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'llle potential health risks associated with the use of tap water in 
.ultrasonic and •warm mist' humidifiers are assessed relative to the risks 
of J10Dlial household exposures to tap water contaminants and constituents. 
'lhis assessment predicts that, except for certain situations involvjnq 
lung-toxic TQ'lVOlatile oontmninants, ultrasonic humidifiers do not 
represent a significant source of exposures relative to general household 
ingestion and inhalation exposures. For Bhode Island oommuni ty water 
systems in particular, and for public water m.wlles in general, use of tap 
water in humidifiers ~ to be safe. 

'llle use of humidifiers to regulate humidity is a common practice during 
those nxmths when heating of c:amercial and residential Wildings causes 
drying of the indoor air. 'llle risks of humidifiers regarding the procbx::tion 
of bacteria, l!Dlds, and other allergens are well established (1,2). 'Ihete 
has been oonoern recently that ultrasonic humidifiers, in particular, 
pro&r.e hannful aerosols containing toxic agents am carcinogens. However, 
these risks are less clear. 

'llle use of distilled, demineralized
1 

water fo~ humidifiers has been 
strongly advocated by the u.s. consuner 'Product Safety O::mmission (2). '!his 
reco:nmematian, huwever, does not appear to aooount for inhalation exposures 
to tap water ccntaminants associated with general "household activities. 
'lhis study assesses exposures to aerosols generated by 'warm mist' and 
ultrasonic humidifiers .in ·relation to general household ingestion and 
inhalation exposures. 'llle relative risks .. .of •warm . .;-mi.st' and ultrasonic 
humidifiers using tap water m:e then assessed. 

For ?IIJlOSES of this analysis, exposures are assessed separately for 
the following categories: ingestion of tap water; inhalation of volatile 
tap water CX11'ltaminants in sb:Jwering I bathing I and other general household 
activities; inhalation of aerosols gene.rated by ultrasonic humidifiers; and 
inhalation of volatile tap water contaminants released by 'w.u:m mist' 
humidifiers. 'lbe category "general. household exposures" incltXtes both 
ingestion exposures and inhalation exposures due to general houseb:>ld 
activities. Both :ingesticn and inhalation exposures are expressed as liters 
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of tap water per day; for .iJ'lgestion exposures, this represents the volune o.f 
tap water actually consumed, while for inhalation exp.:lSUl."eS, this represents 
the volurre of consumption equivalent to the p.ll.m:mary exposure. Hllmidifier 
inhalation risks are assessed for boo exposure scenarios, humidifiers vented 
to the entire l¥:>use (whole oouse) and humidifiers used in an enclosed roam 
(eoolosed bedroom). 

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

'lbe exposure assessments are calculated as folla.s: 
... . , ... 

Ingestion exr;;osures . . ··For metals, minerals, and other nonvolatiles an 
average daily cxmsumption of 2 liters per day (Ljday) is assumed based on 
total tap water cx:.msumption for the U.S. population (3). For radon, 
volatile organic CXlltiX>lll'lds, and other volatile agents (Rn/VOCS), water used 
in cooking and prepared. beverages is assumed to contrib.rt:e little to the 
ingestion exposures due to .volatilization. 'Ihe.refore, exposure to Rn/VOCS 
is based on the average direct . tap water ingestion rates for the U. s. of 
about 1 I.lday ( 4 ) • ·· It is expected that SOll1e RnjVOCs in this 1 L/day may be 
lost due to use of tap aerators and volatilization losses while drinking. 

Inha1ation exposures due to general household activities. An average 
household oocupanoy rate of 75%, an inhalation rate of 20, 000 L/day, and a 
transfer coefficient of 1:10,000 for Rn/VOCS (i.e., the indoor air 
concentrations will increase by 1 unit for each 10,000 units found in water) 
are assuned. 'lbis transfer coefficient is based on data 1'.or radon. 'llle 
voes used as examples .in this analysis have similar physical properties as 
radon and thus are assumed to have similar transfer coefficients ( 3 , 5, 6) • 

lnhaJ.ation exposures due to ultrasonic humidifiers. It is assumed 
that 100% of the volatile and nonvolatile contaminants and constituents in 
the source tap water are volatilized and/or aerosolized. Exposures are 
given as a daily average durin;J the beating season. For chronic health 
risks such as cancer, it is assumed that humidifiers are used for 6 
rontllsjyear / reducing the exposure estimates by a factor of 2. For "1hole 
house exposures, the use of one humidifier with a use rate of 10 Ilday of 
tap water, an average house volume of 100,000 liters of air per person, an 
average air exchange rate of o. 5 exchanges per rour, and an average 
household size of 2. 7 are assumed, yielding a transfer coefficient of 
1: 324, ooo (7, a) . An inhalation rate of 20, ooo llday and an occupancy rate 
of 75% are also assurred. For enclosed bedroom exposures, it is assuned that 
the humidifier use rate is 10 Ljday, the room volune is appraximately 20,000 
liters (3 m x 2. 7 m x 2.5 m), ljXPOSUreS occur for 8 oours per day (35% 
cx:cupancy; i.e., humidifier used only at night), the air exchange rate is 12 
exchanges per day, and the inhalation rate is 11, 000 Ljday, corresponding to 
rest (7,9). 

