OEGEREMNE  @CO2 AIEME
o

§ ST 7 S B (e v 7

X347 AbENLAREEERERRN

C64 ACNVBRIERER

AENERECRIT 2 EMNIRE L FEXREE DS
FEBYEEBEK ey FLEEbDEK
3-48(2011 )T,

T2 HEPEL PR 0L DT T 7 L s s
DSFEXHITEE & LR AR IR DR L 72 b O
£ BbN5. YEMIHOWTHLT—F DYEFE
DELRD.

#Bx$IRE [ke/kel <AELOERE>
0.030 -
n 00 . 90,
0.028 | {
0.026 |
0
0.024 :
0.022 M- = =
0.020 - e : ;
0.08 - PEE N, i .
0.016 ot - BE(17°Cst=287C)
0.0 s RS
0.012 " ~ -
0.010 % -
p !

0.008 - “11A(=0)  =5A(=0) |-

_| & 128 (n=0) *6H (n=0)
Bue 4 1A (n=0) * 78 (n=0)
0.004 -4 4 28 (n=0) * 85 (n=0)
0.002 ood 43R ) ©9A(n=0) |

o * 48 (n=0) = 10 (n=2880),

0.000

-4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

BB (C]

X348 A E/URKRMEIRILE

C7 HEMIDNT

C7.1 HvE =gy
et Hev
FTEHE « BURET PR
FERR . EHET
FECRTEFE : 2,980 mi
FEYEREIRERE @ 295 ol
BYitEE : SRC &

P Hh O, HITF 1R
ZER A= AERA =

C.72 JIERSEIEE L xi5 7 — X HARE

{RIEEERT 518
CO, #REERT 2h

201158 A5 H~2011410 A31 B
C73 HENVAIESRRESLRT

HEWZIE, ERFROZERABMER S TR
D, T74ABTFHERETo TS, FHE
K%L TR T.

OEBEREME  OCo2 BIEME

X349 HUE /L AEREFEmX

C74 HENVBIERESR
HENAERIZEBIT 2 ZENBE L FEXHEE D5
FERYESE 7oy F L2 DR K
3-50(2011 FEEEI AT BEIZRE L CIiTEHAIZ,
A ED BRI L T2 b DB ME AR,
b, BEICIBWTIE, FREICEEE R
B L7= b DN &b,

B3R Tke/ke) <EARPROBEE>
0.03 o
0| %0 80

0.028 o -
0.026 1

0 |
0.024 - F ~' - e
0,022 - TR - e =S (e 1 !l s s

[kJ/kel y, ! | =
0.02 > 1
»
0.018 ©
0.016 | :
0.04 [y »
0.012
0.01 |t ; - .
0.008 * 118 (n=756) =58 (n=0) b
412A(n=0) *6A(n=0)
0.006 L1A(=0)  *7A(n=0)
0.004 - 1071a2A(n=0)  *8A (n=665) |
| 43A(=0)  *9A(n=782) | -
0.002 | = +4A(n=0) =108 (n=720
0= — -

0 i " i x + L
-4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

wRAKE(C)

X3-50 HUE/RFEEIEIRE

HE/UZRIT 5 ENEIEE O REAEENIEIE
#X 3-51GRF), X 3-52(0BE)\ =T BEICE
WTIEEEESEENIC S 2FE 03\ MERICH
505, 8 AIZ30CEBAHLDbLRLNS. F
7o, MEIZRWTIX 10 - 11 A H b EEEE -



DAEUTLESTWS, BEMEAEDEUERE
#iH 40%RH % TEIA H O 2 T LE S @M
2Hb.

35

B e —————————— ——————
o %——4‘—;—. g—\
£ 25
= 50
L IR e e ) S A S By AN
£ 5
i
10
5000
£ 3000
B 1000 [, -
®
=100
§~3000 n= 16085
[ mi7stses mo2s mwi7
-5000
ES 1R 28 38 4B 5B 6 7B 8A oA 108 118 128
[R] 20114

3-51 H b LSRR EUEENES

1E20RAE [96RH]
€ 32338
,.[

#-3000 n= 16085

[m40=0=70 ad>70 m0=40 |

= 1A 28 sA 4R 5B 6A 7R 8B 9B 108 1A 128

[x] 20114

X 3-52 H E/VFExHEEEREENAEE

HE M 752m1$ﬁ@§ﬁmﬁﬁwi
EARRICBITA 1502 07 —% %2/
TLOFEHEIC L, FOEEL Y AST LI

V2 — %M 3-53~[X 3-54 ITRT. RERLE LT,

EEEIT TR CORES, BEMEEEOE
HEEEAMNCH TTE AEE 2o, TEXHRE
WCBWTIE, 11 B#&YL ) BEEAEEO R
E&FEICH UIELRVVEE 2o 7.

