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Literature review of the Reduction of Hydrogen Sulfide and Ammonia in
Livestock Pen: Comparison between Korean and Chinese cases

Ding Yan - Chan-Seok Moon’
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57 Oryundae-ro, Gumjeong-gu, Busan, Korea

ABSTRACT

Objectives: The aim of this study was to review the reduction methods for ammonia (NHsz) and hydrogen sulfide

(H2S) exposure in livestock.

Methods: By reviewing domestic and international research reports from Korea and China, reducing ammonia
and hydrogen sulfide in livestock pens was analyzed in terms of ventilation, deodorant, and feed additives. In
addition, exposure limits in Korea and China were examined through a comparison between TLV-TWA and
STEL under the Industrial Safety and Health Act in Korea“ and ‘Management Standards for Air of Livestock

Pens in China’.

Results and Discussion: In order to effectively control hazardous gases and odors in livestock pens, the
enhancement of natural ventilation or the addition of ventilation fans at the pollution source are being examined.
Deodorants are used as adsorbents or masking deodorants. Additives to feed were zeolite powder, FeSO, -
7H,0, enzymes, and microbial preparations. Use of feed additives was low—cost and had significant effects
compared to other methods. Zeolite was the most commonly used in feed additive in Chinese cases and proved
to be low-cost and effective for reducing harmful gases. Enzyme preparations were shown to stimulate the

growth of livestock, but were expensive.

Conclusions: This study reviewed and examined domestic and international research papers in Korea and China
for reducing ammonia and hydrogen sulfide concentrations in livestock pens. More diverse research and the

development of feed additives are needed.
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(Lee et al., 2016).
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=+ H&D} £ 4= QItHKREI, 2010).
0] A9 19484d = ﬂt‘*% o]% F o] H
lﬂA}OﬂH ZAS AEshs AR S/ EAIE o

196130 $HEAY, 1962 FAPIRIL e Al
2 BANIA G o] ZAHAA HAE, 7 3
% &7 S0l AHEUA S4t}io] WESHA] A%}
Skqich 19709 4HiSE7t Aol wet EAZ o=
SAtgol EEsltt. S5 A #HHS I F
S3AL 7RIS, BEAEA, 7IEAI 5ol Hish
ARt Ao st 7159 E, S4, Bie
FTHOE FARIEAS TSI olF F4F Ads
7Hl A 7159 ARl AIRTE AL, AT
Tgofl T =A9] 7140l stebeol wit dEwv B
T B 7ISARSETY oS 284 Sol Al7Igol wet
Ao 71 E0l(1984) F=, FAE tHIo=E A
SRl e SES7HIE Hxe =AHAT. 1
U ol=gt A= 19999l #x 17| +AR-R-3}
of wet FEEES H?‘ﬂ SEA19 80| ysto] Al
N AHollA BIA = AeHMa, 2011). T=9] 9=,
FAY] %%*%ioﬂ = 1, A7) %3101 S
2 So177] 2ol 5E4 AFe] AFIFel vl W
KeH, o 7|7t il 9 Fu o JdFor FAE]
0|82 7|Hsk= AR oj7do] F4Y] WEE Asfst
Ak ZAAIY oA FARIE S8 gH, Fuks
3, A8, 9] ol& 59 == AREHUT. 1960
ddjo] So19F SARIEAAS st IAa50] &

Ao APz WHd] wet H4go] Sa7t F
Zsle o 2R - ATEA - AFEe] 59| 24

o} HHsto] =H7HE - AL Q] AU A 9] AL F
B_*éoﬂ T3t Q1A oHA HA Q'(Song, 2018).

