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Inhalation and Dermal Exposures to Chloroform while Bathing
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Recently, bathes have been suspected to an important source of indoor exposure to volatile organic
compounds(VOCs). Two experiments were conducted to evaluate chloroform exposure and corresponding
body burden by exposure routes while bathing. Another experiment was conducted to examine the chloro-
form dose during dermal exposure and the chloroform decay in breath after dermal exposure. The chloro-
form dose was determined based on exhaled breath analysis. The exhaled breath concentration measur-
ed after normal baths (2.8 pg/m®) was approximately 13 times higher that measured prior to normal
bathes (0.2 pg/ m®). Based on the means of the normalized post exposure chloroform breath con-
centration, the dermal exposure was estimated to contribute to 74% of total chloroform body burden
while bathing. The internal dose from bathing (inhalation plus dermal) was comparable to the dose es-
timated from dalily water ingestion. The risk associated with a weekly, 30-min bath was estimated to be 1
x 10°, while the risk from daily ingestion of tap water was to be 0.5 x 10” for 0.15 1 and 6.5 x 10 for 2.
0 1. Chloroform breath concentration increased gradually during the 60 minute dermal exposure. The
breath decay after the dermal exposure showed two-phase mechanism, with early rapid decay and the
second slow decay. The mathematical model was developed to describe the relationship between water
and air chloroform concentrations, with R* = 0.4 and p<0.02.
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), FHAA ZFHE SEFU IS F71 A A", A7) AA, 2 A4 HA34 o] 4"t A}
{volatile organic compounds, VOCs)ol| tigt %A 71 94}, vlsd 2 sl Asjde ez o 4
F2 3% B 288 E oMtz 1A o EA & o] HdEe] AR ] dels & FE9 VOCsr)
(risk)}& A= 5 5 A%z Qo 28 EAEA Sz, AR 7H°J(showering individual)e] <l
1}, dul AR el A dA He) TS AR Bxo A AR} E Zro AFE3E VOCsel| &5 7] o Fd,
2 A4" b, x4 A&7 VOCsd =% AR A] VOCsel Eﬂ‘ﬂ' X% 9 A f(body burden)
{exposure)s] o] of7]HE Aol d4 AHEE x5 o Ax YA dF=H. A2 odF(Andelman,
2 gE & stFe vy ZHA st 4k Y 1985a; Andelman, 1985b; Andelman et al.,, 1986;
S AEEAY 2318 o AdkE dF A3 Yo 3 gl McKone & Knezovich, 1991)% AR]Al Z719] Tri-
(Andelman, 1985a; Andelman, 1985b; Andelman chloroethylene (TCE) %+ AF¢ Al 7bel ale} Z7}31
et al., 1986; McKone & Knezovich, 1991; Jo et al., t©}x X 335}9ic}h. =3}, Nicholas et al. (1992)+= 6%
1990a; Jo et al., 1990b). t}-Lo] 2 Foll= 31Tl 4 T2 ANE & d okrlsle TCE &7 =%
u 25248 2 L vhAlE A7 Ao glck wela], & (inhalation exposure)e] £uU¥ 22 1 2E uhal o
=58 nhAlE A9u9 olujel odul 7t el b & & ofr] 5= ingestion exposureXtl 2 mjA L EFL zlo
2 A o, °1-4 Abg o2 of71sl = flalAle #ot 2 R ARFE §7) 29 S840 AxEH
o] 273t Chloroform= & VOCse| it 245 gtd A= <2 (Andelman, 1985a; Andelman,
43 715e) A r)s] ook ), 1985b; Andelman et al., 1986; McKone, 1987), A}
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Z M ¥ xZ(dermal exposure)?] FLAL & I
Hkz] Z23ic)rp 19903 Jo et al.(1990a)¢} 2]
AR S T ¥ xFoll g A7 Ay} B F g Ao} o]
o g FAT Zr}e}r) A2t Jo et al.(1990a)=
AR A} F7) w23 9 ¥ =2l 2% Chloroform <l
Hetol fFAabstctz AR Al FHZ A (Weisel &

*Jo, 1996;Weisel et al., 1992)d|4 &= A}g) 2 <ldt
Chloroform x%3% X%t Z3e| wrE A Chloro-
form $x W3tE Ay, £ AF AF 23
o] F7] &2 2.5mM=2 FAHE A} (Jo, 1994). VOCs
2 043 E9 A4z A = e HT AF
(McKone., 1993) o 4= VOCs & 7 2o wa} &
off )&t of3fo] k27| wlFol] VOCsel &% 4 %
o ¥t <ke} <4 % Z(pharmacokinetics) 172} o] of
T S Hrlslr] i 2F R g8 &
2ol A 02 Fals|ojo} o] XA}

