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Toxic Effects of Phenol on Survival and Oxygen Consumption
of the Abalone Juvenile, Haliotis discus hannai

Heung-Yun Kim
Yochun Fisheries Hatchery, National Fisheries Research and Development Institute, Chunnam 556-905, Korea

This study was carried out to estimate toxic effects of phenol on survival and metabolism of the abalone
juvenile, Haliotis discus hannai. The experiment was conducted by renewal bioassay procedure with different
salinities at 20T,

The LCso of the éuvemle exposed to phenol in the range of 0.5 and 100 mg/¢ was 34.3~6.5mg/¢ at 24%
and 52.2~9.3 mg/t at 32% salinity with exposure time from 24 hours to 96 hours. LTs, was remarkablely
reduced with increase of phenol conentration and decrease of salinity, Lethal toxicity of phenol was higher at
low salinity than at high salinity. Therefore, salinity is likely to be one of factor to increase phenol toxicity.

The oxygen consumption of the juvenile was reduced with increase of phenol concentration and with
decrease of salinity. In spite of phenol toxicity, the oxygen consumption of the juvenile exposed to phenol of
low concentration was high and similar as compared with that of control group. Survival rates of the abalone
kept in phenol-free sea water after exposure to phenol concentration of 5, 10 and 20 mg/£ for 96 hours were
reduced with decrease of salinity. Durations required to recover the normal metabolic rate of the juvenile,
which was exposed to phenol concentration of 5, 10 and 20 mg/¢ for 96 hours, were made longer with
increasing phenol concentration. In the case of the juvenile exposed to sublethal concentration of phenol for
15 days, it were elongated as compared with that of the abalone exposed to phenol concentration caused acute
toxicity.

The result of this experiment indicated that relatively low concentration of phenol can impact on the abalone
juvenile in marine ecosystem.
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Table 1. LCs of the abalone juvenile Haliotis discus hannai exposed to phenol at 24%; and 327% salinity

Salinity Exposure time (hour)
Item 0
(%) 24 48 72 96
24 343 195 117 65
0

LCx (mg/2) 32 52.2 259 180 93
LCs at 95% 2 20.9~69.2 158~24.8 9.7~149 31~ 99
confidence limit 32 44.0~637 22.0~30.7 14.7~226 76~114
- 24 802 + 02 8.04 % 03 804103 809 + 04
P 32 8.14 + 04 8.08 £ 0.2 810 % 05 811+ 04
DO (mg/f)* 24 741+ 05 736+ 0.6 742+ 05 739+ 05
32 712403 7.18 % 04 717+ 06 723+ 03

* Data were presented as mean = SD (n=8)

Table 2. LTs, of the abalone juvenile Haliotis discus hannai exposed to each concentration of phenol
Salinity Phenol concentration (mg/¢)
Item N
(%) 5 10 20 50
LT 24 1084 88.0 411 188
* 32 1117 99.3 632 3238
LCs at 95% 24 93.5—141.0 80.5~ 964 30.3~49.0 112~294
confidence limit 32 08.5~142.7 88.3~118.0 55.7~71.2 18.2~416
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Fig. 1. Oxygen consumption of the abalone juvenile,
Haliotis discus hannai exposed to phenol for
48 (upper) and 96 hours (lower) at 24% and
32% salinity.
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Table 3. Survival rates of the abalone juvenile, Haliotis discus hannai kept in phenol-free sea water after expo-
sure for 96 hours to each concentration of phenol. The figure is percentage

Salinity Phenol Number Elapse time (hours)
confentré'x}xon of tested
(%) mg/ organism 12 24 48 72 96 108 120
5 69 100 o 87 87 87 87 87
24 10 24 02 75 63 63 63 63 63
20 14 1 6 50 43 43 43 43
5 52 100 62 94 94 94 94 94
32 10 40 % 88 83 80 80 80 80
20 19 34 74 63 58 58 58 58
S SR, AT Wmylz FolAY o 0
ASA 2aste] 05~5mgle] AEe] x2A17 A7
o 3FFH vusty FoF Aol Yo (P<0.05). 160
G5 24% N A Smg_/M] E2H MY FaiHFe ,/// 2 ,"/,,;’6, ,»/,j
2T Img/d 25T vstel 438 wsivh HE Z Z Vs Z
Vmg/lsh Somg/le] LEEANE Basdde g F ‘2"* 3
wont Aesrs ¥R §9% Aol Yt T S AT
( g 80} P 2%
P>0.05). g /%{r e Sugt
9N U MEFEUR wEA FARY M2 T [ % -0 l0mg/t
O b
Mg 487 kETo) vsed e wgtom 05~5 £ Of © . L
mg/l WANAE B2 2%l Wl b £ 3
o W 5FFE BAY (P<005). FAE 50mg/ldl g 160
LEEgME 9641 =& F A% HAsY 293 1 0
A % AR, Omgedt gl ASFE 2 6
Fed daivFAE fA8 o7t JATH (P>0.05). -
3) HEd =2d 2429 3B wl &
FAE AAE AEEE 5 10 £ 20mg/le) 9677 ﬁ;-;/ o smyt
23N FAZANE S 2B 2%9 2% 9 S omyt
HEg GaaA B Aao] AN AELL 2AS “f A

