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Assessment of Inhalation Exposure to Volatile Disinfection
By-products Associated with Household Uses of
Chlorinated Tap Water

Hekap Kim*, Moonsook Kim and Jihyun Yoon

Department of Environmental Science, Kangwon National University,
Chunchon, Kangwon Do 200-701, Korea

ABSTRACT

Volatile disinfection by-products (DBPs) contained in chlorinated tap water are released into household air
during indoor activities (showering, cooking, dish—washing, etc.) associated with tap water uses and may cause
adverse health effects on humans. Twenty seven subjects were recruited and their homes were visited during
the winter of 2002. Tap water, household air, and exhaled breath samples were collected and analyzed for five
volatile DBPs (chloroform, bromodichloromethane, dichloroacetonitrile, 1,1-dichloropropanone and 1,1,1-
trichloropropanone). Chloroform was a major DBP found in most samples. Tap water chloroform concen-
trations were not statistically correlated with its household air concentrations, probably due to individual
variability in indoor activities such as showering, cooking, and dish-washing as well as household ventilation.
Correlation of breath chloroform concentration with household air chloroform concentration showed its
possible use as a biomarker of exposure to household air chloroform. Exposure estimates suggested that
inhalation during household stay be a major route of exposure to volatile DBPs and that ingestion of tap water
be a trivial contributor to the total exposure in Koreans.
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1. Al

2 QoA AHe-E 25239 chloroform (CF),
bromodichloromethane (BDCM), dichloroacetonitrile
(DCAN) % 1,1-dichloropropanone (DCP)3} i3
EFEAZ A}4L-3 1-bromo-3-chloropropane
(BCP)-2 Fluka Chemie, 1,1,1-trichloropropanone
(TCP)& Supelcort?] A& F431ich =3 &
gul2 A% r-butyl methyl ether  MTBE)$} so-
dium thiosulfate (Na»S,03)%= Fluka Chemie2] 71-&,
8]3 sodium sulfate (NaySO4)E Junsei®] &
FYstgden, 25 A g3 adz A3t
A=t

2. T AR FH

246 AFshn SlE 2799 ARFRE
dAez AAsigon, uhE Zde E AR (
57 A v E Y 27, 29 o AL
29 27 A9 2 589 vz 9 A7 AA
a9 A7k 5) #ak ohdet §7] A=s) AL
a3 A 24A17F 59 THACA B Az F
o #ate] AExALE AABIYE Fig 12 A&
HF F2E Az BAG Heolot

AE2AME ANsE 5ol AAdAME FH
4 F = (SKC)S AH3}e] Tenax TA (20/35 mesh,
70 mg, Alltech)®} Carboxen 569 (20/45 mesh, 130
mg, Supelco)7} A ¥ F& e 100mL/min®] F-
%02 20~30% 3ol A 7] ARE AFH3)
A3, Fe] IR M F 10mge] NazS:0;
7} Eoldle 40mL §-322] 2 4714 $SREE
ARG, AR B F 7R
= ot ALY HAHTEE AAT + A
€| (North, Part No. 7583P100)7}, =} & & Zell&=
15L £-=k2] non-diffusing gas collection bag (Hans
Rudolph, Inc.)7} |2 ¥ two-way non-rebreathing
T-shaped valve (Hans Rudolph, Inc.)ell E3o=
28 e A nheavag st BEGoR
A el 37] A8F AF st (Fig. 2). Wl A
FAd 37 ARE 37 NS 22 ez &
A EFBoz FA
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Sampling sites

Fig. 1. Location of sampling sites (designated by filled cire-
les).

ARE AL obol2ntid] Yo NP2 &
W F, B ARE of 4°Co, 371 % 2] A
E(FFME ok —18°CAM ¥4 A7A A
A7k 159 olHlel BT,

3. &€ MR &4

452 Al 20mLE 40mL 23] EPA 42
£7d) &7 & JWruFEA=2 1-bromo-3-ch-
loropropane (BCP)o] 353 MTBE 2mLE Y31
4 g2] Na,SO+Z 7}3t & orbital mechanical shaker
(Maxi-Mix III type 65800, Thermolyne)S- A}-4-5}
o} 1800 rpmell 4] S Ft EEof FAUeh F S0
2" F $/¢] MTBEZ ¢ 1mLE 4mL2] =}
471 &7 F B4 A7A P mAsH.

