J. Aquaculture
Vol. 21(4), 339~345, 2008

grogalsteN|
Journal of Aquaculture
©Korean Aquaculture Society

A wlszah WhAlel ol Bkl se] A A
I. 37X (postlarva)e] AV F71-5-4

2%,

=57, A9,
=4

’

=9%,

S4119) ASE S AT

Ayyaru Gopalakannan, 7122}

Intensive Culture of the Pacific White Shrimp Litopenaeus vannamei
under Limited Water Exchange
L. Indoor Nursery Culture of Postlarvae

In Kwon Jang*, Jong-Sheek Kim, Kook-Jin Cho, Hyung Chul Seo, Yeong Rok Cho,
Ayyaru Gopalakannan and Bong Lae Kim
West Sea Mariculture Research Center, National Fisheries Research & Development Institute, Taean 357-945, Korea

Farming of the fleshy shrimp Fenneropenaeus chinensis which is a major cultured species in the west coast of
South Korea, has been suffered from mass mortality due to disease epizootics including viruses. Since the Pacific
white shrimp Litopenaeus vannamei was introduced to Korea in 2003, farming of this species has rapidly increased
for years, occupying 62.5% of total cultured shrimp production in 2007. However the studies on L. vannamei cul-
ture methods for shrimp farming situations in Korea are very limited. Nursery culture of shrimp larvae has some
.advantages including increased survival, improved feed efficiencies, enhanced growth performance and reduced
grow-out period. In this study, L. vannamei postlarvae (PL;-PL1o) with a density of 3,750-9,090/m’ were cultured
in four raceways under limited water exchange condition for 35 days. Survival was the highest (93.6%) in tank
stocked with 4,000/m’ and was the lowest in tank with 9,090/m® (58.1%). Mean body weight at harvest ranged
from 0.071 to 0.108 g, and FCR was 0.59-0.70 in all tanks. Concentration of total ammonia nitrogen was increased
up to 20 ppm on day 10 in all tanks and thereafter gradually decreased by the third week of culture. Nitrite-nitrogen
was rapidly increased from the third week, representing bio-floc condition by developed nitrifying bacterial com-
munity. Of the present nursery system some modification of structure and consideration for commercial scale are
needed in order to be implemented to shrimp farmers.
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1990 ol S0l 9k Aaloks T4 oE F431) s
25 Al 2001 A= FAlAAREO] 3268E 0 7
FHaroll D3t o]% 2004 2,368E 27 dfjni} 7H4slit(Jang
and Jun, 2005). ©]2{3t ol T2 3ht= wleleld AW, &
3] sgulo]2] A (white spot syndrome virus, WSSV)ell &}t
| Alel] 71918 =t(Heo et al., 2000; Jang et al., 2006,
2007a), F-2lvke}t A}--FA 2l FEQ1 ) S Fenneropenaeus
chinensisy= WSSVel| thgh ZHpAdo] ol a7} tl-e: Azket
oz delA riJang et al, 2007b). o]o)] T3k <) s}
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24 2003 SHFAE S ol v)= Stelo| 2HE] H&0.
2 2309 AR A (Litopenaeus vannameiys ©)3- W= A ok
Ho] FAtEo] 20070tz W= RS BT 62.5%F A
F3A EITHKim et al., 2004; Jang, unpublished data). 21t}
A= ThE FAANS-Frel vl Aol Ea1, AE0)
m=m 5 vlole] el vizkdE 548 (specific pathogen free,
SPF) A|4o] o]v] 44k = 5 thakst %A BA
=2 7HA Qlo} AR ulg W oole} Figol ol =)
SolA] k42 15732 Sl Aol th(Briggs et al., 2004;
FAO, 2006).

U= 5-680) AR FH (postlarva 12-157])= &)
3 oFe] AR Aol YAlE 3laL Sl Wlolx|gt, B3] YAy
-2 ¢ 78] W2 kgelME= £78A (nursery culture)

=
f

HY
ELn
Z O
o=

._'1_.:‘_40



340 Y, A, 257, 494, =
o) SAE AR o] dutglslo] Qv AL ST
I} Aj -] 27) 52 217 BHef uet ohE 5 QARE At
Aoz z7] WA postlarvast EF Alo]o] SAIDAEA
(Samocha et al., 2000; Mishra et al., 2008) =87 A&
i, A S 59 a9} Qle A= delA Atk (Sandifer
et al., 1991; Samocha et al., 2002). =3t ok 717Yo] vl m A
& SEluElelME Aulolr dukaE]l FHYA AV|RG A

