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Abstract - Radiation at very low doses frequently has a stimulating or hormetic effect on growth
of organism. Effects of growth and survival rate on various dose of gamma irradiation in the farm
culture of juvenile abalone (Haliotis discus hannai) were determined in Hallim (Jeju) from Febru-
ary 2004 to January 2005. The initial shell length of abalone juveniles in this study was average
3454 0.4 cm. A change of growth after irradiation (0~ 20 Gy) was observed for 48 weeks. The
highest growth rate was observed in 4 Gy-irradiated group and the lowest growth rate was observ-
ed in 20 Gy-irradiated group. The additional research about biochemical changes on juvenile aba-
lone after irradiation should be accomplished. Continuous study for gamma radiation-induced
hormesis on growth and metabolism of juvenile abalone will further induce the creation of value
in ocean industry.
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FA9GE 2ot ook AMIAE ek 2A
TEgFe AR5 AR 494, 0 il mg
5o 299ty B Hich =% ssp AFAL 2
o} FA}oA] HAB-E3 9} glutamic acid decarboxylase &
A Z7}H(Kim et al. 2000), sjulel7|o| Aol wtpsle ek
Z7) (Thiede et al. 1995), &5 or 9 B3 Z7}
(Koepp et al. 1981) 5-o] BT Haoh o)z WAMA
hormesis 2h-§-2 T4} A&, FA4E 874 2 A=A,
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2 A giaEe ABFE AAAFLR 1006 Fo
a2 A 9, o] F oY thato] HiE HHEFL 204 F
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oA 2 (H. giganta), 7V E-(H. discus), X B-E HE-(H.
sieboldil), 18] 1 &+-F-Al el FAB-(H. discus hannai)®] 5
o] oke}A 9Tk (Yoon et al. 2004).
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Fig. 1. Juvenile abalones habitat.
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Fig. 2. Gamma irradiation (0~ 20 Gy) to juvenile abalones.

Table 1. The change of temperature, salinity, pH, and DO during
the experiment

o .. Dissolved
Month date  Temp (°C) Salinity (%0) pH oxygen (mg L)
2004. 2.2 14.9 31.7 791 7.6
3.7 13.1 31.2 7.84 74
4.4 14.5 32.3 7.76 7.6
5.2 16.1 31.8 7.92 7.5
8.8 27.4 323 7.79 7.7
2005. 1. 10 14.7 31.1 7.92 7.4
Average 16.8°C 31.7%o0 7.85 7.5mg L-!
Range 13.1~ 310~ 7.6~ 7.4~
& 27.4°C 323% 792 7.7mgL"
3. BAAE

7 Aol @ela) Aol A& el HolA FFE
SPSS £7 7)x|e] 213t ANOVA=Z EAs}ed, Pgtol
00585 & Aeg felsin BASA B2 A
49 Ase JprEERARFes dephs

4

1. A58

AYP7|7F 9 AL Table 131 2ok A9 7|7k
T 24" 2 16.8°CHE A W 2
39 13.1°CHT, $& 408 89 274°Ca ek}, o

He mg 31 7% 31, 7} A v gro 39 31.2%0, 7}
A we QB 497} 8Y 32.2%= viehgch pHE 7

F 78593, A% ¥ 7.76~7.922 dA A v}e}
Wyt 2342 DO)s g7 75mg/l 91, 24E ¥
= 74~77mg/LE AASA eRGT

2. Zt# (shell length) A%

2004 29FE 20059 1971R] 485 Fot ARl
A AR&E 4 Agd FAE A AR AR A
= Table 29} Zt}.

