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ABSTRACT

Human exposure to volatile compounds in tap water can occur from inhalation and
dermal absorption as well as direct ingestion. The relative contribution to total human
exposure from these pathways has been considered to be important especially for VOC’s
(volatile organic compounds). In an attempt to reduce the uncertainty of the risk
assessment, it has been suggested that the exposure assessment process could be
significantly improved by adopting Monte-Carlo simulation. However, there is no actual
data in Korea for each exposure parameter to determine the level of exposure, and the
distributional pattern. Therefore, we surveyed water use patterns and behavior related to
multi-route exposure to VOC's in household tap water in Korea, and compared these
values to the those in western countries. In the first survey, we calculated daily water
intake using data from a sample of 1322 persons of several cities in Korea. In the second
survey, we obtained questionnaire data on exposure time for showering, bathing and
household activities, and tap water intake from 85lhouseholds in Korea. In the last
survey, we measured the exposure parameters (exposure time, water use rate etc.)
related to showers, baths, toilets, dish washing, washing and cooking, and tap water
intake was surveyed. Also, the subjects were measured their body weight, height and
tidal volume, etc. A diary, a flow meter and a measuring cup were used to measure
these values as precisely as possible, Average daily water intake was ranged 0.79~1.71
L/day for adults in three surveys. Tap water intake measured by log-sheet during one
week in third survey was 1.26 (average), 1,98 L/day (90 percentile), respectively. These
results were comparable with results from EPA (1.4, 2L/day). The average amount of
water used by housewives in the third survey was 515.0+564.6 L/day. In usual activity,
the amount of water used in the bathroom, the laundry and the kitchen was 140.0+
538.9, 148.0:£174.5, 229.3+205.4 L/day, respectively. Exposure parameters such as water
intake rate, exposure duration, body weight, inhalation rates in surveyed data of Korean



people differed from those published from western countries.
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This could be attributed to

variations in lifestvle, dietary habits and physiological characteristics.

N
02, dE Qe e oz Qg 4%
S ) Z1sel A3 3l ke

gk Q1A edEr edwAle] S
RO ohdel mF & A shid Qo] 25
oA T mEH e EA “P—P 24 W g,
Z. 4 deFel wE dAe] xEFEDX 71T
e FeA shdolvt dstery, Aeld acl F old
2 Ale7te] EA e “}EP cheystr] wzhalr] ool
g des Qg QA Psp] slade A4
gt old xFEE O.L“ Aol wash ol A
oAb o & Qlabgel Aate] apepue] gleof
gt
et geubebe] Aol AFRlEis 2 o
A mFEAE ZA gl x %’“1 8kal opm 7t

2 & bl QTR eEu el ojgh 7R
7b A9l He) A g Aol sleh. L3l Aol
ZAle SHEAS AR of 52 PR < f}"] u}
Al S M AR Folod Hivl old 2

H BAF T 2 e Fu ey o o L}
ghofl Mo} Al ofAlell A abe] 7} Qle} T e} o}
- AR S FE AR ofo Wl Abat e ¢l ¥
Holoh, & AHAA=ZA olat A Sl S HrH o
Jubrog o4t Hit 219 dd & AH
4 70 kgel #F2> US EPA (Environmental Pro-
tection Agency), =+ WHO (World Health
Organization) 9} 22 713X 7|53 2 A4 skaL
e grelek. whd 1960 ol 2] et Abge
A # el el e g Ao ojsi A<l At
59 19 FF AHFE LR AT wld
gom o= AHNFF Tl AUr thFe A4
ool ez A gleh ®&, g5 Al
of g kFEgel AshHe ‘il°1 ol wilEEs
Z7H71E 2247 F7HE fdsl E Aelehe
Aolehe A&7 g5 Aol mwlEeFe] 1.6 L