FEEE ANE 73—?* 0119] A A A S B 71 @
E30 xR ) Z7)d F g8 3t 4 = AA o) it}

SIS }%%"71_} ‘i-l BAA FAg Tl TUER
AXER= AFe] 7] wiEel AR oA B oHES A
srh. 7UE S84 A ASSE R AR, RS el
E 9 grRbE 5o FAH 0 R FHAA dARG A wEA
2 <do] M=) =tl|(Viadero and Noblett, 2002), FE2Q} f-
2)(flow-through method)ell )3+ AR wgke] -9, At
84 Ast, Ao Bebgsl, 2 wiEpel gt E ey
59 Aol 9h& W ot AMEE ARRFE T EEA,
E3] nlo)#f22] g2 oln] & &2iA Utk(Flegel, 1997; Lotz
and Lightner, 2000). =3 -2lugllME F2H540] FES
2 Q) 4870 o] FojAo}F 3Rz WAIE 25-30°CE FAI3Hok
st doEile-el BAS 18w ARG 7k 9F oy
A v g2 7P 2 Agte]le] d 4 vk

HEAQ 3o 7k (recirculating aquaculture system,
RAS)FH= ] HEe] AEATHZI} §lo] shte] /\P%—/F—Z‘_Oﬂ
A} 0}F0]x|= A5 B WEH(no water exchange) 2-2 A|gH2]
23Klimited water exchange) B2]ell &8t Aj9-2] THUT A
&L frae] FARSS s T AR PR F
T ATAES ¥t ofe} AR IEIANE B2 FES B
9lth(Samocha et al., 2000, 2007; Browdy et al., 2001). ©]
2ol 4] thekst X’ﬂ‘ﬂﬂ‘? U E}7} oF Al i (heterotrophic
bacteriay> & iRz st} AREe] AAastdEE Al
Ash= 78 g, 7187 v 3499 AdE
(bacterial floc)y A}-9-ol| 23] Ad4 = o] AP A E F3e)=
48 2wk A 9l Avnimelech, 1999; Browdy et al., 2001;
Burford et al., 2004). =3} foam fractionator 55 F7H2C%
Aoz Ao 7B YAE aE R AA R &
Th(Timmons, 1984; Samocha et al., 2006). “Z&{\} o]2{gt 7]
22 AREFR] Al #2AQ) SHelA] ofA & W2 7
8] odx)7} 9lon, E3] fevetelrle HT fralel A%
Z7H8730] AR FEF LA ARHUE B vl S
Al 2R a1 gl Aol
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o) EAL Z12F 12.9 m? (L6.0xW2.15xH1.0 m; tanks
1,2) % 18 m? (L6.0xW3.0xH1.0 m; tanks 3, 4)?] raceway 3
FAYE FFo|H. 2} —/F_’ﬁ-/] %S et 49(L4.0xH1.0 m)
S Axta Ade] oFF ol E wehA] 30 cm {HH 2 E water
injector (¢ 20 mmy’} #2HE PVC B9 50 mmys AX|EGTH
(Fig. 1). 29 3% Eoll venturi ¥ 5 EE (0.5 HPYF #
2 W] pve B A8l o] T water injector#e] FF
Z Zo| Adslo] ASE 3719 A 3 E2EA &
o725 AR 2 Yotk 38 ES sEql). oj¢h E
T2 Szl PVC ZHo 50 mm)yS 233} A Al2kek foam
fractionator®} AP oM AHSGFE FIsH= PVC #el T

& A7) Bol7HA] BRIEE A2 A3l webr ol
U2 o pg 585l #&4 Z74oll = PVCTH( 200 mm)
7} doiAEC R TAE air liftE 4% AR51 FHES 74
T AR Auksh &8s fAEIIT A S WHE
%9 AWE ARl FAE0] Hoje el ololaES A
28l SeiR|7E FAEA T St FIHER)] Adadw
£ 938t oxygen generator (RAK — 15L90C2, Oxycon
Industrial Ltd., Korea)S X313t} £222] HAZ1 wljH +

Z¥ Samocha et al. (2002)S FHarslgict.