Ao 47 =7]e] Wsts AsEd, A8 AlF
Al Z+ A e g7 A4S 337+0.28~3.48+0.25cm
2 Y24 F93d ARl RolR dUdt
(P>0.05). A5 478 8FA M= d2d3 APL
Zrol f-9A ¢l AAAFe)7 AT (P>0.05). AHS 125
Ao = A F7hE AR AL dz2 v wEas
o 20Gy AEFE AT EE APFS F9H A
Aapol 7t e (P>0.05). Tt ZFubAdl xALEFe] 7}
701" lx'f‘% 20Gy°ﬂ"1% ‘:Hi":“sq' _ﬂ__q;g‘c‘,l }‘ézo]' 7“]’°]%‘
YR AT (P<0.05). AFE 26FA ol M = 273 Bl
3lde ol 20GyE AYd 2E AHEE f9H-d A
Aztelzb AHTHP>0.05). ey} el zAleFe] J)
2 B2 20Gyoll M 125 A5 F Ade Ze] £97
ol A7AFo|7}F YR T (P<0.05). A3 F R 2] 4857 o)
AbEEE ARE AHEE AY AR Al g2 0Gy=
3.43+0.15mm, 0.2 Gy A&7 3.47+£0.23 mm, 0.4 Gy
A ZL 3374028 mm, 0.8 Gy AL 3.45+0.14
mm, 1 Gy AH &L 3.4540.19mm, 2 Gy A ¥ 72 348
+0.25mm, 4 Gy A ¥ 72 3.44+0.14mm, 8 Gy A&
3.48+0.19mm, 10 Gy A&+ 3.43+£0.12mm, 20Gy A
F 2o 3424+0.12mmolA HRT 0Gy: 5794045
mm, 0.2 Gy A8 L 5.33+0.56mm, 0.4 Gy AFZS
5.18+0.72mm, 0.8 Gy A¥ L 5.74+£0.60 mm, 1 Gy A
HZL 54740.32mm, 2Gy AFFL 5.54+0.24 mm, 4
Gy A¥ZL 5.661+0.33mm, 8 Gy AP L 558+0.61
mm, 10 Gy A¥8ZL 5.17+0.54 mm, 20 Gy AP F2
4.80+04mm= AAsiHeh 2 AP A4 zbel&
2 dz2F<¢ 0Gy:E 2.36+03mm, 02 Gy 1.86%
0.33 mm, 0.4 Gy 1.81+0.44, 0.8 Gy= 2.29+0.46 mm,
1 Gy: 2.0240.13mm, 2 Gy 1.81+0.24 mm, 4 Gy
2.224+0.19 mm, 8 Gyx 2.10+0.42 mm, 10 Gy¥ 1.74+
0.42mm, 20 Gy: 1.38+0.35mmd}. A+ 3 FrpAd
FAFO] ¥ 20Gy AN Aol A “ebyg
o} (P<0.05).
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Table 2. Variations of shell length (cm) for juvenile abalones reared with different dose radiation in the farm

Dose (Gy) 0 week 4 week 8 week 12 week 26 week 48 week
0 3.4310.15 3.534+0.14 3.83+0.15 4.0540.19 4.76 +0.24 5.79+0.45
0.2 347+0.23 3.5240.24 3724032 3.891+0.27 4.38+0.62 5.33+0.56
04 3.3710.28 34340.26 3.65+0.32 3.7710.34 4.28+0.64 5.18+0.72
0.8 3.45%0.14 3.54£0.15 3.81£0.18 4.041+0.24 4.70+0.46 5.74%0.60
1 345%0.19 3531021 3.60+0.59 3.98+0.27 4.47+0.56 5.471+0.32
2 34810.25 3.62%£0.25 3.83+0.21 4.041+0.23 4.74+0.17 5.54+0.24
4 3.44+0.14 3.56+0.17 3.80+0.19 4.13+£0.35 4.64+£0.47 - 5.66+0.33
8 3.4810.19 3.60+0.20 3.87+0.19 4.03+0.2 4.5440.50 5.58+0.61
10 34310.12 34710.16 3.64+0.22 3.824+0.27 4.474+0.67 5.17+0.54
20 3.4240.12 34420.20 3.624+0.15 3.75x£0.14* 4.144+0.33* 4.80+£0.47*
The values are mean+S.D. (n=3). *p<0.05
Table 3. Variations of shell width (cm) for juvenile abalones reared with different dose radiation in the farm
Dose (Gy) 0 week 4 week 8 week 12 week 26 week 48 week
0 2.294+0.10 2.354+0.09 2.59+0.10 2.75+0.08 32740.13 4.00+0.22
0.2 2.31£0.20 2.35+0.21 2.54+0.26 2.641+0.27 3.044+0.42 3.64+041
0.4 2.20%0.17 2.244+0.17 2.40+0.20 2.541+0.27 2.97+0.41 3.531£0.46
0.8 2.4610.42 2.35+0.11 2.57+0.14 2.7310.16 3.234+0.29 3.994+0.31
1 2.2940.12 2.36%0.11 2.58+0.12 2.6810.16 3.05+0.29 3.76 +0.20
2 226%0.12 2.3540.12 2.544+0.14 2.6410.14 3.20+0.10 3.824+0.11
4 2.22+0.09 2.29+0.13 2.51+0.18 2.68+0.22 3.14+0.29 38414038
8 2.324+0.11 2.38+0.08 2.58+0.14 2.72+0.15 3.10+0.30 3.80£0.35
10 2.26+0.08 2.31+0.05 2.454+0.07* 2.56+0.12* 3.081+0.38 3.55+0.27*
20 2.23+0.06 2.2440.08 2.38+0.07* 2.47+0.07* 2.81+0.22% 3.224+0.33*