X 3-53 HEI/LEMNBERST

350 PSS so~ss (550, I
ET 13 )

X 3-54 HYE/VAERHEE T

C8 A~HENLDZEALIREEEIZOUVNT
HERICIES>Z1XH D LD, BERE
LTWAT—FFT_XTEXRE LT, FH 9:00
~17:00 DT —& ZHFE L T ZEMLRRIRET
BT AT 2B EE TIUToT-. ZFLIRER
EoEEENEIG (EYEE 1000 ppm BLITF)
%[X] 3-55 |T~ 9

AT O CIER D EIEBSEIEHS
mVMERICH Y, BEEEAEIS RSBV DH
I EAD 60.1% (INFRIEDOERIFROEHEFTE
V) Thote. ZBUREREIIRFFITE L

TRERFIGICRE REMELTLED 2L %
R L7z
20115 nEEENEES o BEENEE

80% -

60% -

40% -

20% 7

0% -

n=166088  n=13824 n=7590 n=280 n=1152 n=1474

3-55 2EL_BIbRFEREEEERNSEIS

C9 A~HENLDORFEFHERDOLEDIFIZTON
<
FOEFERFERFFETEM L., 2EOR
EREMICIT 57 v — MNAERRICE S,
SEBIE L TWASEYMOERD, 2ED E0dH
72 DT T B OOV THRE E(To72. £
DFER%, fﬁ’é’ﬁ%i(ﬁﬁ?@)ﬁ%ﬂé:ﬂﬂ:ﬁf
BEICELTIL, EoEEHRBONTHIZ

E5 Al ﬁbf#%ﬁﬂf%é#ﬁﬂ%%ﬂt.
FIABHEEICEAL T, OOFRED BN
5500550, HIEMSPFETHL LD
DI TIER.

PEXY, BIERROY TN E LTORY
MERTIENTEEER, SHRELRET

—HDREERD L LT D.



ZFICHEITDIENBEDOT 7 —hERRELED LB (£43¢F)

[ mEAREAS — RO |

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
ENEE('C)

X3-56 XHAZBITHIENBEEDOLET v 47—
MER L RHRBEL L DHER

FMMICE T EIENBEDT Uy —ERREL LD B (£135¢8)

[ sempEmes —REAE |

T:-N-HEWL

KEJL

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
ENERE(C)

HEZEICRBIT 2ENEECLET 7
— MER LB E L& DOHER

3-57

EECETIERNRBEDOT7—hERBREL LD LB (2174)

[ mErEmes o |

9
3

8 T-K:HEJL

5

j {97

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
ENEBE(C)

X 3-58 EHICBIT2ENEEOCRET v 7r—
MER LB EL & D

ZF(CHETIERBEDT 7 —bEHRE L LD LB (24384F)

[ miEmREAS —RAAE |

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
#85%4 R HE (%RH)

X3-59 KXHAZBITAENEEDORET v 7r—
MER LSRR EL & DHEE

SRR (%)

SRHUABE(%)

FMMICE T HERBEDT U7 —FERRE L EO LB (£1354)

EZU
&
° 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
FE3E R (%RH)
X3-60 FHEZFEICBITL2ENBEOLET V7
— MER LR & DL
EECBHHRAMEEOTUr—FERREL LD LB (2174)

3 [ mEsEEAS —RIOAX | h
Az sog
H =
% SKENL “f*

; -HENL

’ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

FH xR HE (%RH)
X3-61 EHICHITHENBEOCEET v 7r—

MR & RIREIL & DI
D &£

FEEERE) b Ok CZE s P Rz
FEHORIEEEM LT-. £72, AEEDISER]
FROEDTRFNEAT O T2, WREBRYE D
i X -7,

EETWIRIEI IR b/ VAR, BT
BRx IRRBEW ORETEAT 5 T2 7T HFOBE D
EH, fTEERLZ. £72, AMEEXVEN
IRE, FXHBEDORIEZITS & big, Bk
IREBIBEE R EIE LARHT, Bt &1T o 72,

7z, FEED D OMGOBREMIZ OV TIEIA
FELREEORIEE, EXFREOHER
VEERHBEBEDOHREZITOERICL 2818
DEEL SO B EITo7-.

S BITAERROZLMEDORREE LT, 1R
OWFEER & OB ZER L, BIENSOLE
SANZBT BB ST 2Et 21T 7~
« C.1~3 OHFRFROFHTRER

BEMZEDBEVDRS D0, BEEICEHLT
EEEMI—HTAECTLED L 2MERTH
EWTE T2, FRT, LHICEEENEIENZ N



EZH B 2 L E R L.

— 5T, KEOBEEREREICERTET
WHEMNRH D Z Lo, BKAIROTTEES
EOEENRIREICEL 52 TV 5 FTREMD
B2 L DHET DI, FRFXDOHEITL,
ZERT AT AOEEEE FIENENRREZ RE
RERTHZE, FHEHRERIZL>TENR
AT DA A LTS EEZD
N5, ZHUCOWTIEHOMGERRETH D,
WEEIS | EWEToNEEZD.

» Ca~T7 DIERIF OSSR ;
R FREREIC A BT L 0BV B BN,
HYEEARFREFREL Y EL RBEmSR N
7. ZOMEECET 3 EENRFHIIES B OT
— B DORERFEOT LITRBN, Ll Lk
B B ESN BN SMERICH D Z L3
otz F£7, RRBRERRIC, FRIER TEN
B - FERHEEICIZ D X NEL D Z L 2FER

THZENTET.

