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57920340: M.Sc. (OCCUPATIONAL HEALTH AND SAFETY)
KEYWORDS: RESPIRATORY SYMPTOMS/ FUNGI AEROSOL IN MUSHOOM HOUSE/
MUSHROOM CULTIVATION/ MUSHOOM HOUSE/ MUSHROOM
WORKERS
PATTAMAPORN BUADAENG: FACTORS AFFECTING RESPIRATORY
SYMPTOMS AMONG MUSHROOM WORKERS IN CHIANG RAI PROVINCE
ADVISORY COMMITTEE: PORNTHIP YENJAIL Ph.D.; ROTHUEDEE CHOTIGAWIN,

Ph.D. 161 P. 2017.

This research was a cross-sectional descriptive study. The aim of this study is to
ascertain the factors affecting respiratory symptoms among the mushroom workers. The numbers
of the representative group in Chiang Rai Province were 350 people. They were selected by the
area cluster sampling and simple random sampling methods. The tools used to collect data was
the interviews from the participants. The fungi concentration were collected with single stage
impactor and assessment of the workplace environment. The analysis conducted by the
descriptive statistic and inferential statistics method.

The findings of the study were shown that the most of participants were female at the
percent of 62.6. The average age of participants was at 47.76 years old (SD =12.95). The 14.9
percent of the whole participants were the smokers. The 6.3 percent of history of respiratory
illness and 6.0 percent of occupation risk of the respiratory disease. The 43.7 percent of
mushroom cultivation work in mushroom houses at average 4.17 hours per day (SD = 2.28) and
the frequency of work in the mushroom houses at average 3.1 time per day (SD = 1.15).
Respiratory protection was used by 53.4 percent of the mushroom workers. The result showed
that the average indoor air concentration of fungi aerosol in mushroom houses using geometric
mean to analyzed (GM + GSD) was 853.43 + 1.73 CFU/m’. The average per farm of mushroom
spawn bags was 31,677.43 (SD = 35,188.27). The structure of the mushroom houses made by
wooded. The roof made and wall made of the thatched and sun shade netting. The mushroom
houses is usually a solid ground. The average size of the mushroom houses was 138.74 m’

(SD = 49.14).The temperature in the mushroom houses average is was 33.23° C (SD = 4.13) and

relative humidity in the mushroom houses average was 51.15 % (SD = 12.46). The ventilation



rates in the mushroom houses average was 0.04 m/s (SD = 0.04) and the carbon dioxide average
was 1,237.39 ppm (SD = 974.00).

From the analysis of factors affecting the respiratory system, found that the participants
ranging 31-60 years of age, OR (95% CI) was 3.29 (1.34, 8.05). The indoor air concentration of
fungi aerosol in mushroom houses ranging 2,001-4,000 CFU/m3, OR (95% CI) was 15.197
(1.549, 149.087) and the temperature in the mushroom houses above 35 °C, OR (95% CI) was
1.736 (1.088, 2.990).Factors affecting the upper respiratory system, found that the participants
ranging 31-60 years of age, OR (95% CI) was 3.124 (1.311, 7.883) and the indoor air
concentration of fungi aerosol in mushroom houses ranging 2,001-4,000 CFU/m3, OR (95% CI)
was 15.030 (1.531, 147.524). And factors affecting the lower respiratory system, found that
history of illness, OR (95% CI) was 6.700 (1.043, 43.043)

The research results can made suggestions that should be surveillance of both the

working environment and the health of the mushroom workers to prevent health effects.

Especially those who are older than 30 years and who had a history of respiratory illness.
Including promoting the knowledge and practice to reduce the risk of exposure to fungi in the
work environment, such as to promote the use of respiratory protective equipment is accurate and
appropriate. There should be ventilation in mushroom houses before work and avoid working

during the high temperatures of the day.
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2115 lAdsIAUTIUIU 300 CFU/M’ mnzdlulsunuiildinanansnuaedninng lae
A v A ° Aa A o DX} '
i Tuvagnmuuzihnumuomanies1lueinsves WHO nvualiieend 50
3 1 a S ¥
CFU/m’ 1@ ACGIH (2011) taganasgiuguniweimanislueimsuesdszmadanlys 1
Y Y
fMrualisnudesluoimeasiunarua linu 500 CFUMm’ (Asueue, 2559)
9 ] [ B~ ~ = @ & A v v 1 a ~
Anziiagnindnuesnnernumsinynssal Temaduiaguaunsd
Y
1 a a a [ YR <
Aoudan BnmsAnyIeIMsAalnavesmaduniels wud msdudm¥esvesdimizivia
M ldinaanudalnademadueslaniniiga (Moore et al., 2005) lumsAnyimsSududia
k2
[ 1 a v J 1
wos luomeiunansznuaeszuumaaumelylugaamnssuinuazosdad wu i
9
a o J a . -
Ysmauses1lueime 119U 4 x 10 gnUIARLAS 1az USNIMUDI Endotoxin (11U 440
EU/m’ wmz? [3-(1-3)-D-glucans 115119 6 pg/m’ (Straumfors et al., 2016) MUATENANHIN
= da' 1 1 dal 1 d' dsl 1
Ysunauges lueimaaiunauanwas U Ure 1NN NNITHININED T TAIATI 19U
9 [ < [ [} dy d'dy A o <3 3
msldszavve B-(1-3)-D-glucans Tumsinudrediades i luniuihauumumiuaeniva
[ 4 (=] 1 [ 4 Y] o
HAZUNUNUTTPAUN WU TAgauInnd 10 v enlFeuisuiuunundninaululszmer
Q)1 (Tanaka et al., 2001) Yz Niin15 193511 B-(1-3)-D-glucans Tumssziumssuduia
dy 9 [~ . =2 8 = =i 3 ]
1931110 IMAVBIRINIZINA (Lee & Liao, 2014) daudinaziimsanw lsalloanumizisia e
[ [} 1 dy Y o J 1 d' a dg‘ z dy = 1 =
9y lddanuiwaniznuaogunMnaT U9 INIER T UREI01UREUNTIY
[ k2
@”Iﬁ]ﬁﬁ”llﬁ&{]i]”lﬂﬁ]uau d YOUFDI1IINAY (Koivikko & Savolainen, 1988; Phillips et al.,
1987)
o a <3 [~ 1 Aa A o vaaa
3.2 NUIUFHAVOURA HALAZFIANANUI WA AUANTANLAY
[} o qaj a a @ 4 4
vannatouanaenuesn 1 neludumenw msnsyan Ta MIvereius (ous

o J A £ o [ J o 4 v v W dy S A 1 v a9
IUNTATN, 2542) G]Nﬁﬂ}lmzﬂ\iﬂﬁ'nﬂ'lslﬂﬂ'ﬁﬁﬂﬁuWﬁ!f’]f@i’]lﬁﬂuﬂ'ﬂiﬂl@]ﬂ@n\?ﬂu@ﬂﬂﬂﬂ