Fuld PAHARE VA FZsniEadz(ed
AdrESHE)-F2AHAE 87 &7 (Valco)
(gas chromatograph-pulsed discharge electron cap-
ture detector: GC-PDECD)E A}&-38te] BA 3}
o} Felo] AbSsEl 2P =A% A= HP-S
(30m x0.32 mm x 0.25 pm)¢] gl on, A4 2u}l 7)
A+ 237¢E Heo 2 H5-E Imb/min=. AR}
Ak #9F 2 A&7 £xx 27 200 9
300°Ce]qlar, 28 2x Z7]o 35°CellA 4%

Fig. 2. The apparatus for collecting exhaled a breath sample
from each subject. The subject was asked to close
her nose with a clip and breathe (inhale and exhale)
via the mouth only. She inhaled air purified through
the filter and exhaled breath into the 15 L non-
diffusing sampling bag. The collected breath was
transferred into an adsorbent tube filled with Tenax
TA (20/35 mesh, 70 mg) and Carboxen 569 (20/45
mesh, 130 mg).

2ot vjE3 80°C7H#] 10°C/ming 2713t 3o
40°C/minZ 280°CE %247 7% 349 vR=x
2 319} o]aldt =738} A] CF, BDCM, DCAN,
DCP, TCP ¥ BCP&] wRZ A7t zZ+zk 296,
4.34,4.65,4.98,7.74 2 8.26% 0]}

7 EAEA Hg AP G4 Fxo o
3ted 2SR, 272 EAE 2559 FFS
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2t BAstg o, o] o 7+ 3ghEe] wHgk 24
A2 e AAAS (e 0997 o]Abelgic). 7+
5ol W3 34§ 85% olAteldla ZEkA
Hdol Alme] BAMI Fd3 HAE el o|F
dRhemz IHpgg TEsd g wAHA
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F4% Az ¥AE 39 2F EWhaE 2L
4-2F9] static dilution bottle (Supelco)ol] LA dF 32
7)¢] z} m&E3A (CF, BDCM, DCAN, DCP g
TCP)& 10L2] microsyringe2 F33 F 100°C
oM 30 F<t stdsle] FHUAA Azt
AMzE kA= 250 ul £-3F2] gas-tight syringe 2.
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min® 4o F=23 glE 250mL £52] gas
sampling bulbel] septum-& Esl] F3Y3led 58 =
ot WS AAY FABOT EFIIATFO] o
soed FARES Y Azl BEe §2
F Asy IFHAA-7|A 2921 Z (ther-
mal desorber-gas chromatograph: TD-GC)Z £-A
st Apde AAstch 3 2 5] Aae
I4E 42 200mL/ming} {402 208 £
E2|Fo] dry purge (F&A F9 & AA) AR
% TD-GC=2 ¥4 35}

TD9| =7L o|4¥ §(2002)¢4 W< =3t
o & 2= 250°Ce AAstx 23 AlRe
10&2o]gjor, o] W 2345 IFE 40 mL/min
2 Tozgch 9AE RNEYES -30C A=
2 #AF 32 % cold trap (Tenax TA 60/80 mesh
100 mg)el] =3 ¢v}7} 700°C/min®] &2 w}
27 7}t 240~260°Coll A 5% FoF &34
7 GCeofl 4 ¥ Fel, BAss

GC-PDECD®| ¥Ax7-2 o543 et ¥
o] Ale% 23S DB-624 (30 mx0.25 mm X 1.4
um, J&W Scientific)e] 9] 1, 7 2 7 &9
SEE 72t 2009 260°C2 FA 5 o2 &
Exgadue 27]&x 70°ColA 8% 29t o
E37 130°C7tA] 10°C/mine] AAlzE =718 =
30°C/min2. 240°C7HA] $-2A1# 108 23t §%
AR