2 310 F=9] A9, A WHEe =
«] —?— 1970L%H°ﬂ —E—’%‘@—E Wbk o] AIRtE|Qlom,
SH=19] oA 19600 AR EE 5 = BF
A4 9 H*X*O] H|3E A7)0 st or, HAIA
Ql A&} tEo] §79 AT FAHRA I U
ERI Qitt (Ding, 2019). A W 37]1= 7159 A
&, A% 9 ABARE 3 Z4491 @4 a%lo fi7|d
7159] AAH, 43 ag 9 AR o) 2 =
ZHEAQ IR vRnh i) ZREFAAGe] ]
AL 7150] ABEAgE] U AR of] RS vlR
< HAY} 7R 5571ARRS o B it &

flo rf

¢
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A Aol EARCE diFEA oY, w2
BEYL AFYES HIEt] AdAoZE ALEN 74
of E4#ox WA TAYSITH(Kim et al, 2011
Hong et al., 2014: Yu et al., 2016) A W 371+
759 AE, 4 94 A4S 91t A & 8010]
™ 37182 7150 A, A8 9 A0 2
S 7}7(4;(40] =i e ] ]—7 ohq.(Li et al., 2008)
O ARSO] F1E SAVIE, 8] 7% g usE
0w 249 dlae el AYAE 9 A
= Q%S vtk H2 A 1FRY 55719
2 sgols EAde s Yehtal Qi ol dg
o] 2 IHEN AES ALEY FE4 4
2 =4 Ui Qti(Yu et al., 2016). 1 €Qle&
A F2 7150 4, E3] SAIA 37180 &
7] A%} o] 293k @olorh I#Eg B gLoA
L g F3o] o] AT AR YHRE Ediol
QF=0] T1EARS: A W ARSA)HQ 7|ZL v B
Asti % Foled 9 duYol] knE £FE 58
How AN 5 i Wb FEsIA Tt

JZi
o

o

u‘,[o[;

A 1067 B B2 ST AT &
AW Bekeact dEUo E ST} eZo] 99l
9 wzeiel] Bt AR U olg 4ag oY
Y EE A SHQEY B A g FRRE
Uro] ATt AL ) Gskea @ Qhwyo} @
AU 2 E4S FAARES Fotol Gelsiglon, 9

sigol welo] Al 2o A9E vlmstalrh.
35 0] S 1 Sl vado s
249] 2w 440 7% W va gelssr

0}%4 79 '-'1—/\}-4 AU dE 9 QAEAY ¥
H o EAI, g9 SAF U Fokea 3 R
Yo} %3 hﬂ}o}—i/ﬂ ], EFHA|, EAY, A=H7L
ol o s FRote] 7+ =7PE &40 Aot S
BIE i
=YY A= ¥ ATARS AN IS
&Y HAKERISY RISS, =& HRATY
(KiST1)9] NDSL(National Digital Science Library),
FZHGoogle)9] Google Scholar(Google St HAY)
E ARESIReH, S5 =59 ABF HelF 21

(Baidu: HEE%E), SR Cnki; HEXIN), B]Z

O
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(CQVIP; M), wbg  Hlo|E#o]2(WANFANG
DATA; Hh%¥dE%), OALib F& =& A4 A
(OALib; OALib #1971 0#%, %), sto|eto]o] AR
Tt & EdHighWire; Wi w ASCH DS
ARESEREE. FAAYE F B =29 AMole v==
Aot A ¥H(National Center for Biotechnology

Information, U.S. National Library of Medicine)
9] PubMedE ARE3ILY.

. Zat & o0&

1. SALLH &ateA 2 QIDL[OF A0l 3
1) &8k (H,S)

GIEA(H )= 7HAAZS] AR 7RARA FAfolm
A sk o H2 Ao WATE QloH ek o 54 =
otxltt, F2 o F2] ujEo] s T A
A AR AAH QI HEl oS njdE Edfo] <
o GokraAE G T 4 Qo 7kso] dwido] FE
T AIRE AFota At Y o] ekt A
oA HiE 2 4= Atk FAol 7] T G340 5%
= 71 AlRY & &, UiW F F3keh 5= 3
4 B §7144 dEgote] W, 2k 9 3] 249
FEFE W= dutdo g F4 H thlE glgFo] &7
2o SAF AY T7] F F3eAl T wobI
dE S0 AUgE 23 & sFolAs, o B2 R E
Zro] & o TV T FIed =Tt el S
StcH(Park et al., 2013, 2015; Li et al, 2013).

