
prcsence ofsmoke detectors in homes in tle United States'

fire deaths and injudes continue to occur

when detecton fail to operate' In fact'

national fire data indicate that smoke

detectors didnt alarm in about 32 percent

offires in homes that had a smoke detector

when the fire generated enough smoke to

have caused it to alarm.'

To reduce the number of such incidents,

the U.S. Consumer Product Safety Com-

mission (CPSC) began the National

Smoke Detector Project' whose goal was to

decrease residential fire deaths by increas-

lLluslrarlon: Phi ippe wei3bskEl



tant things we hoped to
detectors fail to operate
accurately assessing the cause
damaged by fue, smoke, or
to conduct two studies. In
smoke detectors that hadnt
examined how well----or how

from this project was why so many
fires. However, we recognized that

failure is dificult if a detector's been
ion efforts. As a result, we decided

we looked at tie causes of failure in
during fires. ln the other, we

detectors operated in the

procedures and criteria for sam-
we tested more ran one detector

ing the number ofworking detectors.2 One ofthe most impor- What we learned
According to the results of the general population survey an estimated
88 percent of US. households-that is, about 84.5 million homes-had
at least one smoke d€tector at the time ofthe survey. (More recent data
indi@te that 93 percent ofU.S. homes had smoke detectors as of1994.6)
That meant that about 11 million households had no smoke detecton.

Tle mean number of detecton owned by the general population of

detector-owning households was 1.6 per household Gee Table 1).
Fifty-nine percent ofhouseholds with detecto$ had oniy one, while 87
percent had either one or two. About three-quarten ofhouseholds had
at least as many detectors as floon in the dwelling.

|J:ott 72 percent of these detectors were battery-powercd.
Anotier 26 percent were AC-powered, and about 2 percent were a
combination of baftery and AC. About 87 percent of the detectors
were ionization detectors.

Households in which detecton didnt operate duriry a fte had a
mean number of 1,2 detecton per household. A greater percentage of
these homes-81 percent-had only one detector, and a larger per-
centage of the detectors---again, 81 percent-were battery-powered.
Eighty-ni-ne percent of the detectors in homes that had experienced a
fue were ionization detectors, about the same proportion we found in
the general population,

Test results
We conducted the on-site testing to eraluate detector oPerability for
single-station detectors only, not for those connected to ceotal alarm
systems. The procedur€ was the same in both studies.

Without moving the detector, an investigator sprayed it with ar
aerosol that simulated smoke. If the detector sounded, the investiga-
tor pushed the test button. Detectors that responded to both the
aerosol and the pushed button were considered operable. Those that
didnt respond to the test button were considered inoperable. If the
detector didrit respond to the aerosol smoke test, tJre investigator Put
in a new battery or restored AC power, then resprayed it and pushed
the test button.

Among the detecto$ tested in the general population, 75 percent
alarmed in response to the 6rst set ofaerosol spray aod test button tests

and were considered operable. The remaining 25 percent didnt alarm.
In terms ofhouseholds, no detectors responded to the test procedures
in about 20 percent oftl.rose that had detectors. This was true for about
16 million households, more than the 11 million households that had
no detecton at all. Households with incomes of les than $15,000
accounted for a disproportionate share of homes that didrlt have at

least one working detector: These families made up 23 percent of all
households but 33 percent of households without a working detector

By far the most common reason that 25 percent of det€cto$ in tle

general population fajled to alarm druing the screening tests was a

missing or disconnected power source. This was the reason 60 Percent
of the detectors didnt sound (see Table 2). Among households that
had had fires, the power sources of 59 percent of the detecton tiat
failed to alarm were missing or had been disconnected.

When asked why the power to their detectors was missing or had
been disconnected, respondents in the general population were
allowed multiple, open-ended responses. More than one-third ofthose

general population that hadrlt had a fire.

