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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"
Department of Industrial Health, Catholic University of Pusan

ABSTRACT

Objectives: The aim of this study was to review the reduction methods for ammonia (NH3) and hydrogen sulfide
(H,S) 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, FeSOy -

7H50, 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.

Key words: Livestock pen, ammonia, hydrogen sulfide, zeolite, reduction
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FEZo| At AR A E FEE H3f 9u
£ 7MAtka & 4= QItKKREL 2010).
39| A$, 19489 = X*‘ﬂ*% o|% F <] H
BARIA A4S Aok EARE S5HEAE o
196140] 4=, 1962 AR =831 ‘Al
A} AANEAG o xgEEA FAE, M 3
4 87H8 B7go] AYE A FAl]lo] W] A%t
sttt 1970t ARRISyt Xggdo] wet EAZo =z
ZAkQjo] sttt S=9 HAY WS T F
ZAA}, 7FEQIE S, WEAER], TFEAR Sof s
ARk JfEH o2 Jpgste] ThE9 AR, T4, S
ZAo07 ZAAEFN S ERslt) o]F 24 APE
7t A k&9 ARl AFET, HRARGESRO]
Jo] w2 =Hx]2] 7140 sftde| it FEETF E
3 9 7IEARSETO] dE e 5ol Avidof wt
A o] 7Hﬂﬂ°1(1984b=1) FE, FAE HFoE A
o] e 5=/ HxE =YESh 1Y
ol2|gt YAHAE 19990l HA17] SIS}
of et +FFEL 9%t 5=AQ a-8o] gsiod A4
e AHdolA FHAE A Ma, 2011). Q] H9=,
AM1 9] Brdabgol & wf, fEAI 7} glo] HAIH
%01 747] 2] BEA A& AFe] vlwy ¢
row, o 7|7te] En Y fuo JFOoZ HAHES)
£& 7]Hsk= AFEH oqﬂol ==
%‘;E}. FAAY o]He] AL %o FH, Fuls
A, AEg, 749 o]g 59 =2 ARE]}. 1960
ddjol] E019} SARISTHAS st A5 g
Aoz AgpFo] PAH wet AR a7t F
Zol= ot FEA - AFEA - AFE 5o 2A
oF FAHste] F7H4 - ARSI A1 ApofAl 9] F4119] &
8744 B3t A4E A = AtHSong, 2018).
Z= 4 3ol gl A, 4] wEe St
o] 4<% 1970¢djo] Az oz dhdo] AltE|lon,
$129] Ao AE 19600l AFEE S oft mk
Z41Q]9] WlHo] B3t A7l Edsllo, HAIH
Ql AT HEo] &7 AT HAL S Y
EFfi3 Qlch (Ding, 2019). EAF W 371 7159 A
, 7% AARS ist I Ql S alold di7d
7h0] AT, g 9 Ao A B
92Q1 JFS ALk o] 7RSSR 7]
719] ASATE E AJATA Ao RS A, ]
HA9}F 727 TE/-TL g BF iR &
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= orlo N

flo m2

D)

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 442-451

AP W Eelealt RO XMziger nE:

ror

ZH|w 443

At /\H%i%*oﬂfﬂ wAdeE diFsal gloH, 2
HES ATES BIESH] Aoz ASER B2

o 44 _E; 93] TS (Kim et al., 2011;
Hong et al., 2014; Yu et al., 2016) A Y 371&=
7159] BE, 4% 9 BARE 915 5 3 aR10]
o 3714 7159 AedH, A8 9 APAkEA o 2
A EE 7182491 g3k njX 1 Joh(Li et al., 2008).
i ARSY] 7HS S4APEE, E'C‘T] 7159 g ESE
o7 FZA] Y714 7159 A7 SH 2 ABARA
T PFE v 2T A2} 7R =g 1A
it E-s7golA AR Year 9la, ol A%t
o] =2 WHENY AFTES AZEY 58 EJ3e
2 = YA g (Yu et al., 2016). 1 Q1o

