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BHET, ABPEULVCARBENOREYRETS

TeDIZBA LDORFORE L Xh W5, LiL, &
EEORREL &L TOBREIEILL, BECIIAEE
D kB X OB ITHLDOTE N B, EROFREY 1 i cHE
REET L EVEEOFTEER LT B, F—H
W TORZOEDER, FARCEEDOL 50 L2
B DBEM AR LT %, Tiebh, #EibicttsH
ANEEEOEL, FIXKB»L OFEH - BaRE
SENE - S, ABVRIRMLRE TrvE=7%0
HEH AR L OVFERERE M 5 SRR OFER e E
REFIE L, FHRCWHELE D RFLREAIRET &
SHEBETHB, Lirl, 0L BEOREHICET
LR, MBEEOMME bV ZIERELLS
wharbbd, £ ThHhE VEEINTI o1,
Fotb, B, MREN - SREEOE VS OES
s, ENBEEOBR Lt b FEOBEREOWK, AENE
DE T ERRIB L 755 T 2%,

0 X o BBk T AL, BEOBRKYR
EPRARCER LESREDWRIDEL IR D, &
rEIuL, BEORE - BANRERS LOEEDR L
DBEE U URERCEMI e hiliab i, L
ML, BEOEER L »2bLT, TO X5 ik
LB LPIZEL, Sl LicBligd T iy,

Table 1.

ABIRL, Wi R X OREHTRORK 5 2 WoBEK
EERBCEOMELRR, SHEE, EEHEOEND
BERCHEM L, 2HLE - kT Lk, 4
BOREBEDHHIBEODHVHEERTHL LB L
L7z, BBt LK, ENEEOBE L HEEL
MRS - MBS AOKE &, REREIOMBE A
RBEHTRDOEED 2 W Th B, Thbi, APttt
T3k®, BEFBOEEE AR TEEIN,

AWge, R—iR, F—KER, FA—RERE, B—

EEOL LT, REWETENRE S X OREEORTE

DL HEE - B LAcd 0T, S0k SRR
ki Siov, BECBB T, 0 X5 eRiEN:
MEOEAERENEL LTE Y, ARRISEOESE
MEOF AT FTLOE LTLEH S EBEbRS,

. BEOFE

1. EBRELSOEE

ERIR & UeKE i, HE TR LETHCEA
ShTw2BBE A ARG TR L EEE - BElnss
KOBBHRETH B, hbOKEL, KEBHT2
foid, BB KRB oR—HuRc b 5B 285
BORBREYHE L CER M,

Table 1 &0 s & EOKE AR L, Fig
1, 2 CFENES X OWERE =T

—fzi, BRE ARUEITROEBER, RiETH 57,
ENRE R L OBRIEDAKOLHFCEBE IR TV L
WIRBEB LTS, Lo TIDHROEBEL,
PSHEEOR EE WO T» D EEOBEI R ShTs
D, Bl EKE TR, BE BRISHRVERRSTTR
BEDER % L, Cold Housing OHFMPHTFLEE LT
TERLTA, BREB VT, £=2-BRKALSS

Structure and ventilation systems of the experimental

and control houses

Experimental house

Control house

Structure light weight steel structure light weight steel structure
Roof ga(lzxz)agjlf:)d metal+expanded polystyrene galvanized metal
Ceiling p1{4vg(;101§n (6.5 mm)+expanded polystyrene plywood (5.5 mm)
Wall galvanized metal+plywood+expanded plywood (summer: open, winter:
polystyrene (30 mm) sheet cover)
Ventilati thermostaticaly fan (50 m3/min.)X5 . dati b
entilation continuous fan (4 m¥/min)x3 natural ventilation with open space
Pen 8 pens (1 pen: 3.0 mX27 m, 10 heads) 8 pens (1 pen: 3.0m X 2.7 m, 10 heads)




EE-HE-AU-TS . BefE R, £E 519

CONTROL HOUSE
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Fig. 1. Floor plans of the swine houses and the measurement site.

Symbols: ®, temperature (for distribution); 2, temperature {for long term);
©, vector-radiant temperature ; ®, sol-air temperature; O, airborne particles;
X, airborne bacterial particles; a, CO,; and NH;.
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Cross sections of the swine houses.
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19802 iw o CORAFINRE T hTwb, LrL, K&K FEW, BIBOFHLEREL LT, SHOBMRE
& e 0 X5 R ic <, BTk T e LOHEBTEETE S & IR TW5, ZOHRL, 4
EBHE OTERB BT HASh T HE 2 % BTREL LCIHRESORSICE (HASh, KE
W AERIC B LB RREHTREE R, EHhc MR TR OMBER, KRR, TERLCBEERIC LY
H L, ZICHAST VP RERBTH D, BL2o2%H5, WIhdL&HiHoBwEEomEL w5
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Table 2. Method of measurement
Date Item Method
20-21 July 1980 | Inside air temperature distribution
(Sugrlxlrri’er) horizontal : 15 points (the hight of
150 ¢cm) vertical : 9 points
12-14 Jan. 1981 . C-C th 1 d
Temperature (Winter) Wall surface temperature (10 points) digital f;gﬁ,‘;ﬁ‘gp e an
]I?:f)' igg(l)— Outside air temperature
20-21 July 1980 Humidity ratio (inside and outside) Assmann ventilated
. u elative humidity (inside and outside psychromete
Ventil (Summer) Relative humidity (inside and outside) h ter
entilation
12-14 Jan, 1981 . . Smoke tester and Anemo-
(Winter) Inside air movement master air speed meter
20-21 July 1980 | Net radiation Net radiometer
Thermal (Summer) Mean radiative temperature Grobe thermometer
radiation | 1214 Jan. 1981 | Vector radiant temperature Vector radiant thermometer
(Winter) Sol-air temperature Sol-air thermometer
20-21 July 1980 | Airborne particles Piezo-balance type airbone
(Summer) particles meter )
Aerosol 12-14 Jan. 1981 | Airborne bacterial particles Membrane filter method
(Winter) NH; and CO, gases Kitagawa type gas meter
Ma;(gNov. 15;80 Daily gain (all swine) Weight meter
Production Sep ;grgg_l;ay Feed conversion
1981 (Winter) Total feeding time i

HCIFERIE SR T %, AEBRICH IR S S
RoBE R, Kb, BEWx T OHESC L, AR
(ETREEIRET A &R KA T R I R L,
BOAZIL, 1 ThBFBR2HRT 5 a0 7Bz - i
SHEE L L,