47

a I~ a a @

AL (Mushroom allergy) 283 NATOUYNUANIIHINII
9 [ a
A

NNMsANEIMI NG 15A7
A 4 ° v ]
UAY U3IABO1IYN (Nasal challenge) Tagthansanainitia

(Skin test) HAZNIINATaLU)

v
9 aa o
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A <3 1 @ a 4 3 1
gunw dsziamsuiheluilegiiv Usmandes Tulsumizifiagie 2,001-4,000 CFU/m’
a I~ [ 1 a Y o L <3
gl luTsawzifiaganna 35 °C uazdSunamesmsvou laoon loa luTsumzivia
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%249 800-1,600 ppm NUBINMTAAYNAVDITZULMAUAUMIE ] WD DIGUDIRINIZITATI01Y
EI=l A 1 9 <3 1 9 1 A [ =Y Y =
31-60 1 UAANUFEWINNI AIWNIZHADIYFIIUBINIIMIOMINY 30 U 191191 3.289 1M1 WA
v
[ Y 1 a <3 ] 1
95 % CT 1A 1.344-8.047 TuamSuaudes 1uTsamzmingig 2,000-4,000 CFU/m’ 1
~ 1 a dy 3 [} 9 1 A Y 3 (Y
ANWEsININN M Usuandesi lulsumzmag19e0sn MM30M1IAY 2,000 CFU/m’ 1m1A 1
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15.197 1311 11 95 % CLIMAY 1.549-149.087 tazgavgii 1y 15amiziiagiannndi 35 °C i
1 { 1 a < [} 1 1w 1w 1
Aanudeannngurg il lulsumzimiaraiesnimIemny 35 °C iy 1.736 Tif1 95
% CLWNNY 1.088-2.990 A4LLaAS IUA15 19N 4-22
LY d’d 1 a a a 1 a 4
2. YaveniraneoinsAnlnanessuumauaumie laiuuy lumsinszims
o a < 1
0ANDENY Y (Multiple logistic regression) Up3d11/50a52 Ao D1YVOIGWIZIAATI 31-60 T
wva A < 1 o a g < 1
dszdagunw dsziamsnuiheluilegiiv dsunandes lulsumizifiage 2,001-4,000
3 9 3 o 9 a < ' ]
CFU/m’ TaseadaTsamziianimnnn i guugiluTsumzifiagaunnndi 35 °C uaz
a 4] 4 o < ] [ a a
YSinamaasueu lean lod 11 15umziHiag9 800-1,600 ppm NUBINTAAUNAYEITEUY
Aa 1 1 9 3 ] A A v 9 3
MAAUIY VA IUUY WU DIGVOIRINIZITATI 31-60 U WAIMNUFBININAI ISR
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dy < ' 3 A = ' a dy
F¥95111 T5UWIZINA%I9 2,001-4,000 CFU/m’ IAanudeaninni dsuaniesilu
I~ [ 1 [ LY 1 1 1T W
T599121A991108A NS 0N 2,000 CFU/m’ 191191 15.030 111 A1 95 % CI 1A
1.531-147.524 aauaad 15199 4-23
[ d'd 1 a a a 1 1 a 4
3. flaveninaneoimsAalnanisszuumaaumelagiuais lumsinsizrinms
DADBYNKAY (Multiple logistic regression) YA 1)58d52 Ao Ysziaguam sz iams

I 1 = o 3 ] v ) 1 3 [
Lﬂ‘uﬂaﬂﬂlueﬂm Llag3383!'Jﬁ']ﬂTi‘VI'N']UiUIiQLWT&ﬁﬂGD"NN']ﬂﬂ'J'] 2 GI)"JI?J\W]f’Jﬂﬁﬂ WU AW

U

== A 3 a = A [ 3 A
LWTZLWﬂNﬂig’J@]q%ﬂWWLﬂﬂLﬂuTiﬂV]NigﬂﬂﬂNLﬂuﬁTfJﬂlﬁﬂ UAANUAEININNIT HINISIHAN

] A 3 a 1w 1 1 o
lutilsziaguammeiuTsaneszuumaaumels iy 6.700 §iA1 95 % CI iy

1.043-43.043 AaUAAS 1UAIT19N 4-24



91

~ v A 1 a a a 9 <3
AT NN 4-22 ﬂﬂﬂﬂﬂuﬂaﬁﬂﬂ’lﬂ’]ﬁWﬂﬂﬂ@]‘ll@Qﬁ%UUWTQLﬂUWWﬂiﬂﬂJ@QE‘!LWWZLﬁ@I (N =350 AY)

21msfalnAves
Crude Adjusted
szuumanurigle
Fos foims  hifiems Coef.
n=118 n=232 OR (4
. . OR p-value
N N (95% CI)
(%) (%)
01y (1))
<30 7(6.0) 34 (14.7) Ref. - - -
31-60 96 (81.4) 168 (72.3) 2.776 0.019 3.289 1.191
(1.344, 8.047)
> 60 15(12.7)  30(13.00  2.429 0.089 - -
Wnarreshlsamnziia (CFU/m’)
<2,000 85(72.0) 185 (79.7) Ref. - - -
2,000-4,000 17 (14.4) 13 (5.6) 2.846 0.007 15.197 2.721
(1.549, 149.087)
> 4,000 16(13.6)  34(14.7) 1.024 0.942 - -
gaungilulsamizisia (°C)
<35 79(66.9)  181(78.0) Ref. - - -
>35 39 (33.1) 51(22.0) 1.752 0.026 1.736 0.552