Stufies colducted
The operabfity survey of

fall of 1992, was based on a
tive nuaUurban distdbution

general popuJation, conducted in the
selected to produce a represeota-

a subsample of households oflower

socigeconomic status.3 These
estimate of tle oumber with

werc screened to give us an
without smoke detecto$. We con-

ducted about 1,000 on+ite i ieus, which induded testing the

detectors' ability to operate.
We then conducted the ofdetector performance in actual fues

in 15 randomly selected, mi U.S. cities over 11 months, ending

io February 1993.4'5 A fue included in the study if we believed

that the detector hadnt even though there'd beeo enough
smoke to have caused it to do

We used the same detector
ple collection in both studies,
when more than one was We also included many of the same
questions in borh srudies so results
cou.ld be compared. However,
induded in the fire household

didnt explore some ofthe questions
as frrlly as we did those in the gen-

eral popuJation survey because
get afier a fire would be r.alid.

werent sure that the rcsponses we'd
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We looked at t'lre causes 0f failure
smlke detectors that hadn't operated during fires'

who answered cited nuisance alarms the reason. Fire studY resPon-

dents whose detectors were missing or were asked only if

Thirty-five percent-aknost
id that they had.

Respondents in the general who gave additional reasons

for missing or disconnected Power most commonly cited

maintenance. Generally, they said forgotten to rePlace the bat-

tery but other resPonses also Poi to maintenance issues: 
"never

have a chance to install." Welooked," 
"no batteries in house," 

"

didnt ask those in households that? flres for this level ofresPoose

because we were concerned about i reporturg.

Causes of nuisance alarms
When participants in either studY that the power to their detec-

ton was missing or had been because theyd had a

problem with iq we asked them to what was urong. Those in

the general population, including whose detecto$ had dead bat-

teries, generally said that the went off when theY were

percent of all comPlaints.
sounded continuouslY

they atarmed too often for

unsoecified reasons. Alarms that sounded as a result of steam and

hrrmidity o, .igar.tte smoke were cited much less often, at 10 percent

and 5 percent, rcspectively Some occupants cited multiple problems,

aod some reported the low-battery chirp as a problem'

The respooses ofthose in the fre studywere similar' The rnost corn-

-o. orobl^, *.r" that the detecton alarmed too often, which 40

percent cited, and that they sounded during cookhg, which 30 percent

cited. These households also cited, alb€it inftequendy, alarms to steam

and humidity or to cigarette smoke.

Before testing staned, respondents in the general population were

asked to describe how their detectors had performed in the past' Just

over half said that their detectors had alarmed when there was no fue

When asked why, 80 percent cited cooking and 20 percent cited the

low-battery signal, which most of them apparendy thought was ar

alarm. Complaints about steam and other sources ranked relatively

low, as theldid among the reasons cited for nonfunctional power

Even if their detectors sounded when there was no 6re, occuPaots

didnt alwap respond by disabliry the detector'

Dead batteries
A detector was considered to have a dead battery if it didnt alarm

when tested but did alarm when its old batterywas replaced We found

that about 20 percent of all detecton in the general population that

didnt alarm during the fust smoke test had a dead battery When this

happened, we asked the occupant if they'd heard a low-battery beep or

chirp. More thun oo"-third said that they hadnt'

Amons households in which detecton hadnt operated during fues,

we founJthat about 8 percent of the detectors had dead batteries---a

much smaller percentage than among detectors in the general poplla-

tion that didnt alarm during the fint smoke test Of course, these

detectors had been iovolved in fires, and the effects could have reduced

the number of detecton that responded to the test OccuPants in the

fire studywere also asked iftheyd heard a chirpor beep About 50 per-

cent ofthose who responded said tiat they hadnt'

We found that the Power soruce in battery-powered detectors rn

both studies was more likely than the power source of AC-powered

detectors to be noofuoctional; this meant that the batteries were dead'

missing, or disconnected, or that the AC power had been discon-

nectedNinety-tlree percent ofthe detectors in the general population

at ", Jldot ,t"rrn d*ittg testing aod wele found to have nonfunctional

Dower sources *.re b1n"ry-po*"ttd---? disProPortionate numbe(

Iince 72 percenr ofdetectors in households were battery-powered We

also found that 78 percent ofbattery-powered units in households in

which detectors faiLd to function during an actual fire had no func-

tional power source, compared to 37 percent of AC-powcred units'