A FE2 7159 4G9, 53] ZAkIA 37140 5§
7] A3} 9ulo] = Qg3 golojt} 1B g B HLo)A]
€ =Y F=9 FHe AT AR HRE Bt
I 7A@ 9 ARSAIAS F714E Hl &
A5t e Foled E RYole] & SFE 8
Ao g AAAZ 4 Sl ek HESHIAL gt

ol

o ML

Ml

[I. 97UE 3 2

HA 109%F =t =19 S4bs7tolA A+ =
A W Fekpaet fEUor k& £ET =29 HQl
9 ETeehe] B A= 9 Q8 AEE QU
9 E= R SHQIEY g7 HA 2 4=
AR Aokt A W FIpea E Yol
Al 9 EHE FHAEE Boto] Felstalon, ¢
si/goll Tsto] A 5E9] BE Bl S
I FF FFY A Y H71E VES vagoEs
A Sk 449 7|2 TS v SISk
S S=19] SHAMY] A 9 eAEASY el
< v BASI, =] A W Fekea 9 gR
Yo} A7t =4 7], E3A|, ExA, ALRH7t
o] pHo g Hasle] 7k by Exjo] Mgtk HpHL
RS

U] A= ¥ AFARS AL IS
A B AKERISY RISS, =& RATY
(KiST1)9 NDSL(National Digital Science Library),
TFZ(Google)®] Google Scholar(Google sh& AHAY)
E ARESHeH, I =w9 AE HelR X

(Baidu; HEXE), =AHCnki; HEAM), ]I

ol
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(CQVIP;  #%RX), T glo]EfH|o] A(WANFANG
DATA; Fli¥dRE), OALb & =& Z#AM Jdx
(OALib; OALib %2R0 EEE|%), ofo|eto]o] AR
T & EAHighWire; WrHigz AR CHRE TS
ARESETE FAAE F T =7 AMols ==t
YOSt A #H(National Center for Biotechnology

Information, U.S. National Library of Medicine)
9] PubMedE AR&st3iTt.

. Zaf ¢ a3t
1. ZAL LY &3l 3 ADLOF U201 3
1) &5t4A(H,S)

FolrAH)E 7149 A TEAZ A B0
A sk J GOl WAL glom ek W 54 =
opzltt. 2 tid 9] nAEo] ol5f THUH A
Al AR T, AAEIQIT HE Y2 uAFE Eojol 9
3 FokeAE A T 5 9tk 7hSo] T o] 3R
gt AARE FFota At HY v kAt
oA & F 4 k. ANl 371 F FIeAl] sk
7 AR B 3 diW S kA she 5
A E= @714 "ot wa, 2= ¢ 3] 279
JIFS wt=rt, gutzoz 3 F hild glefo] &7
g 2oll A AU 7] F I3kl T Eolxit
dE Eo] Adist &3 & g0, o B2 A @
Zol & W 7] F9 FIrh w7t Al St
3cKPark et al., 2013, 2015; Li et al, 2013).

2) L L|0KNH3)

UEYoKNHz)= vl Al FA9] 7hAo|m, R
T O AI9E9] 7hAol7|k Rt} FHUoKNH;)2}
Folra(H9)9] TAYAL W fARsH, tRES
AR Bt 7] E49] F714 &4 HlEE
A Blrs GFHF 0 R FoA ASER] o=
F FUE 20% ~ 25%F EI3ITE o] A
2L A=Y Aol o) Al&sHA FdHRYolw &

o] 99 7] Foll W&ok dEYok= E°f gt
|50l 7] W2l 15 571 9 dRYol s=7t
WA Eoh FEYole A2 840t Yo 5k,
T, o O 9 ] 2% 22 840 93 IF
< W= Aog HiEQtKLee et al., 2005; Park et
al., 2013; Mei, 2015; Feng et al., 2014).
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2. AL Eatea B ARL0F 2oty

SAOIAM Ade AU SAF ZACNAM Ak
AFES SARIA sk w7kl ot A EF
o] M & 3t olF RANIAS A= Ao

olqi(Table 1) TES°A= 3% IF= v

i)

1) &stA(H,S)

