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Characteristics of Particulate Matter Generated during the Operation
of a Small Directly Fired Coffee Roaster

Da Eun Yu - Seung Won Kim’
Department of Public Health, Keimyung University

ABSTRACT

Objectives: The purpose of this study was to evaluate the concentrations of particulate matter generated
during coffee roasting and to study various factors affecting the concentrations.

Methods: Differences in concentration levels were investigated based on various factors to understand the
emission rates of particulate matter over time and to compare the mass and number concentrations according
to their size. Sampling was performed in closed laboratories without the operation of air conditioning or
ventilation. Optical Particle Sizer(OPS) was used as a measuring device. An OPS measures using a
light-scattering method. Sampling was performed for sixty minutes at one—minute intervals. The background
concentration was measured for about 30 minutes before starting of coffee roasting. The concentrations of
particulate matter generated during coffee roasting were monitored until roasted coffee beans were removed
from the roaster and cooled down. Several factors affecting the concentrations of particulate matter were
investigated, which includes the origins of green beans, the roasting level, and the input amount of green
beans.

Results: The results of this study may be summarized as follows: 1) There was no difference in particulate
matter concentration levels by the origin of the green beans, but a statistically significant difference in
concentration levels by roasting level and the input amount of green beans; The higher the roasting level, the
higher was the particulate matter concentration. The more green beans we put in the roaster, the higher were
the concentrations; 2) The PM10 mass concentrations increased over time. The average concentration after
roasting was higher than the average concentration during roasting; 3) In the distribution of mass and number
concentration by particle diameter, the majority of particles was below 2.5 um.

Conclusions: Persons who work in roastery cafes can be exposed to high concentrations of particulate matter.
Therefore, personal exposure and risk assessment should be conducted for roastery cafe workers.
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Figure 1. Coffee roaster used in experiment.
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Table 1. Experimental conditions and individual settings

A% Ky I ZAE| 08 Al WAGH= OMBK| S8 97 239

Variable Origin Level I\/IIZZ:E(SQI;) Temperature (C) N
Brazil Full city 200.2(0.21) 200 5

Columbia Full city 200.6(0.34) 200 5

Origin Peru Full city 200.2(0.08) 200 5

Ethiopia Full city 200.3(0.23) 200 5

Honduras Full city 200.1(0.05) 200 5

Columbia Cinnamon 200.2(0.09) 200 6

Level Columbia Medium 200.1(0.09) 200 6

Columbia City 200.2(0.13) 200 6

Columbia Full city 200.2(0.07) 200 6

Columbia Full city 100.3(0.08) 200 3

Input(g) Columbia Full city 150.1(0.09) 200 3
Columbia Full city 200.2(0.09) 200 3

Total 58
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Table 2= 79 YA 7t =47 A] WA¥sk=
PMI10 &= #ol9] EAIE AR IS Lehd Zo]
t}. PM109] B4 k= A4 B 504 8iFsx
o] FAHS Ast & AdHog ZAY A HAYsH=
PM10 =& A&sgict.

AEol YakAlo] W= PM109] & 532 ZEH
ofite] Wi B} 1207.0+352.5 pug/m’oE 71
=09k, WA B %7} 808.24237.5 ug/m’L.
2 7P DA BAFH SR 4] 2F PM10 Bt &
9] 89J5t Fjol= Holx| UUTHp»0.05).

Table 2. Comparison of PMsq concentrations by the origins of
green beans

. PMio (ug/md)
Origin
MeantSD Range p value
Brazil 1,110.74348.8 545.1-1,420.9
Columbia  1,207.0£3562.5 698.1-1,659.9
Peru 808.2+237.5  456.0-1,044.6  0.188
Ethiopia 893.6+284.4  537.8-1,210.9
Honduras  1,136.7£212.2 946.1-1,455.8
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Table 32 2289 ¥ It 248 A] Ask=
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2 YUEREOH(p<0.05), #ldo] EoHde4E %7 =
ofR|= IS HATH]-T=4.835).

