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gx1 +44*q OJZ 3% g q s  m q q  g 
oil 4* 7E EGIS S0Hq q1dq &#n +?I BqO11A-l 
%%;f7\ t s z E  3$5\04 9 4  g-gs. q#y % qq 
qa1-0s 11% d W q q  713 % q .  i,ooo; OIAJq q x l g  
A & ~ \ x  2% 5 q#P "JZ %7]+ 9 4  4+4l %t 3,mO 

71 7 )  23 %7=7)-9 A& p\4 ++ 600;s OIL,! 57=7)- f 
414 % q ( % % 4 , 2 m ) .  P44W O,'E$ bn 6+3E 4 
"d\ + 2 23 4 q q] 99 Jd q@ 541z\s7\ q-4 41 A] 

sl f f % \ ~  2x1 3, z\q g 51- n~\ql 4 8\d %#n 0 2 ~  
$7\( 1,O - 5,000;) t 1 - 3 9 ,  #P 0JZ%7\(5,0007 01 

A,')? 5 - 1097\11q q-$zE i!$S\X 2 2 0 0 1 ,  +z\q 
7dP OJZ$ol k%- d",t4 $69 n\g-qlq?B -elW 
9zE4 4iiH 8 4 5 1 1 i ~ 2 3 3 2 ~ 4 ~ s l 2 r r t .  

" " z771 P $ S x ? G  3A17\&+!, qzpJ, Z4- q$%' 4lr-l 
*d$$qAJ(bioaerosol) 341  729 9 2q(7n'7]94 gi] 
$,~M)~).Q]~ZA\~+$$!.H 7\hAJP$$$-SP~Z]~ 
Oil q I  HI-*?$ &7\ qE(pit)qql~j  xj5'qq g71Ad 
/8$$4 q4 ~ d q e  4P7F Fs  9.8 4 4 o l 0 1 ,  qx19l 
3% 2 @7]~1&99 3 A J @ q ( c h a n g  %, 
2001). ~~=7)-q  72 7EAJ P$z%S s o134@a(co2 )  
91- q@(CH4), 1 4 3  ~IZ;F~$-~?&(N~O)?  % h J % ~ J  +q* 
s 3 01 404 9 ezj 2s <L$ % d-9714% 245\x]  - 

% 30s Yi!E]X %q(Verstegen 5, 1976; Noblet 3, 1989). 
ijt/;l9,ZA\ q$% GI O ~ F P ~ ~ \ ( N H ~  q %*&(H2S) q 
LC" O_L-  "1 5 "&^$I a 9s qg 5'9 3141 tl] 51 $"d-* 2s gcq, 
481 qy 71@] q@es x j 8 k q t  5-471~1 4.H gr 
+xis 481 q& @7]+p +$5k 4y y+71$Q 34 
8\04 *$ z\q 211 q 81SgS q$g + 2 q(~ords t rom4 
McQuitty, 1976; Coleman g, 1991 ). Bruce (1981) q 9;Lq] 4 
'9 $!-yq.=7)- k9.11 qg q$z\q +lj]]"?9̂ d-g 5-50 
pprn '34011A1 Tq Gx1, 100-5OOppm % 4 q 4  2 9 l  95, 
2,000-3,000 ppm % 4 Dl1A-l 3 3 71 % %P%, 1 4  3 10,000 

ppmol+,,q k9q9 44 A = 7 ) - u J s k  2 0 s  244 
% q .  33, ?$wet 1 ~ l b S M 5 O - l W p ~ m  %qoll!& 
qg 5-4 $5 2 63714 o]",FoJ %a!G)z, 8-48AJa % 

010 9 I50 ppmql k9~1 0115 A\%!-2 T M-q, 700-2,000 ppm 
o]] hj $ + h \ 5 k  32s g ~ 5 \ ~  2~) .  
53 gyqo\q 3J++&t ZA\ q# % ~ . q  ;;A $ 
9 - Z - g S A j  (Hartungq Phillips, 1994; Heber 5, 1997) 9] 73 

