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ABSTRACT

Objectives: The aim of this study was to investigate the distribution patterns and exposure concentrations of biological

hazards in waste handling industries.

Methods: We selected 3 recyclable waste sorting plants(RWS), 2 food recycling plants(FR), 1 landfill area(LA) and 1 waste
incineration plant(WI). Total airborne bacteria and fungi were measured with single stage impactor and gelatin filters.
Endotoxin and glucan were measured with polycarbonate filters in total and respirable dust.

Results: The geometric mean of airborne bacterial concentration was the highest in FR(3,273 CFU/m3), followed by LA,
RWS, and WI as 1,334, 934, and 860 CFU/m’. The fungal concentrations were 6,031, 5,052, 3,307, and 713 CFU/m’ in
RWS, WI, FR, and LA, respectively. By process, WI pit showed the highest concentrations of bacteria, fungi, and
endotoxin, followed by inside of bulldozer in LA. The indoor to outdoor ratios of bacteria, fungi, endotoxin and glucan were
2.3,4.0,2.3,and 5.0 in RWS, 29.5, 4.9, 7.6, and 5.0 in FR, 5.3, 8.7, 26.8, and 9.5 in WI, respectively.

Conclusions: We found that biological hazards, specifically bacteria in FR, fungi in RWS and endotoxin in WI pit and
bulldozer at LA, should be controlled to prevent worker's respiratory diseases.

Key words : Bioaerosols, Biological hazards, Waste handling industry, Endotoxin, Glucan
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Table 1. The levels of biological hazards' concentrations by industry(excepting outdoor samples)

Impaction Method

Industry Bacteria(CFU* /m3) Fungi(CFU/m3)
n AaM" oM'  GsD' Range n AM GM GSD Range
Recyclable Waste 809 488  2.881 18~7,318 60 5438 3513 2845  382~17,852
Sorting(Spring)
Recyclable Waste 1,399 934 2941 47~3,788 60 9,564 6,032  3.186  393~26,076
Sorting(Summer)
Food Recycling 36 7,631 3273 3.647  316~49,904 24 8234 3307  3.716  523~67,829
Landfill 24 2446 1,334 3380  59~14,357 21 1,224 712 3.044 95~6,510
Incineration Plant 17 4321 860 8919  35~21,795 17 54202 5052 10148  355~371,449
Chi-Square 44.4853 35.4077
p-Value* <0.001 <0.001
Gelatine Filtration Method
Industry Bacteria(CFU/m’) Fungi(CFU/m’)
n AM GM GSD Range n AM GM GSD Range
Recyclable Waste g0 15334 656 4042 22-5370 49 29250 10,119 4.081  436~577,370
Sorting(Spring)
Recyclable Waste 517150 933 3751  69~721,672 45 46529 30790 2827  1735~132230
Sorting(Summer)
Food Recycling 36 42,990 4,672 14141  65~221,681 35 21,911 3,494  11.140  93~124,788
Landfill 23 19223 7,008 5551  276~77,492 23 41,130 13,984 6917  51~184,309
Incineration Plant 18 3,759 848 6258  77~38,301 18 123,006 10,808 12569  277~613,495
Chi-Square 30.0106 22.8912
p-value <0.001 <0.001
Total Dust
Industry n Endotoxin(EU"/m3) Glucan(ng/m3) Dust(mg/m3)

AM GM GSD Range AM GM GSD Range AM GM GSD Range

Recyclable Waste o365 104 2404 30-1001 41 28 2553 03~162 024 016 3.149 0.01~1.25

Sorting(Spring)

Recyclable Waste g3 115 g9 1950 34390 141 66 3583 061519 021 011 1990 0.04~543

Sorting(Summer)

Food Recycling 33  99.8 397 4225 3.4~4857 108 6.6 2.824 18329 038 023 2722 0.06~1.24
Landfill 22 333 224 2766 3.6~974 1.1 09 1798 05~67 048 038 2.029 0.15~1.25

