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ABSTRACT

Air quality in the livestock waste compost pilot plant at the Colligate Livestock Station was assessed to
quantify the emissions of aerial contaminants and evaluate the degree of correlation between them for different
operation strategies; with the ventilation types and agitation of compost pile, in this study. The parameters
analyzed to reflect the level of air quality in the livestock waste compost pilot plant were the gaseous
contaminants; ammonia, hydrogen sulfide, and odor concentration, the particulate contaminants; inhalable dust
and respirable dust, and the biological contaminants; total airborne bacteria and fungi.

The mean concentrations of ammonia, hydrogen sulfide, and odor concentration in the compost pilot plant
without agitation were 2.45ppm, 19.96ppb, and 15.8 when it was naturally ventilated, and 7.61ppm, 31.36ppb,
and 30.2 when mechanically ventilated. Those with agitation were 5.50ppm, 14.69ppb, and 46.4 when naturally
ventilated, and 30.12ppm, 39.91ppb, and 205.5 when mechanically ventilated. The mean concentrations of
inhalable and respirable dust in the compost pilot plant without agitation were 368.6ug/m® and 96.0pg/m® with
natural ventilation, and 283.9ug/m® and 119.5ug/m® with mechanical ventilation. They were also observed with
agitation to 208.7ug/m® and 139.8ug/m® with natural ventilation, and 209.2ug/m® and 131.7ug/m® with
mechanical ventilation. Averaged concentrations of total airborne bacteria and fungi in the compost pilot plant
without agitation were observed to 28,673cfu/m® and 22,507cfu/m’ with natural ventilation, and 7,462cfu/m® and
3,228cfu/m® with mechanical ventilation. They were also observed with agitation to 19,592cfu/m® and
26,3760fu/m3 with the natural ventilation, and 18,645<:fu/m3 and 24,581cfu/m3 with the mechanical ventilation.

It showed that the emission rates of gaseous pollutants, such as ammonia, hydrogen sulfide, and odor
concentration, in the compost pilot plant operated with the mechanical ventilation and with the agitation of
compost pile were higher than those with the natural ventilation and without the agitation. While the
concentrations of inhalable dust and total airborne bacteria in the compost pilot plant with the natural
ventilation and with the agitation, the concentrations of respirable dust and total airborne fungi in the compost
pilot plant with the mechanical ventilation and agitation were higher than those with the natural ventilation and
without the agitation of compost pile. It was statistically proved that indoor temperature and relative humidity
affected the release of particulates and biological pollutants, and ammonia and hydrogen sulfide were believed
primary malodorous compounds emitted from the compost pilot plant.

(Key words : Compost, Air quality, Pollutant, Odor, Dust)
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Fig. 1. The compost pilot plant for experi-
mentation.
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Table 1. Specifications of the compost pilot
plant

Process Dimension

Mixing W(11.2m)xL(3.7m)xH(2.4m) = 99.5m’
Composting W(37.3m)xL(6m)xH(1.8m) = 402.8m°
Taking out W(2.2m)xL(L1Im)xH(L1m)= 2.7m°
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Table 2. Experiment design for evaluation of air quality in the compost pilot plant

Natural Ventilation

Mechanical Ventilation

20 days

20 days

"W/ Agitation W/O Agitation

"W/ Agitation

*W/O Agitation

10 days 10 days

10 days

10 days

"W : with,
AW/O : Without.

Table 3. Specifications of the airborne environmental factors measured in this experiment

Environmental parameters Measurment instrument Sampling time Method
Physical Temperature 6242, Kanomax
factor Relative humidity SK-110TRH, Sato

Odor concentration ~ Odor sensor(XP-329, Cosmos) -

Gas NH; 30 minute NIOSH(1994)
H,S 30 minute NIOSH(1994)
. Inhalable dust
Particle ) 8 hours NIOSH(1994)
Respirable dust
. Total airborne bacteria .
Bioaerosol 30 minute  Thorne et al.(1992)

Total airborne fungi
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Fig. 2. Fluctuation of NHs; concentration in the
compost pilot plant with operation
types according to the physical envi-
ronments.
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Fig. 4. Fluctuation of odor concentration in the
compost pilot plant with operation
types according to the physical envi-
ronments.
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operation types according to the phys-
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Table 4. Concentration of aerial pollutants and physical factors(Temp. & R.H.) in the compost
pilot plant with ventilation types

Parameters Particulates Bioaerosol Gases Physical factors
1.D. R.D. T.AB. TAF.

Ventilation
type (g/m) (cfu/m’) olr N e e on
Mean  288.6 117.9 24,132 24,441 311 403 17.33 179 53.3
Natural S.D. 109.1 48.9 8,057 6,807 17.2 1.72 4.32 8.1 9.3
ventilation Max.  571.4 2332 41,123 39,935 60.00 723  26.67 32.0 76.6
Min. 130.7 56.7 10,736 14,253 9.5 181 1025 6.1 37.7

Mean 2465 1256 13,054 13,905 117.8 18.87  35.63 14.9 49.6
Mechanical S.D. 74.2 39.9 7,956 12,829 100.2 13.27 7.19 6.3 6.5
Ventilation Max. 4241 2218 27911 47,647 314.0 48.64  56.14 21.7 66.7
Min. 145.0 50.8 1,433 604 135 582 2416 5.7 34.3
p-value 0.1619 0.5898 <.0001 0.0025 0.0005  <.0001 <.0001 ~ ~