NESS:H

AR 8 S 9Jsle] $EY4 2571 ARETE 5 5

A 50 ppme] FEE A%, FIA T 1-3x10° cell/mL]
TR FE Chaetoceros sppS B 4% AI§- Z7|-748A

79} 9Ue Tl ARRSE AT FEYY F
B BRE FFoM &, DO, E%-& YSI-85 model (Yellow

Springs Instrument Co., Ohio, USAY& ©|-&, TAN, NO»-N, %
Z+e) & (alkalinity = 99 498 calorimetric kit (Merck Co.,

Germany), B % (turbidity): Micro TPW 20000 turbidimeter
(HF Scientific Inc., Florida, USA), pH¥ YSI pH meterS ©]
galo] i 18] ol Sk AsY B % PAF

HEE A7IZE o] T Y HHoR ARt

Alr iift

FF
Septum

4m

6m
* water pump 3 venturi FF, foam fractionator © water injector

Fig. 1. Side view of raceway tank for shrimp nursery culture.
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Table 1. Summary of daily water quality indicators for raceway tanks under limited water exchange condition over a 35-day nursery
culture trial with Pacific white shrimp L. vannamei (mean value with range)

Water

Water DO Salinity Alkalinity  Turbidity TAN NO,-N exchanoe Molasses
Temp.(°C}  (ppm) (psu) (ppm) (NTU) (ppm) (ppm) (%/daf) (L/day)

1 2930 ol 33.58 776 157 1917 219 637 51 L3
241305 4.0-1.0 33.0346 7282  140-175 57343 0.1-200  0.0-20.0 : :

Ty 2905 6.19 33.96 7.75 156 25.49 452 10.94 . L3
247306  42-99 333350 7283  140-175  74-540 01200  0-32.0 : :
28.77 5.76 33.90 7.91 147 23.14 3.32 721

Tank3  51c305  42.89 326350 7385 140150 69376 01200 0270 088 0.09
28.87 6.06 3339 7.85 147 21.84 3.42 6.47

Tank 4 50e306 4288 324342 7.5-82  140-150 98373  0.1-20.0  0-24.0 155 0.09

Table 2. Summary of stocking and production in four raceway tanks operated with limited water exchange condition over a 35-day
nursery trial with Pacific white shrimp L. vannamei

. Stocking density Final B.W. Yield WGR*  Survival rate
Initial B.W. (g) ) ) () Tm) T (&/w) (%) FCR
Tank 1 0.009 2,307 3,750 0.108 0.202 0.328 0.0200 80.9 0.63
Tank 2 0.009 4,615 7,500 0.108 0.376 0.611 0.0198 75.5 0.70
Tank 3 0.0009 2,500 4,090 0.071 0.166 0.272 0.0196 93.6 0.59
Tank 4 0.0009 5,555 9,090 0.080 0.258 0.423 0.0158 58.1 0.60

*weekly growth rate.

Arieplee) Aol AT 522 FA5] Aste] B
(70,000 Kcal/hr)Z ©]831 7}& AAs5H

F0A W AlgEE|

A-FHE vl telolit FH(SPF) ofv] A&
o|-g3le Ity AMaiEsd shale oA B4HE postlarva
(PL3-PL1o)E ©]-€313tt. 2007d 6¥ 109 tank 13 20l
FFAZF 0.009 go] F8E 22} 30,00001] (3,750/m?), 60,000
v} (7,500/m?), tank 33} 4ol BHAE 0.0009 g2 8=
217} 45,0007+ (4,090/m*), 100,000} (9,090/m*)2] UEF
JAZF & 35U7F ARE3ITH(Table 2). AlRE £7] 1579
A $-5-8-8 v|HAFA}E (Frippak, INVE Ltd., Belgium) 2
Ldejujols B3 FFIIGOH o]FRE AHE WigAR
(¢ 0.1-0.4mm; Purina Co., Korea)s &35t Wi@AlEE
8 1 AR HolH(20x30 cm)olTt 43)/4 T 313
. AR TFHE A FHEFE 2A8 e #7143
&S o F 30-50018]2] A5 AFste] B AEE Atst
k.

