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Biofiltration System for Control of

Livestock Odor
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Table 1. Conditions for operation of the biofilter systems <Model A, B, and

C> and their rates of malodor removal

Model<C>
Specification  Model<A> Model<B> .
Minimized Pigst
pigsty gsty
Packing C 3,560 350,000 13,000 13,000
materials”
1,530 150,000 5,580 5,580
Packing 5,089 500,000 18,580 18,580
volume (cm)
Moisture
contents during 53.2~65.0 63.2~69.3 62.1~745 63.9~69.8
operation(%)
(Hﬁrcl?gourl;;r?issms) Rhodococcus equi A3 and Alcaligenes sp. S5-5.2

Air velocity

at inlet area 0.02~0.04 0.08~0.11 0.03~0.05 0.03~0.05
(m s
Odor H.S NH; H,S NH; H,S NHs H.S NH
components 2 3 2 3 2 3 2 3
Average concn. 160~ 160~
of inlet gas 20 200 6~16 200 20~60 210 4~9 18~28
(ppm)

Average concn.
of outlet gas 02~10 6~9 1~2 6~9 4~8 6~16 1~3 1~4
(ppm)

Rate of removal

o 93.1 97.8 91.1 96.1 82.4 95.6 78.2 89.5
(%, average)

Packing materials” consisted of composted chaffs of pine<C> and perlites<P>
(70% : 30%, v/v).

Inocula™ were the mixture (1 :1, v/v) of culture broths of Rhodococcus equi
A3 and Alcaligenes sp. S5-5.2 with a viable titre of 10° c.fu. mL L

_10_



6. BAE &4

roll A AAG TR

SAA FYH - FEaAuFeY] (2772 m') 1,108,800 B H o]
m') 1,425,600 0. = A7 253440091 0] AL T

Hfole AE FEE/ o, WROFEAIR), =
A Al 2,000,000, w2140l 1,300,0009, BF
A28 H &2 7,300,000€ 0] Ft}.
Zo| Ao gl &2 e 3520 £ thske] 2,400,000~

£ X - £8sEE ARHE NS AEY
E

FAA  HAZEIYE FERE9
x

2 =9l 400000098 ToE

>
>
o
ol
o
o
oo
[0}
o
0
=2
e
o
O
NS
I~
o
S
(o,
o
fru
b
>
it}

= AaketA ekt

Table 2. Monthly expenses for operation of a biofilter system for the sow

house with area of 330 m’

Items Expenses Calculations Remarks

Depreciation w6000 7300000 - ¥0)/ 10yrx
12mon

Packing materials ¥W211,200 W2,534,400/ 12mon

1 KW/hx%1,060/kWx8 h/dayx For farm

Electricity W254,400 30day (grade C)

2,400,000 ~ 3,600,000+

Microbial inocula W250,000
12mon

Included in the regular main-
Maintenance - tenance costs for livestock
house

Total 776,400

_11_
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SUMMARY

I . Tittle of the Project

Biofiltration System for Control of Livestock Odor

II. Objectives of the Research and Development

Increasingly stringent regulations for air emissions of malodor gases
stimulated research to develop more efficient and cost-effective control
technologies. Malodor substances from the livestock houses include nitrogen
and sulfur compounds, volatile fatty acids, and etc. The strategies for biological
treatment which based on the abilities of microorganisms to degrade these
malodor substances, are developed for:

[> Feed additives which prepared by mixing with the biomass,

[> Biofiltration process which are operating with a fixed bed of immo-
bilized biomass that is, utilizes a microbial film fixed on a support medium
where the contaminants are absorbed from the malodor substances and
biologically converted to benign end products.

This studies aim to develop a biofiltration system and to apply the system

to livestock housing.

Ill. Contents and Scope of the Research and Development

_13_



1. Selection of the target compounds among malodor substances from

livestock house

A. Elucidation of malodorous compounds from livestock house
B. Establishment of techniques for determining the malodorous compounds

C. Selection of the target compounds

2. Strain developments of microorganism for malodor removal

A. Isolation and identification of NH;- and H:S-oxidizing bacteria

B. Selection of the potent strains for inoculating to the biofilter column

C. Cultural characteristics and method of cultivation for mass production of
the selected strains

D. Compatibility of the strains

E. Attachment of the strains to the biofilter materials

F. Efficiency of malodor removal

3. Development of the packing materials for biofilter

A. Analysis of physicochemical properties of various packing materials

B. Choice of an appropriate combination of the materials, with regard to

their mixing ratio and particle sizes

4. Development of biofiltration system

A. Design of a biofiltration system

B. Assemblies and performance tests of the pilot-scale biofilter

_14_



[> Assemblies of pilot-scale biofilter

[> Performance of pilot-scale biofilter

5. Economic analysis for biofiltration system

A. Comparison of performance of pilot-scale biofilters
B. Analysis of fixed and fluctuating charges

C. Minimization of the construction and maintenance expences

IV. Results and Suggestions for Application of the Results

1. Selection of the target malodorous compounds

Malodorous compounds from the feces and livestock houses of -cattle
(fattening cattle - milking cow - heifer), poultry (layer - pullet), and pig (sow -
piglet) were determined by: (D Gastec detection tubes, @ GC/MS, GC/FID,
and GC/FPD analysis (after extraction of the samples by SPME or SDA) ©®
Sensoring by electronic nose, and target compounds were selected among them.

[> Sulfur compounds: hydrogen sulfide (HS), methylmercaptan (CHsSH),
ethylmercaptan (C.HsSH)

[> Nitrogen compounds : ammonia (NHz), amines (CHs)sN

[> Volatile fatty acids : butyric, valeric acid, and their iso-forms
were selected as the general target compounds, and

[> Hydrogen sulfide (threshold: 0.00047~4.6 ppm)

[> Ammonia (threshold: 1~46.8 ppm)

were selected as the primary target compounds.

_15_



2. Strain developments for malodor removal

A. Isolation and selection of microorganisms which degrade malodor com-
pounds
Ammonia and hydrogen sulfide oxidizing bacteria were isolated by en-
richment cultivation techniques, employing biofilters of which the columns were
packed with soils, composts, activated sludges from the municipal waste

treatment facility and supplied by high concentrations of NH; and H)S gases.

[> Ammonia oxidizing bacteria
Al-1  (Unknown; no match)
A2-51 (Hydrogenophaga pseudoflava)

A3’ (Rhodococcus equi)
Ad2
(

K4-3.2

Unknown; low homology with Rhodococcus equi)
Deinococcus erythromyxa)

M7-1  (Arthrobacter ramosus)

[> Hydrogen sulfide oxidizing bacteria

M2-3  (Unknown; low homology with Pseudomonas doudoroffii)
J2-6  (Unknown; no match)

S1-3  (Nocardia otitidiscaviarum)

54-2.3 (Ochrabactum anthropi)

S5-5.2" (Alcaligenes sp.; 165 rDNA sequence)

The potent strains, Rhodococcus equi A3 with NHs-oxidizing activity, and
Alcaligenes sp. 55-5.2 with HsS-oxidizing activity, were selected among the
isolates for further application.

B. Culture methods and compatibilities of the selected strains

Media compositions and culture methods to obtain the bacterial mass
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which could be used for inocula to biofilter materials were investigated. Cell
mass of the strains, Rhodococcus equi A3 and Alcaligenes sp. S5-5.2, were
produced on NB and NB + Na;S5:0s, respectively by semicontinuous operation
of a fermentor: culture broth amounted 90% of the working volume of the
fermentor were harvested every 24 hours.

Compatibility of the strains were tested for preparation of mixed culture
inocula: inhibitions for growth were observed between the strains, K4-3.2<
A2-52, M2-3A2-5.2, and M2-3<J2-6. Growth of the strains, A3 and S5-5.2,
were not affected by any antagonistic organisms or by sludge sediments from

municipal waste treatment process.

3. Attachment of microorganisms to the biofilter materials and the efficiency

of malodor removal

Mixtures (50% : 50%, v/v) of culture broth of the strains, A3 and S5-5.2,
were inoculated to the packing materials such as coconut peat, composted
chaffs of pine, perlites, and etc., and the viable titres counted after 72 hours of
acclimation period to be of 9x10° c.f.u. g'. The cells attached on the surface of
pores were observed by SEM. Levels of the titres were ranged between 7.3x10°
and 1.2x10° during the period of operating the lab-scale biofiltration system
<Model A-1>.

Efficiencies of malodor removal were tested by employing various bio-
filtration systems which packed by chaffs of pine 70% and perlites 30%, and
inoculated by mixtures of culture broth as above. Average rates of removal
were: 97.8% for NHs gas and 93.1% for H>S gas by the lab-scale system<Model
A>; 96.1% for NHs and 91.1% for H,S by the pilot-scale system<Model B>;
95.6% for NHs and 82.4% for H,S by the pilot-scale system<Model C> for the
minimized pigsty; 89.5% for NHs and 78.2% for HxS by the system<Model C>

for the pigsty. Additional inoculations were not necessary, because other mal-
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odor compounds such as mercaptans and VFA's were eliminated simultaneously

by the systems.

4. Development of the packing materials for biofilter

Packing materials which have the appropriate properties such as high
specific surface area, minimal back pressure, suitable surface for the attach-
ment of microorganisms and low prices were selected by employing a lab-

scale biofiltration system.
A. Design and construction of a lab-scale biofiltration system
Specifications for the lab-scale biofiltration system<Model A> were: column,
18,000 cn and ®120x450 mm; plenum chamber, 300x300x200 mm; sensor, 6
channels multi-point air velocity meter; pressure gage, 0~2 kgf/cm'.
B. Selection of the packing materials
It was considered that major materials were chaffs of pine, swollen rice
hulls, coconut peats, and minor materials were perlites and rice straws to

reduce the back pressure, zeolites and active carbons to increase the adsorption

efficiency, and composts to supply nutrition for microorganisms.

Malodor adsorption efficiency of single material : Adsorption efficiencies of

coconut peats and chaffs of pine against ammonia gas were superb: the
adsorption amounts of NH; per unit volume were 0.158 and 0.112 ¢ /cn' for
coconut peats and chaffs of pine. While those of perlites and rice hulls against
hydrogen sulfide gas were superb: 0.02 and 0.016 ¢ /cn' for perlites and rice
hulls.

_18_



Malodor adsorption efficiency of mixed material : The adsorption amounts

of NHs per unit volume were: 0.123 ¢ /cn for the mixture of coconut peats,
70% and perlites, 30%; and 0.111 ¢ /cn' for that of chaffs of pine, 70% and
perlites, 30%. The adsorption amounts of H;S per unit volume varied within a
range of 0.014 to 0.020 ¢ /cw. Chaffs of pine were chosen for major material,
because those were available in domestic markets in low prices; perlites were

chosen for minor one.

Particle sizes of materials and use of composted chaffs of pine : Effects of

particle sizes of the mixed materials on performance of the biofiltration system
<Model A> were investigated. Variations of air velocity and static pressure
drop were minimal in the system when the sizes of materials were: 9.5~13.2
mm for chaffs of pine, and 2.4~5.0 mn for perlites. Performance and adsorption
efficiency of the system were improved when the major material substituted by

the composted chaffs of pine instead of ordinary ones.

Efficiency of malodor removal : Average rates of removal were: 97.8% for
NHs gas and 93.1% for H>S gas by the lab-scale system<Model A>, when the
system was packed by composted chaffs of pine, 70% and perlites, 30%, and
inoculated by mixtures (50% : 50%, v/v) of culture broth of the strains,

Rhodococcus equi A3 and Alcaligenes sp. S5-5.2.

5. Development of biofiltration system

A pilot-scale system and a spot-experimental systems were designed and

assembled, and tested for their operation parameters. Then a standard bio-

filtration system which can be applied to 330 m’ scale of sow house.

A. Pilot-scale biofiltration system

_19_



Design of a pilot-scale biofiltration system<Model B> : According to the

detailed specifications, the system<model B> was designed and assembled. The
specifications of column, water supply device, manometer, ID FAN, sensor, and
etc. were calculated for their volume, size, material, density, air velocity, and
power requirements. General features of the column were: volume, 6 m'/min (
tandem type 2 ea); size, #850 x 2200 mm; material, STS 304 or FRP; volume of
filling material, 1 m’; density, 144 kg/m'.

Efficiency of malodor removal : When the column was packed by chaffs of

pine 70% and perlites 30% which inoculated by mixtures (50% : 50%, v/v) of
culture broth of the strains, A3 and S5-5.2, average rates of removal were:
96.1% for NH3 and 91.1% for HoS. In no-pressure drop situation, the optimum
air velocity, 0.09 s, was attained when the frequency of power for ID FAN

was approximately 40 Hz.

B. Spot-experimental biofiltration system

Design of a spot-experimental system<Model C> : Features of the system

were: column - volume 18,580 cm, size #260x350 mm; pressure drop gage, 0~300
mmAgq; turbo blower - outlet volume 1.5 CMM, pressure 2,000 mmAq, torque
1,500 mmAg; control program. CVI 5.5; gravimetric system, 0~90 kgf (1/9000 kg
f); sensor (Ganomax Model 6112), 0.1~100.0C with 0.01~50.0 ".

Efficiency of malodor removal for the minimized pigsty : Average rates of

removal were: 95.6% for NHs; and 82.4% for HoS by the pilot-scale system
<Model C>, when the system operated for the minimized pigsty.

Efficiency of malodor removal for the pigsty : When the system operated

for the pigsty, the inlet concentrations of gases were 18~28 ppm for NH; and
4~9 ppm for H,S, and the outlet concentrations were 1~4 ppm for NHs and

1~3 ppm for H,S. Therefore the average rates of removal were calculated as
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89.5% for NH; and 78.2% for HS.

C. A standard biofiltration system for the windowless sow house

A practically applicable biofiltration system was designed for a windowless
sow house with 330 m’ scale. Because a sow house with 330 m' scale can
accomodate approximately 40 parturition pen or cage, the capacity of
ventilation was calculated as 3.96 m'/s for summer season. As bases on the
capacity of ventilation, the dimension of packing column was determined as

W2xD18.3xH1 m with volume of 39.6 m'.

6. Economic analysis

The costs for installation and management of the windowless sow house
which designed at the previous chapter were estimated, and then monthly
expenses for operation of the biofiltration system were calculated, taking account

of depreciation of the facilities.

Packing materials : %2,534,400 which include 1,108,800 for 27.72 m’ of

the composted chaffs of pine and #1,425,600 for 11.88 m' of perlites.

Structures of the biofiltration system (external and internal structure) : sum

of W7,300,000 which include 2,000,000 for construction of wired concrete

structure, 1,300,000 for water supply system, and 4,000,000 for bottom

mash and wages.

Microbial inoculant : #2,400,000~3,600,000 for 3,520 litres of culture broth

which obtained by cultivation of the bacterial strains in a fermentor.
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Electricity : ¥254,400 for a month (the 3rd grade for farm).

Maintenance : none, because it can be included to regular wage for animal
care.
Depreciation : 730,000 for a year or 60,800 for a month, assuming that

the biofilter structure is durable for 10 years.

Monthly expenses for operation of the biofiltration system : W776,400 for a

month, assuming that the packing materials are durable for 12 months.

7. Suggestions for practical application of the biofiltration system

As far, the major concerns in the field of animal industry appear to be the
problems related to waste treatments but not malodor removals. However, as
the Air Pollution Control Act is gradually reinforced, there will be a growing
need for the air-cleaning system in animal industries. So the public interests
could be guaranteed such as reduced air pollution, improved public health, en-
hanced living conditions and working environments. It appears to be necessary
to help people engaged in animal industry understand the reality of malodor
problems and shift their thoughts. Accordingly, the opportunities for education
and promotion should be increased, and financial aids should be made to the

farmers for installation of such systems.
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P uto] B Ao HEMAES] YEE
HA zHsto A v SE 40T TR EAb A gke A=) A
Al 7] w7k vyl F71e o H = AS

A7l wAE BA R vHA Bk

I

2

>

>

>

m, whol o WE AW FAY BA
b A7l AR A

P uto] ST e Alxgle] au] el W FH]

EENER TP

A
&

M

O
3
-
ol
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=
s AT AT EER AT HE R A
OFAA A b7 P GC/MS, AAT 2 7 24U S o] &g
8% nAA4E 44 GHAER A4 9 A
prE AR e JHED AT B4
1A oAAT MAE TF PHzS, NH; &3l e o] &2
20018 ~| ¥ paBey s3d7 % =4 A9
2002.8.) Pty 2 AEE FUHE YT @A A
OBiofilter T4 A |[PpFAA] e 9 £80]& HE <ZIAHH>
- FHAAE 90%</- F=F 50%<
- ¢tE&a 250kPa>/- A W% 500kg/m”>
OBiofilter AAIJAT |PprAETA ] SHA 24 2L HF=A
onA=dFo U | RV
Al g - A 2 oA
- A 2 AA wgHEER AFE)e A&
pedAAE A o 5 FEL 7Y
- oy 9 B3/ £33 o6&
2 = - ©l @ BFEFE, EE NSeld B
(2002.8.~ 2ALe] AE wEA
2003.8.)
OBiofiltration System  |P2 7] parameter
= 2 AARJMA A - AA gEEd/- 4 pH E SR E
- Hd AAF-3F
- A #F%(Space velocity)/ H-24H]
OPilot plant A&t pg 2 Fx <AFE AZ>
O A& A9 Biofilter| 244 2 H7bAlo] tlet A=A v w
A Gz L (| pFAAde] T3 FFTYH L Gz
713 79 - TP E/- FE(GFEEEE)/- pH, © &
3RUE ogHEd E3ANA p=A " AR G HEE 2HAA A
(20038'\' /glﬂ g‘%ﬂ]@ - 7_-&]'23 Ot}—ﬂj',‘/;:_./é], ‘%1_‘:]'] 21]7%'}5[1‘6]'%]:
2004.8) B¢t A - «Z_L]X—*. pH 92 FEe (.:ontrol
- A2 ZFZ(Space velocity) <A Z+E A &+
2 dF HE>
OBiofiltration system<] (pAH], WEH] EAL Fx 7y v 89
A A 43t
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=

r
ok

H 2% =dHe 7lse @

A1A Il 7leNE dF

ZUe] nlolodE AFES Aurd FE VOC'so AAZ Zx= 18gHo]
gom, Farie AAE % FHUd FAAN g AE [Park 5, 1999],
AdH g AHAAE Aste] WAES thEd Akl zo] 135 Al [Chung
5, 1991; F, 1995], 34 9GHAA [Weon 5, 1995], FAHEGS o] &3 otrn}
ote] AA [Chung %, 1994]e] #3 AF7F gt o = A 7EEA
MAEY FAE o]&3sl= V1% [Cha &, 1993; ZL%F AAYoIH(F), 199717}
Atk a2y FAHE Ao R 3 AFE g i Aoz ofFo AR
2 TS FFHor BAEF Jdu B AEIL o]FoiA] A @s W

ot 1 AIA 2 A Slshel ARG AEe] ot HEL WE &

<]l

Hrt.

