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Abstract

There has been an increased awareness of the need to confirm the chloroform exposure
associated with using chlorinated household water. Ten of a 30-minute tub bath were
normally taken by two volunteers in a bathroom of an apartment. Chloroform
concentrations were measured in bathing water and bathroom air, and exhaled breath of
the subjects prior to and after bathing. Bathing using chlorinated tap water resulted in a
chloroform exposure and caused a body burden. Based on the difference of chloroform
concentrations between breath samples collected prior to and after bathing, the chloroform
body burden from a 30-minute bath was estimated to be about 8 to 26 folds higher than
that prior to the bath. The mean water and bathroom air chloroform concentrations
measured to evaluate the body burden were 94 pg/l and 14.9 pg/m’ respectively. The
chloroform level of the bathroom air was 34 to 130 times higher than that of the
living-room air. The relationship between the bathroom air and the corresponding breath
chloroform concentrations were significant with p=0.03 and R*=047.
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INTRODUCTION or larger than exposure from ingestion alone.

The routes include inhalation of VOC after
Regulation of chemical contaminants in public transference to the air and/or dermal absorption

water supplies has been based on the of VOC from domestic water uses, such as

assumption that a daily ingestion of two liters bath, shower, dish and cloth washing, and

represents the principal source of exposure. cooking.

Recently, several research groups have Because of that individuals are exposed to

characterized or modeled other exposure routes elevated concentrations of VOC in the air within

from domestic water for several volatile organic the confined space of the shower, and whose
compounds(VOC)(Weisel et al.,1992; Jo et al,

1990a; Jo et al. 1990b; McKone and Knezovich, present in the water while showering,
1991; McKone, 1987; Andelman et ol 1986;  Significant studies have been conducted on

Andelman, 1985a; Andelman, 1985b). They showering. Previous studies(Andelman, 1985a;
Andelman et al., 1986; McKone and Knezovich,

1991) found that the air in the vicinity of the
shower water increased in Trichlororoethylene

entire body is exposed to any contaminants

indicated that exposure to VOC from routes
other than direct ingestion may be as large as
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(TCE) concentration with time. Nicholas et
al.(1992) reported that the inhalation exposures
to TCE from a 6-min shower in these homes
were estimated to be as much as two times
higher than those from direct ingestion of
1-liter of the contaminated water. Jo et
al.(1990a) concluded that the chloroform dose
from inhalation and dermal exposure were about
equal during showering.

Similar to showering, a bathing individual can
be exposed to VOC present in chiorinated water
and in the air released from the bathtub water.
Using a mathematical model, Foster and
Chrostowski(1986) estimated the inhalation
exposure to VOC to be higher than the dermal
exposure to VOC while bathing. Murphy(1987)
and Brown et al.(1984,1989) indicated that
dermal absorption of VOC can occur while
bathing. These imply that VOC can enter into
the individual's body through the routes of
dermal and inhalation exposures while bathing,
and can be at elevated levels in the exhaled
breath of the individuals. The confirmation of
this implication can be made by measuring the
contaminants in the human body (breath, urine,
or blood) of a bathing individual. The breath
analysis teghnique can be successfully used to
monitor occupational or nonoccupational
exposure to toxic volatile compounds with a
number of advantages over other biological
monitoring techniques (Weisel et al, 1992,
Wallace et al, 1991; Zweidinger et al, 1982).
The basic principle underlying exhaled breath
monitoring is that VOCs in exhaled breath are
body burden of these
chemicals. This is based upon the gaseous

indicative of the

equilibrium that exists between alveolar air and
pulmonary capillary blood(Berlin et al., 1980).
The present study was designed to examine
chloroform body burden from a bathing, which
can be caused by the inhalation and/or dermal

exposures. Each tub bath was normally taken
for 30 minutes. The body burden was estimated
by measuring chloroform levels in exhaled
breath of bathing individuals collected prior to
and right after bathing. The water and
bathroom air samples were collected to explain
the chloroform body burden.
samples were collected in the living room to

Another air

determine background indoor air levels for
chloroform.