The values are mean+ S.D. (n=3). *p<0.05

3. Z}E (shell width) A%

A2 xs)e] 7+E A} A3l Table 334 22}

A Ao Z4E F7)5 AHEd, A AIE A1ZF
A2 HF =L 222+0.09~2.46+042cm2
273 949 4F 2ol dTH(P>0.05). A
43R 22 AgZ7he $9H AARke7E ¢
AT (P>0.05). AHS 8FA = A FzhE AF AR
2 gz B malgdE W 10,206y S Al gst =E A
P foAQ AAatel7E et (P>0.05). 23
7l ZAVEEe] B2 10,20Gyoll e 22 8204
ol AArzate] & JEMISITH(P<0.05). AHE 12FA oAM=
7hatA ZAbeko] =2 10, 20 GyollME = 593
Ql AR 2ol JEMAEH(P<0.05). AHS 265A] ol A
= Az vzsd g o 10GydMe #9989 AA
2}ol7b ARITHP>0.05), 20 Gyl & 125A 2} 2ol
$-2)Ael AAztelE JeRTH(P<0.05). A¥F&
4375 o) L3 AT Asied AR AR A f2d
ol 0Gy: 2.2940.10mm, 0.2 Gy A¥F-S 2.314+0.20
mm, 0.4 Gy A§ 22 2.20+0.17 mm, 0.8 Gy AHZ2
2.46+0.42mm, | Gy A £ 2.29£0.12mm, 2Gy A ¥
& 226+0.12mm, 4 Gy A ¥ & 2.22+0.09 mm, 8 Gy

AlFZe 23240.11 mm, 10Gy AP LS 2.26+0.08
mm, 20 Gy AZF2 2.23+0.06 mmell A =4 0Gy
= 4.00+0.22mm, 0.2Gy AR FL 3.64+0.41 mm, 0.4
Gy A8 72 3.53+0.46mm, 0.8 Gy A & 3.99+0.31
mm, 1 Gy A8+ 3.76+0.20 mm, 2 Gy AF 7+ 3.82
+0.11 mm, 4Gy AP 22 3.84+0.38 mm, 8 Gy AP+
3.804+0.35mm, 10Gy AP Z& 3.55£0.27 mm, 20Gy A
P& 32241033 mmz A% 340 4 AP T 4F
Aol zlelE ¥w dxF4l 0Gy: 1.7140.12 mm,
02Gy A3+ 1.33+021 mm, 04 Gy AP ZL 133+
0.29mm, 0.8 Gy AP 1.11+031 mm, 1 Gy AL
1.47+0.08 mm, 2Gy A3 72 1.44+0.11 mm, 4Gy A1 ¥
F& 1.62+0.27 mm, 8 Gy AL 1.48+0.24 mm, 10
Gy A3 72 1.29240.19 mm, 20 Gy AR T 0.99£0.27
mmyeh APE F A Z=ARFo] ¥ 10,20Gy A
oA Aol A Hehtet (P<0.05).

%

1l

4. 2% (total weight)2] A%

2 Zepo) AL Table 4ol A B whel 7o) Ay
Al A AR g L 4.75£043~5.29+0.96
g2 HzzIe §94d Tl AU P>005).
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Table 4. Variations of total weight (g) for juvenile abalones reared with different dose radiation in the farm