2 3

Alge| 3 3 YA

AT A8 9 99Y 5] WSk Table 1 ¥ Fig.
20 YeRt Qlot 28 AR 27 24°Clo v FHAf 7Res
6ol = A =27} oF 200CE A5G o AST|ZE Bt
B 28.77-29.30°CE A3 th §EAAN DOy A 257

Sko Hal

A e 4.0-6.0 ppmS] WAE HAFG oY 257 TRE = Ui
6.0 ppm ©’-S A3 A 717 DOS] B sE= 5.76-
6.19 ppmoZ HATIEAG- Hae 78 3.0 ppmell HIS| BT
A = SAE T QRL BE S2oA 324-35.0 psud) H
Z BAFIL) pHE BE FZoA 15U dAFHOR 7.5
AF7A] &7 F thA] 353l 8.0 oPdg FABIRN Y 2
T o1% Ax s FFE BTk A 7z pHE) Bele
72-8524 F£xE A 78795 FAFAT ¢EE R
(alkalinity)= & 713} 140 ppm o1& FA31%om F321 3
I 147-157 ppmO2 & 2o} F Hol|A| it B% (turbidity)
= 164AFE A% e 28 H 19.17-2549 NTUZ
A Z Aolg HolA) gt FUE YoM AX(TAN)E A9
6UMTIA] BE FZ0A 4.0-6.0 ppm2] FES FAIGIE oW
1094 BE 271 20 ppm7HA] s § HAap A4aste] 14
AAE A 0.1 ppm7HA] Holxlth o]F TAN FE& T34
AR5 s Hel & 35 o]EZ = 3.0 ppm ©31E HAEHSA
o} TANS| 24 AP §T5 3.32-4.52 ppmOZ Y|t &
S5 B AR 258714 oFAI (NO-N)] T A 7
ZollA 1.0 ppm ©13HE FABIG O o] F A} AA FUlek=
8-S WS} Tank 28] A5 2394 30 ppm7EA] F7H8E 0]
T 232629 AAAQ A AstnE iR 25 ppm ©]
g YR o 33 o]Fols UmX| BN E diFE

10 ppm °|FES Bk ofdAatde] HH 5EE tank 27}
1094 ppm o2 7P¢ o™ UnA] 23R 6.47-

721 ppm?] £ 5 Bt H €Y I-HE tank 4,
10] Z+2}+ 1.55, 1.51%/dayEA] 7% 900 tank 2, 30] Z+
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Fig. 2. Daily changes in water quality indicators for four raceway tanks under limited water exchange condition over a 35-day nursery trial

with Pacific white shrimp L. vannamei.

7} 1.01, 0.88%/day°]3{tt. L tank 1, 2°& 0.13 L/day,
tank 3, 4ol 0.09 L/day®] 8] F3=H 3
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ARTE A9 wEEHA AslA 2%/ 32719

= o] g3l AT e U Z 3547 AEAe-o] FA
A ARSSE A, 2 2o Al ARET AL Y
£ Table 2%} Fig. 3ol ViRt QIt}. Tank 13} 298] 5781A] Aot
AZL 0.108 g1 tank 33 49 B AFL 22 0.071,
0.080 g = tank 1, 201l H]3l oF7F Aqket. DB tank
13} 27% 242} 0.328, 0.611 kg/m?, tank 33} 47} Z}Z} 0.272,
0.423 kg/m’2A] tank 2014 71 7] YRt EE-2 tank
30] 93.6%% 7F ko™, tank 13} 27} 242}t 80.9, 75.5%0]
A, 7 WETt FE tank 4004 58.1%%A] 7P 2 AE
€& B3tk FCRE 4719] tankollM 0.59-0.700.8 FA| x}o]
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Fig. 3. Growth of Pacific white shrimp L. vannamei in four tanks
over 35-day nursery trial.

788 tank 1-3004] 0.0196-0.020 gwlE AL n)S=38 3t
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ARG Bl Al o Aoy T8 SR 343

US7t 71 w2 tank 12 tank 201 Bl8l] +8HA)7)E A) 28}
I BT 52 AEE BRoFgit AiF o= 22 A5(0.009 g)
oA AAH tank 3, 4= H|SF AHE BoFglon HE
ZA] AFS tank 1, 200 ¥]3) oF 0.02-0.03 g ZHA] VERGT