(1.088, 2.990)
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omsialnAves
- Crude Adjusted
szuumaiummele
o Cofe.
tode foms Naiiorms B
OR (3]
n=118 n =232 OR p-value
o R (95% CI)
MU (%) MU (%)

Nl

¥ 43 (36.4) 88 (38.0) Ref. - - -

“Viﬂiﬂ 75 (63.6) 144 (61.0) 0.938 0.785 - -
sz Iamaguyns

Taiguyws 95(81.0) 203 (87.5) Ref. - - -

qUYH3I 23(19.5)  29(12.5) 1.695 0.084 - -
szgznaMguyHs @) (N =52)

1-15 7 (6.0) 9(3.9) Ref. - - -

16-30 13 (11.0) 16 (6.9) 1.045 0.944 - -

> 30 3(2.5) 4(1.7) 0.964 0.968 - -
uIMYHINguaeTu (N =52)

1-10 18 (15.3) 26(11.2) Ref. - - -

11-20 4(3.4) 2(0.9) 2.889 0.248 - -

>20 1(0.8) 1(0.4) 1.444 0.799 - -
Uszingummesiulsameszuumadumele

lsine 103 (87.29)  225(97.0) Ref. - - -

1nY 15 (12.7) 7(3.0) 4713 0.000 - -

Uszingumuluean neuszazna 1 madulsameszuumadurale
laitne 108 (91.5) 220 (94.8) Ref. -
1Ny 10 (8.5) 12(5.2) 3.983 0.261

Uszingumnilagiu meluszezna 1Y madulsameszuumadurigle

laiine 103 (87.3) 225(97.0) Ref. -

1ng 15(12.7) 7(3.0) 4.681 0.001
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21msAalnAves
- Crude Adjusted
szuumadumegle
o Cofe.
ilad 913 33iorms
OR ($)
n=118 n =232 OR p-value
(95% CI)

UIU (%) DIHIU (%)

dsziamsmavlueda maranuii@asnsaimsiadnfvesszvumativiela
Ty 108 (91.5) 220 (94.8) Ref. - - -
1N 10 (8.5) 12(5.2 1.698 0.233 - -

S <&
gﬂnmmmawwmwmﬂ

ey 55 (46.6) 98 (42.2) 0.838  0.436 - -
nuilsen
nzwiandlu 63 (53.4) 134 (57.8) Ref. - - -
1FWATH

mzmailuedwaiulasiinulszdnfegiiv =197 aw)

INYATNS 53 (44.9) 91 (39.2) 2524 0.163 - -
13153 1(0.8) 3(1.3) 0.000  0.999 - -
1v0ag3NY 2(1.7) 9(3.9) 00.963  0.970 - -
gni 0(0.0) 7(3.0) 0.000  0.999 - -
Fud1 5(4.2) 11(4.7) 1970  0.418 - -
p1NE 3(2.5) 13 (5.6) Ref. - - -

ANHAUZMIMNUWNZITA

Mauuen 30 (25.4) 56 (24.1) Ref. - - -
Tsamgiia
TASRITAY 88(74.6)  176(75.9)  1.071  0.792 - -
Tsamgiia

msl¥gilnsaiflestuszuumadumele
19795 62 (52.5) 125 (53.9) Ref. -
1% 56 (47.5) 107 (46.1) 0.948 0.813
a d (Y] a
viiavesginsaitlosnuszuumadiurgle
WIMNN0401N 1A 0(0.0) 1(0.4) - - - -

nihmnouisyiia 19 (16.1) 34 (14.7) Ref. - - -




A1319N 4-22 (91B)

21msAndnAves
- Crude Adjusted
szuumaaurela
o Cofe.
tode foms Naiiorms
OR ($)
n=118 n =232 OR p-value
o o (95% CI)
VI (%) UM (%)

nFEAY

itlavynwiiad 40(33.9)  84(362) 0852  0.643 - -

WuINAgUNIN 3(2.5) 6 (2.6) 0.895 0.884 - -
anudlumsldglnsaitlesiuszuumatiumele

Tdmnass 10 (8.5) 25(10.8) Ref. - - -

T4iee 9 9(7.6) 22(9.5) 1023 0.967 - -

LCATRRLER 43 (36.4) 78 (33.6) 1378 0.445 - -
rHaveuriainz (Grunurtaveasia/ 1sams)

<2 74 (62.7) 138 (59.5) Ref. - - -

2-4 36 (30.5) 80 (34.4) 0.839 0.479 - -

>4 8(6.8) 14 (6.1) 1.066 0.891
2igMsNuzmia (i)

1-10 9] 79 (67.0) 178 (76.7) Ref. - - -

11-209) 31(26.2) 44(19.0) 1.587 0.088 - -

>201 8 (6.8) 10 (4.3) 1.803 0.232 - -
szgznamsmnululsamnzia (139 Y1) (n = 264)

1-4 62 (52.5) 134 (57.8) Ref. - - -

5-8 19 (16.1) 40 (17.1) 0.937 1.027 - -

>3 5(4.2) 4(1.7) 0.149 2.702 - -
o YRS 2 d o (Y] d
i nuneadmy W adan)

1-2 0(0.0) 3(1.3) Ref. - - -

3-4 2(1.7) 8(3.4) 5.087 0.143 - -

5-7 84 (71.2) 168 (72.4) 4.680 0.146 - -

szaznalulsamngia (Flne/ n39)