E. f&im

ARFFETIE, FRGFROEESORIE %Ak
W UCEM UL, £, REENLEBIS
KL EDREEITO 20, RESREYHED
BNEX-T. eRBHERNSRE L TOREED
WEEBRBRCERL, o7 e LTS
WZOWTIIHERE A TH D,

BIEOFER, & OZEFHNIZBANT HIRIRE,
TEMLIRRRE L HICEEEANEL DS ®
HHER Lz, Z2BREIDLOBERTHD, &
HOHXHEEIZOWTIE, 1 HIEETORY Tk
B AEEICH o723, —HohRFHIizBn
TIHE L A CEEEZ G L TORVEREZRS
fo. T kinh, EEEAHRET MR X
OEEFIED, ZZRFRIETFT D FREEN &
DI EETELT. :

SBIINE LT —Z DREEZRD & &b,
INRAEAE DRSS U7 BNBRIE ORERE
FEZOWTORFINEEND.

SEITR

1) FEREE: [HR B - BEEREOE 3V
X, BETILE—ELF—, 2001 47
A

2)(fhyBARC N F U I HEEeES (e xL
F—EBEREEDTA RTA (AT 4 AT
BT 2 HERIBBRLAR O L —BDHEEIC
M), GhHBEERELF L IS HBEEAeS
2008 £ 6 A ,

3) BEOREHEAEERELZRS (B2 R
%3 RIS OREREESE &), @y
IWVEBHE Y X — 200743 A

4) BEWOBREFEEEIRERRES [ 2K
%3 RIS OREHFEER T&], My
IVEHEE Y X — 200743 A

5) EFEE « [BEERRIR], MOESHREEEIN,
20104E2 A

6) NHEE : [ <hhnd SPSS IC& BT v o—
NERZE - SER - MRATIEE 3 AR]L, FUREIER
Kett 2008410 A ,

7) NEE : [ <hhd SPSS ICk AT v ir—
NOZIEFENT 58 2hR]), FREREHR S
#2007 46 A

SYIEA H Ml FFEREMITIIT HENRER
EETRINX—ZETAHEE 1 B~FS
), 5 - fETESHEESR
42 (2010 - 2011)

NEFHEA T Hfth : BEMDOBREHEE LB TRV
F—Dd 0 HIZEHTDHFEED D~(FDT),
A AR R PR (2010 - 2011)



Pk 2 3SEERATTBRIIEMES RLE - SHREELIRRAIEY
SRR EE

4. EEESERLEHELEDH ) HIZET A

RIS PEE BR BRORFETE i

WREE
BFEEHAOEGEES» DBRERHCHEH SN D=3 v ¥ g U L A RS ENZERIELL L, SBS
b & LTERZEOFREMEIZ DUV T, STVRIRIC L W BET 21T o 7=, IV S - STRO & I,
A7 4 A THERASNDEEHES L —F ") U Z 2 EOEFEEHFROEBEEEN D, BB FP,
UFP 23EH &5 2 LITEBROREIZ L > GEHSNTWS, £ 2UTfE> TENZES OB
A CDAREMEA R S LTV 5D, L LEBROZERIBYOTEEERLREUN D A\ OIRE &I BT A Hige
WEIERTDTHY, SHOMAOERIEIEFSND. E-I R FRYETI v g itk 2
KRG L SBS B oA L BREM I AT E L ROV, SBS 128 3 KI5 E

& LTFP, UFPIZER LIZHIZEIISHREETH S LB 25N,

WoEm 1 :
HUR K— BIRFEFIEE
MOER IR

AMFZEEE
BEBIIRE SN D BETEE T RNOEGE
%, LA B, ) o4V, 72
BEEORERL 2B Linh, EENSFT 4
AZBIT DT v 7 ENVT ¢ o TIEERE (LT,
SBS) DU AJZHERD—DE SN TEZN, I
FEEEREOEEHRCL— TV &, £-%
DEEENRA T 4 AT Tl —IRFEIC LT
ELTW5., sl 2 bOEs0EERz, —
Jyvaré LTHL OFEBEEEEEY (L
T, VOO) =0, BN T /NES BT Th D85
/NRLF, EERUINBLF (BLF, FP, UFP) 23EH
SNDTERHBMNERY, FOREREDT]
BEENBES SN WS, FITHREFEL, 81
BEFROEHEIOBERIRAE L 5 22575
(CRET OMERE RN & &bz, SBSIZE
TOMEDT CEGHIIC LA LERIEREER
LTV B IR EORRE R B35 NS DWW TR
RERS R Byt

BT
T—F =2 BRI LT SCERE R L 0 STER
BIVEL, BHEH L. ROSHIIRER Y

FRIETHZ L L LT, —fEE0fEaiEm
SRR, HoERLEIIRS Lz, BN (Ro
X) ERFIEZFIHEEDT — 2 X~ 2%, 1
I ETeFE TR T — # ~_— R[Z1% Medline
FROWEZ, "mI vig 0, EEE "L—
=Y L EN Ny 7 EIERERE I E D% —1T
— N (BAGE, 7558 ICXVERMCRRE(T
ofe. MRBENEXBONELHERL, KXFE
DOBREIZEET DA HEIE Ui-. FEE
I3EOE 6 4 (2006~2011 4F) #FHIE LT, #
DICHRIZBEHE T 2 BE 2 TR EEICED 5
FILE L 7=

