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Abstract

Disinfection by chlorine is the major method to inhibit microbial
growth in swimming pools. However, the organic matter in water will react
with chlorine to disinfection by-products (DBPs), including
trihalomethanes (THMs). Trihalomethanes are classified as probable
carcinogenic substances. During swimming in the pool, swimmers may
exposed to THMs through multiple pathways, including contact with the
skin, inhale from swimming pool air, and ingest of swimming pool water.

In this study, in order to understand that people exposure in the indoor
pool, environmental monitoring of THMs in water and ambient air was
performed. Biological monitoring of THMs by collect the concentration of
THMs in exhaled breath to infer the relative internal dose received for the
swimmers. Participants will be divided into three groups (wearing
waterproof diving suit group, wearing normal swimming suit group, and
non-swimmers group). To dissociate the different exposure route from
dermal and inhalation, THM concentrations were measured in the alveolar
breath of swimming subjects practicing in an indoor pool with and without
by wearing waterproof diving suit.

After analyzing the composition of THMs in collected environmental
samples, chloroform was the only chemical that can be detected in this
study. The alveolar air sample from the subjects before and after 40
minutes of swimming activities were found that chloroform concentrations
increased in exhaled air after performing swimming. In addition, the

concentrations of chloroform in exhaled air before swimming are

\Y%



significantly different from those of after swimming (p <0.05). However,
the concentrations of chloroform in exhaled air before and after swimming
did not show significant variation in this study (p = 0.7). Then we
compared the normal swimming suit group with wearing waterproof
diving suit subjects whose skin is isolated to water. The results showed that
the changes of chloroform concentrations before and after swimming in
exhaled air samples for these two groups with no significant difference (p
=0.82). It indicated that the concentrations of chloroform in exhaled
sample due to exposure from skin pathway did not contribute significantly
in this study. Therefore, we conclude that the main route of exposure is

coming from the inhalation.

KEY WORDS: Trihalomethanes, Indoor swimming pool, multi-exposure

pathways, human exhaled biomarkers
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Kt R AB A e ki R R S E N R R kY RIA S
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2~ BN PAEAS BB = T Rk R AT B R
. AR FRER 3 FRAFARREY THM LR .
A7 e R T B "
&+ S RLVIURSPAR S - S (Aggazzotti et
TFERF REK 17-47 pg/L al., 1990)
B 150 2 A zFe
GC-MS 66648 pg/m?
&+ 4 kT 20 Ak # kP (Aggazzotti et
FAEFEERB AL 19-94 g/l al., 1993)
B 150 2 A % F 46
GC-MS 38-329 pg/m?
&+ A Kt T 20 A RE ok R 7 iy sk (Aggazzotti et
TEHEEBRSL 2543 ng/L 1.8-2.8 pg/L 1.8-2.8 pg/L 0.1 pg/L al., 1998)
& 150 =~ ZF 7 TF 7 “u ¥ 4K ER I
GC-MS 69-195 pg/m? 7-24 ng/m? 4-14 pg/m’ 0.2 ug/m?
XA ke T 20 o aokfR Bk Ldd il s #oke #oke (Fantuzzi et al.,
ZFEERRLA 3320l 42 pg/L 1.9 pg/L 0.4 pg/L 2001)
Aot e 3 TF P ZF P TF P TF
GC-ECD 46.1 pg/m’ 8.7ug/m’ 3.1 pg/m’ 0.8 ug/m?
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A R Y

EPAEASREY THMER

: ek
B - 2 A dPE S ZF 9% - Fv % - F 9% ERL R P
4e £ 4 ® km; T 204k BoRY (Levesque et al.,
® BB ASHFAH 159-567 ug/L 1994)
B R R ZF ¢ o o o
® GC-MS 2521-8107 pg/m?
v £ 4 ® km T 204k Bk (Levesque et al.,
® T HFEHt®ERHELK  19-80png/lL 2000)
o 20 & A& B - 3 o
® GC-ECD 78-329 ug/m?
4o £ 4 ® kg T204ckEk A oRe (Catto et al.,
® T FEHE®ARHK  133-46.0pg/L 2012)
& 30 oA ZE ZF
® GC-MS 33.6-306.7 pg/m®> ND-4.3pug/m’
A ® kg T 20 oAk § o (Erdinger et al.,
& TiHtkBAR ' 2004)
IO 7-25 pg/L
Bk H 150 o4& L 3 B - -
gk a 20 oA A7
‘ 85-235ug/m’
® GC-ECD
N 28 ® T iEKIEHLK o o o (Caro and
A R I T
R0 s 80-320pug/m’ 4-15ug/m’ 0.25-1.85ug/m’ Gallego 20052
® GCMS —320pg/m —15pg/m .25-1.85pg/m
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. A H R A EREALZRY THMER ek
A7 e S AT A 247 % "
o FL9 ® kg T 20k kFEk EokP sk (Caro and
® T EEHEBAH L 85-155ug/L 1.8-2.2 pg/L Gallego 2008b)
B 50 A ZF ¢ AL
® GC-MS 92-340 pg/m? 6.9-12.1 ug/m’
g FLY ® kG T20 Ak #okP: sookP sk sk (Font-Ribera et
® iHERARYE 85208ugl  93-228 pg/L 65226 ug/L  3.0-162 gL al,2010)
60 = & EX I o—— AR E I
® GC-MS 19.5-61.6 ug/m* ~ 7.5-23.4 pg/m’ 6.0-26.2 ug/m? 4.4-22.6 pg/m’
; w0 AL e
. : CJ}‘C‘—“_M;O o e S ol (3 < il S #oke e
3.4-12.4 pg/L 0.5-7.4 pg/L ND-9.0 ug/L ND-2.7 ng/L
ND : A& &
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FZ & FAERY AREBRWZ ST ROPRSY

Bt > WA THMs 5k B > L R end £ £ 564" 40 & 3}
F g Rk o d K oode k B IE A4 L% e Jo & 4 (1990)42
50RO ERIFOERT IR E L FBties BRBRE R
PEFEFETH AR B PR AR BB OF R KB
ERERY AWM E T EF I RDR R G B
(ks FAHIE S ABIERE RpT R LEE et A E Y
FPRE T FR DD FH BIF BT R G- T Ak B
IS o F B el R BEn 0 B ¥ BB e R e f 2 & O ek R
2 6.0-21.0pug/m* @ 7 F A& ARl F e F N2 & Pk ARG 24
10.0pg/m’e 3 FehZ B0 Ftest &F L R M ehfe 2o TS pE
0.0001 z_ Foxf sezt b X B Ap 3 oK. Fp :f—%'g; s AR

AREREN F Pl FE PSR SLAA B R TR AR BN e

.

