sh2 At 2| M sks| K|, M247 M[35(2014) ISSN 1226-4326(Print) ISSN 2289-0564(Online) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(3): 310-320
http://dx.doi.org/10.15269/JKSOEH.2014.24.3.310

.
‘mestm SR, SoHA

An Assessment of Environmental Characteristics Associated with the Level
of Endotoxin Concentration in Hospital Lobbies

Kyeong-Min Lee' - Jeongkwan Yeom? - Wonjae Lee® -
Seung-Hun Ryu* - Dongjin Park® - Dong-Uk Park®

'Occupational Lung Diseases Institute, Korea Worker’s Compensation and Welfare Service
*Hanbul Energy Management Co., Ltd., 3Department of Global Healthcare Management, Gachon University
*Institute for Occupational and Environmental Health, Korea University
5Occupational Safety & Health Research Institute, Korea Occupational Safety and Health Agency
*Department of Environmental Health, Korea National Open University

ABSTRACT

Backgrounds: Endotoxin, which found in the outer membrane of the gram-negative bacteria cell wall, makes up almost all of the
lipopolysaccharide(LPS). When people are exposed to endotoxin,it can result in diverse health effects such as an airway irritation and
inflammation, fever, malaise, bronchitis, allergic asthma, toxic pneumonitis, hypersensitivity lung disease. Cases among the elderly, children
or pregnant can occur more frequently than a healthy adult if they are repeatedly exposed to the existing endotoxin. Therefore, we investigated
and assessed the environmental characteristics associated with the airborne endotoxin concentration level in six hospital lobbies.
Method: Endotoxin from indoor air in six hospital lobbies was measured by an area sampling method and analyzed according to American
Society for Testing and Materials International(ASTM international) E2144-01. Total suspended particulate(TSP), carbon dioxide(CO»),
temperature and humidity were also measured by using direct reading measurements or airborne sampling equipment at the same time.
Environmental characteristics were appropriately divided into two or three groups for a statistics analysis. One-way analysis variable(one-way
ANOVA) was used to examine a difference of the endotoxin concentration, depending on the environmental characteristics. In addition,
only variables with p-value(p<0.25) were eventually designed to the best model by using multiple regression analysis.

Results: The correlation analysis result indicated that TSP(p=0.003) and CO,(p<0.0001) levels were significantly associated with
endotoxin concentration levels. In contrast, temperature(p<0.068) and humidity(p<0.365) were not associated with endotoxin
concentration. Levels of endotoxin concentration were statistically different among the environmental characteristics of Service
time(p=0.01), Establishment of hospital(»p<0.001), Scale of hospital(p=0.01), Day average people using hospital(p=0.03), Cleaning
time of lobby(p=0.05), Season(p<0.001), and Cleaning of ventilation system(p<0.001) according to ANOVA. Finally, the best
model(Adjusted R-square=72%) that we designed through a multiple regression test included environmental characteristics related to
Service time, Area of lobby, Season, Cleaning of ventilation system, and Temperature.

Conclusions: According to this study, our result showed a normal level of endotoxin concentration in the hospital lobbies and found
environmental management methods to reduce the level of endotoxin concentration to a minimum. Consequently, this study recognized
to be requirement for the management of ventilation systems and an indoor temperature in order to reduce the level of endotoxin
concentration in the hospital lobbies.
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Rylander, 1997; Langevelde et al., 2000; Bouillard et
al., 2005; Cox-Ganser et al., 2009).
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o] 2 Z(Bioaerosol)o]] 2= 7}54o] Ark(Nielsen,
2009; Kim et al., 2010). H o] &2} & WA A7}
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1. CH&t
Mg B A7 Aol e 671 ST -A(500
Al o]Ah) ZHlolA 2010 7THNE 12¥ B¢ F
ol
A

. =] o
A, ZY A WA F YN EHL Table 1of
A 2]5} A th(Table 1).