34g3q17114~13 sqgs 924 q-4 3 
8 g%Q q71'.171771 qpq 3 2 1  qqq- +"d PJf."d\ 

501141 W3 W 4  341% 7Jfl4-3 % t  3301q(Wathes 

5, 1998; Gay g, 2003). 451 ZA\ ~ - # q ] ~ j  q ? l  ?j-3@ % 
y q o k  x]? B;*3$-q 39 gag 93 b\qz+, 5 
1 4x1 q +A] ql 524g :!qq 9 2 5\34 ?Oj OJ 

q% 345=7)-+ -$?-l?o] 71 5 skq(Harssema 5, 198 1; van 
Breemen 3, 1982; Bu i sman4  Erisman, 1988). 01 ~13 E-41 q 

qPql qq4- 8844% ooF!zqo\q 3Jweq 
519 z=7)- d-3 3 5% 3+%'5\71 4 3 g 51 EAE $1-3 +q 
ZA\ *$ qAJS-I +5&5\3 22-01 (Crook 5, 199 1; 
Duchaine g, 2W), 471 2 EOJ $$a YbZ\7] 4 3 % d  
q.1 q?g H J 3 q $  " , F ~ q o \ q  tp.9 3% 
M 4 9 ~ 1 9 % @ 4  L- Cl -, 51- 975 %A] q] +~JS\X 
01 M q ( b a k a m p  5, 1998: " Ar-xdq?'- Gay 5, 2003). 1 2 1 4  9 4  '-b!@l 
3~ Z A \ ~  oo~yqo l -q  gq-+eq q 3 77134 ~4 ~ \ s  

A 1 3 0 1  q- ZA\ q g51- E ~ \ p ) x j z  7jq i ;gqx] %i!2y- * 0 
qWq 2'; %$ ~ 3 %  7148\7] 4 3 3 4  q++ 
3 3s g x l l ~ j t  37E3L1): u+i?++j g g i t  2 
AE %1 P44W ZA\ 89oll atS 0,~+tq 3% 

0 L - * x j l I z  &q 4 q %ES 54 5\04 441 ZA\ 3+$ z1-l J--?? "2-iz 

ygz\3, q4s4 9 ~ 8 %  g$@+ 33s _Z81@4 
PJZ94-7\ %$2 9 $5 7124 97 Z \ S ~  41 A] 5\71 

4 3 F4 q l ~ j  2q. 

IT. y2qlJg 3 tb)g 
1- fl+ U@t 
s ~ ? c - l l A j  EA\@ ZA. 5ki 314 ~159, @7] %*, 

Ad%l b.il4-2 41 7/11 715ol1 t7j4434 5714 ZA\ + 
3% EA=7)- qAJOS s\%q(~able  1) .  gh 3j4 A ] & E $ ~  $J 
q 3 71 20s P4 4*2l ZA\ 89 $ ~ j ]  7\x] S g g Z \ $  

$ d f . A \  (Deep-pit manure system with slats), h ~ ~ j  01 4 Z 
A\ ( ~ a n u r e  removal system by maper), B %L ZA\ (Deep litter 

bed system)0]q, g71 wJ.*? + @ l J ~ j t  4s  %q ~1715 4 
$d-% % l  7&4] $4-71 q %q 4 t ( w i n c h -  

curtain) % 9 51 Z\o4 $37) + +z%k 71 "J$J z\9 $4-71 7 
2- 01'- 

2 T Mi1~11, P 4 L t 4 - 4  B%! ZAP4 7dP 48g-01 7H 
HJg ~ \ g  B71 %A\ 9 q s  2q. E3 qs~l] Ad% @ 
41 %@ollAj ilt g 2 3 4 s  50- 100kgq +Ad/q $Z$ ~ & 8 \  
3 2% %7E q A J g s  s \ % q .  015 6 5 L q - 0 4  4 ZA\ 8 
931 1571&3 d g ~ \ q  73771, %+, $$-q] 4 ~i]8\3 25 

72 ~ 1 - - = -  0 3 0  3 75 % 7 k  o z o \ M - q ,  ~ A " . 1 - ] 7 ] ?  2002L,! 5 3 4  6 3 , 9  
2 2 4  10% 4-01 ql $6Jq%q.  