FRBEEZEFE -

Gordon % 4 (1998)°¥ % 7 B 2/ /feilBAzr kP = § " 55d A K

\

b

P

Ffg 5 AT o 250 10

i éjﬁ EITRIFAGHTY 0 KR
FiFRgOER? 2EfELHESELF D] § F IR L LR

w7 R RGBO40C)p K-keupdnz ¥ LR kY =2 F PR
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5 83.4+143 pg/L > £ MF FRFHFREFL éﬂ F P ZF T

d

N R d ﬂs"',%;é'%,—”l’ﬂi\i ;F'_Ewirrviuﬁ,@ DRIt WA C I R S R

[

L1083

)

ok F ¢ Z & TR GEIL R ST~ R AR D e T 5
FepriTR A A Ak R P R 1Y L 2 39.6£0.9C
KB TRFRIER LGP ZF T RER S 4494153 pgm’ 5 &
302416 CenM KRB TR F R FEF P 2 F T RER 5 32427
pg/m’ > A A7 KB T RFETIFEELF Y AP RAAPLF S

30 B Pl IR RS R KRB ETRERE KT 25 T RE

S

B RS BRI SRE Y RE 2L 8 % g 2
B KRB 2 (2006)D 7 F 3] hPFA BT 0 A E § 5B
ZAEA ek Ee 2 BT R AL BT R G
1. rv2aE~;

2. FirEwant e o WE O A Bl AR

3. &d A KB EESTITY 20 A Y o

PRt AT B ER AR R e p 2 ¢ 2 h

=

B AEA R ik B A7 Y 0 Fantuzzi & A (2001)CY A& < flefg ¥

PR 2T B R R B HE B A ke ¢ 2 B
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oo BE(PFAR 3 ~ B R ER S FAS TR S)ZERZF 0T A
AR EB D TERE DL o AT E T 0 PFAS K F T
SEFE AT RN F AT RICAFORRFRA Y G 6.1-684pg/L -
20-53ug/L~04-54pg/L ~fr 0.1 -13ug/L - @ Z 5 ? = &7 ‘=z
ERPIIEAS BB F o THEAS80L22.lugm’ HFFREH L
ERPARZ < THEAEFR S 261 £243ug/m’ > A5
25.6+24.5pg/m’ 0 57 0 R EIFAS 2 P anghir R D keng F
* THMs kR 04 R & F € 5% % 2R » Fantuzzi ¥ 4 4%} 32
A A A e HAT 1 (Teha IF'*Z(—TE'T PO AREFREORE 19 =
RS 0 AR A ) A R R T fRpE A

F ¢ 977 THMs a7 B o Rl eniE % » A e R T2 vt §
" e THMs kB &% 25.1 £ 16.5ug/m’ > A {%#% 5 1 (71 i
Pl B BT AP bk & (149 = 14.9pg/mP fr 14.7 + 2.8ug/m) - & v fF
AYTER A LTS EREZREZF Y D THMs ER &
TF Beaphl o Flpt > Fantuzzi % A 23% 0 & B354 R B o (F
KR4 Bes 59 s THMs ik B % jARE J @ cnfe it o 7

8T N 24 22 o L3, 2 2 _\,: 27 22z L Ke L >3
ol E S D s =N SR ﬁ » Fln 3 iver g v i ¥ oA 3

N
)

F_&

3‘@ s
TEEAR Y o BN PEAB Y P e F Iﬂl_mfﬂl;ﬁ > is i ﬁ%‘?%lxl/f

TRk eehig 20 b b B B THMs 5 onv 4 177 8 20 12 48
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$AF - w A RiEBHY O HTAN B BN PHEH 0 £ AT

- WL o Al IR F ¢ THMs k& &% i & 71 45

SEEEL YRR RS IO R F AT YRR P B STA
Rk BT e ey

Erdinger % 4 (2004)“0% 7 B s A BAAE B enk BT B P A

BT B A B R - LA A R TR R Bk R
-ﬁla\q\lf_“i o EA AEATEERAT AT L F FF 0 FIHE A

\

L ik T8 35 AR BIR E F e ] G B AL
* ﬁ; }‘? ’ t”‘—i"l'/( ) ;!:i\ ,l':—"‘ _]-/7\ m_@%i‘r’ %\ F Wi?)\m%%zk/{m ’ rT‘] fi’g\‘i

BB DR BRI %2 B PIE A TR EMA O A LA

‘&'_

l%/éé“ » BT 3T i@%ﬁﬁi%%ﬁjm ?—ﬁ s p‘\}%‘%%r‘f‘!ﬁ]iﬁ‘]
Pt 2R Re LR F 60 A RAVEAS RS L HAREF 2
FEMH G T AR REAHY F LR REKA LA
ek % o i d T kR s 031 £ 025ug/l: i FFFF

K o Rk d TIE Bk BB S 099 £ 047ug/5 F b K=
RS A 60 AR E 5 &P § DT IEERR S 03]
£025ug/le 8 | F F Feviik s § DRAP BT ET ¥
DR BOBRE LS EAANLRE L LY ERARR 0L

Erdinger $3ap] » W u 2 A b S £ & kB
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Caro % 4 (2008b)* F 3 @ 2 15 fj i 1 0¥ K10 2 12 Rk £ e
ST RREBERERRE Y ch (T R ER T LA SR
o SRR FRENR - FREF KR B EFRRRE TGV

BERGZ NI B F G SRS R R P
fhsed b 2 Fup? TIRR A Y G 4ug/m’ 1R 475 ng/L - 1 Y
B2 AR ERR L F Y & PIRARN A 8B SR RRH
2B AERRF L EOPEARBS B F P F PIRAR 20 B~ K
RV ERM A BT RS FRIZFTHRITREF cha fad i ip
fm 3 ok g A PRy REDFRANME REDF BFERF 0 LR

W chd Ffhie e @ AFTE R0 A R § 2 B hge s AT G

Kogevinas % % (2010)°Y 5 T FEH A WEB A B » k¢ 3 8l A
PRHARMOOAFG TR 250 49 =230 £ p R R
KRR R AR P PR 40 A R B 12 i i
Rt IR f il A E A AR BT L RS w52 &

TR R B R FEH L F P Z T Rk R AR R e P

)

PP B IRAE S RGBT 2 B 3RSk LT 2 DNA 3§ AR R 0B B

TRk @i 2 BB AR ESDRRY BEDP L FRE
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‘5 PP i

PRl ? 37 BIRR
M2 TR Y B AR S k- £ T M p=0.03 5 8
- & 9B o p=0.05; ZL M > p=0.01) @ AP
TG OFMAFAERLY = &

17 2k B2 DNAJG £ 3 AW &
& ﬁfi‘h”é R R

?;Qr'} btapj.ff: ¢ ng—\l?k)ﬁp

R eniiitAn b B (p =
0.004) 5 & Fuite @ FRiE b A dmre chfichiic bt BT Y B

7 FRE
PEAH SRR B o
IR RN FEASREY 2 ) REHA AR B AR BT
v ’F‘r {l’?ﬁ'*x‘zé‘&ﬁﬁ’% P RER AR FiRe kF
P REY DR R EEFTROR B TR P w2
SRR AR L

A RleEE g o s pikgee R
Mo WL G ¢ 2 )T e g RO el kg A A 4T Y

—‘_H:'JE' J»»%)"‘i(48 55, 56)[15»]{% pé"ﬁf‘l‘%‘l/\*ﬁ‘ci

L = I rf] vz
(34, 43, 44,47, 48, 50, 54, 57)
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BETHEME FRREY T ZEREBL P EF T AAMY HLF
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fn
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RREFRETFAITFEREFD Ll F R ukielY = 5 7 %
ERRCEREZF ¢ ERTRAGFDREAPR AT F Pk
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=094oérafﬁﬁ§%r@‘ Grd g o~ FR M A L g ¢ 2 &P e