]
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1. %8, 44 371 % 29| & 3ud
DBPse| & &%

A A3 EE 5% F CFe dR-29 AR
A 7&% widel, BDCM ¥ DCAN2 43 A=
A3t &= oJ9 CF,BDCM ¥ DCAN<J
HR2E2RA)|7Fe 2} 565,931 Y 10.7%-0)ge} 4
X8 £ YA DBPso disle A WiAE
314] (method detection limit : MDL)= S/N v] 3&
71%% CF, BDCM, DCAN, DCP ! TCPel| ©j3}
o] 747} 1.2,0.46, 1.6, 1.6 2 0.49 pg/Lo| i} CF
¢} BDCM2 277} A& 3 3 & |93 v
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A 26702 AlmAA FE% dbdo|, DCANS ©t
2 374e] AlmeMut &= DCPe} TCPE=
EE AlgeA HESA osid CFY HA 5
E=E 12(HE8A)I T Hd sx+ 35ug/le]
gled, BDCMY] %%+ CFY yx=rot 4 o
o} A 046 3 38ug/LE e} (Table
1). CFe} BDCM?] 5= BE: Y% A%
Ay A 19983 3] 19993 HH =3 3L (CF
0.79~42 ug/L; BDCM 0.31~4.9 pg/L)3} ¥)<=3}
oFAFS- el T} (Lee er al., 2000).

AW 371 F CFx 3hte] A8 & A3 v
A 25 AlBoA FHEX vbde], BDCM2 157
o] Az M HEFH 3 CFY 3= HHE 12
~35ugimielgd 3 Fo4k-E 0.89 pg/mie]glet. o]
TR 1984 1)) u]= LA 24 A& o
Aoz AXNF zAb Ao Fdghe 1.6ug/miy
the W& Ao |5 2 ) 59 (23 7)ol A
AlEE AR A2 ARl 0.8 pg/m’Ts vl
AFahed 3L (Wallace et al., 1988), Contra Costa A 9
oA 6ol AlAIZE AleA] A2 ATl 0.4 pg/
mEchE g4 2 5EF e gle (Wallace
et al., 1988). 2R =gk, AW F7| F WA /7]
3EY s wlETF B ol 3] § o
B 7}A] QRMEe] M= gL Homz o
ol dg dFg= FAl doFdn £t =3
ol2igt dF AH}EL CFY AW 37] $9 5=
7t Ae 37 Fo] xR {3 o &
A5 deo] CFo F2 wi&do] Ao US&
He F9loh

37] % CFx 6702 &g AT 21704 A
B2oA AEd" ubdel], BDCM2 ZE AlgelA
AEHA oFgemz A MM A9y
o} (Table 1). 37] & CF9] = Zokzto] 0.19
ug/m3, M2 0.07~1.78 ug/m3elgid], ol
19803l u]=Z New Jersey 712 tjAle =z AlA
g AFelAM D2 FAF 35ug/md 88 0.09~
53.00 ug/mol] W) wje o zholgdTh(Wall-
ace et al., 1984).

2. Chloroforme| &=%8 E9| 52}
=9o| srolo] #AH

Chloroform (CF)-& %7] Fe|A] 3}te] Alag

OH

7|
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Table 1. Descriptive statistics for tap water concentrations (CF and BDCM), household air concentrations (CF and BDCM),

and exhaled breath concentrations (CF only)