AR, Thb 2 20BoBEw > CBSHREE S
fIisvy, B R T OBEHADOER 25 HENBRED
MEEFEMCIE U, AEEY 20 TREMICEHE
B LRBEME Lic, 20k, KR, KRG C
FHRCERERIELSER, B IUHRAREE, MRTHE,
HAHEE - AR S EECHEYRIETEELLND
BRI, TR E—& L,

¥, ARE T, KIS - MRS ROBEY
KBS TR, B B RRR ROKE L M RKES
ERRLTHERT B,

2. MEEBLFE

FHAIL, 198045 A a5 1981455 H ¥ TH LERI
bileoTUTlbhic, BERA e, BHELic
ST E 198047 H 20 Hb IR 22 B, 1981 4¢
1A 12 a06R 14 HicfTiy, RIEE L BIE, ke

B, YRRV, MIERCC ERBEIE L, AEESRIC oL
T, BENEYBSBURA R LE, EROEE, #iF
BEOHE - WELEAEE L, (2ZEMeE U HEE
L7z,

Table 2 1z, BEHE & v+, ¥4, Fig. 2 o
PR R 5 fEEB OfSL R T,

R, MR OBEL, AV T I v 4B -
L O BHEESBOMBE LRI RT3 7 4 2 —T
Iy, TSR A WIEA M-TGE broth) %A
h, 25°C T A8 MR OB, = v = —HREHE L1,
M RIEE Y Fig. 3 Wi,

MEMBRANE FILTER

CULTURE MEDIUM FLOW METER

ABSORBING PAD

Measuring equipment of airborne
bacterial particles.

Fig. 3.
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L. HEREEE

1. @RS ERRERE

FEOREL JOEEDR R LB RISTRER
R, RBERE CH B &SI T\ b, KLEIBER
(1961 i3, FEOFHHAH OBVERE L £ OFRS LU
R (environmental temperature ¥ 723 effective
temperature) & OBRAH U, Tl oW - (L5
A5 =R L e 2T P L (thermoneutrality
zone) (BRODY, 1945\ DR R L, & OHA, BB
BEE L GEREELG TR, BREE ER0BE, K
HBREREDI AT A~ 2L LTERIA TV 5,
ESMEY (19699 12, = OB O B O\ o B
{E# (comfort zone) whHi-n & LT, RSBOEEMLE
BBREOBEYH U T\ 5, i, JOHNSON (19655
i, BRI OV CNALE L REOBREFEAN, A A
&4 Vi3 10°C 55 15°C TRADWHAEL B LI B
LEREE LT B, KoMGRI oW, BOND and
KELLEY (1960)) O#itsin EMib 5%, — IR\ EE
HE R HREEFRAF L VR EEZBLLBR TV S,
¥, MgUT, BHPECHESEHE L, RARC
AZOFESREGEBRFETHEEBENELTED, HT
SERNORBIENNCEREND L HFEETL B

BHORBHEE OISR T I EOTELCERERDFR

EXRTWwA, L L, BREFABCEENI oot
BELLRD 0D, EEROREERECHEZEY S
X Do LI o CEREDEEWYEATHEERER L
o Tib,

AET, MEERY D LCHESOBRIER LUK
W fa s l, FhRENORBESEkCED X
5 LT LA L, BET 5.

1) Shmoikit

Bi% X OAMIEE R OSSR % Fig 4 1©
R, BRI 05 m/s~10m/s DEAKE, ZD
HIRND B B EHBH L TV 5 1, KRILEA
(FR) 2EEEThoTo. T, KA B, #5000
keal/m?-day (1980457 F§ 21 H OR§~24K§) <, 7 21
HORESRIT2°C Th -, EFHER L3 BRL
LR T, oo EERKBE Ch T EBL
bhb,

SRS L, &HE B AR 1.0 m/s gk 0B
ZbhtAt, HEE 05 mis LU TR0 RETS
i, &H13 s AEOMKEME T, AERHRER
1980 42 12 F 41 0.1°C, 1981 41 A% —38°C, A2 AA

o

B
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(a)Summer Observation (20-22.July,1980)
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{b)Winter Observation (12-~14.Jan.,1981)
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Fig. 4. Wind speeds and directions.

—25°C T1AXEDE» -7 Fig. 98R), T, &
HWOBRESER —135C Thh, 21 A17THE 18
HOBREICEE I hiz, Lt THE Thbhicl
A12A»5 14 30 3 HEL, RIREOEGKHTH
ol Bb, B, MEAOEZRIINIm TH T,

2) BERESATFESH

ERFES OBEEY, AKOER &£ 0B bR
PEBETH DD, WREEIEAMIARTHH, B
DABEE A E o RAEER X DERKE CEE T 5
b, BEOBI BT A ERARIELIMET 5 2 &k
WEETchHs, LinL, SPHNOKEBITEDE2 T
w, BESHC 1 B ORSEE L TOBRSKBEE RSB &
IRRECH B (BB, 1980,
HEAORSINENERRBCH S LTHhE, BRIC
&b 78 5 KRGS L USRI ZE RO B A B, KA
B DAL,

e Qu— Qu=W (1)
L Lo (2)
i 0

AL, z; xo: BRESE LONROHEBE kg/ke’
vy, vo: DNERE X UAKORER mike’
Quis Quo: PERE R L ALE m¥h
W: &N0KERFEER ke/h
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Table 3. Calculating table of ventilation rates
Summer observation Winter observation
Experimental| Control Experimental Control
Inside mean air temperature @; (°C) 23.3 232 9.0 21
»  mean humidity ratio i (kg/kg’) 0.01500 0.01506 0.00470 0.00351
»  mean specific volume v; (m3kg’) 0.860 0.860 0.805 0.784
Outside mean air temperature 8y (°C) 227 —-53
»  mean humidity ratio xp (kg/kg’) 0.01487 0.00226
»  mean specific volume vy (m3/kg’) 0.859 0.761
Difference of humidity ratio 4z (kg/kg’) 0.00013 0.00019 0.00244 0.00125
Water vaper production* W (kg/h) 6,02 6.59 6.84 6.08
Mean specific volume v (m3/kg’) 0.859 0.859 0.783 0.773
Air exchange Q (m3/h) 39,800 29,800 2,190 3,760
Ventilation rate™* N (n/h) 146 90 8.0 11.3
Measurement air exchange Q (m3/h) 42,400 — 2,780 —
Measurement ventilation rate N (n/h) 155 — 10.2 —