B2 o] st F2E FJubS Ao, 3t
FA7F SEO] FAute] R I HEohd =] HA
o] YEE o|23 Z3t, Huks AFok= FIUEES
FA3It Wgo] &= =HAAE FE F, 71H, "9,
718A Y 2 1S o] TAYsta HREEE Ayt
Folpas AGoH Hao] ddos FYE FAA
T gogkigoz AstEct ddofA f2 H st
FAE ABHE APRIEIESAH 0|29 A2FE A%
g 4 Q) il AZO] ALt 3Ho] GRS 1)
21, ZAo]| AAAE Yor|HE GAS ESAIIA
Utk A7 A s Filed oA E 7FEe] A
A/do] WobA 3 E A okslrt WAgst] ot
L9 Fokpi= 58718 HAFPH R AAoto] A
T et AR Z-9olli= 1000-1500ppmoilA
FAETES doA AXHAY SJuH|E Apdsh,
500-700ppm ©lAol34 F5°] EAYst o] ¢
AL & Utk 200-300ppmolA= 5-8& BIHA|
I, 599 59 Auo] 3 55 73 30-60%
A A4 & = AR FRIFEI tK(Table 1).

2) L2 LIOKNH3)
QrEUoks $89) 39, £5% B, ¥ % /% 4%
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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).
HyS 27 strong unpleasant smell and can not bear it.
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
25~60 allowable exposure levels (OSHA,ACGIH)
NHz 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.

Atk AFFe] ALof=, 100-500ppmollAl 7335t AlA1A
A4 2 AR 59 84S UERd £ 9lem Azt
ojut 5&7} ¥ =ord A% o Y& It 50-100
ppmolAE & A4, 299, 55, WAAE 5ol U
Eid = Q= o= 3RIET QIti(Table 1)

3. EZAF L 2|7|E Bl
1) E20| 2N O7IE 7IE

FHe 199990] ‘EA Hh71A 71Ee ARt
o] 71%9] BAHL & A 79 WAL HUFL &
Ago] BAL §AF, 7% ASAEY] ARG BT
a7] 9% BAeleh. ZAYY 71E YRoRA
of, G, olikskekd 9 o] 47HKlolr, B B
g8ie29} QPR Lok Table 20] Uehd vish 2.

2) et=9 At &2l 7|E

=] SAF AW F71E #2lof] digt A1 Ve
= floH, SA U 2Rl A8 Fole =
AL EAE L] A7 7S BHA(TWAYE 283
Ad FAZE eE71E(STELD S AR 4= it} LRk
719] 4= =2 AR YAEFY] A tFEEel o
gk HiE5]-871%0l wet Table 30 Wehd Hie} o]
20199 @A 22719 FFHEES A7gste] HEshL 2l
of. ok, TWAS}F STELZ 18A]01/4329] 4Rl 7o =
AN =g Lot S A TfjolA A
o @92 ofF BEdE AgekaL Stk mAA
HHiEde] HEE S5 o5 HEiRAN, FEEA
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Table 2. Daily average quality standard of ammonia and
hydrogen sulfide in Chinese livestock farm”

Species NHs (ppm) H>S (ppm)
Young 12.5 25
Poultry barn
Adult 18.75 12.5
Swine barn 31.25 12.5
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’

NHz (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.

Ao] A4, WEs871E, RN D Pl
of olo] xfolio] OHMEAI AL, oFHA
o] 54N Sl Bt gow AW Itk

4, ZAt AW @EE HjW
1) 52 AL AUREE 2 QEEY

Fo| A ZARE AN ] Fsle4e) g Yol
TE Table 40 Uehflch ABdA A99] dolg:
=W Bt B3X]9 A4S Hot thA] Alitste]

www.kiha.kr



1709 EAZ YR AtHHong et al., 2014). Y=
yotel &olrAl] s 259 FUtol wet I
2 & Ut o= 257t SEPHEA HjdEe] dEa
Eo] drujorel ol 7hATE AAgE T Bl 9]
on FL7t #Z4E dHYol 9 Filed 7HA &
T Yol A YEWEE dEYol 7kt
Y3feh 7tA7E 849017 wio] SRRk A A
QI IS Uehdok sty lot st =9
Fdd Ao 2Eo] FH5H FFo] & He A
A 202 vehdoh sidde A AaolA= AR
UHYol 57t S FFolA At & 7|EXE
oF @A Yeldth(Feng et al, 2014). A|94 E402
Al bigro] A7 wfZof & 3] 9 F-Fo] & o]Fof
A7l f7Eog B Qlot. UHE HA AR olA &
Sppa 7hA wEe] W3 APolA B 6.07
ppmZ YERFTHYu et al., 2016). 181 IFskea
7kA9] B AASHA| Yot 5FF F1Y wx WHIk=
- A Yefth ofdl) FRe) AY 7|&E Zist
= oM % ol9ol= BF kE7]E olotitHYu et
al., 2010). ofe) w%71 7P & Ao EA 2 &
Slpart o] @714 Eoflofl 71915 HiEl® B
5kl Qa1 of &4 Al o] 3 H Bt 9l
24 & AR Sol= FA BT RA UERdth
I BISAH(Yu et al,, 2016). '3 A olA A|PH
AFEI(Wu QL, et al,, 2012)0l M2 A5 A=Y
of FE7} 7Y =2 AEL AZolH, ALHo= A