Hospital Date Season Weather Establish years Scale of beds  Day average people

A 2010. 7 Summer Sunshine 1989 710 3000

B 2010. 8 Summer Rain 2002 1000 3000

C 2010. 9 Autumn Sunshine 2009 1200 2000

D 2010. 10 Autumn Sunshine 1986 530 2400

E 2010. 11 Autumn Sunshine 1993 867 2500

F 2010. 12 Winter Sunshine 1999 800 2000
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5] 2 25 (Temperature), <5 = (Humidity),
HZA] EE(Dust), =%4GA|7HService time), AHAE
(Establishment of hospital), B ZAFFX(Scale of
hospital), 315 Ho+ ©]-8-21¢(Day average people using
hospital), =H] ™HZ(Area of lobby), ZH] HAA|ZF
(Clean time of lobby), 2]5-37] &Y 9 X](Location
of fresh air inlet), 7| (Season), ‘&A|(Weather), 33A]
A 2% A17HRunning time of ventilation system), 33
Al A AHI%=(Clean frequency of ventilation system)
5& Agekn s,

(°F 1.5 m)ofl A ZH] G AJZF AJZH08:00)2 &
Zho] 27 E o]Z #(18:00-24:00) E°F I
2 AFsAh 47U og Feer A
sto] AR FIIA %, Fk, olitabeka, |

NEeE, $5,CO, 2UHH

en, &%, COx 7MAHZE7](Multi-gas  PID
monitor, TG-502, Gray&wolf, USA)Z 1& 71A° =7
S5kt S4% ks o] AEA el e AIZE
oz Hastel Agstec.

2)HA &4

571 & A=EAS AQFsk= b AR AR
o] 1} X|(Glass Fiber Filter, SKC, 1.0 um pore size, 37
mm)E ZAE 7R E(SKC, 37 mm, 3-piece)o] A2}
317] A, ZZAA2(ED224S, Sartorius, Germany)&=
FAE S5tk oA Woll Hol = i Al
Ash= o] Hasht Hdx7]oA] AZE Hastd
A&7F e g 4= QlojA Ff 1247k Hstqict.
A5 Tl MEEA4lE FgFatr] Aol ojbx] FAE
SAst] A5 37 8FE LHsto] F WA vk
(mg/m’)S T3},
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ZAl S T

AN B4l AF 7} B4 v 2 A SH](ASTM,
American Society for Testing and Materials) E2144-01
HFH S 23 THASTM International; Designation
E2144-01). AEEAIS] A3 9 HAo] o] SH L 7}
% Aol 2Apl7E dRelAt daE AL A8
gt Ze2 g 7FHIE(SKC, 37 mm, 3-piece), 52
A5 o]1}X](Glass fiber filter, SKC, 1.0 um pore size,
37 mm), Support pad(SKC, Cellulose, 37 mm
diameter)= 319Q}HE7](MLS-3020, Sanyo Electric,
Japan)o] Hil 2(121C)oll 4] 1587 Hateh & 7
z710 @i 1At ol dxstith BatE THHE
23 WX|(Clean bench)o| A &

=]
o
flo
1=
re
Rl

= AFsiith Hxo YHFFE HFAFUIEE
ol-gsto] 4 A Fof Z
AF = 84 M7HA] 4T ofst
gksto] 3 ool Bk AlRE AHFTE A+
A oA E Pyrogen-free tubeo]| €2 o} F7I2
LAL(Limulus Amebocyte Lysate) water(Pyrogen-free)
10 mE 93 d=EA4e 12 FE55ch wyt7)
(Shaker)9} ZS1}A| 2 7|(Ultrasonic bath)ol| 4] Z} 60
27 Az 2o AESA 2F 34L AR
5, Y412 2]7](Centrifuge)2 1000 RPMoj| A 15827
A3 Bejslel 45 olg wAgom o
Hs AdE=EAl A|RE CSE(Control  Standard
Endotoxin, Lonza, USA)E ©o|-&3}t) v 7]50]
+= Microplate reader(CAMBREX, ELx808, USA)2] 340
nm T4 A A& 2] B =7} OD(Optical Density) 0.03
o wekah AZHe 25kl AYMS ST, dw
EAS A okleh #5899 FX=+= 10EU, 1EU,