23 Table 3% 2ok B8 4% s 5myls
10mg/l =878 247|3bo] AHsl= T AR A
AHE B o) 4847 o] 39 &S AAd Y} e
0mg/l =&TL 72A7ko] AFdE FdE Hab
dAsgoy olF HAAAE glden, 8 329 9
M AEsTd NERL 24%9 =279 Y5 7%~
15% =9k

9, HE 5 10 2 20mg/ld) 47 96A17 nE A7)
H, AEAAE AEso g 2& g2 49 Fx
BHEeER F2aNFE 24890 (Fig 2). Fig 2
oA Blg 99 44 xEY HT aFAZoln,
Hag T8 A% o2 95% NATA A 43z
SHEHS 27 e, ZRB9 Axav B 1%
=9 HiEzd =28 AN e, Ao A
of et $EFFL FAA Utk FE 24 %004

T v+

4 6

Elapse time (days)

2 3 5

Fig. 2. Changes in oxygen consumption of the aba-
lone juvenile, Haliotis discus hannai kept in
phenol-free sea water phenol after exposure
for 96 hours to each concentration of phe-
nol. Solid line in dashed area represents
mean oxygen consumption rate, and the up-
per and lower lines in the area are the upper
and lower values of the rate of control at 95
% confidence limit.
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Fig. 3. Survival rates of the abalone juvenile, Halio-
tis discus hannai exposed to sublethal conce-
ntration of phenol for 15 days.
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Table 4. Survival rates of the abalone juvenile, Haliotis discus hannai kept in phenol-free sea water after
exposure for 15 days to sublethal concentration of phenol. The figure is percentage

Salinity Phenol Number Elapse time (hours)
congcentration of tested

(%) mg/ organism 1 2 3 4 5 6 7

0 40 100 100 100 100 100 100 100

24 08 31 97 90 84 84 84 84 84

16 21 91 81 7 66 66 66 66

0 40 100 100 100 100 100 100 100

32 12 33 o4 91 88 88 88 88 88

24 2 88 81 77 73 73 73 73
20 Heath (1987)& 9+ 3% @842 shid yx
’ ' D77 g3lo] ofol A MAIEAL =28 o}F9 AU
o (i AN Ay %222’1 ]alzn%, 2ol »}_ﬁ_'a;el %Tg
[ 151 Aol mHE 4ol BANE BeSA goa FYn.
5 107 ol WHated Stickle et al. (1982)& & 2 G 22
3 229908 FHE GHS29 o JRE Fu, 2
3 ; % B g | AWM 1E HB29 548 wNAtE nse
3 R A -~ 1L6mg/ ¢ BIw glc, a3y §i RAE5E9] R 4%
g w ) #3A42A 92 Wohe 452 2 o) exdd A
2 200 4% wAH (Jobling, 1995), FH=F) 29 fiddler
8 crab® A S5, Plaemonetes pugios 20 £ Q8o
§ 160 <} yolAd Jle g9l F4&0] ¥ (O'Hara, 1973; Vern-
g berg et al, 1977), 7t=F =%% W87, Homarus
wl e % americanuss AGEO] ZAY AL AHIAG

) (Gould, 1980). o}& & A& Zetstd d¥ Ade 29
w0 | 957 e mge | 29 S ol 490 @ A HaAbd 42
0~ 2.4mg/ L 25Co X &% A FY dFA A0, Archacomysis ko-
ol ] el O1E QEY B MRANSEE QR 9

o 1 2 3 4 5 6 7 3 +% 24893 2089 (Kim and Chin, 1995), & 4
Elapse time (days) o] Aris} Bgaigr gty Hzd =29 FHEe