2) YE2LIOKNHs3)

AR YoHNHz)= v WAl FA9] 7pAolw, F3
E= 9FF AlgkY] 7iAo)7| gtk QPR UoH(NH3)<t
FeprA(H9)Q TAHALS w9 FAFSH, tiEE2
AR Eiot §7] 249 714 EofjollA BlEH
A e AR 0= FolA ASlEA] b= A4 9
QFEO] 20% ~ 25%S ZESI} o] AA TS 2
u| g0 2Hgof Qs Al&SHA dRUolRE Eof
2] 371 Foll WEdo. dryol= Eof tigt
&3i/do] =71 "ol 15 371 59 dEYol s&rt
H w4 &} dRyote] $h2 940} Yol 5k,
2=, SR I 9 3] 243 E2 840 oof J3F
2 ¥E= Aog HAEHLee et al., 2005; Park et
al., 2013; Mei, 2015; Feng et al., 2014).
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2. AL Eatea 3 AR oty

SARIA e shAY SAF 2AHNA BEske
AFEES SARIA Ak Rzt 2%t A7FFF
o] TAL 4 Ut ol 3t B AFERtel

ofil(Table 1) TE=°AE R3fe F&= vt

1) &3tA(H,S)

=0 Slo] Filpas FE JUE AFotH, g3}
FA7F 5EY Hel #E% YEohd &of= o] HY
o] HEF o231 239, A4S A5t FHEES
FAagitt "ol Q= HAMAE BE T, 71, HY,
718A Y 9 1% sHto] AEska HREESE WAt
Folpis ASSHA HEe] AR FAR I A
F= o o= ARt oA {2 H g9t
Fhe ARME APRIEIFSAH 0|29 A2 A%
& 5 Qlvh FRlpiaes MR 4be} I TS T
21, Ao AAAE dor|Bg gAs EZAIIA
Atk 717 A sk Fokea S0 = 7S] A
Ag/dol WobA 1 d A ofelrt WSty ot
15E9 giledes 35718 AFZ o= A5t At
TS fEgch AREY Afelli= 1000-1500ppmolAl
5T 4oA ALSHAY TJUH|E ARG,
500-700ppm o434 S50l st 8o ¢
315t 4= Qltk. 200-300ppmoAE 5-8& AHiHA] &,
3, B4 59 Fubof A3t 852 L)AL 30-60=
A A9 & UE Ao=2 FRIEI QJtKTable 1).

2) QBLIOKNH)
gEuol 5B A9, 5% 3, ¥ 9L /1% A
of gAY FAEY gRUolS FYHA 715

=
AR AFeko] ZAagith J8]1 gEUole] W&o
AA 22 A AFstel IueA slet sk fu
5 HALE dov)al 3 AAA ut

al
NT &4 D e BYe U 5
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Table 1. Exposure level and symptoms of hydrogen sulfide and ammonia

Exposure level (ppm) Symptoms
0.13 too low to feel
4.60 moderate odor
10 eye irritation, TWA (OSHA, ACGIH).
27 strong unpleasant smell and can not bear it.
H.S o .
100 Cough, eye irritation, lose sense of smell at 2 minutes later
200~300 conjunctivitis (inflammation of the eye) at exposure 1 hr, respiratory tract stimulation
500~700 Loss of consciousness, respiratory arrest, death.
1000~2000 Immediately lose consciousness, stop breathing and die within a few minutes.
0~25 minimal irritation of eyes and respiratory system
25~50 allowable exposure levels (OSHA ACGIH)
NHs 50~100 swollen eyes, conjunctivitis, vomiting, throat irritation
100~500 the higher the concentration, the more dangerous, the more intense the stimulus

and the longer the death.

