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ABSTRACT

Objectives: This study aims to assess the concentrations of ammonia and hydrogen sulfide according to task unit area at swine
farms.

Methods: A total of six swine farms were selected for this study. Ammonia and hydrogen sulfide were monitored using a real-time
multi-gas monitor which could sample the gases simultaneously. The sampling was done in the pig building, manure storage
facility and composting facility of each farm.

Results: The concentration of ammonia in the pig buildings(GM 22.6 ppm, GSD 2.3) was significantly higher(»<0.0001) than in
the manure storage facilities(GM 10.4 ppm, GSD 2.7) and composting facilities(GM 8.6 ppm, GSD 2.8). The concentration of
hydrogen sulfide in the manure storage facilities(GM 9.8 ppm, GSD 3.2) was higher(p<0.0001) than in the pig buildings(GM 2.3
ppm, GSD 2.3) and composting facilities(GM 1.9 ppm, GSD 2.5). In particular, the levels of hydrogen sulfide in the confined
manure storage facilities were higher than those in open-type facilities and the peak concentration(98 ppm) in the confined
facilities was approximate to 100 ppm, at the value of Immediately Dangerous to Life or Health(IDLH).

Conclusions: Suffocation accidents caused by hazardous gases at a swine farm have occurred annually. Real-time monitoring of
the hazards should be done in order to protect farm workers and livestock from the sudden accidents.

Key words : pig building, manure storage facility, composting facility, farm worker
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Table 1. Specifications of Multi-gas Monitor

Instrument specifications

Instrument Multi-RAE Lite
Sensor Electrochemical sensors for NHs, H,S
Datalogging 1 ~ 3,600 sec intervals
NH3 0 ~ 100 ppm
Range
H2S 0 ~ 100 ppm
NH3 1 ppm
Resolution
H2S 0.1 ppm
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Table 2. General information on the swine farms in this study

meimay gmujol U Hattac MAIZ DUEY
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Volume of Manure Manure Manure
Sampling . ... Ventilation type . Number Working storage Composting Compost
Farm location pig bmldm% of pig buildin collection of pigs Workers hours storage eriod facility type disposal
(WxLxH,m") pig & system pig facility P y P P
(month)
- Pig building .
* . . Collection
A (GF) 63x11x3 - Natural - Litter bedding ¢ 3 7 Closed 8  Semi-closed &
- Manure storage (G/F)
X Reuse
- Composting
- Pig building - Litter bedding
(GIF) 58x9x4 f;‘“gggff) (G/F) - 194
- Pig building 15x5x3 (Necr « ) - Deep-pit - 85 Collection
B (Nursery pig) ursery pig (Nursery pig) 4 8 Open 3 Semi-closed &
Reuse
- Manure storage } : ) :
- Composting
- Pig building .
i ; Collection
c @D 58x12x3 - Natural Litter bedding 54 3 7 Open 10  Semiclosed &
- Manure storage (G/F)
X Reuse
- Composting
- Pig building - Litter bedding
(GIF) gax163 ~ NAGD Gy - 148 Collect
- Pig building  11x6x3 Nl oo pit - 106 . ollection
D & : (Nursery pig) . 4 8  Closed 12  Semiclosed &
(Nursery pig) (Nursery pig) R
euse
- Manure storage - - - -
- Pig building .
i ; Collection
g GD 52x9x3 - Natural - Litter bedding 59 3 § Closed 6 Semiclosed &
- Manure storage (G/F) R
. euse
- Composting
- Pig building - Natural(G/F) - Deep-pit(G/F)
(G/F) 67133 \fechanical - Deep-pit - 148
- Pig building 23:8x4 T o ' N PPt 106 Collection
F (Nursery pig) (Nursery pig)  (Nursery pig) 4 8 Closed 6 Semi-closed &
Reuse

- Manure storage
- Composting

" GIF: Growing/finishing pig

& A% - mushr.

= A9
YR wE BEAl O £2S Btk A
HS A4 243 grmUote] 7
854 ppm(GSD 12)°2, B
ppm(GSD 1.4), A=A} 40.6 ppm(GSD 1.3), C 5%
H|S=AE 7.4 ppm(GSD 3.2)ppm, D 574 H|S=A
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13.0 ppm(GSD 1.3), ZF=A} 12.6 ppm(GSD 1.2), E
=2 H)SEAF 37.3 ppm(GSD 1.6), F 3 B S-EA}
20.3 ppm(GSD 1.9), A=A} 20.9 ppm(GSD 1.6)°] H]
f dA%] =2 9 s=E UESH 53] D
FHNA e ERAAEAA S Ry ol X7t
432 ppm(GSD 1.1)2.2 A A9 H|SEX}l, BsA:
o] A=AL E 9] vl gEARSE oA = eFE Yo}
o TAIZE l=E7|% 35 ppme 215G
Folras AL oA s =AF HE
o} EH|3} AJ -] vl =& S Helon, U
AR A R Al Hls) w&=7F B =8kt
A 5 FRAGAEANA Y P44 158 ppm
(GSD 2.9), B 5% 4.2 ppm(GSD 2.8), C 5% 6.9
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Table 3. Concentrations of ammonia and hydrogen sulfide at each farm

