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The potential health risks associated with the use of tap water in
ultrasonic and ‘warm mist' humidifiers are assessed relative to the risks
of normal household exposures to tap water contaminants and constituents.
This assessment predicts that, except for certain situations involving
lung-toxic nonvolatile contaminants, ultrasonic humidifiers do not
represent a significant source of exposures relative to general household
ingestion and inhalation exposures. For Rhode Island commmnity water
systems in particular, and for public water supplies in general, use of tap
water in humidifiers appears to be safe.

INTRODUCTTON

The use of mmidifiers to regulate humidity is a common practice during
those months when heating of commercial and residential buildings causes
drying of the indoor air. The risks of humidifiers regarding the production
of bacteria, molds, and other allergens are well established (1,2). There
has been concern recently that ultrasonic humidifiers, in particular,
produceharmfulaemsolseontajmmtmucaqentsarﬁwrcimgas However,
these risks are less clear.

The use of distilled, demineralized water for hmidifiers has been
strongly advocated by the U.S. Consumer Product Safety Commission (2). This
recommendation, however, does not appear to account for inhalation exposures
to tap water contaminants associated with general household activities.
This study assesses exposures to aerosols generated by ‘'warm mist' and
ultrasonic humidifiers in relation to general household ingestion and
inhalation exposures. The relative risks of 'warm-mist' and ultrasonic
humidifiers using tap water are then assessed.

MATERTALS AND METHODS

For purposes of this analysis, exposures are assessed separately for
the following categories: ingestion of tap water; inhalation of wolatile
tap water contaminants in showering, bathing, and other general household
activities; inhalation of aerosols generated by ultrasonic humidifiers; and
inhalation of wolatile tap water contaminants released by 'warm mist'
humidifiers. ‘The category "general household exposures" includes both
ingestion exposures and inhalation exposures due to general household
activities. Both ingestion and inhalation exposures are expressed as liters



of tap water per day; for ingestion exposures, this represents the volume of
tap water actually consumed, while for inhalation exposures, this represents
the volume of consumption equivalent to the pulmonary exposure. Humidifier
inhalation risks are assessed for two exposure scenarios, humidifiers vented
to the entire house (whole house) and humidifiers used in an enclosed room
(enclosed bedroom).

It is assumed that only ultrasonic humidifiers will aercsolize metals,
minerals, and other nonvolatile contaminants and naturally-cccurring tap
water constituents. The inhalation risks for these nonvolatile agents are
therefore assumed to be negligible for general household activities and
'warm mist' humidifiers.

The exposure assessments are calculated as follows:

Ingestion exposures. ~For metals, mmerals and other nonvolatiles an
average daily consumption of 2 htersperday (L/day) is assumed based on
total tap water consumption for the U.S. population (3). For radon,
volatile organic compounds, and other volatile agents (Rn/VOCs), water used
in cocking and prepared beverages is assumed to contribute little to the
ingestion exposures due to volatilization. Therefore, exposure to Rn/VOCs
is based on the average direct tap water ingestion rates for the U.S. of
about 1 L/day (4). It is expected that some Rn/VOCs in this 1 L/day may be
lost due to use of tap aerators and volatilization losses while drinking.

lati : ! iti An average
rmsehold occupancy rat:e of 75%, an inha.latlon rate of 20, 000 L/day, and a
transfer coefficient of 1:10,000 for Rn/VOCs (i.e., the indoor air
conoentratimswnlunreasebylmltfareachloommltsfmnﬂmwater)
are assumed. This transfer coefficient is based on data for radon. The
VOCs used as examples in this analysis have similar physical properties as
radon and thus are assumed to have similar transfer coefficients (3,5,6).

1 DO i i . It is assumed
that 100% of the volatile a:nd nonvolatile contaminants and constituents in
the source tap water are volatilized and/or aerosolized. Exposures are
given as a daily average during the heating season. For chronic health
risks such as cancer, it is assumed that humidifiers are used for 6
months/year, reducing the exposure estimates by a factor of 2. For whole
house exposures, the use of one humidifier with a use rate of 10 L/day of
tap water, an average house volume of 100,000 liters of air per person, an
average air exchange rate of 0.5 exchanges per hour, and an average
household size of 2.7 are assumed, yielding a transfer coefficient of
1:324,000 (7,8). An inhalation rate of 20,000 L/day and an occupancy rate
of 75% are also assumed. For enclosed bedroom exposures, it is assumed that
the humidifier use rate is 10 L/day, the room volume is approximately 20,000
liters (3mx27mx25m), qxposuesoocurforatmxrsperday(ﬁ%
occupancy; i.e., humidifier used only at night), the air exchange rate is 12

per day, and the inhalation rate is 11,000 L/day, corresponding to
rest (7,9).