AL Al 9} f-218)A], E-& ) <l(bathing individual)®
284 2|2 FEE VOCset &% U2 Eo AFE
3= VOCsol| 28 4 9lr}. Murphy(1987), Brown

g

2
et al.(1984) 12} 2 Brown and Hattis (1989)2 Z &
Al 33 A ZFe a4 VOCs7h Az 53 4= 9l
o} ¥ 73)gdc). £t w8 823}, Foster and
Chrostowski (1986)= 5-8% VOCsel| digt f 4 =&
¥} 238 FrixEeke] B3 o2 FAslgch &
|5 VOCs9| x| gt A d77F 8 md g o]
43 FAR| o) AY, e TEFE o] 4% AY A=z
Al, AA B-8A of7|5] = VOCsol| gt xZska) ol 4
Hedol] g A A g ok WEEHXA ¢ Ut o
Lol B8] opr|H& Al Yol iyt felE& xR o
T2 AalA e 7127 He 584 25 F 26 o
2 ogdEAe &gy E2F 3 xEFF 24549
AW Aol daiA A et

VOCs2 2935 & o] 43l B84 245 £2 %
B FwE VOCs9] ool 58419 37 Fxeof H4
Al eb7lElE F7) 2E3 S AYde F8 X2 e
oh. F&o o] &5 VOCse Fx7 3 Tl &

Ho] Sd, 23} F7]o149) VOCss| 54 & o] g3t
23 27 Ale]9 VOCso] o 4% 2

(modeling)& T3 & F 9lct. o|FA Mise 2d 2
F7)We) VOCs $E% 2434 41 +F S &
Asla 2ol o] &5 Wy ZET gHo] FHH F|
W2} VOCs ¥ 52 o3 7587 vt

£ AdFe d4 A2 $E258 ol g3l F2 S
u o}7] =]+ Chloroformel W& x&es Q4 Bts
X&E AEHE FEI}A Yz, EI Frd
Chloroform % IAE A93l= 7]- =4 (Air-
Water Model)$ 73t gdc). =31 x5 H7} Aot 2
Azt s24E F87 S443F o]8% o opr|H =
Chloroformel] & w2t $sAlo] HriEledn, B84

B A2 wE2F Y 2259 AW Chloroform A%
o] ALt dlF =& A ¥5ig S A
Wl Chloroforme] 758 &418l7) falo, &, &7 2
.2 sjql2] ¥ 7](exhaled breath)u]¢] Chloroform %
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2.1 A&a A3

2.1.1 37) A8 3

371 Ase 2 dFdA AzE 271 AR AA7
(breath sampler)Z o] 83t} A= et &71 A8 A
#}71= AMF71€4 9+ WH (non-rebreathing two-
way valve, Laerdal Medical Co.)&5 FAl o3 &9
F7] F2el= 1 =] 2173 2] Teflon tubed A3z,
REZ} ARAFH Rl 05 qlx 7= 25 HE 7
o]2] Teflon tubed odZAste] =lzt=lgic. Az H ¥
+ t}A] 1/4 91z 2]749] Stainless Steel(SS) tubes$}
Union fitting-% ©]8-3le] A8 a3 traps}t M A&
A3 W Z(MG-4, AMTEK)el d2 = A 27]
E AA-»R A FF317] A, F718 Y tube gl
o] ¥ 708 NIOSH- and MSHA- approved organic
vapor cartridge® ¥ 3tsledc). 37] Al f= s AR}
371 A8 A7 E Bl $F5S ¥ 52 Tenaxy} A
A% 1/4 A 9723 4.4 1% ZHol2 Pyrex trapd
53t A A=A

Tenax trap® A& Aol Soxhlet 33 of 4
Methanol (Spectra grade)2 24 A| 7} g9}, 72 o}-& 24
Al7E F<F-2 n-Pentaned o] 43led F& W A xzgl
t}. o] F A 4 3% Tenax trap A3t 2 47 T35
= &9} dry oven(220 °C) abollA] 2447k Egt AR5
Aot £471719 ZhE(sensitivity)e} &4 oAb B4l
2§74 WA ¥F5(breakthrough volume)E 7.e 8o
37] A&+ 230 - 250 mL/min AlojellA] &5l 4
B 30%x S5t 282 2F A Age 2 # 5 A
A=k 37] AR A7) ubE AfRe] 1B 23
HA3k3}7] 9184, Methanol®} A etg £33 A4
7bE ol g3l Hv] AR AFH7E ArlHog A3
2 253k}