FEEBREY T =k R TR L o

ZF T ARt 8 Caro &7 Gallego *+ 2007°9: 7 Fi
P T RARRE AP HERA AR AR - TRE

BoNEISAR(T 120 A EBePPEAE D 0 b RS 2 T T R R

HAr At B0 A4 5041544530448 60 44 -
120 »4811 2 180 A 4B (T ARIRHF B XD APTEY Z A " RER - B %
BREFF Y ZF TR G A1 120 AP TR AR R
P E TRk L AR EAER S 180 AR Z 47

Wik BT FAEAE B 2 W R R R -
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Caro ¥7 Gallego > 2008 #WE Bie{7= § " = A A v chd %
Hp E";j/{ﬂji‘ ’p’i L S P?L"kﬂﬁ-f:f 120 & 4@ cndsik s de s+ }3“—.1 RUR N
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o &

IR #H$0 K TR edp B 4

o ATR T 5 LRE AR TP kR E R Rk =
®) 7 2 E AR o

1974 & » % BB § L6 T

I & 4R * oK% % (Safe Drinking Water

Act,SDWA)-3%i2 & £ 2 RBREFHRFD - BHE* L9 5457 ¢ 5
AREA A 7 IR

-
%m

SRR o 2RERFF A

1992 & B oAt 5t 4]
i

& - % 8] 2 47 ;= (Disinfectant—Disinfection Byproduct Rule, D—
DBP Rule) »

A 1998 ‘&ﬁqrm) o Ty f—r L__ IE; :‘.'3_" ﬁg],ri—'/ 2 ﬁ’}f 7}\
KRR AR 320 A7 il & anit B b g 1L 2

BH P g g oeif
T B G Lgend 2R RAE G B S A R4 B3R AR P R (Maximum
contaminant level goals, MCLG) % B % i ¥ #7345 MCLG %1393
BT ARPEFTERTT MG LB ANEERIEH P
AR RApt kY RIS W e
30 s -

N

—);:3,«]—]"}477’?{5’ %E’;d‘
= #7 % o P W kAT MCLG &3 ¢

T

’%’}1’71\’t‘_:_;§9

a

AL A S

a

NI - N

(=

e Wk R Z M3 0.07

mg/L ~ 0 mg/L ~ 0.06 mg/L 2 2 0 mg/L » » # Bk i%F £ MCLG -
X g oebiT =

et el r KK A R AR Bt 5 %
¥ % 7 )k & (Maximum contaminant level, MCL) o = MCL e& % T »
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BT Sk R 7 FALE 0.08mg/L - MCL 3% B .5 1 Bd%
FEFRRPET AR bk R AT JUE S Ao E 2 AR

PRI 3T R R R i

~N

AW

RSN 8 LT FE S N TR SR
B F P RAeS g 3T A A "LE 5 60 pg/L ~ 100 pg/L ~ 30 pg/L ~ F+ 90

ug/L i @ BZ &7 420 F i A2 100 pg/L -

RPN w o AR AIETAR102 & 1 7 16 p AT aE 2 p
fok2G, H O F L ERm PR - a2 UG E I ER L FES 2

SEBRFEZ ZR KRR ATAR2 ER Y 20 p AT A RAKRTE

BOOd ¢ HT R4 EEp SR B TRk R E T
REH 015mg/le (Frefa R A FRARET £ 20 4p 2244
FoROR D, B g 2 T Ao = T ek X PLE AR S
0.10 mg/L > f6x (i3 > 22 p AP O8 & 11 ¥ 26 p 4% (7 » ¥

Lk +iE T 0.10mg/L '3 £ 0.08 mg/L -

PamBY% e g R RFAREEAS R 2 (7 R EREF
Rge(#7) 2 RF I HREL 22 F (Agence Frangaise de Sécurité
Sanitaire de 1'Environnement et du Travail, AFSSET) ~ & & ~ % f 1 %

WHO 2 5 #-% -k ? 3,2 &7 s d] & 100 pg/L 27 o ot fip > #
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Aok E DR B LTS 100 pg/ 46 B2 KR i A
REFH] = 20 ug/L 7™ > 3 d ang poAEA
FRE G 30ug/L'4“"-;rﬁ—r"";"&‘25,—T_ 50

ug/L —LF!!F é_\- BE‘QIL;(?T;\;}Q\Q}‘J— /71: 7}<\:’_:_|§-]E7J~7:6/Z\

Foho gz 5 2P R nRERF Dk GRP AR TT o
EFRR ?\B%‘« ¥ % > w4 & 7 “7(National Institute for Occupational
Safety and Health, NIOSH)** 1997 & £ R > AR B 2 § ¢ § 7 2
ek A FFERE A B E 9.8 mg/mP 2 S mg/m® Y. ¥ b £ Fk
Jl R AR g % (American Conference of Governmental Industrial
Hygienists, ACGIH)# 4§, ®] MAK~value P& 3% > $$30 B ki ohk & o
AITEXIEY ) FEENPIIES I F P FFNEBERA
B 5 49mg/m’ 11 2 2.5mg/m’ 2 e @ £ RS 1R BEL > G2 ¥
(Occupational Safety and Health. Administration, OSHA)>* 1998 & B ;>
TRFRIREIF T F P2 RTFDE A FLERERS B 5 240
mg/m’ 2 Smg/m*©® . e 3 pow 5ok B AP REPFA R o TRy

PR AFREHTIF I 2T RO FEERAT AP
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Rroo BN B RS R 2 AT kR (/)

o o EN-aE: SRS p oA WHO
pokoRIRE A KR G oRIRE g RIRE g oRRE
N DL 150 80 80 ¢ 100 100
R gL 70 ° 60 300
. = L 0° 30 60
- F T 60 ° 100 100
ERLAIC 0° 90 100

i WEEF R 5L 5 FER  MCL
PERBEF A S A R FERE P MCLG

I ~ RBEFHBFARP = RL]" Tz ehjk B a2k B (ug/l)
R ER
, o A 16 B m4 L &
X H - WHO L "\
NN L 100 —=- 20 30 25-50
R R == 100 - _ & -
22 RBEHIFY KT B2 BN AHEBEREREY
4= (mg/m’)
NIOSH ACGIH OSHA
MAK-—value
REL TLV PEL
% 7z 2.5 9.8 49 240
B N S
L ol
ERL N -— 5 -— 5
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= & Pi‘fg;‘;g

FR4RAT B dn B S RIS £ HE R L L R

BT E AT

N Sl WA = G G B S A (P ES

J B iR T B oen
Ho: S3f R @aidet | & SR T PIEFERBT SR
FP =287 kR &% | (Wilcoxon Signrank test) | iset f ¥ = &7 d=ih

s ST

?::‘;‘— *‘3}1‘(7\2‘\'7’%‘; —ﬁ’ll
3%
v

% k% o

Fh ok 2 g ek
_:_Ek—]n );E&%

Sl S R 20
(Kruskal-Wallis test
Wilcoxon ¥ {4 & T)

AT bk
B sl P = e
ERRCE M 27
PRz Fak B
R o

=Rk BEREELF P =
£7 kR RB A
i o

i )

ATk F P 2§ 7 =k
BEEREP = rk—]n =
BAE Ap b0 2
BB FF A AR

2B
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FE-BARZLEFE O MR A RRRELTIRNE AR RRTF
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5040 248 MREFFET TS AL - b F B kg P & Pk
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ZORBERME RREFE LEFERDERY AME T T RO
FER RS FERE DL A RER AR ER B o AR
B i A MeE e g D R Y G g NER R RS R R
A AP (R )0 AR IR SR T O R T A PR B
AR S gE