Tap water Home air Breath
CF (pg/l) BDCM (ug/L) CF (ug/m?) BDCM (ug/m?) CF (ug/m®)
Mean 11.0 1.98 143 0.13 0.28
Median 10.6 1.81 0.89 0.11 0.19
sd 5.7 0.69 1.50 0.13 0.35
Min. 1.20* 0.46* 0.07* 0.07* 0.07*
Max. 350 3.76 6.90 0.54 1.78
*Below the method detection limit.
it A &t4 2384 trichloroethylene (TCE)el] o} s}
2 . =9 AFE AHgstgle | 371 F TCEY 5=
s 6] = E %9 TCEY ¥= &9 &= % £9 s}
[=]
§ Aol met FoAHE Ae BeAFAm, A
£ ¢ 7] 2de AR A5 FY =2 A2e AA
5 2ol AFAART o B =& A 7HA
.. . % & 4 dee welRdch g, £5E 3
5210 e e . VOCs®] 3=7b ¥okm A wEAl AW 2|
5 . FAe) FEF ¥ Aol oheh ofF AAe
o
g, '8 , Al g5l Bgtdoz zgdozs sgdA
° o 10 20 30 40 SRR Eo]—o]] EdxZo) JiE & 4 Yy
Chloroform concentration in tap water (ug/L) i 7)_! __% 9\11_;]_

Fig. 3. The plot of chloroform concentration in water vs.
chloroform concentration in household air. The two
variables were not statistically correlated at the 5%
level of significance (p=0.726).

Ag 2 AlsdA HEE wbdd] Uwz] 3
FEEL 43 A=edATE AEFe] CFoll =isiA
% PRE F vxd AW 37 3o v
F-A514 v}, SPSS (version 10.0)E o]-&-3}
o A3 AN AANG A 5% F-2aF
%5 59 2 37 59 =9 §A44
oz §oF 4BVAE depiA gk F o
A= Fig 3o 2=z Jepi 4.
°a g AIde FEE T Eash= IUA
AERAELS JA A 28], AAA, AR, F-&
5o 25 A=) we} AW 27 Foz W2
£ %o dvhary, =3 37 Ax g A7le] =
of & = 5 917 wWEeET & 5 U
Andelman (1985)2 34 #7133t & &3}

3. 37| 9 sk 57| F9 5229 B

37] 39 Fxv Az el W] i
57] AR B A3 AAAEE Mg
g 9ol FE gl o= BT},
A f713sHEe sk #2374 " 24
xZ¢ Zz Z71" A 33} (body burden) S ]
AFHoz EAste deoll AMgE] goh (Weisel
et al., 1992; Pleil and Lindstrom, 1997). ¢j]= 7]
t A BujAg HollM Y F9 Fxe A
Hdoz Dol S} AE Aoz deiH 9l

oA glez Y®ojr] 7] AlgE 15L &9
Holl HHsIF. o] F2A4T A £AT %
=9} 7] 9 pxoe] AnAAE EAMFG 2
3 F P 5%9 fo8EdM BAHe
2 o7 AFAAE e e (p=0.000; 2=

ofs
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o

Chleroform concentration in exhated breath (ug/m®)

T T T
0 2 4 6 8

Chloroform concentration in household air (ug/m®)

Fig. 4. Relationship between household air chloroform con-
centration and exhaled breath chloroform concentra-
tion. The two variables were significantly correlated
with r2=0.840 and r,>=0.671 at a significance level
of 0.05.

0.840; r,2=0.671). Fig. 4= % W42k
Hz2 vhed Aoldh

ol 2 Ase =z & o A BEA B

7 % CFe) =i A 27lel 9 w29l

AAAZLA AERE Aol st A A

BTN

3)

5

o
o )
X
il
I

Qtetar qlet. 1 AIRh CFe AW 3] i
Yol = ARsh= Fotel IR 2EVIE 5
Al x=Z2H2Z (Joetal, 1990) )2} 72 3
o2 HE HEHE A HEE FAC 2H sy
ofat 3 AFHg-E& 7 A