A2d =9 7leid 4%

ol A9 H Jowa FHA (FAEE2E 4/ Xin), Purduet] (471
2l PAAQL/ Herber), North CarolinaF=Ht (A&T Cooperative Extension) &
ZA oz Z=akH o] B3 A3yt kst £ PAAQLYIA]E olfactometerol]
ok FgetAel A 9 WrphERel g ( [199%], AR AW Yrjed 2A
[1998] % =4 o #3 v =S dxsta vk 83 vwoA= VOCs
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Aol mpoleEHE F&stal oo i AA R FHVIes FEI FH oY,
JrE 2

o
S g oshEA e el who] @ E Aladle] A 8-S A2l Itk
1996\ 7}uthe] Clean Technology Advancement Divisionol] A& o
A17]1% (Air Pollution Control) &k 7F¢ At o= AWdde v 7ls®
ofE At vt Jhytirt vld =9 &3] AF Mcllvaineo] €] ¥ gk nlo]
LFH o AT EE 19949 6~99WlwE US dollar, 19961 7~109%7F US
dollar, 1997l 12917k US dollar® Al4tstglow F5 7]sshdko] s u}
g S-S EA v FA SR o Feta 9t} (Kosteltz and Finkelstein, 1996).

@ Expert control systems - for pollution prevention

@ Regenerative scrubbers for SO, NOx, and VOCs control

@ Biomedical waste incineration/ alternative technologies

@ Cold selective catalytic reduction (catalysts)

@ Ceramic applications in combustion

@® Advanced fine particle removal

@ Carbon dioxide recovery
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Table 2.2.1. Current status of the domestic and foreign R&D on odor control

=z = 9

e Soil bioreactorjoll A E o kAl

o S12=H e orH o] AA A AAwer| AEF ©3pgae] el (first-order
AT [717]19, '89] kinetics) [Kampbel & Wilson, '87]

e RWEZ o] 83 Ga/ord shaAA |® AN TS A At
(]S, $34 5 95/ EFAES *g_%éﬁoﬂ #3 A (Zero-ordor
o] &3t &= A A& A kinetic) [Caunt & Hester, '89]
#3 A e Peat biofilter®l E‘JLJ‘—;: 31 A A E ol
(G-7, =EBAATY, '92-'95)] 215 DMDS 23154571, pH 435l

o3 MAeS7

e d7lx R ESEHYS 188 3T | [Cho, Shoda %, '91]
Hal A FHAA A7, )

o 2 E BiofilterE ©]% 3 Trimethyl- kmetlcs zﬂ q%_g— gcg%zg L] o}?/bﬂ
amine 2 A|A [o]d9, '96] A v [Hodge =. '92]

o M T A LS st AESA F3A| e BiofilterS ©] £3F Ketone®2 A =3}t
37 EF AA AF A 3] [Deshusses, '93]
WA Z27 4 BgEAL ! 3 53
[erdal, =2, . G=7, 971 e Compost biofilterE ©]&3F &3 VOC

o T3 AI9} HAA E7tetH e A A A AAS [Ergass, '95]
71l Tk A

e Compost biofilterll 4 Hexane#l| A
n) X = oJopilo] 7| helzpo] w3t

. /‘g%%z d SAAE e WEsb2| A3 [Morgenroth, '96]

e Biolayerol A diffusion limitation<
223 model A+

e EAboA] WAEL o W 8] shs [Ottengraf & Van Den Over’83]
A A system 7§gt e TEA Al Al media, operation
(2%, '99] condition®] F&FA+ [Tang &, '96]

[e& e, '97]

e Two-phase(solid/water) & 119 3t
model [Hodge, Devinny '91, '92, '95]
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Table 3.1.1. Schedules for operation of the biofilter systems <Model A, B, and
c>

Model Period of design Period of test Remarks
and manufacture

> vlo] L HE Al A~EI<A>]
=409
G FAA ) 45
A 200L 12 2002. 6. - el el
~ 2002. 4. ~ o003, 5 E¥EAAL Aena
- 3N E(5Y - HeolE)
=
- Rpue] Ag
Hho] © WE] A] 2Bl <B>o
2003. 3. 2003. 8. > _EI H]A 5 1 2] °!
<B> 54 A8
~ 2003. 7. ~ 2003. 10. > Eaednd 4sas
> nlo] @ HE AlA"I<C>9]
s 2003. 11. 2004. 4. SCR
~ 2004 4. ~2004. 7. D> BYEAMY A
> AAEA A Q] AdeAE

<TSA> Tryptic soy broth/ agar : Tryptone 17g, soytone 3g, dextrose
2.5g, NaCl 5g, KoHPO4 2.5g, agar 1.6g/L, pH 7.3

<G> Glucose-cholesterol : NaNOs 2.0g, KoHPO4 1.0g, KCl 0.5g, MgSO; -

TH2O 0.5g, glucose 5.0g, cholesterol 30g/L, pH 7.3

<C> Casein—cholesterol : (NH)2S0, 2g, KoHPO, 2g, MgSOy - TH20 0.2g,

CaCl; - 2H:0 0.1g, FeSO, - 7H>O 0.01g, cholesterol 0.5g/L, pH 7.0

<S> Nitrosomonas : (NH4)2SO4 1.32g, MgSQOy + 7TH20 380.0mg, MnCs -

4H>0 200.0mcg, Na:MoO;, - 2H-O 100.0mcg, CoCls - 6H.O 2.0mcg, ZnSO, - 7TH-0O
100.0mcg, K-HPO, 87.0mcg, Phenol red 0.25ml, Chelated iron (Geigy Chem. 13%
iron) 1.0mg/L, pH 7.5
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<T> Thiobacillus : Yeast extract 1lg, Na»S:0s-5H:O bg, KH2PO, 1.5g,
NasHPO, 4.5g, , MgSOQy - 7TH-0 0.1g, NH4Cl 0.3g, sodium aspartate 1g/L, pH 6.0

<A1> NHzAbshAlwE s A<1> @ (NH4)2SOs 0.5g, NaHPO, 13.5g, KHzPO,
0.7g, MgSO,s - 7TH:O 0.1g, CaCly-2HO 0.18g, NaHCOs3; 0.5g, FeCls - 6H20
0.014g/L

<A2> NHzAFSEA T v A]<2> @ (NHy)2SO4 2.5 or 2.0g, KoHPO4 0.5g, MgSO;y -
7TH-0 0.05g, CaCly - 2H20 4mg, Fe-EDTA 0.1mg/L, pH 8.0

<NI> NOxgFspAlw WA <1> : NaNO: 0.5g, Na;HPO, 13.5g, KH:PO, 0.7g,
MgSOy - TH20 0.1g, CaCls -+ 2H»0 0.18g, NaHCO3 0.5g, FeCls - 6H-0 0.014g/L

<N2> NOARSEAITE ¥iA]<2> @ NaNO: 2g, KoHPO; 0.5g, MgSO, - 7TH.0O
0.05g, CaCly - 2H>0 4mg, Fe-EDTA 0.1mg/L, pH 8.0

<N3> NOAFsHAlE A FHlA]<3> @ NaNO. 0.05g, K:HPOs 1g, MgSO; -
7TH>0 0.1g, NaCl 0.3g, FeSO;, - THO 0.03g, CaCOs 1g/L

U Aol g dHAZ WA= 2

D e

=

A A R ER W ARE, £ 9 gegw)
b AEAY el BHeU, 28sEE A%, ersE

o HAEY ;s @ asha

712 ofad™ S ALg3te] Al AsTt <29 311> A
(chaff of pine), Bg}to]E (perlite), ¥ H] (compost-1 % M)e] 15:

%]-
24, compost-I 2 (F)uloleFe] 74 HE (FEAFE F71s ol
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25% ©]8f, G skaFo] 1%90]49 Ao, compost-I= (F)FAAA A9 #
714 Hs (YEAF)E oAbt g BAHE 54.8%, Al eeko]lE 45.2%¢°]al, T-N
A& FFol 10% olde] Aol HH
o Zg9& gt &4 Egtsle] 1600~1650 cr® FA S, 25+5Col A 120
ppm? tEUYol ¥ 60 ppme] A TtAE 8F U FHAZ|WA, o] =

Aol Fd Aol A=ste] S4F At 242 st

3) R Yol Abshat o]

ol Abshate] el B GA ¢ NHzbshAl ek vix]<A2> 25 meo} g+
3 CaCOs3 0.2 g& 500-m¢ Zep=o] Qa1 of 7)o wle] QBEH T A-1>Z 5 H
AT JAMEE 01 g& HEFske] 28TolA 373 AX gt wWdE 0
s Fdte] MR <A2>HiA] 5 mE B2 Algd] HETTE F, 105 mwE F
dto] <A2>HIA 5 mE w2 e A FELS WEA 10 7HA 344
7t AW BFE 28TolA 453 A ) %Fs .

Zt Alg e mdA S 02~1 m A3 7]l Griess-Tlosvary Al ¢F 2% %
7bstar Mzo] wsls ST - HgolM ~AxpM oz dalstE 1 Al e
Hij gk elof] o} A4 (NOy/ NH3el 4bstE)o] AAEHATE AS ou|gFo= hro}

fI3t= Aol ojwf NAel Faujgste] Frld AT 455 A

g hg wjFeo] 10°~10° & Aqoﬂ 02 mE <A2>9| gelrite o] E=%alo] 28T
ol Al 1~27F%F wiYer & PAE FEYUE 22 wiA oA ol Al skt
dRYol Absiare] MAwk ¢ FE A FE NHAMSHA s x1<A2> 120 mé (in

¢

d
Aoz wige T dRYoled s A Fsto]

[e]
I AAES Mo s <gRyol Atsks el Hla> s s

v}

#pshire] g 9 A AL el e RH<RD A9l A e
99 mLe 0.85% AgAdTFd ¥
T

o
A A s 34 te] NA plated] =23k &

L
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Table 3.1.2. Mixing ratio of the packing materials and operation of the lab-
scale biofilter <Model A-1>

Specification Column I Column V

[> Wood bark (15 liters)
> Perlite (1 liter)

> Compost 1 (2 liters)
> Compost 2 (1 liter)

Packing materials

Packing volume (cm™) 1,600~1,650

Moisture contents during

operation (%) 49.2~61.1

Microorganism Natural MX-1"

Odor component H,S NH;

Average concentration of

influent gas (ppmy) o84 1207

Flow rate (mL min}) 2,000 4,000

Concentration of effluent
gas (ppmy) after initial 225 35
7-days operation

Natural MX-1" was a mixture of activated sluges from the municipal waste

treatment facility.

g Abshate]l w30 mLe NB + NaxS:0zHf Aol A 19 Fo]E &3]
30ColA 24775 J&u 9 (JeioTech SK-760A rotary shaker, 150 rpm)3F T}

w, °1& 60 mLe] FduiAol dF HFskaL 244 A -ef et 5, Al 110 mL

of 22 wjAol HFoko] 2443 mjFoemA 33U A em AR A

i
ol
N
X
X

TS 3 mL

ohS 15871

o Abshate] M : 15-mL SR gA R o] &4

0ﬂ 7_']_ _EL_ZI__-OJ HHOO]:C’_]'J 10 mL% 01

1

o
ot
i)
ok
oo
N
rio
o>
g
ik
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(Bench-top centrifuge, 3,000 rpm)3titt <ujFdol eral> 7 A NS mem-
brane filter (CA 0.45um, Advantec MFS-25)& o33 t} & o] =wnlE 173
2 sulfate (SOS)E ZAHdo @A, WS thiosulfate 7] 2] sulfateZ 9] H3&
S Hluste] <& Abskso Wa> #4E dEhde & 18 ez Ay
[R1 5, 2001; °] 5, 2001]. A&t tistol= 224 o= G3lgaitsta s o
g4 = (hydrogen sulfide oxidase activity)& H|ud}o] 4T FE 4

o AT EFEA

MIDI system (Microbial ID, Inc., Newark, Delaware) 2. = A ¥EX]82ke] A
=]
=]

3 22E wwste] $ASAY, 165 DNAS) 97149e BAste] AT

BEyHe A& BEFEASE7] 938kl Microbial Identification System
(MIDI; Microbial ID, Inc., Newark, Delaware)2] Wiol whgl MEXWALY] F5F
2 BYE BAEAT NA plateol A 30T, 72A1F wlYst MxEE #Wao]=2 100
mgA % WA, teflon-lined screw cap tube (13 x 100 mm, Pyrex)®] ®uleo] 271
& Reagent #1S 1 mL 2o dEA 73, 100TA 587F 71E3stgtt. o=
vortex mixerZ &EgA]7] thA] 100TCo A 25687 7143 2 Eo o] 4

ZEA A th o 7)o Reagent #25 2 mL % 7bste] E3ata 80ColA 1027+ 7+ e
F B2 Y7tAZ on, Reagent #3S 125 mL H7hete] 1023 & EFA AT A
2o FA gt & HkgHo] 279 Fog FEHH 352 WY i, Reagent #4E5 3

ol
Pasteur pipetS AF83lo] septum-capped sample vial (12 x 32 mm, Alltech Asso-
ciates, Inc., IL)Z &7 vIAE 13 A2 AMEEATE AR T AWt

& VA aRvtE 1Y (Hewlett Packard, GC5890A) % #A sl ol 7|4 A& Z
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Fig. 3.1.1. Lab-scale biofilter<Model A-1> sets for enrichment of the ammonia
and hydrogen sufide oxidizing microorganims. Packing materials were: wood
bark (composted chaff of pine) 15, perlite 1, compost-1 2, compost-II 1 L;
moisture contents during operation 49.2~61.1%. Average concentration of
influent NHs; gas 102.7 ppm,; flow rate 4,000 mL minfl, and that of influent
HS gas 584 ppmy; flow rate 2,000 mL min .

o



7= Chromatopac C-R 4A data analyzerZ ©]-&3}o] x]WhAale] E ¥ AS R
39 th. Reagent #1, 2, 3, 49] A& &3 2t}

Reagent #12 saponification reagent (NaOH in aqueous methanol)Z sodium
hydroxide 45 g, methanol (reagent grade) 150 mL ¢} dH-O 150 mL=Z 43t}
Reagent #2% methylation reagent (hydrochloric acid in aqueous methanol)Z 6
N HCl 325 mLel methanol 275 mLE 78ttt Reagent #3+ extraction
solvent (hexane/MTBE)® hexane 200 mLo] MTBE (methyl-tert butyl ether)
200 mLE #7899 tl. Reagent #4+= base wash (dilute NaOH)E4 sodium
hydroxide 10.8 g5 900 mL¢] dH.O°l &3sjA]A =3}t

2) 16S rDNAoI &k Feat9] ASw4

DNA?S F& 92 HA <AAA DNA2S +32+ benzyl chloride W¥ [Zhu &,
1993]ell &fate] Faqturt. dF5 ol 7w W <120 wiA B e >
of wet wjgsta dAREste] dAE AAAAT. FHE FAl extraction
buffer24 500 pL¢ TE buffer (100 mM Tris-HCl, 40 mM EDTA, pH 8.0)&
A7Vete] 2 FEbAZl 3 100 pLel 10% SDS (sodium dodecyl sulfate)E % 7}3f
o &o=m WA BTE FAr. 300 pLe benzyl chloride (Katayama
Chemicals Co.)& #H7Fste] 7F9iAl 4ol& ts vortexingshtil 50Tl A 303t
HES- A1 7| H A o 58wuit) vortexingstth. vl Ao 60 pLe 3 M sodium
acetate (pH 52)5 7l & £o= 7PHA £33 vhF 1687 45 fodA 3
Askdeh. 1§ 4Tl A 15683 94&8 (15000 rpm, Hanil HMR-150IV) & t}
o7 713, 97| FH° phenol-choloroform-
isoamylalcohol (25:24:1) &3NS FH7ete] 105 23] W&l A3
Reov, FHAS AR AdHes &7l 9e 22 Wy o= chloroform-
isoamylalcohol (24 :1) &3t o2 23] A3ttt HFHog AL AAdo &
#o] 2-propanols FH7tste]l ZPHAl Egshal, 30~60E3 Aol A A A5kl DNA
g FAAAAT. FHE DNAE 4Cel4 15000 rpmo2 15&3F A EEste] &
] (propanol, TE buffer, SDS, 3 M NaOAC)E A7 sta, 70% cold ethanol®}
cold absolute ethanol® Ztz} 2HA A X3k thE ethanols UXRAIZT. HFH L
2 Wi =54 50 uLE #H7Fsle] DNAZ £33tk DNAE 0.7% agarose gel,

& AN ARe A

i
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0.5 x TAE buffer (20 mM Tris-acetate, 1 mM EDTA)| A 100 V, 25 mA=Z 30&
b 4719 %3 ¥ ethidium bromide©] 15%3F GA3te] UVE delddt)

16S rDNA®] PCR %S 93t E coli®l 16S rDNA H-9] conserved
sequenceE 7|23k 27F (5'-AGAGTTTGATCCTGGCTCA-3') primers ©|&
3ttt [Johnson, 1994]. %3 DNA 1 pL (50~100 ng)ol] 27F primer 1 pL,
Taq polymerase (Takara Co.) 0.25 pL, dANTP mixture 4 pL, 10 x EX Taq buffer
5 uLe} B d 3% S/FF 3775 uLE PCR W& Algd#o] du & &3 &
oS 79 wel PCR WHg (Thermal cycler; Gene AMPR PCR System 9700,
Biosystems Co.)2 AASFATE 94TCol A 553 ¥-5-A]7] th2, 94C denaturation
1%, 55C annealing 1%, 72C extention 1% 308 #+&E-3lar, 72°ColA 10827+
% extentionS AAEATE 16S rDNAS] PCR FZAHES A7 %5 S 53] &
3, &3 PCR Purification Kit (Qiagen Inc)E ©] &3] A A3 & band9]

< skt

tjo

]_
EE 3

Hx

16S rDNAS 97149 24  AAF 16S rDNAES FF oz ABI PRISM

BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems)
E AFE3le] g EE E435F . Cycle sequencing PCRS BigDye 8 ul, 3.2
uM 27F primer 1 pL, 16S rDNA sample 1 pL (90 ng)°l H.O 10 pLE 0.2 mL
PCR WHg& Alg#d ¥ & &3k § 96T 10x, 50T 5%, 60T 402 25
3] &3tk PCR AH&E9 cold absolute ethanol 50 uL¢t 3 M sodium acetate
(pH 5.2) 2 uLE H7Fek F 12,000 rpmol Al 1023+ A4E 23kl DNAE 3 A
Zth 70% ethanol® Al # 3kl 7124171 ¥ formamide : EDTA (5:1, v/v) &9
4 uLE H7Fsle] 90ToAl 285t WAAIZl ¥ sequencing gel (urea 25 g,
gel solution 6.75 mL, dHO 20 mL)S ABI PRISM 373 Genetic Analyser (Applied

Biosystems)& ©]-&3}o] 16413t &< 7] &3t}

16S rDNA f71M 49 81X 3 Ales 2d  kellA #2413 16S rDNA9] -
B9 454 EMBL/GenBank database®] Blast program< ©]-&3le] #2935}

Atk 24 9719 <E9 alignment® Clustal X (version 1.8) program packageZ ©]
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43l J=He 1 [Thompson &, 1994], <-H A3 oA [Saitou %5, 1987] Al
FTE AT

2 g 7)(F)e KF-25 2 KF-5 fermentorE AR&3le] 3] 82 wj<k (batch
. X o=

cultivation) 2 wrAA &2 wj9F (semicontinuous cultivation)?] =Y o3 A 7+

o ) FALES 9)8 parameterE T3F ST

HAE 79 S Asedll A SREE SAHSt wgde] ez e
WAY, == 3Agyte] v oz A (viable titre)E c.fu. g1 T g2
LER AT

v AAAE R A%

A2 E glutaraldehyde €002 AuAsm AASZH (pH 7402 A3
o}, 50, 70, 80, 90, 95, ¥ 100% absolute ethanoldl =34 o2 w7} &3
t}. o] = 50% isoamylacetate <9 (in ethanoD®l 107k, o]olA4 100% isoamyl-
acetate &4l 57 WA F A x7] (CPD 030)& ol &ste] 11x% o
S, 5 FY3sla (Sputter coater, SCD-005) FAIEAA&ET 7 (XL30 ESEM

™, u

TMP PW6635) 0. & 7}&A9 15 kV, spot size 4.09] 7oA &A1)
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7F A

1 &

1

o

(Holstein, 3~4A, 20%)
(3F9-, 20~24704 5571, 207)
(

[elie]
T T
[e)
T
¢ (% °F#]/ Holstein, 5~671€ 3, 107)

\VARVARV4
=
Ho
o

Ho
oX,

5

©
1)
B

A= (Large Yorkshire, 234 ¢, 205%)

44 % (Large YorkshirexLandrace, 470 9=, 205)

\YARV4

3) =

Y4
~

A (Isabrown, 3005%)

SAA (F3/ Isabrown, 371€ %, 3005)

Y

Table 3.1.3. Chemical compositions of the feeds used in the experiment

Experimental Crude Crude Crude Crude Ca p
diet protein fat fiber ash
—————————————————— D —
Concentrate
Fattening cattle 135 2.4 13.0 8.0 0.67 0.44
Milking cow 18.0 25 12.9 .8 0.65 0.51
Heifer 16.1 2.6 9.0 95 0.55 0.45
Layer 15.0 2.8 75 79 3.67 0.41
Pullet 14.6 2.4 8.1 79 0.64 0.42
Sow 144 36 7.1 89 6.51 5.03
Piglet 17.7 39 5.8 7.8 0.82 0.64
Roughage
Corn silage 8.8 2.2 32.0 6.4 0.20 1.80
Rice straw 5.4 1.7 34.2 5.8 0.37 0.13
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g, A% AR

7} SRl B

AbR O] ZAE 5 dwA R BXS AOACH 93ttt =59 pHE A
2 10 g (AE7¥)S =% 90 meol 2 A=A AAM pH meter (Corning Model

, 1988].