S O J 4  ~j1 A1 g q ] ~ j  +$j 3 Qsq 715) gj+s q g 3 k 2  

B 8)%gq, 34s qy 371 ~137 A ] g q ] ~ j  $xd3 

%2 %%% G5l-q q ~ ) % q .  -$-%P 7Jd1@7] HJ44 
sq1g Z A ) ~  ?$+ t11714 g4 "11 -$+% S 8 ) O - j  +$jz)% 
2, x ) g  871 y$q 4 7pg-g Z A ) ~  ?$+ q9 % q?s$ q 

QE CO LEZ- x I S - A ~  % X d 7 ]  (NO 21C, Gastec, 4 2 -  x 2 02- i3  111 i o  

Japan)% O]$S)O-j %33 8 qqs$ 4934 > ) 0 ] 3  57-1 
g $ %g 2 cagg %HIS %6Js)o-j +$js)%q. 9 ~ 8 %  

q 3  3gq d l 3  A]$ +g$ q81 EA) qAJ Z A ) ~  
y j 4 4  A F Q ~ ~  q x 1 4  5 ?A]% EA)s)%~. f ~ ) q  AFQ 
yj zj -g $ A H  AW5)O- j  2q 4 +z5 s)7j q 4 x1 3 g 9 q* 
2 -?+ 3 %7)4 ?$+ %%FB2) $ E s  9%2q, q ~ ]  
?l]q $9 3442s A F Q ~ ~  q x ] % 4  % 7413 %$j 

3* gg- - g 7 k 2 7 ]  qzq] 01 F3 %5k?gq€j x ) g  
5 $0) 75ks A] 3 u ) 4  4 ?l]s 23 3 $33 8)% 

q .  
" , F F ~ O \ ~  % w & q  53 %gg NIOSH~I / .~  4 1 ~ 1 3  

34 d t7-]s)%q(NIOSH, 1998). 9 P q o ) q  ?$+ % 
4- ,F$q lome% %$- $9xj(impinger)% $$40112@ 5s 
B %7] 3% Z (Model 7 IG9, Gilian Instrument Corp., Wayne, 
N.J.) 611 0,@ 3 8 1.5 -2.0 ! Iminq %%2B ti -A)q  %2 $ 
2d qq 15-452 %O,F %7] A]S% 2 4 9  T UV- 

spectrophotometer (W- 1 60 1, SHIILIADZU, Japan) 3 94 %% 
12s +%s)%q.  %kq-+&% ~ j ] ]  g A J q + g g g  A ] ~ S  
Y 4 3 T Ion Chromatography (76 1 Compact IC, Metrohm, 
Switzerland) 5 %%I 5 4  5)%2q7 I 714 $ 4 4  43 $- 99 
qq-4 g-c;q %"-2)q-. q-"d)q -$;-%If 4 %17]7,F 53571 

N ~ w A )  9 8~]7LF01] 2 7 j ,  &A) 27 ~139 Qg 
9 4  9-q 5 4  AP] q] 3 4  ( 9 8  9 ~ 1 ,  Pq 1 4, 9T 5 ~ 1 )  
h]gS 31qS)O-j 343 agq Z)$$q. 

SAS package ( 1999) 0 ]$3 ANOVA 9 ~uncan 9 H] 

3 34 %~%$S-E( g A )  -$-% 4 qg 9 P q o ) q  %$- 
$&4 5 E  9 l315gq %A] 2q >)qs $$%)%q. 

3 1  i+Wl c+A1%01 z~l- 'W 474 OpFrq~) %2 
LEk o 2- ,- 7.5 ppm, % 4 k- 0.8 -2 1.4 ppm0B E A ) ~  g q .  A)$ 

371  tbF6: 4 $g f A) q9 %q d 3 %Ls$ % :!I 5 6.9 ppm 

4 2.1-10.2ppm9 Qg, 7'41871 HJ&]q $3 f") +kg%) 
4 ?$ + 12.1 ppm4 7.3 -2 1.4 ppmQ 201 5 2 21 L)G%q. 