Incineration Plant 18 213.1 456 7.361 3.7~989.2 439 53 6852 1.1~2474 047 029 2705 0.10~1.72

Chi-Square 37.3820 57.1152 45.5968

p-value <0.001 <0.001 <0.001

CFU": Colony forming unit, AM# : Arithmetic mean, GM® : Geometric Mean, GSD "". Geometric standard deviation,
EU" : ]:anotoxin unit
p-value : p-value by Non Parametric tests (Kruskal Wallis Test)
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Z(Occupational Safety and Health Administration, OSHA)
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m'9} v wate] B, Al AlRo A 7]&E 23EH v)

Bacteria
Incineration
Landfill
Food
+
RWS(Sum)
F
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Incineration
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Food
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Endotoxin
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Landfill
Food
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Figure 1. The compositions of biological hazards levels by industry.
RWS(Sum)f : Recyclable waste sorting(Summer), RWS(Spr)¢ :
Recyclable waste sorting(Spring), Low' : Less than 1,000 CFU/m’
of bacteria and fungi or 50 EU/m’ of endotoxin, Intermediate .
1,000~10,000 CFU/m’ of bacteria and fungi or 50~100 EU/m’ of
endotoxin, High‘W : More than 10,000 CF U/m’ of bacteria and
fungi or 100 EU/m’ of endotoxin
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Table 2. The ranks of biological hazards' concentrations by process

Bacteria Fungi
Rank P ] 3
Process GM (range)(CFU/m") Process GM(range)(CFU/m")
1 Incineration-Waste Pit 10,479(6,675~21,795) Incineration-Waste Pit 78,413(13,256~371,449)
. Recyclable Waste Sort
2 Food Recycling-Pretreat 5,689(1,731~31,124) (Summer)-Tnput 14,259(5,259~23,694)
. Recyclable Waste Sort
3 Food Recycling-Input 2,943(316~49,904) (Summer)-Sort 6,716(1,106~26,076)
. Recyclable Waste Sort
4 Food Recycling-Compost 2,094(563~26,370) (Spring)-Sort 5,955(870~17,852)
Recyclable Waste Sort Recyclable Waste Sort
5 (Summer)-Tnput 1,723(445~3,557) (Summer)-Input 5,800(523~67,829)
Recyclable Waste Sort
6 Landfill-Lower 1,539(241~14,357) (Spring)-Sort 3,616(697~13,406)
7 Landfill-Upper 1,157(59~6,438) Food Recycling-Pretreat 2,919(907~15,582)
Endotoxin Glucan
Rank PR 3
Process GM(range)(EU" /m’) Process GM(range)(ng/m’)
1 Incineration-Waste Pit 473.2(200.9~989.2) Incineration-Waste Pit 52.9(9.1~247.4)
. Recyclable Waste Sort
2 Food Recycling-Pretreat 73.7(16.1~485.7) (Summer)-Sort 11.0(1.4~152.0)
3 Food Recycling-Input 69.9(9.1~238.8) Food Recycling-Pretreat 8.9(1.76~29.4)
Recyclable Waste Sort .
4 (Spring)-Plastic 45.1(20.6~100.1) Food Recycling-Input 8.7(1.9~32.9)
. . Recyclable Waste Sort
5 Incineration-Input 40.7(22.1~77.0) (Spring)-Plastic 7.1(4.1~12.9)
Recyclable Waste Sort
6 Landfill-Upper 28.8(4.0~76.8) (Summer)-Input 4.3(0.6~26.4)
7 Recyclable Waste Sort 18.3(10.3~39.0) Food Recycling-Compost 3.4(1.8~7.1)

(Summer)-Plastic

GM': Geometric Mean, EU': Endotoxin unit
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Table 3. Indoor and outdoor concentrations of biological hazards by industry

Bacteria(Impaction)

Fungi(Impaction)

Endotoxin(Total) Glucan(Total)