1-2 84 (71.2) 76 (32.8) Ref. -
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21msAalnAves
- Crude Adjusted
szuumadumegle
o Cofe.
ilad 913 33iorms B
OR P
n=118 n =232 OR p-value
. . (95% CI)
UM (%) UIU (%)
>2 2(1.7) 2(0.9) 2.095 0.463 - -
anxalumsitnlsauseumnzdia a5y Tu)
1-2 25(21.2) 59 (25.4) Ref. - - -
3-4 55 (46.6) 110 (47.4) 1.180 0.568 - -
>4 6(5.1) 9 (3.9) 1.573 0.433 - -
PSnadeuvamialunhsuia (fow whsn)
< 50,000 fgl)f]‘lﬂl 97 (82.2) 184 (79.3) Ref. - - -
50,000-100,000 Ap1 15 (12.7) 35(15.1) 0.813 0.534 - -
> 100,000 AD1 6(5.1) 13 (5.6) 0.875 0.794 - -
Tassadavealsusou
llilj 98 (83.1) 172 (74.1) 1.709 0.062 - -
ADUNIA 20 (16.9) 60 (25.9) Ref. - - -
o A
HaamIsaIau
ANe 28 (23.7) 62 (26.7) 0.903 0.821 - -
ALY 80 (67.8) 150 (64.7) 1.067 0.875 - -
nzleq 10 (8.5) 20 (8.6) Ref. - - -
£ )
R ENEEIT
ANe 108 (91.5)  222(95.79)  0.486 0.119 - -
AOUNTA 10 (8.5) 10 (4.3) Ref. - - -
X A
Nu5a50U
AU 111 (94.1)  219(94.4) 0.941 0.900 - -
ADUNTA 7(5.9) 13 (5.6) Ref. - - -
Fnudeudialulsame (fow 5u5au)
<3.,500 18 (15.3) 32 (13.8) Ref, - - -
3,500-7,000 59 (50.0) 111 (47.8) 0.945 0.866 - -

> 7,000 41(34.7) 89 (38.4) 0.819 0.568
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21msAndnAves
- Crude Adjusted
szuumaaurela
o Cofe.
tode foms Naiiorms
OR ($)
n=118 n =232 OR p-value
o o (95% CI)
UM (%) UIU (%)

YHAVBITUINLHA (m)

<50 5(4.2) 5(2.2) Ref. - - -

50-100 37(31.4) 33(14.2) 1.121 0.866 - -

100-150 42 (35.6) 118 (50.8) 0.356 0.116 - -

>150 34 (28.8) 76 (32.8) 0.447 0.227 - -
aNuFUFIINs Ul amziFia (%)

<70 111 (94.1) 209 (3.4) Ref. - - -

70-90 7(5.9) 23 (85.0) 0.573 0.213 - -
ansanlulsanziia (m/s.)

<0.05 84 (71.2) 156 (67.2) 1.256 0.652 - -

0.05-0.10 28 (23.7) 62 (26.7) 1.054 0.923 - -

>0.1 6(5.1) 14 (6.0) Ref. - - -
Ysnamamsverlasenlue (ppm)

<800 73 (61.9) 127 (54.7) Ref. - - -

800-1,600 11 (9.3) 49 (21.1) 0.391 0.010 - -

1,601-2,400 14 (11.9) 16 (6.9) 1.522 0.287

> 2,400 20 (16.9) 40 (17.3) 0.870 0.654 - -
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A v Aa 1 Aa a Aa 1 9 <3
AT NN 4-23 ﬂﬂﬁ]ﬂﬂﬂﬁa@lﬂﬂ’lﬂ’]ﬁWﬂﬂﬂ@]‘llENi%UUWTQLﬂUWWﬂiﬂﬁﬁuUUﬂl@QEJLW']%!W@

(N =350 Al)
21msAalnAves
szuumanurigle Crude Adjusted
AINVY
o A T Coef.
a8 foims  ifienms
(%)
n=116 n =234 OR
. . OR p-value
SR TRLY ERLYRIT] (95% CI)
(%) (%)
01g (1))
<30 7 (6.0) 34 (14.5) Ref. - - -
31-60 95(81.9)  169(722)  2.730 0.021 3.124 1.168
(1.311,7.883)
> 60 14 (12.1) 31(13.3) 2.194 0.135 - -
YSunaureslulsamnzivia (CFU/m’)
<2,000 83 (71.6) 187 (80.0) Ref. - - -
2,000-4,000 17 (14.7) 13 (5.6) 2.946 0.006 15.030 2.710
(1.531, 147.524)
> 4,000 16(13.8)  34(14.5) 1.060 0.860 - -
e
e 43(37.1)  88(37.6) Ref. - - -
NN 73(62.9) 146 (62.4)  1.023 0.922 - -
s ¥amsquuns
Taiguyws 93(80.2)  205(87.6)  Ref. - - -
qUIYNI 23(19.8)  29(12.4) 1.748 0.068 - -
szaznMguyHs () (N =52)
1-15 7(6.0) 9 (3.9) Ref. - - -
16-30 13(11.2) 16 (6.8) 1.045 0.944 - -




A13197N 4-23 (91B)

21msAnlnAves
- , Crude Adjusted
sTUUMaAUgla MUY
o Cofe.
ilad o3 33iorms
OR ($)
n=116 n =234 OR p-value
o o (95% CI)
VI (%) UM (%)
> 30 3(2.6) 4(1.7) 0.964 0.968 - -
MY Nguae TH (31 Ju) (N =52)
1-10 18 (15.5) 26 (11.1) Ref. - - -
11-20 4(3.5) 2(0.9) 2.889 0.248 - -
>20 1(0.9) 1(0.4) 1.444 0.799 - -
Uszingumumeasilulsameszuumadumele
liine 99 (85.3) 226 (96.6) Ref. - - -
ine 17 (14.7) 8 (3.4) 4.851 0.000 - -

Uszingumuluedn neuszazna 1 madulsameszuumadurigle
Taine 114(983)  233(99.6)  Ref. -
ny 2(1.7) 1(0.4) 4.088 0.252

Uszingumuilagiiu meluszezna 1 Y maidulsameszvumadurigle

Ty 101 (91.4)  227(94.9) Ref. -

1Ny 15(8.6) 7(5.1) 4.816 0.001

Usziamsmavluedn mesanuii@asnssimsialnfvesszuumatuimels

laitne 106 (91.4) 222 (94.9) Ref. -
Ny 10 (8.6) 12(5.1) 1.745 0.210

=S <&
gﬂnmummamwmwmﬂ

s 54 (46.6) 99 (42.3) 1188 0.451
sz
zmailueTn 62 (53.4) 135 (57.7) Ref. -

15y

98



A13197N 4-23 (91B)