1o

=T5 FAsH] f8 AEe] @5l 5 AU =
o] Aol Ay FHYoLY k= 1Y =

ot ofFo] Aud &7|7F & HARE o84 112 1
& 2 EwoA §7] AA9] B SHstn=z ¢
Yot sr= B3 7REET oFF =4 UEhEE B
St EAF AUl U= FEeAo B e B
AL 7 89 £o= Yehdt AEQl d3o] =
el o2 HUsoith ofF39 Fokeh 5
© FE 5 HAdS UEgler, o8 &
2 B g1 71A &7)97F 2] AU FI3kea
LU Ron B VRS, AZoe FES goE=E 3
7|%o] FEoto] ogHt Folead 5t =4 Y
Pt = SFeA|GoA] RARRE BalofAf, QtEuof
o] B %= 10.90 ppmolH, FAS] Adf H4 3l
o #AHS Yell= A2 BAstyh Aol
A AU 2EE /A5 s WS ARHESH] o
2o F3leae] 527 oo, 7 £ s AlA
3t Sol= oAl HASHUTHDai et al, 2016). Li
Chun 59 d7Li et al., 2013)°l4 A7 7I= 54+

(

o) A9
Yote] w7} st
SolAgl 2L qiREe] Adsly] WAl Eape] A9
1% Bieo] A7 @ B71e] Belrt gmujolet e
40 LS GO5A AAAZ & AL Husi
AT H(Ding, 2016)°] o3t 19 % FAllA
rUole] B TS 7.1 ppmOE AT 3 U

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

o]o
AR

55t 713t B2 3o Qlsto]
Byskich I8ER

NHz(ppm) H,S(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 % FEuel SEvt b RS AML Ago|
gow, o2 Lro F/he YuUeld] SES 44
A7l 2Qlo] B9l oltsltac] A9, F49] L
2 9A51] 18] 2SR 59 A sto] ALH
o 7 A trehdeh. 4719) BaolA 2 o, gy
ofe} Foiao] SEvt L0] S0 et St
RS & 4 Aotk B3] o157 AWM, Bt
7hgol Hla) A FAL9] o X7t Lhehgtet. e
D2 ojB3} ALt WHL ¥ 24 B &
e Qs GAHES stofof Tt

2) ot= ZAL ALHRYEE L QEEY

St EAL] A9, AXeE AP T2 SAb] H]5]
Fol7ka 2 7 o BAZF HaL Qlo, o]E FAt
gt A4 Bt vwd @2 Holrh, FE A2 of
TRO] 7|dFolH, SAF 9] ofH T EHLHEA ¢
U EA7F 259t EAH o2 AR o] Yt =AF 7+
Y Wi 7] LAEES A TIAY, AR, vt
o]Rojo]2F(bioaerosol) EE &Y 4= St} °]
Z A AGF Y] A4 QEEAES] HL HRE
o oJ& wjAdE Eirt W E(pit) WOl #ZE o] &7
4 v gEol 9ol Eoli=l= A9t F8 WA 3HgolH,
HAY 5F E ALY AL HAYEHS
(Kim, 2013). vl=3} {8 59 AX=olA= FAF ¢
FHoll sl HAsHy ZHolA F9 JEZQ Yy
ofe} Bl A s gAfo R AL FAR; & W ¢
FH Fo29] ofF U A= E FHstolr] gt vl
EA AP dF-Eo] olu] 2009d A RE 3 = of
o2} #HZL DB 50| A9 FHI} = = AA
o|thKim, 2012). ¥H=59] SARA AFtofA= A
g EAF YR BFoA gEyotet ikl kE
715& 23slA] oottt EAF 2] fgol IAIG
o] EAF {9 Yo} B 5= 8.60 ppm, BH
= 497~14.15 ppmlZ FA} HoH i
Bt 307.54 ppb R2H, 33.94~831.53 ppb2] ¥
£ EAtHTable 5). 471, 39, 5 A9 4=
Aoz 5¥~6%, 9¥~10¥ £ A Ao
29 79 SHoAE BAE 7 HEE= =
AL 249l Yol st AAR|7E AEEE =
A ZAFQAET ZTHKIim et al, 2010). ©] d4=