Inhalation exposures due to 'warm mist' humidifiers. As 100% of the
Rn/VOCs in the source tap water are assumed to volatilize, daily pulmonary
exposures to these agents under whole house and enclosed bedroam conditions
are expected to be equal to the respective exposures calculated for
ultrasonic humidifiers.

The risk assessments are calculated as follows:

General household exposures by ingestion and inhalation are combined




to yield general household total risk for each agent. A reasonable worst
case risk due to ultrasonic humidifiers is calculated for each agent by
combining enclosed bedroom exposures (for nighttime exposure) with two-
thirds of whole house exposures (for daytime exposure). For each agent,
the total relative risk is calculated by summing the products of the
appropriate relative inhalation and/or ingestion exposure and respective
cancer potency factor and the conversion factors 70 kg for average weight,
20,000 L/day for average inhalation rate, and 0.5 for ultrasonic humidifier
cancer risk (see above), as appropriate.

\
RESULIS AND DISCUSSTON

Table 1 indicates that exposures to Rn/VOCs are predicted to be
identical for ultrasonic and 'warm mist' humidifiers, and that exposures to
metals, minerals, axﬂmnvolatlleagentsmtapwateraxepredlctedtohe
51gn.1.f1cantly hlgher for ultrasonic humidifiers.

Table 1. Relative inhalation and ingestion exposures to drinking water

contaminants.
General house- Ultrasonic 'Warm mist'
hold exposure humidifier hunidifier

Whole Closed Whole Closed

Ingest Inhale house bedroam house  bedroom
Contaminant (Iyday) (L/day) (Lyday) (L/day) (Lyday) (L/day)
Rn/VOCs 1.0 1.5 0.05 0.16 0.05 0.16
Metals/minerals 2.0 n* 0.05 0.16 n n

* n = negligible.

By contrast, total (direct ingestion and indirect inhalation) general
household exposures are predicted to be almost 15-fold greater for Rn/VOCs
and almost 12-fold greater for nonvolatiles than exposures calculated for
humidifiers. In general, then, humidifier exposures are not expected to be
a significant addition to background general household exposures.

However, many agents are "specific lung toxins or appear to exhibit
greater toxicity through pulmonary versus oral exposures (e.g., radon,
chromium (VI), nickel, cadmium, asbestos, methylene chloride, chloroform).
For these types of agents, inhalation exposures may pose a significant
potential risk, and ultrasonic humidifiers may represent an important source
for such exposures.

For volatile agents such as radon, chloroform, and methylene chloride,
general household total risks of such sensitive chronic endpoints as cancer
are still predicted to be 15-fold greater than the risks for ultrasonic
humidifiers under reasonable worst case conditions (Table 2). The risks due
to ultrasonic and 'warm mist' humidifiers are predicted to be equivalent.
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Table 2. Risks of cancer by inhalation and ingestion of agents with lung-
specific toxicity.

Inhalation Ingestion General Ultrasonic
cancer

cancer household hmidifier

po potenc{ total worst case
Agent factoix factor- risk? risk?
Radon 0.00018 na* 13 0.84
Chloroform 0.081 0.0061 1.8 0.11
Methylene chloride 0.014 0.0075 0.41 0.019
Asbestos 0.00023 na ... nx¥ 0.0011
Chromium (VI) e 41 n B n 56

1 ynits for radon are (Bq/m°)™}, for asbestos are (£/L)"1, and for
chromium, chloroform, and methylene chloride are (mg/kg/day)™L; Ref 3;

2 see text for definitions; units for radon are risk x 10%/Bg/m>, for
asbestos are risk x 106/f/L, and for chromium, chloroform, and methylene
chloride are risk x 108/ug/L;

* na = not available, assumed to be negligible compared to inhalation;

** n = negligible.

For nonvolatile lung toxins such as asbestos and chromium (VI),
however, general household total cancer vrisks are predicted to be
significantly lower than the risks predicted for ultrasonic humidifiers.
These types of agents represent the greatest potential health risks specific
to ultrasonic humidifiers.

In order to put these potential risks into perspective, Table 3
compares predicted lifetime cancer risks for these agents at three tap water
concentrations: the respective drinking water maximum contaminant level
(MCL) or proposed MCL; the highest concentrations of these agents detected
in Rhode Island commmity public water systems (1986-~present); and the
concentrations of these agents found in the Scituate Reservoir (1986-
present), which provides drinking water to 60% of Rhode Island.