B o>

0.1EU, 0.01EUE AA3}1L  ArA 4(Correlation

coefficient)= 1=0.999 o|Alo|x] A3t S-S
(Recovery)t= mff Addujct BAGsATE AegAl FF
24 Zg2 ;e WinKQCL software(LONZA, 3.1
Version, USA)o]ltt. HZ3$HA|(Limit of detection,
LOD):= LAL(Limulus Amebocyte Lysate) water
(Pyrogen-free)ol] ZTE[o] Sl QE=FAIY Hid
(<0.005EU)S A}&5}alc.
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Y ZHlold AEEA WA GRS mE 5
ol B4 2de BAHom pustdt F4us
L2 37 F AEEA SRt Hutol
A A%d el F WA BE, olAEREACO)),
SRS WREY Weak 2 294N (During

service time vs. After service time), 5 HAHA=
(1980°s, 1990’s and 2000’s), B ZAFFR(<1,000
vs. >1,000), 3}5 H 0]-&20A(<3,000 vs. >3,000),
28] WA(<2,000 m® vs. >2,000 m’), 2H] HAA|7]
(During service time vs. After service time), &]5-g7]
80151 9] x| (Underground & 1% floor vs. Higher than
1* floor), & (Summer vs. Fall vs. Winter), 94
(Sunshine vs. Rain), ZFZA|d G AZHAIl day vs.
Service time), HZA]A A A5 (More than one time
vs. Nothing) $1t}. 815 Hat 2H] o]-&US AL
7h 24717 Bk A AT olBy Wae dw
g Alg a7t 5o widE o s WEA S
FHHE VLR FESHAT

U AFAHLA](One way-analysis of variance, ANOVA)
SoA FoaEp)ol 0.25 o5t {23k 274
V5L 12 el T A% thFE AR w0
A 87 % AEBA B U] A ulAE
ojg B4H ol Fopych ¥R Wt 7%
ol Hla) WA Al BRAAS Bl =
2}7 0] A elo= STATA(Version 11.2, USA)E o] 8
shaich

fo 1l

o (& Jo

. 12 o}

HY 2o 2= Eo Fy¢o] o2 BHYErRT
WA Uebetth E, F HYS AQg A, B, C, D ¥
52 2m7] vt EolglEt, ol 67 WY
P SE(24.4+2.0C)E0} =9kttt B HELE 66.0
%2 67 WY BFE PR Hildls thEols
AlE] A A 718(30-60%)2 23531l CO,
FEE AYB01£221 ppm)o] thE
ko A4 FA 712l 1,000 ppm=
QFtH(Ministry of Environment, 2004).

% F99UA F%+= B, D 181 E oA o2
HUEETE =9tk 53] B WA H 5E(4.46
mg/m’)E thE WUSY| B wER oF 20 o4
=3k tH(Table 2).

37 & A=EEA FEE A
EUm'e2 714 =9tomn, F 2 0.05(+0.04)
EUm’ e 2 714 Witk 67) B9 dxEil B3
= 0.60(£0.88) EU/M’ o|Qlou), Zokzke 048
EUMm’ & AeB R} Wobck(Table 2).

AMY AEEA FEE 9J5(AM=0.93 EUm’,
95% CI=0.28-1.58 EU/m’), 7F(AM=0.56, 95%
CI=0.41-0.70), A-&(AM=0.05, 95% CI=0.02-0.08
EUM) 02 yepgon], ojFo] Agrct oF 19
i =9kt

SGA7HY] AdE=EA = (During service time,
0.79 EUmM)E 2347t $8 & A=EA 5=

W5 ¢

Table 2. Airborne endotoxin and total suspended particle levels by respective hospitals

Endotoxin levels(EU/m’)

TSP levels(mg/m3)