I
N
e
e
5\
o
ol
S
3R
i)
)
o

ol

ol jole} Ao HAHEML Nessler's, Trommsdorf’s, diphenylamine A

drel ottt dRYole]l A (NH;-N)&= Indophenol-Blue Holl <]3dle] 74
23519 0™ = phenol¥? sodium hypochlorite®] £ A 8}oll A sodium nitroprusside
& ZFul& indophenol (FM)& AAAZIZL I FHE (As)E A,
(NH2:S040. 2 78 FFAF=rdd et =& ALtstdnh ofZdAd 24
(NO;-N)&= tlofxz3¥ &, sulfanilamide A °F& 7}8le] diazonium €& &L
o]Z t}A] coupling*l ¢F (N-(1-naphthyl)-ethylenediamine HCD)¥} WAl AA
He= AN azo stEEC FEE (Asn) SAsIA oW, FF34 (NaNOwol|l o
dsto] Gt 24 24 (NOs-N)= 541 ¥ =, brucine? HSO049] &
At A g2 EdE AAdsta olF BN AF (Ag)dtRern HEFAAS
=

KNOsZ st g¥d 2 Lowry W o2 A sl

—

N
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3) GAkol=

QA

ot

oleazutE 189 (Dionex IC/ED40 system)Z 32Fo]2 (SO ) =22 =
A9 e Dionex ICE A AS4A-SC, BE GP40 gradient pump, AZ7)
ED40 electrochemical detector, supressed conductivity ASRS-UltraE “2+35}o]
AHE3EA T ol F A 24 1.8 mM sodium carbonate®}t 1.7 mM sodium bicarbo-

nateZ, %< 20 mL min ‘22 3t}

AN RS B

wA RS A

Z
o

FE50x A Z40x %040 cm)oll 8% AL o] Adl (A 23~26C, FdF=E 70~
80%)ol A wid 13] wwk - ®yste] Fofjit Alm2 FASHATh 2 Ao A F
PASE MY 4% S8 AHSs T

GAE - =4 B AAA A= FAF 9 1 m o Eo]e] F7]E 1-L gas bagdl
T8t Tt fdA R 2 GCE St

2) BEAAR AR
GC EA 8 A5 ZAd+= 3= SPME (solid phase microextrac—

tion) W [Rizzuti, 1999] &< #-&3}th.

SDA (simultaneous steam distillation-extraction) &= 2|3t &vjFZ
Agstgon, WA FEARE 30 ¢ (BT AX round flaskel FHata
2 3X3 t}& receiving flaskol ethyl etherE il 4A|7F Fot F&=3}
i FEENE FFHA77] At 30T F2FFo|A AAh 7aE FEH 0]
02 m7} 2 wW7bA ethers 3TAZ T o] A4S GCol 1 ul FHatAtt.

SPME (solid phase microextraction)' 8- A& 1 g= 25 m{ screw cap vial®l
Yo F geptum¥ capl® UHAIF AL, capollE AE 02 mm AEY THE £

SPME syringe’} 917 =% 3tk 50/30 mm divinylbenzene/carboxen®] poly-

52
*
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dimethyl-siloxane®] Z ¥ o] A= fiberE AM&3}e], A|EE 50TCoA 3083 7}
A3 & FHAYES THAAY [Rizzuti, 1999; Abalos &, 2,000].

3) HA7IEES] A

GC/MS (Varian STAR 3400 CX)®¢] GC inlet 270Co]a1, 35TColA 4%t
43t Foll 4C/min= 220C7HA &9 F oAl 260C7HA] 29 15T dsAl7] 1L
587 FAEE 3tk Split mode: 25 : 12 312 SPME syringex= GC
inletell 10%&7F W o] Eelstich. HP 5 A% (0.25 pmx30 m»0.32 mnID)& &
Za o, Ez AEL Varian Saturn Mass Spectrometry 200022 #2931
t}. olu] trap¥ manifold®] &%+ ZFZF 200 2 50C At Scand 40~650 n/z%
ZA43tR o, axial modulation voltage= 4Vt 4R spectrume NIST

library (NIST Standard Reference Database, version 4.5)% 3|4 &<t}

GC/FPD (Shimadzu GC-14B)ll ] g+ §37p2o] #4

> HySeF CH3SHe #4e & (10 g
231 30CAlA 6023 7F=3te] 7F=5 WAl & gas tight T
AAs GCol Y38ttt FPD (Flame photometric detector)E 23815 o0,
ODPN (B - "-Oxydipropionitrile 25%, Chromosorb W, 60-80, AW-DMCS-ST)<
A8 FEld§ (31 mx3.2 mID)E AFE3FH T GCZZ 2 column 70°C, injector
150°C, detector 150C %2 atglom, W72 HeQ® 42 50 nl min ‘&2 %
AR, A EgA T L2 996 pmol/mole HoS9F 88.1 pmol/ mole CHsSH
& E57t28 ARl

> CoHsSHO A4S 98t S5 §wlFE38te] GCREASIHE o, & =
210 g2 10 me etheroll &EA7]2L 0.5 M sodium methoxide 0.4 mE 7}3}o]
12A17F o)A A AIZ S, o] 7|9 acetic acid 20 weF o]ejA CaCl, 4 ¢& Yl
Aol Fol FEFAT 24 & AAEE st GCE AR AMESA T
[Cristie, 2000].

GC/FID (Shimadzu GC-17A)° 9]3 A A WA 2 Indole ¢ #4

> Indole ¥ Trimethylindole?] #4& 9|3l AJ2E 3 g (AE)S 15 ml 2
ethyl ether® 33} A|<3}lil microfilter® o ¥3sle] GCol FYstgct 240 &

L=
0
N
fu
>
ki
il

_56_



5% Thermon-3000 (Chromosorb W, 80~100 mesh, 3 mx3 mnID); injection port
T 250C, columne 50CoA 28, B3 4TH 210C7HA] AsAH T 07k~
E AARA §42 50 m min ‘o2 A3
> S A ate] 42 SPMEY o2 FE3ke], GCE 5 Alltech EC-1000
(30 mx0.25 mmID) Z & oven 1507C, detector 2757C,
Split Mode 93 : 19] ZANA BEA3G oy, SHIAZAE FAE AE3A T
%2 64 ml min'O=Z drh

ileS
o
b
ol
ol
2
—_
B.
)
e}
—t+
o
=
V)
(o]
(@)
(@]

Jo

Gas detector tube (Gastec)©] &3t dE o} - o}HlF - 33} A
oFH 7t~ BAS 9%t Ful§ AuEA Gastec pumpet 7 HA TS
AbgEtg o) BHEo 49 100 ml 13 &t TASE WS AHEsgn o

FTElA = 50 me 13] F<1 § 26wiste]l AEgS FAISHA T

> &8 ANBE 20 g (dry basis) & 1-L9 Za2=d] Y1 40CoA 6087
7hes s AABORE 100 mL A Felate] =Askeh

olr

D> A #7]= $9% 1 m ®ololA 1-L gas bagell 3dte] S48k

Table 3.1.4. Specifications of the pump set and detection tubes from Gastec
Co., Ltd.

Tube Detecting Detecting

Substance No. range limit Discoloration
————————— ppm —----===-
HoS 41.L 0.25~120 0.1(n=10) White — Red
4L 1~120 0.2(n=10) White — Red
CH3SH 71 0.25~140 0.1(n=10) White — Yellow
CoHsSH 72L 0.2~75 0.15(n=2) Yellow — Red
NHj3 3La 2.5~200 0.5(n=2) Pink — Yellow
3L 0.5~78 0.2(n=2) Pink — Yellow
R-NH, 180 5~100 0.5(n=1) Light pink—Yellow—Red




4) AArFC o) gk FApetF o AW

Fox 3000 Electronic Nose (Alpha M.O.S., France)Z ©] &3ttt &8 A=
02 g5 AMHs] BEAE vialol ¥ septum™ caplZ WHAIZI ZF 500 rpme
2 50ColA 900% s<¢F B3 t}2, 1 Head space=Z4H-E 2500 wlS F3to] &
Al AL eitEo g AAg9lon A8 A (Principle Component
Analysis (PCA)Z FAEAS a9 (olw) FA& 19 g2 9457%), 2t AlA 9
FFE2 Statistical Analysis SystemS ©]|&3te] o FEA  (Student-Newman-
Keuls Test for SYLG) 2.2 A& &Rt (significance level 5%).

Hydrogen sulfide oxidase®] &4 %=+ Ohtai % [1997; 1999]0] A}-&3F W o
2 ZAsAch wddS 3000 rpmel A 20&FeE AR % °

TAE 50 mM phosphate buffer (pH 7.00& 2¥ A& 3le] FAE 3435}, 10
mg dry wt. cell/10 mL buffere] H]€ = 50 mM phosphate buffer (pH 7.0)l
gA A, o] dgd 10 mLE 30-mL Erlenmyer flaskel %3l butyl rubber

fo
BN
N,

stopperE £33l gas tight syringeZ 3344 7FA2E FYste] 27| HEES
1,000 ppme.2 23tk 30T, 125 rpmell A 2A13H< A EUEEAI 7] WA head-
spaced] 7F2E 308 A S ®E gas tight syringe®Z ¥33l¢] GC (Shimadzu,
GC-14B)= A3t}

w

AHS [ oxidropionitriebo 60~80 mesh chromosorb W7} A ¥ W4
mm x Z2°] 3 m¢ FHAHPS A3 1L, flame photometric detectorE AF-&3+1
Z71& inject port 150C, detector 150C, oven 70°C, flow rate 50 mL
min ' ©] 3, carrier gas® #AFS A3
4o GAE B9 30T A #3452 1 pmole] 23S Y8 &7
HiE 849 dow A3
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1

tFE oA Zlsd Wy <12, wiA B w R > wheh wfgste] A2
000 rpm; Hanil Supra 22K)ollA 40&-%5ot A4 &2 s}
o] ¢F 31 g (wet wt.)e] A E 343F¥ 3L, 50 mM phosphate buffer (pH 7.0) %
29 AlAF st 2900xgol A 103 A48 o #AE 50 mM phosphate
buffer (pH 7.0) 120 mLo| dEgs}9th o] Y HS sonicator (Rapid type 4504,
Ultrasonics Ltd)E o]&3Fo] 80 pAolA 40%7F =53 A3 t}g 34,000x gl A
407 AAl R et A& A A A AAE 98] 2% protamine sulfate (0.2
mL/1 mL Az N)E H7tste] 3025 Aedl & thg, 17,000xg= 30%3F
AxEEste] AAES AAs L T A NS crude extract® AR
Crude extractE ammonium sulfate (0~35%, 35~70%, 70~100%)= <4

Al713L, 12,000x g% 3045 A4 ete] IS Fgstirt 2z £ A

55 50 mM phosphate buffer (pH 7.0) & Aol &3fA|7]aL, FX3te] &3
& 12,000x,go1w 3023t st AR, 7 e Hd=s 50~100
mM®] phosphate buffer (pH 7.0)el &3gt th& =& SAHAoH, &Ao]
S RS Autete] g A G E AZvtE I E (GradiFrac, Pharmacia Ltd.
0)E ©]&3te Sephadex G-75 ZHAI} o]2ugkrA] APS AH=E FHAA
hydrogen sulfide oxidaseZ 7 A&} t}.

NI
—_
[@p]
=
Lo
=
o2
2
o
Do
O
(=
o

X
S
=
o T

Hir

O

4. vlo] o gH AlxHe HAA - A E 8 WYY
7}. Lab-scale Hl°| 2 HE<ET A> 2 FAA

1) Lab-scale B}o] @ HE A|2~€ A
Lab-scale H}o] QI H Al2®l<EE A>S A #sle] Zbs SHAQY I3 5=

& Hlustal O AsAdes ZAEAT. dAA A deol 7 A
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<EdE A>E FHZAHAR9 plenum chamberi-& TF-E3te] dA o,

2> ot Y& # o] golstE F

ZAAP AAZS A= WA 120 molH A - F - Ee ZHol= zHzt 300,
[e]

7}
450, 300 mmolSltk. FAZHE 13 FALFS 2RV FIZ 5089 caroldl

b
e

,
plenum chambere 7FZ2300xA4] 2300x% 1200 mzA WH 842 18000 crz A
Jheh & Al Ui gtell digh bHE&S 1 ste] 4 kgf/anrll Al A F JEE F
Al 8 me RS AE3ANT, HEFF= 28 EHd ATt VEAHE e AY

3} plenum chamberel] &2 T 43A|7HE<H 4o 2 dAusdon e F

7195 7] (air compressor) 256 §¢HE /148 S 2 kef/ar® 1A A

7}
velocity meter), A% A

pling portE A X3t o=

=i
oX,
S
1o
o
hinss
i)
=
i
off

Plenum chamber A28 @ THZAYORE FuHs o729 dAS 534
FFHAE ot < 314> HFolA He upet Zo| Ad s A
A3to 2 plenum chamber A|2~¥-S F-2H619 3L, 1 ALolo]l 27 6 mm, Z°] 250

2l SRS A s

b adA  GERYo 7k st ATvtas VhaxATVE AX YA S
How 2Hlds Foto TuHEs AAsdY <2¥ 314 Fx> 37472
FE FYEE 3719 EFAA AFHNAE AL FER INHEE S olE
A AAE Yste] FFH S FEE]7] (oil-water separator) S A %] 513
ow E3FE (mixing tube)E &3to] otFH7F~ete] E3to] & HEE &Gt
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I T
1 =L

(umit ¢ mm)

——

|- =i
Pressure gage I | _{"\'_ Multi-point

o

b, Bir velocity meter
., Upper part

9 Middle part

Lower part

Plenum chamber

5

Fig. 3.1.2. Column units of the lab-scale biofilter system <Model A>.

Upper part Middle part Lower part

Fig. 3.1.3. Pictures of the columns for the lab—scale biofilter system<Model A>.
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Fig. 3.1.4. Plenum chamber and gas reactor system.

2) @& SHA ] A

Lab-scale Hlo] 2 HE] Al28l<Rd A>E o] &3 " ZdA9 AdAdLe
TEdga FrIAAIS AP oA FaAEATE dEAES AA 12 ASAES

20029 649 3YFH 6¥ T4 15 S FHAAE @A ¥ FEE AHE &
AAF 2 HABAAE sk, 22 A FHAIES 2002

214717 35 &)t AAls sl

rr’
B
o
(0'e)
ne
.
a
J
i)

SAAE ¢ ovfel e FE O FHAIE FHlstelol & =S FR e 6t
i, A RS 7HAY, A5 A stE ske] 9)e] &olsta, 714 o]
gotolof gth o] Ao = FHAA AREF AnE <I¥ 315504 H
vpel Zro] el Al F§le] &olatar #AZEA JfE o] A& E = F Al
Hlatel Aol fEe 4A (rice hull), B (rice straw), Be}o]lE (perlite), &
U543 (chaff of pine), FZYWI E (coconut peat), 3}°]Z =% (Highroad ball)
55 vusde. 27 ¢4 (9% as dry basis)S A 1.28 W& 226, AYUES
¥ 223, ElolE (.23, ZAUIE 497, slo] =1 086030} olE T4

i
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Table 3.1.5. Characteristics of the packing materials for biofilter

Characteristics Rice-hull Straw Perlite Ch?ff of Coconut Highroad

pine peat ball
Bulk \ 0.124 0.052 0.252 0.233 0.155 1.041
density(g/cr)
Moisture
content (%db.) 1.28 2.26 0.23 22.30 4.97 0.86
Porosity (%) 79.8 84.0 66.5 62.0 675 62.0

Compressive

strength (kg/cr) 8.57 17.32 32.10 31.25 15.90 34.24

Average pore long:550 long:25.00

size (mm) short:2.10  short:2.50 2.20 3.80 0.04 740

Water

absorption (L0I%) 17.57 15.83 11.20 10.72 93.86 19.47

1) Rice hull : B&947A 10CHEEE, FF94F 5%

2) Rice straw @ & (20~150 me] #)

3) Chaff of pine : ¥&AUFFy (A4 60%, C/NH|]-& 40:1, pH 6.6
o7 zAste] 1257 FH5A2 Aow AR BAXE 8 475%, pH 5.85,
T-N 1.78%, T-C 47.3%, P 472 ppm, K 1,724 ppm, CEC 545 cmol. kg .