&3z]]qq HJ42B gk 34 4 5  5k g A )  519 sly- 
q o )  525 ~ ) 9 @ 7 1  %+] 4 $42 ?$+ 8 3 5.1 ppm, 

3.1-9.5 ppmq % 4% L)q%il, 7&4]%7] H&40] 4 x?$qk- 
?$+ g 3  11.4ppm. 8.1-15.2ppm4 qqqt 321 
$-4 4 2 q .  z)9@7] H J 4  g 4 5 ) ~  9% 5% f A )  519 ;(OF 

% 3 2.2 ppm, 0.8-5.1 ppm % 4 q 9!ZL.]o) 52% 2% 
q. @7] H J q  +yjOl]Aj +- 7J418717) 4 $5) 2 f A )  ."1Fg 31 
4 ~ Y ~ o F  5 2 7 )  xF9@717) 4 -$-4 2 ti-A) $19 %Y-LF 
ze 3oa qmcq (~<o.os), 2s 2j 4 B q +yjoll ~j 
+ @&1- g A )  qg 5101 qg f A )  q-9 51611 ~181 A J q  4 3 
2s 32s qG%q(p<0.05). q*&q ?$+- W) *g 
",F ?%A] 301 d?? %!Z? 286.5 ppb%:',oq, 45.8-1,235 
ppb!?] % q 3  g % q .  ~ ) 9 @ 7 ]  %bq4 Qg f*) $bg5kg 
2%.3 ppbq 74.2-672.4 ppb, 7J4]@7] H&!-4 4 $3 EA) +kg 
%$612.8 ppbQ\ 121.6- 1,235 ppbq 9 3  %L % q s  Y- 
% q .  h3z1]0]4 EA) +1951& 74-9@-7] HJ44 ?$+ 115.2 
ppbq 46.8-313.1 ppb, 7 J437]  HJloF̂ ? 4 ?$? 270.3 ppbq 

86.9-912.5 ppb4 83 %EQ\ % q s  *@, ~ ) 9 @ 7 ]  
%)4 01 $-$4 2 2t s%K t i -Al-4 ?$ 9 3 137.8 ppb, 
45.8-289.24 95 %qS qqq4 32s $-4q g q .  7) 

$& %!Z% q~++ &A) qg%8 OpFZqqq u)a7)x] 

3 -'s14]371 7j- l̂'4 $3 WMJ, z ) 9 3 7 ]  HJ-^,'q 5 3 4  
014 9 1 7 )  7\51 2s %!Zs 32s E4q2q 
(p<0.05). Hg E A ) q A &  Pf ZA) 519 $101 9Eq 0) (25 

ppm) .aF %q$& (10 ppm) 4 a k 5 7 ]  $2 348)~) 
?43 3 2s EA)4 2 q (Table 2). 

%Ad% ,"&qq $9 9 P q o ) 4  g 2 a s 7 5 k g  

qxl 3 ul-4 71 $23 250.2 mg/Npig (8.2-826.5 mwpig) , 9 
4 F! 4(11f) 71 22s 336.3 mghlrn2 (23.3- 1,068 rng/h/rn2) S 3 
44 4 %Cq, ~ ) 9 @ 7 ]  HJh] 4 gg&A)(84.9 rnmpig, 1 14.1 

mg/h/m2) 7) AJq 4 2 B  qE- -F+q 4 9l-q p] 51 %S 
~ 2 %  Y-9 32s 344 %03(~<0.05) .  ~11 -$-9 
9 ZA) qW& 841 42-0 3\01 7 )  %%q(p>0.05). 84 
$&4 ?$ P 8 3 % %gq 2 37.8 mg/Npig (6.2- 192.5 mg 
/h/pig), 50.9 ni&/m2(6.3-224.3 rng/Nm2)l 7)%b %$- 
gqq $;C]% qqg &A) q-9 gg 9 Z q O ) Q F  -g$s)41 

2 0 4 7  4 9 3 7 1  HJq 4 S%ti-*)(l8.5 mwpig, 24.9 mmm ) SL 

(pc0.05), 1 714 ti-") *.1FDd %SP $A] y 2\01 7) t j l t  32 
B 24 4 2 q (p>0.05) (Table 3). 