General household exposures to tap water containing radon or
chloroform at the MCL will result in lifetime cancer risks significantly

. greater than 1074, The use of ultrasonic humidifiers under reasonable worst

case conditions is predicted to exceed the 1076 lifetime cancer risk level
at the MCL oconcentrations for radon, ashestos, chromium (VI), and
chloroform. However, in none of these cases do ultrasonic humidifiers
represent a significant specific solrce of risk to users of commmity public
water in Rhode Island. Chromium and asbestos are not known to be present in
detectable concentrations in Rhode Island commnity water systems. In
addition, although high absolute risks are predicted for radon and
chloroform for ultrasonic humidifiers using worst \case Rhode Island
commmity water sources, these risks are small compared to the risks from
general household exposures to these same tap waters.

In sumary, except for nonvolatile lung-specific toxic agents, if tap
water is safe to drink, it can be safely used in ultrasonic humidifiers.
The lung-specific risks of such nonvolatiles as asbestos and chromium are
theoretically significant for the use of ultrasonic humidifiers under
reasonable worst case conditions even at concentrations somewhat below the
current or proposed drinking water MCIs for these agents. However, typical
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Rhode Island tap water has nondetectable or very low concentrations of such
nonvolatile lung toxins as chromium, nickel, and cadmium, so that’ in
practice the use of this tap water in ultrasonic humidifiers appears to be
safe. - 3

Concentration General Ultxrasonic
household humidifier

Agent type level total risk! - worst case riskl-

i
Radon Mc12 - 20,000 Bg/m> 260 uE 17
wed 1.2 x 106 By/m3 16000 < 1000
sr4 ND ‘ — —
Chloroform ML 100 ug/L 180 11
we 68 ug/L 120 7.8
SR 6 ug/L 11 0.68
Methylene MCL 5 ug/L 2 0.1
chloride we 1 ug/L 0.41 0.02
SR ND -_— —
Asbestos ML 7.0 x 108 £/1, — 7700
we * — =
SR * = e
Chromium (VI) MCL 50 ug/L — 2800
we <5 ug/L — < 280
SR ND — —

1 see text for definitions; units are risk x 106; correction for aspect
ratio of asbestos and speciation of chromium not performed;
MCL = current maximum contaminant level for drinking water for chromium
(NIPDWR) and chloroform (THM), proposed level for asbestos and methylene
chloride, and an intermediate proposed level for radon; Ref 3;

3 wc = highest concentration found in a Rhode Island commmity public water
system, 1986-present; chromium risk based on limit of detection; Ref 10;

4 SR = concentration detected in the Scituate Reservoir-supplied water
systems in Rhode Island; Ref 10; e

ND = none detected; * = no-data available.

CONCLUSIONS AND RECUMMENDATTIONS

The potential inhalation exposures to drinking water contaminants and
their ensuing risks have been documented by several research groups (6,11).
The results of this analysis are in general agreement with past studies,
with the exception that, under certain situations, ultrasonic humidifiers
should be considered separately as a significant source of exposure to some
lung-toxic nonvolatile tap water contaminants. Although ‘warm mist'
humidifiers pose no significant risk of exposure to chemical tap water
contaminants, they have a greater propensity for biclogical contamination.
Consequently, wunless tap water is contaminated with significant




concentrations of certain key nonvolatile agents, ultrasonic humidifiers may
present a safer alternative. In addition, in view of the analysis for
typical Rhode Island public drinking water, the Consumer Product Safety
Commission's recommendation that deionized, demineralized water be used in
hunidifiers does not appear to be warranted. However, private well owners
should test their well water for these agents.

The results of this analysis have important implications for officials
responsible for evaluating the safety of drinking water. Typically, the
assessment of drinking water safety relies upon EPA MCIs and Health
Advisories (HAs), which are based on ingestion risks alone. EPA also
provides inhalation reference doses and cancer potencies for assessing
inhalation exposures. Because these two types of guidance are developed
independently, problems may arise when assessing multi-route exposures to a
given agent. The evaluation of combined ingestion and inhalation risks of
drinking water contaminants, for example, can result in the counter-
intuitive conclusion that a water supply is safe to drink but poses
unacceptable hazards for such household uses as bathing and laundry. Until
the miltiple components that comprise such an assessment are integrated,
this type of :uwonsmte.ncy will persist. ..,
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