AUt AREe] 7ol 100-500ppmellAl 233t A4
A5 9 AR 59 AAES UERE o qlew ARt
oy =7t ¢ wobd A% o fds) Aot 50-100
ppmoM= & AS4, 29Y, 7§, WA7AE 5ol U
B o Qe A2® &I ItH(Table 1)

3. ZAL L 22|7|E Hlw
1) &= ZALU7IZ 7IE
To2 1999490 ‘SAF H71E VIEE

o] 7|29 BAL J&T} 24t F BAL BRI
2O BAS A, 71% AR ARS BT
317 $1& HAolth. HAS) V& FEoRA ]
of, Falrk, olAlafEA U O] 4rkAoln, P
8o} SHRUOKE Table 20] Uhehdl wle} e,

2) =29 AL #2| 7|E

Sh=o] A Ay 371 o] digt AIFRL 71E
2 glom, A Y ZARle] HET HFol= =9
AMAQPHE AMAFO] 8AIZE 7S EHA(TWA)E 285
AY GAZE 2 7)E(STEL)S AR 4= Qlct. gt
719] 79+= =19 AFHHAHAGY A= o
St Hj&35]-8 7|5 wat Table 30 Ueht ule} Zo]
201949 @A 22749 FHEAS xAsto] HFEotaL 9l
c}. ot TWAS}F STELS 18A]0]4N9] 491 7|&o 2
2rARo| A 9] FEE Doby FTHY A oA A
g 9= o #AEE AFstL Aok BRI
FHuiEAe] HE Qe oFF AHEjRAL FFHIEA
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Table 2. Daily average quality standard of ammonia and
hydrogen sulfide in Chinese livestock farm”

Species NHs (ppm) H2S (ppm)
Young 12.5 2.5
Poultry barn
Adult 18.75 12.5
Swine barn 31.25 125
Cattle barn 25 10

"Source is agriculture industry ‘NY/T388-1999 livestock
and poultry field environment quality standard’ issued by
Ministry of Agriculture of the People’s Republic of China.

Table 3. TWA and STEL in Korean exposure limits of

ambient air’

NHs (ppm) H2S (ppm)
TWA 25 10
STEL 35 15

" TWA(Time-Weighted Average), STEL (Short Term Exposure
Limit) of workers from the Occupational Safety and Health
Act in Korea.

o) X%, WiEsl87IE, FRAAYG L ofxwelA]
o olo] X0 xo] ofHEhEA XA, oFA]
el BEAR So] B ygo AFshn Ak

4. FAF AL 2¥E BT
1) 52 SA o= L OHSY

FFOIA RAT FAS) Fhst GuLfole]
= Table 41 Uehfgich, A4 499 Hlojeli=
R HIF B FHEL moh thA] AAtste]
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1709 EAZ YepdtiHong et al., 2014). 9=
olel Bl Ao Br= 259 F7tof ot 71
2 & 5 Ut} o= 257t SEPFHA HjdEo] EHa
Eo] dHUoret g 7hAvE BT Hal 9]
on, FL7t 2255 dHYot 9 Filpa 7HAY 5
= RoRl= BAEFE UEHUIEE YRy 7hAg}
Fotra 7tA7F 843017 wi2ol S Ixkel 294
Ql IS Yepdicky sty ik st =19
g Ao 2A 2&Ho| FHSIL FFo| & He A
A 212 Yepdith st A+ Aaofa= SAR
9] Yo} 57t S FROA Ho E VX E
oF @A YegthFeng et al., 2014). X924 E40=2
Al vigo] Al7] w20 A 2] 9 §-Fo] & o]Fo]
A7] Ee 2 B Qry. Y A ARSAGo|A &
Sl ThA o] WHIF APolA Bk 6.07
ppm&Z YERGTHYu et al., 2016). 12|31l &slkea
7kA0] Bzt AAsHA] grot ok B9t v W=
W} IA Yehgt ol o) AY 7|EE 23dt
= oK & o9 EF &7 oloktYu et
al., 2016). oFdel w7t 71 & YRleEA 2 &
Slpdrt Bio] 7173 Eofjofl 71/lsh]| fiEe® B
a5kl Qa1 of &4 Al Hiofl 4 H Bt 9l
2A 7E AARE Fol= FA| 27 @A UERdtt
I BISFRATHYu et al., 2016). ¥ A FojA A|HH
ATHI(Wu QL, et al., 2012)°f] =™ A% 4= Y
of FX7}F 7HY =2 AL ALolH, ALH= 4