Table 3. Comparison of PM1g concentrations by roasting level
PMio (ug/m?)

Level
Mean+SD Range J-T p value
Cinnamon  242.2+45.7  169.9-304.8
Medium 329.8+71.7 215.4-426.1
4835 0.000

City  483.1£146.3 264.9-654.3
Full city 988.44263.9 739.5-1391.7

2 Jonckheere-Terpstra test
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EAete A0 E UENEOH(p<0.05), U] Eold
FE 5Lt o= AFS BEATH(-T=2.778).

Table 4. Comparison of PMsg concentrations by input amount
of green beans

PMio (ug/m?)
MeantSD Range
100 482.5t86.4  393.5-565.9
150 735.1£172.9 581.6-922.4 2.778 0.005
200  1,064.2£169.9 869.3-1180.3

"Jonckheere-Terpstra test

Inout ©) J-T" p value
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Figure 2. Changes in PMio mass concentrations over time by the origins of green beans
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Figure 3. Changes in PM1o mass concentrations over time by roasting level
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Figure 4. Changes in PM;p mass concentrations over time by the input amount of green bean
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W AFsks 249 T2 37 29307 pg/m’S
2 2AY Y A] 256.6 pg/m ETt oF 118 &9kt

HapgAalo] 7410 pg/m’o 2 7P &9kon, 2AE
%7 Zoj= FEd|olito] 3365.8 pg/m’oE 7P

=34t
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Table 62 ZAY H¥4¥ PMI0 B+ AFers
BEAY Y A%t 2AY TR T2 o] YEhd A
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o] BsE #olA ALY B Wi, 2
28 T8 ¥ 5w 959 HiEgRE 24 SE7HY
Bt BT @A MAsEe HaghS vl JA
B AFsEs AT 2 F7F 13868 pg/m’L
2 BAY Y A 652 pg/mPEt oF 214 &3t
B4 R BlwsiglE o, EAY XY A= Al
E] 2AEV} 162.7 pg/mPoR 7P £oH, 2AH
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Table 5. Comparison of PMio mass concentration between roasting and after roasting time by origins of green beans

(Unit: ug/md)

Roasting(n=25)

After roasting(n=25)

Origin MeantSD Range MeantSD Range

Brazil 741.0£685.1 65.2-1,690.0 3,210.91973.3 1,780.5-4,481.4
Columbia 82.2454.8 7.1-150.2 3,365.8+812.1 1,996.8-4,450.1

Peru 107.9168.7 30.1-212.2 2,475.4£713.5 1,347.3-3,560.1
Ethiopia 245.1£312.7 72.5-869.6 2,806.6+847.1 1,612.4-4,180.0
Honduras 106.8+65.4 41.0-214.8 2,794.84525.1 2,245.4-3,766.1

Total 256.61421.6 7.1-1,690.0 2,930.7£850.7 1,347.3-4,481.4
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Table 6. Comparison of PM1p mass concentration between roasting and after roasting time by roasting level

(Unit: ug/md)

Roasting(n=24)

After roasting(n=24)

Level Mean+SD Range Mean+SD Range
Cinnamon 15.1£8.6 4.2-29.5 664.0£123.0 405.5-763.3
Medium 18.4+41.4 -57.0-84.3 905.2+173.5 703.7-1,250.5
City 162.7+266.7 13.3-757.9 1,320.5+384.2 688.4-1,736.7
Full city 64.7+40.1 -8.1-115.9 2,657.7£615.9 1,907.7-3765.6
Total 65.2+148.9 -57.0-757.9 1,386.8+858.2 405.5-3765.6
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Table 7. Comparison of PM;o mass concentration between roasting and after roasting time by input amount of green beans

(Unit: ug/md)
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Figure 5. Changes in average mass concentrations over time by particle size for 200 g of Columbia beans in full city roasting level
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