Hospital
N AM(SD) GM(GSD) Range N AM(SD) GM(GSD) Range
A 10 1.55(1.76) 1.15(2.01) 0.52-6.47 6 1.46(0.90) 1.07(2.84) 0.17-2.41
B 10 0.31(0.26) 0.19(4.10) LOD-0.87 10 4.46(0.89) 4.37(1.25) 2.96-5.47
C 10 0.20(0.24) 0.06(8.52) LOD-0.71 7 1.13(0.67) 0.92(2.19) 0.22-2.24
D 10 0.83(0.28) 0.78(1.46) 0.33-1.29 9 2.05(0.90) 1.88(1.56) 0.96-3.41
E 10 0.64(0.38) 0.56(1.70) 0.27-1.51 9 1.93(0.28) 1.91(1.15) 1.67-2.44
F 10 0.05(0.04) 0.03(2.54) 0.01-0.12 8 0.71(0.51) 0.52(2.60) 0.10-1.30
Total 60 0.60(0.88) 0.24(5.78) LOD-6.47 49 2.10(1.47) 1.53(2.54) 0.10-5.47

EU: Endotoxin unit, TSP: Total suspended particles, AM: Arithmetric mean,
SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation, LOD: <0.05 EU/m’
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(After service time, 0.40 EU/m’)X.ch oF 2uf 52|35}
A e Ao tehdrhp=001). $Y A=
AEEA & vlmo A& 1980, 1990 th, 2000

ddie] A2 gdel AxEA s=7F Z+zZb 119
EU/m’, 0.34 EU/m’, 0.26 EUM’ 2.2 AEo] o<
5 Jd=EA 5=7F 595 =%th(p<0.001).

Table 3. The levels of log-transformed endotoxin among the categories of environmental variables

Endotoxin, EU/m’

Independent variables No of sample

AM + SD GM / GSD Range ANOVA model p
Service time
During service time 30 0.79 = 1.18 042 /322 0.06 - 6.47 p=0.01
(08:00-18:00)
After service time 30 0.40 £ 0.36 0.13 / 7.81 LOD - 1.17
(18:00-24:00)
Establishment of hospital
The 1980°s 20 1.19 + 1.28 095/ 1.79 0.33 - 6.47 2<0.001
The 1990’s 20 0.34 + 0.40 0.14 / 5.06 0.01 - 1.51
The 2000’s 20 0.26 + 0.25 0.10 / 6.51 LOD - 0.87
Scale of hospital(number of beds)
<1,000 40 0.77 = 1.03 0.36 / 4.71 0.01 - 6.47 p=0.01
>1,000 20 0.26 + 0.25 0.10 / 6.51 LOD - 0.87
Day average people using hospital
<3,000 40 043 + 041 0.17 / 6.17 LOD - 1.51 p=0.03
>3,000 20 093 + 1.38 0.46 / 4.16 LOD - 6.47
Area of lobby
<2,000 m’ 20 0.44 + 0.44 0.16 / 5.79 0.01 - 1.29 p=0.24
>2,000 m’ 40 0.68 + 1.03 029 / 5.72 LOD - 6.47
Cleaning time of lobby
During service time 30 0.86 + 1.15 0.37 / 6.49 LOD - 6.47 p=0.05
(08:00-18:00)
After service time 30 0.33 + 0.36 0.15 / 4.65 LOD - 1.51
(18:00-24:00)
Location of fresh air inlet
Underground & 1% floor 40 0.64 £ 1.05 0.25 / 5.10 LOD - 6.47 p=0.69
Higher than 1% floor 20 0.52 + 0.41 0.21 / 7.55 LOD - 1.29
Season
Summer 20 0.93 + 1.38 0.46 / 2.16 LOD - 6.47 2<0.001
Fall 30 0.56 + 0.40 0.29 / 5.63 LOD - 1.51
Winter 10 0.05 + 0.04 0.03 / 2.54 0.01 - 0.12
Weather
Sunshine 50 0.65 = 0.95 0.25 / 6.20 LOD - 6.47 p=0.66
Rain 10 0.31 + 0.26 0.19 / 4.10 LOD - 0.87
Running time of ventilation system
All day 20 0.44 + 0.44 0.16 / 5.79 0.01 - 1.29 p=0.24
Service time 40 0.68 + 1.03 029 / 5.72 LOD - 6.47
Cleaning of ventilation system
More than one time 40 0.53 £ 1.05 0.14 / 6.90 LOD - 6.47 »<0.001
Nothing 20 0.73 + 0.34 0.66 / 1.62 0.27 - 1.51
Total 60 0.60 + 0.88 0.24 / 5.78 LOD - 6.47