CFe 9, A4 2 A oA 38718 59
Al ®ab opel, AR B84 557 9 IR
EdAM = AW JjE-28F(internal dose) S =7}
Al 4 9= Aoz B 159} (Andelman, 1985;
McKone, 1987; Jo et al., 1990). 13 X7}, AR}
Efo] o8], AAX, Alg 50 7|e} FFol vld)
AAdlz AW 7] 2 CFY sxo Adidez
duintg o el ZidsteA digk FAAH<
Az oA Xi]/\]ﬂ v} g} Jo et al. (1990)-2 Ak
9 el RS 57 CF F9¢ 33718 %
& w23 AS fAR SEolehn wasse
celm Al Sakel 849 37 Fez W2l
CFe 4 2340 #71Hel 28 e 2
% ohieh Hiel Ge Brhez Busle] A4
2 Al eiMel B 7kl 7lodshA H=

mlm
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€ 5% »=F2 A e
e 0}143} A wRe Fdidx A
5T 5 ok Adrt g2, AAA, A
5 FE= A 7] FAMe vE FHE
HE Aoz qido. olgt 22 FEE I
3 £ o CFE =3¢ A DBPS°1] A& =&
< FY =% o]del= AR =F F J)E A
AelMY =2 58 BHHE dold = AR,
o] AIZHE ZHAe A Bl Al 78
F7] F CFell did =&& & Wdd 4
<+ ez wddn

e X
NO

4. 7tHollA Z 24 chloroform -&dn}
wetelsl = =t

ZHel A WEE Fele] FxZTFL A
A HRe g H AREE %Jii vhre] 3
At 23 o 24 sy dYtez AF
T AT, ZHE A WEE A 3 A

A A2 AEzAIA dE
18.6X| 7 (315 F 78%) R 108, AW 37] ¥
AF 5 CFS] ¥ =% 14(c] AFolM 9L 5=
94 HE) P 46ugm’ (A7Ae) utE Ase

0% AFY] 3 84N CFY )& AMg3le
t%, Aqle]l 3EF4 =X 18 m¥/day (0.0125 m3/min),
)3 QY AL T2kgs A sl AAbEA
o} (Gephart er al., 1994). o] @ A}43 A& oL
% 2k

Ao HE3e

EXCyXRXT

D=
BW
o37)ol1 4

D; =E&FY4x%E=2 37 CF &3 (ugke)
E. =3&71A% 538 CFe] F48(0.77)
C =37 39 F=(ug/m’)
R =3%% £%(0.0125m>3*min)
T =2x2% A]7}F(18.6 min/10min)

BW = &% <Qlzke] A)Z(72kg)

319 Mg olgsiel AR CFO) Wr-gepe
7Fel A PR Bkl 0.21pgkg, AR sHE
Bebole 0.020 ugkgol ek deba AAelA A
Aol A4 gl wFE Ftd =FHE CFY
42 AN S0 FYNE 539 o 10
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Wl olz oz FAS.

Jo et al. (1990)ef) wl=m AE$)s}= Sqtol
IH2E 53 =22 FYE& 53 =& 93%
(0.93) Aoz, FRE E3 »EIFL oS
Aol s FA st

Dg=DiXF

o] 7] e A

Dy=9]¥x22 9ld CFY 43 (ugkg)

F =&8lxZ=22El9 qARse mReZFz

R A8k H]E(0.93)

2] Moz AAF F|HEZE £FL 0.019ny
kg (0.020 ug/kg X 0.93) 0.2 3 7}51 ‘iiv}.

=3 A egMReshe S5 = CFY
=27} 107 ug/L (o] AFNA ﬁ° el ), 1
d B AAFE 14L AAHT 58 F 7HdsHA
2T wAE vjge) 5%, 22T 73R4 CF
F7E 100%5 7Hst w52 Aol 23 Aat
sk

Ei X Cw ><Aw
BwW

ing =

of 7] ol A
Ding=AFH &= 3 &% (ug/ke)
E =$7%E& 3 CFY F58(1.0)
Cv =58 F9 =gl
Ay =19 7143 g £X2E59 AHIAFA4
Lx0.05=0.07L)
BW = 23 Q17ke] A% (T2kg)

99 Mg olgsle] A4 CRY 4H gae
0.010pg/kg= FAH

o9} Ze wfozs e ARg lz= s
CFe| 7HAelA mRe gt Flxd A &
FWEREE 2 £5E AHAXE 5 AT
A Bl =g FARA. CF o] I
potency slope (g)+ linearized multistage (LMS) mo-
del & o] &-3ted Aoz Faed, oj 7
49 wze] U 2R FY D A¥ 37}
A HRAA WM Aoz, T g2 0.26 (mg/kg/
day)~' ] 1=} (Marty, 1989). o17]ellA] Liejsi=
7kl AgE 2R Be Yoz vebd & gl
o}.