Concentration(ppm)
P Slzr;lliili’l;g Sai?:;leing £\IH3 H.S CO; T(cr(n)p }ﬁ i;g:’;
(min) Mean+SD" ( (C};;\]/[f ) Median Range Mean+SD (C(}}S]\g) Median Range Mean+SD 0
Pig building(G/F*) 25 86.2+10.0 85.4(1.2) 850 22.0-1000 29439 1924) 13 0.9-19.0 2416.7£59.1 234 80.3
A Manure storage 20 16.545.5 15.6(1.4) 150 0.0-19.0 23.74239 15.8(2.9) 16.7 1.6-92.9 543.4+655 9.2 393

Composting 16 11.2+¢1.3  11.3(1.2) 11.0 9.0-140 32+1.6 28(1.8) 3.1  0.6-7.1 568.6+123.3 9.6 38.7

Pig building(G/F) 15 29.0+6.8 27.9(1.4) 31.0 2.0-38.0 1.9+0.7 1.8(1.5) 1.6 0.9-3.8 2160.9+56.2 22.7 73.1

Pig building

) 15 41.8£7.9 40.6(1.3) 440 5.0-540 0.5+0.7 0.8(1.8) 04 0.0-3.7 1920.2£143.7 22.4 72.9
B (Nursery pig)

Manure storage 23 4.0£0.8  4.2(1.2) 4.0 2.0-6.0 52451 42(28) 3.1 0.0-20.6 408.4+12.5 9.5 41.0
Composting 15 47439  3324) 3.0 1.0-17.0 0.541.1 1.6(1.9) 0.0 0.0-5.0 447.0+17.5 7.0 41.9
Pig building(G/F) 32 11.711.8  74(3.2) 9.0 0.0-59.0 24+£22 28(2.1) 23 0.0-142 1924.6+£92.2 199 70.7
C  Manure storage 22 7.6£3.2  62(22) 11.0 1.0-11.0 8751 6.92.6) 9.1 0.0-20.9 603.2£76.5 12.2 36.1
Composting 15 9.5+0.8  9.5(1.1) 10.0 7.0-11.0 4.8+t1.1 4.7(1.3) 51 1.9-6.7 64524823 11.6 37.8

Pig building(G/F) 30 13.242.1 13.0(1.3) 140 0.0-19.0 55+52 4.5(1.7) 48 1.0-422 2037.3£103.5 26.5 74.1
Pig building

D (Nursery pig) 15 127£22  12.6(1.2) 13.0 8.0-16.0 0.6+03 0.7(1.3) 0.7 0.0-1.0 1955.4+177.2 234 75.3
Manure storage 28 43554  432(1.1) 42.0 38.0-59.0 28.1+28.4 19.5(2.2) 143 5.8-98.0 4894.4+125.6 9.2 54.5
Pig building(G/F) 30 40.6£14.0 37.3(1.6) 46.0 10.0-60.0 3.5+2.9 3.1(20) 3.0 0.0-29.6 2023.9£294.8 22.0 83.6
E  Manure storage 15 8.9+3.6  7.9(1.8) 100 1.0-16.0 17.3+185 9.3(3.2) 7.2 1.1-65.8 2066.0+85.32 11.7 35.6
Composting 15 27.4£9.7 26.1(1.4) 240 18.0-56.0 0.5+1.1 1.5(2.0) 1.0 0.0-50 705.6£80.4 103 34.0

Pig building(G/F) 15 234+£9.1 20.3(1.9) 28.0 4.0-31.0 25+1.8 2.0(2.1) 24 0.0-8.0 1722.6+153.8 21.8 71.9

Pig building

. 15 223451  209(1.6) 245 1.0-260 1.7+02 1.7(1.2) 1.8 0.6-2.1 1468.5£169.8 20.6 64.5
F (Nursery pig)