¢

L5 FAIH] flo Aol Edl= 5 AL =
FarElo] Ay HYore] 5k v E =

. o580l AU &717F & HARE oFE 12 1
L2 FolA 7] A9 EolE SXIstEE oF
Yol sr= #3t 7REHET o =4

Stith A Adlel = Feea] ¥
AL 7R A89 £2& Yeht AE d3o] =A
e Zog Hisigth o539 Joked 55
= T2 35 TS UEdgler, o do= &
2 5% 1 7A 1 AgEo] Ay Fikea
LU gon B 7R, AZoe FES BoEE &
7|&o] BEste] ofFHT FokeAo] 5t =4 U
BNt S SR AIGolA RARRE HaloA, tRYo}
o] B+t 5= 10.90 ppmel™, FA] AU H4 3l
ot #AGS HeEl= Aeg Histyoh. AZol=
SA] AU =5 FA5] el FHE AHESH ] of
2ol F3}pas] 57t oo, 71 s AlA
gt So= A Aol cHDai et al., 2016). Li
Chun 59 d+Li et al., 2013)°14 A7 7= =4+
9] 79+= Al 7|27 =2 |FCE Qs ot
yolo] k7t Aokl e HAskelr 17ERE
FHoAL} T2 FEE] AT W] FAY] F¢
715 2ol AlA 9 3719 7 dE Yot} 3l
A9 FEE FosH A F S HisH
AH9 E1(Ding, 2016)° 2JstH 1Wd 5 FAMIIA
Yol Hid =5 7.1 ppml&E AAF = U3

N

Koo 3L o

Table 4. Ammonia and hydrogen sulfide concentration in livestock pen of China.

NHs(ppm) HoS(ppm) Season Area Remarks

10.90 8.20 4 seasons East China Dai et al.2016

10.81 2.56 4 seasons Nanjing Wu et al.2012

Pig farm 8.57 - winter Shandong Ma et al. 2011
3.10 - summer Hainan Feng et al., 2014

- 6.20 autumn Liaoling Yu et al.,, 2016
11.76 - summer Hainan Feng et al., 2014

Cattle farm 5.00 0.00 winter Xinjang Li et al., 2013
4.94 - summer Xinjiang Mei et al., 2015

9.90 8.70 winter Gansu Xie et al., 1991
Chicken farm 0.41 - summer Hainan Feng et al., 2014
0.36 - summer Shijiazhuang Gao et al., 2011

7.10 - 4 seasons Inner Mongolia Ding et al., 2016

Sheep farm .
4.87 0.0057 summer Sichuan Hong et al., 2014
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 442-451



o 19 F dEYol 7t 7P B2 A2 A0l
o, A5 2&9 F7ke dEYotY s=E 4
AlZ1E 8900l Ht. ojiteheao] B, A 2k
€ #AB] Asl A45dR 59 A4z st ALHE
o 7P A Yebdth. 4719 HiojA & ), A=y
ofe} Folrad] Fert 29| I wet STk
€ A2 € F 0 53] A45H AN, =3
7hEoll vlsl AU AR skl Ael7t Yebd T 18
oz 5% Agdle IFE =9 SA U 37 &
TS Y| RAEES stojof g,

