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DISINFECTANT eFFECTS Of' ULTRAVIO[.E:T IRRADI"TION ON FIS!! PATHOGENS IN HATCHERY WATER SUPPt.Y 

H •• Ofll yo"hiat", .. , lIiroko T" k l zlwa . H"",,bu 
S •• I, IIlroe Ka ta o ka, Tad e. hl KUI O and 
hk"hil" U.ur a 

la boratoq of ~licroblo10IH' P, .. ; ulq of 
fisheries , lIokkl11do Untv,nsl t y . ~lInoto. 

Hlkoda t e , 041 Japan 

Ab " t ract 
Di sin f ectant e Cf ect s of U.V. 

Irradiotion were .~.~ In.d on c " ll 
, \l lpen" lonl of 5 speci es of fi s h 
pa lhDllenl.; bacteria, and" punched Ilgor 
• • dlu . dllk coyared with 10 stralna of 
aquatic funsl a nd 7 strotn s o f ce ll fr e e 
fi s h potholla"ic vlnues. 9 9 .99 % or .o re 
of the viabl .. bac terial ce lls we r .. 
,fCectod b r U.V. tr eat.ent of mo r e thon 
2.2 • \0 1 ).IW· .IC/C., I U.V. dO l llg " . Th e 
h , phol of a quati c fungi " how " d r , lotl v" l y 
l owe r lu s~e ptlblllt 1 t o U. Y. Irradlatlun, 
thlt whi~h inhibit ed th s sra"t h of lIypho e 
vII 1.5 - 2.5 K 10 1 ).IV. Is~/ull, fi l II 
• lru" l , IItNV, IIRY, OM Y, CCV ~ nd 
ft, s plmo n ! s "ers found t o be I l n l itl v. to 
I/,V, irrBdlBtlon, Bnd ~ 99 % or lo r e 
!n(e~thlty d s~ r e o ss (ID" ) va s 1,0 - ),0 
• 10' ).I1I·see/e ml, Suaeapttb!llty o f IPN Y 
, nd CSY we re found t o be low, 10 11 
s elsured 1, 0 - 1,5 • 10 1 )l1I . see!clI l , Th e 
Int ee t iv ity o f 111NY. In virus contaminatld 
rive r "eter I nd IIlNY co nt amin l t ld pond 
vlt .. r. lIe es ur e d by t he lol e~u l e r 
filtration . .. thod VII 0.56 ond 5. 6 
TCtDII!t, r espee tivell' U.V. trelt e ellt o( 
riv e r vltsr ",Itll 10 )III. s ee/cII dosaSe 
eould prevent In I liN outbreak. 
Furtll e r lo r e . U. V. trelt l e nt o( the 
hatc llsr, we ter s uppl, 1 1so decreeses the 
'Isble bacterial counts a nd (unS i 
In( e ctlon r a ts , of s, l a onld eSII. 

intr odu ct ion 
Di s inf ec tion of the h'tchery 'Inter 

suppl, vith ultraviolet (U.Y.) Irradi a tion 
h .. bll n studi e d (Beden 1971: Kh un e t 
II. 1976; 8ullo~k Ind StucklY 1977) Ind 
interest "'I S senerat a d in tile ul a of U.Y. 
for th e pr .. vs ntlon at di sea ' is associat e d 
vith Iq u I~ ultur a (Aboul-Ela 19581 Brown 
I nd lua.o 19791 Fishar et II. 1976; 
Hoff a ln 197~: Sako and So rl la chl 198 5; 
VIUlh 1958) . Re cantly rllnbow trout (arlll 
in .l lnllnd Jlpan hIve be .. n puttlns th .. 
U,V. Irr a di a tion to pra~tical II l e, which 
could pr e ve nt thl inf .. ctious he llltopol"'tic 
n .. c ro l l , (InN) In U.Y, Irradiat e d river 
wster which wa l c o nt~lIinat e d " Ith tIlHV. 

lIere we review the r e,u lt' o f o ur 
'tlldi'l on th e U.V, I Ulc e ptlbillty o f the 
fl . h plt ho leni~ bact eria. funS I a nd 
.i r u .. 1 (Um uu at a 1. 1976 . 1980a,b; 
Yos hlllizu IQ 8 1; 10 l hl lli zu at a l . 1986) a nd 
co ns i der the useful nesl at a U.Y. 
H~_ '. "" '.H ...... ...... ,. ,,.,.. T .. S._ ....... fIoM,;,., 

,.._ '" '' ... ~ .. F'~ ...... ,s..:;,. .. .. ...... ,. ......... . 