K
[

ARG Bl g o 7 oA fAS 35U $HA
= ANk B F dEYoM] AA(TAN)S} oFdbg Aa
(NO,-N)2] i 55= 7127} 3.86, 7.74 ppmO.E w9 52 %
TE BoF K Table 1; Fig. 2). TANS AHS 1025 20 ppm
THA] 743k o] F 35 o|FREE W& FEE A8
oIS FEE IFATE 4% e RAFSiET o)
213k AasIES] A3 55 Wk AR vl el A
Lok o| A B3] YEE= Ao g F7 AZZHAE g} A4
ol gt AglapA el 7]1%H Avnimelech, 1999; Browdy et
al., 2001; Thakur and Lin, 2003). &= 53} & A7
oA vehd AaslEEe] s vt HaS o) Ed g
ATET v aste} o3@3] Hrtky & 4= 9}, Mishra et al.
(2008 AFS<F W8S 3.35%/day® 7197F AeAle-= &=
ZHAI%E A3k TANS| s s 2.56 ppm ©]121. 2™, Samocha
et al. (2007 60U7Fe] AR5olA] 0-8.62 ppm (3T 1.0 ppm)
o] HE At vng 1T ARRlME HLol= TANZH
SV & Hap gadhe Ao A¥bAQlE|, TANS] Fxol W
she} Fashz 713 27 ATl EAEE A EEHaES
Aglof] M T 2-9-F 29k A SHA T (nitrifying bacterial
community)®] T AT f7]1E W w40 ok U
BAZ ZH=tHZhu and Chen, 2001; Cohen et al., 2005). &
Ao B3t TAN F27t H2 A F9 shbs FHYY
Aol ARgrell dstAlw 9 P S] 8493HE 9t o
yxjgog ko] Xl ¢l (gadn i o 22 FEd)
S7] wiEo® F2HAT(1YA TAN X 5.0 ppm). 12} 3
FAFE TANS 0.2-3.0 ppme] HHE F43] Rolx=d], o]
21 obAK © 7 o] Aglapgdo] R WA AR A3 4
EZHIEY AIF Lol At (biofloc) . 22] Fo]7t
AP = Ao F FMdn},

PHEUOHNH;)9} oFdAtAL AlgollAl wil-¢- R53e 54
o Axe Y WA, 22717 9 pH, =, DO 9] 3%
Ao =g cH(Hargreaves, 1998; Sower et al., 2004;
Barajas et al., 2006). ¥ 979} FASE FH M SRS
2|8t Mishra et al. (2008)2 TANS| 1 557} 27.04 ppm
27 delA] oF 96%2] AEES AUAG, 2 AToME F
I 20 ppme] TAN FEZol AEE 58.1-93.6%5 I A}
Hlwskd &g JloiA] 43t Afel7t Qlvk. 22 # 4
TollA Al A 2 e Yol vlol2st YRVl &
22ppm (pH 82, & 204°C)0l%l e, T2 A=

P

£ 0

0.19 ppm (pH 6.8, 5~ 28.0°C)ZA] pHell wahA vjo} 23} ¢+
Syote] vt AA Aol7t vhs 2& 4 5 ek gEYot
ol gk o] B F 7 IRHEAd 24217l dt{® o]3lo]
o A® Aol 2EdAz EAAE FY3] & &
FARE, TAN F57F 1094714 4.0 ppm (&F 0.4 ppm NHs)
opor A% A€ Moz wFo A 27 At AE
of Ax] 32 AEH AT LS TFsAo] ot

ol 5= BE tankolld TANY EE7F 7248l
Al&ske 3FATE JA8H FUksle] AR 2694A1FE 10-
32 ppme] FE7F A& EACKFig. 2). FE2) 2Jol= YA|wk A}
5 FR7)e] vehks ol $ES A vlnd vUE
ARFAIAELS o] 88k ThE ATl AR #EkEth(Samocha
et al., 2000, 2002; Browdy et al., 2001). Cohen et al. (2005)
T 5047te Aok S5 B F 67 ol $RE o
A8 FE7F 10.9-26.4 ppm O AR RE Aj9-2] 4347
Ao S uRA] 2 Aoz B3k Uk Chen and
Chin (1998)2 At ZANA F0he] D E A -$(Pengeus
monodon) "8 2] NO,-Nel| tJgt 96h-LC52] 555 45 ppmo©]
o o] AL FAY A 316X 9] 4.5 ppm=Ert 23] 4
of &gt Ze® RIEgirt. v ARFAI AN =
ol]d obaAt W A2 A-rAo] Alzte] At u}
2} dsshe oRANE S FEel 283k wHiEQ] 2o R 34
%31 QUZ|RK(Chen and Lei, 1990; Chen and Chin, 1998; Cohen
et al., 2005), o]l it H&5t 7123 g WY 59 EE
AeiFe dor WS A77F ey Ao AlgHch 2 4
TollX e TR ol HlehAl s o] opAikdo] =EE tank
37} 42] AEFo| 27} 93.6, 58.1%F A o)/} vh= Ho
2 v|Fo] o]Fe] epdatddell g% FQ1 #], ohH v 37
Qo oJgk 2191 A= 4] ot