I

J\m

2 z"}ﬂ %1’1‘0‘-‘:71'”‘37
ol F
”3“ £ 4 Qloh

= 2] vt Aol 8

F SRS HART UL AR o

ol

gl Tl EAshe AU EEAE o E A
off 2|3} /ﬂ wrb oopdet Migteluh, ARIE Tl
e E <Al BE71E et el He o
% oolgh AlA QdAflEl7E o Aoz HaET gl
CLoeofefel o e =EdvhE AA QA SEeE
L ] \‘Wf’" T 9lal vEe] BEAMS ”i*l
A qlvbs EwelM d2 2 Faie] gy
om” o] Slaf M1 o] W dAeE: HeEol 5%3_&
steh, vy g w oA aEe A Ly Sy
g Abgbie) Aol 3ESk, AF, AXZPAT 2
Helskaie) gglgel uiedsfolof sl FhAe] &
vlg-2 vl Hojof dch MceKone"-&

e A

z‘qawg %7]
T Bk Ao A AE AR
A, BEAL Tlebre Sl A TELE el Ay
:}01]*'1«1 eEA R AR B A oS o 2
ol g alefel mEME olBdle] AR xFd &g
o3l $lehr A7har uh gl

Q% B 2A pFo FAsh: LB 27
A SlAE oA Selviel AberEe] ggepael u
o5l AAlel Met ke glaS ) dlsked 2
SRERRS L
Fageh 53 @
L selalad a

2 =
¥ owgel $AR xFE5e B4 Hebshn

Wt

o

ardal

-
-
-,

N
220
k=)
pats
T

1. M| ZAL WHE

o

o fi= 1993L4*’E1 19951717 3t AH %
AFdalel s 7 409 S RxFe W
?% Faletgde} (Table 1), € A
ole] Ay ghefalol e} chefat g
M{&S gt o ohe AL of
ofch, apehM ofe] dAFrfel|AA vheFst W
& ofeiwl x:Absle] PFEhE 24 s

i
H—'
o

-
{

e e
—_Q—,OWM

rlo

Q.
=S
o
T

=

=
3
Pan
7(
o]
H

go S N 3 pn ol
no M

oyt Mo £ o



April

19939 Foll AF2E2 ZAR A 12ZAF M E
e T AHFS dEsp] Hall ZE 4% A
Tl 21T IFHESF w2 AAEE 24T 71 F
AE ol g3t FFEd T AAF 2 4L B
A AFHE e dE ZE ST A 2

A 22 ZAV S| M= 204 o] AHe] TR A E ZX
A Adhs A, Y ¢ SR
olgo] Hael Al e AU sl &9 #
& Akbed FA4E FonA sazAMdME 2
AxARE EYE 5449 934 =234 A8
E A2 <Y A xEFo] S WS 2R o
Ase A JHFTES AR 15797 AP
EAE 715 st A 254 AR
FApstaal shgiet.

2. 1X}ZAH1993, &

Sejuet AFEY 19 S8 AAY o SEAE
FE golH izl A dFZo thste] ME&, A, 7
71, 7R E ol AFshe 132298 AR 3
don AFE B2 5 AUARE A7 99 FIE
7122 3o |3 2AHAAPE 2R 94
TFEE AE AHG 2 9% dXE A AF A
9l g5 whEe] FAQ/WHOO| M F+58& &
2 frob (14 ==k, 14| o] ~54 wzh), o}%7] (5
Aol d~124 w124 oAb ~194] ulEh), Aol
(194 o4 22 vialdt.

7 Fol A ZE S o AP Eae
AA 71820 7|8 EE ¥ 2447} dietary recall
method™ % o 43le] 4 &4 HFAF % 4%
A AT 4 sle #EEES 2AlgY. AE
ZAR AE A3 2ARE AR AR 9 7)Fe]
3719 1%& o83l AFY FEF| g 7
Qo] A zpe| & HHE FeolnA} sl on AEL

Table 1. water use rate and daily water intake survey.
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Survey Subjects Methods Periods Exposure factor
1322 persons 24hr-dietary recall Apr. 1993 . .
st by all ages method (Spring) Daily water intake
Interview or mailing Sep. 1994 . .
2nd 851 persons survey by questionnaire (Autumn) Daily water intake