Fire daiase at some other location could have increased the percent-

age of inoferable AC units compared to their prefre condition'

they'd had a problem witlr. the detec

the same percentage as ln the generat

cooking. This accounted for about

Twenty-seven percent said that their

when powered, and 21 Percent said
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To cut down on the freqxretlcy with
people disconrLect the power to their detectors to stap nuisance

alnrms, fire saJbty prograttls ftray llav; tu be tailored to indiyiductl households.

Our study results focused the status of the power source as we
initially found it. During however, we restored powel to non-

possible. In the general population,functioning detectors
60 percent of the detecton that didnt alarm initially-which

the detectors in the general popula-accounted for 15 percent of
tion-did so after power was About 35 percent of al1 the
detectors in households in whi detectors didnt operare during fires
did operate after power was Ofcourse, the effects ofthe fue
codd have reduced the
procedure.

of detectors that responded to this

Sample analpes
After testing the detectors, we 155 that failed from the gen-
eral population suwey and that failed from the 6re srudy to
evaluate in the CPSC Laboratory Most ofthem failed to
pass the aerosol spray or push tests, while othen lacked a firnc-

their oryners had disconnectedtional power soruce, either
them to stop nuisance alarms because they had let the batteries die.

reasons. The test procedwe included
the Underwriters Laboratories (UL)

Some were collecred for
five performance tests based
staodard, induding the UL iviw test.7

Among the failed detecton ftorn the general population,
about 28 percent actually functi properly when tested in the lab-
oratory (see Table 3). One reason for their apparent recovery

time, a detectort horn can corrode in a residential environmeot. In
some cases, function can be restored by slight movement, such as the
handling and shipping that occuned during coll€ction. Manufactwen
report that routine testing may also have this effect.

Another 15 percent of the detecton also functioned when tested in
the laboratory These 33 detectors may, in fact, have functioned while
they were still installed in the households, but we collected them so we
could evaluate nuisance alarms. All but on€ of these detectors were
ionization detectors, a higher proportion than their presence in the
population would indicate.

Three factors seemed to contribute to the nuisance problem. First.
many ofthe detectors had been installed within 10 feet of r}e source
of the problem, which was generally cooking. Others hadnt been
maintained, as rwealed by excessive debds and insect infestations
inside them. And finally, we found that sensitivity in more than half
of the detectors we collected was high enough to lead to nuisance
alarm problems.

We also found that about 36 percent of the det€ctors collected from
the general population had malfunctioning components. These detec-
tors exhibited a rariety of problems, including failed capacitors and
resistors, inoperable light sources, damaged horns and circuit boards,
and loose or missing battery terminals. Deteriorated pads on the horn
contacts were the most signficant coslponent problem, found in both
battery-powered and AC units.

About 11 percent ofthe collected detecton alarmed continuously in
tle laboratory and we couldnt determine why.

Not surprisingly, we found that waluating the detectors collected in
the fire households was complicated by the effects of 6re, and some
couldnt be tested due to 6re or suppression darnage. As in the detectors
collected ftom the general population, many of those that leportedly
didnl work in the home-39 percenr----actually dld pass the testing
procedure in the laboratory Another 17 percent that we collected to
explore the causes ofnuisance alarms also operated in the labontory

We were able to identify specific component failures in a smaller
proportion of samples in the fue stud516 percent-than we were in
the geoeral population study, To some extent, this difference might be
due to the e$ects offire, which prevented restoration offunction. As
in the general study, component problems included malfunctioning
horn elements,loose wires and connections, and detedorated test but-
ton contacts.

About 10 percent of the detectors we collected in the fue study
alarmed continuously in the laboratory a result sirnilar to that found in
detecton collected ftom the general population. We thid< that some of
these were affected by soot or smoke from the firc.