32m

18m 15m

- : Swimming pool

Layout of fERindoor swimming pool

© -k 30 247§ HRER
O #ka 150 24 7% fF R
O ks

Bl= ~ 2FE g 25 A Ayt

38



oA H AR ACRALA AR

o

Ble 5 Fp ki L3

=k
I%
)
=kt
|
%
Y
i
-_\i.l_”\7
ok
| —
[
po
=
Sy
o
=5
3=
¢l

FE- AR REFARBE T ED KR LRE AR O

it %

39



ANANEFATHELS ERAZ REBRIE

SR S ok 2 e — AR Al e

e o o O
Lk X O X

apﬁ»p;r“g }i%%ﬂ%ﬁ_ykﬁ 30 2 A
bpﬁ»p;;;g @%]’ﬁ%ﬁ]\@ 150 2> ~

34 AP REE ISR AR e

FILE% 7785 - AR Ja< P SR Total
* (ki) (’('—'T) (A;’T) ('(;'T)
71 10 10 10 20

2L v EE e RE O R et F 2 e 20D

SRR = % § (bpm) e e § (L/min)
(5 60-70 6-7

33 75-100 11-20

i3 100-125 20-31

5 125-150 31-43

L e 150-175 43-56
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FrE FL1EGRT

BFEE BT L IR FRE RPN AFAS R A R
FOUEZFBEBRE LA L AT L
- rg:gg;g-l-

RERN FOE-)e gin s 2d 25 - HEXA AR
MER P HER Y A ¢ g RAST RN E PRARRE o ¥ by

Ei”’?i’ﬂ KA B KPR 2 RSN

S WAERRRRE AMEFRAT 2R RERERRLS I

HAPEAB kP BN f NE AR § Y 2 T iR A
12 AR L RFEF e FRFR S AT RES R
B2 F B~ B oRER A T s e F R AR S AT B et

REERE S kA e

C)REFH B

1. #4417 #4634+  ENTECH - Silonite® » 2.7L ~ 1.4L
2. & & B RESTEK solid state flow meter 6000

3. ###H ik & * ENTECH Canister Cleaner Module 3100A
4. "B 7 p #:iE4 &k | ENTECH Autosampler 7500A

5. &% k¥5&k * ENTECH Preconcentrator 7150(*f4%= )
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10.

11.

12.

F 8% 47 & © Aglient Gas Chromotograph 6890 - Hewleet Packard
Bk ¢ Aglient Mass Selective Detector 5975

2% & 27 B : DELTA Ultrasonic Cleaners DC-600

4 33 K934 0 MILLIPORE Milli-Q Plus

ktREEAL D B4 o 40mL 0 2

K78 % 124 7L - ENTECH ° Amber Bottles, deactivated > 500mL

B % B ¥R EE ¢ ENTECH » Micro-QT™ Valve, Silonite®

(= )% 5388

1.

MBS P REfH (AEz) o P F 2T
Trichloromethane : Linde » 97 ppb in Nitrogen
Bromodichloromethane : Linde > 98 ppb in Nitrogen
Dibromochloromethane : Linde > 109 ppb in Nitrogen
Tribromomethane : Linde > 100 ppb in Nitrogen
pERHE2E R F 4 (100 ppb)

Bromochloromethane : 107 ppb in Nitrogen
1,4-difluorobenzene : 106 ppb in Nitrogen
Chlorobenzene-d5 : 106 ppb in Nitrogen

1-bromo-3-fluorobenzene : 104 ppb in Nitrogen

42



3. = m T ORiR AR
Trihalomethanes Calibration Mix 2000 pg/mL in methanol

4. F F FTERE > HR 99.99% 0 S8
50 F 4 1ATHE O HR 99.99% 0 o

6. = & (“B ARG B R 99.99% 0 &

()& HESRE

L 5§ AT RE R e

W8 2 7 % 100ppb ST G s & RS A
g FAFTREL RGBT AN 2 E 7 1AL 2 AR ¢ 4 B

B OSAEF R IER Q251020+ 50 ppb) b i 51 B # B 4 o

2. REA TR E SR SR
#F B ZF = &7 % 2000 mg/L fh= &7 2R ER R B 0.05
mL 2 DI -k & 3 100mL > ¥ {8 3] 1000 pg/L & 8 &2 8 3 % >
B ACAKBMEEET o PREARY B 02504-06-0.8 -
ImL ¥ DIk %8 3% 10mL-fe ¥ 584 # 520406080~

100 pg/L) °
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(m)PARRRZF ERLA

AEERZFERANTSEY S REE L T A
CEF B EIEHEBERF/FAE T H R, (NEA
A715.13B)O 2 2 MR FEF 2 THBEZ 57 383 P Tk

P13 4% F/F 40K 47 7 R4 (EPA/625/R-96/010b, TO-15)7

TR BRAREEATR R ARRMAEAS K G 30 2 A Al R BEHE-K G 150
DA ft KR 2 BEHRE AP TR USERE B AT 10
*mmHg 2 7 R 7 Rk > 1 E T HREE > 7 S
BF Ao EARUNESE » A RSENERE BAEST 70mL/min > &
740 A 4PN hE MRS Btk o ERTEHAEL 0 MPHREF
ERR AERFL BRI RSR REREBTRHRETEFT AT
B s rF RRFF 7 SR T % R(ENTECH, 3100A):& {7 4
EEZRARBMFFEFFE B ERUAEHS A VIHIHEER

R 3 A S - SRR O VIE SR N A S R

AR T REERE ST 22§ tkAql* p ik R (ENTECH,
7500A) #-#75¢ B 2. % § ¥ A48 B~ 100mL & » % k%5 & (ENTECH,
7150) 0 3% = Jk 5 ®R% ¥ £ F 4043 B~(Solid—Phase Microextraction »

i A SPME)k &~ *2 -k g 411 2 Tenax—TA &A1 2 = B554F £ o ik
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SE A S B N F RS BBk DA R H A R
I FAR AT N T R A2 R o RSl F A K 17 T &

(GCMS) ¥ Blethq? LFHF B £ £

(T )P ok 2 44

2

Ao kR RS REE 22 THY ok FHERS 2, (NIEA

AT15.13B)® o f A AR > 2 P ¥R FE B BT LFET Y

B

R G Z 1= R4 3 #iuZ (purge & trap) 0 B R 2T E -4

Z M F e MRS F AR FEFLE R kY A2

Ik

—7}@,

oL F AR AR T g IS AP 3 R i R R F
s AR EY o H - 5 # AL TR 3 % (static headspace

techniques)’ 1% # 49 iR 48 2 #% b T 5 A4 4 G I 7 5 0

-n\@

2

2 i8E MTE R 2 FARGIRNFIS R R i r A AT kS AR TR
S EIE S 2 SRR SR 0 MR B 2 ke~ X AR A I F
ERZFELEFEFTAP AL RO LR 2§

REFISHE R 0 FARR AT T R A AT K SR T AT -

ﬁ%’—'/’?%/’j 'fqzm/r' o MEAPEERm T 20 oA LR 'ﬁi}’a-ﬁﬂ 1< i: k=2
AR THRE T 9}‘3‘; Fantuzzi(ZOOl)(“)éﬁﬁéfi"'v Ak T 20 A A