4) Coconut peat : =8| &7}t (Coir fibre pith, C/NH]& 80:1)

o
>
T

5

o

&

M

Aol =45 <3 315> YERH AT

Ao

54 S AR EE Ho] A9 HAAE (digital scale)S ©] 83k

gstler, e AR AFHI ] ANEE HxE (dry oven) s ©ol&

sto] AF71E (dry base)® WEHHAT. 582 wi=A 9T (measuring cylinder)
o

£ o] g3l AT A& AVE FEAIR 100704 33 F2Z9 2 A3 sl
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Rice hull Rice straw

Perlite Chaffs of pine

Coconut peat Highroad ball

Fig. 3.1.5. Pictures of the packing materials for biofilter.
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Table 3.1.6. Specifications of oil-water separator, mixing tube and air flow

meter for the lab—scale biofiltration system <Model A>

Item Model Specifications

Company : SUNYOUNG. S_tech
Capacity : 30 ¢ min*

Oil-water separator S-100
Material : FRP

Company : SUNYOUNG. S_tech
Mixing tube 0821C Material : Polyurethane tube
Size : 6x4 mm
Company : DWYER

Air flow meter RMA-25-SSV Material : Plastic
Capacity : 100 ¢ min '

Y2 AAE - FHE 7P HAA T (gas detector tube, Gastec)¥ HAA W HFZ

g ol &3ty dHAMNAY FEE FAHIAY AFE IHVMAY TR FAAR
H A A A 7t FEREe R A 31.3% o]l YEMATE
I m — m
1x Arp
I
OA (£/ai) = 32, uletppm (3.1.3)
o714, OA = Odor gas absorption (¢ /ci)
t = Time (min), integer
Ar = Air flow (¢ /cr)
Vi = Volume of media (cr)
Lab-scale ¥lo] 2 FE 9] & @ 745719 MEd4=S 0.05 kef/ar=,
2o 15 ¢ min'o® wAIATH EE-E AdEHdA ZPS ERete T %
L 009 m/sE =AY, & 9 AH5E A AP ¢ Kanomax S6242% 2%

APs = T AAe 2 ASsAr.
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S Wl point ar B
gage wwhacity meter
I COMOrEEET
Fufi=hiole
ling system ez .
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FL & e
SmE s Ol-Water . Hixlng

Sep erator tiabe

Fig. 3.1.6. Overall appearance of the lab—scale biofilter system <Model A>.
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Fig. 3.1.7. Pressure gage.

(D Multi-point air velocity meter.

@ Air velocity probe.

Fig. 3.1.8. Picture of multi—point air velocity meter
and probe.
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o] W Z} EdtAlEE %27 58 (% as dry basis)2 Z AU ES
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NAEe HEAY - ARE woledy A Al 1 AFIAAANA

H
2 e MRS FEetel GAAR BNE BASATh g AwiEE FolA

<)

H
ol o} Azt FFEME A4-29 Fatslar 529wl (~10° c.fu ml )
S A5 AA hete] oF 40% (v/v) HFsIH o, vlo] QHE A]xHlo] FH A
713 34 Fete] #A7IHE T v 4TS AAAE S AZFEEE T A Eg<2)>

of ddFAANe] AP LT o R 2443 FF 33 W AFE e

7_31
o AAF ot tre 27] wEFY HE WEE(%)

A 3iuAge) AedEgon BASA,

5 FdA A7

Ag<d)>o] Aol weh @AM E Wk FulelA Fge] fold AT
G2 olgste] Wepoleh B EFFAAE EASte] lab-scale vho] B
Azglel FAeth EHE T0% 1 30% (VISR st auFusl Pebole
o qarlel we F&3 Forel waE 4 wastdc uAPe AA
2003 2¢¥ 109 5-¥ 3¢ 29714 453 A3

Table 3.1.7. Characteristics of the packing material mixtures for the lab-scale
biofilter

Material Material Material Material Material Material

Characteristics ;15" (19> <1-3>  <1-4> <15> <1-6>
densfyuu(‘g S 0.21 0.25 0.18 0.22 0.24 0.19
Conlt\ggft(‘;;zib.) 0.22 0.05 0.32 0.09 0.13 0.05
Porosity (%) 64.4 674 634 65.7 70.0 68.9
Water 57.6 32.9 61.6 439 45.9 339

absorption (vol%)
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Mixture <1-1> Mixture <1-2> Mixture <1-3>
(coconut peat:50%, (coconut peat:30%, (coconut peat:70%,
perlite:50%) perlite:70%) perlite:30%)

Mixture <1-4> Mixture <1-5> Mixture <1-6>
(chaffs of pine:50%, (chaffs of pine:30%, (chaffs of pine:70%,
perlite:50%) perlite:70%) perlite:30%)

Fig. 3.1.9. Pictures of the mixed materials for the lab-scale biofilter.
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&
ﬁﬁ. B,

Chaffs of pine<2-1>  Chaffs of pine<2-2>  Chaffs of pine<2-3>
(above 13.2 mm) (95~13.2 mm) (6.7~9.5 mm)

Perlite <2-1> Perlite <2-2> Perlite <2-3>

Fig. 3.1.10. Pictures of the chaffs of pine and perlite classified by particle size.
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Mixture <2-1> Mixture <2-2> Mixture <2-3>

Mixture <2-4> Mixture <2-5> Mixture <2-6>

Mixture <2-7> Mixture <2-8> Mixture <2-9>

Fig. 3.1.11. Pictures of the mixed materials consisted of the chaffs of pine and

perlite classified by particle size.
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Table 3.1.8. Characteristics of the chaffs of pine and perlites

Chaff of Chaff of Chaff of Perlite Perlite Perlite

Characteristics | o<o-1> pine<2-2> pine<2-3> <2-1> <2-2> <2-3>
Bulk Defl51ty 017 0.15 0.14 0.17 0.12 0.07
(g/cm)
Moisture 11.24 11.24 11.23 0.52 0.50 0.50
content (%,db) ' ' - . . .
Porosity (%) 18.40 17.43 1497 3901 2284 1953

Pore size (mm) 150~132 132~95 95~67 50~24 24~12 12~06

‘Water

absorption (vol%) 31.00 23.50 20.00 37.50 29.00 16.00

Table 3.1.9. Characteristics of the packing material mixtures <Series 2>

Mhterial Material Material Material Material Material Material Material Material

stics <> D> D L LD L6 LD L LY

Bulk
Density 0.17 0.16 0.15 0.17 0.17 0.15 0.17 0.16 0.16
(g/cm)

Moisture
content 239 238 235 214 212 2.12 1.95 1.93 1.92
(%d.b.)

P O{;S;ty 1675 2593 2865 2308 2447 2500 2474 2581 2896
(o]

Water

absorption 1216 1264 1346 1308 1409 1441 1333 1459 1522

(vol26)
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Composted chaffs of Perlite
pine

Fig. 3.1.12. Pictures of composted chaffs of pine and perlites.

Fig. 3.1.13. Column packed with the mixed material
consisted of composted chaffs of pine and perlites.
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Table 3.1.10. Characteristics of the composted chaffs of pine and perlites, and
the material mixtures <Series 3>

Characteristics Chaff of Perlite Materials Materials Materials
¢ ¢ pine* <3-1>  <3-2>  <3-3>
Bulk Density 0.36 0.25 0.32 0.33 0.33
(g/cm’)
Moisture
content (%%w b 61.6 163 57.2 58.1 58.3
Porosity (%) 57.3 66.5 635 63.2 62.7
Water 13.8 112 28.6 273 2.5

absorption (vol%)

* Chaffs of pine, composted.

Table 3.1.11. Technical requirements for designing the pilot—scale biofil-
tration system <Model B> from KavoTech Co. Ltd.

Items Design factor Remarks
Form Cycle tandem type
Biofilter’s quantity Two
Air volume 6 m'/min Variableness
Superficial velocity Max. 360 h'! Variableness
Linear velocity Max. 0.18 s Variableness
Detention period Min 10 s Variableness

Amout of water sprinkling 30 ¢/m' day !

Dosage of nutrient Max 1.2 ¢/m’ day’1 Variableness
1th water sprinkling time 3 min Variableness
Max. pressure drop 200 mmAq
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@ THAFe] 20 9y 4 AF
> AAAA LV 0.18 m/sec
> FHZe] 28 9WAE A=6/ (60 = 0.18) = 056 m'
> 43 biofilter®] A& D= v/ ((4xA)/m)=+/ ((4x0.56)/1)=0.85 m
@ THZTe 28 =0
> AdAJA 0V = 05
A =056
D =08 m

[> = 1l
> FHZ g8EEa 009 x 40 = 36 mmAqg
® Duct AH|

> AAJA ¢ T 6 m/min

> E7&E% 1 15 m/sec
A =6/15x 60 = 0.0067 m

D = /(4x0.0067/1) = 100 mm

AA A ¢ 30 L/media-m'—-day, 1€ 63], 13] 327+ A<

>

> = : 30 L/day

> 13] 25 :30/6 =5L/3

> 15 L/3 x 1 3]/3 min = 1.67 L/min x 20 mH

@ Nozzle

> A : Nozzle ¥AF 120°, EAFA ] (500~600 mmd = = of),
7+ 1 m, 4 EA/tower

> Nozzle A& : 167 L/min/8 EA = 0.2 L/min (Nozzle 1719 EA}=F)
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> Nozzle 1.5 kg/erd W 0.2 L/min, Full Cone Type
@ A An]
D> qA B= A A GAls dsE= 10 m/h
&5 1056 x 10/60 = 0.1 m'/min * 10 mH

> Air 9% AAAA 1 A% 1 Air = 106
9]

> Air 2 : 0.6 m'/min x 1.5 kg/cn
© ID FAN
> 7h=d 5 b4 0 100 mmAg

> Biofilter 2<% : 36 mmAq
> System ¢34 : 50 mmAqg
> org £ 34 - 186 mAg

. 200 mmAq

P
> ID FAN &2%F% = (Q x AP /6120) / (a / n)
= (6 x 200 /6120) / (1.2 / 0.65) = 0.11 kW

Azd<md B>o A4 ALY - SEAIAF 23S ZAR A& pilot-scale

upol @ @) Alzdlel gAl Age T gt

=
4% 1 6 m/min, 3 ZE2 27]

>

> 97 #4850 x 2200 H

> A4 : STS 304 or FRP(WAF A1 4)
> FojAdn] - SHA F 1w

Densimeter : Density 144 kg/m’
Manometer : A& Teflon
4% 102 L/min (A8 1.5 kg/enf)
ERak e
> &% 1w
> 5+4 #1000 x 1500 H
> A4 @ PP
> A - A=e B Y
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Fig. 3.1.14. Design of the pilot-scale biofilter

KavoTech Co. Ltd.
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Fig. 3.1.15. Appearance of the spot-experimental biofiltration
system <Model C>
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Fig. 3.1.16. Kanomax Model 6112.

Fig. 3.1.17. Pressure drop gage.
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Fig. 3.1.19. Main display of the Fig. 3.1.20.
control program for pilot—-scale Gravimetry system.
biofilter system<Model C>.
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Fig. 3.1.21. Spot-experimental biofiltration system <Model C> operating for the
minimized pigsty. The main column of the system was provided by Professor

Park, Woosong University.
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Fig. 3.1.22. Pilot-scale biofilter system
<Model C> operating for the pigsty.
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Table 3.2.1. pH and concentration of malodorous substances in various fresh

feces

3methyl
indole

H:S C:HsSH CH3SH Indole

R - NH:

pH NH;

Fresh feces

I 0] 0) 0 O DM feces ~————————————————-

10.0

75

*

10

6.90

Fattening

cattle

6.9

6.90

Milking cow

12 4.8

6.69

Heifer

19 2.2

6.9

7.1

2.5

6.54

Layer

2.0 0.5 3.2

10

6.93

Pullet

1.2

1.0

41

19.3

6.13

Sow

10.9

34

7.3

6.44

Piglet

. Not detectable

*
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Table 3.2.2 pH and concentration of odorable substances in various rotten feces

Rotten ) 3methyl
feces pH NH; R-NHs H»S C.HsSH CHsSH Indole ™ o 5°
7777777777777777 ppm, DM feces —————-———————————-
Fattening 6.90 20 20 r B ) ) i
cattle

Milking cow 6.95 36 25 - - - - -

Heifer 6.62 45 ol 4.0 - - - -

Layer 6.63 60 46 18.3 - - - -

Pullet 697 8l ol 13.0 - - - -

Sow 6.33 92 40 335 - - - -

Piglet 6.56 94 75 8.6 - - - -

* : Not detectable

Table 3.2.3. Concentrations of volatile fatty acids in various fresh feces

Fresh feces Acetic Propionic i-Butyric Butyric i-Valeric Valeric

Fattening 24 13 - 0.9 - -
Milking cow 44 14.4 26 - 3.0 -
Heifer 165 17 - 22 - 11
Layer 84.7 105.0 122 69.0 - -
Pullet - 9.7 - 438 37 28
Sow 40 16.7 3.0 30.3 456 59
Piglet - 53.4 - 156.0 305 51.8

* : Not detectable



Table 3.2.4. Concentrations of volatile fatty acids in various rotten feces

ng:::‘zesn Acetic Propionic i-Butyric Butyric i-Valeric Valeric
ffffffffffffffffff rg/g, DM feces —————————————————-
Fattening o B _ _ _
cattle
Milking cow - - - 0.5 0.3 -
Heifer 44 0.8 - 1.5 -
Layer 3.1 1.0 - 3.2 -
Pullet 285 1.5 - 14 1.7 -
Sow - 8.5 1.2 - 0.6 -
Piglet 7.2 152 1.3 22.8 8.5 6.4

* ¢ Not detectable

Table 3.2.5. Concentration of malodorous substances in various farm buildings

L1vestc*k NH; R-NH; H,S CHsSH CHsSH VFA NO2
house

******************** ppm, DM feces ~——————-——-——
Fattening e B _ _ _ _ _
cattle I
Fattening 3 3 3 _ _ _ _
cattle II
Fattening 3 B 3 _ _ _ _
cattle III
Layer 1 1 1 - - - - -
Layer I 1 2 - - - - -
Layer I 2 1 - - - - -

B N _ Cat 0.1 _

Sow 1 1 2 Cs 0.1
Sow II 3 2 - - - - -
Sow I 2 1 - - - - -

" Types of livestock house : Loose barn (for beef cattle); Conventional sow
house; and Layer house with scrapers.

" Not detectable
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Fig. 3.2.1. Analysis of livestock feces odor by using an Electronic Nose Sensor
Array System. Cattle: Fattening cattle<1>, milking cow<3> and heifer<6>;
Poultry: layer<4> and pullet<5>; Pig: sow<2> and piglet<7>.
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o= AAHsta vk, 18il, Brocker & [1998] ©}WlF<! monomethylamine,
dimethylamine, trimethylamine &< 714 ZedA = o= wiE&=H A5k wjd £
o] 3714 A= wiEel 5438 dadva st3l

FElvete] g7 BEAY A2x o rAlVIE A= HEA FrL T
& 8F°l skl 1 wlE &7l A o, FH dE [1993] 4= 22
o =dd g FAstaL vt olF 8F F = 3
H dEYel, Eivdelnl dstei wdW 2 Fo] 2FEo i, <%
325> A#}E BW gEYole E 4

A QR AL R EAA 7]

Table 3.2.6. Regulations for the control of malodorous substances

Hj &3] &7 =" m
el %L@Hxl ;% ] (SIDE};Q% e
I SR <02 < 0.06 71718
v &l v 2 7Hek < 0.01 < 0.004 7171 &A1
33} el < 0.2 < 0.05 71714
o] gl & < 0.1 < 0.03 7171 A
o} 1o} <5 < 2 7)1 7] A
Egm o}yl < 0.07 < 0.02 7171 %A1
LA ELH 3 = <05 <01 7171 %A1
EN) <2 <08 7)1 71 A
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lob
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e
olr
)
ol
o
2
>
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5

AR (ER L ARG, 3 2 e, AFAe ey (B0, &t
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(3 2 233) 5 48 wAst @A Bkl
HEsha 26+5CoA dA¥ = 712 (NHz 120 ppm 2 HoS: 60 ppm)E 85
Ao A ZHA ARt -8t A AT 7

=
AdowyiE Fgaion A4 2 g Fa3g<ad 322 9 323> we ¢
2 [e]

NHs + Oy + 2674'2H+ é NH-OH + H20
ammonia AMO  hydroxylamine

NH.OH + H-O é NO, + 5H' + 4e
hydroxylamine HAO nitrite

NO; + H:O - N NO; + 2H' + 2e
nitrite NOR nitrate

Fig. 3.2.2. Nitrification by bacterial enzymes.
* AMO, ammonia monooxidase; ~ HAO, hydroxylamine oxidoreductase;

NOR, nitrite oxidoreductase.
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HS —> s° — > S04 —> S0Y —> S0/

hydrogen elemental thiosulfate sulfide sulfate
sulfide = HSO sulfur

Fig. 3.2.3. Chemolithotrophic oxidations of sulfur.

skeskskosk

HSO, hydrogen sulfide oxidase.

e} o

A Ao ZHE NHeAFSHA T vl A <A2>9] gelrite 3 ¥oll Al A 53k
789 9tr Yo} A3t (NHz-oxidizing bacteria)S E83li o|&S thae = oF
Buo} sbstel g wlastdth WS NHabshAl ol A <A2> 120 m¢ (in 500-me
shake flask/ supplemented with 0.1%6 mannitol =+ glucose)ol] HE3le] 23T

Table 3.2.7. Selection of the isolates for ammonia oxidation

Strain No NHN (e £ Medium<A2> x

0 h** 24 h 72 h Supplementation
AA1-1 420 294 265 Glucose
A2-5.1 420 330 313 Mannitol
A3 420 238 141 Mannitol
A4-2 420 343 329 Mannitol
K4-3.2 420 330 325 Glucose
M7-1 420 335 317 Mannitol

The isolates were cultivated in shake flasks containing the media<A2> which
supplemented with 0.25% of carbon sources at 28°C for 72 h. The culture were
taken with time intervals, and analyzed NH4;~N and NO2-N according to the

methods of Indophenol-Blue and Diazotization, respectively.
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&
ettt <3 328> YER mpebo] #FHE S1-3, S4-2.3, S5H-5.2, J2-6, &
M2-3 59 57 #F7F AEEo] =kon, o] FelM=E S5-527F 7Hd A e
W <29 324 FE>. o5 57 ol tdle] hydrogen sulfide oxidase®] &
AEE nluste] 2 A¥E <29 325> YEJd e, orld = S5-52
7} #aeao abstE o] s =9kr] wliEe (11,393 units/mg whole cells) ©]

g $5iFe A% Agsac

X

% 2@ 54

) fFEUYol Akskat
MIDIo| wha} # AR Akl %A (cellular fatty acid profile) S #2138}o] 23}
2 <¥E 329> AYstYa, 1 GC ARMEINL B2 HEsAT <22 1
g A21 #Hx> a8 84298 s 47)] Hau R o)A ST o5 =1
FEE ARl Z JERQIT <19 327 ® 328 FE>.
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Table 3.2.8. Selection of the isolates for sulfur oxidation

Strain Number  Growth (ODeyo) Final pH S04 <ppm>
Y7-7 0.73 8.18 830.6
Y7-9 0.79 8.62 292.8
Y8-7 0.75 7.81 911.2
Y8-8 1.86 8.38 451.3
Y8-9 2.08 8.52 451.3
Y9-8 1.69 8.44 840.0
Y9-10 0.11 8.13 833.7
Y9-11 0.06 7.65 774.2
Y9-12 0.22 7.94 9375
Y9-15 4.45 8.68 821.8
S1-1 0.99 8.06 764.0
S1-3 0.80 7.92 937.0
S4-2.3 0.94 8.85 1066.0
S5-1 1.26 8.76 866.6
S5-3 0.53 8.36 857.2
S5-5.1 1.68 8.32 800.7
S5-5.2 0.83 5.19 1809.8
S6-3 1.10 8.62 88.9
S8-11 1.69 8.71 772.6
J1-2 1.11 8.56 988.0
J1-5 0.33 777 814.0
J1-9 0.18 7.53 1042.1
J2-2 0.48 8.78 941.6
J2-4 0.86 8.38 1071.6
J2-5.1 0.03 7.49 890.0
J2-6 1.13 9.04 1031.0
J3-2 0.92 8.47 1110.3
K2-2.2 0.34 8.47 652.4
K2-2.3 0.37 8.62 162.2
K2-3.2 0.57 8.90 893.6
K4-4 0.35 7.90 926.9
K6-1 0.31 8.66 877.0
K6-2 0.20 7.27 939.1
K6-3 0.27 8.94 114.3
M1-2.3 0.64 8.76 757.3
M2-2 0.84 8.59 375.1
M2-3 0.85 6.25 1378.6
M7-15 156 9.01 890.9

