl

Bzolo] FAEA 283

FAo] $5SkT BT S, Hkole] %4

5737301 A 2] Il sl ¥ ol
e AT
F= T ARer 7P 3 S5kl
HEshk= 9171 optvlo| He AL Fofl &
o] e HEAe] s=AgE ol dAH e
T2 JEFS = 87 ophEr & S vk

H AFedA] Bzl LCooll AME-E 7t ol
gk oprbmle] W2 ke A A o
735 olytu] A A A A7} uke] o) A

2

|

o

)

o]

o
o) &, WX A ebhvle] Ad Fxlbsh
12 <1s) ophmel Felsk W, Zv)weto)
o] 7S olrbuls Algke] g5kt vl Zo] 4]
S el B 24, EENME A okt
o] 415 g% % I AES] ZA T FAE
AU oM H £ oPtIEAE ofA)
ol Aol ol Zloz Mgk

3, 2 Aol ARSH slarolis Aee] sl
o Wlal e A BEE 2Ee A4 ofF
2] orhu] gl ols) g s ) ol
Feolol] f98 7FsAel 91, el olal ot
H A AES) AR Sl AAHoEA
Atel] o2 Ao FAHLTE & Aol %
Zol o] ol gt B4 Il & 5 U

T

2 PHES oo
54 oIR8 Iskgck Bxel o W

LCw X7} 1243 ppm, {X]ojl4] 1397 ppmo. 1}
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Bl Al tdo R S ThE ofFel vjdl] =
Al vebsew, ZulEetdx = 1058 ppm,7Hd
9] 79+ LCoX]7} 650 ppm o= FAlE| o]
7P 9A YEFITE LCo T =EE oA <]
ZA 8 PFoM = Hxdo] X2E HE o
A o] opztule A A S 9l wle] Fol #E
=0, o7t ] A7hgl &F o' AEEA gl Ak
gl A7 U AR FYFEUTE
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