A8 A3 A3t Jo et al.(1988)e]] 27 5ted 4] 7 2]
R 298 FAastsl= why-g o] g3kt AFA
Ao A trapS HFA &9 2 F £ HAEFLLY
B trape] 235 Z1& W3] YA, Ak gt
WA A8t $ubA] trap o) 93 2yl 2 A}
52l VOCsel e & 5 o] 2=+ 718 whxjslr] ¢fs)
A, trap®] A= LG H =] ¢4-& Teflon o} Hatxl

shr) o} el @& ol Batalct

(5

L

2.1.2 5 A8 AAF
E A8E 58 A Fol Teflon capo] =3 40 mL
frejH & o] &-3te] AAFHY) B ARE M) A
o, Foll AFFsle A4 vh-3E A A]7]7] HfiA 7
Al & Yol Sodium thiosulfate 10 mg2 A7}s}aic}.
E As H3 HxE g4 EPA Method 502.1

(USEPA, 1981)-% 2-&3}¢c),
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%84} Chloroforme) ¥ ¥7] 2 93 A& %

2.1.3 27) A8 A3

7] Alae hed AR A3 H Z(MG-4, AMTEK)s}
37} AE8AHA A9 73 5A7 traps o) 8314
8% AHHY ). A5 N3 trape Z& MUY &
¥ 4o 4=t F7] ARE 10 - 20 mL/min
Atololl A xF AIZF Bt A= UT o] g #4177
9] 7} S(sensitivity)e} 22 oA} B B84 ¥A &
= (breakthrough volume)el. 7138t} AR =g}, A
B A Axe 371 A8 d9} Fd3iedt

22 A8 24

2.2.1 37) 2 Z7] A8 ¥4

AW 27 ARE we Ay B w5
{United States Environmental Protection Agency,
USEPA)¢] #d TO-1 (Winberry et al., 1988)% S8
3t Chloroformel dl#|A] A=}, Capillary
column (Supelco VOCOL 30m*0.53 mm inside di-
ameter)s} Az} 3 7 % 7](Electron Capture De-
tector, ECD)7} FA 9 7ldz2Zvt 212ty (Gas
Chromatography. GC: Hewlett-Packard 5890A)%}
&2 23] (Thermal Desorbing Unit, TDU: Supelco
TDU Model 890/891)7} &A1 x| 2 o]l &5}, GC
2] temperature programming2- $is4 32 Z*(oven)
9 Z7] TEE 40°C olH 487, 25 45 £EE
°C/min, 137 #% 2% 200°C2 A}t TDU
ol 4 %1%&‘-—3— A 25& 200 °C 227 99 A
& 9 Fol ol&sdct. TDUAM S &b 714
(carrier gas, NyJ¢} f%-2 9 mL/min, Transfer line?]
X 240°C 131 A e Valve 2%+ 230 °C
2 w4

222 F A8 £4

HHH & Algel #4& A8, Purge & trap sys-
tem3}t §7) A5 §4 e} §dg GCr} o] &=t
Purge-g ¢34 25 mL £39] sparger(Supelco, Co.)
o] 20 mL9} E& &7 ¥, hydrocarbon trapg %
3 N, gasE o] &3t 10¥3}F purgesdts] 559
Chioroform-& 1/4 ¢lz Tenax trapell o] & A}, o]
§ A Fu 9 irapd 24412 ol ol F7} AlRS] A3}
g oz Baso

2.3 37] A8 A7) Y

A zrxl 7] A8 A 3 7](breath sampler)?] 2HE o
571 43)9] F7] & AL o183t A=A o]
AHg g, T8 ol e FA] AF USE 75 B
A Akel °}3}E)—4 &4 &xd 94 AE FETE
At ¥ wE2E A3l sl dHP 2 22
7F AR &2 dellMd 28 g2 A Az ZAor 2
5= 27 A& A7) 94" 3 FFrespirator)
F A EE sEA 3087 S84 W EFc)
A %2 37| Chloroform 5= & £33, 57]
FX afelo EAslY 37 AR M) 2HE AN
websbgdol
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2.4 4Y 1: E8& 43‘& &

vl o] HAHAE $AdE glo] T2z AR sty
Aol Bag 6}7*] 8le] 15319 E 8o o3
Chloroform %ol #3 A3 A5 dgic) B A7
of A} A<l E&olgt mlAYPar} HA A9 B8 vt
Alg FAste] F24 o orHe F7) 2 A8 3
2FE X 2L rldit. 58 244 o
Chloroformel] Wi§ &3} QA ¥ #H3lE Fo
7] fl?‘fﬂ*i o 58 QztEol A=Yl B9 x4