21msAnlnAves
- , Crude Adjusted
sTUUMaAUgla MUY
o Cofe.
ilad o3 33iorms B
OR P
n=116 n =234 OR p-value
° o (95% CI)
VI (%) UM (%)
wzmailuedwasulasinulszdrfegiiv =197 aw)
INYATNT 52 (44.8) 92 (39.3) 2.449 0.177 - -
15155 0(0.0) 3(1.3) 0.000 0.999 - -
iH1vegsne 2(1.7) 9(3.9) 00.963  0.970 - -
QﬂiallN 0(0.0) 7 (3.0) 0.000 0.999 - -
SSTEAN 5(4.3) 11 (4.7) 1.970  0.418 - -
D1FNDU 3(2.6) 13 (5.6) Ref. - - -
anHAMIRNNUINZIHa
NIUUDA 29 (25.0) 57(24.4) Ref. -
Tsamzivia
1y 87 (75.0) 177 (75.6) 0.966 0.896
T5amziia
mslFgunsaiflestuszuumadumele
139 56 (48.3) 107 (45.7) Ref. - - -
1% 60 (51.7) 127 (54.3) 0.903 0.653 - -
a d (Y] a
yiiavesginsaitlosnuszuumadiuimele
WINNN30901N A 0(0.0) 1(0.4) - - - -
nimneuTeYiia 18 (15.5) 35 (15.0) Ref. - - -
AFTAIY
milavynwiiad 39(33.6)  85(363) 0892  0.743 - -

WUINAGUATI 3(2.6) 6(2.6) 0.972

0.971
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21msAnlnAves
- , Crude Adjusted
sTUUMaAUgla MUY
ilad o3 33iorms
OR
n=116 n =234 OR p-value
(95% CI)

UIU (%) DIUIU (%)

Cofe.

($)

anudlumsldginsaitlesiusyuumadiumele

1dmnass 10 (8.6) 25(10.7)
14iee 9 8(6.9) 23 (9.8)
{GATRNEER 42 (36.2) 79 (33.8)

a 3 d‘ o a <
FUAVDUHATINIZ (N UIUYUAVDAUYIA/ Iiﬂ!‘lm%)

<2 73 (62.9) 139 (59.4)

2-4 35(30.2) 81 (34.6)

>4 8(6.9) 14(5.9)
1M IMNUINZITA

1-10 78 (67.2) 179 (76.5)

11-20 31(26.7) 44 (18.8)

>20 7(6.0) 11 (4.7)

szgznamsmnululsamnzia (F1u9 Tu) (n =264)

1-4 61 (52.6) 135 (57.7)
5-8 19 (16.4) 40 (17.1)
>8 5(4.3) 4(1.7)

o [ o U d [y} d
Snuiuhauseadayi Gw ddav) (n = 264)

1-2 0 (0.0) 3(1.3)
3-4 2(1.72) 7(3.0)
5-7 83(71.6) 169 (72.2)

Ref. -
0.870 0.801
1.329 0.498
Ref. -
0.823 0.433
1.088 0.856
Ref. -
1.617 0.076
1.460 0.451
Ref. -
1.051 0.875
2.766 0.139
Ref. -
5.087 0.143
4.545 0.154
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21msAnlnAves
- , Crude Adjusted
szuymaaumelaaIvuu
o Cofe.
ilad o3 33iorms
OR ($)
n=116 n =234 OR p-value
° o (95% CI)
UM (%) UIU (%)
szgznalulsarnzia N A39) (n = 264)
12 83 (71.6)  177(75.6)  Ref. - - -
>2 2(1.72) 2(0.9) 2.133 0.453 - -
anxalumstnlsauseunzdia (a5Y 34) (n = 264)
1-2 24 (20.7) 60 (25.6) Ref. - - -
3-4 55(47.4) 110 (47.0) 1.250 0.446 - -
>4 6(5.2) 9(3.9) 1.667 0.378 - -
PSnadeuvamialunhsudia (Fow vhisn)
< 50,000 95 (81.9) 186 (79.5) Ref. - - -
50,000-100,000 15(12.9) 35(15.0) 0.839 0.599 - -
> 100,000 6(5.2) 13 (5.5) 0904 0.842 - -
Tassasavealsusou
I!lfll 97 (83.6) 173 (73.9) 1.800 0.044
ABUNIA 19 (16.4) 61(26.1) Ref. - - -
naamlsusou
A48 28 (24.1) 62 (26.5) 1.054 0.909 - -
WM 79(68.1)  151(645) 1221  0.636 - -
RV IGN 9(7.8) 21(9.0) Ref. - - -
WITa1591501
ERGIRT 107 (92.2) 223(95.3) 0.586 0.251 - -
ADUNTA 9(7.8) 11 (4.7) Ref. - - -
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21msnlnAves
- , Crude Adjusted
szuymaaumelaaIvuu
o Cofe.
ilad o3 33iorms
OR ($)
n=116 n =234 OR p-value
° o (95% CI)
UM (%) UIU (%)

X A
nulsaseu

o 110 (94.8) 220 (94.0) 1.167 0.759 - -

ADUNTA 6(5.2) 14 (6.0) Ref. - - -
Snuteumialulsanz (Hou/lsuson)

<3,500 17 (14.7) 33(14.1) Ref. - - -

3,500-7,000 59 (50.9) 111 (47.4) 1.032 0.926 - -

> 7,000 40 (34.5) 90 (38.5) 0.863 0.677 - -
YAVBITUINLHA (m)

<50 5(4.3) 5(2.1) Ref. - - -

50-100 36 (31.0) 34 (14.5) 1.059 0.933 - -

100-150 41 (35.3) 119 (50.9) 0.345 0.105 - -

>150 34(29.3) 76 (32.5) 0.447 0.227 - -
gaungilulsamizisia (°C)

<35 78 (67.2) 182 (77.8) Ref. - - -

> 35 38(32.8) 52(22.2) 1.705 0.035 - -
ANNFUFIINS Ul amziFa (%)

<170 109 (94.0) 211(90.2) Ref. - - -

70-90 7 (6.0) 23(9.8) 0.589 0.237 - -
anaSranlulsarnzvia (ms.)