Sulfur oxidation presented as the conversion rate of sulfate from thiosulfate.
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Fig. 3.2.4. Sulfur oxidation by the selected strains, S5-5.2, J2-6, S1-3 and
S4-2.3.
Note refer to the table 1.
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Fig. 3.2.5. Hydrogen sulfide oxidizing activities by the selected strains, S5-5.2,
J2-6, S1-3 and S4-2.3.
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> Al1-1 : Unknown (No match)

> A2-5.1: Hydrogenophaga pseudoflava

> A3 : Rhodococcus equi

> A4-2 : Unknown (Rhodococcus equi®t®] *FE7do] 9o} =3 o)
> K4-3.2: Deinococcus erythromyxa

> M7-1 : Arthrobacter ramosus

<E 3210>°] AYstdow, 1 GC ARZvEILH
< FEo HFEsIAT <F 5 27 A22, 23, 24 FHE>
2 735 T8 AHAo 2 Ciro cyclo (23.58%), Ciso (16.90%)
a8 al, Cigr wic, Cigo cyclo w8 5°] il iso I-Cie1, iso 20H-Cis1%s T3
branched chain® A< &3t Aoy, MIDI data®] AFEoA] A WA <]
FERE MAE TS 2A Eedern® 16S rDNA A gl o AEsy &
FHS AEsA HJY T 5 S5-5.29 E coli®] 16S rDNAS AAsle =&
ghelskar, AAE 165 rDNA®] f714<E (1,500 bp)& A ettt <%-% 18 A25
226 #FHx> I 4714 <¥€S EMBL/GenBank®] database¢} vluste] 323
o7 AFTEFI AP, S5-52 TFE=  AlcaligenesZol £3t=  shue F
(species)Z FA AT <28 3.26>. AlcaligenesZoll E8t¥ = Al5e2 150
&3k, SuUe] v 5gT7 5% FAAAE UERH AT

> M2-3 : Unknown (Pseudomonas doudoroffii$}e] “352do] o} =3 s
> J2-6 : Unknown (No match)

> S1-3 : Nocardia otitidiscaviarum

> S4-2.3: Ochrabactum anthropi

> S5-5.2: Alcaligenes sp. (No match with MIDI data)
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Table 3.2.9. Fatty acid profiles of the selected strains, NHs oxidizing organisms,
which obtained by MIDI system

Strain No. Fatty Acid Profile Identified as

<NH3z> 10:0 0.37/ 12:0 0.17/ 14:0 4.33/ unl14.959 357/ 16:1w7c
&15 is020H 1.40/ 15:0 iso20H&16:1 wic 2258/ 160  Rhodococcus

Ad-p  3L67/ 160 10methyl 382/ 181 w9 080/ 181 wic .
0.76/ 18:0 1.75/ thsalOMel&0 18.01/ unl8.84&19:1 equt
wbe 1.38/ 19:0 6.40/ 20:4 w6,9,12,15¢ 3.00/ 16:1 wic& (0.093)

15 is020H 23.99/ un18.84&19:1wéc 1.38

10:0 0.41/ 12:0 0.23/ 13:0 iso 0.28/ 14:0 iso 1.01/ 14:1

wbe 048/ 14:0 2,57/ 13:0 20H 0.11/ 151 isol&13:0

30H 056/ 1510 iso 17.91/ 150 anteiso 57.70/ 151 Deinococcus
K4-3.2 wb6e 0.67/ 16:1 isoH 0.34/ 16:0 iso 0.67/ 16:1 w7c&15 throm

4 {s020H 7.66/ 16:0 3.32/ isol7:1 w9c 0.78/ anteisol7:1 ~ €TYUTomyxa

w9c 1.12/ 17:0 iso 0.83/ 17:0 anteiso 1.41/ 17:0 0.27/ (0.711)

18:0 0.55/ unl8.81 0.50/ 18:1 20H 0.62/ 15:1 isoH&

13:0 30H 0.56/ 16:1 w7c&15 iso20H 7.66

10:0 032/ 13:0iso 0.16/ 130 anteiso 015/ 14:0 iso “Arthrobacter
M7-1 208/ 141 wSe 013/ 140 035/ 151 anteisoA 058/ protophormiae/

15:0 iso 861/ 15:0 anteiso 76.00/ 16:0 iso 5.15/ 16:0 FaMosus

0.79/ 17:0 iso 0.44/ 17:0 anteiso 5.25 (0.725)

10:0 0.06/ 10:0 30H 2.46/ unll.799 0.05/ 12.0 3.28/
14:1 wbe 0.15/ 14:0 3.22/ 1511 w6e 0.14/ 15:0 0.21/ Hydrogenophaga
A2-51 161 w7c&lI5 iso20H 4841/ 161 wie 011/ 160 seudoflavas
: 20.88/ 17:0 0.11/ 181w7c 20.62/ 180 0.12/ 1lmethyl P
181w7c 0.07/ unl8846&19:1wbc 0.10/ 16:1w7c&15 (0.805)
is020H 48.41/ un18.846& 19:1wéc 0.10

10:0 067/ 12:0 0.16/ 14:0 55/ 151 w8c 019/ 151

A3 wbc 0.29/ unknown 14959 052/ 150 163/ 161 w9c {thodococcus
0.44/ Sum in feature 3 2253/ 16:0 30.74/ 17:1 w8c equi
140/ 17:0 1.75/ 181 w9c 17.66/ 180 1,89/ thsa 10Me (0.424)
18:0 11.18/ Sum in feature 6 1.02/ 20:2 w6,9¢c 2.25 '

10:0 iso 0.12/ 10:0 0.60/ 10:0 20H 0.21/ 10:0 30H
16.08/ 12:0 858/ 11:0 iso 30H 0.10/ 11:0 30H
0.16/unknown 12484 052/ 13:1 at 12-13 053/ 12:0

AAl-1 20H 35.24/ 12:1 30H 0.15/ 12:0 30H 12.42/ 14:0
0.63/ 15:0 0.26/ Sum in feature 3 592/ 16:0 6.41/
Sum in feature 4 0.79/ 17:0 cyclo 3.31/ Sum in
feature 5 0.65/ 181 w7c 527/ 181 wbe 1.13/ 19:0
cyclo w8c 0.92

No match

* Previously known as Pseudomonas pseudoflava

- 108 -



Table 3.2.10. Fatty acid profiles of the selected strains, H>S-oxidizing organisms,
which obtained by MIDI system

Strain No. Fatty Acid Profile Identified as

10:0 0.18/ 9:0 30H 0.03/ 11:0 iso 0.04/ 11:0 0.30/ 10:0
<H,S> 30H 3.10/ unll.799 3.75/ 12:0 5.42/ 11:0 iso30H 0.34/
ey La 11:0 30H 0.32/ unl2.484 0.07/ 13:0 iso 0.40/ 13:0
0.37/ 12:0 20H 0.04/ 12:1 30H 0.02/ 12:0 30H 2.72/
14:1 wbe 0.29/ 14:0 2.27/ 13:0 30H&15:1 iI&H 0.09/
15:0 iso 0.27/ 151 w&c 0.80/ 1511 wé6c 1.69/ 15:0
346/ 14:0 30H&16:1 isol 0.04/ 16:0 iso 0.06/ 16:1 Fseudomonas
M2-3 w7c&15 iso20H 27.19/ 15:0 iso20H&16:1 w7c 3.94/ doudoraoffii
16:1 wbc 0.21/ 16:0 11.13/ isol7:1 w9c 0.07/ 17:0 iso (0.070)
0.74/ 17:1 w8c 228/ 17:1 wé6ec 1.10/ 17:0 0.93/ 16:0 ’
30H 0.02/ 181 w7c 24.74/ 180 0.32/ 1lmethyll8:1
w7c 0.27/ 17:0 iso30H 0.06/ unl8.814 0.24/ unl8.846
&19:1 wbe 056/ 19:0 10methyl 0.12/ 15:1 isoH&13:0
30H 0.09/ 12:0 ALDE 0.04/ 161 w7c&15 iso20H
31.13/ unl8.846&19:1 wbc 0.56

10:0 iso 0.39/ 10:0 0.31/ 11:0 iso 11.46/ 11:0 anteiso
0.76/ 12:0 iso 0.19/ 11:0 iso30H 7.32/ 11:0 20H 0.37/
13:0 iso 0.37/ 12:0 iso30H 0.36/ 14:0 iso 2.15/ 14:1
wbe 0.09/ 14:0 0.75/ unld.263 0.22/ 15:1 isoF 3.63/

12-6 13:0 30H&15:1 il&H 0.26/ 150 iso 38.60/ 15:0
anteiso 2.80/ 15:0 0.21/ 16:1 w7c/ 16:1 isoH 1.54/
16:0 N alcohol 0.09/ 16:0 iso 7.61/ 16:1 w7c&15
is020H/ 16:0 1.46/ isol7:1 w9c 14.38/ 17:0 iso 1.90/
17:0 anteiso 0.12/ 1511 isoH&13:0 30H 0.26/ 16:1
w7c&15 is020H 1.72

No match

10:0 0.79/ 14:1 wbe 0.32/ 14:0 3.10/ 15:1 w8c 0.59/ Nocardia
S1-3 15:1 whe 050/ 15:0 1.71/ 16:1 w9c 0.35/ 15:0 is020H otitidiscaviarum

&16:1 w7c 2775/ 16:0 4052/ 17:0 0.77/ 181 w9c

4.11/ 18:0 0.86/ thsalOMel8:0 18.63 (0.323)

10:0 1.43/ 11:0 20H 0.40/ 14:1 wbc 0.61/ 14:0 0.55/
13:0 30H&15:1 iI&H 0.89/ 15:0 0.85/ 1611 w7c&15  Ochrabactum
S4-2.3 iso20H 233/ 16:0 1547/ 17:0 cyclo 1.77/ 17:0 2.52/ anthropi
) 18:1 w7c 3518/ 180 3.55/ 19:0 cyclow8c 32.30/ 18:1 P
20H 2.14/ 151 isoH&13:0 30H 0.89/ 16:1 w7c&15 (0.300)
iso20H 2.33

unknown 1.77/ 12:0 23.64/ 12:0 20H 2.73/ 14:0 0.67/
Sum in feature 16.23 (14:0 30H/16:1 iso)/ Sum in
S5-5.2  feature 7.69 (16:1 w7c/ 15 iso 20H)/ 16:0 16.90/ 17:0 No match
cyclo 23.58/ 16:0 20H 3.03/ 181 w7c 1.48/ 19:0 cyclo
w8c 2.27

- 109 -



100

——— Bardatelly auium AT O

Bordetelln bronchitepdion 5-1
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Fig. 3.2.6. Phylogenetic tree based on 16S rDNA partial sequence showing the

position of S5-52 and the type strains of related bacteria taxa. Scale bar

represents 0.005 substitution per nucleotide position.
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Fig. 3.2.7. Colony morphologies of the selected bacterial strains which grown in
various agar plates. <A> Ammonia-oxidizing strains, and <B> Hydrogen
sulfide-oxidizing strains : P, nutrient agar; C, casein—cholesterol agar; G,
glucose—-cholesterol agar; N, Nitrosomonas medium;, and T, Thiobacillus
medium.
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Fig. 3.2.8. Colony morphologies of the selected bacterial strains which grown in
various agar plates. <A> and <B> Ammonia-oxidizing strains, and <B>
Hydrogen sulfide-oxidizing strains : TSA, trypticase soy agar; NA, nutrient

agar.
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g @A NN mgHoE Aol Hm, olr| M 7 el WA 2 )
= g

Az TrzodAM AAuFHE A Esto] o Ful

7 R} Aot

AA AT T ISR E ALsta E3] AREsE f714 WA =
nutrient broth® WZETE 3}i yeast extract, soytone, peptone, trypticase
peptone, brain heart infusions 7| @ = &to] AT AHS vl on 1
ARE <E 3211>¢ Yepfivh HellA Bi= nhep o] bRt AR Fol
A NBE tHAE vhek {714 WA & 2] %35k o™ soytone 5o HhFo = F
< A3E YAtk

At E dujds o U7]E (wheatbran) BIAE ARS-3sle] A u) ¢
(solid cultivation)S 3FAY, H= HAMAZ Fg oA 34 (batch) 2 ®F

A2 (semicontinuous) HIFHWHS A E3te] Ao A5 dAFFE&S H
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equi A3°] 74§ 12A13tvit HE X E&E&F 9/10%e wgdds 35 T 5 9l
ATk <29 32.11>

ol et ol g Abstato] didto: {714 wiAlE AES A, <E 32
11.>e4 B vpep o] AN A3E Aotk =g wjdgged doiAe da
ZE2 AFR3E wradsa wjkyol 7bE &8 3ol Alcaligenes sp. S5-5.29 7
S m) 18A1ZtRkTE L E R &8 F0] 9/10%e wUdAS ¢ T S AT <2
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g 32.11.>.
NB + NazSo0sal A o] A x| o Al &gk S5-529] A 19 FolE FH 3}

30C, 150 rpmol A e st dAHAZL 71402 610 mollA F3E (5
)& S48 dAe FAEEE st <a¥ 3210>0 YERH AAF 6
AL o] R 48X A Tt FUbekl o, 48AIZE o] S H-E = ¢hnbelAl 7

LAtk AN AR A RE FHoto] wigod Fo sulfate FEE ICE
=A% Az, <2y 3210>004 B wkel o] mjg 72X 3te] o2 F¢
sulfate ¥=% @ASA F7Este] w7zl 1 FES FASA o wlg 120
AZE o] $RE At AFES UERATE e mjg el pH WstE B %27
o] pH 7=2%E wig 12A37HA= pH 99 FFom Asatdda, 7189 A

(thiosulfate—sulfate)oll wel viF 18A7FFEH = Aty o] 7€ F pH 4672 YEH

=

Table 3.2.11. Growth of the selected bacterial strains on various organic media

o . di R. equi A3 Alcaligenes sp.S5-5.2
rganic media
& 12 h 48 h 12 h 48 h
[0)
Nutrient broth 0.4% 04 12 0.3 11
0.8% 04 14 05 18
05% <01 0.6 <01 0.6
Yeast extract
10% <01 1.0 <01 0.8
Pt 10% <01 0.3 <01 0.2
eptone 20% <01 0.3 <01 0.3
ot 1.0% 0.2 09 0.2 0.9
oytone
v 2.0% 0.2 13 0.3 0.9
. o 15% 0.2 11 0.2 0.7
FYPHEASE SOVBIOHL 43 hog 0.2 11 0.2 0.9
19% <01 0.8 <01 0.3
Brain heart infusion
38% <01 11 <01 0.3

The strains were grown on the media (the basal salt 0.2% K:HPO4 + Difco
organic media with the concentrations indicated, pH 6.8) at 37C by shaking,
and then their turbidities were measured by Agp with time intervals.
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W AT

Alcaligenes sp. S5-5.2 HoS oxidase®] SEAA 2 EA : NB + NaxS:03H] %]
oo wjgd 16 LERE o9& 80 mlL (1,178 mg protein)d FEE& 2%
protamine sulfate® A g]3}o] MiFS A AL (NHy)SO.2 F1¥ Hsto] 35~
70% ¥ 3}%= (644 mg protein/14 mL)olA 7F4 =& &49 (16,81
protein)& Q1A TE ol& FAste] 29 g F A oAy o]xuFAwntE
aHuE Agste] ZaE FEAR AASy 1 5A4S FHssth <#

3.2.12.>

=)
=
5
E-
192
=
UQ\

Table 3.2.12. Characteristics of the partially purified HoS oxidase from Alcaligenes
sp. S5-5.2

Properties Remarks
Optimum pH pH 6.5

pH stability pH 40 ~ 7.0

Optimum temperature 40°C
. > 0~40TC;
Thermostability > lost 40% of activity above 40T
> 3mM EDTA;
Inhibition > not affected by 1 mM<] Mg, Ca®,

Ba®™, AI*’, Mn*and 10 pM 2] FAD
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Fig. 3.29. Growth curves of the selected strains on nutrient broth media.
<Upper> Ammonia oxidizing strains, and <Lower> Sulfur oxidizing strains.
The cultures were grown on 50 mL of NB in 250-mL shake flasks.

- 116 -



8 -
6 -
s
o
4 -
2 -
0 1 1 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140 160 180
3000 112
2500 1 1.0
—_
=
g,
NS
g 2000 108
9 =
< =i
J‘é‘ =)
- - —
8 1500 0.6 53
g o
@)
1 1000 104
N
+
o 7. _
2 —4— S04~ Concentration
500 102
—o— OD610nm
O 1 1 1 1 1 1 1 1 00
0 20 40 60 80 100 120 140 160 180

Incubation time (h)

Fig. 3.2.10. Growth of the strain S5-5.2 in the medium <NB + Na:S:03>. The
line with circles indicates the sulfate concentration in the culture broth. The

conditions for cultivation refer to the text.
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Fig. 3.2.11. Semicontinuous cultivation of the strains, Rhodococcus equi A3 and
Alcaligenes sp. S5-5.2 on the modified nutrient broth, employing a fermentor

KF-5L.
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5. AT nloledE AFA

o AAARR 45 FEA

o

ntol @ AE Alzgle] 3t HAEAAE AEst7] fste], dabelA A
ool tate] T ZFEE EFYF (mixed culture)S HAlste] F5 3&
4 53] A3 ofFE #EoH, ofge nde nAdEo] EAstE v 5ol
gou Aol d%e PESAT 1 ARE <E 3213>9 aokste] eyl

o AMREFE BT N5 BYoy e JBe WA @gon Avel

X

Table 3.2.13. Compartibility among and between the selected bacterial strains

and the sludge sediments from municipal waste treatment process

Incompartibility among/between

Microor ism tested .
¢ gan the strains

[> NHs-reducing organism

AA1-1 (Unknown/ no match)

A2-5.1 (Hydrogenophaga
pseudoflava)

A3 (Rhodococcus equi)
A4-2
K4-3.2 (Deinococcus erythromyxa)
M7-1

(Rhodococcus equii)

(Arthrobacter ramosus)

Sulfur—oxidizing organism

M2-3 (Pseudomonas doudoroffii)
J2-6  (Unknown/ no match)
S1-3  (Nocardia otitidiscaviarum)
S4-2.3 (Ochrabactum anthropi)
S5-5.2 (Alcaligenes sp.)

K4-32 < A2-51
M2-3 < A2-52 and J2-6

[> Remarks : Growth of the tested
organism was not affected by
the sludge sediments from
municipal waste treatment

process.
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Fz>)el o@ oHALTEe] AL dolns] gstel, Aol HHTEFo A

e

As AHFskar A2oM 7227 =A71tE

1=]
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120 ppm % H»S: 30 ppm)E 12570 AFHF= %TJM]?IHW FHAAAE AALE,

!