1 715 2ol SFHHo]x] gk Bt 7R Eqt =
gtE]o] ZAEQL7] W&ol 2] AEi7t AR Al
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o|Foix Ayt WHEUT. 7|&9] A Hilof o5
W QHo] 2Lyl I og o AZHO AP =
AP YRS 2= A 8 e A R
F27] giZo] Wi gryole} &olprid] s
S = EopR| 1 FEYote] A &7 Aeirt ui¢-
EF 49 g 71EE 23 ¢ ItHDonhem}
Popendorf, 1985). A5 A FojlA 7E~10€] AA
E HCE RARE HEIoAE AdEYok= 1.62
(0.44~3.08) ppm, &skrAE 5.13 (0.81~7.61) ppb
2 UEE o] d+t9] &4 ANt AR 1|
B 7 SH(A A 717 85 74 A
Atel AR 7 A== YA AAF 71 YR ok
T Bi= G4 W o] TEEA gty £
HE 5L Zol7} tfstA et Ao= FRIE o
i dryolel alpea9] Fr= AAF 7E0] A
gHoz A HEEE= 5E(7Y, 89)°] AAF &
0| Zask= 7R2E(9Y, 109) Bt gAZ =2 A
o7 YegthKim et al, 2012). 2011¥ 7¥%H
20129 69 74 & 19 &% Al A G| X%t A
A 27HAE e R Rt RAOIAN = HAR(F
) AAE] gRYot HEE 2.75(0.4~13.65) ppm, &
Slede 4.84(1.81~9.14)ppbE YETE AFARH]
(A AA] Yot sE= 1.79(0.59~3.35) ppm,
sleAE 6.59(2.04~ 18.89) ppbZE UEREIL, AA
37 AASHE ALE(129~19)0] AAF 7]&0]
AHOZ =2 of5H (6Y~8Y)ET} A {9 of
HEA 57t =4 FAYAJHKim et al., 2011).
20119 39~599] sFgt ety Aol A
AL Ao E S ot EAMY AAE HA &
< 30%, 50%, 70% X710 I3t A=A A =
30% 274 Aol s, dEYof, iAo Bals
T+ 609, 18.3 ppm, 132.7 ppb. 50%%79] 3<%
447, 9.3 ppm, 118.2 ppb. 70 %719 7% 259,
2.1 ppm, 92.37 ppb ¢ AL& YEh} s}t o
yolo] A 7| =oAW 7t Yokt 18
U Fekeal] sEE @718 70 wEt Aol rt 24
UERR] OSITHKim et al., 2012). AEE g Yo}
o] A9 Hd 57t B2 13.34 ppm, A& 4.56
ppm, 7F2 22.8 ppm, A< 22.8 ppmoE UEL
St Ao A9 B9 527 B2 139.12 ppb,

52 53.7 ppb, 7R 283.73 ppb, AZZ
307.15 ppbZ YElstth &4 AFE Ed, EAF A4

-

I
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Table 5. Indoor air contaminants in livestock pen in Korea

NHs(ppm) H2S(ppb) season area Remarks

14.1 195.9 4 seasons Jeju Kim et al., 2012

11.1 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

49 163.4 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

FHUole} Fogao] 7t ALo] 7P =1l o
o 74 FAHKim et al., 2012).

okt F=9] 71 gl tigk AW 371 -
Al Foligt 7tAY] sEE oEET EU]80] W2
Aol =9k, B3 7129 5= Wste] EXL2 I &
ottt 23y g=re] AeolAs ALE0 %

o] W7 e #37ts Tt M =T

=

to &2 o

ol

5. ZAL LY &5l44 U QH@LIOF RZiot

2] Polast dujols FRHo R A7
717] gletol BANAE, AR U 2 24, ot
wliwAte] kg, maA W7h vaE Wk SHAe) A
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A BHASH) (Catalogue of Feed Additives in
China, 2010) 715878 SAHYRoA WA ot= HAE
o 2 wj&she A2 T|AA"H Y AT TA7E 9
ot SZAA st HARE £017] HdiA= FAHY