Ik -
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FRBIARBEEEFASRLAED Rlanizd > 25 Bk
LR L BHRE AR RE T RS LR Sk B
htetrd BEFLY So r 25mg hPuRos R BER KT A F B B2
w2 AT ko FRRPE R KRR R R E T R R WL A
4 e S MpUR e 0 T hE A0ml SR 208 LR
fe o i pH (/] 3 20 2 5 #-7 44 TR Y ehy zu;{%ﬂ:ﬁ A MR
FEERAAMP AT FERT BRI O KREFTEERL TR

FRFEREER AFIHAC NI4T RE o

BRRE Y L FADE T B kR B SmL o~ A G
500mL % @& § f #3294 BRI oA p B
(ENTECH, 7500A)$ B~ & 537 "R 5 # 42 100mL > -2 @ 473 4 4 8
g7 14~ 7 k45 R(ENTECH, 7150)3 7 4f fiofc b« Fdf i 18 5 4
BRI FEF RS TE S FAAEITRY I FARA TR A

ERAS L R HRITE WRIE TR LB B2 R
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(3) 4 Bk F 48 A4 P21 2 46

AR F R ARBREA ST EREEFEF L TREZF
PR BE LSRRI R F/F AR FH &RZ  (EPA/625/R-
96/010b, TO-15)67> 12 2 %% (Pleil etal., 1995) ek 4k > (L BT )’

LAL B AR T B F B A AT A B

LoBgEfE 1ALy § 3 4BEFRRL B T HEF £ 55 A

s
=

R SR 4Z )2 50pm Hg o

2. EREULGERFEHEE - SHEOREF TSRO Y

_,_
-n\@

ol BRI BB R R -
3. REE T SR SR -

4. REH o e U e e 2 2 T e e 50 o

5. XRFFIEHEEFMM X f- ALed e f R INE o g7
BHREFFPIEF DG > REREFIEW I F A o

6. FHEFRILIEFAG M IREFAM  RARERE o
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BT« AAel f 4% A3 fE A 7 W

SrdE B2 A RBel B A% P $5 2 H R(ENTECH, 7500A)%-4 A
& ~ 9 k¥ & (ENTECH, 7150) - # # 2 5 F4p fic 5 P~(Solid-Phase
Microextraction > f§ f- SPME) & & - ",/TT Kg 42 2 Tenax—TA w3 *fH|
BRSSPSR LEOREEE R "f
HIE GBI F AR v B E R RE B A

K478 h (GOMS) ¥ el Rl § 57 HLE P 1 & 4pens £
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AL F AT RAATEEE

% Hic R LE
Column : DB-1

Length 60 m
Inner diameter 320.00 pm
Film thickness 1.00 um
Carrier gas flow He, 2.5 mL/min
Temperature program

A 35C

AR PR 4 min
IR 15°C /min
* iR 250°C

* B (RdEpE 5 min

T3 % © Agilent 5975 Network
Scan mode : range from 35 to 300 aum

W3 RE R 230 C
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R LR T e e T

S
- 2% i &S (Miz i
g ¥ 3+ (m/z) (m/2) B

Chloroform 83.00 85.00
Bromodichloromethane

83.00 85.00
(BDCM)
Dibromochloromethane

129.00 127.00
(DBCM)
Bromoform 173.00 171.00
Bromochloromethane 49.00 130.00 A
Benzene, 1,4—difluoro— 114.00 88.00 L
Benzene—d5—, chloro— 117.00 82.00 A
Benzene, 1-bromo—3—fluoro— 174.00 176.00 [

RFEEBETE > 200, A AR T F ¢ o 2

(inhalation exposure dose, Dinhalation) 3= & 2 3% 4 !

[HR X C,; X ED X CF
Dinnatation = BW

H o

Dinhalation = vl ﬁk fé rjﬂ] 'L.-é_ (Hg/ kg)
IHR = #¥exif F(L/min) » 2477 ¢ ef itk o 7% 4% el 5 79

Car= Z# ° 15 44 Fik & (ug/m’)
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ED = % & P i (min)
BW = % £ (kg)

CF= ¥ & # %3 (0.001 m*/L)

R R BAE

R EBETER 200 A FRFFE&H TP F
(uptake rate, UR) 2 & & %, % & ## (surface area, SA)"V&# & & #73&
j§ 2. it B $ % )k R (concentration, C) ™4 % A J§ % & % ¥k

(permeability constant, PC)z_ 3k ## » 2 3% 4 F
UR=PCXCXSAXCF

4 v
UR = % qzi# ¥ (ug/min)
PC= A& %% ¥ic(cm/hr) > & 7 & %% 8" % 0.00683
= ke it B4 5 R (ug/l)
SA= A K % & f(m?)
= 0.012 X ¥ % (cm)%® x &8 & (kg)%*°

CF= H = ## %]+ (1000 L/m? % 0.017 hr/min x 0.01 m/cm)

BERT 5 A K s Jtk & # £ (dermal exposure does,

Ddermat) > £ K BTk & £ 5 B Jcid F 22 & B PF F (exposure duration,



ED)z £ “érf ™ 3848 £ (Body weight) » 258 2 FN 4T

UR X ED
Daermar = W

He

Daema = A & =2 % % # £ (ng/kg)
UR = w5 zi# & (ug/min)

ED = % & P ¥ (min)

BW = #8 £ (kg)

(~) A& 47 By a2
1. 2&72

Ik

§ A0 THMs % % RHaae 0 ¢ 4 B e R LR g
o NP REEESP R SR (R BRI 2)TL LE
b °}Iﬂﬁrr'ﬂ)"iq3g’3" A » B R O R BB N TR SR
iRl Ptk &? THMs ch T B 45 %% 6 ff(A)E P R S ah T
ﬁ@%i%ﬁﬁ@@ﬁw@,%u%ﬁ§ﬁHﬂhﬁ%&@g?
MR Sk R (C) At o R e R T 5 S RS
Response factor (RF) » £ #4p ¥+ & /& 1+ Relative response factor

(RRF) -

55 N .
il FoAeT
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RRF =
Cs/Cis
g A
RRF = AsCis
AisCs
;&1 ¢

RRF = Relative response factor > 4p ¥t g /& F1+
As= Area of Sample quantification ion > tt &4 * THMs Z_# 3+ =%
% o oFE s

Ais= Area of Internal Standard quantification ion > p FR4& % 5.3 §

B Ko
Cs= Concentration of Sample, ppb » & A ¢ i £ F kB

Cis= Concentration of Internal Standard, ppb » P $R{&# 2k & o

BF VIR ERILELGBERZAARERTF]F I Tin:

O RRF,
RRF = Z
i=1

n
H
RRF = %2R T 2 b 715 ;
RRFi= {6 £ 401 5 i 8k & 0 2 0 HHE 715

n= *éiéﬂﬁ{:j\g(a j\—%/z.l:\‘:;:‘%so

B {0 T3HRRF @3 BB ek f tha? THMs kR 2 § 55 4r
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_ A.CisDF
* " A, RRF

He

Cx= Concentration of Sample , ppb » ¥ ~ ¥ THMs k & ;
Ax= Area of Sample quantification ion » ¢tk tk ~ * THMs T_& 3
+ X Af

Cis= Concentration of Internal Standard, ppb > p $84& 8 20k &

Ajis= Area of Internal Standard quantification ion » p FR4& % 5.2 &

%.