Self-administered
log-sheet for 1 week

158 housewives

3rd and 52 husbands

Exposure time, water use rate
related to showers, baths,
toilets, dish washing

Feb.- Apr. 1995
(Spring)
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Table 2. Average daily water intake rate by all ages. unit : L/day
drinking water Water in food
Tap water Bottle water  Beverage Water added Water
Group Age : ¢ ' & in cookding in 2fl(tf)d Total
(calculated)

Infant <1 (n=202) 0.03 0.23 0.26

1-5 (n= 90) 0.49 include 0.91 1.40

1st Children 6-11 (n=220) 0,71 water in NS 1.14 1.85
12-18 (n=319) 0.75 food 1.48 2.23

Adult 19>  (n=491) 0.73 1.53 2.26
20-29 (n=203) 0.42 0.29 0.13 0,11 0.96

30-39 (n=253) 0.40 0.19 0.08 0.08 0.75

2nd Adult 40-49 (n=209) 0.40 0.23 (.04 0.07 NS 0.74
50- (n=183) 0.39 0.25 0.04 0.04 0.72

Mean 0,40 0.24 0.07 0.07 .79

20-29 (n=166) 0.10 0,28 0.19 0.19 0.70

30-39 (n=677) 0.20 0.35 0.33 0.33 1.22

3rd Adult 40-49 (n=566) 0.30 0.26 0.37 0.37 NS 1.35
50- (n=711) 0.25 0.33 0.33 0.33 1.33

Mean 0.25 0.30 (.33 0,37 1.26

n=number of subjects
NS=Not surveyed
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Table 3. Average daily water intake rate of adults by sex.
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unit : L/day

drinking water

Water in food

sex Tap water Bottle water Beverage Water added Water in food Total
in cooking (calculated)
i Men(n=611) 0.75 v::;ilu“.e NS 1.67 2.42
St Women(n=711) 0.71 erm 1.38 2.09
food
g Men(n=422) 0.45 0.28 0.08 0.14 NS 0.95
"% Women(n=428) 0.36 0.19 0.07 0.02 0.63
Men(n=52) 0.26 0.36 0.39 0.46 1.47
3d Women(n=158) 0.24 0.24 0.28 0.29 NS 1.05
n=number of subjects
NS=Not surveyed
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Table 5. Daily water intake per body weight.

L/kg-day
718wtz -
s e, In this study US EPA
90th 90th
3) CIHEL 2 M2t mean percentile mean percentile
EPAdIX ¥eta gle & F & AFF(+F4  Men 0.22 0,36 0.20 0.29
o] 1.4Le) ¥y 2 ZAME = X} okt A2 !Yipman 0.19 0.31 0.20 0.33
1.26 L& Sehte} ajehe AMeld] ulsl #Fo] A7) mean 0.20 0,34 0.20 0.31
Table 4. Comparison of daily water intake rate (adults).
water ingestion (L/day)
Age Remarks
Average 90th‘ Range gency emarks
percentile
1 2 | 98 In this 3rd Include tap water and water
: : survey, 1994 based drinks
1.63 - - NAS, 1977 Literature review (Include mitk)
Includes drinking water consumed in the form of
_ o o) 191
1.40 2.0 U.S. EPA, 1980 juices and other beverages containing tap water.
Includes tap water and water-
—_ —_ - 20)
0.40~2.20 ICRP, 1981 based drinks (normal condition)
sillies & Pauli
1.25 1.90 0.26~2.80 Gillies & Paulin, - o0 Zealand
1983
Includes tap water, water-based drinks
' DA~ 2 " 2y ’ ’
1.53 1.9 1.24~1,73 U.S. EPA, 1984 alcoholic drinks
139 20 0.80~1.96 NCI, 1987 Case-control study: between bladder cancer