CHIFERER
BEHCL—Y—T7 U ¥ OBMEIFFIC UFP
A HZRRI T SR S B & S AFSEIE,
Morawska 512 X % 2007 FEDOE % D 120
ODEE SN TV, L LFIICES 7
o ADZETIEYRe, EHHEEERF 0T vy
a VINERBREICRIT TR AR ERICHE, ¥
EL7Z 3SR E 257l &bicohbz
Ivvard, SBSEEUEEREL AL LI
F—U—FTRELTHRREL TS, fiHahs
STEROFNZ, =3 v g v OfEEEE B L AT
FERE A CRRE L Tm R I X R 7= B 7o
7o. =5 SBS &F%—U— K& LiziESiix b
TEL OB SNz, bR EORE




TIEy v 7y AEfEEE (LT, SHS) % SBS
CERILAE S LTHERALTWAZ Ehb,
FISCOSCHRTHE SHS b & D TR E T 7.
H SN SCROIERAISTR L, AHFSEICBEE
BICERE LT IS HEERY B, b DESE
O FEETEAETERY A P E LTUTITRL.
(WVEEHE, L —F—7 U 2R S
AT v g AT B SR

1Tang T, Hurras J, Gminski R,
Mersch-Sundermann V. Fine and ultrafine particles
emitted from laser printers as indoor air
contaminants in German offices. Environ Sci Pollut

Res Int. 2011 Nov 18. [Epub ahead of print]
Abstract : ‘

PURPOSE: Various publications indicate that the
operation of laser printers and photocopiers may be
associated with health effects due to the release of
gaseous components and fine and ultrafine particles
(UFP). However, only sparse studies are available
that evaluate the possible exposure of office workers
to printer emissions under real conditions. Therefore,
the aim of our study was to assess the exposure of
office workers to particulate matter released from
laser printers and photocopiers.

METHODS: Concentrations of fine particles and
UFP were measured before, during, and after the
operation of laser printing devices in 63 office rooms
throughout Germany. Additionally, the particles were
characterized by electton microscopy and
energy-dispersive X-ray spectroscopy.

RESULTS: A significant increase of fine particles
and UFP was identified in ambient workplace air
during and after the printing processes. Particle
fractions between 0.23 and 20 pm emitted by the
office machines significantly affect particle mass
concentrations while printing 500 pages, i.e., during
the printing process, PM(0.23-20), PM(2.5), and
PM(10) concentrations increased in 43 out of the
evaluated 62 office rooms investigated. Additionally,
a - significant

submicrometer particles, with median particle

increase was observed in

number concentrations of 6,503 particles/cm(3)
before and 18,060 particles/cm(3) during the printing

process.

CONCLUSIONS: Our data indicate that laser
printers and photocopiers could be a relevant source
of fine particles and particularly UFP in office

rooms.

2Barthel M, Pedan V, Hahn O, Rothhardt M,
Bresch H, Jann O, Seeger S. XRF-analysis of fine
and ultrafine particles emitted from laser printing
devices. Environ Sci Technol. 2011 Sep
15;45(18):7819-25. '

Abstract: In this work, the elemental composition of
fine and ultrafine particles emitted by ten different
laser printing devices (LPD) is examined. The
particle number concentration time series was
measured as well as the particle size distributions. In
parallel, emitted particles were size-selectively
sampled with a cascade impactor and subsequently
analyzed by the means of XRF. In order to identify
potential sources for the aerosol's elemental
composition, materials involved in the printing
process such as toner, 'paper, and structural
components of the printer were also analyzed. While
the majority of particle emissions from laser printers
are known to consist of recondensated semi volatile
organic compounds, elemental analysis identifies Si,
S, Cl, Ca, Ti, Cr, and Fe as well as traces of Ni and
Zn in different size fractions of the aerosols. These
elements can mainly be assigned to contributions
from toner and paper. The detection of elements that
are likely to be present in inorganic compounds is in
good agreement with the measurement of
nonvolatile particles. Quantitative measurements of
solid particles at 400 °C resulted in residues of 1.6 x
1009) and 1.5 x 10(10) particles per print job,
representing fractions of 0.2% and 1.9% of the total
number of emitted particles at room temperature. In
combination with the XRF results it is concluded
that solid inorganic particles contribute to LPD
emissions in measurable quantities. Furthermore, for
the first time Br was detected in significant
concentrations in the aerosol emitted from two LPD.
The analysis of several possible sources identified
the plastic housings of the fuser units as main
sources due to substantial Br concentrations related



to brominated flame retardants.

3Morawska L, He C, Johnson G Jayaratne R,
Salthammer T, Wang H, Uhde E, Bostrom T, Modini
R, Ayoko G McGarry P, Wensing M. An
investigation into the characteristics and formation
mechanisms of particles originating from the
operation of laser printers. Environ Sci Technol.
2009 Feb 15;43(4):1015-22.