W X R R
RRF = t& € T o4p g & %= 5

DF = Dilution factor » & » ﬁrﬁ 2 #c o

iERE
ARG gy TIRB W% 2 8RR LR 2451 (NIEA-

PA107)2. 3 % i PR L2 2k 2 Bl XA B (72 o
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Z TR ERE SRR

Jk & # [ (ppb) , B R R
B i€ % ' (ppb)

2 50 0.9999 0.24

2 50 1 0.28

2 50 0.9997 0.36

2 50 0.9998 0.38

7 %2 kB Ak 0 R

kB Fl(ng/L) 2 7P F L
B % b % (ng/L)
20 100 0.9999 1.91
20 100 1 2.03
20 100 0.9997 1.95
20 100 0.9998 1.72
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(1) & #2 & 3

AXFT A2 S FEE ST EFEE T S B

FHAEAFAAELBE T A L 29082.71% kA EAFA

WARH A BT A 5 6.6955.61 KB AE AP AHLE T A
54634420 2 F AR AL FTw T E 5 98384130 ki &
PR ALS TR TF 5 93274447 - '—"L'r”ﬁ Rl fg F % 2 (Y

) o

EAF A 1T

SRR - BARFEATA o FEE X X T

NPT ELAF A R%) BAAHLEF A RAE2S up

Dy |X1 — X5
TS (X, +X5)/2

% 100%

i A

S FRARERED  LARERAEED LUK

4 1y 3 Ny 2 — , ¥ _\: —:\,L 55 s
TR FEERZ APRELEFLS > BT AT E v

Foow

Yo s B 70 ~ 130%5 B

LR RS TE
kEMY FEER

T F % =

x 100
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$I 8 FRAFHAH

MG AT 2 KLt a kg ) SAS 93 KB T AL A AT o Mg it
AR R L2 NS o % Wilcoxon Sign rank test #& Z_
EFXBHRERPELFRALSITELZ LR - R % Kruskal-Wallis test
Jfﬁfi@f'%ﬁé._h;é'ﬁ B kgmisebf P 2T RERARFLE AT

I iE 7 Wilcoxon % {6 ¥ &_ o

~=h
e
o]
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F LI RN AT X éiﬂ” EX P EDAZEE ) 2B A
TORBHFREG 122 29 5 I &8 Tpy g AT s Bk

REAEES > N2 - R EFRFER T Ao 2dT5% 2349
Bz EgF M g TEL 1725260 o0 ~HE T5E 7248.6 o
Toodd AT LR R A UA R PEAIIUE £ T Y
i '}‘FT o fr & F A S B o » L 3am 1 % Zo =t B 0 =% S E 1 -2 %~
¥ 34113 = %—Flzﬁg_magg;;,,\w;; ] A 64 ~3 4 24 oI

PR IEABERTIEL 90.8+£37 A4 o

.Ipii?f,}\si,rﬁ—%@ » 12 @_ﬁgﬁ.ﬁa»’s 2 =& X € e =X s H g

RS o REDI AT RS INEF ) TOE R EREFRF G

1544.2 4~ 48 -

AR EARM A READ XD 0 3R FE AR
AFFR BN 2 EATTEAES ) AT R B 0 T
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AT Sy R

LEY

N=12
B4 kA TR
g 4(N,%) 12 (100)
& #(Mean+SD) 2349
¥ % (MeanSD) 173+£6
18 € (Mean+SD) 7249
A FE AT R N%)
F 1 (3)
X_ 11 (92)
T 355 3 5 = BN, %)
& E)
1-2 = 6 (50)
3-5 =% 3 (25
5z 2 (17)
B = e pE R A 48 (MeantSD) 91+ 37
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N=12

ik ™ 3V (N, %)

| % 9 (83)

5 = 2 (17)
H =tk pE R A 4 (MeantSD) 15+4
S AR B A B D A
F- B0 EERAR B (N%)

£ 9 (75)

g 3 (25)
LE Rk F mIN%)

7 12 (100)
o 0 EE e bt i AN, %)

7 10 (83)

g 2 (17
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B8 AR ¥ RERANE AL R AREEASF B

-~ HABRERIFEEA
AP EENFALREDFHEED 6 AN A F Y 30

DA 150 24 RGE FHR R e AR R Y BT A Z 4T i

A

ik

A

R RPN F TR CER kR AR B RDTF P 2 & 7
B(E-L2) AiEd-ke 30 20 kdithka 7k R 5 255+ 103 pg/
m’; R G 150 DA e ATk R 5 22.3 £9.7ug / m’ > 822K
i Wilcoxon HELE BT AHATREFRA SFT A FLE

eV ERER-KS 3R 30 A k2 T F 7 = & T RER Y B EE

Mok d B R 150 &4 s LR (=) o
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LA RPREASERZFRASITES

Chloroform (ug / m®)
Sample n
Median Mean + SD Range p—value*
Air (30cm) 20 23.9 25.5+10.3 13.8 -59.1 0.22
Air (150cm) 20 17.8 223497 9.4-39.2 '

SD : standard deviation.
* Wilcoxon Sign rank test, a = 0.05

40
[ ] — - — Mean

35 4 —‘7 _T_

30 4

Median

25 - L 50— 00——00—00

20 A

Chloroform in air (ug / m®)

15 A

10 T T
30 cm 150 cm

Water surface distance
Bl Rk A FFRZTFP2F T2 ERLE(£ABMFB LT
B d b ~BE B AR TRARA e A BT 2
FHc £¢ 2IFMEY Nl d BARLTIHE Bl HE

S
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=~ AR R RERST

AIXFFT2ZZPRFASBNFE SN0 g i F 2 NET 0 K
S HRIER LG T 20 DA vk e AL S A AFTHBFALE
S o AR B RawkE BE5 14+202ppm o pH E23F 4 74+£04 2
B kB 529210 BeAmkmistd Ty 4w 9, 4
PR EMAERS AR e SR R pH 651 8.0 2
Bopd Fscéps £iF4Fa lppm I 3ppm 2 o # kg P = T
A A A EE R F TR o F T - 9

MR GLGE R o kY Z F P RER L 35462 ug/L o

FoL L R EAR SRR AA T

Cl(ppm) pH Temp (C) Chloroform (pg / L)
Sample n

Mean£SD Mean+SD Mean+SD  Mean+SD Range

Water 20 14+£02 74+04 29+ 1 35+6.2 26.9-455

SD : standard deviation.
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CAMF RS

T

3 ’Eﬁﬁ*h pf"ﬂz BE PN FFAR P %‘?%.:_ ‘*‘]g "’%mrﬂ o NFL R ?
VLA 2D H S S EE RS E T AR AR R R 40 A

f;‘fif?’ﬁ-f"-’ifﬁ rt‘lE’ Jcmé}*’ﬁ‘TLLﬁ’&A f"?qz% P\—:"‘E.—LF!!F%?