Where do we go fron here?
The causes of many smoke detectors' inability to operate in the gen-
eral population and in tiese fire households are generally similar, and

is that debris in the detectors
reached the lab. Another reason

had shaken loose by the time they
isbt have been horn conosion. Over
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By far the mosl comnlon reasott

that 25 of detectors in the general population failed
ta alarm during screening tests was a missing or dlsconnected pTwer s7urce'

obserrable differences were primarily a of gradation. Although

tie fue households we studied may not all fire households,

rhey nonetheless represent tle households are at greater risk offire

casualities than those that have operating These results indi-

cate that efforts to reach high-risk should include the

same messages as those aimed at the

additional features.
popu.lation----and some

For er<ample, these studies indicate high-risk households may

not have enough smoke detectors. Fire programs should begin

paying attention ro the number of needed to achieve the rec-

ommended cover4ge, rather than being with one detector Per
dwelling. The high proportion of that actually had a fire

and had onJy one detector supports thls If such households

have only one detector and it inoperative, they have

absolutely no detector coverage. Results the general population
a household had, thesurvey found that the more smoke

greater the likelihood that one of them
For iostance, a recent

Dakota, found that almost hdf the
around Aberdeen, South
detectors in tie 80 house-

holds studied were inoperable.s In 86

disconnected or their batteries had
of the cases, they'd been

remolrcd because theY'd

sounded nuisance alarms, apparendy in ioo to high-temPerature

cooking Most ofthe detectors in these were ionization detectors,
ion detectors involved in

nuisance alarms in CPSCT general study supports the fird-
ing that ionization detectors ale sensitive cooking. In this situation,

greater use of photoelectric detectors
nuisance alarms.

be effective in reducing

To cut down on the ftequeocY with

power to tleir d€tectors to stoP nuisance
people disconnect the
community fue safety

programs may have to be ailored to i households. This could

take the form of moving the det€ctors,
with dift'erent t1pes.

or replacing them

It's widely recognized that detector suffers when con-

sumers hale to rePlace the detectors' ies themselves. In both

CPSC studies, we found that AC detectors were more fre-

quently operable. Since most older havent been retrofitted

with AC detectors, installing detectorswith 10-year batteries or

hstalliog 107ear batteries io existing
the level ofdetector operabfitY

may gready increase

This increase will occut primarily in segmeot of detecto$ that
they'd 6een disabled. Such
3CtOrS rn the gen€ral PoPu-

lation and 35 percent of the detectors didnt function during a

fire. Since detecto$ with 1o-Year can still be disabled, prob-

lems with nuisance alarms will still the effectiveness of this

tlat can temporarily stop nuisance alarms have been incorporated

into 10-year detectors-
In view ofthese findings, a multifaceted approach is aPProPdate for

community organizations concemed with fre safety. Among other

things, they should support the trend toward requiring AC detectors

with battery back-up in new installations. They should also install 10-

year bafteries as replacements in existing detectors and Provide new

units with 10-year batteries. Any household that hasrlt achiev'ed the

recommended level of detector coverage should be included in give-

away programs, and consumers should be told how to care for their

detectors. Finally, such organizations should be prepared to provide

people with altematives, such as moving the detector or installing a

photoelectric detector, when they need help dealing with nuisance

alarms. None of these approaches is a radical deparnue ftom current

practice. Wheo taken together, howeve! they hold promise for iocre-

mental impto!rcments in the long-term operability of smoke detectors

in US. households. *l

'The opinion" apressed b1 lhc authors don't necesaii rErescnt rhe views ofthe

CPSC. Data wm rottected on 273 denctm in 263fre howeholds.llthaugl
retults, such as tbe nu ler afdtkctort, nal not be re?resentathte afallfre

houeholds, they nonetbeles represent tbe segment offre houteholds at increased

rhk afflre usualtiet.
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dy of a Native American PoPul

and the disproponionate number of

^didn'r work when initially tested beca
'etectors constituted 15 percent of alJ

strategy. To keep people from batteries, silence buttons
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