(Cantor, 1987)” and drinking water
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Table 6. Water use rate in three compartment (3rd survey). unit : (L/day)
In kitchen In bathroom In laundry Total
House
characteristics
Korean style 275.71304.2 44,1+ 51,5 92.44+104.9 694,3+276.9
Western style 231.8+209.5 97.6+393.9 193.7+178.9 542.0+519.3
Town house 167.34+135.7 73.11+318.3 119,14£157.4 373.74449.6
Apartment 234.94+£206.3 239.2+757.8 146.9+184.0 588.9+668,4
Age
20~29 161.914-141,2 149.6+325.4 110.914168. 8 466.3+476.2
30~ 39 251.94+223.0 177.6+698. 4 171.94198.8 433.6+314.9
40~ 49 230.6:+204.9 87.54+304.2 148,9+154,1 491.24456,1
50~ 155,34+187.1 117.01£473.0 103.3+£117.4 387.7+604,9
Week*
Weekday 222.71+200.4 123.9+453.5 149.34+179.9 529.94594,4
Weekend 221.84220.5 179,.34+706.4 144, 6 £160.5 481,41+486.3
Mean 229.31+205.4 140.01+£588.9 148.0+174.5 515.8+546.6

* p< 0.05



2% KOR. J. ENVIRON. TOXICOL.

Table 7. Exposure time of water consumption by

log~sheet.
Water consumption Exposure time
(L/day) (hr/day)
In kitchen
washing 125.7+131.9 29,5+25.1
cooking 96.1+120.4 35.3+34.9
mean 229.3£205.4 66.2+48.5
In bathroom
face washing 28.5+ 37.8 11.4+10.4
showering 28.5% 60.3 5.4+10.9
bathing 79.4% 50.9 2,2+11.8
mean 140,01538.9 18.6+£16.7
In laundry
washing machine 124,34165.1 34,5+43.5
by hand 22.8+ 48.2 9.24+15.7
mean 148.04+£174.5 44 44452
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Aoz FAFAG, A = §F 13 ofate] 50
—73%2A $etet Agte) BT ASIR47) 0,331
of vldted oF 2uj ofAb o] Wk 13] ARYIA] AR
g F A ARA7E o 155 L HA 2w A
22 FAHGC dbd, AR A 2 ZARY A
A7b 2.5 AE o Agld. a8z sl Abst
2o 44 AAAE A um, goke Tels
gt xEFAZEE Mo Abgleelel uisd AoE
FA =} (Table 8).

3. olAo] WalX LFgAxt A}

N 7I=g # HE

Table 8. Comparison of exposure pattern in shower-

ing.
Average water Shower duration(min)  Shower
usc amount mean 90th number
at one time (L) percentile in day
US EPA® 151,42 7 12 1
Korean 91.93 18.6 30 0.3

Vol, 11, No. 1~2

Ao Zldi e s AF 2 A AaAE o
FHE I Aozt 7] wiel sl gubr e
2 of g ofEd xEUAES SeluE} Al 2
A ol gEojol & ol FAAAR sy $
vt Abge) ey 19909 Al P
71,2742 197099 o[ FE A& F7} FAef Qi)
&g g, FE 9% 43 F o sden
s <Azt 71 R Fig. 13 o] A& F7le}
I gl AAeldl US EPA™Y zge| oty wn)=
of AFs= Wl 7l 72 19854 #Af 75,34,
19l A% 69.54 ot wElA &z US EPAx:
WHOeI M= HaiAd=4711] 2t 714 +9E 70d
22 JMAET gloy o 7547 AREE AL
a3 gl AAolcl. fElviel AEY s
1985374417k vl s ¥wl oRE <) Fol wlE 7H A
SHol| #gste WA o4l e T0ME IR
A& ol g3l e Fupd 7l 2o},

FTHRAEFAANAM 2ARE $elvtele] 20~ 50419 A
gzt HFAFL 66.1 kg, 90th percentile 3t
o] 76.2 kgolm, 20~504 AddzAe HFAF
55.4 kg, 90th percentile Zto] 63.2kgelch. Fy
HAAFE 60.8 kg2H B ZAFAAAAA ZAbg
A F2- olel frabg wFoldl). &, ul=9] BAx
Al A} AR ml5ele] A F2 ofof wls] WA
T oF9U 71.8 kgoleh. #A US EPAcIAM¥E 70
kgd, WHOOIM: 60kgs FdAF22 o] 43}o
Y=g Frlsta ded Sevele 39 60 kgs
HAAFORE o] 43]= 7ol g £ ajc)
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Fig. 1. Expecdancy of life at birth by race Source.
US Bureau of the Census™.
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Table 10. Comparison of body weight (kg) and surface area.