"Iter t rel tllent unit f o r th e dleinf ee tl o n 
o( hat c hery "e t e r luppli e s b, co . p"rl"8 
the dlllnfe~tlon r e tl s of bacte rta an d 
virll l es, hetchinR rat l of Il l monid eaa s . 
I nd lurvlval r a te of rai n bow tr out Cr y 
"'hl~h were ~u l tured with the U.V, 
Irr a diat e d wat e r s upply. 

Mnt e rl a l s a nd Ha th od l 

Fi s h patho l en i c ba~t e rl a , (IInsl and 
v lru las ul od l 

Fi ve s pecies o f fi l h pethogenie 
b"c torl e and Eschorlchlg W!, 9 species 
o( 10 s train s of oquatlc fun S I end 6 
species o f 7 . trnln l o f fi s h .Iruses "'ere 
used III thl l study (,rabl e I). 

Prepe ratl o n o( pat holen a (or te3t: 
Bact e ria a nd fun ai "ere c ultur ed on 

(relh woter agor (FilA: killuro at a t. 1976) 
and heap soe d broth or sabo ur a ud 8s a r 
.. odium, r es pectlvel" at 25'C ( or 2 dlya . 
Fi s h vlru a es wo r e cu ltur e d on r elnbow 
trout s o ne d colli (RTG-2), chinook lallon 
","bryo ~ e lle (CnSE-2 1~). and channel 
catf i s h o va r y ce ll . (CCO) us lna E8g1 .. ' s 
IIl n lmu," eSlentlal aed illm (HEH) 
s upple llen t e d vlt h 10 1 f e tal bov in e serul 
en d 100 IU!ml pe ni ci llin and 100 PS!. t 
s tr .. pto," y. l n Incubated It 15 ~ for 7 day s , 
Culture fluid " a, filtered I nd stored ~t 
- 80'C IIntll II s l d. 

Meaa ur e ll s nt of U.V. su.~eptlbillty: 
The U.Y. III , ce ptlbilit, of the 

ba ct e ri a l .t r oi n . wa l measu r e d IIllnS the 
FVA plat e s; D. I a l of bacteri l l s uspe nsion 
(10' CFU/m l ) "IS .preld on th a allr plat es 
(g 90 rna) and Irradiated with U.V. of 
dl(f e r en t dO.ISas. A dosa of 99.9 % CFU 
r .. ductlon was detar . tned. Fo r the funa l , a 
punched laar lIedlu," di s k cov .. r a d ",ith 
fUnallS hypha e "al ea pl oy a d for til" test. 
For fi s h v irUsel , 0.2 II of ell 1 (re e 
cultllr e led lU ll was apreed On the dl a h (60 
I .. ) and Irradl l ted "i th U.V. in th" lIme 
lanner ee th e bacterll. A reduc tion of 99 
% o r mOr s In th l lr inf .. ~tlvit, (lD,,) vea 
le8 s ur e d, U. V. dO la Se was a ealurad by I 
U.Y, photo., ata r (Topcon UVI-25.). 

Ef(e~ t o f th a U.V. Irudll t lon 
In(ectivity of v iru se s alllpe nded 
d .. chlorlnat ed clty waee r: 

'" '" 
ln Cec tiou s he . atopole tle necro , 11 

virus (lIIN Y) a nd Onsorhynchu a !!.!.I.!I.!L virul 
(O"Y ) were s u s pe nd e d in dec hlorina t e d cit y 
vatlr a nd the inf ectivit y 'I •• Id juaeed t o 
100 TCIDII!lIl. ViruI" "eU treated by I 
U.Y. ",ater tr e Bt," e nt unit (H ippo SF- IN SM) 
with different flo" ratea Ind t he 
inf,,~tivlty o( th B ~ir u .e s WBS ~eas ured. 