Inha.lation exposures due to 'warm mist' humidifi:ers. As 100% of the 
Rn/VOCS in the source tap water are assumed to volatilize, daily pulllDMrY 
exposures to these agents llOOer whole house and enclosed bedroom conditions 
are expected to be equal to the respective exp.:l6Ul."eS calculated for 
ultrasonic humidifiers. 

'llle risk assessnents are calculated as follows: 

General oousehold exposures by ingestion and inhalation are combined 
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to yield general household total risk for each agent. A reasonable worst 
case risk due to ultrasonic humidifiers is calculated for each agent by 
oambininq erdosed bedroom exposures (for nighttil!e exposure) with two­
thixds of whole house exposures (for daytilne exp:sure). For each agent, 
the total. relative risk is calculated by SUll1D.i.rv; the prodllct.s of the 
appropriate relative inhalation and/or ingestion exp:sure and :respective 
cancer potency factor and the conversion factors 70 kg for average weight, 
20,000 4fday for average inhalation rate, and 0.5 for ultrasonic humidifier 
cancer risk (see above) 1 as a~priate. 

\. 

RESJIJIS AND DISClmlClf 

Table l indicates that ~ to RnjVOCs are predicted to be 
identical for ultrasonic and 'warm mist' humidifiers, and that exposures to 
netals, minerals, and nonvolatile agents in tap water are predicted to be 
significantly higher for ultrasonic humidifiers. 

Table l. Relative inhalati6n and ingestion exposures to drinking water 
coriPnni nants. 

Contaminant 

RnjVOCs 
Metalsjmi.nerals 

* n = negligible. 

General house­
hold exposure 

In;Jest Inhale 
(I./day) (I./day) 

1.0 1.5 
2.0 n* 

Ultrasonic 
humidifier 

Whole Closed 
house bedroom 
(I./day) (I./day) 

0.05 0.16 
0.05 0.16 

_, . 
.. . .. 

'Wann mist' · 
humidifier 

Whole Closed 
house bedroan 
(I./daY) (I./day) 

0.05 0.16 
n n 

By contrast, total (direct :ingestion and indirect inhalation) general 
household exposures are predicted to be 'allrost 15-fold greater for RnfVOCs 
and alnost 12-fold greater for oonvolatiles than exposures calculated for 
humidifiers. In general, 1;hen, humidifier exposures are not e>epec:ted to be 
a significant aa:lition to~ general household ~-

;.' .. • !~ . . . 'Z 

However, many agents ·.are ~specilic lung toxins or appear to exhibit 
greater toxicity through pulJD::inary versus oral exposures (e.g., radon, 
chromium (VI), nickel, cadmium, asbest.cs, nethylene chloride, chloroform). 
For these types of agents, inhalation exposures may p:l5e a significant 
p::>tential risk, and ultrasonic humidifiers may represent an :important source 
for such exposures. 

For volatile agents such as radon, chloroform, and nethylene 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 oonditions (Table 2). 'llle risks due 
to ultrasonic and 'wam mist' humidifi ers am 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 humidifier 

r~ r= total 'NOrst case 
Agent risk2 risk2 

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 b ·~!'· • • n** 0.0011 
Chromium (VI) · ·41 n n 56 

1 units for radon are (B::J1m3)-1, far asbestos are (f/L)-1, and for 
chromhun, chl.orofonn, and nethylene chloride are (m:JjkgLday)-1 ; Ref 3; 

2 see text for definitions; units "for radon are. risk x 10°;aiim3, for 
asbestos are risk x 106 /f/L, and for chromium, chloroform, and methylene 
chloride are risk x 106 /uf:JJL; . · 

* na = not available, assuiood-to l:ie negligible compared to inhalation; 
** n = negligible. 

For nonvolatile lung toxins such as asbestos and chromium (VI), 
~ver, general household total cancer risks are predicted to be 
significantly lc:Mer than the risks predicted for ultrasonic humidifiers. 
'Il1ese ~ of agents represent the greatest pot.e.ntial health risks specific 
to ultrasonic humidifiers. 