Abstract: While current research has demonstrated
that the operation of some laser printers results in
emission of high concentrations of ultrafine particles,
fundamental gaps in knowledge in relation to the
emissions still remain. In particular, there have been
no answers’ pfovided to questions such as the
following: (1) What is the composition of the
particles? (2) What are their formation mechanisms?
(3) Why are some printers high emitters, while
others are low? Considering the widespread use of
printers and human exposure to these particles,
understanding the process of particle formation is of
critical importance. This study, using state-of-the-art
instrumental methods, has addressed these three
points. We present experimental evidence that
indicates that intense bursts of particles are
associated with temperature fluctuations and suggest
that the difference between high and low emitters
lies in the speed and sophistication of the
temperature control. We have also shown, for the
first time, that the particles are volatile and are of
secondary nature, being formed in the air from VOC
originating from both the paper and hot toner. Some
of the toner is initially deposited on the fuser roller,
after which the organic compounds evaporate and
then form particles, through one of two main
reaction pathways: homogeneous nucleation or
secondary particle formation involving ozone.

4He C, Morawska L, Taplin L. Particle emission
characteristics of office printers. Environ Sci
Technol. 2007 Sep 1;41(17):6039-45.

Abstract: In modern society, printers are widely used

in the office environment. This study investigated -

particle number and PM2.5 emissions from printers

using the TSI SMPS, TSI CPC 3022, and 3025A TSI
P-Trak and DustTrak. The monitoring of particle
characteristics in a large open-plan office showed
that particles generated by printers can significantly
(p = 0.01) affect the submicrometer particle number
concentration levels in the office. An investigation of
the submicrometer particle emissions produced by
each of the 62 printers used in the office building
was also conducted and based on the particle
concentrations in the immediate vicinity of. the
printers, after a short printing job, the printers were
divided into four classes: non-emitters, and low,
medium, and high emitters. It was found that
approximately 60% of the investigated printers did
not emit submicrometer particles and of the 40% that
did emit particles, 27% were high particle emitters.
Particle emission characteristics from three different
laser printers were also studied in an experimental
chamber, which showed that particle emission rates
are printer-type specific and are affected by toner
coverage and cartridge age. While a more
comprehensive study is still required, to provide a
better database of printer emission rates, as well as
their chemical characteristics, the results from this
particle
concentration levels in an office can be reduced by a

study imply that submicrometer

proper choice of the printers.

5Lee CW, Dai YT, Chien CH, Hsu DIJ.
Characteristics and health impacts of volatile organic

compounds in photocopy centers. Environ Res.
2006 Feb;100(2):139-49. Epub 2005 Jul 19.

Abstract: This study investigates the indoor air
quality of typical photocopy centers in Taiwan to
evaluate the human health risk following inhalation
exposure. Both personal and area samplings were
conducted at seven photocopy centers in the Tainan
area from July 2002 to March 2003, which covered
both summer and winter seasons in Taiwan. The
benzene, toluene, ethylbenzene, xylenes, and styrene
(BTEXS) measurements indicated no difference
between personal and area samplings (P>0.05) and
found that air conditioning improves indoor air
quality. The additive factor at each photocopy center



was significantly below 1.0, based on the current
BTEXS permissible exposure limits in Taiwan.
However, the mean benzene and styrene levels in the
‘current study were 138 and 18 times, respectively,
higher than those in another study conducted in the
United States. Comparison of mass ratios of BTEXS
with those of several chamber studies revealed that
the photoobpier is not the only volatile organic
compound (VOC) source in photocopy centers. The
lifetime cancer and noncancer risks for workers .
exposed to VOCs were also assessed. Results show
that all seven centers in this study had a lifetime
cancer risk exceeding 1x10(-6) (ranging from
2.5x10(-3) to 8.5x10(-5)). Regarding noncancer risk,
levels of toluene, ethylbenzene, xylenes, and styrene
were below the reference levels in all photocopy
centers; however, the hazard indices for all still
exceeded 1.0 (range 26.2-1.8) because of the high
level of benzene in the photocopy centers.

(2)SBS (2B 5 Bt O FESTER

1.Lan L, Wargocki P, Wyon DP, Lian Z. Effects of
thermal discomfort in an office on perceived air
quality, SBS symptoms, physiological responses,
and human performance. Indoor Air 2011: 21(5):
376-90.

significantly reduced at the higher temperature when
they felt warm. No effects were observed on salivary
biomarkers (alpha-amylase and cortisol). The present
results imply that the negative effects on health and
performance that occur when people feel thermally
warm at raised  temperatures are caused by
physiological mechanisms. PRACTICAL
IMPLICATIONS: This study indicates to what
extent elevated temperatures and thermal discomfort
because of warmth result in negative effects on
health and performance and shows that these could
be caused by physiological responses to warmth, not
by the distraction of subjective discomfort. This
implies that they will occur independently of
discomfort, ie. even if subjects have become
adaptively habituated to subjective discomfort. The
findings make it possible to estimate the negative
economic consequences of reducing energy use in
buildings in" cases where this results in elevated
indoor temperatures. They show clearly that thermal
discomfort because of raised temperatures should be

avoided in workplaces.