* from BOND et al. (1959), **

2T, BRE Q% Qu & Qu OFBE & ThiE, ),
@2 b QKA TEUSIh B,
0= Wo/dx (3)

BL, 7: BROFHLERE mike
dx: HRA OBIREEZE kg/ks

@) REAVTHEEKESOEH s X OCLHNER ki)
51 BOFHBREETIEL, BARERDLER, &
BiR& B 146 [@l/Rf, AHw 80mIMECH D, X
BEE TR h 90 [/Rs, 113 E/MFTH - 7. BEE
AV ERESR Table 3 wind. iz, ERE
B Is0T B AKAER & BE B RD KR DR HfE
LRL TV 55, EREREOTEMEN, £Ldbe
DEPECEMER R LT 5, LEdi-T, KEST
B rERC RS 1 HOVBRERE, THE T
B EVTREES OB LT EEER S 2D LE
AohD, L, WEKESDOHETC DR EME % E A
T3,

BMORSBEIBEIE TRENLLRDA, MRS L
LIEFIERE, Thy 1EY Y ORTECBRETS &,
FE K4 650 m¥/h-head, 3fRKZ 450 m3/h-head T
h, ThiZkECRIhTW3IEBHK ke) 15Y D
DEIIC BT 5 LERSED 170 m3/h-head @ 2.5 £
b 3 5T 5,

inside space volume: 273 m3 (exp.), 332 m3 (cont.)

£, NEBEERESIIE = — A v — b CBEER 0 R
L, EREESLIhHTFELHEEL, AKHBEDE
HFELCRFEARAND DR E L, LB ORERES
BOMIZF— T AR » M X 5EER 15 10, BERE
MR E A, Fh, 1EEY 0 0BRSS BT EREK
7% 29 m3/h-head, 3MBFE 2749 m¥h-head +7r b,
HEREN S, FREEOW LG Lk o1, TS
& LMo B ERIKRTE 17 m%h 45 kg IBHEK) L
EOBMKEIBORTWAH, EE bRV BKEOD
VAT, ORI RENERO=T » VARER
Brioir b2 5H0 LB 5,

Fig. 5, 6 1Bl & L O LHIHE H BT 28R
GHTHSH. BEHIBEEI S o, BERKS CiIA
KO bHSBRIF A - T EREHENEE I
Twiz, L LEZDOEER, Fig. 7 wabh s X 5K
BEETiAEY, Zhick LIBERSIZ MO KA
EFELTRAELELEDLTH ol L, EREHD
BEIMCEKESHCTEE REIR SR, Tibh, £
BKE T T 2 b AR LSRN ORRES LR
BALERSTRRL, 4L LS BEREBE~EADD
RELEGHER A WD, —F, MHBERES cigeLic
SKIWLR IR Toiond, PRIKEMT L&A A
hpicsd, R X VHER T SBRE~RD »TO
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Fig. 5. Inside air movement distributions for Fig. 6. Inside air movement distributions for
summer observation (21 July 1981). winter observation (13 Jan. 1981),
Arrows show the directions ; symbol ®, from back Arrows show the directions; symbol ®, from back
to front; &), from front to back; D, disturbance. to front; &, from front to back; D, disturbance.
06+ O THE HIGHT OF 210cm R
& THE HIGHT OF 150cm /
X ® THE HIGHT OF 90cm ,
\ X THE HIGHT OF 30cm 4
\ x
A\ / /
~ 04} 0\\\ y e
N
g ° o / s
g \ \ 0,
= NS . .\// 7
a N o X/
I O 2F A \ ./ x/ .
n ¥ ~. \\ /’/A/
o \‘\ \- s
i g Rl
< L N ———— -
K=oz—=--x"
~-—p
0 1 1 L 3
T T t T t
1 2 3 4 5
WEST SIDE ALLEY CENTER ALLEY EAST SIDE
WALL OF HOUSE WALL

Fig. 7. Inside air speed distribution of the experimental house for summer
observation (13 Jan. 1981). Cross section is the same of Fig. 5, 6.

BREOBENHEEIND, Z0 X5 RERRHOES, REWESFHOLRDL, 1 AOFHBRERTH S, &
BAERIOBBERECRL - BEY 52 %5, &HK HOFEBE 1 IKED B DA E L, BOND ef al. (1952)1)

WONHTRERL EACHEEABEERERTTH Y, DERE b LCHBE L, RICHAZE » HHBERR
R L BT L0 L EbhD, B0, MEREOME, RS RO BEREN
3) Banf#NE B CTOEBEDIEL R B, FORENS EFH T

Fig. 8 13, R TR BEE R X OKENH DEEG: Blcd EBbhs,
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Fig. 8. The mean heat balance of each house
for summer and winter observations.
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TSRS OEEN VL, RBKE & i LTE i
EIE, RHcER &k T, i BiKe crEY
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DTER LT b, BT 35BN OB EGREE OHEDIR
HElgoTv b,
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L BFHEE L 0 b ORIKEM TR E BRIV, B
il & ARERSFHRT B 100, 2fHEECHt 2
R & 2B OB G RERIEE DI HK &L - T
Do Thbb, FBREESCK T, SROREARE
PRI L ABEHIC X » CTERRELHERT5 otk
RIS TVBZ ERRLTEs b, WS - Wil
BEFAOEEDE-PRIhTv5, Lich o TERE
BETir, BEEYRAN T L Xy, ERYHEEY
BIZHL RO EWTRETH Do —FH, ABEE TR
—MIELXB IS LTH 51T, BRI ENRERE
{lehe AEBRTLHER TS X, LPOENER L
K& e R S iz,

4) RE2NINOREE

H&EMNMA ORI, 1ERORBME T Ibhi,
B3RS S - Teh, PSR LU KROREE
LAEENRZL NI 5Tz —T5, £ Fig. 9 wR L
&3 Ao R FHRRCRER TS I oK, &
BEE CILREN 13T 10°C 2t eh Th b0 L,
SHBK S TR °Ci ¥ CIET LTk D, RE
BRECHERENR S,

Z O, Fig. 10, 11 @R L-HIE B OEIREER R
CHARIRTW 5, RTHES L SEPRCAREERND
- BEENNEL, KflickE v, £ELTEY
L& HlomGEOE GIHEBR) cisdneEr b h
%o LA L, £k e smEREHcoOREXIER
BEPEBHELH LT a 2 Enb L BBEDINT
EOBEBOENERN L7t - TV 5, FREKS1, 8
HIZ X 5EP0OBBEINE o, BEOLNTE
DEREIBEE L v kX, 2oz &, Bifiest
K& OFHERIKE L R CEMERTH ., %M
CERTHD L3R HHbR TV B, LarL,
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Inside and outside air temperatures of the swine houses during winter.
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swine houses for summer observation. swine houses for winter observations.
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Fig. 12. Horizontal distributions of daily mean temperature (°C) of each swine house for

(a) summer observation (20-21 July 1980) (b) winter observation (12-13 Jan. 1981).
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A EXPERIMENTAL HOUSE

(a)
Fig. 13.