AR AR R HRAG HAZ HT R A Y TRk

e

Baftks TRz 7

en'&'

W st

%’E’

ey
fi
Py
AW

w

N

EEV(B- ) AgEd ek a ot i kAR 2 129491 pg/m > &

=h 'z

Brochk FER 5 193£17.5ug/m> B P4 = £ F:

z

(=
|-
0
PR

ARCA PR Gk 2R G ol f kR G 84+3.60pug/m’ 0 kB
ek FOER G 307143 pg/m?; - AR ek Bl R

’ 2

506E30ug/m’ > RFEnb g kR G 24987 ug/ m(F - Ao

A &2 Btz Kruskal-Wallis 4 2% = B 7 b s 3%

PHHBERETEREDRLLEEFRTLA(R L) B X
BEAEEDENER O LES BT LEB(D=094) itk w



wa
o
=k
g
h
3
|k
W3
JEN
o
]
F.
o
b
‘_
|
14
o
oy
A
ki
fa
e
=
£
a8
<
3
e
>
S
=)

RELRBPELF P ZF T RER LG HFLE (<005 fit
A0 AP E R S B L F ¢ 2§ T Bk B T R 2 %

KB A AREROLFEERBILELF Y AT kR AR
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AN CERT A TRER CREAERRVEXIBLRET L
FPZF"RERZMER L

e kP ok zFkR 2 F kA pgm' rgdE kY g Al
(¥3L) B pg/L  pg/m? ERT BB (B/E) (B (F/1)
e B S| 12.9+£1.9 9.3 6.1 63/100 6/7 13/14
AdEd 2 12.0+3.7 53 8.8 65/91 7/6 7/9
AREd 4 18.5+7.1 29 10.0 62/61 3/5 6/3
AEER 6 33.3+6.3 16.6 15.4 61/80 9/12 7/7
AiEd 8 17.7£0.6 11.4 6.4 80/107 8/4 10/5
AEd 9 35.0+2.1 30.2 38.7 69/103 6/6 18/20
AEd 10 28.74£3.1 15.2 49.5 73/94 11/8 12/6
- AR ] 26.8+0.3 19.8+8.6 4.4 18.5 60/98 6/7 13/14
. S ) 27.2+0.1 23.1+£2.9 44 28.5 63/82 7/6 7/9
— gk 2 3 44.6+0.9 38.0+29.8 9.1 15.0 76/76 3/5 6/3
— AR 4 455404 18.2+4.6 6.2 20.1 72/74 6/9 19/11
- AR S 354+0.6 32.9+2.2 1.9 22.5 81/82 6/6 6/8
- AR 6 36.0+0.3 24.8+1.3 10.6 20.3 65/69 9/12 7/7
— AR T 32.940.1 21.7+1.7 5.7 28.9 65/97 6/6 6/7
- A 8 33.0+0.1 19.2+13.6 4.4 25.8 58/87 8/4 10/5
- A9 33.0+0.4 31.3£7.0 8.1 22.6 98/122 6/6 18/20
- A2 100 32.840.1 20.7+14.6 10.89 46.4 61/111 11/8 12/6
724 | 26.8+0.3 19.8+8.6 8.7 30.0 88/120 6/7 13/14
fr-K2e 2 27.2+0.1 23.1+£2.9 6.1 60.2 72/130 7/6 7/9
fr-k%& 3 44.6+0.9 38.0+29.8 10.5 25.1 61/78 3/5 6/3
f#-k%& 4 45504 18.2+4.6 4.7 26.5 63/115 6/9 19/11
|72 G S 35.4+0.6 32,9422 4.7 27.6 92/74 6/6 6/8
k2 6 36.0+0.3 24.8+1.3 12.5 15.7 73/88 9/12 7/7
fr-k%& 7 32.9+0.1 21.7£1.7 4.2 23.5 75/122 6/6 6/7
f#-k % 8 33.0+0.1 19.2+13.6 8.5 19.5 74/78 8/4 10/5
f#-k2 9 33.0+0.4 31.3£7.0 9.2 53.0 109/97 6/6 18/20
fx-k 2 10 32.8+0.1 20.7£14.6 15.0 26.0 59/86 11/8 12/6
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70

60 -
50 A
40 A
30 A
20 A

N i i
0 T T

FE b JEE) 5 7K 4% - AR
Group

Chloroform in Alveolar air (ug / m3)

HE Before Exosure
[ After Exposure

Bl= ~ 40 ~d8cnk BT 0 ABFEH ”%“%5‘]‘7?’]41\'5’?%?57"<'ﬁ'—;’5?— HF

AERBTEEF Y ZF T RER R

A RBTR R ERFEREALE R

R LB
i p—value*
Median Mean +SD
A E B B (n=T7) 21.5 19.9+17.7
%k 2 % (n=10) 22.0 22.24+26.0 0.94
— gk 2 2 (n=10) 26.0 23.3+£12.5

SD : standard deviation.
* Kruskal-Wallis test, oo = 0.05
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AL RERAEAS P ER A0SR LR REEURBT 2k

B fr 28" kR AR
AT (g/m) kR (ng/m) i
p—value*
Mean+SD Mean+SD Mean+SD
LiF AW
{ié " 129+9.1 19.3+17.5 1.6£1.2 0.7
42 (n=7)
7ok 2 B
8.4+3.6 30.7 + 14.3 4.442.7 <0.05
(n=10)
- _lé}f';;',f\» Z‘\'
l 6.6+ 3.0 24.9+8.7 4.742.9 <0.05
& (n=10)

SD : standard deviation.
* Wilcoxon Sign rank test, a = 0.05
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ETINS

TRz B R EUE RBET T AR AT I
¥tz Kruskal-Wallis # T8 = B2 Fenf 2wl EF 5 (&
FPo2F TRt LERFRAT(ER D - ) T &7 Wilcoxon

REFILETRRURELFILTy 0 B

REEPNEAS R ER S AEERE T FR R R B
PEF-MAREAL G g VBt LERAN)AHE 6.3
+13.4~223£15.5 ~ 18.3 £8.5 » i& {7 Kruskal-Wallis # T # & 75 %
BT -2 B3 ¥4 B (p=002)- 7:ii7 Wilcoxon {#5.% %% (&
AL T Y ZF T RERPCENLE(A S L 54
T RENTRERRESTEF LAl S REF LR (p=0.02):;
FEEReB s F- B A e R BELE(p=002): 7 Fp k%

-

BHFTE-LMAEAEELE(P=082)-

Ao - cERVREFP AT RERLAE(Z R

BB ZE (ug/md)

. p—value*
Median Mean £SD
A E B B (n=T7) 3.7 6.3+13.4
%k 2 % (n=10) 20.3 22.3+15.5 0.02
— d A 2 2 (n=10) 17.6 18.3+8.5

SD : standard deviation.
* Kruskal-Wallis test, o = 0.05
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kB ZE (ug/md)

- p—value*
Median Mean +SD
A E B B (n=T7) 3.7 63+134 0.00
B -k 2 2 (n=10) 20.3 223+155 '

SD : standard deviation.
* Wilcoxon Sign rank test, o = 0.05

FoLZ RBRBAFYZF Y RERL B(AE VS.- &)
Je B A B (ug/m’)
; P—value*
Median Mean £SD
A E B B (n=T7) 7 6.3+£13.4
s 0.02
— EA 2 2 (n=10) 17.6 18.3+8.5

SD : standard deviation.
* Wilcoxon Sign rank test, o = 0.05

Pote  RBPELF Y ZF P RER L E(F K VS.- i)

kB ZE (ug/md)

. P—value*
Median Mean £SD
7 -k % 2 (n=10) 20.3 22.3£15.5 0.82
— ik 2 2 (n=10) 17.6 18.3+8.5 '

SD : standard deviation.
* Wilcoxon Sign rank test, o = 0.05
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472

iT¥
A

HHRF R
ke 150 2
P

GC-MS

66 — 648 pg/m’

(Aggazzotti et al.,
1990)

P
ke 150 2
PN

GC-MS

38 — 329 pg/m’

(Aggazzotti et al.,
1993)