Manure storage 14 73+53  59(19) 5.0 2.0-240 164+£18.6 9.741) 9.0 0.0-65.8 703.1£75.5 8.5 373
Composting 16 17.6+£8.7 13.6(2.4) 225 2.0-25.0 0.7+0.2 0.7(1.3) 0.7 0.0-1.0 710.0+829 9.2 36.1
Pig building 30.7+24.2  22.6(2.3) 23.0 2.0-100.0 2.8+3.3 23(23) 2.1 0.0-42.2 1996.4+320.8 22.2 75.0
Overall Manure storage - 16.7£15.9 10.42.7) 10.0 1.0-59.0 16.6+20.5 9.8(3.2) 103 0.0-98.0 1415.5+1628.5 9.8 41.6
Composting 12.8+10.2  8.6(2.8) 10.0 1.0-56.0 1.7£2.0 1.92.5) 0.7 0.0-7.1 1996.4+320.8 9.6 37.2

* Standard deviation, ' Geometric mean, ¥ Geometric standard deviation, ¥ Growing/finishing pig
* Korean Occupational Exposure Limits for ammonia and hydrogen sulfide (equal to OSHA PEL) : NH3 - TWA 25 ppm, STEL 35 ppm, H2S - TWA
10 ppm, STEL 15 ppm.
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Table 4. Concentration differences of ammonia and hydrogen sulfide according to the workplace

Concentration(ppm)

Gas Pig building Manure storage facility Composting facility MSE"  F-value I())_\‘/;rlzlillé
Mean GM . Mean GM . Mean GM .
+SD (GSD) Median  Range +SD (GSD) Median Range +SD (GSD) Median Range
22.6 10.4 8.6
NH3 30.7+24.2 23.0 0.0-100.0 16.7+15.9 10.0  1.0-59.0 12.8+10.2 11.0  0.0-56.0 80503.4 178.7 p<0.0001
2.3) 2.7) (2.8)
H2S 2.843.3 23 2.1 0.0-42.2  16.6+20.5 98 103 0.0-98.0 1.7+2.0 1.9 0.7 0.0-7.1 63720.4 622.9 p<0.0001
R 2.3) ’ ’ ’ : T (32 ’ : ’ T (2.5) ’ o : ’ ’
"Mean square error.
Ammonia Hydrogen sulfide 80
100
* Agitation and mixing process eoee NH3
L[] : *
80 N  — 60 -
N — -
£ | 8
o 60 * : ° g
S . o NH3 STEL
T 401 T T NH3 STEL s 35 ppm
: . t5oom 5 o
2 : 2 H,S STEL
S 20 : ° —
o | _ _ __ : H,S STEL o 15 ppm
15 ppm
of @ == === o
\ [T J
* : *
Comp'osnng Plig Manre Comptlxsting

T T
Pig Manure

building  storage building  storage

* p <0.0001, Significance of mean difference between workplace.
Figure 1. Comparison of ammonia and hydrogen sulfide according
to the workplace

Fades & 4 AAHHE<0.0001).
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100 ppmof| 717k 23S E ATt Figure 2= kA
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Passage of time (15 min)
Figure 2. Identification of temporal variation for ammonia and
hydrogen sulfide at the manure facility
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Table 5. Mean differences of ammonia and hydrogen sulfide between workplace by Post hoc Tukey test

Mean difference of NH; and H,S

Gas Workplace
Pig building Manure storage facility Composting facility
Pig building - 11.93" 15.78"
NH; Manure storage facility -11.93" - 3.85
Composting facility -15.78" -3.85 -
Pig building - -13.79° 1.16"
H.S Manure storage facility 13.79" - 14.96
Composting facility -1.16" -14.96" -
"p<0.05

100

Growing / Finishing Piglet

L]
80

AJ

NH3 STEL
35 ppm

Concentration (ppm)
8

N
S
L

H,S STEL
15 ppm

T T
Ammonia Hydrogen Ammonia

sulfide

T
Hydrogen
sulfide
*p<0.05

Figure 3. Comparison of ammonia and hydrogen sulfide according
to pig type
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doron, gatea = 22 4.5 ppm(GSD 1.7),

0.7 ppm(GSD 13)02 x}o]E K ATh(p<0.0001).
v.on %

B ol FEe] EaF 22259 Fgjo] o] o
A = A A, S EAF YRS B4,
EH|SHA AL Ao 2 obmujole} Bslaef gt
LEETE XTI R HrEe BRog AAEYY
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Ao WA FEE 2 Ao] vls) 4rizos
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o, AYer 2= 93] Uy gor SAH=
ALHO AL 3|7} AstElEg oFE=A Zoz}9]
ek ez fde]l wE 4 UtHKim et al