Abstract: The effects of thermal discomfort on health
and human performance were investigated in an
office, in an attempt to elucidate the physiological
mechanisms involved. Twelve subjects (six men and
six women) performed neurobehavioral tests and
tasks typical of office work while thermally neutral
‘ (at 22°C) and while warm (at 30°C). Multiple
physiological ~ measurements - and  subjective
assessment were made. The results show that when
the subjects felt warm, they assessed the air quality
to be worse, reported increased intensity of many
sick building syndrome symptoms, expressed more
negative mood, and were less willing to exert effort.
Task performance decreased when the subjects felt
warm. Their heart rate, respiratory ventilation, and
end-tidal partial pressure of carbon dioxide increased
significantly, and their arterial oxygen saturation
decreased. Tear film quality was found to be
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3.Sahlberg, B.;Wieslander, G;Norback, D. Sick
building syndrome in relation to domestic exposure
in Sweden-—a cohort study from 1991 to 2001 Scand
J Public Health 2010; 38(3): 232-8

Abstract: BACKGROUND: Most studies on sick
building syndrome (SBS) are cross-sectional and
have dealt with symptoms among office workers.
There are very few longitudinal cohort studies and
few studies on SBS in relation to domestic exposures.
The aim of this study was to investigate changes in
SBS symptoms during the follow-up period and also

to investigate changes in different types of indoor -

exposures at ‘home and relate them to SBS
symptoms in a population sample of adults from
Sweden. We also wanted to investigate if there was
any seasonal or. regional variation in associations
between exposure and SBS. METHODS: A random
sample of 1,000 people of the general population in
Sweden - (1991) was sent a self administered
questionnaire. A follow-up questionnaire was sent in
2001. RESULTS: An increased risk for onset of any
skin symptoms (risk ratio (RR) 2.32, 1.37-3.93),
mucosal symptormas (RR 3.17, 1.69-5.95) or general
symptoms (RR 2.18, 1.29-3.70) was found for those
who had dampness or moulds in the dwelling during
follow-up. In addition people living in damp
dwellings had a lower remission of general
symptoms and skin symptoms. CONCLUSIONS:
Dampness in the dwelling is a risk factor for new
onset of SBS  symptoms. Focus on  indoor
environment improvements in dwellings can be

beneficial both for the inhabitants and the general
population. Reducing dampness in buildings is an
important factor for reducing SBS symptoms in the
general population,

4.Takeda, M.;Saijo, Y;Yuasa, M.;Kanazawa,
AAraki, A;Kishi, R. Relationship between sick
building syndrome and indoor environmental factors
in newly built Japanese dwellings. Int Arch Occup
Environ Health 2009; 82(5): 583-93.

Abstract:

Objectives Indoor air contaminants and dampness in
dwellings have become important environmental
health issues. The aim of this study is to clarify
which factors are related to sick building syndrome
(SBS) in newly built dwellings at Hokkaido, Japan,
through a comprehensive evaluation of the indoor
environment and validated sick building symptom
questionnaires.

Methods The symptoms of 343 residents in 104
detached houses were ‘surveyed by standardized
and the
acetaldehyde,
compounds (VOCs), airborne fungi, and dust mite

questionnaires, concentrations  of

formaldehyde, volatile  organic
allergen in their living rooms were measured. By
summing the presence or absence of the Wve
dampness indicators (condensations, mold growth,
moldy odor, high air humidity of the bathroom,
water leakage), a dampness index was calculated.
Results SBS symptoms were found in 21.6% of
surveyed individuals. In a fully adjusted multivariate
logistic regression analysis, the dampness index
[odds ratio (OR) = 1.50;95% conWdence interval
(CI: 1.06.1.11], log formaldehyde (OR = 23.79,
95% CI: 2.49.277.65), and log alphapinene (OR =
2.87, 95% CI: 1.36.6.03) had signiWcantly higher
ORs for SBS symptoms. However, other VOCs,
airborne fungi, and dust mite allergen did not have
signiWeantly higher ORs.

Conclusion ~ Dampness, formaldehyde, and
alpha-pinene were signiWcantly related to SBS
symptoms in newly built dwellings. We should,
therefore, take measures to reduce the chemicals and
dampness in dwellings.



Keywords  Sick  building  syndrome
Formaldehyde -Alpha-pinene * Mold - Awrborne
fungi - Mite allergen '

5.Rios, J. L.;Boechat, J. L.;Gioda, A.;dos Santos, C.
Y.;de Aquino Neto, F. R;Lapa e Silva, J. R.
Symptoms prevalence among office workers of a
sealed versus a non-sealed building: associations to
indoor air quality. Environ Int 2009; 35(8): 1136-41.

Abstract: OBJECTIVES: An increasing number of
complaints related to time spent in artificially
ventilated buildings have been progressively
reported and attributed, at least in part, to physical
and chemical exposures in the office environment.
~ The objective of this research was to investigate the
association between the prevalence of work-related
symptoms and the indoor air quality, comparing a
sealed office building with a naturally ventilated one,
considering, specially, the indoor concentration of
TPM, TVOCs and the main individual VOCs.
METHODS: A cross-sectional study was performed
to compare the prevalence of sick building syndrome
(SBS) symptoms among 1736 office workers of a
sealed office building and 950 of a non-sealed one,
both in Rio de Janeiro's downtown. The prevalence
of symptoms was obtained by a SBS standardized
questionnaire. The IAQ -of the buildings -was
evaluated through specific methods, to determine the
temperature, humidity, particulate matter and volatile
organic ~ compound (VOC)  concentrations.
RESULTS: Upper airways -and ophthalmic
symptoms, tiredness and headache were highly
prevalent in both buildings. Some symptoms were
more prevalent in the sealed building: "eye dryness"
33.3% and 27.1% (p: 0.01); "runny nose" 37.3% and
31.3% (p: 0.03); "dry throat" 42% and 36% (p:
0.02); and "lethargy" 58.5% and 50.5% (p: 0.03)
respectively. However, relative humidity and indoor
total particulate matter (TPM) concentration as well
as total volatile organic compounds (TVOCs) were
paradoxically greater in the non-sealed building, in
compounds had  higher
concentration, - especially benzene. The analysis