<0.05 82 (70.7) 158 (67.5) 1.211 0.706 - -

0.05-0.10 28 (24.1) 62 (26.5) 1.054 0.923 - -
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21msnlnAves
- , Crude Adjusted
szuymaaumelaaIvuu
o Cofe.
ilad o3 33iorms
OR ($)
n=116 n =234 OR p-value
° o (95% CI)
VI (%) UM (%)
>0.10 6(5.2) 14 (6.0) Ref. - - -
Ysnahamsverlasenlae (ppm)
<800 71(61.2) 129 (55.1) Ref. - - -
800-1,600 11 (9.5) 49 (20.9) 0.408 0.014 - -
1,601-2,400 14 (12.1) 16 (6.8) 1.590 0.240 - -
> 2,400 20(17.2) 40(17.1) 0.908 0.758 - -

~ v A 1 a a a 1 1 9 <
AT NN 4-24 “ﬂi]%EJ‘VIlIN’dGlf]fﬂﬂﬁNﬂﬂﬂ@]ﬂl@\‘li$ﬂﬂﬂ1\1lﬂuﬂ1ﬂiﬂﬁ’)uaNGU'éNIQLWW!,’H@

(N=350 au)
21msAndnfAves
szuumaiurgle Crude Adjusted
e
o - = Coef.
tlade fioms  'hifieims
B
n=9 n =341 OR
. . OR p-value
UM UM (95% CI)
(%) (%)
Uszingummeasilulsameszuumatumele
liitne 6(66.7)  319(93.5  Ref. - - -
3(33.3) 22 (6.5) 7.250 0.007 6.700 1.902

(1.043, 43.043)
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o1msialnAves
szuumanurigle Crude Adjusted
aIUa
. - - Coef.
lade fgoxms  ludieims
($))
n=9 n =341 OR
. . OR p-value
I v (95% CI)
(%) (%)

Uszingumulueda neuszaznal 1 T madulsameszuumatiumele

Tiiine 8(88.9)  339(99.4) Ref.

1Ny 1(11.1) 2(0.6) 21.187

UszTaguamnilegiiu meluszezna 1 inadulsamaszuumadumeals

laitne 7(77.8)  321(94.1)  Ref.

1ng 2(222) 20(5.9) 4.586
WA

¥y 2(222)  129(37.8) Ref.

N 7(77.8)  212(622)  2.130
01y (1))

<30 0 (0.0) 41 (12.0) -

31-60 8(88.9) 256 (75.1) Ref.

> 60 1(11.1) 44 (12.9) 0.727

0.017

0.068

0.350

0.767
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21msfalnAves
szuumaiumele Crude Adjusted
. aIuang Cofe.
lade
= =
Ho1ms Thisiorms (%))
OR
n=9 n =341 OR p-value
o R (95% C))
MU (%) UM (%)
sz Iamaguyns
Taiguyws 7(77.8)  291(85.3)  Ref. - - .
qUUNS 2(22.2) 50 (14.7) 1.663  0.533 - -

L] 3

~

szaznaguuns ) (N=52)

U E]

1-15 0(0.0) 16 (4.7) Ref.
16-30 2(22.2) 27(7.9) -
>30 0(6.9) 72.1) -

v o

° aa o
NUIUYKINGUADIU (WIU/ IU) (N =52)

1-10 2(22.2) 42(12.3) Ref.
11-20 0(0.0) 6(1.8) -
>20 0(0.0) 2(0.6) -

sziamamavluean meihnundgineaimsanlnfvesszuumatiuriala

liitno 9(100.0)  319(93.5  Ref.

ne 0(0.0) 22 (6.5) 0.00
suuvuve s IIZITA

mzmaduausei 5(55.6) 148 (43.4)  0.613

iz ue ISy 4 (44.4) 193 (56.6) Ref.
wzmailuedwasulagiinulszirfagiiv (n =197 an)

INYATNT 4(44.4) 140 (41.1) -

13153 0 (0.0) 3(0.9) -

iHvegsne 0 (0.0) 113.2) -

0.998

0.472




A3 4-24 (91B)

106

oImsianAves
szuumaiurigle Crude Adjusted
. aauag Cofe.
ladg
= =
NOINS Taidiorms (B)
OR
n=9 n =341 OR p-value
o o (95% C))
P (%) U (%)
gnin 0(0.0) 7Q2.1) - - - -
LN 0(0.0) 16 (4.7) - - - -
91TNOU 0(0.0) 16 (4.7) Ref. - - -
ANFAUTMIMNUNIZIAA
Mauuenlsumnziia 2(22.2) 84 (24.6) Ref. - - -
Mol Tsameia 7(77.8) 257(754)  0.874  0.868 - -
msl¥gilnsaiilesuszuumaduele
TaiTo 4(44.4) 159 (46.6)  Ref. - - -
T 5(55.6) 182(53.4) 1092  0.897 - -
a U [ a
siiavesginsaitlosnuszuumadiumele
wﬁwmﬂﬂimagmﬂ 0(0.0) 1(0.3) - - - -
whmaeudeytia 1(11.1) 52(15.2) Ref. - - -
N5LATY
iilaaynatiai 4(44.4) 120352)  1.733  0.627 - -
HUINAQUATH 0(0.0) 9(2.6) - - - -
anudlumsldgnsaitlesiuszuumatiumele
Tdmnasa 1(11.1) 34(10.0)  Ref - - -
T4iee 9 1(11.1) 30 (8.8) 0.870  0.801 - -
LGATRRGER 3(33.3) 118 (34.6) 1.329 0.498 - -
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21msialnAves
szuumaumela Crude Adjusted
. CRTEIN
o S -
015 Naisiorms
OR
n=9 n =341 OR p-value
(95% C))

UIN (%) DIUIU (%)

Cofe.