2) ot SALAUREE I QEEY

e FAR] Y, AARRE =APE BE SAke] H]S]
Fol7tA H 57 ¥ ZAI7F HAL 2do], ol FAle
gt A+t i) v nd w2 Holt}, ofE A o
TEO 7o, SAF U9l oI5 5 SHLA 9
9 ZA7F 159t AR SR XA E o] Yt =AF 2
G U7 37 LAEEE IA 7Y, dAMS, HE
o]Qofoj2ZF(bioaerosol) BAZ FEG 4 Qit} o]
F A AR Y VA L dEEEY HAS HAE
o oaf widH Rt WE(pit) HollA A& =] €7]
d nABEo] ol o=l A7 8 WA o,
HAY 5F I ALY Aoz HMEEH
(Kim, 2013). "= f9 59 Azl=oA= SAF o
ol s 2AsHy SHolA F8 UIEZS] A=Y
ofe} Folras IR A AR & B/ E
FH Ao g9] ofF it =g HFetelr] gt |
EA AP =0l oln] 209d A FE 58 = o
o|e} AT DBY +50] AY A3} HA = AlA
o|tHKim, 2012). §=2] SAREA AtollA= A
A EAF AP B4 dRYoe} FIleil] E
78S 25k gkt EAF ZAA] 5ol TAIG]
o] EAF YH9] Yol Ht 5E= 8.60 ppm, HEY
£ 4.97~14.15 ppmOl & FA} FHloH Isipi=
Bt 307.54 ppb ¥2H, 33.94~831.53 ppb2] ¥
£ HKTable 5). 471, 34, &5 A9 s84==
oz 59~69, 99~10¥0] 33t AL AL
m2H 7] SHAAE BAR 7 8= =
Ab ARGl E Yot st AAT |17 AEeEE =
AP AAAEC =9tHKim et al.,, 2010). ©] d3t=

5 71% 270l Fedolx] ok F3 7R Eolwt =
gtE]o] ZAE|Z] wiEel 7] AdEi7F AR 4T
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A HFO 2= {AE fH EE HF sEET
d27] o] o] dryole} 3440
W E ol gEyote] B9 37| A7t uie-
EFE 49 =& 7|&E 233 4 Ut Donhem¥}
Popendorf, 1985). A5 A oA 74~10¥€] AA
£ ez XARE EioAE dRyok= 1.62
(0.44~3.08) ppm, Fs=AE 5.13 (0.81~7.61) ppb
2 Uetgth o] a9 &4 Aats SAR 1|
Hi 37194 SHoA FA 717 HEE e 4 A
Aol ZAg7)7F HEEE AX] AAF 719 iR ok
B BEXxE JAT Hsh ofAfo] TEAER Aoty 24
U2 FE Zpol7} tefobA vehd AoE FRIE I
4 Yool Y3kl Fr= AL &)E0] 4
fdoz 7 HeEE AFA(7Y, 890 AA &V
£o] ZAadh= 7124(09%, 109) 2t Az &2 A
o2 UeEPITtHKim et al, 2012). 201149 7¥€%E
20124 6% 7HA & 19 B9 AlF Ao YA A
AL 2704 o R st RAAE BAIT(F
) AX] dRYot HEE= 2.75(0.4~13.65) ppm, 3
ShpatE 4.84(1.81~9.14)ppbE  YERGITE AAE]
(A=) AALe] gryol Hr 1.79(0.59~3.35) ppm,
Foleal 6.59(2.04~ 18.89) ppbE YLD, AAL
7 Fashe ALEH129~19)0] AL g7]Eo]
AR o7 =2 o2 (6¥~8Y)HT} HAF YH9] o
HEE =7t A4 FAAEHJAHKKIm et al, 2011).
20119 3€~590] A Ieste] A sAdol A
ZARGE Ao e ESHoE EAb] A" HA 3
£ 30%, 50%, 70% 7] T3t A=A AA T
30% 274 Aol sE, Yo, Folral] Bis
T 609, 183 ppm, 132.7 ppb. 50%%7A9] A<
447, 9.3 ppm, 118.2 ppb. 70 %Z7A2] AL 259,
2.1 ppm, 92.37 ppb ¢l ALZ Yeh} oHH st &
ool A9 &7])& oA FX7F Rorsrh 17
U glpAo] s 78 S0 gt Zel7t 34
Yeh}A] 9hHKim et al., 2012). A4 gtmio}
o] A9 " =7t B2 13.34 ppm, A2 4.56
ppm, 7F2 22.8 ppm, AS2 22.8 ppmoE UE}
it} F3feao] 49 ¥ 527t B2 139.12 ppb,