S A ) ~ $ F  qg% L)l?4 %lrqo)PF %q$-& %!z 
r4  Ek 244 ~ ] h g q  g+- $3>&3z]]0]q>5$g~) 
f 0]%2q, 371 H,Fq4 $+ z)9@7]2r4+ 7J7@7] 4 



$A] sg L F E ) ~ ~  32s ? * q % q .  $9 Z A )  

" d L  494 %!zq0)pF %%&4 %57\  qg g k 3 j  4 
HJq $ * $ z k  "Jq 4-9.1 qqg o]++ g 
A) HFqol $%(slat)OZ o ] T q q  ~ ) q  $q] oJJz)g 4 s  
(pit) 293% @38] " ~ Z \ X ]  ~ % o ] z \  $ggq. 
q 4 - A j  45q ~j %gq ~1 Z ~ Z ~ E ]  %~$jq+ 7 t h  -gg 
g o ]  $O]Z)I] :-A\ qg;6F qqq -171 50g 3 41 4 9% 
A 017 ,- ,,A 1 q+1q, 01% 0134 97 ! i i l % q l A j s  qgg 
H) % q ( ~ u c k 4  Steenhuis, 1982; Swierstra 5, 1995; Aarnink 
%, 19%). g* :FA) qg ;6Fq Glp ~ ) q o l ]  59% gq-771 
qgq qx17\ tlH+sk EsLq q gh,FqL) 2sq 
28 ~ ] ~ $ j ~ ~  2lg gk4 4301 $ols)41 4 s ) j g q  
(Groenestein, 1993). 1 34 ~ ( 2 3  2kq $-Fs oo]& 

Table 1. Characteristics of the pig buildings investigated 

Housing type 

Manure collection system Ventilation mode N 

Deep-pit manure system with slats 

Manure removal system by scraper 

+ N.V. 

tM.V. 

N.V. 

M.V. 15 
Deep-litter bed system N.V. 15 

* : Natural ventilation 
t : Mechariical ventilation 

Table 2. Concentration of NH3 and H2S according to types of pig buildings 

Housing type Ventilation N H ~ ( P P ~ )  H ~ S ( P P ~ )  

Manure collection system mode GM(GSD) Range GM(GSD) Range 

Deep-pit manure system with slats *N.V. ' 6 . 9 ( 3 . 2 ) 9 .  1 - 10.2 296.3(180)"4.2 - 672.4 

t M.V. 12.1(5.4)h 7.3 - 21.4 612.8(483)h 121.6- 1,235 

Manure removal system by scraper N.V. 5.1 (2.7).' 3.1 - 9.5 115.2(96Y 46.8 - 313.1 

M.V. I 1 .4(3.5)h 8.1 - 15.2 270.332 1 ) 2 6 6 .  - 9 12.5 

Deep-litter bed system 
N.V. 

Mean 
7.5C3.2) 0.8 - 21.4 286.5(367) 45.8 - 1,235 

* : Natural veritilatiori 
t : Mechanical veritilation 
f : a,b,c,d means that averaged values withiri the row by the sarrle letter are riot significarltly different. 



Table 3. Emission of NH3 and H2S according to types of pig buildings 

NH3 
Housing rng/h/*pig rng/h/ m' 

Ventilation 
Manure collection system 

tY Pe GM(GSD) Range GM(GSD) Range 

Deep-pit manure system with slats N.V. 5284.1 ( 1 3 7 ) 3 2 . 5  - 482.1 381.9(158).' 81.1-514.3 

'M.V. 320.1(294)"4.2 - 826.5 4 3 0 . 3 ( 4 0 2 ) 7  13.8 - 1,068 

Manure removal system by scraper N.V. 263.5(188)' 38.2 - 524.2 354.1(2 14)- 23.6 - 678.2 

M.V. 298.3(256).' 83.3 - 725.6 400.9(237)" 13.4 - 820.4 

Deep-litter bed system N.V. 84.9(78)h 8.2 - 210.1 114. 1(106)h 23.3 - 352.3 

Mean 250.2(3 16) 8.2 - 826.5 336.3(426) 23.3 - 1,068 

HIS 
Housing rng/h/*pig rng/h/ m' 

Ventilation 
Manure collection system 

tY Pe GM(GSD) Range GM(GSD) Range 

Deeppit manure system with slats N.V. 42.1(38)" 8.0 - 120.2 56.5(29)" 19.2 - 93.2 

M.V. 53.4(46)" 18.6 - 192.5 7 1.7(54)" 24.2 - 224.3 

Manure removal system by scmper N.V. 36.0(35)" 6.2 - 92.2 48.4(38)" 1 1.2 - 108.2 