& 5% AR 519} EEAW 7] FE WEE Fol

] o,ag,q 9_9_ _,] L= g__)u}z_#,o] _\?_3_ 2wl 40
°Ce} 43 °C #lo]oll A - =gt 249} Yo &3
BlE 2437 el o) AYEE EA BAR 24
Wy g ol gslgdr}. 2 E %%3 307t 33z, vy
FTHo B o wEoFe] HEE Zol7] M ¥ F
9 vl (vory)t AH8-stod o) Eh =8 taled =
|8 rle FY3A RSN AR g e
A3 AF, a2l HA ARS Bz g
3022 2AFA). A4 5§ A5+ 9
A 28 ZqF g2]l7 gA 30% Fo 30 = E9F 3
sodet. 7 xE AY AbolY A AL o)A AY

x| kg AEE A 4 AHE FR AR
}o} a2l F A o] c}g-o] U At
Z& 2E7] Yals AAYERte A%
2 34 3% A sk
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548 2: g8 HEHo 43 xF 1
JAH] F& Ay Fdy FUF vlve gAY
271 F71 23 o] J ¥ xZ el 2J% Chloroforme]
& Aol Aot o] AL s AP A=
4 AR =7t A 2 F1, F7) 222
‘%}216}71 A4, gAY Asd F7)7 2EHe
37] A& A#H7) 349 T FMrespirator)E E3)
Al 3EstHA 3082 &2 MERL). o|ed o
xE AF, AP 3] A8E A
Chloroformel djsled &R sle] B 28 Q3
Chloroform®] %24 sl oh& Ay 242
AAHA F& Y 218 FAsA 24 =Act

o)

26 A4 3: FHX HFo 23 F2 1

A 29 FAdF AAY=e} Jl—‘i'— HE: =F yhy
°l%6}51 o] Ayl B4 F& LEE o1&k =4
el FHE Fol7] M B e S
o ¥, %59 Chloroform &g ¥} 70 A7}
Ft #EE] s 60 2 A HE: Lk Fo] o] F
ojdct 37] AEE 2% AF 2 =E3Fd A=Y
o xE2H, 2E3F Y 2EFY 27 A8 AHeE 2
A2t £ 15, 30, 45 % 55 ¥o] AL o) 30% F<H
Aol = b2 dde 37 87 22 F 2, 30,
60, 150, % 300 Ho A=A} EF A & A7+
ollell A#%E F7] Al8& 30% FF 1]y 1 ol
2 xEH 57 AgE 2 8 B A=y,

el rﬁ‘: rulo
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Table 1. Breath chloroform concentration(ygg/m’) prior to and right after 30 minute stay, and air chloro-
form concentration(g/ n’) in the bathroon with door closed

Experiment 2
Prior to

Experiment 1
Prior to After

After

Experiment 4
Prior to After

Experiment 3
Prior to After

0.2 0.2 0.1 0.1

0.2 0.3 0.2 0.2

Air in 13.3 16.4

Bathroom

12.8 10.7

Table 2. Chloroform concentrations in the air of bathroom, in the water of bathtub, and in the exhaled
breath of individuals prior to and after normal bathing

Air Conc. Water Conc. Breath Conc. Normalized
(rg/m%) (ug/L) (ug/m®) Breath Conc.©
((ng/m%/(ug/L))
Prior to? After®

12.3 9.2 0.3 2.4 0.26

9.8 8.6 0.1 1.4 0.16

21.2 10.8 0.2 5.2 0.48

20.7 9.9 0.3 3.3 0.33

13.5 8.8 0.2 3.5 0.40

15.7 8.6 0.2 3.1 0.36

14.1 9.0 0.4 3.7 0.41

15.4 10.0 0.2 2.2 0.22

19.6 9.7 0.3 3.1 0.32

15.2 10.0 0.3 2.4 0.24

14.6 7.4 0.2 2.4 0.32

17.6 8.3 0.2 1.9 0.23

7.8 7.9 0.1 2.1 0.27

12.9 8.1 0.1 2.4 0.30

NA 7.4 0.1 2.7 0.36

? indicates breath chloroform concentrations prior to bathing.
indicates breath chloroform concentrations after bathing.
¢ indicates breath chloroform concentration after bathing. normalized to water

chloroform concentration.
* NA indicates "not available”.
3. =

3.1 27] A& A7 A¥

371 Ag AAZE A¥sr] A SAgAs) &
AolA 30% F3F 37] Alg AAVE 3l 3EFS
3 A Feol fARAY 2715 A 248 A A
Zo] 2x% 37|J Chloroform ¥%7} Table 1o 1}
ehdcl. AP A W B R 2 B SAY F
71% Chloroform 3¢ %2 ¥+ 10.7 - 164 pg/
m’e] i}, 9] ¥ e &7 Chloroform ¥ X 7}el
zbo}7h glelenz 37] Al AH7 = 240 37
% Chloroform®} °d &g x| ¢} 7oz grrs gl

