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Disinfection of Hatchery Water Supply by Ultraviolet (U.V.) Irradiation—I

Susceptibility of Some Fish-Pathogenic Bacterium and Microorganisms
Inhabiting Pond Waters.

Takahisa KiMURA,** Mamoru YosHiMizu,*? Kenichi TAnMa*?
Yoshio EzURA,*? and Minoru SAKAIL*?

Basic experiments were carried out preliminarily to determine the usefulness of
a double-tubular U.V.-water treatment unit (Seibu Kagaku Co., Model Cs-50U) for
the disinfection of hatchery water.

The results obtained are summarized as follows.

1. The disinfectant effect of U.V. was examined on cell suspensions (10°~7
cells/ml) of 5 species of fish pathogen and one strain of Escherichia coli. A 99.99%
or more reduction of their viable cells was effected by U.V. treatment of less than
8.5 I/min. flow rate that is equivalent to more than 22,100 W .sec/cm? U.V. dosages.

2. The experiments on 4 specimens of fish-rearing pond waters containing 10¢~¢
viable cells/m/ indicated that U.V. radiation is an effective means of destroying
microorganisms in the hatchery water supply. However, a tendency towards U.V.
resistance was shown by some groups of water microflora, e.g. Coryneforms, or

yeastlike organisms,
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HREE: FRBEIHROMKREER FER{LE CS-50-U, 2 EEK, UV. HH 1.4W, TKEN
10kg/em® DIE) 12, 2 AOW@HEAY 7, HEHREYRERHAEYRA 14)/min FTAZERLDLL
THR L7 Fig. 1 Trh Rt AEBCE« OWMEBE THENK LN LIHE O RARBHREOHAXY
Fig. 2 LRt 7 V7OWAE A —H—DAKHTS 1.4 vy L L, (1) ORick hEBAEAICE
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area of section
L of unit

.1 U.V. energy density

U.V. out put w---1.4 watt
radius unit r---5.5cm
radius of U.V. lamp 1...1.25cm
length of U.V. lamp L...25cm
U.V. transmittance in water -.-86%

U.V. energy density =w/2zrL=1621.31 W /cm?
U.V. energy density in water

. ) o =1621.31x0.86=1394.32 pW/cm®
Fig. 1. Photograph of U.V. treatment —1394 iW/cm?

9

equipment. 2 U.V. dosage
A: first pump D: U.V. unit =U.V. energy density
B: second pump  E: water inlet xU.V. exposure time (sec)
C: flow meter F: water outlet U.V. exposure time=L/flow speed (cm/sec)

flow speed= flowing volume (cm®/sec)

; . . area of section of unit
FRRARERE HET DL, 162131 pWiem area of section of unit=zr2—zr’?

Lieh, BE 4.25cm OKPIC KT BRAMRDOE Fig. 2. Formula of calculation of U.V. dosage.
BRA85% & LT, ThEERT 5L, 1394.32

pWiem? L7 b, KICEBNZY K, EBIEDO 7+ A 7 RCEBBETHERELT, 7 v 7OEHKR25cm %
KAVERT D Bfda ks, £OBABERC ETHL, 2 NI )RR ILOBEMRRHRE (W sec/
cm?) AFHEIh %,

HEEK: REERCH TS RESREO BEodie, Table 1 iR L BRRERE RS0 E. coli
wHRAL, © 100!/ EBHRAEKC 109/m] Fiicics X 5 CiPEEEL BB L TERA L

#Egachk: ERBAAKE UCHEEDKERLS « ZXH O r HAEERBE MK SOt dbAKE
ERMOERMTERERFEFO L ORHEA LIS,

SERBORESE: FRBHEDEEBOWECIIHAKEFEF/R LT, T0 0.2ml 2oL TFRE
FRIE X 0 BIE Lichs, AEE 2D TORWBECIXRARC R X 2 UERLTRV, #REKD
0.2 m! B CRAEBEEN 10 UTOHE, ThbbREK 1ml %) 04w, 50 BUT OB IR
BB ORI NEEY BB L. ok REEKRC X 2 FRTIX 25°C - 48 Ffd, HRAMKD HHix
20°C « 5 ARIEEOH, LEBYHEM LI,

ABBEHONTEE: BANMKTO RR TI EEBRUEEOERFERO—~EEHE 2> DL EHXHELT
SHEWAN HOHEDCHGERY S OFREETRV, BB X 8RR EOHEEY LB Ui,
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Table 1. Destruction of viable microorganisms exposed to U.V.