Eff ect th e U,V. irr adi a tion " ", 
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.. atef I~ppl, on hatchlnl ratl of •• ,u and 
ch ... ,.t,on: 

tt,ht th o .... nd and ftw. hundr ed ..... 
•• I,on (Q. ~) e'I', 6 dey. ,ft.r 
fertilisation, and ',000 chum •• llon (~. 
kat.) ••••• J ... t .ft,r f.rtlJl~.tlo n , 
~ •• ployad fo r thla Itudy. t l.1 vir. 
cultured In the Horl branch DC Nokk.tdo 
rill! lIatellef, Ind .. pereuel Ilito 2 ,rollp'. 
U.V. Irr,dlet e d we t .r v •• , .. ppll,d for on. 
,roup of •• ch ,plcle., the U.V. do •••• va. 
IdJ Ultld to 2.2 - 6,) • 10 ' pW ••• e/c a l , 
EI ,I vet. cultured until hatehln, and the 
.,Iln, rate and hatehlnl rate v. r, 
•••• ur.er . 

[(flct of the U.V. Irr a dI a tion of the 
vlter lupply on the aU f _ l •• l rat. of 
rainbow trout: 

Nu .. ber 
e8a l 

Nu ob. r ., .. 

!:fhet o r u.,. dhlolhetlon o f 
lI.t.r ,uppl, 
h,tchln' 

M"u Iliaon 

•• 
ru,' Cont r gl 

I ... plor ld 4334 6333 

•• .,.d 
rhld 3190 2393 

918 1940 

2982 2001 

'n 

Chu .. •• 100n 
rut"Co ntrol 

1867 19H 

1779 15 12 • 

'" '" 

11 58 

15.6 

Tvo ,roup. of 1,000 rainbow trout 
(Q.. ill!.J..l), ••• n,. bod, ... t,ht 0.11 I. 
"'f' cultured In '5 1 aquort"I', .. etn, 
rt ver wat e r and U.V. I r redl.t . d rtver 
.. et.r. Th . flo .. rllte WII, I' _ 20 01/ 
nc lind the U.V. do.n,. WII' 1.2 - 2.0 J 

10 1 ~~·"C/C_ I . Survivnl rnte. of th •• e 2 
, roup' or fllh ... re ob.er .ed fer 2' da,1 
and .Iru. tnfecclvlty I n t he wnte • 

• 1 Flow rote: $.0 - 8.5 l} o ln. 
U.V. do.., •• : 22-38 • 10 1 }lV · ,.e/e. l • 

rete: 3.0 - 5.0 l/oln. F'lnw 
U. V. dO""'1 38-63 • to l ~w· .. e/eo'. 

• uppll.. w.' _eo.ur.d ~r the ool.cul.r 
fllt,.tlon .ethod (V.t.nob •• t .1. 1988) 
.. tth t.n,.ntl.1 flow flltr.tlon (P.llleon 
C •••• tt. S,.t._, Mllllpo, . Corp.). 8.for. 
flltr.tlon, b •• f •• t r oct we, .dded to the 
lI.t.r (0.01 1) .nd the eonelntrltld w.t.r 

110. tt.,il1l1d IIlth • o.',~. lIlh, 
(Mllllpo', 11A) p'e- tre oted with U res . 
Pond W.tlf with .n outbreak of IMII w .. 
,1'0 •• ploy.d .nd the IIlIlV loIheth lt, 
•••• ur.d. 

Tlbl. 1. Mlni .. ol b.ct.rieldnl. fun.leldel end 
virul Ineetlvlltln. U.V. do •••• lor ft.h 
p.tho.en i e boete.I •• f un.1 .nd vlrulle. 

Sp.ei •• 
A.rgegn •• b,4rophII. 
Atro.on" Rllnet.t. 
A.rp_gn •••• I.onicld. 
!.Ut..t.1g tall! 11 It r II!!! 
P"lIdo-o nu '1 IIorn"n. 
E"berlchl. u1J 

pornsltle. 
p a rasitic . 
llill 
dle1in. 
qllllO'POTII 
• p. 
.p. 