METHODOLOGY

Two females whose health status were
considered as healthy based on their statement
volunteered for the chloroform body burden
study from bathing using the chlorinated tap
water. The subjects took ten normal tub baths
with Ivory soap in an bathroom of an apartment
located in Kyungsan, Korea. The normal bathing
means that baths were taken without controlling
the bathing parameters. The breath samples
were collected from the subjects prior to and 2
to 3 minute after a 30-minute bathing. At
similar time to the breath sampling, water
samples were collected from the bathtub. Air
samples were collected during the tub baths.
Living-room air samples were collected at the
similar time period to the air sampling of
bathroom, as background air samples.

Construction of Breath Sampler

A breath sampling system was constructed to
examine chloroform body burden from a normal
bathing. It
non-rebreathing two-way valve(Laerdal Medical
Co.) attached to a

30-minute consisted of a

one-inch(in.)  outside

- 126 -



CHLOROFORM BODY BURDEN FROM BATHING 279

diameter(0.D.) -~ 16 feet(ft) long plastic tube at
inhaling side and a 1/2 in.O.D.-25 ft long teflon
tube at sampling side. Two NIOSH- and
MSHA -approved
cartridges(Cole-Parmer Co.) were attached to
the air entrance end of the inhaling tube.

organic vapor

Sampling

Water

The water samplés were collected using clean
40 mL vials with a PTFE-faced rubber septum
and capped immediately. Prior to sampling, the
vials received 10 mg of sodium thiosulfate to
quench residual chlorine reactions. EPA method
502.1(USEPA, 1981) was applied to collect the
water samples.

Air and Breath

Tenax traps were used to collect chloroform
and cleaned by Soxhlet
grade) and then, with
n-pentane {(Spectra grade). The cleaned Tenax

extraction with
methanol(Spectra

was packed in Pyrex sampling cartridges and
conditioned 220 °C for 8 hours in a dry oven
with  supplying clean nitrogen into the
cartridges. The conditioned traps were placed in
clean sipping containers and transported to field.

Air and breath samples were collected by
drawing air or exhaled breath through 0.6 mm
outside diameter(O.D.) by 11 cm long Pyrex
tubes with Tenax-GC adsorbent(0.1 g), using
personal air samplerstAMTEK MG-4). Flow
rate for bathroom air samples was set between
10 and 125 ml/min for about 30 minutes, which
was determined by considering the sensitivity of
the analytical system and the breakthrough
volumes of chloroform. Air samples of the

livingroom were collected for about same time
period as that of the bathroom air sampling, at
the flow rate between 35 and 40 cc/minute.
Breath samples were collected at the flowrate
set between 230 and 250 ml/min for 1 minute
for the breath samples collected prior to and for
30 second for the breath samples collected after
dermal exposure.

Analysis

The water analytical system includes a purge
and ftrap system, a thermal desorption
unit(Supelco Model 890), and a gas
chromatograph(GC, Hewlett Packard 5830 II)
with an electron capture detector(ECD) for
chloroform. EPA method 502.1, which is based
on the two-film mass-transfer theory (USEPA,
1981; Bellar and Lichtenberg, 1974), was used
for the water analysis. The 0.6 mm O.D. and 11
cm length Tenax-filled pyrex tubes were
connected to the 25 mL-purge device(Supelco).
Water samples were purged for 15 minutes at
the flow rate between 20 and 35 ml/min and at
room temperature(18 to 25 °C). The GC column
used was a fused silica capillary with 30 m
long x 0.53 mm inside diameter(LD.) and 3.0 um
film(Supelco, VOCOL). The flow rate of the
99.999% purity) was
The GC oven
temperature was programmed from 35 to 70 “C

carrier  gas(nitrogen,

typically adjusted to 60 cc/min.

at a rate of 16 °C/min. The column injection
200 °C. The
temperature was fixed to 200 °C at the thermal

temperature  was desorbing
desorption unit.