Viable counts/m!

flow u.v. uv.

(jmin) treatment  dosage™ | s, ju  Argas  Ar3#  y7A5 Bs |4 Pps.i2w
—  untreated 0 13107 2.2x10° 5.6x10°  1.9x10°8 1.2x10° 1.5x107
8.5 treated 23,100 140 75 54 3 8 1.1x108
(99.99)% (99.97)% (99.99)%* (99.99)%1 (99.99)*! (99.99)

5.0 ’ 37,900 17 8 17 2 3 24

3.0 » 63,400 17 7 2 5 4

1.0 p 205,100 17 — 2 2 8 17

water temp. (°C) — — 18.3 20.3 19.4 20.4

cf. *: reduction (%)
*%:  Aderomonas punciata 1AM 1646

*#5:  Vibrio anguillarum NCMB 6

*7:  Pseudomonas fluorescens EFDL

*2.
*4 .

*8.
%8,

Aeromonas hydrophila 1AM 1018
Aeromonas salmonicida ATCC 14174
Escherichia coli O-26

2W.sec/cm?

Table 2. Viable counts of untreated and U.V .-treated pond water

i flow uU.v. water bl counts reducti
No. expggltr:ent place (lffar}ien , dosagew tzaonéf)), (e/mz) e ?gg;on
1 5. Nov. '74 LPE.*2 —_ 0 10.3 7.8x108
6 31,400 N 100,00
3 63,400 N 100.00
2 2. Dec. 74 Mori*s — 0 8.8 1.4x10¢
9 21,000 140 95.00
7 26,800 65 99.54
5 37,900 30 99.79
3 63,400 23 99.84
1 205,100 17 99.88
3 16. Dec. 74 Mori — 0 8.4 9.8x108
13 14,500 160 98.37
11 17,200 92 99.07
9 21,000 54 99.45
7 26,800 11 99.89
5 37,900 17 99.83
4 14. Jan, *75 LPE. — 0 5.0 1.3x108
14 13,500 54 99.99
12 15,800 92 99.99
10 18,800 400 99.97
7.5 25,100 35 99.99
5 37,900 17 99.99
3 63,400 2 99.99
1 205,100 24 99.99
of. ¥: pW.sec/cm? negative,

#2: pond water of Mori Branch of Hokkaido Fish Hatchery.

*%: pond water of Hokkaido Univ., rearing gold fish.
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Table 3. Generic distribution of microorganisms isolated from untreated and U.V.-
treated pond water

exp. No. 2 3 4

exp. date 2. Dec, '74 16. Dec. 74 14, Jan. ’75
flow rate (J/min.) | — | 5 3 1 | — |1311 97 5| —|141210755
U.V.-treatment un-* | treated un-* treated un-¥ treated
Micrococcus 250 | 9% 0 0 0 %0 |%0 0 0 011|%0 %0 0 0 0 0O
Coryneforms 0 10 10 0 10 |30 47 60 27 11| 0 [25 30 7 36 0
Achromobacter 13 20 20 10 7110 0 0 0 0 0 010 0 0 O
Flavobacterium 37 10 0 0 20 140 24 20 18 22| 93 |17 30 53 45 60
Pseudomonas 40 40 70 80 60 |17 18 13 27 11 7117 0 7 02
Enterobacteriaceae 10 0 0 0 0 00 0 0 0 0 0 0 0 0 0
Aeromonas 0 0 0 0 0 0 0 0 0 O 0 0 06 0 0 0
Vibrio 0 0 0 o0 0,0 00 0 0 04,0 00 00
Yeast 0 20 0 10 3 312 6 27 45 o |41 30 33 19 20
cf. *: untreated.