IOUI 

'" ATeC 
IICtiI 
EF Il t. 
0 -26 

IFO 
ATCC 
ATCC 
CBS 
CBS 

1018 
1666 

1411' 

• 

'" 22214 
10936 

J263 
1786 

G Ifu 
Tokyo 
Shlluok. 
CBS 10752 
ATCC 14566 

u.v. 
3. 0 
• .0 
• .0 
• .0 , .0 

• .0 

dOSO I" 
~ 10 
• 10' 
• 10' 
11 10 ' 
• 10' 
11 10' 

2.3 11 10 ' 
2.0 11 10' 
2.3 11 10' 
2.3 'II 10 ' 
1.5 11 10' 
2.2 • 10' 
2.5 11 10' 
2.3 11 10' 
2.1 11 10' 
2.2 J 10 ' 

IP NV (Buhl)·· 1.5 • 10' 
Chua •• 1.on vlru. (CS ') 1.0 11 101 
IIiN V (ChAb) · · · 2.0 ~ 10' 
1I1MV (Rt To ) 3.0 11 10' 
Qnc9[h[nchy. ~ viru. (OM') 2.0 11 10' 
Ch.nll.t c.tll.h vl rll' (CCV) 2.0 • 10 ' 
I!FpS' ,1r~' snt!ll9al~ 2.0. 10' 

1 a 'lIt tOr .t 1 ••• t 99.9 1 o f the v iable 
b.et.rla . to Inhibit thl .towth of hyphae 
or to decrease the ~Itu, Inf ect ivity aore 
than 99%1 ~\1 n c/c .. '. .. ... IIII .etlou. p.ncr •• tlc n ,cro,l, vlru •• 
Inf ect Iou. h .... topoletlc n.cro.l. ~Irul . 

U.V •• u.c.ptlbtllty of het ..... 
fU1I,1 ,nd ~Iruses' 

U.V •• u.eeptlbl11tyof the 6 
.t r.ln. of bleterl •• 9 spec I •• of 10 
str.tn. o r liquet Ie fun . 1 Ind 6 
.pecl •• o l 7 st relnll 01 fish vi r Uiu 
u •• d I. lifted In T,bh I. II.'. 
do •••• of 99.9 % CF'U r.d.etIOft 
... e.ur.d • - 5 11 10 1 pV ... c/c .. , . Th . 

hrph •• oliO str.ln, of .~ .. tlc 
fu nal .howed lower .en.ttldtJ thu 
bllete,l, ,nd the ... Inl ... l lun,lcUd 
do .... ol U.'. irradlatloll .... 1.5-
2 .5 11 10 1 pll ••• e/e .. '. Fhh 
pntho.enlc ~t rulles. I.e. IIIN'. ONV. 
CCV lind Ii . " I' onl, wu. found t. h 
"n,ltlu to U.V. 'lid ,99' or 
,"o r. r.due'io ll I II th.lr Inl .et lvlty 
(lD ,, ) •• o.ur.d 2.0 - 3.0 11 10' pl/' 
,.c/e .. ,. Su,e.ptlbll1ty o r IP'" ud 
CSV w •• fOllnd to b. low .nd the IDII 
•••• u'.d 1.0 - 1.5 11 10' ~V· .. e/CII. 

Effact of the U.V. irr.dla tion '" 
tho Inf.cti.ltr of v iru, •• '.'p,"d .. 
ill the d.ehlo r ln.t.d cltJ w.t.rt U.'. tr . ,t . ent .t the flow flU 
of .... th.n 16.7 I /oi n ( flo" r.u 
th.t w ••• qul •• lent to .or. thlln 7.6 
• 10' ~V·'.e/e .. 1 U.V. do .... ) .... 1ft 

.ffaeth ... e.ns [or dl.inlectin, 
100 TCl0u / .. l of IIiNV end OMV IIhlch 
w.re .u.p.nded In dechlorlnat.d city 
""tit. Th . Inleethlty o f both 
v ltulle. d . crellsed t o, t l" thlln 