32 58 ¢ v &

e g Azl 23 153]2] A Ab=xQl 8 A3}
F Z7tol 15719 B&E A&e) 15 e} &7 A g7}
A=At =8 15 Ao F7] A8r) 1539 E&%
o] A= ). Table 20 Vel & 55& 58 AF
B oFEe HFE Yrsld, AwEd 57] 5=
(normalized breath concentration)= &A% 37| &

=& ¥ Fxo ddtd A48 gez el
Table 20 “tepd ule} o] F, 37) 94 37 e
85 WE o g} WaE vyl E yEo S
PE3 2FHAE 47 89 9 1.1 pg/lelglr =
WA= 7.4 - 10.6 pg/Lelgth &7) B2 15.0 pg/
m®e] PF7} 3.9 pg/m’e] FFAAE ¥AL IV ¥
E9] W9l 7.8 - 21.2 pg/m’elct B8 Fo] 37
FEE YIS 25U 47 2.8 9 0.9 pg/m’e)
5 HE 14 -5.2 pg/m® 24 fAYA ] wiA &
7] 28 vehil= 248 39 Fx e 0.1- 0.4
pg/m® Bl AR FA e & AFo 57 ¥
Xl £74% o Chloroforme) gk QA $5te o3
803 qls) o 13 v Flsle Aoz FAb=E )

3.3 3% &l % w1
RAAel 28 Aol Heidr UL vne HUY
Aol o)t 1589) A3 w2A} F 27kl 1549 =
&% Ams) 15 42 57 =7 AAHAS. a5
U o Aisty 37 Bxe} ¥ B ot
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Table 3. Chloroform concentrations in the water of bathtub and in the exhaled breath of individuals prior
to and after dermal exposures in the bathroom

Water Conc. Breath Conc. Normalized
(ug/L) (ug/m®) Breath Conc.®
((ug/m* /(ug/L))
Prior to® After”

10.1 0.2 2.8 0.28

9.7 0.2 1.8 0.19

10.3 0.1 2.2 0.21

11.2 0.2 2.8 0.25

7.5 0.2 1.6 0.21

6.3 0.2 1.1 0.17

13.5 0.2 3.6 0.27

7.9 0.1 1.2 0.15

12.4 0.2 2.4 0.19

8.3 0.2 2.3 0.28

6.3 0.3 1.2 0.19

13.5 0.1 3.8 0.28

5.9 0.1 1.4 0.23

12.7 0.2 3.2 0.25

14.2 0.2 3.7 0.26

? indicates breath chloroform concentrations prior to dermal exposure.
indicates breath chloroform concentrations after dermal exposure.
¢ indicates breath chloroform concentration after dermal exposure. normalized to water

chloroform concentration.

Table 3o vehdrh. £ JF Fxe} FFAAs 7
7t 10.0 ¥ 2.9 pg/Leolx X WY& 5.9 - 14.2 pg/
Lolodch 3¢ AH& x&39 57] %7} 0.1414 0.3
HAzA o AY A9} fAse 92 A2 530
37] 2o JE} FFA7} 247t 2.3 9 0.9 pg/m’
o]3 F% Wt 1.1 - 3.8 pg/m’lgic} AR Hx
2F9 3] ¥l xEAY 5] R AU
gt ot gatdal B8 Fo) 57 sERcE dA
eyt

A< Z&o) 97 k23 93 HE) 23t x 3
& EAIgA g u|23lr] 94 Table 22} Table 30}
vhebd A3t 37) FEF o] 8319} F-testd] 9
a1 p= 0.002 oA HAHQ 8o 97 w23} 5y
HEe g w&ole 435 Foido] A Ao Ve
wteh. o] o &) Ak 2ol E AlAbelz] 9] s A
TN xEd 93 EFEHE 57 5o HEE o435
WAk B8l 2 kFo o7 FEHE 37 ¥r9
M2 0.31(pg/m%)/(pg/L)e) 3 )4 P Zo 23 &
9 79 0.23(pg/m’)/(ug/L)e) et whebd 5% A
Zol 9% w&e FAH 8o @ xFef o}
74%l dF3te 2o Aabs o