Dose (Gy) 0 week 4 week 8 week 12 week 26 week 48 week
0 493+0.75 6.12£0.83 7.41+1.02 8.50+1.06 12.50+2.06 25.82+5.25
0.2 5.19+1.11 6.05+1.30 7.19+1.70 7.58+2.05 10.37+3.72 21.28+6.84
0.4 4.90+0.98 5.80+1.28 7.08+1.41 7.49+1.82 10.27+4.04 19.72+8.15
0.8 4.75+0.43 6.27+£0.78 7.53+1.18 8.68+1.59 12.19+3.15 26.09+5.05
1 497+0.74 6.05+0.97 7.33+1.28 7.93+1.90 10.60+3.65 20.34+4.91
2 490+0.94 6.40+1.21 7.26+1.35 8.07+1.21 11.79+1.41 23.53+3.11
4 433+0.79 6.43%+1.6 728+18 822422 12.68+4.6 2729+6.1
8 5.29+0.96 6.46+1.16 7.78+1.62 8.20+1.61 10.83+3.23 24.05+7.06
10 4.98+0.67 5.98£0.98 6.64+1.12 7.20+1.57 10.85+4.97 18.78 +£4.15
20 4.9240.52 5.64+£0.83 6.18+0.54* 6.54+0.64* 7.97+1.59* 14.73+4.02%*

The values are mean +S.D. (n=3). *p<0.05

AL 4FA = 2T APz F9H48 FHEA}ol 100.5

= AT (P>0.05). A 8FA e A FhE F7 5

5 - 100.04

Aol 2z HlmetdE 9 20GyE AT ZE E AR S

= = \ AN
A A foAdel Featels A P>0.05). 13 2 995l |
v el zAbgke] B 220Gyl e da2est £ 00y \ VN
iy - \ VA
Q FHAolg e SIE(P<005). AFS R2FAE 2 P01 | 2T 0RE Vol e
< - .
Auby Atk ¥ 20GyelME dazst felda 3 | |50
- = =7 —0— 2 G
A% Aelg EMIH(P<0.05). AHE 265 A ol = 3 -*'435
- S —0—38

12758} 7o] =23} ulmsled 20GyolA F2)Hal £ 9801 |4 10y \ \
- - w -%--20Gy o

AR el e e (P<0.05). AFF RS 48FA o] woo®
- = . 97.5 T T T T T —

A48 Ag Adeaw AF AE A 22 0Gy: 5 + 8 2 26 a8

493+0.75g, 02Gy AP ZL 5.19+1.11¢g 04 Gy A
T2 4901098 g, 0.8Gy AJT> 4751043, 1Gy A
HE 49741074 2Gy AP 490094 ¢, 4 Gy
AT 483+0.79¢g, 8 Gy AP 5.29+096 ¢, 10
Gy A& <2 498+0.67¢, 20 Gy AL 4.92+052¢
oA Hz:Ze 0Gy: 2582+5.25g 02Gy AP+
21.28+6.84 g, 0.4 Gy AF L2 19.72+8.15¢g, 0.8 Gy A
FF 2609+£505g, 1 Gy AP 2034491 ¢,2Gy
AFPFL 23.53+3.11¢g, 4Gy APZLS 27.29+6.10g, 8
Gy A&+ 24.05+7.06g, 10Gy AP 18.78+4.15
g, 20Gy AL 1473+4.02¢2 AAsisc 24 A9
£ FFA Aeo)g ny Wz 0GyE 2014+
525g, 02Gy A¥FL 16091573 g, 0.4 Gy AFL
14.82+7.17, 0.8 Gy A2 21.34+£4.62¢, 1 Gy ARF
2 1537+4.17g,2Gy AR 18.63£2.17¢g, 4Gy A
FLL 22461531 ¢, 8Gy AFLL 18.76+6.10¢, 10
Gy A& Z2 13.80+3.48¢,20Gy AP L& 9.81£3.50¢
Aot AEZ F ek zAEke] B2 20GyolM AR
o] Zolx= AL FAPH (P<0.05).

5. JEE

A7 Fo B 2AM] @ AR AE

Weeks after irradiation

Fig. 3. Survival rates of juvenile abalones after the exposure of
gamma radiation in the farm culture.

gol g A} A3 Fig. 39 vk A F 12574
r BE AYZEC Sl BEEe] T 100%E H
Hqort, 2657A o] 20Gy AP+ YEEe] 97.78% 1|
2 485 A<l 1Gy, 4Gy, 10CGy AFFEZ FAALE 3}
AZgo] 98.89%, 97.78%, 98.89% =2 ZrAsAH (P>
0.05). A8 ZsA71A] dzZ< vls] 1Gy, 4Gy, 10Gy,
20Gy AP TEL A&Eo| Fasigovt, Avid =4
ghol] WE FHT AEE AolF Mol AU