Industry T 3 3 3 3
n GM (CFU/m") n GM(CFU/m") n GM(EU/m") n GM(ng/m”)
Indoor 60 488 60 3,513 53 10.4 53 2.8
Recyclable
Waste Sort Outdoor 17 230 17 431 16 2.9 16 1.2
(Spring) 10' 2.1 8.2 3.6 23
Indoor 60 934 60 6,032 53 8.9 53 6.6
Recyclable
Waste Sort Outdoor 16 405 17 1,509 15 3.8 15 1.3
(Summer) 10 23 40 23 5.0
Indoor 36 3,273 24 3,307 33 39.7 33 6.6
Food Recycling  Outdoor 12 111 12 674 7 52 7 1.3
/0 29.5 4.9 7.6 5.05
Indoor 17 860 17 5,052 18 45.6 18 53
Ineineration o 0 6 160 6 579 5 1.7 5 0.56
Plant
/0 53 8.7 26.8 9.5
GM": Geometric mean, /0% : Indoor/outdoor ratio
Table 4. Correlation coefficients of biological hazards and environmental factors in recyclable waste sorting industry
o Bacteria Bacteria Fungi Fungi Endotoxin Total
Factors Temperature  Humidity Impaction  Filtration = Impaction Filtration in Total dust  Dust
Temperature(n=154) 1.000 3427 3157 125 229" 186 055 -230"
Humidity(n=154) 1.000 -018 -107 216" 338" -.092 -308™
Bacteria Impaction(n=153) 1.000 444" 535" 238" 387+ 214
Bacteria Filtration(n=123) 1.000 117 323" 500k 465"
Fungi Impaction(n=154) 1.000 475" 067 -.048
Fungi Filtration(n=126) 1.000 171 .076
Endotoxin(n=137) 1.000 386"
1.000

Total Dust(n=137)

T p<0.05, 7" p<0.01

A ARE v o2 ABHUAE EA A Al
2 25%(r=0.315, p<0.01), X2 2= L FE=7Hr=0.229,
p<0.01, r= 0.216, p<0.01) 5=} EAH o= 8ol
AL Bk v, FEXY] A9 2 9 HEet
9] APAAE B YT} (= -0.230, p<0.01, r= -0.308,
0.01). gtH, NEEAT} Z27H0] AP 22 W - <5
Eo A7 fls A S & B 7FE] L ThH(Table 4).
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Table 5. Comparison of biological hazards' concentrations between total and respirable fraction size by industry(including outdoor air

samples)
Geometric mean (Range)
Industry Total Dust Respirable Dust
n Endgtoxin Glucan Dust n Endotoxin Glucan Dust
(EU /m3) (ng/m3) (mg/m3) (EU/ms) (ng/m3) (mg/ms)
Recyclable Waste Sort 69 8.2 2.8 0.14 68 2.2 0.44 0.06
(Spring) (1.1~100.1) ~ (0.25~16.15)  (0.01~1.25) (0.3~10.4) (0.02~1.68)  (0.01~0.27)
Recyclable Waste Sort 68 7.2 4.4 0.1 7 1.9 1.0 0.04
(Summer) (1.0~39.0) (0.1~152.0) (0.0~5.4) (0.4~394.1)  (0.1~15.3) (0.01~3.8)
. 34.0 6.6 0.17 13.92 2.5 0.089
Food Recycling 0 0144857 (176-32.9)  (0.04~124) 0 (055-4392)  (03209)  (0.02~0.52)
22.5 0.9 0.4 5.15 0.43 0.17
Landfill 22 (3.61~97.44) (0.52~6.8) (0.15~1.25) 24 (0.56~126.5)  (0.05~19.8)  (0.10~0.77)
Incineration Plant 23 20.1 42 0.17 18 4.19 2.39 0.07
(0.32~989.2)  (0.11~247.4)  (0.01~1.72) (0.40~43.4)  (0.15~50.8)  (0.01~0.33)

EU': Endotoxin unit,
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2 dusty gk 714 5, 2007).
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