3.4 9% HZE 23 & 11

A8 FHEF: wF A o143 B3 84 oo e]
Chloroform ¥ %9} I ¥ H& &3,
9] 37] F%7} Table 4o vJelydc) ¥ xxo #
BEs} EFEAAE 747 13.3 2 1.6 pg/loldla ¥
W 11 - 15 pg/lolgdth. &AW 37 ¥5+& 0.7
pg/m°s] HE7 0.1 pg/m®e] EFANE woln
= M9+ 06 - 0.8 pg/molUrt HY HF & F

e £7] FE7} Aztel wel Frpslda k2 At
558 ¥l 37] ¥E(4.3 - 6.4 pg/m’)7} =23(0.
04 - 0.06 pg/m®) ¥} 72 - 160 WA S £ Jehy}
o WY =2F9 Ho 57] FEOS - 4.1 pg/mOe
2 28 Fo ey &3 %27 @A A7)
o] Aol wtet 37 FEF 73] Fascirt x5
1 A7t Foll= M43 w4 &7] FE(background
breath concentration)®. # 3}l c}.

4. 7 #

S84 AdAel glHo) &2 Yo B Ay B2
FE 8AY IR 29 EAY ARt Huslr) gy
off F8Fe of7]sl 24 B4 e s xF AR
=7 xF Y A3 HE wSolch B gl o
¥ AE xF A F7tEl& AWl Chloroform Q) & v}
(Breaih Concentration)S Z24dgo 24 94 e
TEFE o] &3t &3l N A8 F5E £3
Chloroformel] =& X ch= AMAZ #alslec). o)ajdt
75 A Zo) 23} Chloroform x%&-& 941 9] 2)3|
€ uht). Scheuplein and Irvin (1971)2 8]2A A
A& 7] Sols A fA8c) B2 2o Ao 5
¥ F4&o] ¥ F4tstedct. Murphy (1987)9
Brown et al(1984)% H84) # % 42 E3 VOCs
o] AANRZ AR 5 vty wrustgdch APgHo
+ Sato®} Nakajima (1978)¢} Stewart®} Dodd
(1964)7} %7] 24 Y& o]&3}le Chlorinate Hy-
drocarbon Solvents”} % F 42 E3) QA Wz a
Fde AL 298l HI6E Jo et al.(1990b)

AF#1 Al Chloroforme] = 4- 3 &l o)) A2 3

K=
=3l By},
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Table 4. Chloroform breath concentration(ug/ m’) prior to, during, and after 60 minute dermal exposure

Time Dermal Exposure

Run 1

Dermal Exposure
Run 2

Dermal Exposure
Run 3

Dermal Exposure
Run 4

<
o

CZOZOO—WZRZRRUIR -,
>

Prior to

15 min during
30 min during
45 min during
55 min during
2 min after

3 min after

5 min after

7 min after
10 min after
20 min after
30 min after
40 min after
50 min after
60 min after
70 min after
150 min after

300 min after
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13
11 15

* NA means not-available

* Superscript “a” represents the condition- both bathroom door and window opened.

F7) =28 F4bstr] el AAAHQD S8 43
Chloroform X»Z3 =% HZEd| 213 Chloroform
Zo] vZH %t AAAQ B&7 g3 A Eo) o x
Z73oll e Fr Zolrt At ol dt Hol= AHAA
Qg 282 A$ #Y HE: x3¥G ol TV x2S
doju}y} dEe2 AgHc}. F FEF #F2
Chloroforme] 4% #4sle] B8 7|9 3FS 53
4] Chloroforme] Q1AW E 3 F3lx o]2 <z £8 7
212] Chloroformel] ti§ Q1A ¥-go] 7l o] &
olt}, ola| g o) 2L o7 YA dF 5] 712} An-
delman et al.(1986)3 Mckone and Knezovich
(1991)& AR A TCE7} F#gtcia wxatelct. o}
7}, Jo et al.(1990b)}2 AEY Al AR A F7| W9
Chloroform %7} Z7}3l0 o]Z & AFY 7jalg]
Chloroformel| @& Q1) o] Frlele Z& WA
A=

Chloroformel] &k x%& A 2o w}E QA 452
223 AR Aol M2 chEA FAHET. 5849 H
¥ &3 F7)9 ¥ Chloroforme) g A A 52
ztzt 74 2 26% 2 4= vl Jo et al. (1990b)2
Ab9) Al ¥ B A &3} F7]o 23 Chloroform x %l 2
g Ycto] zhzh 50%7} " ha F4bslglct. of e’} ze)
= A FdE o] ¥4 AR EWE £9
Chloroformell %5 wbde] F&F o= A7t &
Z Boll A9 At FAA gl7] dFell AR el wlE &
21 37 A o) 2% Chloroformel] gk 14} ¥-ot