£2 53.7 ppb, 7F&2 283.73 ppb, A&
307.15 ppb& YElHTE &4 A3E HH, =AF Ay
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Table 5. Indoor air contaminants in livestock pen in Korea

NHz(ppm) H2S(ppb) season area Remarks

141 195.9 4 seasons Jeju Kim et al., 2012

1.1 33.9 autumn Kim et al., 2014

10 579.3 4 seasons Gimhae Kim et al., 2012

9.8 114.5 spring School farm Choi et al. 2011

Pig farm 7.6 444.0 4 seasons Gimhae Kim et al., 2011
7.5 286.5 autumn Gyeonggi, Chungnam  Kim et al., 2002

6.7 831.5 autumn Kim et al., 2004

53 118.6 autumn Jeju Ko et al., 2012

4.9 163.4 4 seasons Gimhae Kim et al., 2012

12.9 5.7 4 seasons National Ko et al., 2010

Chicken 2.2 5.7 4 seasons Jeju Kim et al., 2011
farm 1.6 5.1 autumn Jeju Kim et al., 2011
1.6 5.1 summer Kim et al., 2012

UH Yoo} goleao] F=7t Ao 7P =11 oF
of 7} RFItHKim et al., 2012).

L9kt S22 715 gl tigk AW 371 Aol
Al Folet 7tAY] ks o 58T ]E0] W2 AL
Hol| =%, #3729 vk W3l E42 2] ¢
AUt 22y o] FRolMs ALE 53 e

ol ¥7| W&ol #3i7ts st 7P =0

5. A Lj 2544 2 B0 KZet

ZAPHO] Folpast FEUolE THAOR A
717] Sfste] SIAAT, A W 2ol 2, gol
Hlidbe] Abg, BaA A7 SIS B 2HAY A
8, 3512 ALg sk o] ATE glrkTable 6).
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A dbAISHC) (Catalogue of Feed Additives

China, 2010) 7I&5% SAMIRIA 2st= HAE
gro g Higste A2 SIAAET DA TATE A
ot EARIA st WAIE &0V flsiAle SAH
7| 2" JHAdske] S wEbA @A) AiREA SA
+ 7Fse ol fle T FAE Axs|of itk 7k
9] B AP oFF9] W] IS nAH, 7H5
o] et A2 oo S avEer &Y
4 AU

SAS] oS ARAIE Qe WReRA TS
AR O] Zohild ke Fold HidEo 4 widS
Y Atk ARE B9 3EE I¢aE 7Y &
Sl 28T 43t FE F UHAE 5 5
3 v =0} A, AR wiE= oAt A= Y4
o8 Frrt FAtog Qg eF e Fopg A2
"ot & 4= Sl 715l "WeE Sk ofw|kAl 8
Foll thgh Heet YRE Foto] opm|Al 3 okl
g Ads| 245t Higehd J¥a widFS &
2 4= Sl ol2eh &gt ofu]ieAt gt High
HEE ol Tl 52 "Wy ofn|iAY MY £
AoH, 7h=9] fA E Aol Bagh BE ofn|iiks
o] FEt vler ¥ A FAE THES vtk
Abs g Al S 9] ARS o)Akl
2 gt A2 7159 B W A5 wid%S
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AREoE At S Fosh= At Qlet ol
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Table 6. Reduction Method of Hydrogen Sulfide and Ammonia in Livestock Pen

Method

Remarks

Ventilation system

Control crude protein in feed  Reduced feed use
Use of synthetic amino acids
Enzymatic addition

Microbial addition

Deodorant use

Chemical addition

Addition of L-threonine in feed

Addition of amylase, silanase etc.