For air and breath chloroform measurements,
the same analytical system and procedure as
used for water analysis were applied. One
exception 1s that the purge and trap system and
the procedure which were used for water
analysis were not included for the air analysis.
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Table 1. Chloroform concentrations in the air of bathroom and living room, the water of bathtub, and the

Wan-Kuen Jo and Young-Mee Hwang

exhaled breath of bathing individuals

Number of Air Conc.(ug/m”) Water Conc.(ug/1) Breath Conc.(ug/m”)

Experiment | Bathroom | Living room | Prior to After® Prior to° After®
1 123 0.24 8.2 10.1 03 24
2 9.8 0.08 85 8.7 0.1 14
3 21.2 031 108 10.7 0.2 52
4 157 0.19 104 9.3 03 33
5 135 0.20 85 91 0.2 35
6 20.7 0.34 8.7 84 0.2 3.1
7 141 0.16 91 89 04 3.7
8 78 0.06 10.1 98 02 2.2
9 196 058 9.7 9.6 03 31
10 15.2 0.29 10.1 9.8 0.3 2.2

* indicates chloroform concentrations obtained from samples collected “prior to bathing”.
® indicates chloroform concentrations obtained fromsamples collected “after bathing”.

Instrument Performance

The performance of the entire analytical
system was checked daily by analyzing a blank
and an external standard. At the beginning of
the day, a trap blank and a water blank were
analyzed to check whether the blanks and the
analytical system were contaminated. If no
problems were found, an external standard was
analyzed to check the quantitative response.
Typically, ‘the blank chloroform concentrations
were trace, whose corresponding peak areas
were less than one-hundredth of those of
background breath chloroform concentrations.
The response of an external standard was
compared to the wvalue -calculated from a
calibration equation. The response differed by
less than 20%.

Statistical Analyses

Statistical analyses were conducted using the
SAS programs(Version 6.03). Using analysis of
variance{ANOVA), comparisons were made for

the chloroform concentrations obtained from the
water, air, and breath samples. A regression
analysis was conducted on the bathroom air and
the corresponding breath chloroform concen-
trations.

RESULTS

Ten tub baths were taken by two volunteers,
using chlorinated tap water. Table 1 summarizes
the chloroform concentrations obtained from the
exhaled breath of the two subjects and those
obtained from corresponding water and air
samples. The mean and standard deviation of
the livingroom air chloroform concentration were
025 and 015 ug/m® respectively. Elevated
chloroform levels were measured in the
bathroom air while bathing using chlorinated tap
water, with the mean and standard deviation of
149 and 45 ug/m’, respectively. The chloroform
concentration difference between the livingroom

and bathroom air was statistically supported
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with p=0.0001. The chloroform level of the
bathroom air was 34 to 130 times higher than
that of the livingroom air. The chloroform water
concentrations were not significantly different
between samples collected prior to and right
after bathing, the all water concentrations were
used to average the water chloroform
concentration. The mean and standard deviation
of water chloroform concentration were 9.4 and
0.8 ug/l, respectively. The chloroform breath
level after bathing whose mean and standard
deviation were 31 and 09 ug/m® were
significantly different(p=0.0001) from that prior
to bathing whose mean and standard deviation
were 025 and 008 ug/m’, respectively. The
chloroform breath level after a 30-minute
bathing was about 8 to 26 folds higher than

that prior to bathing.
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Fig. 1. Variation of breath chloroform concentration
with the change of bathroom air chloroform
concentration.

Figure 1 shows the relationships between the
bathroom air and the corresponding breath
chloroform concentrations. A regression analysis
was conducted based on the data which were
shown in the Table 1. The analysis indicated

significant correlations between chloroform
concentrations of the two media, with p=0.03
and R%=047. Since the varation of water
small, the

correlations between water and air, and water

chloroform concentration was
and breath chloroform concentrations were not
tested.