Eol 2 Aoz ArHch o} shte] AE Ak 4]
Abe] 7iale) vie] $lelA Gl Buhgol A 7l
o] B3 &x widte] $E3HA ¥} @& Chloro-
formo] &AW #Hulsle] H-Kell nl3] §F7] xFol 9
&} Chloroform 2l 4] $-5to] #H3lcle 7o)t}

41 F7l =&

S x40 85 atE Chloroforme] 3
&) A U3l 58 4 3F ke aEF
FlsHdose)E FAMSlIT F802 Q7 F9f
7 =23 HF HE: nFofl 3 Fol#Y] o
=gjc}. 7] 2 Z 1% Chloroform?] F4jak-2 0.07
pg/kg o 8 FAbE ol w o] £-¥ AlAbAl L o}-g-5} 3ot
D=ExC, xR, xTy /Wt (1)

og714, D& &7] =22 Q% Chloroforme| F]z
(rg/kg): E& ZF7|HE 53 Chloroform®] F48
(absorption efficiency), 0.77 (USEPA, 1980); C,+ =
824 &4 27)32| Chloroform HF ¥%, 15.0 pg/
m’; Ry %%, 0.014 m*/min (Syneder et al.,
1984); T,&= A8 =847}, 30 min; Wt EFA U &
2be] B2A. 70 kg,

2 o

42 8P AHAF: &
HR HE +F % Q% Chloroforme] §gleke
pg/ kg FAEgl 7 o] &3 AAtA-L o83 et
D;=D,xF (2)

=
=

0.20

306



5&4] Chloroforme] H& &7 & =A% 4% &

(-1
T

dermal exposure 1

dermal exposure 2

» 8@

dermal exposure 3

V  dermal exposure 4

Chloroform breath conc. (ug/m®)
N &
U T
1

0 ] 1 l_ b L L L O
0 40 80 120 160 200 240 280 320 360 400
Time (min)

Fig. 1. Chloroform breath concentrations during
and after 60-min dermal exposures.

7|4, Die 9% %2 9% Chloroform?| §4al%
(g/kg) Fe §9 2 A3 A7 xZo 23 QA
#39] 4], (0.23/(0.31-0.23))= 2.9 (¥ 7). webA
o)3) .82 QI3 Chloroform® FYHFL F7] 3
2 <l3 0.07 pg/kgs} ¥ HE o2 A% 0.2 pg/kg
2] Al 0.27 pg/kgo 2 FAbs]Id o).

4.3 Ingestion &

A 8lFe vtAe 548 91¥ Chloroforme] &
Qe 8% 2 Lo} whAe ool A 0.25 pg/kg-
day 2] 0.15 L o a4 0.02 pg/kg-day= 34}
Ham o] &8 AN E o5 o)

D, =E xC,xA, /Wt (3)

51714, Dge +E4% w4l o o}7]51& Chloro-
form®| F<fF(pg/kg-day) E, & 43} 7|#& 5%
Chloroform¢] F-<=-8(absorption efficiency), 100%
(e FdsF A& H4) C.x= 58£EF9 Chloro-
form BH %, 8.9 pg/L; A= 518 vlAl = B9 of -
2.0 =+ 0.15 L.

4.4 a4 BA

Aol 43} 583 3ol otAls 556 5
°}7] 5l Chloroforme] Fgl&k-g ol 43l & =&
o thated ket falAde] AALE L), o] AALE ¢ s
A8 298 o) 2831 (Marty, 1989), o] =& t}.g
#} zch
P,=fxqxDx10* 4)

714, Pye AAE] 84 fe dd x5 34,
& tha]A] 1/7 (5ol 43 B-S 71A) &44
off disl4{+= 1; g+= cancer risk potency slope(mg/
kg-day)’, 0.26 (Marty, 1989); D= Chloroform ¥4
2Hpg/kg-day). U3 E&o2 & Flak 0.27 pg/
kgoll thalo] dFdelf o35 F823 <13 et ¢ s)A
2 1x10° 22 Asiglch 3 S 8ol o] 89 us}
TU B 35 21 74 o o}r]= = Chloroform &

qlakel 0.25 pg/kg-dayel gl et AL 6.5 x
10° 18] 0.15 L vt4Al o) o}7] 5 = Chloroform &34)
2kol 0.02 pg/kg-dayel]l &A= 0.5 x 10° o2 A4}
HAodoh dREe AgEe| sFol A etAle Frs
7} 2 L7} 2] ¢erm2 0.15 LY &2 ulilcy 7}R)
o) dFde o3 585 & 4 ofr]=l+= Chloro-
formell £J3F @t #JAL % 0.15 L9 Z& vl
o Bot F oA e EA FAbE o