7| A 2TE AAstel Sk wrebd @A A
L s gol Gk B FAR Azsor
S0 Bl Az o9

2o YU el oo WYL

% Sl

ZAple) oHE AAE 4
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29 4 Utk ARE B9 3IE 9YaE 139 &
el Qg 43 48 F UHAE R 5
o waslol e, AR WEEolh, A% Joka
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R

MUEe] Ak UL

—
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gt
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andoz =9

24}
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HoLo2A 715
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Rt 47

Hotal & 5 9l 7kse] W8 R Sk ofn|kAl 8
Foll itk gt JEE Fsto] of|ieAt B whd

T2 AEs] 2] wigehd J¥a widTe 4

&A1 4= Qlet. ol2fek &gt ofnlieAl gkl tigt
HEE ol gl 52 '#F op|xAr H¥T &
AoH, 7h50] A & Aol Bagh BE ofuliilE
o] &t HIERE ¥ M EE SHES Augit
Ata Hig Al Ed 8] RS ot Ate
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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

HA 554 dAS ol&dh= tiAl A" Aledd
WS o] 85kl 0.1-0.2%2] FAotr|icAbS H7Hghe
24 AA 2 25 2-3%FYE FEO2A 5=
A &= Fekran drYote] & avt
Hog ZIAAA 4 ot

FAAE ARESHH 7HE9] WA Astado] o5 &
Sfot7] ol &S AR erdRtER 2yt Tl
o] o]8AS ¥Y & Utk VIEANRS] M VR da
7t He FEY I35 olg°] Z = HAes §
g, 55 494 tdR AE2eA OH, JudER
oA ZEFIEEY ad 9 u[E ohdFNSP)
59 9ol I J¥H 7HA7t TAsHA Het(Gao et al.
2014a) 18BE TAAY ARG] o &, THd
9 Aa 22 g o]8EZ AT & o
YEAIRS] UA7IAE S8 & Ut

] A=5H4 AA(EM; Effective Micro Organisms)

L WA Al WEAR, SARE, BE, AR, of
AEete 5 99 sfek nAEe B o 80 F

S

Aol nyEZ TAHHTHWu et al., 2014). EM2 =
Hzlgo] g1 FES QAR Y= AHE 7HA]
Rom Atg ol&Z JF7HAZ & ok 12al EM

&= 5519 7 kol tigt = AAAE &

}.

GHAE AMESt] 7HE HiAES] WAE Y &

o} A AleEo|Ex & 52 AgFos A2

Atk A AleTo|EQ] EUE AHogA FHS

ok A4 fZo] SA 371 S22 7 £8Y

717F EolEH dRyolet T2 {Fofgt kAl S

ol 89 vehd 4 ot vkay] ¢ 34 Sl

T2 94 P dsiths Aol Qloy adke=

oA Zotolth. g3 Al AXAoks i B4
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oy g > 30
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+ FROHA UEUARE SAto|A et Zo] 2FHo] Y
= A%= 5 =4 Zokal AAe SHAME W
il & 5 Utk @A &5] AREEE HHOE EEHA

85t= A, SFAR] oA uBE EF
A= A B g A5 FYAY A= Es A5
H7Vsok= Aol axfAolH, 3ls} ofFo] ofy 7| wjFo]
ol A&5HS A9 S24AQ 8= YA &
= 25 237 Y7 71R] 2~390] A8 170€Y
Az gt vepdtty B35k QtkDachaine et
al., 2000; Ni and Heber, 2008).

slebd W o2 A, A3lE FAM e S A3
7HE7F A9 &5 71T & olEste] 713, A7 H
718} S A3t AlRol FeSOy4 - 7TH,0E H7Ist
H FHEYol 9 F3lpe4o] S £Y 5 S B9
ozt 7159 A= X & 4 Stk 0~10,000
mg/kgS 7H59 585U AR FIHElE 7S] =
A& UEHYA f=ttal Bkl QItiZhang et al,
2015).

oo FAF W dEYole} FIlpeAE A5}
QI3 Qo & o] Qo X Hio]e AT HH, Hlo]Q
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ol % o]o] tjgt o] "QRSHCho et al,
2018; Jeon et al., 1998).
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