EAF Y59
& }wﬂ}ﬂ 5 v°ﬂ E}E} Hol7} 2
Fo A= =AF UjFo Al 22.6 ppm,
1 %= 100 ppm O 2 B A AFAA 9] 104
H]3kA] o] A 2] 8.6 ppmo]| H]F| o Sz

ri
Y

uro. QoA EARE jAro @ o obmujo} B}
7} 28 =9, Ni et al(2000)2] AT A= 6-15
ppm &2 YEMJI, Groot Koerkamp et
al.(1998)9] 1o A& 5-18 ppm O & H]ZFt RS
UERH AT Zhu et al.(2000)2] oAM= 71A &
ANE HE A -5 guo} SE MekE ulwsty
Lg), 715 A 9-15 ppmo| A 75 Z 3-5 ppm £F
o2 WolAE 23 w9t ohe A7} umels)
ol QEA 2T B0l Aoloh S W %
HAIZre] Aol7} Slont B ATolAE AltjHow

fjo

e GmUo} FEE eyt
W, EAIAS] Faes BEE B4 A B4
FFER 0.5-34 ppm S Hol= Ao duA
12 }(Zhu et al., 2000; Hoff et al., 2006), & 5L
i 23 ppmeE ohd £ £EE B 240
SAIOR o|Roln Az ZA wa AT 7]
715 ol&stal7] "ol dHaes FAgtES 2
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7 3 B=AF YEZ A EHJATHKim et al.,, 2003;
Kim et al., 2006). F=% ZJR50] Faf|l7f20) =
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A7} ol 2ol A e AlMT Biee] HAES g H
I3} Aol A= 2F]] F mFo] o] RolH 4= Qlom,
55 Wiy BuAPAAe] A9 nHEl ot
o] wEgomn Ao QT AmAlmst wd
e SRt gar Bt Tl ks
of &= s WASt= A4 Abale 7l ©hAIRE
o017 7] wjie] Z7H4e
Bzl olAlg o) g 710 54 &
A Fete Hat s AT o lew, &3t
A9l FEWSHE shotalr]o] A
et al., 2007). ARX|7F 7]7]1& o]&
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o
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o
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ol
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u)
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©
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£
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&
@
(o8
o

ks /\}%ol 7}"(:70]']:]”- 0131??} gHe
B EAF A OR AR )
7} go] o]F0] 2|1 GIEKChai et al,
et al.,, 2012; Ni et al., 2012).

B oATelH AAYLE Gmuiolet Fapiel
g FES IRl Qlol, muote] A5 Eah

2010; Mihina
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AAIZH ZLEE 409
B, B AGAA, HEgid sor 1R 3
ol EAF W= AR 7S] dErt =3 A
A Aol A 2771 AR o] Fof X 2] H3E
oA 7hs o] F74d Eeiet 750 AY
2 Qs WA= dEYot ek WY
lti(Mihina et al., 2012). &=AF Y59 71& Bk
i A A of| A oF Zho] Q19 Q] W HH(Agitation &
Fol2) 2] ¢k7] wjEol F3fg=ao)] WAy

B fo o Ho o

mixing)©] o]

o AHor HL Aoz AT sl
A e AGAE, EAWE, EHsAd o2 3

527} AZET. 59 ‘ﬂﬁ:ﬂ%}ﬂl@ﬂ CREREE
Fom H 78‘%( % A, D, E F) /1Y ez | 2
of Hlg) w2 e Ei=d, 7HJ4]°4EH°1] upef 2
A 5w Folrh Lk 4
ERrAFAE A= A 2 A
o] o)Az of u] g7k Lizo] o}
Gah wAlshs Aoz geld glom, o d Ao
A FA i gol Aol gatapa gl gt 9
A AJASFAL QJtHPanti & Clarke, 2003; Muhlbauer
et al., 2008).

ghH, EH|SE Al do A= B4 FRe vl
3t o whaf Qrmuote] Hwst %7 ekt Hy)
3t A= 0 Qe I F-E A
]l AEEA A S SR w8l Al
7rol Zaghol| whet vt RAst HuA frryof
HEgS}HA ETHSpoelstra, 1980). AFEAFol A HFAY
R I TR P R T e
A 71915k Aojul, 74 A= v e et
At ofm]iibol 1*3501] ofsf Eali== HAolA
WG $714 B 4Rl 3} HtEe A =
tHClanton & Schmldt, 2000). HEi AAFA] oA B
s WP E Has =, A% F9 oo ot
pH7F Db, OlAbi o] pHo w9 4Ho] 4
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A AdEol fairhael g8 Aol
glott o] elsher] ofeles 3
o} weba] fAA oA AAF W [kl it
mUE o] 7hed FAYE FH  AlAE(Wireless
sensor network)o] 7=l o, AR =] AFtofA
FA A E o] &3t ATk o] Foj % Hf Jlek(Kim et
al., 2006; Swestka, 2010).
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