Addition of lactic acid bacteria, synthetic bacteria etc.
Adsorption deodorant, masking deodorant, etc

FeSO, - 7H,0 (0~10,000 mg/kg H20)

Natural ventilation, adding ventilation fans near pollutants Kim et al., 2012

Ouyang et al., 2008
Zhang YH et al., 2015
Ying et al., 2011

Wu, 2014

Wu et al., 2012
Zhang et al., 2015

H 554 ©dE o]k thal Ade AT
W2S o]&slal 0.1-0.2%2] ot ieAkS H7Heke
EX AA 2l d 222 2-3% Y RE0RA 5=
AN HlEE= L3eart dHY oY Wi a3
Hog AN 4 ok

BAAE ARG 7H59] WA Astaao] ofsf &
Sf5t7] ojEl JE9 A SrdigEREy) o
9] o]l&AE ¥Y & Utk TIEARS 7P VR R
7t B FEY J57+= ole°] # A= Aas 9
&, 55 AR U AEEA, d9H, udER
oA FEFERY, gad 9 HHEd odF(NSP)
Y ool 11 F¥H 7|7t FasHA "rk(Gao et al.
20142) I882 GAA9] Aol s A&, Tz
9 A 22 gEARY o] &ES AT S e
HEAIRS] qUAZIXE 8 4 Stk

u|A=5H AA(EM; Effective Micro Organisms)
= T A, vlEE A, AN, 35, A, of
NEEE 5 5 3kt ndEE 296HA] &= 80 &
Aol n|AEE LAAHTHWu et al., 2014). EM2 &
Hzkgo] glal 3HEZ LAATIA Y= AHE 7HA
Ao Alm o8& FTVHZ 4= Qlth 118al EM
&2 &5l 715 2o gt oFHE HAaAE
c}.
GHAE ARESH] 715 Wi RS HAE €Y 5 3l
o Hd Al gto|Ex & S2F AHEo R AL 5
Atk HA ARl ES EHE FHo=A S &
ok AE g2 SAM 371 S5 71 29 &
717F Eole™ dEYolel T2 {ofigh 7kAe] WS
ol a3E Yerd 4 ik vkad] 9 314 gkt
22 =93 2 ddsiths ARol oy sk
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TS UERA|TE, SAtof| A2t o] 2ol |
A9+= BT =4 okl ALY SHAAE =

2 ¢ Utk @A &9] AR e E A
ok Add], A2 FgHoA ndE 2%
= SAF B gido] A FEAY AR B A4
H7¥olke Aol axpAon, 3}5} ofFo| o 7] wiZo]
2o HE519S 4 S4HQ a9 e &
=t 25 337 Ueii7171A] 2~390] Ay 1771
A g3t vepdoty B 15k ti(Dachaine et
al., 2000; Ni and Heber, 2008).

siebd W o 24, H3E SAol| H8F H% 43

A7

W dHEYol 9 Filpeao] FAE EY 4 IS Bt
oflz} k&9l AT X1 & 4 9tk 0~10,000
mg/kge 7152 S8 AR FUEE 7H50 &
Ae UEtiA] d=ttal B35kl Qti(Zhang et al.,
2015).

oo FAF W dEUYole}t FIlpAE X756
et HIRto & o] Qo X Hio] AT HH, Hio|Q
gy 5 g2 STskeh HEr F85 = AF
ol &% o|o] figt 12| HR3FITHCho et al,
2018; Jeon et al., 1998).
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