DISCUSSION

Bathing using chlorinated tap water resulted
in a chloroform exposure and caused body
burden. It was considered that during bathing,
the chioroform levels in the water of
bathtub(9.4+0.8 ug/1) and elevated chloroform
levels of the bathroom air(14.9+45 ug/m’) as
compared to those of the livingroom
air(0.25+0.15 ng/m°) caused the dermal exposure
and the inhalation exposure, respectively. Based
on the difference of chloroform concentrations
between breath samples collected prior to and
after bathing as shown in Table 1, chloroform
body burden from a 30-minute bathing was
estimated to be about 8 to 26 folds higher than
that prior to the bathing. The resulting body
burden confirms that chloroform enters into the
human body while bathing with chlorinated tap
water. Jo et al.(1990a, 1990b) reported that the
chloroform dose from inhalation and dermal
would be about
showering, based on their experimental results.
This implies that the chloroform body burden
from bathing can be caused by both the
inhalation exposure and dermal absorption. The
presence of the dermal
bathing is supported by Brown et al’'s
report(1984, 1989) of that VOC in diluted water
enter into the body through the skin absorption.

exposures equal during

absorption during

_129_



282 Wan-Kuen Jo and Young-Mee Hwang

On the other hand, Weisel et al.(1992) and
Wallace et al.(1991)'s indication support that the
inhalation exposure can cause chloroform body
burden during bathing. They indicated that VOC
in air enter into the human body through lung
and caused elevated levels of VOC in exhaled
breath. In addition, the present study showed
that the chloroform concentration of bathroom
related with the
corresponding breath concentrations, supporting

air was significantly
that the inhalation exposure is a route for the
corresponding  body burden. Hence, it is
indicated that both the dermal and inhalation
exposures are two expected routes for the
chloroform body burden from  bathing,
the need of further study to
separately confirm the presence of dermal
absorption while bathing.

Figure 1 shows the relationship between the
bathroom breath
concentration following swimming. Even though

suggesting

air and corresponding
the relationship of chloroform concentrations
was significant with p=0.03 and R®=0.47 between
the bathroom air and the corresponding body
burden, the correlation intensity was not strong.
Three explanations are suggested to understand
the weak correlation intensity. The first is that
the sample~size can affect the coefficient and its
significance. The second is the physiological
difference of two subjects on chloroform body
burden. Since the respiration rate, and other
parameters such as cardiac output, volume of
tissue groups, and blood volume are different
between the subjects, some variations can be
expected in breath concentrations for similar
exposure situations. Last one is that bathing
parameters such as the bathroom ventilation and
the activity of bathing individuals were not
which  could
bathroom air concentration and then, water

controlled, influence on the

concentrations.

Based on the resulting chloroform body
burden from bathing observed in this study, it
is indicated that people who drink the purified
commercial water, instead of chlorinated tap
water, not to be exposed to carcinogenic
should not take bathing using
chloroform-contaminated tap water to minimize

chloroform

the carcinogen exposure. However, because of
high expenses it is not reasonable to take
bathing with the purified commercial water.
Then, we may have two choices to minimize
VOC exposures from bathing with chlorinated
tap water. First, the tap water should be treated
in municipal water treatment plant to contain
minimal chloroform, prior to supplying the tap
water. The other one may be to control the
bathing conditions, such as bathroom ventilation
and bathing duration.

CONCLUSIONS

Bathing with chlorinated tap water results in
chloroform body burden which would be caused
through the possible exposure routes of dermal
and inhalation. The presence of the inhalation
exposure during bathing was supported by the
significant relationship between the bathroom air
post-exposure breath

further study is
recommended to confirm the presence of dermal

and corresponding
concentration. The

exposure by measuring chloroform in the human
body(breath, urine, or blood) of a bathing
individual. With the help of the previous studies
reported that showering using chlorinated tap
water also causes VOC body burden, it is noted
that dermal and inhalation exposures from
bathing and other household water uses in
addition to ingestion should be included when
regulation of chemical contaminants in public
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water supplies is considered.
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