Women Men
In this study Korean's std.® US EPA™ In this study Korean's std US EPA

Body weight(kg)

20~ 29 52.4+5.8 53.0%6.2 60.6 61 64,4+7.5 73.7

30~ 39 52.3+5.2 55.3+6.4 64.2 71.1+8.6 67.0+7.9 78.7

40~ 49 57.5+7.5 58.0+6.5 67.1 64,84+8.1 66,91+7.7 80.8

50~ 56,9%+7.3 - 67.9 69.3+5.3 - 78.8

mean 55.0+6.9 55.41+6.4 65.4 68,4+6.8 66,11£7.7 78.1
Surface area(m®)*

1.57 1.57 1.69 - 1.77 1.94

A}717] (HI-601 micro spirometry, Chest M.I.
Inc, Japan)E o|43}le 13 ZE (Tidal Vol
ume, TV)3} #3 3F5+E ZH39 (Table
11). d5¥e 248 13 3§ 37 0.89 L9
of B} 13 3F4E H7 18,1832 zAbEleH
Aelgr oz dutroz oejx gl vl 2Fhd B
E A AMele] AS 18 o 163]9] 3FLFE
s 13 3FF(TV)el 0.5LeI}, 3FE& B3 &
FEAL A xFF A o)L IFEFS Yt
Aoz 20m'/day g HE3h=d £ 2 2AE @9
Ak =e 499 3FER A ZARRE 0.97
m¥/hr, 23.3 m’/dayE+ US EPA?<|A A A%
724 (0.5 m'/hr) & $2<} (1.6 m’/hr) 9] 73k
of st ol ZAMNAAZL AR FHEA A
o 7Htxge] EFHE F2 AxFl S kFT
Fol Fa5 1 ol7] dfFo2 g}

Table 11. Tidal volume,

inhalation rate of house-

wives,

Age eroups Tidal volume Inhalation rate
EE group (L/time) (time/min)
20~29 0.914+0.33 18,5243.77
30~39 0.85+0.32 18.11+4.67
40~49 0.834£0,27 19.82+7.61

50~ 0.99+0.37 16.851+4. 67
mean 0.8940.33 18.18%5.41
2 B
Al FE7o HAAHA] dubH o o] 43l

AL A =2HeE 3T A4 TP 2L,

*Surface area”™ =0, 029H" "W

70 kgd] AF7} 7ol US EPA, WHO SoA H3
32 gl EES 22 9l ol

ae oj= MAddhe S4B Al 27 0] o
E felvel ArgEel sleA HEslA g o]
2a}glel] AE L85 A7) 32L A S 9E
E oA xZ Yyl West vlxzA} g%’-ﬂc} L
o Foll A= 1993\ F-E] 1995W747] 33]ef A $-2
et AEY S48 g H3 9§, wEeE
A9 xEWHpel xEAYE sotsty, At &
el b2 Aol & Hotsle i e HES =F
st

AR, AFHAZe 3t dAxEY A STHE
EAAFE Mol A e F2t AAl ZARgl
AAM & zpo|7h v, ML o] £3le] AAR
FAd7t A8 upel ojshd @ HE Y 1261,
90th percentilezt 828X 1,98 -2 vlA| L Q= AL
2 ZAEAY S S g R e "
F PR 280w P 2.26 L/dayie
B oatel vig B FE AFHINT Ak A
AT A5 zAE A vus Bgkg o o)
8 AV ofzF HE pEoldo) dAFEeE #
AFgF 90th percentileZt-2 $2ute} Alghe]l Al-qlo
e o w2 e E2 AFHs AL ¢ ok
ol wiAl= Edo| felEAel & FEE &Y
A5 reivE Al Mg o & dE
ZAHE Zloletn & 4 9lch. &, dFUzY]
AHeEE 2K A3 3 i E AR 515.8%
564.6 L/daylem, & AR&el 9lof 71 & vi5d
A e A2 Fubel Mo EAMSo2 A 229 3+
205.4 LE kA slednt. M=e] A4S Ag7] o849
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