A9 A4 vAE TdF R FFEe WEE A 7k o 25 3
ZAow wo]QdH FiES HFse] FAoW IS FHAA Fuol fis)
o] 125%=A fl=HE AMA 8] Folde] T&3] AMA=S s

AR Td B HLEHE ¢ o7]A A& lab-scale Hfo 2R

|
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S 1,260 anf (70%), HEFolE 540 e (30%) H3tara=o] Ayt H
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cfu mL ' wiFdl 1:1 EFE)S 47 106 2 55 mLAE HEdH F
ol 60~65%7F M=% 3 Uty o5 Ayl Tt 724t £AAZ
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Fig. 3.2.12. Changes in number of bacterial cells during operation of the lab-
scale biofilter. Packing materials of columns of the biofilter were chaff of pine
and perlite (70% : 30%). Two sets of columns were inoculated by the culture
broth of the strains, A3 and S5-5.2, and the other two were not inoculated but
added by same amount of sterile water. After one week of acclimation period,
NH; and H2S gases were supplied at the concentrations of 120 ppm, and 20
ppmy. The bacterial titres were presented as mean values from triplicate

determination.
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Fig 3.2.13. Morphologies of the selected materials and the bacterial cells settled
on the surface of the materials observed by SEM. Magnification: 250x<Left>;
2,500x<Right>. The arrows indicate the bacterial cells inoculated to the
materials.
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Fig. 3.2.14. Adsorption characteristics of the column materials tested by the
lab—scale biofiltration system <Model A>. Inlet concentration of NH3; and H>S
were 180 and 20 ppm.
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Fig. 3.2.15. Pressure drops and changes in air velocity of the column materials
tested by the lab—scale biofiltration system <Model A>.
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Table 3.2.14. Operation of the biofiltration system <Model A> packed with the

single materials

NH; (180 ppm) H2S (20 ppm)

Materials Quantity of poy o QUantity of peq iy
reduction reduction

¢/ time (min) (¢ /o) time (min) (kef/cm) (%) (%)

Pressure Air  Relative
drop  velocity humidity

Rice

0.054 22 0.016 10 0.046  0.033 53.1
hulls
Straw  0.010 6 0.004 4 0.017  0.067 416
coconut ) 15g 61 0.010 8 0.068  0.029 535
peat
Perlite  0.014 7 0.020 13 0.068  0.035 44.3
H]gfgl’ad 0.004 3 0.003 9 0010 0076 453
Bark of 119 45 0.015 9 0.068  0.031 53.6
pine

o EFFAAY A FHAF

Lab-scale Hlo] @ HE Al2d<md A>E o] f&3le] AR = AFUIE
o} HalolE 9 HI&(%)o] 247t 50:50, 30:70, 70: 3002 AuFFy 9l HejolE
of mlgo] 50:50, 30:70, 70:30%0 EFFTHA FHEFH Hee AP on
O AFE <E 3215> 2 <29 3216>°] YEFATH

g A% BAFAA mIAAES] Aed vl dedon, Fa5n v
8 745 Beboleo Hlgol ¥obdel mer FAAYBol gwd s AL

4
70%2} HelolE 30% ]
FEZHAAN<I-6>7F 2 EFA = tﬂékﬂ SFstden, FaEe 0123 ¢/,
0.111 2 /cwol Atk F3pa 729 A EFZHAA<I-4>9 <I-5>4 & &
FAZRY v Eekot 0014~0.020 ¢/aie] W E AEo] wjg- e Aow
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Fig. 3.2.16 Adsorption characteristics of the mixture packing materials tested
by the lab—scale biofiltration system <Model A>. Inlet concentration of NHs
and HoS were 200 and 20 ppm, respectively.
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Table 3.2.15. Operation of the biofiltration system <Model A> packed with

mixed materials

Ammonia Hydrogen sulfide
. (NH3:200ppm) (H2S:20ppm) Pressure Air Relative
Mixture . .
materials  Quantity of Reduction Quantity of Reduction =~ drop - velocity humidity
reduction time reduction time (kgf/cn) (%) (%)
(£ /cm) (min) (£ /cm) (min)
Material<1-1>  0.079 32 0.016 10 0.042  0.040 53.0
Material<1-2>  0.045 19 0.014 10 0.045  0.033 53.1
Material<1-3>  0.123 49 0.017 8 0.068  0.029 535
Material<1-4>  0.055 24 0.016 11 0.046  0.033 53.0
Material<l-5>  0.031 15 0.015 11 0.043  0.034 53.2
Material<l-6>  0.111 42 0.020 9 0.063  0.026 53.5
Jepskeh
2V ES Helole, AR5y e Heloleo] EFFAA 659 oHAF
2k AsAEFT AR gy F5E S AfRe<ad 32107004 HeE

2

=
st 2k EFAA) A4S I ESG SRS vgo] EoldsE ¢
= Z

. AN ALBEF AREA

1E <G-v> =
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Fig. 3.2.18. Deodorization characteristics of mixture materials inoculated by the
selected bacterial strains, when tested by the lab—scale biofiltration system
<Model A>. Inlet concentration of gas: NHs 200 ppm; and H.S, 20 ppm.
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Fig. 3.2.19. Pressure drops and changes in air velocity of mixture materials
inoculated by the selected bacterial strains, when tested by the lab-scale
biofiltration system <Model A>.
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Fig. 3.2.21. Pressure drops and changes in air velocity of mixture materials
tested by the lab-scale biofiltration system <Model A>. The mixture materials
consisted of chaffs of pine (C) and perlites (P) with different particle sizes.
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Fig 3.2.23. Removal rates of malodor gases by mixture materials inoculated by
the selected bacterial strains, when tested by the lab-scale biofiltration system

<Model A>. The mixture materials<3-1> consisted of chaffs of pine and
perlites.
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Table 3.2.16. Air velocities of inlet and outlet according to the frequency of ID
FAN in the pilot-scale biofiltration system <Model B>

Frequency of Air velocity of Air velocity of
ID FAN (Hz) inlet (%) outlet (%)
20 4.7 4.9
30 5.3 5.7
40 6.3 6.7
50 8.9 9.4
60 10.0 10.8

The tests were carried out in no-pressure drop situation.
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Fig. 3.2.24. Overall appearance of the pilot-scale biofiltration system
B>, which provided by KavoTech Co. Ltd. for these experiments.
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Fig. 3.2.25. Changes in air velocities and moisture contents of the column
materials during operation of the pilot-scale biofiltration system <Model B>.
The column material<3-1> was the mixture of composted chaffs of pine and
perlites which inoculated by the selected bacterial strains.

- 141 -



100

90

80

70

60

Removal rate of odor (%)

50

Fig. 3.2.26. Changes in removal rates of malodor gases by the column
materials during operation of the pilot-scale biofiltration system <Model B>.
Notes refer to the previous figure.
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Fig. 3.2.27. Changes in total bacterial counts of the column materials during
operation of the pilot-scale biofiltration system <Model B>. Notes refer to the
previous figure.
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Fig. 3.2.28. Changes in inlet concentrations of NHs; and H:S gases during
operation of the spot-experimental biofiltration system <Model C> for the
minimized pigsty. The column material was the mixture of composted chaffs of

pine and perlites which inoculated by the selected bacterial strains.
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Fig. 3.2.29. Changes in outlet concentrations of ammonia and hydrogen sulfide
gas during operation of the spot-experimental biofiltration system <Model C>

for the minimized pigsty. Notes refer to the previous figure.
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Fig. 3.2.30. Changes in removal rates of ammonia and hydrogen sulfide gases
during operation of the spot-experimental biofiltration system <Model C> for

the minimized pigsty. Notes refer to the previous figure.
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Fig. 3.2.31. Changes in weights of the column material during operation of the
spot—-experimental biofiltration system <Model C> for the minimized pigsty.
Notes refer to the previous figure.
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Fig. 3.2.32. Changes in moisture contents of the column materials during
operation of the spot-experimental biofiltration system <Model C> for the
minimized pigsty. Notes refer to the previous figure.
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Fig. 3.2.33. Changes in total bacterial counts of the column materials during
operation of the spot-experimental biofiltration system <Model C> for the
minimized pigsty. Notes refer to the previous figure.
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Fig. 3.2.34. Changes in inlet concentrations of NHs; and H»S gases during
operation of the spot-experimental biofiltration system <Model C> for the
pigsty. The column material<3-1> was the mixture of composted chaffs of
pine and perlites which inoculated by the selected bacterial strains.
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Fig. 3.2.35. Changes in outlet concentrations of ammonia and hydrogen sulfide
gases during operation of the spot-experimental biofiltration system <Model
C> for the pigsty. Notes refer to the previous figure.
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Fig. 3.2.36. Changes in removal rates of NHs and H:S gases during operation
of the spot-experimental biofiltration system <Model C> for the pigsty. Notes
refer to the previous figure.
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Fig. 3.2.37. Changes in weight of the column materials during operation of the
spot—experimental biofiltration system <Model C> for the pigsty. Notes refer
to the previous figure.
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Fig. 3.2.38. Changes in moisture contents of the column materials during

operation of the spot-experimental biofiltration system <Model C> for the
pigsty. Notes refer to the previous figure.
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Fig. 3.2.39. Changes in total bacterial counts of the column materials during
operation of the spot-experimental biofiltration system <Model C> for the
pigsty. Notes refer to the previous figure.
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Table 3.2.17. Concentration of nitrogen— or sulfur—containing substances in
inlet and outlet of the biofiltration system <Model C> operating for the pigsty

Biofilter NHs" R:NH3 H,S CoHsSH CHaSH
—————————————————— ppm ———---——————————————-
Inlet 1.0 - 4.2 - 2.3
Outlet 0.0 - 0.1 - 0.0

The column material<3-1> was the mixture of composted chaffs of pine and
perlites which inoculated by the selected bacterial strains.

"Ammonia gas was determined by Gastec detection tubes, the others by
GC/FPD system.

Table 3.2.18. Concentration of volatile fatty acids in inlet and outlet of the
biofiltration system <Model C> operating for the pigsty

Biofilter Acetic Propionic  /~Butyric Butyric ~Valeric Valeric

Inlet 0.1 0.02 - 0.1 0.01 0.001

Outlet 0.0 0.0 - 0.0 0.0 0.0

The column material<3-1> was the mixture of composted chaffs of pine and
perlites which inoculated by the selected bacterial strains.
VFA'’s were determined by GC/FID system.
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Fig. 3.2.40. GC chromatogram of hydrogen sulfide from the inlet <A> and
outlet <B> gas from the biofiltration system<Model C> which operated for
pigsty.
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Fig. 3.2.41. GC chromatogram of VFA from the inlet <A> and outlet <B> gas
from the biofiltration system<Model C> which operated for pigsty.
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Table 3.2.19. Ventilation capacity required for sow and litter

T San EPY — 2 o i
RELE ¢ AE m/min 0.65 2.26 5.94
BEWQF + AE w/s 0.43 151 3.96
BEWQF + AE m/min 26.0 90.4 2376
RELF + AE m/h 1,560 5,424 14256
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Fig. 3.2.41. Schematic diagram of an open air biofiltration system which
designed for practical application to the pigsty. Scale of the system determined
as a basis of the pigsty with area of 330 m’ which could hold approximately
40 heads of sows and their litters.
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Table 3.2.20. Monthly expenses for operation of a biofiltration system for the

pigsty with area of 330 m’

g 5 H & FEZA v 31
(7,300,000¢1 - 0%)/
S| i \S743 ] ’ ’
Al A 8] /271 7] 60,800 104 x1271 2
A 5H)/ &g A 211,200 2,534,400/ 12714
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A7 = 254,400 % 1ol x30e) AL (
2,400,000~ 3,600,000¢ +
2 J == ol ) ’ ’ , ) o
nAE HEe 250,000¢1 127419
v 2 o - SAMEE el 23
B2 Al 776,400
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Table 4.1.1. Objectives of the study and their achievements
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cattle feces which extracted by the steam distillation <A> and SPME <B>
method.
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Fig. Al4. GC/MS chromatogram of volatile components from the sow feces
which extracted by the steam distillation <A> and SPME <B> method.
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Fig. Al5. GC/MS chromatogram of volatile components from the piglet feces
which extracted by the steam distillation <A> and SPME <B> method.
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Fig. A16. GC/MS Chromatogram of volatile components from the layer feces

by steam distillation<A> and SPME<B> method.
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Fig. Al.7. GC/MS Chromatogram of volatile components from the pullet feces
by steam distillation<A> and SPME<b> method.
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Fig. A18. GC chromatogram of VFA from the fresh <F> and rotten <R>

feces of the milking cow.
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Fig. A19. GC chromatogram of VFA from the fresh <F> and rotten <R>

feces of the heifer.
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Fig. A1.10. GC chromatogram of VFA from the fresh <F> and rotten <R>

feces of the sow
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Fig. Al.1l. GC chromatogram of VFA from the fresh <F> and rotten <R>

feces of the piglet.
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Fig. A1.12. GC chromatogram of VFA from the fresh <F> and rotten <R>

feces of the layer.
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Fig. A1.13. GC chromatogram of VFA from the fresh <F> and rotten <R>
feces of the milking pullet.
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Fig. Al1.13. GC chromatogram of VFA of fresh <F> and rotten <R> feces
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feces of layer <A> and sow <B>.
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Fig. Al.15. GC chromatogram of hydrogen sulfide from the fresh feces from

SOW.
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Fig. A2.1. Tests of ammonia oxidation by Nessler’'s, Trommsdorf’s and
diphenyl- amine reagents
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Fig. A23. GC chromatograms for fatty acid profiles of the selected
H>S-oxidizing strains, M2-3, J2-6, S1-3, and S4-2.3.

- 194 -



.
AAT-1
. -,-_.—.-Jl
L
il Wi S
S5-5.2
Fig. A24. GC chromatograms

- swE

i

[

[

for fatty acid profiles

of the

selected

H>S-oxidizing strain, S5-5.2, and NHs-oxidizing strains, AAl-1 and AS3. .

- 195 -



Lane 1 2

1500 bp —

Fig. A25. Agarose gel electrophoresis of the purified 16S rDNA from the
strain, Alcaligenes sp. S5-5.2.

Lane 1: the marker (ATGene PCR marker)

Lane 2! the purified 16S rDNA from the strain S5-5.2
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TCTTCCGGCAGCGCGGAACTTCGGTTCTGGCGGCGAGTGGCGAACGGG
TGAGTAATGTATCGGAACGTGCCCAGTAGCGGGGGATAACTACGCGA
AAGCGTGGCTAATACCGCATACGCCCTACGGGGGAAAGGGGGGGATCG
CAAGACCTCTCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGT
GGGGTAAAGGCCTACCAAGGCAACGATCCGTAGCTGGTTTGAGAGGAC
GACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATTTTGGACAATGGGGGCAACCCTGATCCAGCCATCC
CGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGGA
AGAAAAGCCACTGGATAATACCTGGTGGCGCTGACGGTACCTGCAGAA
TAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTG
CAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTCG
GAAAGAAGGTGTGAATCCCAGGGCTTAACCTTGGAACTGCACTTTTA
CTACCGGGCTAGAGTAT

Fig. A2.6. Partial sequence of the 16S rDNA from the strain, Alcaligenes sp.
S5-5.2.
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Table A3.1. Programs for control of the pilot-scale biofilter <Model C>

/#%*SYAB Main Program##/

#include <windows.h>
#include <formatio.h>
#include <ansi_c.h>
#include <cvirte.h>
#include <userint.h>
#include "SYABB.h"
#include "Dask.h”
#include <utility.h>

static int pnl;

int savemode;

int dodata;

int cardID;

float ys1[1], ys2[1];
float Datal[1];
float VC;

int AM, OU;

void filesave(void);

int __stdcall WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance,
LPSTR IpszCmdLine, int nCmdShow)
{
if (InitCVIRTE (hInstance, 0, 0) == 0)
return -1; /* out of memory */
if ((pnl = LoadPanel (0, "SYABB.uir”, PNL)) < 0)
return -1;
cardID = Register_Card(PCI_9112, 0);
DO_WritePort(cardID, 0, 0);
dodata=0;
ys1[0]=0.; ys2[0]=90.;

DisplayPanel (pnl);
RunUserlnterface ();
DiscardPanel (pnl);
return 0;

}

int CVICALLBACK pnlc (int panel, int event, void *callbackData,
int eventDatal, int eventData2)
{

switch (event)

{
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case EVENT_GOT_FOCUS:

break;
case EVENT_LOST_FOCUS:

break;

case EVENT_CLOSE:
Release_Card(cardID);
QuitUserInterface (0);
break;

}

return 0;

}

int CVICALLBACK cmdSFc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
char pathname[MAX_PATHNAME_LEN];
int response;
switch (event)
{
case EVENT_COMMIT:
response = DirSelectPopup ("c:\\", "Select Directory”, 1, 1,
pathname);

if (response==1) {
if(StringLength (pathname) >4) sprintf (pathname,
"%s\\’, pathname);

SetCtrlVal(pnl, PNL_dtxt, pathname);

break;
}

return 0;

}

int CVICALLBACK bswSVc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{

int dust;

switch (event)
{
case EVENT_COMMIT:
GetCtrlVal(pnl, PNL_bswSV, &dust);
if (dust==1) {
DO_WriteLine(cardID, 0, 0, 1);
}

else {
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DO_WriteLine(cardID, 0, 0, 0);

break;
}

return 0;

}

int CVICALLBACK nslIBc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
float las;
F64 lasv;
switch (event)
{
case EVENT_COMMIT:
GetCtrlVal(pnl, PNL_nsIB, &las);
lasv=5./60.*las;
AO_VWriteChannel(cardID, 0, lasv);
break;
}
return 0;
}

int CVICALLBACK thnBc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
int gmst;
switch (event)
{
case EVENT_COMMIT:
GetCtrlVal(pnl, PNL_tbnB, &gmst);
if (gmst==1) {
DO_WriteLine(cardID, 0, 1, 1);
}
else {
DO_WriteLine(cardID, 0, 1, 0);
}
break;
}
return 0;
}

int CVICALLBACK TIMERZ2c (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
F64 AdVoltage;
int err;
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switch (event)

{
case EVENT_TIMER_TICK:

err = Al_VReadChannel(cardID, 0, AD_U_10_V,
&AdVoltage);

//DataL[0]=(10.-0.)/(ys2[0]-ys1[0])*(AdVoltage-ys1[0])+10.;
DataL[0]=(ys2[0]-ys1[0])/(10.)x(AdVoltage)+ys1[0];

SetCtrlVal(pnl, PNL_nLoad, DataL[0]);

PlotStripChart (pnl, PNL_STR, Datal, 1, 0, 0,
VAL_FLOAT);

if (savemode==1) filesave();
break;
}
return 0;

}

int CVICALLBACK TIMERc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
float ST3;
F64 AdVoltage;
int err;

switch (event)
{
case EVENT_TIMER_TICK:
SetCtrlAttribute (pnl, PNL_TIMER2, ATTR_ENABLED,

0);
err = AI_VReadChannel(cardID, 0, AD_U_10_V,
&AdVoltage);
DataL[0]=(ys2[0]-ys1[0])/(10.)*(AdVoltage) +ys1[0];
SetCtrlVal(pnl, PNL_nLoad, DataL[0]);
if (AM==1) {
if (OU==1) {
if (VC<DataL[0]) {
DO_WriteLine(cardID, 0, 0, 1);
GetCtrlVal(pnl, PNL_nVD,
&ST3);