. CXPERIMENTAL HOUSE

CONTROL HOUSE
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(b)

Vertical distributions of daily mean temperature (°C) of each swine house for

(a) summer observation (20-21 July 1980) (b) winter observation (12-13 Jan. 1981).
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Fig. 17. Radiant temperature changes in (a)
experimental house and (b) control

house for summer observation (21
July 1980).
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Table 4. Concentration of NH; gas for winter observation (p.p.m.)
12 Jan. 1981 13 Jan. 1981
Mean
1930-2032 | 2338-0002 | 0314-0407 | 0727-0836 1333-1444
Pen of No. 6 10 8 11 10 10 10
Experimental
t Exhaust fan 12 13 12 12 15 13
Control } Pen of No. 6 10 } 10 10 3 12 9
Outside 0 ‘ — 0 — 0 0
Table 5. Concentration of CO, gas for winter observation (%)
12 Jan. 1981 13 Jan. 1981
Mean
1930-2032 | 2328-0002 | 0314-0407 { 0727-0836 1333-1444
Pen of No. 6 ] 0.17 0.13 0.16 0.13 0.17 0.15
Experimental
Exhaust fan ‘ 0.27 0.16 0.12 0.13 0.17 0.17
Control Pen of No. 6 { 0.08 0.09 0.06 I 0.10 0.11 0.09
Outside ] 0.03 0.04 \ 0.03 0.03
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Table 6. Concentration of airborne particles for summer observation (mg/m?)
20 July 1980 21 July 1980
Mean
1900 2000 0500 1130 1600
Pen of No. 3 0.03 0.06 0.11 0.06 0.04 0.06
Experimental
Pen of No. 6 0.02 0.11 0.06 0.07 0.06 0.06
Pen of No. 3 0.07 0.06 0.06 0.07 0.06 0.06
Control
Pen of No. 6 0.01 0.08 0.05 0.19 0.04 0.07
Outside 0.04 0.04 0.02 0.01 0.03 0.03
Table 7. Concentration of airborne particles for winter observation (mg/m3)
. 12 Jan. 1981 13 Jan. 1981 M
time 1700 1900 2100 0100 0500 0700 0900 1300 1500 ean
Experimental
(Pen of No. 6) 043 0.98 1.65 0.37 0.37 0.24 0.34 0.70 0.79 0.65
Control
(Pen of No. 6) 0.29 0.21 0.19 0.04 0.07 0.06 0.08 0.16 0.33 0.16
Outside 005 001 — 0.01 0.01 0.01 0.05 0.03 0.02 0.02
e lEZ LD, ¥, 1 QO KoBxe b Di: Do BER B XL OARLES O EE
KESEE IR T, BAOFENERL, 001~ (mg/hr)
0.04 mg/m? OFECH b, HEHIRE LIcfEE R L, Vi #%E (mdhr)
—7, KRR KSR O I B B BEE di, do: PFRBIUAZEZR I C&E h B E

ZVEL, BEVERI VA TH % Tiebb, HFE
WHECHET % &, ERREORENER L, B0
10 ff= 0.65 mg/m3, FREES TH # 4 5D 0.16 mg/m3
THY, FERESOHIRIEKE L v iy 4 55\ E
IR LTS

¥, BHFRERC BT 5 EES T, Fig 28 iRL
e X H e e —Th v, HREOHM 5 — iz
LAEERZL R o, RRESHRTHROK &K
iz, KOTEOPELPEEZTT -0 THSH LEb
Nnd,

WiT, ZERFERBEOISIT DWW T~ 5, K&
WTZERIREEO A D PNERIRECH B LRETS
&, Fig. 24 iR Uie X 5w, IR& N C Rtk 3 5 R B
B3, BB S h i RENEE b omEnER AL LR
NRRDOREMER L DELE LTS 2 bh s,

FTihobb, AP T 5.

Dp = Di—Do
(10)
= V-(di—dy)
L, Dp: K& CRETHEEMES (ng/hr)

B (Bl (mg/m?)

Table 6, 7 R LA-BIE#ELY S £, 10K Ly, B
Mk L OLRERC K1 5 RES N COREFENE
BEE Ule, TO#R % Table 8 wifd, FAeFH
MERL, BEokht ERLBOHE, BEHE *
DIFEEGR, BEHRREC I DRI ODLEELD
h5D, SEFAE Y177 - 12 2 DOKE ORIEE» ST,
600~1,300 mg/m3 DFHDOETH S LHEFE I htoe %
JTRERCHIBIKS CRVWERZRLTV52, Zoz &
i, & OBSORTID, R THER T S BELT
B, TODOFEREELZSHS, KR EHE LT
LHE OB OHEE <13, 1,200~1,300 mg/hr TH »,
ERERE &R U A EAE S T,

P EDEREZENT5 ERDOB D Chod, BEHIFER
ZHEWTE, FREKEOH M RKER TR E V00,
TikE L b T D UEBREERB LR TR b, ZokdK
HMORERBERCENRAS RISh e, ZhigiL,
AHERIC 3 T, HRIRA CRERAEMO 15
PTFeleoTkY, BEFEHERIFMEBGLALE
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Fig. 23. Distributions of the airborne particles
for summer observation (mg/h).
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Fig. 24. Schematic diagram of the budget
of airborn particles.
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Estimated values of airborne particles generation with equation (10)

‘ Experimental house

Control house

Summer observation
(20-21 July 1980)

38,000 (0.06—0.02)= 1.1 (g/h)

30,000 (0.07—0.03)=1.2 (g/h)