M.V. 39.2(4 1 )" 10.2 - 112.3 52.7(44)" 16.3 - 186.3 

Deeplitter bed system N.V. I8.5(24)" 8.3 - 73.3 24.9( 18)" 6.3 - 64.3 

Mean 37.8(52) 6.2 - 192.5 50.9(78) 6.3 - 224.3 

* : Based on growirig/firiishing pig(75kg) 
': Natural veritilatio~i 
': Mecliar~ical ventilation 
k a and b niearis that averaged values within the row by the same letter are not significantly different 



Iv. g g 
H 0 0Io %A\ ",FW +T4O11~7$1%61 %A\ 4q$! 47-4 D- 

q o \  g 3  5Z? 7.5 ppm, % 4 3 0.8-21.4 ppm03. Eh\q 
%0q, %%&+ g?! 286.5 PPb$Oq, 45.8-1,235 ppbq 
%qs go]-? 30g g y q 2 q .  7,F4]@7] H J h , l q  $9 g 
A\ 4q % d + 7 \  71% gS %!?.qo\(12.1 ppm) 9) %W& 
(612.8 ppb)q 52% L+@%il, 71% 2s 52% Ji9 %A\ 

" ,FF+ \~  49371 "24 q 5 3 g 4 ( 2 . 2  
ppm), g e & z  ~ \ $ @ 7 ]  tl,Fq 4 &2i!{10] 4 %A\ +Iq $k 
(I 15.2 ppb) 9 3OZ %qqE]q(p<0.05). 58 3% 3 h \ $  

"' Zh\ qDd 301 g F q 6 \ ( 2 5  ppm) 4 %*&(lo ppm) L L  

0 XI,', 7) L~ 4 . 1 L T 7 1 S ( n v ~ )  2 &+s\x] 95 90s- 34-4 
$jl,cF. " ,Fyqo \~ j -  gg&q -123 +jgq ~ A J $ ~ P ? %  

(75kg) 71 503.250.2 mg/h/pigq 37.8 mg/h/pig, :!'X? (m') 7 1 2  
01 336.3 rngMrn1sF 50.9 mghtm'Z q @ k k ~ ,  z\9@7] %'oF.*l' 
q z$ g h \  q w o 1  7\$! 2s $A#%$ g o ] $  3lg 

SYq32.L+(p<0.05), CFE 8 g q  E/*\ sol]? %- 
A l " 1 1  3Fo17) %I,+ 30s Sqq",(p>0.05). 3% 3 

A\ 24 gk Z] -1Jr;l +gollAj$ $9 %A\ 5Lq $), @7] 
H,Fq + g o J J ~ ( 2  ;'oF41@7l "24 4 EA\ ~ W O ]  CFg G g  
q %A\ "?-"d"oF] tIl3H $$y+\9) % g & q  qy- *4.9 
$hJ%01 %& 321 z q q 2 q .  g ~ q o \ q  g*&q 

k$19% ZA\ ?+qzEq 3Q 41~2% 46H =+q% 
+ q:F-$q o]z& q A J g g  2 X]+q9 +Jq 93 X I 3  9 
38% q q q o \  9 g o 1 q .  

Table 4. Comparison between foreign researches and this study for NH3 and H2S in pig buildings Aerial 

Aerial 

contaminants 

*Reported data Data in Korea 
Unit 

Mean Range Mean Range 

Ammonia ,. PPm 15.4 0.1 - 64.9 7.5 0.8 - 21.4   on cent ration 
rng/h/ 'pig 23 1.2 0.2 - 3,038 250.2 8.2 - 826.5 

Emission 
rng/h/m' 3 10.8 0.3 - 4.082 336.3 23.3 - 1,068 

Hydrogen 

sulfide 

P P ~  226.8 6.5 - 2,174 286.5 45.8 - 1,235 
Concentration 

rng/h/pig 39.4 0.5 - 72.1 37.8 6.2 - 192.5 
Emission 

rng/h/m2 52.9 0.6 - 96.8 50.9 6.3 - 224.3 

* : References - (Avery et al., 1975; Pedersen, 1992; Morrison et al., 1993; Heber et al., 1997; Stowel l~ l  Foster, 2000; Zhu et al., 2000; 
Louhelainen et al., 2001 ; Ni et al., 2000; Ni et al., 2002) 

t : Based on growing/finishing pig(75kg) 
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