HRF R
ke 150 2
PN

GC-MS

69 — 195 pg/m’

(Aggazzotti et al.,
1998)

iR AR
PEAF R
i3
GC-ECD

2521 -~ 8107 pg/m’

(Levesque et al.,
1994)

FHRE R
Bokm 20 =&
GC-ECD

58 — 526 ng/m’

(Levesque et al.,
2000)

R AR
ok s 30 24
GC-MS

46.4 — 306.7ug/m’

(Catto et al., 2012)

ke R
ke 150 2
»
Boka 20 &4
GC-ECD

85-235ug/m’

(Erdinger et al.,
2004)

HiRF R
ke 50 o4&
GC-MS

80 — 320 pg/m’

(Caro and Gallego,
2008a)
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Ry ABZFHERIN ZFP 2§ 2ER e
472
TFL 0 ks E 92 — 340 pg/m® (Caro and Gallego,
ko 50 =& 2008b)
® GC-MS
g 51 FHRE A 19.5-61.6 pg/m’ (Font—Ribera et al.,
gE 60 2 A 2010)
GC-MS
AF 0 REFAR 150 24 :22.349.7 pg/m®  A*F %
z goka 150 2 (9.4-39.2)

s
okm 30 o4
GC-MS

30 24 :25.5410.3
ng/m3(13.8 — 59.1)
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PEAPEENTF vt % ¢ Chloroform jk & (ug/m®)
v R L F RS 1T R E ZF oz « B PET , t i
k FHEESATRE %3 kR kB J b ip A
(pug/m”)
1L stainless steel
Lindstrom et al., 1997 SUMMA canisters, GC— 2521 - 8107 120 min ~ 3.27(3.07-3.46) 257 78.6
MS
Bio—VOC sampl
Caro et al., 2008a 10 B 80 — 320 60 min 4102.4-53)  82(6.4-115.2) 20
GC/MS
Bio—VOC sampler, TD=
Caro et al., 2008b 10 S 90 — 340 60 min 3.42.0-59)  84.4(48-110) 24.8
GC/MS
Portable system for end—
Font—Ribera., 2010 exhaled breath sampling, 19.5-61.6 40 min 0.72+0.28 4.5+1.7 6.3
GC/ECD
‘ 1. 4L ENTECH, Silonite® _
+F g TORIE 138-59.1  40min  7.5(1.9-15.0)  27.8(15.7-60.2) 4

Canisters, GC-MS
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iz CEFEF W EFREFRNFTRTZ L ERSF

T
B Compound CAS NO. kR (ppb) F¥FRF L& ZEHIF
1. Propylene 115-07-1 104 5.14 41 39
2. Dichlorodifluoromethane 75-71-8 94 5.38 85 87
3. Methane, chloro- 74-87-3 97 5.68 50 52
4. Dichlorotetrafluoroethane 76-14-2 96 5.88 85 135
5. Ethene, chloro- 75-01-4 98 6.05 62
6. 1,3-Butadiene 106-99-0 102 6.25 39 54
7. Methane, bromo- 74-83-9 96 6.61 94 96
8. Ethyl chloride 75-00-3 95 6.81 64
9. Ethanol 64-17-5 105 6.99 45
10. Acetone 67-64-1 98 7.43 43 58
11. Isopropyl Alcohol 67-63-0 107 7.62 45 43
12. Trichloromonofluoromethane 75-69-4 101 7.62 101 103
13. Ethene, 1,1-dichloro- 75-35-4 94 8.25 61 96
14. Methylene Chloride 75-09-2 95 8.34 49 84
15. Ethane, 1,1,2-trichloro-1,2,2- 76-13-1 92 8.61 101 151

trifluoro

16. Carbon disulfide 75-15-0 98 8.70 76 44
17. Trans-1,2-Dichloroethene 156-60-5 94 9.49 61 96
18. Ethane, 1,1-dichloro- 75-34-3 97 9.47 63 65
19 Methyl Tert Butyl Ether 1634-04-4 99 9.50 73 57
20. Vinyl Acetate 108-05-4 103 9.56 43 42
21. Methyl Ethyl Ketone 78-93-3 100 9.82 43 72
22. Ethene, 1,2-dichloro-, (Z)- 156-59-2 99 10.31 61 96
23. Ethyl Acetate 141-78-6 97 10.49 43 61
24. Hexane 110-54-3 100 10.56 57 43
25. Chloroform 67-66-3 97 10.62 83 85
26.. Tetrahydrofuran 109-99-9 101 11.05 42 41
27. Ethane, 1,2-dichloro- 107-06-2 99 11.43 62 64
28. Ethane, 1,1,1-trichloro- 71-55-6 99 11.75 97 99
29. Benzene 71-43-2 99 12.27 78 51
30. Carbon Tetrachloride 56-23-5 98 12.46 117 119
31. Cyclohexane 110-82-7 99 12.62 56 84
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L Compound CAS NO. kR (ppb) F¥FRF L& ZEHIF
32. Propane, 1,2-dichloro- 78-87-5 100 13.23 63 62
33. Bromodichloromethane 75-27-4 98 13.45 83 85
34. 1,4-Dioxane 123-91-1 98 13.48 88 58
85 Trichloroethylene 79-01-6 98 13.52 130 95
36. Methyl Methacrylate 80-62-6 98 13.72 69 41
37. Heptane 142-82-5 101 13.91 43 57
38. 1-Propene, 1,3-dichloro-, (Z)- 10061-01-5 106 14.60 75 39
39. Methyl Isobutyl Ketone 108-10-1 98 14.62 43 58
40. 1-Propene, 1,3-dichloro-, (E)- 10061-02-6 95 15.28 75 39
41. Ethane, 1,1,2-trichloro- 79-00-5 102 15.52 97 83
42. Toluene 108-88-3 102 15.94 91 92
43. Methyl Butyl Ketone 591-78-6 102 16.26 43 58
44, Dibromochloromethane 124-48-1 109 16.51 129 127
45. Ethane, 1,2-dibromo- 106-93-4 101 16.87 107 109
46. Tetrachloroethylene 127-18-4 100 17.56 166 164
47, Benzene, chloro- 108-90-7 103 18.55 112 77
48. Ethylbenzene 100-41-4 102 19.13 91 106
49, Bromoform 75-25-2 100 19.47 173 171
50. p/m-xylene 106-42-3 100 19.40 91 106
51. Styrene 100-42-5 101 19.95 104 103
52. Ethane, 1,1,2,2-tetrachloro- 79-34-5 104 20.08 83 85
53. o-xylene 95-47-6 104 20.12 91 106
54. 4-Ethyltoluene 622-96-8 100 22.11 105 120
55. Benzene, 1,3,5-trimethyl- 108-67-8 100 22.24 105 120
56. Benzene, 1,2,4-trimethyl- 95-63-6 101 2291 105 120
57. Benzene, 1,3-dichloro- 541-73-1 97 23.12 146 148
58. Benzyl Chloride 100-44-7 97 23.10 91 126
59. Benzene, 1,4-dichloro- 106-46-7 99 23.24 146 148
60. Benzene, 1,2-dichloro- 95-50-1 99 23.81 146 148
61. Benzene, 1,2,4-trichloro- 120-82-1 97 26.82 180 182
62. Naphthalene 91-20-3 101 27.00 128 127
63. 1,3-Butadiene, 1,1,2,3,4,4- 87-68-3 99 27.68 225 227

hexachloro-
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