.. , t a r ."",,1, on hatchina r at. o f 10.", .nd 
eh " .... lllon: 

Eyatna r.t ••• nd h . t china rat .. of 
••• " .nd ehu. I.l.on ull n, th a U.V. 
irra dlat. d . nd n o n i rr ,di.t.d ... t . r 
lup"li.. or •• h o wn 1n T.bl. 2. In th a 
ca •• of th e U.Y, 1rra diat .d t •• t ,rou"., 
., . lna r . t • • of I"U and ehu~ .al.on 
.. e r . 73.S "'n ~ 95,) %, r a.".c t lv. I" but 
1n the nonlrrGdilted control ,ro""o, 
_,. I n, r a t a. var. S5. 3 and 76.6 %, 
r a,,,activ.ly. Hatchlna ra t.o o f t .ot .nd 
control Iroup. v . re 6B.B . n d &3.3 % In 
"'u .o l oo n and 9'. 2 an d 75.6:t In c hil O 
., l lon, r •• pect iv o l ,. 

Eft .ct 
'''pp I , 
trOllt: 

o f the U.V. lrr.dlatlon o f 
on th e I"r"ivo l r o t . of 

Virll. inC . ctivlty of IIIN V In non 
Irro d lot e~ r1 ver "ot.r "" 0.56 TCI Dn /l 
Ind U.V. i n i r radiat.d vot. r '101 l e'l than 
0.32 TCID II / I . In fectivity of the I Ii NV In 
the pon d .. a t er "h. r e 111M had brok .n Oll t 
•• a,"r .d 5. 6 TCID" / I. 

Tha cUlulot l .... ortallty o f the U,V, 
trtat.d grou p Ind th e nontr e at e d a 'oup 
Is Iho"n in fla . I . In aplte of th e fact 
t hot 99.7 % o f rolnb o .. trout In 
nonlrradi oted r iv. r "a t.r d1.d, cUI",I.tl.e 
aortollt, o f U. V. l rr odl.t.d aroup " •• 
3.9 %. 

100 

• 

0----0 

o 5 10
0 

15 20 
'Y' I . CUIII I ,t l va .ortalltl •• of rainbow 

25 
fl, . 

trout . 
a : Untr •• tad " I t er 
• : Aft . r ."It .. en t o tl o n 
0: If t o r U.V. lrr . dlotlon 

DI,cU 'llon 
W •• tudl .d the U.V. I UIC. ptlbi l lt, o f 

the f lah pathogonlc bacteri D, f ungi D n~ 
.,lru.wI. LI.V. l u.ce ptlbility o f tha (, 
s tr oln. of CraM - noaatlve bocterlo and the 
4 I tr aln. of fish p",ho.enlc yl r ulel, 1.1. 
III NV, UtlV, CC¥ :;Ind 11. '01Moo13 eop l o, .. d 
... s rlletl.,,,,ly hla h und wlth:;l U.V. 
dosBle o f 99.9 % CfU re~u ctlo n "nd D 99 % 

'" 
Of MOr. r .duct l on of their i nf .ctivlty 
(ID) ..... ur.d A - 5 I ncl I - 1.5 • 10 1 )JW 
.ac/c. l , , •• "ectl •• l ,. Thl. do " Sa o f 
U. Y. Irradl.tlon VSI , l lo.t the leMe •• 
th e datG fro. Bullock and Stuck.y (1977). 
Th •• ulc ."t1bllity of 10 . qua tic tunal .nd 
virule. lPNY .nd CSV t o U.V. v •• l o we r II 
cOI"ored 'lith t het of t he b. c t.ria . n d 
.nv. t ope d vlru le •• Ind wlth the .. l nt •• l 
fuoalcldal do.oae of U.V . lrr.dietlon, 
Inhibiti o n of aro~th of h y ph aa , and 10" 
"0. 1. 5 -2.5 • 10 1 )JW, .eclcl' , 
re'peetlvel,. Thl •• u.cep tl bi li ty wal a 
little hlah.r t he n thot o f fl. h p. r •• lt •• 
(V Ia .enko 1 969~ Uoltlln 191'). 