Winter observation
(12-13 Jan. 1981)

2,000 % (0.65—0.02)=1.3 (g/h)

4,000%(0.16—0.02)==0.6 (g/h)
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Table 9. Concentration of airborne bacterial particles expressed in common
logarithms of particles number per 10 liter air volume
12 Jan. 1981 13 Jan. 1981
Mean
2000 2350 0330 0745 1350
Pen of No. 6 4.1 34 3.7 4.0 34 3.7
Experimental : )
Exhaust fan 3.8 32 34 3.2 34 34
Control Pen of No. 6 31 1.9 33 24 3.3 2.8
Outside 0.6 0.0 0.3 0.0 1.0 0.4
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CONTROL HOUSE

il

9000 0000
oo 0000
c (11 9000

Fig. 25. Distributions of the airborne bacterial
particles for winter observation. Nu-
mber of black points shows the com-
mon logarithms of particles number in
10 liter air volume.
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Table 10~12 13, HigEE, MEERR, HNEEK
DIERRETH B, HTEECT N TEREKEDO /1R
Fhfid R L T5%, ZhbESMCRIT 320 EEY
DOREE, PIEED T X TUERB ST 7 » T B 1o,
2 TEE DS EO T CiT e - 7, HHEGR DV,
BKER O LK >\ CRIEEIFET B o, KEfs
EERORTMOZEERBBRETE 228, HIHOEE,
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Table 10. Daily gains of each observation period (g/day) ;
Pen
R Mean See.
1 2 3 4 5 6 7 8
A , Experimental | — 660 689 683 620 ~— 682 63¢ | 661 113
May 1980 Control — 638 630 677 630 — 660 572 | 635 (d.f.89)
z -------------------------------------------------------------------------------------------------------------------------------------------------------
Nov. 1980 Mean — 649 659 680 628 — 671 603
s.e. 19.6 (d.f. 89)
Summer
) ‘Experimental | — 642 762 788 682 — 840 775 | 48 195
July 19,1980  Control — 582 603 767 602 — 708 555 | 636 (d.f 89)
A SO
Aug. 18, 1980 Mean — 612 682 777 642 — 774 665
s.e. 33.8 (d.f. 89)
Experimental | 665 668 681 712 641 642 634 670 | 664 gi;
Sep. 1980 Control | 621 593 591 656 587 612 568 613 | 605 (d.f. 151)
Winter e s RERGAE
May 1981 Mean 643 631 636 682 614 627 601 642
s.e. 162 (d.f. 151)
Table 11. Feed conversions of each observation period (kg/kg)
Pen
Mean S.e.
1 2 3 4 5 6 7 8
May 11980 Experimental | — 289 285 325 303 — 323 342 | 311 gq73
Nov. 1980 Control — 326 325 337 327 — 325 391 | 339 (df.9)
Summer
July 219, 1980 Experimental | — 293 275 297 328 — 258 283 | 288 (155
Aug. 18, 1980 Control — 323 347 314 341 - 320 397 | 340 d.£95)
Wi Sep-l 1980 Experimental | 3.07 348 317 316 326 303 311 346 | 322 (g5
inter y
May 1981 Control 348 368 349 338 372 337 363 352 | 353 (d.E7)
Table 12. Total feeding times of each observation period {days)
lPen
= Mean S.e.
102 3 4 5 6 7 8
S from IZVIay 1980 Experimental] — 111 133 100 131 — 107 112 | 1157 g4
umimer ¢
Nov. 1980 Control — 116 139 103 134 — 11 114 | 1195 W9
Wi from ?ep. 1980 Experimental | 146 127 124 99 111 144 138 119 | 1260 o173
inter ;
May 1981 Control 151 138 139 108 125 150 167 137 | 1394 £ 7
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Table 13 w4, -

BHEE 6 A~11 8) ok&Hoziy, fRERER
FalgsR 5% ¢, MBEERIERE 1Y CLIREETH
otz UL, AWERI OV, No. b KBS
ECHBESOH AR THZOHHRC, MEFLTX
TEREENRKTH 120, FORIFEREER LT
Tl EL, ZhbOF — 2 LEARD L R E T
DEBOERTH Y, ¥rOUEIINILIh 3 EEE

Table 13.
and control house

TRt 5 T\h, LA s T, 7TH, 8 AoEiRifAo e
i1, LEF - 20bIirHETE R,

G TAVEAS8818AE 1 7BMDOA
R, FAHERRCOVWTAS EFEEMOER, Hk
B, SRERREDAERR LY CHEETH D, HiEk
B2V TIRERBOZE S ERER 1% THEEIREh
fo. BKEMOZ, GRE 1% o/ EEZE L.SD) »
& No. 2, 5, KE &, No. 4, 7 BEOBICAHZENRD
b, %% 2 BBV ARBENK X,

—J, ZEr9AEANG 5 AHEE COBET, H

Differences in efficiency of production between experimental

Daily gain Feed conversion Total feeding days
May 1980~ Nov. 1980 26 +31.8 0.27* +0.19 3.8**+1,55
Summer
July 19~Aug. 18 112*%* 4509 0.52* +0.40 —
Winter Sep. 1980~May 1981 59*%*% 4228 0.32**+0.13 13.4*%%+6,46
* ¥k significant at 5% and 1% levels, respectively.
confidence interval is at 95% level.
Table 14. Conditions of diseases
Pen
Total
1 2 3 4 5 6 7 8
+ — 1 4 5 3 — 3 2 18
v , # —~ 1 0 o 1 — 0 0 2
Experimental
H# — 0 0 1 0 — 0 0
n — 5 6 8 5 — 7 5 36
Summer
-+ — 4 3 3 3 — 6 3 22
+H — 2 0 2 0 — 0 1
Control
H# — 0 0 0 1 — 0 0
n — 6 4 6 5 — 7 8 36
+ 2 4 4 3 2 6 1 1 23
, # 6o 1 1 o0 0 2 1 0
Experimental
1 0 0 0 0 0 0 0 0
n 9 8 8 6 8 9 4 5 57
Winter
+ 8 6 6 2 2 5 6 0 35
+ 1 1 2 0 0 0 0 0 4
Control
H 0 1 0 0 0 0 0 0 1
n 9 8 9 7 8 9 7 3 60