Fig. 5. Changes in oxygen consumption of the aba- AR E°] HEY AW F5+E Fole 98S IAAY
lone juvenile, Haliotis discus hannai kept in U229 Hze SRS /FZAAN HAte) ol27 o
phenol-free sea water after exposure for 15 .
days to sublethal concentration of phenol. T fdez 3}_%6}%5}‘7‘ }‘gz}%i}' . i
Solid line in dashed area represents mean Lddo g 54479 AP 48209 A%

oxygen consumption rate, and the upper and 2 =] 3o 317 2o} AP H o2 v o
lower lines in the area are the upper and lo- 0 sl 5
wer values of the rate of control at 95% co- = 2° AT, FE 2% A4 FHE AR wr

nfidence limit. Abe =g olfst #2Fd g 71ES AA 3

Table 59 &oFstgich. A& HE R dolF

Yl f5 & Hzo] FAF AH A& 9 o Oncorhynchus goruscha, Salmo salar 2 =A0], Ar-
e 54 9%E 9% % 32%hdM ZAR AT, hacomysis kokuboio) B)EA Egot Kelp shrimp, Eva-
APRANA w2Azte] Bage] et Lo R &S lus suckleyt ¥158 g2 B Q. 22T Buikema et al.
Aoy 283 opAAbs e szl 1597 =EAAM (1979)e £F 0 RA2EET oo U A AIE

S8 A7 AEEE AEeRrt #3 2300 43 HE FAE 1} %6hrLCu 212 2~1860 mg/l 2 42~
US4l e e BJozA, FAY vA mye WART UG BN B AYe Fame
Hed AAEAES AGRAA =A JEY sizo SAd ugs) BeaE o naAn
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Table 5. Lethal concentration of phenol for fishes and crustacea

Test ) Life st Temp. Exposure LCso Ref
est organ ife stage eference
organist g (%) time (hours)  (mg/®)
Crustacea
Daphnia magna Juvenile 19.5~205 48 19.8 Millemann et al. (1984)
Gammarus minus Adult 21~24 48 374 Millemann et al. (1984)
Acartia clausi Adult - 24 323 Buttino (1994)
Evalus suckley Adult 6 96 103 Korn et al. (1985)
Archaecomysis kokubot Adult 25 96 45 Kim and Chin (1995)
Fishes
Oncorhynchus goruscha Juvenile 6 96 3.7 Korn et al. (1985)
Salmo salar Juvenile 5~7 9%6 35 Haya et al. (1985)
Pimephales promelas Juvenile 20 96 25.6 Millemann et al. (1984)
Gambusia affinis Adult 27 48 345 Angus (1983)
Gastropod
Haliotis discus hannai Juvenile 20 96 9.3 Present study
7 e 2gd FALES AEE A% AP 02 AT HAE 98 JUAS} RtEeR "y
Aee] I e gYy T ¥ =&Y @ uA giiE wA §AF 22 9AAEY, Smith

ZEOAEE A MaE 2 A (Laughlin and Neff,
1980; 1981). ¥+ WSF 02~1mg/lel =58 2Ho],
Neomysis integere 270 W]gte] AbhAH]go] F7}
3t v} (Laughlin and Linden, 1983). ©]RL& WSF9] o}
AAL E4 o dgated 47 e AAd oj&HE U
A5 ZAAA dArge] F71EIAT 84899 Wil
g 2dsEe #Fadgda 3o (Smith and Harg-
reaves, 1984). L&) A 0], Neomysis americana®) 73-$
vzetdlel 24 o TENA EAZEL 96hr-LCs
g e 5 MM 20 FU8E floAe
S B3t (Smith and Hargreaves, 1985). &3
< FAEA ANEY Aesrds ST =AY
FuAEL dEsert Bu gE0 B8 5
Aok 13 HE FEYUE 48 =EANY
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Z B35id =2HUE 9 25U F18E 9
FAEY AL, G ol S HAH 29
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290 28 HEY 3FYALEL 249499 AW
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AT dl

E82 A5y Tt 545 HASAL, AGEAA
F2 AEEE BYth okAAlERY A7 =28 FA
Bo] A28 15k HEd @7 =2A7 AdTd
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A% 2 439 FHEL AAeRd =eHHRE
FPsx oldst HE Ko] HjuA WE EHL Ho|
o, 59 S g% AF M FFo| &
Ao g Aztdct @H, ol AR 47 =gd AY
T& ek @] =&A17) Zo] 83ty dlzTY Ul
Mg ERdke 7ol I AL =2¥ Aesnd u
2 AW £33 2 ujdd #Ado] 9E AR FAHE,
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Are BAT Z2AFE AFE &7 d8 F2
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