2B B R

KR 1. RERKCLDIER

T p e S BMOBREREL SO E. coli #FEL LOAHAKLYE « DB CAERC L 0 248
BE LRIz Table | @RTHEY THH. TibbRAERETT 100~107ml DEBERAYRLEWER
OHAEBEKR L, WE 8.5/min « BABRBHE 22,100 oW -sec/om? CiiFED 99.99% Ll DA
OEAHBESh, ThULDRETILRBANED bhi. Lh LRERSE 205,100 W -sec/cm? «
iZ 1.0)/min OBEHTL 1004 OBREDHRIIZDHRT, ZThDTHENASGEBENBE L, ke
DEBROBHEIKENE 20°C TH O,

R 2: BRMKICLDEER

1974 £ 11 A25 1975 £ 1 AE5H, ## 4 @Eicbicd, FEBr I 2E8BKOBERRYR
HizfER% Table 2 Wind, T7cb b LMBRMKO BABRHTTOL T, £V IB4T 109ml,
PirnBac 0Yml BETHoke, £ 1 BEORRTIINE 6 /min YT TRELE LTS LA
7, 100% OBRESENBEE IR, # 2 BAOEBRTIE 9lmin ¢, % 3 BEETX 11min t%+h
Zh 9% Mk, ¥8 4 HEORBTIL 4l/min ORBCRHN 1.3x109ml Hor kb s
B 99.99% L EOBYH Bdiz, LRRAMKO KBXEVWET 5°C, B4 TL 10°0C thonk
2% DEORBRTIIOBECEKEOHELZLA LED b2,

w2 h HHFAKORMERETOWERE L RARBHBROBTHOEELHLZ LB Table 3 o7
TEELTHD B 2HEBOHBRKERCZ LIS L5k, BENOHEHAKOERL genus Achromobacter,
Flayobacterium, Pseudomonas 7z Nz family Enterobacteriaceae Til5sbh, Bt kit Coryne-
forms % Yeast (35hb bhfehofesl, BEBRTIEN NG, thbpREshic, Thbb Coryne-
forms % Yeast (IBAKFCELDTEMACHFEL, BEOTRLY KEALIRE LT, i bk
BSRARCERSEY BT 570D, ZOLSRBERERLELDLEEIIS, c0X s hERIEIEHED
RECIIEE Titlerold, B4EEOERKEETLABCEES R,

% &5
U EDKBRFERN O, REARBHEBIHKCH LCELD THILREDRLYTR L, A —»—0AHK
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TAERRERED 0.5t/h, Tihebb 8.3min LITOME - S£ABSE 22,300 ¢ W-sec/cm? [l L O
REFHCERUAPCEETLAEO 9% L oBENTIELEL Dhb, Lotk ERYEIC
BETERILTHEYHL, BRBKORE, HREEABR O MR OMEYFIEELABRTK DR
BN Y~ OIEBIECE - LR IR, L LEBANKD LAXRE, ounTFhoRR s\
T4 100%, TibbEehBERAZIRT, bIP i bABERED ORI LG, ZoAEL
TREEOHEH, ALEEYRHEYTRNCEL T Ly, BEFERLTRESREY Sb AR LY
BisE, SEOBRFNLELEL OIS, ¥FLAFERTIEARERY + L ARLKA CSTF o HE LY
Bott, bR TAMBLRNTALERS D, KR EETSERE L OCEEYE, o
BEBr AR EELELX D LRALR T AV 14+ v P ORBEB LR TORER DS, REENG
BHFBCEBC I T Vv ERETH L EBNALA T 50D CoRBC N-T2EE L, ERT o408
BHH 5, TORROWTLE T+ RABEOHALHER L CERYED TV 5O TR TRET %,

E3 #

2 BEENRNBRMAREEE (BREE - CS-50-U &) = 2 5olREL V7, WE LY 868, W
KEXBEKXK 14lmin ¥ CRHELREEY AV, BEAKOBREC W TOERNERYfTV, ROX 5K
HEReH.

1. Aeromonas salmonicida 1t ¥ 5O RAFKRERE R SO B Escherichia coli o 10°~7 cells/ml
BBRAAVCICER L, KR 8.5/min ¥ th T, BIHRBATREY 22,100 pW-sec/cm® Ll B0
&, WThoBRECRWTH 99.9% D EOBRBEHRNRD LI,

(=¥]

2. AEH 100ml #ELBREMC KE BV ERTL AR XD TREF BEDRS b bhic
2%, FUKE#EG Coryneforms % Yeast 7 & —#io & O E TR+ 5 BZE OBV ERIERD S

iz

E 3
FRREFT L5 CHic ), EBIE R TERE KBRS « FXBORUL OTICEBEY RS X
RERCERRSHCHEYET 5,
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