EU: Endotoxin Units, AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean,
GSD: Geometric standard deviation, ANOVA: Analysis of variance, LOD: <0.005 EU/m’
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A o]g]lo] 3,000 wRtY =
(043 EU/m’)7} 3,000 oAt ujf ==
(0.93 EUM) Rt oF 28] $-o3H4 Wokth(p=0.03).
28] HAAZ| A LA B Hae 2u]9 <l
T EA] %% (During service time=0.86 EU/m’):= &%
A7 o] A4S ZH|9 sI(After service
time=0.33 EU/m))Xc} °F 28] $ol5t4 =9

(p=0.05). 123 AEolA AF, 7H, ALl ohigt
AEEA Hw 7+7F 0.93 EU/m’, 0.56 EU/M’ 2
0.05 EU/m’ 0 &, o] 20| 7} =9ka ALo] A 1t
EhdEdl ol EAHOR ol grk(p<0.001). E
FRAE HaFRolA FRAES T ol Ha
3t HYo Ad=EAl 5% (More than one time, 0.53
EUmY)7F A28 314 ohe B ol 348 d=s
Al 1= (Nothing, 0.73 EU/m) Rt} S-2lal7 WA o
EFTHp<0.001). BHHo| 28] WA (p=0.24), FXA|

2H|ol J7| & A==A s=of 0[X|= &4 22l g7 315

A FAT SA=0.69), FH(p=0.66), FEAH &
GAZHp=0.24) W= B2 SAFH o2 {Fogt Zfo]y
919l tH(Table 3).

WAL, COy, 25, HES} AEEA B o] A4
o A= A2 CO9| AAIa= 7zt 0.493(p=0.003),
0.550(p<0.0001) 2.2 F-2J3t Aol o, &=
9} HE 7H7F 0.238(p=0.068), 0.119(p=0.365) 2.2 A}
ArE W9k FAHoRE {olahr] ot
(Table 4).

E gFI AR A3, 26 SPARE 2
A, A, 2AE Hb f5, 250 44
2 37 T A=EEA Fro] fogt dFE
Ao 2 YehgrhAdjusted R*=0.72, p<0.0001).

—_

)
fo
(R o

2rr e g

Table 4. Results of correlation coefficient between log-transformed
levels of endotoxin and dust, temperature, and humidity in

a hospital lobby
Dust cOo2 Temperature Humidity
R 0.493 0.550 0.238 0.119
p-value  0.003 <0.0001 0.068 0.365

Table 5. Summary of multiple linear regression models for predicting the log-transformed levels of endotoxin in a hospital lobby

Log-endotoxin, EU/m’

Independent variable

B SE p-value
Service time
During service hour(reference)
(08:00-18:00)
After service hour -1.14 0.24 »<0.0001
(18:00-)
Area of lobby
<2,000(reference)
>2,000 -1.14 0.44 p=0.012
Season
Sumer(reference)
Autumn -2.13 0.36 p<0.0001
Winter -4.58 0.62 »<0.0001
Cleaning of ventilation system
Nothing(reference)
More than one time -1.50 0.44 p=0.001
Temperature
<26°C(reference)
>26°C -1.62 0.29 p<0.0001
Adjusted full model(R?) 0.7182(p<0.0001)
[=Estimated regression coefficient, SE=Standard error
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