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lalroductlod 

Accidcnt.il fires can dnmagc people not only by lioat, but in many cases hazardous gases released 

duiing burning poses tl\e main risk, in addiiion to classical toxic gases like carbon monMide and 

hyUrogcno cyanide, a broad range ot organic compounds with different toiicitics can be released. In 

cast of organic material burning in llie presence of chlorine, llic goneratjon of organochlorine corn-

rounds can be expected. Focussing o.i VCVD «nd fCDr , especially those burning events have been exami

ned whute a generation of these compounds had lo be expected bocause of the special constitution of 

(lie burning or smouldering material, like industrial fitcs, transformer, condenser ( I , 2, J, 4) and 

fVC burning (S, 6, 7). 

PVC is known to form I'CDD/PCiaFs in case of tlierraal treatment under special conditions. Because of 

its technological qualities, PVC is used e.g. for pipe lines, floor coverings, furniture and appara

tus boxH and can be found in nearly every houseliold. In case of residential fires, the release of 

PCDD/PCDF therefore has always to be taken into account as a possible risk. 

Recently, il was found that burning of brominated compounds (e.g. polybrominaied bipitenyls «nd d i 

phenyl ethers) resulted in the generation of polybronninatcd dioxins and furans (PBDD/ PBDF) (S, 9, 

10). Such oreanobromine compounds were used e.g. as flame retardants especially in somo plastics. 

Burning of these substances and materials can lead to the formation of PBDD/PBDF (9, 11, 12, 13). 

Such flame protected products aro still in use, tho release of PDDD/PBDF has to be concerned in 

case of residential fires. 

Experinientfils 

During and after residential fire damages several samples (gases, ashes) were analyzed in regard to 

their conteni of PCDD/PCDF and PBDD /PBDF. In order to assess the exposition of residcnu and em

ployees, the following examinations were performed: 

• Samples of gas and ashes were taken directly after five fire accidents. 

' Fire man's trousers were analyzed after fighting a fire. 

In order to achieve an impression of the release of PBDD/PDDP by a suspected source, a fire simula

tion was performed, using TVs with flame protected conductive plates. 

Ashes and trouser samples were analyzed without preparation. Gas sampling was conducted by a low 

volume sampler using purified XAD-2 resin. Sampling duration was dependent on local circumstances 

(e.g. hindering of the fire brigade) and ranged from 19 to 45 minutes. 

Fire simulation was performed wilh two TVs. Their conductor plates wore substituted by PBDPE-protec-
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ted plates (4,8 % (weight) Penta-DDPE). They were burnt in a barrel where the bottom was substituted 
by a grate. At the top, exhaust gas was taken following VDI 3499 (Blatt 2). 

Samples were spiked and then extracted with toluene in a Soxhlet. After clean-up of the extract 

(columns packed with silica-gel- and sluminiumoxide) and concentration, the different fractions were 

analyzed by GC/MS. Analytical screening and high-chlorinated and high-brominated compounds were 

analyzed using a non-polar capillary column (Ultra 2). Identification of other isomera was performed 

on a polar capillary column (CP Sil 88), detection of PCDD/PCDF, PBDD/PDDF and PBDPE by MS within 

MlD-mode, detection of PCB and chlorinated benzenes by ECD. Quantification was based on the internal 

standards, with a minimum recovery of 70 %- Higher brominated isomers were quantified by externally 

calibration. 

Internal standards: 

PCDD/PCDF: mixture of s '• 'c-raarked PCDD- and PCDF-standard for each chlorination gr^de 

PBDD/PBDFand PBDPE:'^C-marked 2,3,7,S-TBDD and -TBDF 

PCB: Mirex 

Chlorinated Benzenes: 1,3,5-Tribromobenzene. 

Results 

The analysis of gaseous emissions directly after fire events gave the following results: In addiiion 

to PCB, chlorinated benzenes and polybrominaied biphenyl ethers (PBDPE), up to 11,98 ng/m^ of 

PCDD/PCDF (sum) resp. 0,14 ng /m ' (TE, BGA) and up to 3,8 ng /m ' PDDD/PBDF have been found. Maximum 

contamination of ashes from household burning were 0,218 ug/kg PCDD/PCDF (TE) in one and 27,28 ug/kg 

PBDD/PBDF in another sample. PBDD were found in small amounts and only in one third of the samples. 

Table 1 gives the details. 