($)

YSunanreslulsamnzivia (CFU/m’)

<2,000 7(77.8) 263 (77.1) Ref. -
2,000-4,000 1(11.1) 29 (8.5) 1.296 0.812
> 4,000 1(11.1) 49 (14.4) 0.767 0.806

a 3 d‘ o a <
FUAVDAHATINIZ (N UIUYUAVDAUYIA/ Iiﬂ!‘lm%)

<2 6 (66.7) 206 (60.4) Ref. -
2-4 3(33.3) 113 (33.1) 0.912 0.897
>4 0(0.0) 22 (6.5) 0.000 0.998

2igMsNuzmia (i)

1-10 5(55.6) 252 (73.9) Ref. -
11-20 2(22.2) 73 (21.4) 1381  0.703
>2019 2(22.2) 16 (4.7) 6300  0.036

szgznamsmaululsamnzia (F1u9 1) (n = 264)

1-4 3(33.3) 193 (56.6) Ref. -
5-8 2(22.2) 57 (16.7) 2.257 0.379
>8 2(22.2) 72.1) 18.381 0.003

SnuTuianuaedday Gw a1 (n = 264)
1-2 0(0.0) 3(0.9) Ref. -
3-4 0(0.0) 9(2.6) - -

5-7 7(77.8) 245 (71.8) - -
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oImsianAves
szuumaiurigle Crude Adjusted
aauag Cofe.
ladg S -
fioims  idieyms (%))
OR
n=9 n =341 OR p-value
o R (95% C))
NN (%) U (%)

szgznalulsarnzia (%"ﬂm/ ﬂ%'a) (n=264)

1-2 6 (66.7) 254(745)  Ref. - - -

>2 1(11.1) 3(0) 14111 0.031 - -
andlumathlsadeumzia (ﬂ%'a/ )

1-2 1(11.1) 83 (24.3) Ref. - - -

3-4 5(55.6) 160 (46.9) 2.594 0.388 - -

>4 1(11.1) 14 (4.1) 5929 0218 - -
Wnadeumamialuvhiumia @ow whi)

<50,000 9 (100.0) 272 (79.8) Ref. - - -

50,000-100,000 0(0.0) 50 (14.77) - - - -

> 100,000 0(0.0) 19 (5.6) - - - -
Tassadraveslsausou

llilj 7(77.8) 263 (77.1) 1.038 0.963 - -

ADUNIA 2(22.2) 78 (22.9) Ref. - - -
naamlsason

A48 3(33.3) 87 (25.5) 1.000 1.000 - -

ﬁﬂ3}1ﬂ1 5(55.6) 225 (66.0) 0.644 0.693 - -

ﬂ‘iz!fﬁny 1(11.1) 29 (8.5) Ref. - - -
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= A
foms Naisiorms (%))
OR
n=9 n =341 OR p-value
. . (95% CI)
MU (%) MU (%)
U )

R ENERIT

RLAL 7(77.8) 323(94.7)  0.195  0.051 - -

ADUNIA 2(22.2) 18 (5.3) Ref. - - -
X A
nulsaseu

AU 8 (88.9) 322(94.4) 0472  0.490 - -

ADUNIA 1(11.1) 19 (5.6) Ref. - - -
Snuteumialulsanzivia (fow/ 153501)

< 3,500 1(11.1) 49 (14.3) Ref. - - -

3,500-7,000 4 (44.4) 166 (48.7)  1.181  0.883 - -

> 7,000 4 (44.4) 126 (37.0) 1556  0.696 - -
VAV TUWIZIFIA (M)

<50 0 (0.0) 10 (2.9) - - - -

50-100 2(222) 68 (19.9) Ref. - - -

100-150 4 (44.4) 156 (45.7) 0872  0.876 - -

>150 3(33.3) 107(31.4) 0953  0.959 - -
gaurgilulsamizisia (°C)

<35 4 (44.4) 256 (75.1) Ref. - - -

>35 5(55.6) 85 (24.9) 3765 0.052 - -
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o
= A
fe1ms Taigiorms (%))
OR
n=9 n =341 OR p-value
o o (95% C))
U (%) MU (%)

& U U &
aNuFUFIINS Ul amziFia (%)

<70 9 (100.0) 311 (91.2) Ref. - - -

70-90 0(0.0) 30(8.8) 0.000 0.998 - -
anasanlulsanzisia (mss.)

<0.05 7 (77.8) 233 (68.3) 1.322 0.731 - -

0.05-0.10 2(22.2) 88 (25.8) Ref. - - -

>0.1 0(0.0) 20 (5.9) - - - -
Ysnahamsverlasenlue (ppm)

<800 7(77.8) 193 (56.6) Ref. - - -

800-1,600 0(0.0) 60 (17.6) 0.000 0.997 - -

1,601-2,400 1(11.1) 29 (8.5) 0.951 0.963 - -

> 2,400 1(11.1) 59 (17.3) 0.467 0.481 - -
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CERTIFICATE OF CALIBRATION AND TESTING

TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 USA
Tel: 1-800-874-2811 1-651-490-2811 Fax: 1-651-490-3824 http:/fwww.tsi.com

ENVIRONMENT CONDITIONS

MODEL 966

TEMPERATURE 74.1(23.7) |°F(°C)

RELATIVE HUMIDITY 35 %RH
BAROMETRIC PRESSURE 29.37 (994.6) |inHg (hPa)

SERIAL NUMBER P1 6440029

RAs Lerr [X11N TOLERANCE
[JAs Founp [JouT oF TOLERANCE

~CALIBRATION VERIFICATION RESULTS-

TEMPERATURE VERIFICATION SYSTEM T-100 Unit: °F (°C)

#| STANDARD | MEASURED |- ALLOWABLERANGE - | #| STANDARD | MEASURED ALLOWABLE RANGE

1]-32.0(00) 321(00). [ 31.5~32.5(-03~0.3) 2] 140.0(60.0) | 1400(60.0) [° 139.5~140.5(59.7~603)

-| HUMIDITY VERIFICATION O SySTEM H-100 i Uity %RH

STANDARD |- MEASURED ALLOWABLE RANGE # | STANDARD MEASURED ALLOWABLE RANGE

10.0 10.0 7.8~12.2 4 70,0 694 . 678722

300 ) 293 1278~322 S| 9.0 L 1R AR . 87.8-922

50,0 74985 -] . 47.8~522

/ELOCITY VERIFICATION o g SYSTEM V-109 Unit: fmin (n's)

0(0.00) 0(0.00) 33 (0.02002) . | 7| 642(326) | 640(3.25) 623661 (3.16~3.36)