which  aromatic

between measured exposure levels and resulting

symptoms showed no association among its
prevalence and TPM, TVOCs, benzene or toluene
concentration in none of the buildings.
CONCLUSIONS: Other disregarded factors, like
undetected VOCs, mites, molds and endotoxin
concentrations, may be associated to the greater
prevalence of symptoms in the sealed building.

6.Mendell, M. J.;Mirer, A. G Indoor thermal factors
and symptoms in office workers: findings from the
US EPA BASE study. Indoor Air 2009; 19(4):
291-302.

Abstract Some prior research in office buildings has
associated higher indoor temperatures even within
the recommended thermal comfort range with
increased worker symptoms. We reexamined this
relationship in data from 95 office buildings in the
US Environmental Protection Agency's Building
Assessment Survey and Evaluation Study. We
investigated relationships between building-related
symptoms and thermal metrics constructed from
real-time measurements. We estimated odds ratios
and 95% confidence intervals in adjusted logistic
regression models with general estimating equations,
overall and by season. Winter indoor temperatures
spanned the recommended winter comfort range;
summer temperatures were mostly colder than the
recommended summer range. Increasing indoor
temperatures, overall, were associated with increases
in few symptoms. Higher winter indoor temperatures,
however, were associated with increases in all
symptoms analyzed. Higher summer temperatures,
above 230C, were associated with decreases in most
symptoms. Humidity ratio, a metric of absolute
humidity, showed few clear associations. Thus,
increased symptoms with higher temperatures within--
the thermal comfort range were found only in winter.
In summer, buildings were overcooled, and only the
higher observed temperatures were within the
comfort range; these were associate with decreased
symptoms. Confirmation of these findings would
suggest that thermal management guidelines
consider health effects as well as comfort, and that
less conditioning of buildings in both winter and



summer may have unexpected health benefits.

7 Helmis, C. G;Assimakopoulos, V. D.;Flocas, H.
A.;Stathopoulou, O. I1;Sgouros, G;Hatzaki, M.
Indoor air quality assessment in the air traffic control
tower of the Athens Airport, Greece. Environ Monit
Assess 2009; 148(1-4): 47-60.

8.Saijo Y; Nakagi Y; Ito T, Sugioka Y; Endo H;
Yoshida T. BADAIIFRIERICBITAV v
ELVE R & 1B R & O B £% (Relation  of
dampness to sick building syndrome in Japanese
public apartment houses). Environmental Health

and Preventive Medicine 2009; 14(1): 26-35.

Abstract : In this study, an assessment of indoor air
quality (IAQ) and thermal comfort in the Athens
Traffic Control Tower (ATCT) offices of Hellinicon
building complex, which is mechanically ventilated,
is presented. Measurements of PM(10), PM(2.5),
TVOCs and CO(2) concentrations were performed
during three experimental cycles, while the Thom
Discomfort Index was calculated to describe the
employees' feeling of discomfort. The aim of the first
cycle was to identify the TAQ status, the second to
investigate  the effectiveness of certain measures
taken, and the third to continuously monitor and
control IAQ. During the first two cycles, daily spot
measurements of TVOCs and COQ2) were
performed at various indoor locations and at the
respective outdoor air intake positions, in addition
with mean 24-h spot measurements of indoor
PM(10) and PM(2.5). Results revealed that pollution
levels vary according to the occupancy and the kind
of activity. Following that, an automated system
(IMAS) was designed and employed to continuously
monitor indoor and outdoor CO(2), TVOCs,
temperature and relative humidity. The ultimate
scope was to control the IAQ and offer acceptable
comfort conditions to the employees, whose work is
of special nature and  extremely demanding.
Intervention scenarios were formulated and applied
to the system to improve indoor conditions, when
and where necessary. Regarding the third cycle,
1-year measurements collected from the system to
examine its effectiveness. While it was shown that
discomfort may be attributed to co-existence of
unsatisfactory thermal comfort conditions and IAQ,
usually the sole predominant factor of discomfort
feeling is thermal comfort.
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10Mendell, M. J;Lei-Gomez, Q.;Mirer, - A.
G;Seppanen, O.;Brunner, G Risk factors in heating,
ventilating, and air-conditioning systems for
occupant symptoms in US office buildings: the US
EPA BASE study. Indoor Air 2008; 18(4): 301-16.