A7 FE AR 8RS tankel] Wb 0.88-1.55%/
day2A] THE AR A AEE] 1,1-3.35%/day e} H|Sz3lA Y S
Al FA =21k (Cohen et al., 2005; Mishra et al., 2008), &
A AEE ulel o] AR 7o) F4ER R E: ok
o] HAL B AAHS] FAEOR eI ol el &3
< Aoz o) Abslabo] A 5L AP gy s
g o] AL ARG vl Aol Ao g F3 5] QIAY &
ZAkA8] BE Foll 71181 % ST}, Nitrobacters)t 742 A3}
At Ao wll¢- 93keEr] wliel] Sk HEE o] A
T2 S FA ol AE Afolle AAakde] oAt
FoE HgsHE Iukgo] o )% ghti(Komaros et al.,
1996; Komaros and Lyberatos, 1998; van Wyk., 1999). H| w3+
ARSFAIAE X TANT o}dAld el 28 W57] 8 F
702 ¥ (carbon)® FH3SH % FHH(Avnimelech, 1999;
Samocha et al., 2007). ©@4E APAIRA R o= AT T4
of YA RERE FUHH R BrdGEE G 3FY
O % CN ratiocs ¥4 & 2%, o|82 oUAUoRE 3=




344 o, 7EA

Algto] BAIstE] o] TANT o}aAk-S Akl o 2 o] Aglo] =
g}, =3 o)t AAFES AlgthiidE FaEo] A
$-9] F712Q) Holgo] Hrhs AP o8] dATtellx] waiA]
%) 9 (Avnimelech et al., 1994; Moss et al., 1999; Burford and
Lorenzen, 2004). ¥ A-7olM & €024 d-E 0.09-0.13
L/day®) o ZF3 A7}, TAN 59 #AhEs 32HAA
gk olAANY FEO] Wik A W3lEk] Pt o]Re H)
WA g Ao FEAA Mafwo] PYshEA] Zt
OlFE & F YA Al2Ele] HAHE F2 A TR
71918 == Qle}. E=3F o] st AAgEEe] Az
AE3 gL B AFollA] ghEE oA o= WS FCR (0.59-
0.70ys 23| & = ok

JAL L7} 9,090/m’ S 2 7HF E9H tank 48] WEEL
58.1%% 71 woFom 719 -E(weekly growth rate)=
0.0158% 7P WA velsth A9 %7t 3,750-7,500/m*e] 7
G AEEL 75.593.6%2A A A UEREom A
A9 AFL 0.071-0.108 g0 7 ARES vl u gk 71832
A3} & kel ol|x o] B8 7S FE8] BTl
itk & Aola el Lol L] FHEAEOR oF 0.1 g9] A
32 A A9, B o7z B, AE Y, E3HA)
o] x4 %9 oy 7[A] a%E & 4 Q. E3] AvkyA¢-
= distels gl d9Fl Asf5rt 7Fsste] FEAAT Al
718 AREA AT F Q) wizel A FHY 2]
Jae B3 FA§2] 7] &3 Aol mExs azk 2
3|5 Ao ZN FAAAHEE Y F Utk

B A A ank 32 7,500°1/m? 71F)ell <713t 1007t
o) (2F 3 ha 72 dAEF 71E) o AvkeAe S F
2543817 Y oF 13082 AR Festdt 13y
L kAol o) LS YaME Boh R S5
S 913 iR Aol tidt A5 27t g 2 el
A YRt 2719] %8 TAN 558 F17)of] s obdak
& o F4% F7F A4S ddst] HalixE AldTy 2
Ate] gk FH] oHe] ARG HYste}l BAEE 4l
3 A4 R e AAE W 58 ekt FU1EQ o

7t 92y Ao Agd.
o [=]3
e b |

Aaliere] 2 FAFQ tiske AT voleas 23E A
Hog Qlate] rkdo] A AskE L ok oo tigk oA
02 2003d o]HE AckMtE FEER Falo] FAtEo
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