+ : slight, # : normal, # : severe, n: number of inspection.
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kg, FRERE, AERRE D CERERLY THE
MoZEIBR TH-. AWER, SF K, BKEM
DECHEBRR LY CTHEEENTR IR, BWEEOK
FBHIDEL, BREL1Y o/ EEZE LSD) »b,
No. 5, No. 7 [FE & No. 4 BEORICEE LENRD
bht, BB TIEH LR No. 4 KEEL No. 7 K
EOEBIER R LTV, 2D % — vizEIi &
8itp, No. 4 BENRSKECHEERLRLTV3D
s L, No. 7 REOBERIIRL NI,

ek, MBEBEOXT, B, LWL bRy R
STy, ZHISHTRAE D By 105kg 725 110kg
L Lketot, REHOMERDERD 15 Ui bRk
RLEXBTENTED,

2) BIEE, ZOfh

KR UKL, o3 EEEh, BROBE
RIS hiz, Fig. 14 &, BEM X 5 @BEFRE2R
T, BRBCOVLTIRZ AL DT — 2 2RE LICEE,
B, i AREMeEBRERALRIEhr o1

¥, BRI, BRITGE SHERNER BHS
R FRBEEGROER DV TRE L, chbofk
HE oW T AEEHTHER LB TR IR o1,
rofl, KiXOKGEOHH, ROBEEE SR
BEE0HBR2WT, (BRI 2 HERRESEER
BEICELA Shic, Thb R H#E L c#R%Y Table 15 1
Rt. KOFhs X OBERESLIICHBEES /KT
HBHOL, ERNOHANEE (Fig. 11 28) o ThH Y,
BREH KL cBKEDENFELCWSH50
LRbhB, ThbOF— 213, HETZAZOHEC X
% h O THECIIERH C1iiov a3, ERESOREN
B, R bedBEE X W RIFTHSD o LR
CRBLTVHLDEBbR5,

3) EEMRIEBHER

BFyo AgGER, AR caEgEoxaET
i o’ 7, 8 AoERHCt0EREFETH
v, EREEOEESRIKTH o7, Fiz, L
ERE CERREOLEHRERTH D, HEERELD

Table 15. Observation results on the condition of each housing system
Pen
Total
1 2 3 4 5 6 7 8
ex. 1 0 7 4 0 24
Waste of floor
cont. 25 5 1 15 18 6 76
ex. 0 22 1 16 0 39
Waste of body
Summer cont. 27 0 0 31 2 6 28 1 95
(20 July 1980~
19 Aug. 1980) ex. 0 0 7 2 11
Wet condition of floor
cont. 11 1 0 3 0 2 6 2 25
ex. 0 0 0 0 2
Smell of pen
cont. 15 7 4 18 3 3 13 66
ex. 12 3 3 3 3 4 3 16 47
Waste of floor
cont. 24 25 25 18 7 13 29 48 189
ex. 1 4 3 4 4 31
Waste of body
Winter cont. 1 6 2 7 25
(1 Jan, 1981~
31 Jan. 1981) N ex. 1 1 1 1 117 14
Wet condition of floor
cont. 17 18 20 11 5 10 28 43 152
ex. 17 78
Smell of pen
cont. 5 40

unit : the observation number per total observations.



538 hEBERFRERANRE £13% HF45

EIEETH -1, 2hb OFBRAREER Lt X,
B35,

@ EfofpEi®R s SREE

7~8 AMic kT ARHBEESD AR S LU0 RH &
REi, ThEh 636 (g/day), 340 (kghkg) TH D, &
DFEIARIAEAE 635 (g/day), 3.39 (kg/kg) Li2IFEL
W, —7, ERIES O B NER R X ORERRR, M
BB F L Fh 661 (g/day), 311 (kg/kg) THBD
XL, 7~8 BHAIOfE, 748 (g/day), 2.88 (kg/kg) &
KEREERRL TS, 20T &, AREBIET~
8 Al b3 B T ORESR, HRKE TS
POBH T EYRELr o bFBL DT ENT
%5, EBKES K5 T~8 Ao QBGEORIN,
FEE UREA C ORI R B VHGREYRTAT
— SEBRE LTV, HB WL, 25°C~30°C OEIRER
A BEROBMINCESE Ui, TOWTFhNTHS
5 EHMIND, WThiceX, 22T, Bk
ENEBRES L RS AEGROM ERR S ieh o fobs
N , ,

L ORRYBREER»LE2 5 L, BERENIKS
RoE - BERE, HENRECHRLERLDLRILH,
Sl &b, EELTHRHBREOENFEL TV
Lo EBbhs, i THRL 5, HBRERETIR
BOXRFE ORI X &S, BOlrbOR L
2 LR XBHEIRERZBRAG, LEAST, ThbD
HeaEet, 7, 8 AOBRBER V3 A 8B & THD
AN VARBR SR, AR SRR OR L2
Lcd DL Bbhs, SHORMEECS 2 DHHED
B, ABEENEV6BickEWETHRIRLY,
Z ORI EARERE VD, BECE 25
gy, 7, 8 AomBHE ETiihvwEBibhbh,
72, 9, 10 B U B o R L, ERREOH T
BERCENR L Ieh, LIhoT, 5 AHARND,
11 J T CoEHIML®E UTofR T, BKEHo
AR EECEFOENLALRD DD, FDHE
B EE TRV E VIR LTRSS
DEBbRB,

e, EHFEROBRKSEIIRBIRE HBRERE 0K
L5 Th- T, TS L SREREORBCHET2E
WKETH DI, MIEOEN, BER, WHIERE
LOEEHRIEEFEL TV ERBBLLRE,

® AWoMhERR L SN '

£, BEEROELLT, ¥ T8 —ERRED
ENRHTHIB, Thbb, BEHOSNEEDER,

B T, W 10°C g L, T oftto AR s T
b TRIK S I ERIEE L W BEED - oe KORHEHE
BENISCLETHEZ ExE2 D&, & OETHEY
Tl AWERE TATIEDTREWEE R B,
T, HMHBEEC KM TERLLR BN, T0%E
TRBERENRBOKETIL RV, LN -T, L
CERIKE DEESHRNE VO, RERBECIZ L
HHRKREVEHBT I D, BEE, BEMNBRECOVC
B UARBEEDH A RFILEENEOR TV,
BEOBmAMBEOZET, BREEOHENRRHELEbHA
A0, RERCIBRLAEIAEKS & L LHONERER
B LTW5, £0H, BRRC WL, KEM
THEBRELREIN TN, 202 &Y, RD220
ZERTHELTWS, Tibb, (1) hRElEs, 2
TR OKEXHESD, TKE L & BRR, LEDHRIFC
T4 A —EL T, (2 HDVIEZERF
WHEB SO EEDR~FEL 52 TIV55, L0
BORBREREREE L LA TRDTNEL,