olAre] A} wpAbd ZAME 0~20Gy 7HA&= A
g FAE QA AR EeE ZA GFE 7AA
de oz Jehde(P>0.05).
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Hhabd o] FA B2 Ao mixE g delr7|
ale] el A B ZAMsle] f-5A SAekAl
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042emz 2T FH Aol AR P>
0.05). 214 4FA = HzFa APLET F9H
AA=tel7t ol (P>0.05). AHE 8F Al = Ml 73t
W 72 Al gz vlwstdg 9 10, 20GyE Al
9% nE APFTEL F9X AAA)7d Fd (P>
0.05). &y} P FAFFe] ¥ 10,20Cy A¥LE
dXE Hzzd fAQ i AARelE Yeld (P
<0.05), % #HI= iz vmsldg | 206Gy A
ol felHa gashe Aol® YEbicHP<005)
ok = e e A U ool 7 A
H3 2 sl G FAGn ArAck A% 125
Ao M= FHupAd —7:’:/‘}'%“1 -2 10,20 Gy A ZElA]
E Az 93 A el vehiden (P<
0.05), Ztaol ZulAd ZAbol -2 20 GydllM = d=z
23 foHd A zeolE viellH (P<0.05). 265
o} 485 A= F WA zAlEFe] -2 20Cy AdTe
A Hzz 5954 e ARl vehla (P<
0.05).
ol Azt o] vt Al whE Hz2II AP
& vl IR & W), 2AAAF] & AP ZY 206yl
A zpelE BT o] i ZAMF] &
AA-e JAske A4-E dun AlmdTh

Lee e al. (1998)-& AAeke] Zwilg n5 2B &
A 2Askd 7t 4%z Jehbs hormesis B398
24 AT dezel vls) Adgel gebd 2Tl
Al obgol FUiEE e [ASGI AE YA S
o8k uX): AR TS 1GydlA 20Gy Ale]d-& 1
3 3tk Kim et al. (2000b)E_ Zzlel| A Felde
ZA}5hed RFgE 24242 (2000b), 34t (2000a), ¥ 3= (Kim et
al. 1999) 5] Agoht fako] Zrksle & WA
©n, Koepp and Kramer (1981)-2 18k ziwjide] ZA}

Shge] Folgolt A% Fhe A FAE
=315 Ak v o] Au|@Ho} WA AAL F2
N s2Ee) FARYe] G A Bobe R A
#9 AE SUbla AT B 179 £
grAdoF 3 AEdAd dE APAE 2
wastelch AE 34 3 A%l A de o
uye T gebde) AgeTe $AE el
27 9 2AEe) A W76l Fasl Y
4 qlg oz Almds, 42
7t glAM = A Al HEt mEr} pukEejof &
7ot

A8 717F F AfelAe £ 13.1~274°C |
A2 390 A DT 8ol A1 ¥4 vekich &
£ 7°C o)l ARol Holg A wA gen ¥

J]

R

o

°©
=
[<]
e
=
=T

B

=Xw Jolzlelm oA 4lv} (Sakai ef al. 1962). £3t
S20) ulel AZMAAFo] FolE B A AL
FA Hed, BB A AR A5 20°CAF2
B 73}93c} (Sakai ef al. 1962; Kim et al. 2005). =3t A&
o] M) Wzl 2% - G Wl UAHI AA
7}A 2} (Kim et al. 2004; Kim et al. 2005). 2 Al A
=t g8 W) ARTES FUT A
AL st ond, Ml Wbt deke AL WAL
A Adge] FoldLE HEo) Al 2EHA 29l
o2 2439 SS BFT YUtk

AR 2FAAR = At 2ARR @2 BEE
o] thzza APTENA 100%S Bt 2657 <A
20Gy AF 72 A&Fo] HF 97.78%% Bgom (P>
0.05), 482" A= 1Gy, 10 Gy AF 252 98.89%F
Holom 4Gy AFEL 97.78%& HATH(P>0.05). %
oAl ZAMge] wE APEEF AR2g Bl e
o, =28k B gl o] E Rolx] gdgtet AR 2
o] A&sls SUZARE] 1Y Fof] Holixlez T
g8t wfEo] Atgel FelAlde Bt o
(Yoon et al. 2004). Al A} 941& 1427)2 QI3 o]}
Aoz QZtF AR, 277 AYPLE Abeld| F2F
Q xpol7k vehdA] ¢k A& Ba 09)A 20 Gy A}
o] &gl 3L v|XR| = o AteIT

B AY Az, AEe) Aebad zAML g ok *ﬁé%
3} 2, 7, Fekol widE FAUt 2AAF ¥
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