$EE AN HAE AEA 2R84 AF FYxE F0h 131

szqXDX10"3

o 7] el A
Pi=A U9 =
g =} potency slope [(mg/kg/day) ]
D = CF &% (ug/kg/day)

9] A& o] &3t I3k CF 13| =% Table
2¢] QoFslgich Mol ME21 Qe Fetel 3
£7]8 Z38) CFol x239 A3 2dgs=s 62
x1060.2 HriE R, AYE B &2 Q3
NE 55719 9% A2E $Fe] 10x10°e2
H37ts e}, MM MEe ke 2F571E 5%
2 GAZE Ho IFE2 =E2FHE F$
Aol B3R kg THE (A7) E oF 6 ¥R)
9 Slelxd JlH3te Aoz HrhEAH =5
gele] A$ miAlE B djREe Hexhd

Sppatet e FAE Fo "HAIAY 4R E
715 AHEste Astd X8 vpAA HE
2, A2 HAste Bl CFe] #/HA &
Aoz BuEHAS (R34 o, 1999). ut
Al F3] Rl (7] ME 5%t THA) 5=
E% 2 & wlAA H2z AFAHHE 538 CF

27 wl$ Aol wekg)d =] 3t A
Ak%iu} o $5& o 5 sle

£ o fo

A71oA Y e Jo F(1990)0] AFe W
ATAA el FHG QB wle o) e e
o (AF$) 122, 74443 2L1L-180;0.15L-13), o] &

2 F9 s=45pgl) R AN ¥ oheh
27] 29 =157 ug/m’ vs. o] AT 14.6 wmd)
of eiM & Aol Hol7] W&ot

ol9} 72 Mgk H7lo) gleiA Hosfob
g AL AAE gl TA d2 A5E wig

Table 2. Chloroform doses and the corresponding lifetime
cancer risk estimates based on this study

Lifetime average

Exposure type daily dose Cance_r ITISk
(ug/ke/day) (per million)

Household stay (18.6 hr) 0.21 62
Normal shower (10 min)
Inhalation 0.020 5.2
Dermal 0.019 4.9
Total 0.039 10
Tap water ingestion (0.07 L) 0.010 2.6
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22 g AHeol7] Wi w2 AAN7A] FAA
A 2d2ze HEAE 4 gdohe Aok =3 7
7ol et E FoAMe] CFY %=, 8% AE,
#7) el Fe] ¢27] dEed dutsirz]r] 9
A o B Ade 93 9737 gy
A, 289 2 Ao oM 942 A&
£ uletoz sl FAI Fpel7] wEe] A
oz Ysizel dT sedxE HArbshede
F4dE ol oz ggdd

72 B
o] Aol Pz AEE 293y oL
7}
5B ZF chloroform®] %7} AAAez 7}
Aol F7] FoAMe 2 AAs= AL ol
o 2 olft THHCIMY H8 7EA 5 (el A
A, 4R, 8, A" 5 ) A= 5= ¥
Fxol ke njAy) dFeldt =F HREo
AlZHE MR CA Bl A w5 Ag
Ao]7]= AT 37] £2] chloroform?} ¥ Ex=
Al 37 F9 s=o ARAAE el 9
Foll FY4& 53 =29 HAAmEAN E4E
T+ AEE o] dFlAME AALT U o] AT
oM QA& RS 7|utor 3dlo FAT FJA
= MM EEol s AW 37
Zo2 wi&d chloroform¥} Z2-& ¢4 f-713)
FEEL 71 T Sl ALA A
A 2257 A2 DAz avE 224 A
AEY €2 IAxEFHY 589 AFH 22849
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