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INTRODUCTION

THERE wERE ?0,624 unwanted fires in Canada in 1988' of which 3l'752

were residential ñres. The monetary was

$¿¿Z tittion [1], an uu"rug" of $t3,900 s mi'

nor to medium, houses arãrefurbished .r d 4 itute

ià, n *"*r, in construction, National Research council of canada re-

ceived several inquiries from residents of refurbished houses regarding

oãoun and ill-heålth suspected to be due to the presence of combustion
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oroducts. One house was treated rv

iractor before refurbishing' In +"h

chemicals, causing decomPosition

;;;-;;" ;"spectJd ; r# subsequent ill-health of the residents'

Little information is available on after a

'rol, comP for the

,er*.ion to s PaPer

from the literature' a laborat'orY

hed houses after a fire'

EXPERIMENTAL

Fire ExPeriments

in a 1'73 m' cubical box coh-

rds (12 mm thick' densitY 0'85

smothered bY closing the oPening'

relative humiditY at22"C) gener-

y controiler was suPPlied

usted through an oPening

hange/hour)' fn the

Procedure was fol-
exPeriment, mixed

racrylate, polystyrene in approxr-

rnately 2.5 kg each) was bu¡ned and 50Vo RH air was supplied'

Analysis of Air

A known volume of the exhaust ai Ër;;]tit
:ffiii'åjï#,:î ;3#:î*::i:': ;'ffiÄ
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into a flame ionization detector (FID) for monitoring purpose at dif-
ferent times. The latter of the two was used for quantification of the
total volatile organic compounds (TVOC). The remaining92?o flow was

introduced into the gas chromatograph separation column of a Hewlett
Fackard Model 5995 gas chromatograph/mass spectrometer (GC/MS).

The column was a methyl-silicone bonded phase glass capillary,25 m x
0.2 mm i.d. The desorbed compounds were cryofocused on the begin-
ning of the GC column at -50"C. The oven temperature was pro-
grammed from -50'C to 250'C at an increasing rate of 10'C/min for
GC separation. Inorganic compounds were not measured.

Major components in the GC effiuent were identified by the MS using
a spectra library and search program supplied by the manufacturer of
the instrument. All the identifications were confrrmed by comparing
the sample spectra and the reference spectra. To measure concentra-
tions of organic compound in sample gases, the response factor of the
FID, f in counU¡rg, was determined using known volumes of cylindered
cyclohexane/helium mixture (Matheson certiûed standard 607 ppm
cyclohexane) as:

f = ct/vt/c' (1)

where

cs = FID count for a known volume of standard cyclohexane/helium
V¡ = volume of the standard cyclohexane/helium in m3

G = concentration of the standard cyclohexane/helium in ¡rglm'

The TVOC, T in pglm', was then calculated as:

T = clf/V Q)

where

c = FID count for an air sample
V = volume of the air sample taken into the tube in m'

Concentration of an organic component is then

C=TxA/A (3)
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where

,4 = total area under peaks in the chromatogram in ion count of

MS
A¡ = ãtêà under a peak of interest in ion count of MS

C : concentration of the interested component in ¡rglm'

Field Study

Five refurbished buitdings-three houses, a senior citizens'home a

an office building-were visited and room air was sampled using t

same type of sorftion tubes. These buildings had been cleaned and

furbished after ã fire and were occupied. The collected samples w,

analyzed in the laboratory using the procedure described above.

RESUL'TI AND DISCUSSION

Experimental Box Fires

concentrations of orgarric components in the air in the box decal

with time. Measured concentrations and days after the fire were sì

jected to a regression analysis. The following equation had the b

linear correlation:

log C = tog C" - a x logd

where C is the concentration in v/v of an organic component measu:

on days, d, after the frre and Q, is the initial (24 hours after fire) conc,

tration. The constant, o, is the decay constant'
Identified compounds, their regression constants and correlation f

tors, r, are shown in Tlrbles l(a-c) in the order of their boiling poin

In the SOVoR[air experiments, the logarithm of concentration cor

lated well with the logarithm of days after the fire according to Eq'

tion (4). In the dry air experiment on wood, however, the results w,

more erratic and the decay was slower than in the 507o RH experimr

by a factor of 2.5 in terms of the averaged decay constant.