Abstract: Building-related symptoms in office
workers worldwide are common, but of uncertain
etiology. One cause may be contaminants related to
characteristics of heating, ventilating, and
air-conditioning (HVAC) systems. We analyzed data
from 97 representative air-conditioned US office
buildings in the Building Assessment and Survey
Evaluation (BASE) study. Using logistic regression
models with generalized estimating equations, we
estimated odds ratios (OR) and 95% confidence
intervals for associations between building-related
symptom outcomes and HVAC characteristics.
Outdoor air intakes less than 60 m above ground
level were associated with significant increases in
most symptoms: e.g. for upper respiratory symptoms,
OR for intake héights 30 to 60 m, 0 to <30 m, and
below grourid level were 2.7, 2.0, and 2.1.
Humidification
condition/maintenance ~ were

systems with poor
associated  with
significantly increased upper respiratory symptoms,
eye symptoms, fatigue/difficulty concentrating, and
skin symptoms, with OR = 1.5, 1.5, 1.7, and 1.6.
Less frequent cleaning of cooling coils and drain
pans was associated with significantly increased eye
symptoms and headache, with OR = 1.7 and 1.6.
~ Symptoms may be due to microbial exposures from

poorly maintained ventilation systems and to greater

levels of vehicular pollutants at air intakes nearer the
ground level. Replication and explanation of these

.ﬁndings is needed. PRACTICAL IMPLICATIONS:

These findings support current beliefs that
moisture-related HVAC components such as cooling
coils and humidification systems, when poorly
maintained, may be sources of contaminants that
cause adverse health effects in occupants, even if we
cannot yet identify or measure the causal exposures.
While finding substantially elevated risks for poorly
maintained humidification systems, relative to no
humidification systems, the findings do not identify
important (symptom) benefits from well-maintained
humidification systems. Findings also provide an
initial suggestion, needing corroboration, that
outdoor air intakes lower than 18 stories in office
buildings may be associated with substantial
increases in many symptoms. If this is corroborated |
and linked to ground-level vehicle emissions, urban
ventilation air intakes may need to be located as far
above grdund level as possible or to incorporate air
cleaners that remove gaseous pollutants.

11.Wolkoff, P.;Kjaergaard, S. K. The dichotomy of
relative humidity on indoor air quality. Environ Int
2007; 33(6): 850-7. ‘

Abstract: Dry and irritated mucous membranes of
the eyes and airways are common symptoms
reported in office-like environments. Earlier studies
suggested that indoor pollutants were responsible.
We have re-evaluated, by review of the literature,
how low relative humidity (RH) may influence the
immediately perceived indoor air quality (IAQ),
including odour, and cause irritation symptoms (i.e.
longer-term perceived IAQ). "Relative humidity"
were searched in major databases, and combined
with: air quality, cabin air, dry eyes, formaldehyde,
inflammation, mucous membranes, offices, ozone,
pungency, sensory irritation, particles, precorneal
tear film, sick building syndrome, stuffy air, and
VOCs. The impact of RH on the immediately and
longer-term perceived IAQ by VOCs, ozone, and
both  the

thermodynamic  condition and the emission

particles is complex, because



characteristics of building materials are influenced.
Epidemiological, clinical, and human exposure
studies indicate that low RH plays a role in the
increase of reporting eye irritation symptoms and
alteration of the precorneal tear film. These effects
may be exacerbated during visual display unit work.
The recommendation that IAQ should be "dry and
cool" may be useful for evaluation of the
immediately perceived' TAQ in material emission
testing, but should be considered cautiously about
the development of irritation symptoms in eyes and
upper airways during a workday. Studies indicate
that RH about 40% is better for the eyes and upper
airways than levels below 30%. The optimal RH
may differ for the eyes and the airways regarding
desiccation of the mucous membranes.
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13.Wolkoff, P;Wilkins, C. K.;Clausen, P
A;Nielsen, G D. Organic compounds in office
environments -  sensory imitation, odor,

measurements and the role of reactive chemistry.

 Indoor Air 2006; 16(1): 7-19.
Abstract: Sensory irmitation and odor effects of

organic compounds in indoor environments are

reviewed. It is proposed to subdivide volatile organic
compounds (VOCs) into four -categories: (i)
chemically non-reactive, (i) chemically 'reactive',
(iii) biologically reactive (i.e. form chemical bonds to
receptor sites in mucous membranes) and (iv) toxic
compounds. Chemically non-reactive VOCs are
considered non-irritants at typical indoor air levels.
However, compounds with low odor thresholds
confribute to the overall perception of the indoor air
quality. Reported sensory irritation may be the result
of odor annoyance. It appears that odor thresholds
for many VOCs probably are considerably lower
than previously reported. This explains why many
building materials persistently are perceived as
odorous, although the concentrations of the detected
organic compounds are close to or below their
reported odor thresholds. Ozone reacts with certain
alkenes to form a gas and aerosol phase of oxidation
products, some of which are sensory irritants.
However, all of the sensory irritating species have
not yet been identified and whether the secondary
aerosols (ultrafine and fine particles) contribute to
sensory irritation requires investigation. Low relative
humidity may exacerbate the sensory irritation
impact. Practical Implications Certain odors, in
addition to odor annoyance, may result in
psychological effects and distraction from work.
Some building materials continually cause
perceivable odors, because the odor thresholds of the
emitted compounds are low. Some oxidation
products of alkenes (e.g. terpenes) may contribute to
eye and airway symptoms under certain conditions
and low relative humidity.
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