SROFENEREL, REE REERES LEEC
B LTV 00, REWNLHINEL, EEHE~
DYEY GO TSHRFMIBRHNPLETH D,

® HHREOLERRIZOWVT

AR, KEEE ETiriuvs, ERE0EERT
LAERLERABLRI,

By, 7~8 AlciifEE L b No. 4 & No. 7 K
BEAMUERE & i U THBBEA R ThH T, Thid, =
o 2BERED T~8 AMOKORE A7 — o’ LB
BL ORI hote &nb, BEAT—COMBRRLS
PEEEOX ELHEB L5 EE2bh 3,

£z, BERBEETKORE A7 — BB
ZBHIT, Lich o THKBRI TR B R ERE O, #
EREREEH TOMBERSC LI 230 LHMZIh 5,

¥, ChOEEMOZIREEREGBGRLCV3

EEZLRAD, AEBRTR, KEFOREC OV
P LWHEA e I R T e 2 OGRS ©
H5b,

v. #& 2

FEMEY RENCHEL, SBOBEDH L LR
HE B LEBHT, SR IUCBREARORKLE 2K
DEREOBY, HENRERS XOEEDREORE - #l
ENMTIebhic, B&L, BEATOREYBERLLL
WrEdE - MHRSTRAKS RBKE) &, EREITh
SRR HRRESTREEO 2 W TH B, Chb oS



HEHE TS KEEE BE, 4% 539

i3 AR T s o, HERSHIKTHLEFRD
M AR TR S hi, B - BRI, KB
SHOMEYER LT, B (198045 5~F11 A) £
1980429 B ~1981 £ 5 A) oM} CiTiedoh, FEfl7:
BSEHIE 1198047 () & 1981451 8 (&8
It PSR, SN LR - BESRE Bt
BB, WANRE, AEYRO 4HEBCHT TETS
h, ThZhOHEER, & & otk E S h,
BEEhic.

AR THONIERPEN T ERDO I IR D,

1) 1 poYHRsEr, BER T ERKe
146 [B/ks, xIBIKE O E/RETH v, KIWED TXth
Fh, 80 B/, 113EETH T, ZhHOEE K
1Y a2 L, WThi kEOKEHETH DL
EFHEER L VK TH -1

2 EHHEAIAEKE LI BREEN R TH o2
», BEMCENREDEIRINIH » 0%, LHHH
EHL, EREEOENEELATHTH TCREIETH
slce D X5 EBFHER OB X AREER TOL)
Bz, LHoBRERECHEECRIA,

(3) EHiofiz ci, BREKE O FsHEE MRT)
BRBRE X v Er o, i, ERESIMPEIUE
EAEREBEEE TH B, BEOBAIRERSRT,
HSBERNEL, OB —Thote, LEI-T, K
DB X B A P LARKBERE EHELT, XD
PRV EFZ Bhic, —f, ZHlE T, RBKEr
XHBKS X D BEERESE <, Kb Ol X 5848
KIINE o1,

() KEeMofENRE R, BEEVSLoEGWEH
B By, BRI RIS o edd, AMRIER
i1, CO; 3 X0 NH; » A&, ZehifEmEg, 2ok
AR & D CERBREOTI B WEER R L, D
Z ki, BREVLOBVL, EREEORSRE
PHBEE I VNI oI EXERTH Y, BEEY
WINTAZ L X hHFEShD SO LA RS,

(6) #EhR, EMGEE KSR B #GER
BERER» A, 7, 8 AOERICIAE LN
REN, RBRESOEEYRNIKTH -1, LM
MR CRRKEDOEEGRIKNTH D, *OEIEE
Thotze BRI EEMOLESROE, Mt
BREOEE XD DEEL R, L, FEENE
Brpd, KEMOBEBRBEOENBIFELLLIOL
Exbhb,

6) ZhbooERE, EREREOEENENBIEDOH

Erbibl, ThiIEERHCORMLICHELTHWAT
EERL TS,

i 33

AR EERTT B S b, HABKSORHMKL
CEREBEB I I W, b, #F{ETiR
LLORHE, FHAIOHRTIL, KEOHRT - BITE
IOHBECHB R e W, d, BERERERS
tHoMHRERK, RERSERBREONG—IK, BER
BHREHEFTOEROGRK, RERERROFILEE,
P OWHK, REFEAENRERFTONNELRKS
XU L THRERES AT APREOH R,
FEBIVRFALSESM LTV E, ABILE.
¥, AARKFEONEZR, SFEX GAB=2 v
A R, EAMEK BERAY), dhmEk
FofEAREREK B e —fidihlatt), B
K, SERKK GLAEDD ¥ XUEELRRBRBO/N
BENK GAEEERRY), KSR, 54 -
FBLEREBEG I B UEOK 2l bEHO
BERTHRETHD,

5l A X #

1 #HE—: z=z2-RAFROBRPBECHET 5
Woe (1), BERFR, 9 (2): 26-33. 1979

2. AER—-HEE M-RETE: HRSHFRAALS
DE|KBHFIC 20 C, BERH, 11 (1): 8-14. 1980

3. KLEIBER, M.: The fire of life, John Wiley
and Sons, New York, 1961

4. BRODY, S.: Bioenergetics and growth, Re-
inhold Publishing Corp., New York, 1945

5. EsMAY, M. L.: Principles of animal enviro-
nment, The Avi Pub. Com., Westport, 1969

6. JOHNSON, H. D.: Environmental temperature
and lactation, Intern. J. Biometry, 9: 103-106.
1965

7. BOND, T. E. and C. F. KELLY: Environment
of animals, Yearbook Agr., U.S. Dept. Agr.,
Washington, D.C., 1960

8 EBFE-WEM— - MEX " AKX %: HARSK
FRBREOHBOBE BT 5%, BRZMHE,
37 : 295-303. 1980

9. Midwest Plan Service:
MWPS-8, 1977

10. Bonp, T. E., C. F. KELLY and H. HEITMAN :
Heat and moisture loss from swine, J. Agr.
Eng., 33: 148-154, 1952

11. BOND, T. E. and C. F. KELLY: The glove

Swine Handbook,



540

LR BRI AE $13% H4E5

12.