SetCtrlAttribute (pnl,
PNL_TIMER3, ATTR_INTERVAL, ST3);

SetCtrlAttribute (pnl,
PNL_TIMER3, ATTR_ENABLED, 1);
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}
else {
if (VC>DataL[0]) {
DO_WriteLine(cardID, 0, 0, 1);
GetCtrlVal(pnl, PNL_nVD,
&ST3);
SetCtrlAttribute (pnl,
PNL_TIMER3, ATTR_INTERVAL, ST3);
SetCtrlAttribute (pnl,
PNL_TIMER3, ATTR_ENABLED, 1);

SetCtrlAttribute (pnl, PNL_TIMER2, ATTR_ENABLED, 1);
break;
}

return 0;

}

int CVICALLBACK cmdStartc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
float ST;
switch (event)
{
case EVENT_COMMIT:
GetCtrlVal(pnl, PNL_nNI, &ST);
GetCtrlVal(pnl, PNL_nVC, &VC);
GetCtrlVal(pnl, PNL_bswAM, &AM);
GetCtrlVal(pnl, PNL_bswOU, &OU);
SetCtrlAttribute (pnl, PNL_TIMER,
ATTR_INTERVAL, ST);
SetCtrlAttribute (pnl, PNL_TIMER,
ATTR_ENABLED, 1);

break;
}

return 0;

}

int CVICALLBACK cmdStopc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
switch (event)

{

- 202 -



case EVENT_COMMIT:
SetCtrlAttribute (pnl, PNL_TIMER, ATTR_ENABLED, 0);
savemode=0;
break;
)
return 0;

}

int CVICALLBACK cmdQuitc (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
switch (event)
{
case EVENT_COMMIT:
DO_WritePort(cardID, 0, 0);
Release_Card(cardID);
QuitUserInterface (0);
break;
}
return 0;

}

void filesave(void)
{
int hours,minutes,seconds;
float fsdata[15];
char filename[60];
char pathname[MAX_PATHNAME_LEN];
char fileN[MAX_PATHNAME_LEN];
int i, savest;

GetSystemTime (&hours, &minutes, &seconds);

GetCtrlVal(pnl, PNL_dtxt, pathname);
GetCtrlVal(pnl, PNL_strSF, filename);
sprintf(fileN,”%s%s.csv” pathname, filename);

fsdata[O0]=hours;
fsdata[l]=minutes;

fsdata[2]=seconds;
fsdatal[3]=DataL[0];

=
1=

DisableBreakOnLibraryErrors ();
savest = ArrayToFile (fileN, fsdata, VAL_FLOAT, 4, 1,
VAL_GROUPS_TOGETHER,

VAL_GROUPS_AS_ROWS, VAL_SEP_BY_COMMA, 11, VAL_ASCII, VAL_APPEND);
EnableBreakOnLibraryErrors ();
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}

int CVICALLBACK TIMERS3 (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
switch (event)
{
case EVENT_TIMER_TICK:
DO_WriteLine(cardID, 0, 0, 0);
SetCtrlAttribute (pnl, PNL_TIMER3, ATTR_ENABLED, 0);
break;
}
return 0;
}

int CVICALLBACK cmdSavec (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
char filename[60];
char pathname[MAX_PATHNAME_LEN];
char fileN[IMAX_PATHNAME_LEN];
int fileHD;

switch (event)
{
case EVENT_COMMIT:
savemode=1;
GetCtrlVal(pnl, PNL_dtxt, pathname);
GetCtrlVal(pnl, PNL_strSF, filename);
sprintf(fileN,”%s%s.csv” ,pathname, filename);

fileHD = OpenFile (fileN, VAL_WRITE_ONLY,
VAL_TRUNCATE, VAL_ASCII);
WriteLine (fileHD, "hours,min.,sec,Load”, —1);

CloseFile(fileHD);
break;
}
return 0;

}
/#xSYABB.Hx#/
/* LabWindows/CVI User Interface Resource (UIR) Include File */
/* Copyright (c) National Instruments 2004. All Rights Reserved. */
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/%

*/

/* WARNING: Do not add to, delete from, or otherwise modify the contents */

Ve

of this include file.

*/

/**************************************************************************/

#include <userint.h>

#ifdef _ cplusplus
extern "C" {

#endif
/%

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

Panels and Controls: */

PNL

PNL_nLoad

PNL_nsIB

PNL_cmdS
PNL_bswSV
PNL_DECORATION_8
PNL_DECORATION_7
PNL_DECORATION_2
PNL_DECORATION_3
PNL_DECORATION_4
PNL_DECORATION_9
PNL_DECORATION_6
PNL_DECORATION_5
PNL_DECORATION_10
PNL_DECORATION_12
PNL_nNI
PNL_DECORATION_13
PNL_nVD

PNL_nVC

PNL_bswOU
PNL_bswAM
PNL_tbnB
PNL_cmdQuit
PNL_cmdSto
PNL_cmdSave
PNL_cmdStart
PNL_CANVAS
PNL_strSF
PNL_DECORATION_11
PNL_DECORATION_14
PNL_DECORATION_15
PNL_TEXTMSG_3
PNL_dtxt

PNL_STR
PNL_TIMER?2

—
= O O 0N g N WD

CO O W W WK DNDNDNINDNDNDNDND =
Ol WN R OO0k WNHFH OO0 Ok Wi
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*

/

/%
/%
/%

/%
/%
/%
/%
/%

callback function:

callback function:
callback function:
callback function:

callback function:
callback function:
callback function:
callback function:
callback function:

pnlc =/

nslBc */
cmdSFc #/
bswSVc #/

tbnBc */

cmdQuitc */
cmdStope */
cmdSavec */
cmdStartc */

/#* callback function: TIMERZc */



#define PNL_TIMER 36 /* callback function: TIMERc */
#define PNL_DECORATION 37
#define PNL_TIMER3 38  /* callback function: TIMER3 */

/* Menu Bars, Menus, and Menu Items: */

/* (no menu bars in the resource file) */

/

*

Callback Prototypes: */

int CVICALLBACK bswSVc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK cmdQuitc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK cmdSavec(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK cmdSFc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK cmdStartc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData?2);

int CVICALLBACK cmdStopc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK nslIBc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK pnlc(int panel, int event, void *callbackData, int eventDatal, int
eventData2);

int CVICALLBACK tbnBc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK TIMERZ2c(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK TIMER3(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

int CVICALLBACK TIMERc(int panel, int control, int event, void *callbackData, int
eventDatal, int eventData2);

#ifdef __ cplusplus

}
#endif

/xx Dask.h#*x/

#ifndef _DASK_H
#define _DASK_H

#ifdef _ cplusplus

extern "C" {
#endif
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//DASK Data Types

typedef unsigned char

typedef short

typedef unsigned short

typedef long

typedef unsigned long

typedef float
typedef double

//ADLink PCI Card Type

#define PCI_6208V
#define PCI_6208A
#define PCI_6308V
#define PCI_6308A
#define PCI_7200
#define PCI_7230
#define PCI_7233
#define PCI_7234
#define PCI_7248
#define PCI_7249
#define PCI_7250
#define PCI_7252
#define PCI_7296

#define PCI_7300A_RevA
#define PCI_7300A_RevB

#define PCI_7432
#define PCI_7433
#define PCI_7434
#define PCI_8554
#define PCI_9111DG
#define PCI_9111HR
#define PCI_9112
#define PCI_9113
#define PCI_9114DG
#define PCI_9114HG
#define PCI_9118DG
#define PCI_9118HG
#define PCI_9118HR
#define PCI_9810
#define PCI_9812
#define PCI_7396
#define PCI_9116
#define PCI_7256
#define PCI_7258

#define MAX_CARD

//Error Number

us;
116;
U16;
132;
u3z;
F32;
F64;

O© 00 3O U x DN+
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#define NoError

#define ErrorUnknownCardType
#define ErrorInvalidCardNumber
#define ErrorTooManyCardRegistered
#define ErrorCardNotRegistered
#define ErrorFuncNotSupport
#define ErrorInvalidloChannel
#define ErrorInvalidAdRange
#define ErrorContloNotAllowed
#define ErrorDiffRangeNotSupport
#define ErrorLastChannelNotZero
#define ErrorChannelNotDescending
#define ErrorChannelNotAscending
#define ErrorOpenDriverFailed
#define ErrorOpenEventFailed
#define ErrorTransferCountTooLarge
#define ErrorNotDoubleBufferMode
#define ErrorInvalidSampleRate
#define ErrorInvalidCounterMode
#define ErrorInvalidCounter

#define ErrorInvalidCounterState
#define ErrorInvalidBinBcdParam
#define ErrorBadCardType

#define ErrorInvalidDaRefVoltage
#define ErrorAdTimeOut

#define ErrorNoAsyncAlI

#define ErrorNoAsyncAO

#define ErrorNoAsyncDI

#define ErrorNoAsyncDO

#define ErrorNotlnputPort

#define ErrorNotOutputPort

#define ErrorInvalidDioPort

#define ErrorInvalidDioLine

#define ErrorContloActive

#define ErrorDblBufModeNotAllowed
#define ErrorConfigFailed

#define ErrorInvalidPortDirection
#define ErrorBeginThreadError
#define ErrorInvalidPortWidth
#define ErrorInvalidCtrSource
#define ErrorOpenFile

#define ErrorAllocateMemory
#define ErrorDaVoltageOutOfRange
//Error number for driver API
#define ErrorConfigloctl

#define ErrorAsyncSetloct]

#define ErrorDBSetloctl

#define ErrorDBHalfReadyloctl

-201
-202
-203
-204

- 208 -



#define ErrorContOPloctl
#define ErrorContStatusloctl
#define ErrorPIOlIoctl
#define ErrorDIntSetloctl
#define ErrorWaitEvtloctl
#define ErrorOpenEvtloctl
#define ErrorCOSIntSetloctl
#define ErrorMemMaploctl
#define ErrorMemUMapSetloctl
#define ErrorCTRIoctl
#define ErrorGetResloctl

#define TRUE 1
#define FALSE 0

//Synchronous Mode
#define SYNCH_OP
#define ASYNCH_OP

//AD Range

#define AD_B_10_V
#define AD_ B 5V
#define AD_B_2 5.V
#define AD_B_1_25_V
#define AD_B_0_625_V
#define AD_B_0_3125_V
#define AD_B_0.5_V
#define AD_B_0_05_V
#define AD_B_0_005_V
#define AD_B_1_V
#define AD_B_0_1_V
#define AD_B_0_01_V
#define AD_B_0_001_V
#define AD_U_20_V
#define AD_U_10_V
#define AD_U_5_V
#define AD_U_2. 5V
#define AD_U_1 25V
#define AD_U_1_V
#define AD_U_0_1_V
#define AD_U_0_01_V
#define AD_U_0_001_V

//Clock Mode

#define TRIG_SOFTWARE
#define TRIG_INT_PACER
#define TRIG_EXT_STROBE
#define TRIG_HANDSHAKE

00 3O U1 & WD+

DO DD H — = =
N — OO0 0k WwN — O O

-205
-206
-207
-208
-209
-210
-211
-212
-213
-214
-215

w N = O
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#define TRIG_CLK_10MHZ

#define TRIG_CLK_20MHZ

#define TRIG_DO_CLK_TIMER_ACK
#define TRIG_DO_CLK_10M_ACK
#define TRIG_DO_CLK_20M_ACK

//PCI-7300A
//PCI-7300A
//PCI-7300A Rev. B
//PCI-7300A Rev. B
//PCI-7300A Rev. B

o3 O O W

//Virtual Sampling Rate for using external clock as the clock source
#define CLKSRC_EXT_SampRate 10000

[ Constants for PCI-6208A/PCI-6308A/PCI-6308V ———————————————~ */
//Output Mode

#define P6208_CURRENT_0_20MA
#define P6208_CURRENT_4_20MA
#define P6208_CURRENT _5_25MA
#define P6308_CURRENT_0_20MA
#define P6308_CURRENT_4_20MA
#define P6308_CURRENT_5_25MA
//AO Setting

#define P6308V_AO_CHO_3
#define P6308V_AO_CH4_7
#define P6308V_AO_UNIPOLAR
#define P6308V_AO_BIPOLAR

[Emm e Constants for PCI-7200 ————==—==—=—=—=—————————————~ 5
//InputMode

#define DI_WAITING 0x02

#define DI_NOWAITING 0x00

_—w o = Wwo

0
1
0
1

#define DI_TRIG_RISING 0x04
#define DI_TRIG_FALLING 0x00

#define IREQ_RISING 0x08
#define IREQ_FALLING 0x00

//Output Mode
#define OREQ_ENABLE 0x10
#define OREQ_DISABLE 0x00

#define OTRIG_HIGH 0x20
#define OTRIG_LOW 0x00

//DIO Port Direction
#define INPUT_PORT 1
#define OUTPUT_PORT 2

//Channel & Port

#define Channel P1A 0
#define Channel_P1B 1
#define Channel_P1C 2
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#define Channel_P1CL 3

#define Channel_P1CH 4

#define Channel P1AE 10

#define Channel P1BE 11

#define Channel P1CE 12

#define Channel_P2A 5

#define Channel_P2B 6

#define Channel_P2C 7

#define Channel P2CL 8

#define Channel P2CH 9

#define Channel PZAE 15

#define Channel_P2BE 16

#define Channel_P2CE 17

#define Channel_P3A 10

#define Channel_P3B 11

#define Channel_P3C 12

#define Channel _P3CL 13

#define Channel_P3CH 14

#define Channel_P4A 15

#define Channel_P4B 16

#define Channel_P4C 17

#define Channel_P4CL 18

#define Channel P4CH 19

#define Channel_P5A 20

#define Channel_P5B 21

#define Channel_P5C 22

#define Channel_P5CL 23

#define Channel _P5CH 24

#define Channel P6A 25

#define Channel_P6B 26

#define Channel_P6C 27

#define Channel_P6CL 28

#define Channel P6CH 29

//the following are used for PCI7396

#define Channel_P1 30

#define Channel_P2 31

#define Channel_P3 32

#define Channel_P4 33

#define Channel P1E 34 //only used by DIO_PortConfig function
#define Channel P2E 35 //only used by DIO_PortConfig function
#define Channel P3E 36 //only used by DIO_PortConfig function
#define Channel P4E 37 //only used by DIO_PortConfig function
[ Constants for PCI-7300A ————————————————————————

//Wait Status

#define P7300_WAIT_NO
#define P7300_WAIT_TRG
#define P7300_WAIT_FIFO
#define P7300_WAIT_BOTH

W N = o
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//Terminator control
#define P7300_TERM_OFF
#define P7300_TERM_ON

0
1

//DI control signals polarity for PCI-7300A Rev. B

#define P7300_DIREQ_POS
#define P7300_DIREQ_NEG
#define P7300_DIACK_POS
#define P7300_DIACK_NEG
#define P7300_DITRIG_POS
#define P7300_DITRIG_NEG

0x00000000L
0x00000001L
0x00000000L
0x00000002L
0x00000000L
0x00000004L

//DO control signals polarity for PCI-7300A Rev. B

#define P7300_DOREQ_POS 0x00000000L
#define P7300_DOREQ_NEG 0x00000008L
#define P7300_DOACK_POS 0x00000000L
#define P7300_DOACK_NEG 0x00000010L
#define P7300_DOTRIG_POS 0x00000000L
#define P7300_DOTRIG_NEG 0x00000020L
[ Constants for PCI-7432/7433/7434 ———————————————————~ */
#define PORT_DI_LOW 0

#define PORT_DI_HIGH 1

#define PORT_DO_LOW 0

#define PORT_DO_HIGH 1

#define P7432R_DO_LED 1

#define P7433R_DO_LED 0

#define P7434R_DO_LED 2

#define P7432R_DI_SLOT 1

#define P7433R_DI_SLOT 2

#define P7434R_DI_SLOT 0

/*— Dual-Interrupt Source control for PCI-7248/96 & 7432/33 & 7230 & 8554 & 7396 &7256

,*/

#define INT1_DISABLE

#define INT1_COS

PCI-7256

#define INT1_FP1CO

available for PCI7248/96/7396
#define INT1_RP1CO_FP1C3

only available for PCI7248/96/7396
#define INT1_EVENT_COUNTER
available for PCI7248/96/7396
#define INT1_EXT_SIGNAL
PCI7432/7433/7230/8554

#define INT1_COUT12

#define INT1_CHO

#define INT2_DISABLE

#define INT2_COS

#define INT2_FP2C0

-1 //INT1 Disabled

0 //INT1 COS : only available for PCI-7396,
1 //INT1 by Falling edge of P1CO : only

2 //INT1 by P1CO Rising or P1C3 Falling :

3 //INT1 by Event Counter down to zero : only
1 //INT1 by external signal : only available for

1 //INT1 COUTI12 : only available for PCI8554

1 //INT1 CHO : only available for PCI7256

-1 //INT2 Disabled
0 //INT2 COS : only available for PCI-7396

1 //INT2 by Falling edge of P2CO : only
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available for PCI7248/96/7396
#define INT2_RP2CO_FP2C3

only available for PCI7248/96/7396
#define INT2_TIMER_COUNTER
only available for PCI7248/96/7396
#define INT2_EXT_SIGNAL
PCI7432/7433/7230/8554

#define INT2_CH1

2

//INT2 by P2CO Rising or P2C3 Falling :
//INT2 by Timer Counter down to zero :
//INT2 by external signal : only available for

//INT2 CHI : only available for PCI7256

[ Constants for PCI-8554 ———————————————————————————— */

//Clock Source of Cunter N
#define ECKN

#define COUTN_1

#define CK1

#define COUT10

W N = o

//Clock Source of CK1
#define CK1_C8M
#define CK1_COUT11 1

o

//Debounce Clock
#define DBCLK_COUT11
#define DBCLK_2MHZ 1

o

[ Constants for PCI-9111 —————————————————————mm o */

//Dual Interrupt Mode

#define P9111_INT1_EOC
#define P9111_INT1_FIFO_HF
#define P9111_INT2_PACER
#define P9111_INT2_EXT_TRG

//Channel Count

#define P9111_CHANNEL_DO
#define P9111_CHANNEL_EDO
#define P9111_CHANNEL_DI
#define P9111_CHANNEL_EDI

//EDO function

#define P9111_EDO_INPUT
#define P9111_EDO_OUT_EDO
#define P9111_EDO_OUT_CHN

//Trigger Mode

#define P9111_TRGMOD_SOFT
#define P9111_TRGMOD_PRE
#define P9111_TRGMOD_POST

//AO Setting
#define P9111_AO_UNIPOLAR

— o = O

N

//Ending of AD conversion
//FIFO Half Full

//Every Timer tick
//ExtTrig High->Low

— o = O

//EDO port set as Input port
//EDO port set as Output port
//EDO port set as channel number ouput port

0x00 //Software Trigger Mode
0x01 //Pre-Trigger Mode
0x02 //Post Trigger Mode
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#define P9111_AO_BIPOLAR 1

[Emm e Constants for PCI-9118 ————————————————————————————— =
#define P9118_AI_BiPolar 0x00