The fire nun's trousers showed a PCDD/PCDF - contamination of 46,93 ug/icg PCDD/PCDF resp. 203 ng TE 

(BGA) per kilogram. PBDF-coniamination amounted to 2,01 ug/kg, PBDD were not found. 

The fire simulation resulted in 825 ug /m ' PBDD/PBDF in the exhaust gas and 79.3 mg/kg PBDD/PBDF in 

Ihe ashes. Details are shown in table 2. 

Discusston 

The results of the fire simulation and of the fire man's trousers indicate a severe health threat to 

people who are occupationally or privately exposed to household fires, not only by chlorinated, but 

additionally by brominated dioxins and furans. The limit for the sum of eight isomers of PCDD/PCDF 

in the Gefahrstoffverordnung in products is set to 5 ug/kg. With 0,71 ug/kg, referring to the eight 

isomers mentioned above, the contamination of the fire man's trousers lies less than lO-fold under 

this limit and can therefore be removed without special demands. 

Following the Gefahrstoffverordnung, fire events with probable release of PCDD/PCDF have lo be re

gistered [Apftendix III, Point 3.2]. In addition, personel protection equipment is deoxanded in cases, 

where the 5 ppb-limit (eight isomers) is exceeded (Point 3.1 and 3.3]. Following our analyses, ashes 

of residential fires can lie in the same range as the 5 ppb-limit. We suppose that further investi

gations will perhaps show that this limit can even be ecxeeded. 

To the authors' opinion, a checking of residues of residental fires due to their contamination with 

PCDD/PCDF and PBDD/PBDF seems to be necessary. In addition, fire men's protection suits have to be 

decontaminated or separately be removed. Experts claim for wrapping them up in foil and store them 

in special containers (14). 

In order to protect man and the environment from the release of PCDD/PCDF and PBDD/PBDF within acci
dental fires, a technical guide for this problem seems to be necessary. In a d d i t i o n , PBDPE and 
PBDD/PBDF should be regulated in the Gefahrstoffverordnung in the same way as their chlorinated 
dioxins and furans. 
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Tab. I: l*CDD/PCDF, IMIDD/PUDF and olhcr organohalogene compounds in emissions of residental fire 

.iccidcnis. 

* may include additional substance 

1 1 1 . ^ 1 5 1 5 1 1 I J I 5 I t 1 5 I 
I » " I « " I »i« I a«l I " l l I Mh I i lh ( a<ti I l i t , I 
I t n a / » l | I n 9 / « 1 | I n j / . - ' l l l n j / » ' j 1 tng/gl | Ing/a l I Ing/gl I tng/al | ( n s / j i | 

J3r«Ittr«CII0 I < 0,01 I < 0.01 I « 0,01 I < 0,01 I < 0,OOI| < 0,001] < 0,001| < 0.0011 < COOl] 
ZJrs i . r r iCOF I < 0,01 | 0,0t | 0,02 | 0,20 | 0,014] 0,007] 0.025) 0 ,OU] o l o u | 

S i i . r t t r . c n o I 0,tO I 0,12 | 0,22 | 0,21 I 0,0S»| 0,00«| 0,007| 0,0«2| 0,0131 
Su« Ptnt.CDO I 0 , 1 1 ] 0,1« I I 0,01 ] 0,33 J 0,130| 0.009] 0,OSS| 0,279/ 0.0301 
Sun B...cc,0 ] 0,19 I 0 , 5 4 ] 0 , 0 4 ] 0 , 8 3 ] 0.2(|4] 0.074] O.0S8] 2.149] 0.244] 
SU. Htpt.COO I 0 . 5 7 ] 0,71 I 0 , 0 6 ] 0 . 7 1 ] 0.364] 0.178] 0.053] 12,944] O,043| 

" " • " ' ' 1 " . " I » . " I tl.lO 1 0.73 ) 0.8301 0,594] 0,074] 37,292] 0,062] 

= " " ' ' ™ I " . " I 2 . " I O. ' l I 2.«1 I l . s a j ] 0.«61( 0,247| 52,746] 0.394| 