13,

14.

15.

16.

17.

18.

19,

20.

21.

23.

24.

thermometer in agricultural research, Agr.
Eng., : 36 251-255. 1955 _
PEREIRA, N. et al.: “Ping-Pong” ball into
blackglobe thermometer, Agr. Eng., 48: 341-345,
1968

FF RO BEER N OB (1) ~
7 A TRSHRREE, AARBKELIEE R HHE
T4 3-4, 1981

BE H-FUEE: BFECKT 5 ORMITIE
ORE (L), BERXFRNESHEEET L 5-6. 1980
ANDERsSON, J. F., D. W. BATEs and K. A.
JORDAN: Medical and Engineering Factors
Relating to Calf Health as Influenced by the
Environment, Scientific Journal Series, Agri-
cultural Experiment Station, University of
Minnesota. 1977

TR RSN EE M SRER . MRA:
Hh—7 gy FEEHCIDTFLOBTREERE L »
— 7oy FORE, XKEOEHE, 16 (1): 23-25. 1980
BRER -EALL - THER-HE M: »-7~-
v ¥ HEM cLs»FLoERER 1L
v FR LU ST D TFHOFKF - LB TH. K
Howm 16 (1): 26-28. 1980

HoNEY, L. F. and J. B. MAQUITTY:
Physical Factors Affecting Dust Concentrations

H o= TN

Some

in a Pig Facility, Canadian Agricultural En-
gineering, 21 (1): 9-14, 1979
BunDY, D. S. and T. E. ZAZEN:
in Swine Confinement Systems Associated with
Different Feeding Methods, Transactions of the
ASAE, 18 (1): 137-139, 1975

(ITERE-SERY E) 987 3Y i ALk S EE =7 SN
ERBEOENBEFIL OV, BEERELRISH
HEREE: 1-2, 1979

HWHE—RETFE: BENOFIERE L RIIR
oWt dhipEoBER S, 32: 23-27. 1980
HARRY, E. G.: The Application of Aerosols
to Atomospheric and surface disinfection in
the Poultry Industry. II.
infection and it Value as a Mean of Controling
cross Infection, Veterinary Record, 68: 334-339.
1956

GORDON, W. A. M.:
in Pig Housing. IV. The Bacterial Content of
Air in Piggen’es and its Influence on Disease
Incidence, British Veterinary Journal. 119: 263-
273, 1976

GRUNLOH, D. J, S. E. CURTIS, A. H. JENSEN,
J. SIMON and B. G. HARMON: Airborne Bac-

Dust Levels

Atomospheric Dis-

Environmental Studies

terial Particles in Farrowing Rooms, Journal
of Animal Science, 33: 1139-1140. 1971

25. ErriotT, L. F, T. M. MCCALLA and J. A.
DESHAZER:
Swine Units, Applied and Environmental Mic-
robiology, 82 (2): 270-273. 1976

26. ZEiGM: HEOWETME CRIER)

27, RREE MM T ERE LS BRFEECKG
LR FHEEYOREL L OMEERE KRV
T. BwARMBRE, 36 % 83-90. 1973

28. BonDp, T. E,, C. F. KELLY and H. HEITMAN:
Hog house air-conditioning and ventilation
data, Tran. Agr. Eng. 2, 1
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Summary

The thermal and and

productivity of two different swine housing systems

sanitary environment

were studied and compared. One type is an insu-
lated and mechanically ventilated housing system
for the
The other is an opentype,

(experimental house), improvement of
animal environment.
monly used in Japan. These structures were built
in Nagano prefecture which is a cold and snowy
region. .

naturally ventilated (control house), most com

The research was successfuly conducted in the
summer season (May 1980-Nov. 1980) and in the
winter season (Sep. 1980-May 1981). Detailed en-
vironment conditions of these two swine houses
were investigated in July 1980 and in Jan. 1981.

The results were grouped and analysed: (a)
characteristics of ventilation systems and thermal
and psychrometric conditions, (b) thermal radiative
conditions, (c) sanitary conditions and (d) produc-
tivity.

The results obtained from this study were sum-
marised as follows:

(1) The daily average ventilation rate in the
experimental house was approximately 39,800 m3/h
(146 air exchange/h) for summer observation and
2,190 m3/h (8.0 air exchange/h) for winter observa-
tion. In the control house, the vintilation rate
was 29,800 m3/h (90 air exchange/h) and 3,760 m3/h
(11.3 air exchange/h), respectively. These ventila-
tion rates were found satisfactory and met the
required rates for swine standardized in U.S.A..

(2) In the summer observation, the difference in
temperatures in the two houses did not appear,

because they had sufficient ventilation. In the
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winter observation, the inside temperature of the
experimental house was 7°C higher than that of
the control. Thus the thermal effect of insulation
was clear in the winter.

(3) In the summer observation, the mean radia-
tive temperature (MRT) in the experimental house
was lower than that in the control. In the experi-
mental house, because of the limited open area and
the existence of insulation the solar radiation
through openings did not appear and thermal radia-
tion was small and its distibution was uniform.
Therefore thermal stsess by radiation on swine in
the experimental house was considered to be mini-
mal compared to that in the control.

In the winter observation, the wall surface tem-
perature in the experimental house was higher
than that in the control, and radiative heat loss
from swine was minimal.

(4) In the summer observation, sanitary condi-
tions did not show noticeable differences in the two
houses because of the high level of ventilation.
But in the winter, it was shown that CO; and NH;
gas concentrations, airborne partcles and airborne

bacteria particles were higher in the experimental

house than that in the control. These differences in
winter were considered to be due to the difference
in ventilation rates in each house, which were at
the lower level than those in summer. Therefore
it was considered that the sanitary conditions in
the experimental house might be improved by an
increase in ventilation rate.

(5) In productivity through the summer season,
there was no significant difference between the
daily gains in the two houses. But during July
and August, the mean daily gain in the experi-
mental house was 112 g/day higher than that in the
control and this difference was significant. This
showed that the effects of thermal radiation caused
heat stress on swine in the control house, which
produced the difference in productivity.

Throughout the winter season, productivity in
the experimental house was significantly higher
than that in the control. The results showed that
the temperature condition affected the producti-
vity more than did the sanitary conditions.

(6) These results show that the structure of
the experimental house provided improved swine

environment and productivitiey.