In order to put these pot:ential risks into perspect:i, ve, Table 3 
conpares predicted lifetime cancer risks for these agents at three tap water 
concentrations: the respective drinking water maxiJllum contaminant level 
(M:L) or proposed t-e:,; the highest concentrations of t.hese agents detected 
in Rhode Island cxmmamity 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 ll:>usehold . expo;mres to tap water containinq radon or 
chloroform at the M:L will result in lifetime cancer risks significantly 

· greater than 10-4. 'lhe use of ultrasonic humidifiers under reasonable 'NOrst 
case oonditions is predicted to exceed the 10-6 lifetime cancer risk level 
at the ?CL cx:incentrations for radon, asbestos, chrami.um (VI), and 
Chlorofonn. However, in none of these cases do ultrasonic humidifiers 
represent a significant specific so&roe of risk to users of caimami.ty public 
water in Rhode Island. Cbrom.ium and asbestos are oot krlc:Ml to be present in ·~ 1 
detectable concentrations in Rhode .Island OOimllllti.ty water systems. In ~. , 
addition, although high absolute risks are predicted for radon and 
Chloroform for ultrasonic humidifiers using 'NOrst · case Rhode :rsiard 
oc:mmn.mity water sources, these risks are small CCDlp;lred to the risks from 
general. household exp:sures to these saDe tap waters. 

In summary, except for nonvolatile lung~ic toxic agents, if tap 
water is safe to drink, it can be safely used in ultrasonic humidifieJ:s. 
'lhe lung-specific risks of such nonvolatiles as asbestos and chromium are 
theoretically significant for the use of ultrasonic humidifiers under 
reasonable i.urst case conditions even at concentrations somewhat below the 
current or proposed drinking water M:Is for these agents. HoWever, typical 
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Rhode Island tap wat.er has nondete.ctable or very low oonc:entrations of sl.dl 
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. 

Table 3. Estimated lifetime caricer risks for exposures to agents with l.ung­
specific tox:i.citv at u. s. EPA Maxi.mn Contaminant I..eyels and at 
levet5 found in Rhode Island public water suooJ.ies. 

\ - . 

Gervaral Ul:trasatlc 
household humidifier · ·.· 

1\gent type leve1 total riskl · \«>rst case risk1"' : 

' Radon K:!L2 20,000 ~ - 260 ·'·- · 17 
• l;C3 1. 2 x 106 ai!m3 16000 " 1000 

SR4 ND -
all.orof orm K:!L 100 ugjL 180 ll 

WC 68 ug/L 120 7.8 
SR 6 ugjL ll 0.68 

Methylene K:!L 5 ugjL 2 0.1 
chloride WC 1 ug/L 0.41 0.02 

SR ND 

Asbestos K:!L 7.0 x 106 f/L 7700 
'WC * 
SR * 

Cllramium (VI) !CL 50 ugjL 2800 
WC < 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 chramium not ·perfonted; 

2 M::L = current max:ilrum' contaminant level· for ' c1d.nk.ing water ·for chromium 
(NTIU-2R) and chloroform ('ll:IM), prop:>Sed level for asbestos and nethylene 
ci)J.oride, and an intemediate proposed level for radon; Ref 3; 

3 we= highest concentration found in a Rhode Island ocmmmity p..lblic water 
·system, 1986-present; chromium risk based on limit of detection; Ref 10; 

4 SR :: conoentra:tion detected in the scituate Reservoir-supplied water 
systems in Rhode Islapd; Ref 10; · :'.··· - , .:;-

ND = none detected; * ;:. ob-·data available. 

.;_: .. · 
CXH:USI<H> AND REXXHIENllATIOOS 

'Ihe potential inhalation exposures to drinking water contaminants and 
their ensuing risks have been docun-ented by several research groups ( 6, ll) • 
'Ihe results of this analysis are in general agreenent with past studies, 
with the exception that, ~ certain situations, ultrasonic .tumri.difiers 
should be considered separately as a significant source of exposure to soma 
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 biOlogical contamination. 
consequently, unless tap water is contaminated with significant 
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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 Consuner Product safety 
Commission's recommendation that deionized, demineralized water be used in 
humidifiers does not appear to be warranted. However, private well owners 
should test their well water for these agents. 

'Il1e :results of this analysis have illlportant inplications for officials 
:responsible for evaluating the safety of drinking water. Typically, the 
assessnent of drinking water safety relies upon EPA lCI.s 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. 'Il1e 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 multiple components that comprise such an assesSDEnt are integrated, 
this type of inconsistency will persist. ~. · ··· ·., 

· -•,: • 
· .. 
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