The decays of various compounds in Equation (4) are plotted in F
ure I for the wood burn and in Figure 2 for the mixed fuel burn, br t

in the S}voRr|experiments The experimental data, measured up to t

days [log (day) = 1.5], were extrapolated to log (day) = 3'

various organic compounds are always present in the air insidr



Air

ComPound

Hexanal
Pinene
CamPhene
Furfural
Limonene

a

0 261

0 489
0 350
0 193

0 341

Log Co

-4 880

-4 410

-4 512

-5 625

-4 668

68 1

82.1

72.1
86 1

92.',|

100.2
136.2
136 2
96.1

136 2
'I 10.1

1.191

1.349
2 803
2 456
1.053
1.211
0.939
0 670
1.743
0 940
0 906

-4 578

-4112
-3 345

- 3.878

-4 440

- 3.801

-3 601

-4 092

-3 557

-3787
- 5.1 79

-0 945

-0 957

-0 998

- 0.966

- 0.957

- 0.943

-0 967

-0 936

-o.977
-0 959

-0 947

Tabte 1þ). Decay of combustiot prduc.ts in.experimental fires'
te-r- ''-'' 'Woú 

burn, decay in dry air'
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bP oC Mol' wt'

o Fire

Regression
Constants

63

Correlation
Factor

-0 391

-0 624

-0 580

-o 544

-0601

Table 1(a). DecaY oÍ combust¡on
Wood burn, decaY

bp oC Mol. wt.

prúucts in exPeimental fires'

in 50o/o RH air.

Regression
Constants

a Log Co

Correlation
Factor r

f
ComPound

Furan

Methyl luran

MethylethYlketone
MethylisoProPYlketone
Toluene
Hexanal

Pinene
Camphene
Furfural
Limonene
Methyllurfural

Table 1(b). Decay
Mixed

Compound

Propenenitrile
Benzene

Propanenitrile
MethylmethacrYlale
Toluene

MethylProPenenitrile
Styrene

Prnene

Camphene
MethylstYrene
Benzofuran
Linronene
BenzaldehYde
lndene
Benzonilr¡le

NaPhthalene
Biphenyl

oî combustion Prúucts in experimental-fui 
burn, decàY in 500/o RH air'

31.
632
796
95.

110.6
131.

1 55.
1 59.
161.7
1 78.
186

131

155

159
161 7
1 78.

100 2
136 2
136 2
96.1

136 2

lires.

house.Inastudyofindoorairqualityofresidentialhouses(notfire
houses), occurnence and average concentrations ofvarious organic com'

il;Ã;;;" rãport"a t2l. compounds common ro the present studv are

îrrl"J in Tâble 
-2. 

trr"-"ut.ulatld numbe' of days required fo^r the con-

centrationofthesecommoncompoundsintheairoftheboxfirestode-
ãrv1îit "i, 

average t"u"t ir, r""idential houses is also shown. High boil-

;;; ;;il;"rnpo,rña" .rr.tt ã' ttv'"tte and naphthalene will take several

rroär"¿ or såveral thousand áays to decay to the average co'centra'

tion.
Values of the decaY constant ar

Figure 3. For thre
rene, 2) furan and
and methYlPropen

explanation of this observation is that: (a) sty'

q"i"f.ly decay by this additional mechanism' (b)

iËle otigomei formation, which reduces their va-
- ExcePt for the three grouPs of

ween boiling Points of combus-
(r = 0.789)' ComPounds with low

Pected. Other mechanisms such as

à Phase maY also affect the decaY

Regression
Constants

Correlation
Factor

Log Co I
bp oC Mol. wt.

77.3
801
97.2

101 .

110.6
122 4
145.2
1 55.

1 59.
'165 4

174.
1 78.

1 79.1

181 I
191 1

218.0
256.1

53. r
78.1
55.1

1 00.1

92.1
67.1

'to4.2
136 2
136.2
1 18.2
t181
136 2

106.1

116 |

103 I
128 2
154.2

1 245
2.289
1.191
1 632
2 178
0 804

2 101

r 069
0.914
3 038
1 227
0.945
0 692
1 064
0 620
1.168
0 499

-4.040
-4.270
- 4.717

-2 410

-4.567
-4 202

-3 420

-4.248
-4.949
-4.266
-5.462
- 4,91 1

-4 752

-5 092

-5.111
-4 177

-6.257

-0 804

-0 951

- 0.903

-0 976

-0 960

-0 844

-0 962

-o 977

-0 944

-0 923

-0 933

-0 961

-0 917

-0 941

- 0.885

- 0.943

-0 855

rate.

Field StudY

AnexampleofGCMsresultsoforganiccompoundsinthe.airinside
a fire house is shown in Figure 4 (house #2 in Table 4). Quantitative an-

;lyiiliresutts of rh; frv;ûeld srudies are shown in Table 3. Details

ãËo"t the five buildings invesbigated in the field study are given in

Tbble 4.
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Figure 1. Decay of combustion products of wood burn' decay in 50o/o RH air
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Figure 3. Boiting points versus decaycons¿ants for atl the compounds in Table 1(a) wood burn and Table 1(b)



I
I

I

I

hoblems Inside ø

-6. t

a Fire

.l.t t -r.t -{

6t

¡
c.E

d
E
tr

3

¡

t

t

.5

al,
an
(D
ç
c
(ú
at
C'
c)
-o-c
f

R

o

(u

c)
(ú
(t,c
co
Ê

Io
ç
ea
(E
l--
.s
c\t
rÈ
q)
(/,
f
oc
ot
e
qt

:ì
(U

o
an

5p3
ìP()
3Þ(Ú':JcÈ(õ (¡)