35(0.18) 35(0.18) 32~38(0.16~0.19) T 993 (5.04) 995 (5.06) 963~1023 (4.89~5.20)

- 65(033) (| 65(033) ] . 62~68(0:32<038) [ 9 1478(7.8D) | ~I4RI (782} |- "1434~1523 (7.28<7.74) "

99(0.50) || +99(0.50) "] ~196~102 (0.49~0.52) ©2493(12,66) | 12528 (12,84) [ - 2418~2568 (12.28~13.04) -

1590.81) | 160 (0.81) | * 154~164(0.78~0.83) - [ 11 | 4480 (22.76) " | 4542 (23.07) 4345~4614 (22.07~23.44)

#
|
2
3
Vi
#| STANDARD | MEASURED | ALLOWABLE RANGE STANDARD | ' MEASURED ALLOWABLE RANGE
1
2
3
4
5
6

331(1.68) | 331(1.68) 321~341 (1.63~1.73) 12| 7986(4057) | 8111(41.20) 7746~8225 (39.35~41.78)

TSI does hereby certify that the above demibcd ln.mumonl conforms to the original mmqfac/mr 's specification (not llcable lo As Found

dat ha.r cn calibrated us are 1o the United States National Institule o[

Tecl gf' ST) or has been verified with mpecl to instrumentalion whose accuracy is Iraceable fo NISI‘ or Is deri

of physical constants. TSI's calibration system is registered to 1S0-9001:2008.
Pressure E001720 08-15-16 - 02-15-17 Pressure . E001288 10-14-16  04-14-17
DC Voltage E002415 10-19-16 ~ 04-30-18 Temperature E001553 09-01-16  03-01:17
Velocity E004603 09-19-12  09-19-17 Temperature E003617 ~ 06-28-16 - 12-28-16
Temperature E003305 06-28-16 ~ 12-28-16 Humidity E003296 08-09-16 ~ 08-09-17

ampled values

. : " October 28, 2016

CALIBRATED DATE
Doc. ID; CERT GEN WCC
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CERTIFICATE OF CALIBRATION AND TESTING

TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 USA
Tel: 1-800-874-2811 1-651-490-2811 Fax: 1-651-490-3824 http://www.tsi.com

A A0 A % N 1 X ) /A0 W)
i )H‘%l AR TN E AN R \ i §

HEPR A )
AR A R R

Vi
;'r £

il

ENVIRONMENT CONDITIONS

TEMPERATURE

74.7(23.7)

°F (°C)

MobEL

9565-P

RELATIVE HUMIDITY

35

%RH

BAROMETRIC PRESSURE

29.37(994.6)

inHg (hPa)

SERIAL NUMBER

9565P 1644022

X As Lerr
[JAs Founp

[ 1N ToLERANCE
[Jour o ToLERANCE

~CALIBRATION VERIFICATION RESULTS~-

THERMO COUPLE”

Unit: °F (°C) ‘

# | STANDARD MEASURED

ALLOWABLE RANGE

STANDARD

ALLOWABLE RANGE

712 (218)

71.2(21.8)

69.2~73.2 (20.7~22.9).

MEASURED

DIFFERENTIAL PRESSURE

 Unit: inH,0 (Pa)

7]~ STANDARD

MEASURED

ALLOWABLE RANGE

STANDARD

MEASURED

ALLOWABLE RANGE

=4.111
(-1023.6)

4110
(-1023.4)

. ~4,156~-4.066
(-103§.8-,10|z.4)

7.929 (1974.3)

7.925(1973.3) | 7.846~8.012 (I953.7‘~l995.0)

2212 (550.8)

2207 (549.5)

2.186~2.238 (544.3~5573)

13.711
(3414.0)

13.716
(3415.3)

13.570~13.852

(3378.9~3449.1)

AROMETRIC PRESSURE

" Unit: inHg ( hPa)

STANDARD | MEASURED ALLOWABLE RANGE STANDARD MEASURED

ALLOWABLE RANGE

19.80 (670.5) | 19.82 (671.2) | -19.40~20.20 (657.0~684.1)

29.16(987.5) | 29.17 (987.8). |  28.58~29,74 (967.8~1007.1)

35.46 (1200.8) | 35.44 (1200.1) | 34.75~36.17 (1176.8~1224.9)

A Circuit portion of temperature measurement only, not including probe.

TS! does hmbsv‘cerlw that the above described instrument conforms to the original manufacturer’s specification (not g spllcable fo As Found
‘data) and has been calibrated using standards whose accuracies are traceable to the United States National Institute ‘llandard.v and

ology (NIST) or has been ve"ﬁlled with respect to insirumentation whose accuracy is traceable fo NIST, or is derived from accépled values
of physical constants, TSI's calibration system s registered to 1S0-9001:2008.

V Cal, Dug
04-30-18
03-23-17

Last Cal,
10-20-16
03-23-16

System ID
E003300
E003302

Cal. Due
04:30-18
03-31-17
02:12-17

Last Cal,
10-20-16
03-31-16
08-12-16

System ID
E003299
E003301
E003303

DC Voltage
Temperature
Pressure

DC Voltage
Pressure

October 26,2016
DATE

Doc. ID: CERT GEN WCC TM
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CERTIFICATION OF FUNCTION TEST & FACTORY CALIBRATION

Final test passed-20/05/2014 ROTRONIC AG
Device Type: CP11
Serial No: 71405146

Reference System:

HC2-S (SCS CERTIFIED)

working standards.

ROTRONIC AG certifies that this instrument meets the specifications of our datasheet. It has been
calibrated and corresponds to the test requirements of ISO9001-2008, the reference and service
norms are traceable to national standards. The calibrated values are valid under above mentioned
conditions only at the time of measurement and are referenced to the indicated references and

CO2

Mode Production .
Display OK
Backlight OK
Keys OK
Power 5VDC OK
Communicaton OK N
19.8%rh | 24.9°C
o CP11 device
Humidity & Temp, |93:8%rh124.9°C ( )
Reference : 19.0%rh / 25.1°C N
92.6%rh / 24.8°C AIONuw SCS Omﬂn_ﬂ_mnv
472 ppm (CP11 device)

Reference : 449 ppm _ (400ppm standard gas certified