SU. It tr.COf ] 0 , 0 9 ] 0 , 9 9 ] 0.20 | J , 7 9 ] 0.014] 0,026] 0.140] 0.167] 0 096| 
SU. P.nt.cOF I 0 , 4 2 ] 0 . 8 1 ] 0 , 2 7 ] 2 , 7 0 ] 0.193] 0.059] 0.131| 0.292] 0.0661 
SU. Ht.iCOf I 1,72 1 0,66 I 0.05 ] 1,47 | 0.285] 0,014] 0.092] 0 354| 0 029] 
Su,l l .pt.CO[ 1 0,37 I 0,59 I 0,18 1 1 . 1 9 ] 0.327] 0.011] 0.052] 0,49«| o',014| 
" " " " ' I ' . ' 1 I " .48 I 0,05 ] 0,82 I 0,152] 0,024] 0.020] 0,361] 0.007] 

l'2',]°'., ' '•'*' '•" I "•" I ' • " I ' ' ' " I " . ' " i o . « " i ' . " i i C C z \ 

TC.?.''.'."' . ' ^ ' ' " ' ^'^ ' ' • " ' " ' ' ° ' ' • ' " ' " - ' " I °' '" l ""uM'""o"Ji| 

I " ; ! ' " ! ' ! " " " " " ' ' ° ' ° ' ' ' " • " ' " ' " ' " • " ' ° ' ° " ' "•'""I '' '•'"•' '<l.2'«i"""M81 

2378Ttlr.8I10- | , 0,1 ] - 0,1 | < 0,1 ] < 0.1 j < 0.05 ] < 0.05 | < 0,05 ] < ' o , 0 5 ' i " < ' o " o " I 

, " " ' " ' ' " " • I • " • ' I ' » • ' I ' " • ' I » . ' I < ".OS ] 0,81 ] < 0,05 ] . 0.05 ] < 0,'o5 ] 

" " • " " ' ° 1 ' " . ' 1 ' " . ' 1 < 0 . 1 | 0.3 1 < 0,05 1 < 0.05 ] <"o,OS I O . O O l i o O s I 
' " * ' " " " ' I " > • ' 1 < 0,1 ] , 0,1 ] < 0,1 ] < 0,05 ] < 0,05 ] < 0,05 ] < 0,05 ] < 0 05 ] 
SU. i c . a o o ] < 0,1 I , 0.1 I , 0,1 ] < 0,1 ] < 0.05 | 0.1« ] < 0.05 ] < O.OS < 0,05 

" " ' " " " " " ' I ' " • ' \ < O . M • 0 . ' I < 0,1 1 < 0,05 I < 0.05 I . 0.05 | < 0,05 < 0,05 
' " " " " " " ' I ' " • ' I ' O . M ' 0.1 ] < 0.1 1 < 0.05 1 < 0.05 1 < O.OS ] < 0,05 1 < 0 05 

' " ' " * ' ° ° I ' " • M < O . M < O.l I < 0,1 I < 0,05 I . 0.05 I < 0.05 I < Ô OS I . 0,05 1 
" " • I O " I < 0.1 I < 0.1 r < 0 1 I < n 1 1 - n n. 1 - „ » . ! , . „ I . . . . 1 . . ! 

•I 

I < 0,1 I < 0,1 ] < 0,1 1 < 0,1 1 < 0,05 1 < 0,05 I < 0,05 ] < 0,05 | < 0,05 | 

' " " " ° ° 1 ' " • ' i < 0 , 1 ] < 0 . . ] 0.3 I < 0.05 I 0.16 ] < 0,05 I 0,08 ] < 0,05 | 

' " ° ' " " I " > • ' ! ' O . ' l ' O . M ' 0 . 1 1 o, i l I ' ' 2 ; i o ' i " ' o ; i 7 ' i ' " o ! ; o ' | " o ; 4 v | 
' " ' " " " I < 0,1 I < 0,1 I < 0,1 I 2,0 I 0,06 1 7.31 I 0,12 I 0,13 0,27 
" • " " ' • " " 1 < 0 , 1 1 < 0 , 1 I , 0 , 1 ] 1,5 I 0 , 1 4 ] 8 , 5 9 ] 0 , 2 3 ] 0.12 0.15 
" " " " ' " " 1 < 0 , 1 ] < 0 , 1 ] < 0 . 1 I < 0 . 1 ] <0,05 ] 5 . 7 1 ] - 0 , 0 5 I 0 , 0 6 ] 0 06 

' " " " • " " I < " • ' 1 < 0,1 1 , 0,1 ] < 0.1 ] < 0.05 I 2.34 ] . 0.05 ] < 0,05 < 0 05 
l " " I T I " " ' M < 0,1 I < 0.1 ] < 0,1 1 < 0,05 ] 0.87 ] < 0,05 ] . 0,05 - 0,05 
° " " ° ' I ' " • ' 1 ' " . ' I < 0,1 ; < 0.1 I , 0,05 I < 0.05 I . 0,05 1 < 0,05 1 < 0,05 | 