<¿ !ì>õ
/i
(5F
bÈ
0)\
ì-vE;
,i ,,

()
.ûO
eÈ5-
O) q)
llÈ

Compounds with low boiling points such as furans and ketones wert

not detected. Quantities of he"xänal and boil

ing point terpenes were detected' These prod

""i" "f 
wood. In building #4, the conce s un

usuatly high. It is suspeãted that the compound was from an externa

;;";";.oJh "" deodorizer' Aromatic hydrocarbons such as benzene

toluene, and xylenes are commonly detected in indoor air and are com

mon combustion proJrrcts of various plastics and hydrocarbons' Thesr

results are in line with the results of the box frre experiments'

Unpleasant (Xour

Residents of refurbished houses after a fire may complain of unpleas

antodours'Nagataandothersstudiedtherelationshipbetweencon

Air Quølitv
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Fioure 5. Empiricat retationship between concentralion ol odorous compounds ant

uãpleasantne.ss (from Relerence 2)'
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centrations ofabout 50 odorous compounds and their degree ofunpleas'

antness to humans fál' U"pt"usantness i" ifti" "t'" 
it an empirical

scale for human n",t"nito"" ti;;i" -a 
ueins "very unpleas¿¡1" and 0'

no perception' Figure'5 shows the empirical relationships between con-

centration and unptea-su"ü""t for five 
"o*poo"¿t 

commonly found af-

ter a fire. It is notewo'r1-'--lit"t in order to- r by a

unit degree, "o,,t""t"ti 
;;;";1" be redu This

is why cleaning "to"J*i "oi'"¿ot" 9d9* 
with

decay data in Fieiure i'it iJåttit"tt"atrrãt styrene in the box experi-

ment reach at ,,,'pt""-'a;;;t degree I on day 31 and at degree 0 on

day 77 'stvrenes *";";ì;;ãv qîi9rt decavini compounds' More data

on concentration-unil åå"t""tt relationship for slow decaying com'

bustion products p'oãol"a in frres u'" '"qJt"ã 
for further discussion of

-å'"ï*:*åîålÏ;l"tì;"rs are commonry used arter a house is rerur-

uisrre¿. rhere t, " 
*iff;"#;,Ii';;;ñÁ *:ïtl,äîffiäi"Tä:

ï: ï:'""îi':îiï;

The mechanism of deodorizing in most ca'ses is to mask the unpleas-

u,,ïã¿o,,,uya"gru,i.ffi iri""tîä;i:îîîÌ:"'iË"ï,"iriiiHi::i:" 'il;;;". 
consulted by a house q*l".t who was

;;;;" of deodorizeis bv the returbishins con-

ããir" 
"* 

?i 
"ãmbustiot' 

products and deodorizin g

agents vvere suspected io harre produced toxic products'

ACKNOWLEDGEMENTS

The author thanks Mr. J. B. Stewart for conducting fire experiments,

field sampling, and analysis, and Dr. M. Kanabus-Kaminska for freld

sampling, analysis, and valuable discussions on the paper'

REFERENCES

1. 1990. ,,Fire l¡sses in canada," Lobour canada, Annual Report 1988. ot-
tawa: Department of Supply and Services.

2. in and D. T. Williams. 1990' "Determina-
in Residential Indoor Air Using an

Technique," J. Air Wøste Management
.Assoc, 40:62.

3. Nagata, Y., T. Ishiguro, T Hasegawa, N. Täkeuchi' O' Furukawa, S'

NaËayama and Y. Shigeta. 1981. "studies on the Relationship between Con-

cenhátion of odorants and Hedonic Tone)' BulI. Jap Erwíron. sonitory
Cenler (8):76 (in JaPanese).

4. slivka, D. C., R. Leverenz and T. R. Steadman. 1979. "Room Deodorizers and

Air Fiesheners: Market, Manufacturers, and Chemical Compositions,"

CPSC-C-?8-0091, Task 11, Subtask 11.01. Columbus, OH: Battelle'

BIOGRAPHY

Yoshio Tbuchiya

Dr. Yoshio Tsuchiya is a senior research officer at the National Fire
Laboratory, Institute for Research in construction, National Research

council of canada. His Bachelor of Engineering (1953) and Doctor of
Engineering (1962) degrees from the university of Tokyo were based on

stuãies on eiplosives. He is the author of over 70 papers in the fields of
pyrolysis and oombustion of polymers, fire gas toxicity, and indoor air
quality.

CONCLUSIONS

rä*ili'¡rousrion 
producrs coutd remain in a house in noticeable con'

r r f---- ^f¿^- 6 f,tô