#define P9118_AI_UniPolar 0x01

#define P9118_AI_SingEnded 0x00

#define P9118_AI_ Differential 0x02

#define P9118_AI ExtG 0x04

#define P9118_AI_ExtTrig 0x08

#define P9118_AI_DtrgNegative 0x00

#define P9118_AI_DtrgPositive 0x10

#define P9118_AI_EtrgNegative 0x00

#define P9118_AI_EtrgPositive 0x20

#define P9118_AI BurstModeEn 0x40

#define P9118_AI_SampleHold 0x80

#define P9118_AI_PostTrgEn 0x100

#define P9118_AI_AboutTrgEn 0x200

[Emmm e Constants for PCI-9116 ——————————=———=—————————————~ '
#define P9116_AI_LocalGND 0x00

#define P9116_AI_UserCMMD 0x01

#define P9116_AI_SingEnded 0x00

#define P9116_AI_ Differential 0x02

#define P9116_AI_BiPolar 0x00

#define P9116_AI_UniPolar 0x04

#define P9116_TRGMOD_SOFT 0x00 //Software Trigger Mode
#define P9116_TRGMOD_POST 0x10 //Post Trigger Mode
#define P9116_TRGMOD_DELAY 0x20  //Delay Trigger Mode
#define P9116_TRGMOD_PRE 0x30 //Pre-Trigger Mode
#define P9116_TRGMOD_MIDL 0x40 //Middle Trigger Mode
#define P9116_AI_TrgPositive 0x00

#define P9116_AI_TrgNegative 0x80

#define P9116_AI_ExtTimeBase 0x100

#define P9116_AI_IntTimeBase 0x000

#define P9116_AI_DlyInSamples 0x200

#define P9116_AI DlyInTimebase 0x000

#define P9116_AI_ReTrigEn 0x400

#define P9116_AI _MCounterEn 0x800

#define P9116_AI_SoftPolling 0x0000

#define P9116_AI_INT 0x1000

#define P9116_AI_DMA 0x2000

[ Constants for PCI-9812 ——————————————————————————
//Trigger Mode

#define P9812_TRGMOD_SOFT 0x00 //Software Trigger Mode
#define P9812_TRGMOD_POST 0x01 //Post Trigger Mode
#define P9812_TRGMOD_PRE 0x02 //Pre-Trigger Mode
#define P9812_TRGMOD_DELAY 0x03  //Delay Trigger Mode

- 214 -



#define P9812_TRGMOD_MIDL 0x04 //Middle Trigger Mode

//Trigger Source

#define P9812_TRGSRC_CHO 0x00 //trigger source ——CHO

#define PI9812_TRGSRC_CH1 0x08  //trigger source ——CH1

#define P9812_TRGSRC_CH2 0x10 //trigger source ——CH2

#define P9812_TRGSRC_CH3 0x18 //trigger source ——-CH3

#define P9812_TRGSRC_EXT_DIG 0x20 //External Digital Trigger

//Trigger Polarity

#define P9812_TRGSLP_POS 0x00 //Positive slope trigger

#define P9812_TRGSLP_NEG 0x40 //Negative slope trigger
//Frequency Selection

#define P9812_AD2_GT_PCI 0x80 //Freq. of A/D clock>PCI clock freq
#define P9812_AD2_LT_PCI 0x00  //Freq. of A/D clock<PCI clock freq.
//Clock Source

#define PI9812_CLKSRC_INT 0x000 //Internal clock

#define PI9812_CLKSRC_EXT_SIN 0x100 //External SIN wave clock

#define P9812_CLKSRC_EXT_DIG 0x200 //External Square wave clock
[ Timer/Counter ———-=-=-====—————————————— - */
//Counter Mode (8254)

#define TOGGLE_OUTPUT 0  //Toggle output from low to high on

terminal count

#define PROG_ONE_SHOT

#define RATE_GENERATOR

#define SQ_WAVE_RATE_GENERATOR
#define SOFT_TRIG

#define HARD_TRIG

O W N =

//General Purpose Timer/Counter

//Counter Mode

#define General_Counter 0x00
#define Pulse_Generation 0x01
//GPTC clock source

#define GPTC_CLKSRC_EXT

#define GPTC_CLKSRC_INT

#define GPTC_GATESRC_EXT

#define GPTC_GATESRC_INT

#define GPTC_UPDOWN_SELECT_EXT

#define GPTC_UPDOWN_SELECT_SOFT
#define GPTC_UP_CTR

#define GPTC_DOWN_CTR

#define GPTC_ENABLE

#define GPTC_DISABLE

//16-bit binary or 4-decade BCD counter
#define BIN 0
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//Programmable one-shot
//Rate generator

//Square wave rate generator
//Software—-triggered strobe
//Hardware-triggered strobe

//general counter
//pulse generation

0x08
0x00
0x10
0x00
0x20
0x00
0x40
0x00
0x80
0x00



#define BCD 1

//Previous renamed functions re-directed for compatibility

#define Al_VScale Al_VoltScale
#define AO_VScale AO_VoltScale
#define CTR_Reset CTR_Clear

//DAQ Event type for the event message
#define AIEnd 0
#define DIEnd 0
#define DOEnd 0
#define DBEvent 1

116 __stdcall Register_Card (U16 CardType, Ul6 card_num);
116 __stdcall Release_Card (U16 CardNumber);
116 __stdcall GetActualRate (U16 CardNumber, F64 fSampleRate, F64 *fActualRate);

//116 __stdcall AI_9111_Config (Ul6 CardNumber, Ul6 TrigSource, U16 PreTrgEn, Ul6
TraceCnt);

116 __stdcall AI_9111_Config (Ul6 CardNumber, Ul6 TrigSource, U16 TrgMode, U16
TraceCnt);

116 __stdcall AI_9112_Config (U16 CardNumber, Ul6 TrigSource);

116 __stdcall AT 9113_Config (U16 CardNumber, Ul6 TrigSource);

116 __stdcall AI 9114 Config (U16 CardNumber, U16 TrigSource);

116 __stdcall AI_9116_Config (U16 CardNumber, U16 ConfigCtrl, Ul6 TrigCtrl, U16
PostCnt, Ul6 MCnt, Ul6 ReTrgCnt);

116 __stdcall AI_9118 Config (U16 CardNumber, U16 ModeCtrl, Ul6 FunCtrl, Ul6
BurstCnt, U16 PostCnt);

116 __stdcall Al 9812_Config (U16 CardNumber, U16 TrgMode, U16 TrgSrc, Ul6
TrgPol, U16 ClkSel, Ul6 TrglLevel, Ul6 PostCnt);

116 __stdcall AI_9812_SetDiv (Ul6 wCardNumber, U32 PacerVal);

116 __stdcall AI_9114_PreTrigConfig (U16 CardNumber, U16 PreTrgEn, Ul6 TraceCnt);
116 __stdcall AI_9116_CounterInterval (Ul6 wCardNumber, U32 Scanlntrv, U32
Samplntrv);

116 __stdcall Al InitialMemoryAllocated (U16 CardNumber, U32 *MemSize);

116 __stdcall AI_ReadChannel (U16 CardNumber, U16 Channel, Ul6 AdRange, Ul6
*Value);

116 __stdcall AI_VReadChannel (Ul6 CardNumber, Ul6 Channel, Ul6 AdRange, F64 *voltage);
116 __stdcall AI_VoltScale (U16 CardNumber, Ul6 AdRange, 116 reading, F64 *voltage);
116 __stdcall AI_ContReadChannel (U16 CardNumber, Ul6 Channel, Ul6 AdRange,

U16 *Buffer, U32 ReadCount, F64 SampleRate, Ul6 SyncMode);

116 __stdcall AI_ContReadMultiChannels (U16 CardNumber, Ul6 NumChans, U16
*Chans, Ul6 *AdRanges, U16 *Buffer, U32 ReadCount, F64 SampleRate, U16 SyncMode);
116 __stdcall AI_ContScanChannels (U16 CardNumber, Ul6 Channel, Ul6 AdRange,
U16 *Buffer, U32 ReadCount, F64 SampleRate, Ul6 SyncMode);

116 __stdcall AI_ContReadChannelToFile (U16 CardNumber, Ul6 Channel, Ul6 AdRange,
U8 #FileName, U32 ReadCount, F64 SampleRate, Ul6 SyncMode);
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116 __stdcall AI_ContReadMultiChannelsToFile (U16 CardNumber, Ul6 NumChans, U16
*Chans, Ul6 *AdRanges, U8 *FileName, U32 ReadCount, F64 SampleRate, U16
SyncMode);

116 __stdcall AI_ContScanChannelsToFile (U16 CardNumber, Ul6 Channel, Ul6
AdRange, U8 *FileName, U32 ReadCount, F64 SampleRate, Ul6 SyncMode);

116 __stdcall AI_ContStatus (U16 CardNumber, Ul6 *Status);

116 __stdcall AI_ContVScale (Ul6 wCardNumber, Ul6 adRange, void *readingArray, F64
xvoltageArray, 132 count);

116 __stdcall AI_AsyncCheck (U16 CardNumber, BOOLEAN *Stopped, U32 *AccessCnt);
116 __stdcall AI_AsyncClear (U16 CardNumber, U32 *AccessCnt);

116 __stdcall AI_AsyncDblBufferHalfReady (U16 CardNumber, BOOLEAN =*HalfReady,
BOOLEAN =*StopFlag);

116 __stdcall AI_AsyncDblBufferMode (U16 CardNumber, BOOLEAN Enable);

116 __stdcall AI_AsyncDblBufferTransfer (U16 CardNumber, Ul6 *Buffer);

116 __stdcall AI_AsyncDblBufferOverrun (Ul6 CardNumber, Ul6 op, Ul6 *overrunFlag);
116 __stdcall Al _EventCallBack (U16 CardNumber, 116 mode, 116 EventType, U32
callbackAddr);

116 __stdcall AO_6208A_Config (U16 CardNumber, Ul6 V2AMode);

116 __stdcall AO_6308A_Config (U16 CardNumber, Ul6 V2AMode);

116 __stdcall AO_6308V_Config (U16 wCardNumber, Ul6 Channel, Ul6 wOutputPolarity,
F64 refVoltage);

116 __stdcall AO_9111_Config (U16 CardNumber, Ul6 OutputPolarity);

116 __stdcall AO_9112_Config (U16 CardNumber, Ul6 Channel, F64 refVoltage);

116 __stdcall AO_WriteChannel (U16 CardNumber, Ul6 Channel, 116 Value);

116 __stdcall AO_VWriteChannel (U16 CardNumber, Ul6 Channel, F64 Voltage);

116 __stdcall AO_VoltScale (U16 CardNumber, Ul6 Channel, F64 Voltage, 116
*binValue);

116 __stdcall AO_SimuWriteChannel (U16 wCardNumber, Ul6 wGroup, 116 *pwBuffer);
116 __stdcall AO_SimuVWriteChannel (U16 wCardNumber, U16 wGroup, F64 *VBuffer);

116 __stdcall DI_7200_Config (U16 CardNumber, Ul6 TrigSource, Ul6 ExtTrigEn, Ul6
TrigPol, Ul6 I_REQ_Pol);

116 __stdcall DI_7300A_Config (U16 CardNumber, U16 PortWidth, Ul6 TrigSource, Ul6
WaitStatus, Ul6 Terminator, Ul6 I_REQ_Pol, BOOLEAN clear_fifo, BOOLEAN
disable_di);

116 __stdcall DI_7300B_Config (U16 CardNumber, U16 PortWidth, Ul6 TrigSource, U16
WaitStatus, Ul6 Terminator, Ul16 I_Cntrl_Pol, BOOLEAN clear_fifo, BOOLEAN
disable_di);

116 __stdcall DI_InitialMemoryAllocated (U16 CardNumber, U32 *DmaSize);

116 __stdcall DI_ReadLine (U16 CardNumber, Ul6 Port, Ul6 Line, Ul6 *State);

116 __stdcall DI_ReadPort (Ul6 CardNumber, U16 Port, U32 *Value);

116 __stdcall DI_ContReadPort (Ul6 CardNumber, U16 Port, void *Buffer,

U32 ReadCount, F64 SampleRate, Ul6 SyncMode);

116 __stdcall DI_ContReadPortToFile (U16 CardNumber, Ul6 Port, U8 *FileName,

U32 ReadCount, F64 SampleRate, Ul6 SyncMode);

116 __stdcall DI_ContStatus (Ul6 CardNumber, Ul6 *Status);

116 __stdcall DI_AsyncCheck (Ul6 CardNumber, BOOLEAN *Stopped, U32 *AccessCnt);
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116 __stdcall DI_AsyncClear (U16 CardNumber, U32 *AccessCnt);

116 __stdcall DI_AsyncDblBufferHalfReady (U16 CardNumber, BOOLEAN *HalfReady);
116 __stdcall DI_AsyncDblBufferMode (U16 CardNumber, BOOLEAN Enable);

116 __stdcall DI_AsyncDblBufferTransfer (U16 CardNumber, void *Buffer);

116 __stdcall DI_ContMultiBufferSetup (U16 wCardNumber, void *pwBuffer, U32
dwReadCount, Ul6 *BufferId);

116 __stdcall DI_ContMultiBufferStart (U16 wCardNumber, Ul6 wPort, F64
fSampleRate);

116 __stdcall DI_AsyncMultiBufferNextReady (Ul6 CardNumber, BOOLEAN
*bNextReady, U16 *wBufferld);

116 __stdcall DI_AsyncDblBufferOverrun (Ul6 CardNumber, Ul6 op, Ul6 *overrunFlag);
116 __stdcall DI_EventCallBack (Ul6 CardNumber, 116 mode, 116 EventType, U32
callbackAddr);

116 __stdcall DO_7200_Config (U16 CardNumber, Ul6 TrigSource, Ul6 OutReqEn, Ul6
OutTrigSig);

116 __stdcall DO_7300A_Config (U16 CardNumber, Ul6 PortWidth, Ul6 TrigSource, Ul6
WaitStatus, Ul6 Terminator, Ul6 O_REQ_Pol);

116 __stdcall DO_7300B_Config (U16 CardNumber, Ul6 PortWidth, Ul6 TrigSource, U16
WaitStatus, Ul6 Terminator, Ul6 O_Cntrl_Pol, U32 FifoThreshold);

116 __stdcall DO_InitialMemoryAllocated (U16 CardNumber, U32 *MemSize);

116 __stdcall DO_WriteLine (U16 CardNumber, Ul6 Port, Ul6 Line, Ul6 Value);

116 __stdcall DO_WritePort (U16 CardNumber, U16 Port, U32 Value);

116 __stdcall DO_WriteExtTrigLine (U16 CardNumber, Ul6 Value);

116 __stdcall DO_ReadLine (U16 CardNumber, U16 Port, Ul6 Line, Ul6 *Value);

116 __stdcall DO_ReadPort (U16 CardNumber, U16 Port, U32 *Value);

116 __stdcall DO_ContWritePort (U16 CardNumber, Ul6 Port, void *Buffer,

U32 WriteCount, Ul16 Iterations, F64 SampleRate, Ul6 SyncMode);

116 __stdcall DO_PGStart (U16 CardNumber, void *Buffer, U32 WriteCount, F64
SampleRate);

116 __stdcall DO_PGStop (U16 CardNumber);

116 __stdcall DO_ContStatus (U16 CardNumber, Ul6 *Status);

116 __stdcall DO_AsyncCheck (U16 CardNumber, BOOLEAN =*Stopped, U32 *AccessCnt);
116 __stdcall DO_AsyncClear (U16 CardNumber, U32 *AccessCnt);

116 __stdcall EDO_9111_Config (U16 CardNumber, Ul6 EDO_Fun);

116 __stdcall DO_ContMultiBufferSetup (U16 CardNumber, void *pwBuffer, U32
dwWriteCount, U16 *Bufferld);

116 __stdcall DO_AsyncMultiBufferNextReady (Ul6 CardNumber, BOOLEAN
xbNextReady, U16 *wBufferld);

116 __stdcall DO_ContMultiBufferStart (U1l6 wCardNumber, Ul6 wPort, double
fSampleRate);

116 __stdcall DO_EventCallBack (U16 CardNumber, 116 mode, 116 EventType, U32
callbackAddr);

116 __stdcall DIO_PortConfig (U16 CardNumber, Ul6 Port, Ul6 Direction);

116 __stdcall DIO_SetDuallnterrupt (U16 CardNumber, 116 Int1Mode, 116 Int2Mode,
HANDLE *hEvent);

116 __stdcall DIO_SetCOSInterrupt (Ul6 CardNumber, U16 Port, Ul6 ctlA, Ul6 ctlB, Ul6 ctlC);

- 218 -



116 __stdcall DIO_INT1_EventMessage (U16 CardNumber, 116 Int1Mode, HANDLE
windowHandle, U32 message, void *callbackAddr());

116 __stdcall DIO_INT2_EventMessage (U16 CardNumber, 116 Int2Mode, HANDLE
windowHandle, U32 message, void *callbackAddr());

116 __stdcall DIO_7300SetInterrupt (Ul6 CardNumber, 116 AuxDIEn, 116 T2En, HANDLE
*hEvent);

116 __stdcall DIO_AUXDI_EventMessage (U16 CardNumber, 116 AuxDIEn, HANDLE
windowHandle, U32 message, void *callbackAddr());

116 __stdcall DIO_T2_EventMessage (Ul6 CardNumber, 116 T2En, HANDLE
windowHandle, U32 message, void *callbackAddr());

116 __stdcall DIO_GetCOSLatchData(U16 wCardNumber, U16 *CosLData);

116 __stdcall CTR_Setup (U16 CardNumber, Ul6 Ctr, Ul6 Mode, U32 Count, Ul6
BinBced);

116 __stdcall CTR_Clear (U16 CardNumber, Ul6 Ctr, Ul6 State);

116 __stdcall CTR_Read (U16 CardNumber, Ul6 Ctr, U32 *Value);

116 __stdcall CTR_Update (U16 CardNumber, U16 Ctr, U32 Count);

116 __stdcall CTR_8554_CIlkSrc_Config (U16 CardNumber, Ul6 Ctr, Ul6 ClockSource);
116 __stdcall CTR_8554_CKl1_Config (U16 CardNumber, Ul6 ClockSource);

116 __stdcall CTR_8554_Debounce_Config (U16 CardNumber, U16 DebounceClock);
116 __stdcall GCTR_Setup (Ul6 wCardNumber, Ul6 wGCtr, Ul6 wGCtrCtrl,U32
dwCount);

116 __stdcall GCTR_Clear (U16 wCardNumber, Ul6 wGCtr);

116 __stdcall GCTR_Read (U16 wCardNumber, Ul6 wGCtr, U32 *pValue);

116 __stdcall Al GetEvent(Ul6 wCardNumber, HANDLE x*hEvent);
116 __stdcall AO_GetEvent(U16 wCardNumber, HANDLE *hEvent);
116 __stdcall DI_GetEvent(U16 wCardNumber, HANDLE *hEvent);
I16 __stdcall DO_GetEvent(U16 wCardNumber, HANDLE *hEvent);

116 __stdcall AI_GetView(U16 wCardNumber, U32 *pView);
116 __stdcall DI_GetView(U16 wCardNumber, U32 *pView);
116 __stdcall DO_GetView(U16 wCardNumber, U32 #*pView);

116 __stdcall GetCardType (Ul6 wCardNumber, Ul6 *cardType);
116 __stdcall GetBaseAddr(U16 wCardNumber, U32 *BaseAddr, U32 *BaseAddr2);
116 __stdcall GetLCRAddr(U16 wCardNumber, U32 *LcrAddr);

#ifdef _ cplusplus
}
#endif

#endif //_DASK_H
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