[ - . C C . ' ' " • ' ' ' ° ' ' ' ' • * ' ° ' " ' " • " ' "•" I " •" I " •" 

! . . ! . ° l ! ' ' " • ' ' ' " • ' ' ' • " I ° ' " I " • " 1 0,53 ] 0,49 I 0,92" 
- I 

_____ I 

IT..'."..,. i , . ; i : " ' , " • " ' " ' " I " ' • ' 1 " • " i " " i i T ' s M r i " " ! ! ? ! " " " " " ? ! ' 
!"!.!!!!"1"!"!.!'"'*""' " •" ' " • " ' "•" ' " • " ' 2!'"i""i'5sT"2"2T"'5!2i"i"T"7l"i 

" " • " • • " • • " = . . . = . . . . . . . . . . . . . . , _ _ _ _ ! 
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2: PCDD/PCDF, PBDD/PBDF and olher otganohalogenc compounds 

fire simulation 

* may include additional substance n.a. .= not analyzed 

a fire brigadier's trousers a 

I t routerg) f i r e s l . u l a t l o n ] 

1 ] S>I 1 ash ] 
1 I i g / g l ] l . g / . ' l ] ug/gl | 

_- 1 
23r8'l<traCDD | 0,005] n.i. ] n.i. ] 
2378-Ietr«C0r | 0,084] n.i. ] n,i. | 

1 
SU. I.tr.COD I 0,047] n.i. ] n.«. ] 

Su. P.nt.COO I 0,006] n... | n... ] 

Sua K...COO I 0.335] n... ] n.a. ] 

Sua ««piaCOO | 5_|,|)0] n... ] n.a. ] 

""•"O 1 35.460] n.a. ] n.a. ] 

1 
'"" '"O 1 40.048] n.a. ] n.a. ] 

Su. latraCDF | ,_34,| „ , | „ , | 

Su. p.ncacor I ,_„„! „ , I „ . I 

Su. Kt«.COr I 0,883] n.a. ] n.a. ] 
Su. Hapcacof , , joj, „ . | „ , | 

""• " ' i 1,372] n,a, ] n.a. ] 

'"" ' " ' 1 6,882] n... ] n.a. ] 

Su. PCOO.PCOr I 44 ,301 „... I „.,/| 

to«.equlvalanr. (BU) | „ 2„j| „ . , „","| 

237«.T.,raB00- , < o ' o i T " " " " " " " " ] 

. . " ! ' : " " * " ' * I " • ' " I " • • • I "•••• 1 

' ' " ' " " ] < o ! o 5 7 " n ! a 7 n . 7 | 
' " " • " ' 1 < 0 , 0 5 ] 0,015] 1 ,50 ] 

! " ' " " " " ' 1 < 0,05 ] 0.005] 0,40 ] 
' " • ' • • " " " " ' 1 < 0,05 1 < 0,005] 0 , 1 0 ] 
" " " " • " " i < 0,05 I < 0,005] < 0.05 1 
' " " " " * " ' ' I < 0,05 I < 0,005] < 0.05 1 
" " ° ° I > 0,05 I < 0.005] < 0.05 ] 

!!"."°°.. 1 ' "'O' 1 0.020] 2,00 ] 

SUM DfBDf , „ ,," ' 
Su. , r l a o , •" "••• I " • • • I 

s u . , „ , . B 0 , • " "' " ' I " • " I 
, . 0,82 0,320 29.60 | 
Su. PcntaBDF , « , 

su. aa.a.O, »•" "'""I '•"' I 

Su.«.p,.BO, "''^ I "'""I °'"l 

OcraBOf ' ' "•" I ' "'""I ' "•" I 
1 < 0,05 ] < 0,005] < 0.05 I 

Su. PBDF 1 
_____ 1 2,01 ] 0,805] 77.27 | 

Su. PBOD'PBDF . . " - " . ' . . . . . . . . . . . , . . , . . . . . t \ 
, ____ 1 2,01 ] 0,825] 79,27 ] 

Sua PBOPt " ""-=••••""-••"••-"••••••••1 
, _ I 90,92 1 0,730] 13,60 ] 

Su„ p^B - ^ - ' - " " . " . " . . . - . l . . . . . r . \ 
_ _ I 16412 i n.a. ] n.a. i 

!".!""!"!!!'.!"!*"" . '"""""'"""7'9i!7i""77'""!"| " " "* .......=.„.....„........,..„ I 
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