4.5 Chloroform Decay

AY Chloroform Decayg ZApslr] six 8%
HE A2 wF Agel A3 A9E AdHgeg vehy
7] $181A Table 42] ZAs}el) £23le] Figure 14 =4
3lgict. Figure 1¢] viehd wlel zto] F 71 Chloro-
form2 xFAH R} kFo] AP &Ko g b4
gtodch vl & AE Y HY dfFof 37] 30t FAH
A ERYA R ebA T e F A2kl eE 60 B Fo &
F Hd 37] ¥=7F veld Aoz 4522 Figure
Lol viehd =% 60 ¥ F9] 37 BEE A4itslr
A#x Ad 44 (linear extrapolation)& o]-8-3}9}
o}.
Figure 1o viehyd niel zre] 37] 2l&(expiration)
3} A1zl tf AHmetabolism)el] £]3}<¢] Chloroform ¥ %7}
Aol A A=A oY HE2F 27] 60 & o=
57] ¥E7b 443 F2dtn 2 ol Fee 3] vt
A A3 ZFadte F DA ZHA(two-phase decay) 3 A
o] vielydct. ol2{dt F¥AHE F 4.4 Chloroform <1
Fate] Ay} LA A7 5 Y4 two-com-
partment modelo] o] 88 = 9l&§ A} F, &=
7l ¥A8% 57 FE F4v 9 (compartment 1)of
A depvtm F oA gAQ =3 7] ¥ % Fie 2
A zA(tissue)ell X Yoj'F& 2|t} (Berlin et al.,
1980). o]+ &7 2] Chloroform ¥ %7} % Azt
o] A3 el wte} ZFArsld S ©)8]dt A+ one-com-
partment model®t} two-compartment model-g o]
43tod L} A#}E o1& Weisel and Shepard (1994)
Ao} U= gt

46 7]-% » g

QA el %&£ 4] Chloroforme] &AlY ¥7] s}
TF F=9 BAE debdie 7]-of mde] Mys|AR
A& o183t s Aot
Cor = 2.5 x C,, - 7.7 (R*=0.4, p<0.02) (5)

o714, Cu= €44 Chloroform ¥ %; C,&= &34
4% Chloroform FXx. o] 2.8 o]l&sld T
Chloroform F5& A A AR 437 $£F v =
Asted 371 ¥ 25 FAE + Adck 22Y, 824
e &%, 584U #r] 21 9 B89 ER &
B8 Wi met T84 §7) % P 4
Hebd 4 qonz, ¢ nde 2 A7 A
A e Aol o] mdo] W4EA e
caEbA, ohepd B8] zHA FARE A
188t 28 7]-0 LSS Autste 2ol
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TF-2A FA™ct

(41}

.4 B
B d7e A AL 37 AR YA E AR F
202 A% F7 % A HF xFo] AFHoE HY)
k. 94 AHeE FE$E o} 45t F8E d= il
de 8% F7] ¢ % HEE 54 Chloro-
formel %] Mo}, B& HFe] HYF 7] FEo 2
A& o Chloroformoll sj&t Al #ehe 3] B8
As 213 WA Frlee Ao FAFHL. A
280 2 o}y]5= Chloroform ¥ disle] o4 3
Zo] 74% 28]3 EU|7}F 26% FYE viAE Ao
A=)

dFYel 3] & o2 9l e}r|= & Chloroform
Falg3) o2 A% YA 3F 0151 o B =HA
o Be}h 2 WiAE FA FAECGD dely 20t
Chloroform®.2 2 9=g17] dl & 442 ¥4z}
g AnE Qe SEFE ol 43l E4& 3
Ax s A3S el zo} At t)-%o] G4 A
d FE4E Hr1E o 58 9 s AL & 2
250 9% VOCs9 X2 ¥ Fglgke] Zgs]oje} 1
o}
AW Chloroform A% A3 Aol EA 3l &84
23 #3839 F 7R F8 Aol FA=c} AHA,
Z8A 94 A2 22 13 Chloroform 1A -2
g Azke] 2EAZ et AP Frped. E4,
One-compartment model Xt} two-compartment
modelo] =-8-A} Chloroform 1] F-wtof ot o]
284 93 & e AT

At &
£ a7 3F3sAd '97 dAATATHA A
Z(FAME: 971-0701-008-1)] o]3}e] F3ysgde
o, olo]l ZHAt=g Yt AAYA SN = A=Y
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