R'lardin, the u.efuln ••• o f U. V, 
~.t.r tr out •• nt unit for dl ol nf .c tion o f 
hotcher y ",t. r . up p l l el , LI .V. tr,.t.e n t of 
1 ••• t hun 16.7 1/.l n f l ow rit a, that "n o 
.qu l valant to .. oro tha n 1.6 aiD ' )JW' 
lec/cI ' U.V, dn'oae, l io n , If ectl"e I.anl 
o f dlslnfo c tln a 100 TCIDu /l 1 of IlIMV and 
OtlY, 101 . ulo d a U.V. treot .. ent unit fur 
.n l lonl d hnt c hln l wat e r: eye Ina Tat . s I nd 
hutch! ". r e t. s of IU' U I nd ch "l •• I .. on 
Inc r ua".d .bout 20 % a. cOlpar.d vlth 
contro l afO Up s " hle h v. re cultur.d wlth 
nontreat . d wate r . 

Rec . ntly, rai nbow tr out f o r ... In 
.a lnl a nd J"po n are uslng the U.V. 
tr.atlant untt ond th t . cou ld prav.nt IIIN 
frol .ur ., lv!na In the ri ver vp t . r vhi c h 
wp, conta.lnated .. It h IUN V. Vir" . 
inf .etl"I~, o f )"" V In rl v. r w.te r co"ld 
n o t be dete r.lned b , u ll n g the o r dinary 
... thod, bllt I n fe ctlvlt, of lll llY lI.esur.d 
0.56 TCIOI,I! fr OI no n lrrodlatod river 
.. at.r and 5.6 TCID" / I fr OM po n d .. at.r 
.. Ith on outb r .ok o f ItlN , "hen ... u.ed the 
lo l eeulor filtration .. athod. IIIMV " as not 
I .o la t .. d fr ol II.V. Irra~lot.d "e t e r end 
thu cu" lllut lvu .. orta l lty o f r a inb ow trout 
cu lt u r ed In U.V. tr ee t e d " .. t er w .. . 3.9 % • 
but tl'e c Ulu l otlve lo rtollt y o f the nen 
tr •• t ed con tr ol ,rollp r •• ch.d 99 .1 %, .n~ 
d,lon.trat.d t he .ff. c t lven •• 1 of U.V. 
tr aatle nt. 

Ce nera ll y , U,V . Irr ad i at i o n of "a t er 
.t wa~e l enath 2531 Angl tr oll (A) units h a l 
proven .ff,ctiv. .nd pract l c.1 ( o r th .. 
de. tr uct l on o f .. i croo~aanl'I' .nd I. 
nontb~lc to fish. for thll I t ud, w, us.d 
thll type o ( U.V . l UI , . W ... . I~n,th. 
balu w 200U A p r o,l uca ozon e! u hl c h wnl 
eff .. c t lyo in d",strOflni fl . h pathoSenlc 
bacteria , f unll, and vl ru l.. (Aultln 
19B) ; ConrGd et 01. 1975; Sako and 
So r l .. achl 1985; W.d.I'ye r .t al . 1977) but 
t oa le to fl . h (Cles. 1961; W.d .... 'e r 197B, 
1979). Th •• ff ectiven ... of U.V._OIO n • 
"at .. r sterlll,ar Ihou l d be . t",d i e d. 

R. f erence 
Aboul-Eh , I. I. 19 5B. EHecti 

vio let radi atio n on oy. t a r l, 
IB I: 101 J. 

., ul tr a_ 
Natura 

AUltln, B. 198 3 . Effect iv .n .... o f alOne 
f or the dllinfection of loboratory 
. ft luent. fEHS Hl c r ob lol oay Lotters 19: 
2 11-21 ~ . 

B.d.ll. C, W, 197 1 . [rudlcatlng Ceralo'JlO 
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Ultraw l olat llaht disi nfect i on of 
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Elt.tnatlon o f ft •• pa th oS.nlc bacteria. 
Aquaculture 17: 17-23. 

BuU oc k, C . L. and H. H. Scu<:key. 1977. 
UltraYlolet treat • • nt of ... tar fo r 
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