Ref) 1.D. : Inhalable dust, R. D. : Respirable dust, T AB. : Total airborne bacteria, T.A.F. : Total airborne fungi,
Odor : Odor concentration, Temp. : Temperature, R.H. : Relative humidity.
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]
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Ao EAHIOH((P<001, S5 X 4 Sslrart sHor WEHE 54(Patnict
© p<005), Aol AFE ZAUE o] EA  Clarke, 1991; Ni 5, 2000)< g ol g
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Table 5. Concentration of aerial pollutants and physical factors(Temp. & R.H.) in the compost
pilot plant with and without agitation

Parameters  Particulates Bioaerosol Gases Physical factors
1.D. R.D. TAB. TAF.
Agitation
wpe Gy G S o
Mean 3262 1078 18,068 12,868 23.0 5.07 25.66 194 49.6
W/O S.D. 98.1 400 12,800 11,269 114 2.71 6.96 8.6 7.3
Agitation Max. 5714 2218 41,123 35,268 45.0 8.95 37.06 32.0 61.1
Min. 198.1 56.7 1,433 604 9.5 1.78 15.56 5.7 34.3
Mean 2089 1358 19,119 25479 125.9 17.81 27.30 134 53.3
W/ S.D. 38.2 44.7 5329 7,659 92.6 14.22 14.02 42 8.6

Agitation Max. 2760 2332 27911 47,647 314.0 48.64  56.14 20.3 76.6
Min. 130.7 50.8 10,151 12,365 38.6 4.65 10.16 6.1 37.7
p-value <0001 0.0438 0.7365 0.0002 <.0001 0.0003 0.6408 — —

Ref) 1.D. : Inhalable dust, R. D. : Respirable dust, T.A.B. : Total airborne bacteria, T.A.F. : Total airborne fungi,
Odor : Odor concentration, Temp. : Temperature, R.H. : Relative humidity.
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Table 6. Concentration of aerial pollutants and physical factors(Temp. & R.H.) in the compost
pilot plant with operation types

Parameters Particulates Bioaerosol Gases Phvsical factors
ID. RD. TAB. TAF. Y
Operation 3 3 NHs H.S Temp. R.H.
/ cfu/m Odor .
type (ug/m’) (chu/m’) (pm)  (ppb) _ (C__ (%)
Natural Mean 368.6° 96.0° 28,673" 22,507 15.8* 254 19.96° 251 513
ventilation g p, 94.6 37.9 8,173 7,141 8.1 0.63 3.81 3.7 8.0

& W/O Max. 5714 1650 41,123 35268 37.0 380 2667 320 611
Agitation  Min. 252.6 56.7 16,947 14,253 9.5 178 1556 201 381

Natural Mean  208.7° 139.8° 19592° 26,376°  464° 550° 14.69° 108 553
ventilation  SD. 444 505 4946 6,208 64 091 288 31 104
& W Max. 2653 2332 25111 39,935 600 723 1945 154 76.6

Agitation  Min. 130.7 588 10,737 16,587 386 465 1016 6.1 377
Mechanical Mean ~ 2839° 1195°  7462° 3229° 302" 761° 31.36° 137 478
ventilation D, 86.0 404 5397 3,260 98 089 394 83 65
& W/O Max. 4241 2218 15270 8925 450 895 3706 277 553
Agitation  Min. 198.1 79.6 1,433 604 135 582 2416 57 343
Mechanical Mean  209.2° 131.7° 18,645° 24581° 2055° 30.12° 3991° 161 513

ventilation  SD. 333 405 5917 9,139 63.5 9.46 7.28 34 6.4
& W/ Max. 276.0 2079 27911 47,647 3140 4864 56.14 203  66.7
Agitation  Min, 145.0 508 10,151 12,365 130.0 1808 32.14 91 450
p-value <0001 0.1300 <0001 <0001 <.0001 <.0001 <.0001 — —

ref. 1) 1.D. : Inhalable dust, R. D. : Respirable dust, T.AB. : Total airborne bacteria, T.AF. : Total airborne fungi,
Odor : Odor concentration, Temp. : Temperature, R.H. : Relative humidity.
2) abe Means that averaged values within the row by the same letter are not significantly different.
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Table 7. Correlation of aerial pollutants, temperature, and relative humidity observed in the

compost pilot plant

m 1.D. R.D. T.AB. T.AF. Odor NH; H,S Temp. R.H.
1.D. 1.00

R.D. 0.04 1.00

T.AB. 0.25 -0.24 1.00

T.AF. -0.15 0.04 0.69** 1.00

Odor -0.38* 0.19 -0.04 0.31 1.00

NHz -0.36* 0.15 -0.12 0.17 0.98**  1.00

H2S -0.17 0.06 - 0.39* -0.27 0.73**  0.80**  1.00

Temp. 0.71** -0.17 0.51** 0.19 -0.08 -0.09 -0.02 1.00

R.H. -0.03 0.03 0.34* 0.36* 0.08 0.05 -0.18 0.09 1.00
ref. 1) 1.D. : Inhalable dust, R. D. : Respirable dust, T.A.B. : Total airborne bacteria, T.A.F. : Total airborne fungi,

Odor : Odor concentration, Temp.
2) significant — * : p<0.05, ** : p<0.01.
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