- ————————y

RELEASE OF ORGANIC POLLUTANTS DURING ACCIDENTAL FIRES
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Introduction

Accidental fires can damage people not only by heat, but in many cases hazardous gases released
during burning poses the main risk. In addition. to classical toxic gpses like carbon monoxide and
hydrogene cyanide, & broad range of organic compounds with different toxicitics can be released. In
case of organic material burning in the presence of chiorine, the generation of organcchlorine com-
rounds can be expected. Focussing 0n PCDD aad PCDF, especially those burning events have been exami-
ned where a gencration of these compounds had 10 Le expected because of the special constitution of
the bdurning or smouldering matecial, like industrial Tices, transformer, condenser (!, 2, 3, 4) and
PVC burning (5, 6, 7).

PYC is known to form PCDD/PCUFs in case of thermal troatment under special conditions. Because of
its technological qualities, PVC is used c.g. for pipe tines, floor coverings, furniture and appara-
tus boxes and can be found in nearly every househald, In case of residentin! fires, the releass of
PCDD/PCDF therefore has always 1o be taken into account as a possible risk.

Recently, it was found that burning of brominated compounds (e.g, polybrominated biphenyls and di-
phenyl ethers) resulted in the generation of polybrominated dioxins and furans (PBDD/ PBDF) (8, 9,
10). Such organobromine compounds were used c.g. as flame retardants especially in some plsstics.
Burning of these substances and materials can lead to the formation of PBDD/PBDE (9, 11, 12, 13).
Such flame protected products are  still in use, the release of PBDD/PBDF has to be concerned ia
case of residential fires.

Experinentals
During and after residentia) fire damages sovoral samples (gases, ashas) were analyzed in regacd (O
their content of PCDD/PCDF and PBOD /PBDF. In order to assess the exposition of residents and em-
ployees, the follewing examinations were performed:
* Samples of gas and ashes were taken directly after {ive fire accidents.
* Fire man's trousers were analyzed after fighting a fire.
In order ta achieve an impression of the release of PBDPD/PODF by suspected source, a fire simula-
tion was performed, using TVs with flame protacted conductive plates.

Ashes and rouser samples wece analyzed without preparation. Gas sampling was conducted by & low
volume sampler using purified XAD-2 resip. Sampling duration was dependent on local citcumstances
(e.g. hindering of the fire brigade) and ranged from 19 @ 45 minutes.

Fire simulation was performed with two TVs. Their conductor plates were substituted by PBDPE-protec-
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ted plates (4,8 % (weight) Penta-BDPE). 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 aluminiumoxide) and concentration, the different fractions were
analyzed by GC/MS. Analytical screening and high-chlorinated and high-brominated compounds were
analyzed using & non-polar capillary column (Ultra 2). Identification of ather isomers was performed
on a polar capillary column (CP Sil 88), detectlon of PCDD/PCDF, PBDD/PBDF and PBDPE by MS within
MID-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 a 13C-marked PCDD- and PCDF-standard for each chlorination grade
PBDD/PBDF and PBDPE:!3C-marked 2,3,7,8-TBDD and -TBDF
PCB: Mirex
Chlorinated Benzenes: 1,3,5-Tribromobenzene.
Results

The analysis of gaseous cmissions directly after fire events gave the following results: In addition
to PCB, chlorinated benzenes and polybrominated bipheny! ethers (PBDPE), up to 11,98 ng/m3 of
PCDD/PCDF (sum) resp. 0,14 ng/m3 (TE, BGA) and up to 3,8 ng/m3 PBDD/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 deiails.

The fire man's trousers showed a PCDD/PCDF - contamination of 46,93 ug/kg PCDD/PCDF resp. 203 ng TE
(BGA) per kilogram. PBDF-contamination amounted to 2,01 ug/kg, PBDD were not found.

The fire simulation resulted in 825 ug/m3 PBDD/PBDF in the exhaust gas and 79.3 mg/kg PBDD/PBDF in
the ashes. Details are shown in table 2.

Discusston
The results of the (ire simulation and of the fire man's trousers indicate a sevore health threat to
people who are occupationally or privately exposed to household fires, not only by chiorinated, 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 tham 10-fold under
this limit and can therefore be removed without special demands.
Following the Gefahrstoffverordnung, fire events with probable release of PCDD/PCDF have to be re-
gistered [Appendix [II, Point 3.2). In addition, personel protection equi is d ded 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 supposc 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).
Tn 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 scems (o be necessary. In addition, PBDPE and
PBDD/PBDF should be regulated in the Gefahrstoffverordnung in the same way as their chlorinated
dioxins and furans.
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* nuay include additional substance
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I
| sas | 9ae | gas | gas | ash | msh | ash | ash [ asn |
| trosm’s] tnarmd)| Ing/wd)| tngsm®)| toara) | tngsal | tagrsl | tnaral { tngsur |

2378-Tetracod <001 | <00t <001 <001 <0,00t <0,001] «0,00] < 0,001 <0,001]
2378-Tatracos 1 <0.00) 2,001 0,02 w0,20] 004 0,007 00250 0,01 0 04

i
0,21 | 0,058{ ©0,006] 0,007 0,082 0,013]

Sum Tetcagno ( o0 o121 o,22]|
Sum Pentacoo [ et o16{<aaf| 035( 0,130 0,009 0,055 0,279 0,030]
Sum HexaCUD [ 0,191 0,5 | 0,04 o,8%[ o020 o007 0,088 2149] 0,25
Sum HeptaCobD I 057 0717 0,06 0,71 038 0,178] 0,053] 12,944 0,043
Octacop | 2,07t 070} 00 073§ o83 0,50} 0,074] 37,292| 0,062
............................................... R T T
Sun FCOD 1 25,05 1 225 ( 0,41 | 2,81 1,588 0,861 0,247] 52,746] 0,39¢]
............................................ R R TP P PO P PP PP P
Sum TetraCof I 009 ] 09| o020 ] 2,79 0,01 0,026 0,160] 0,167] 0,006]
Sum PantaCof Ib42 ) o8t 027 ) 2,70 0,93 0,059 0,131 0,202 0,088]
Sum HexaCDF In7e) 068) 0,031 147 0,235] o0,014) 0,09 0,354) 0,029
Sum HeptaCDE I 03T ose( o,8( 1,39 0,371 o0,011) @052 0,498] ©,014]
0ctactor Lo oo4sy 0051 082 0,152( 002 0,020 0,361 0,007
............................... ......~-......-...<.--.-.....--.....--.----~.-....-......4.--..--.--...--.I
Sum PCOF |32 3531 0,75 97| 1,149]  0,134] 0,435] 1,872 0,212
FEREEEsETeENINElZaRzSmERN =z L €a FERCEEJEUENNNI ¥ LE] Illll
Sum PCOD+PCOF POV OS.T8 | L 14,98 | 2,737]  0,995) 0,682 54,6184 0,608}
NECMAEARNANEZINCIsmcERTANCIEREARZAmRENEE FeasaznavEEEaREXREEAEEALE s
tox.cquivalents (8GA> | 0,08 0,06 0,02] 0,14 | 0,02 0,008 0,008 0,213 0,008
saanssascannn EEERCEsRNANNEeRTALSCRsEEUNEsEERIL a
2378 Tetraspoe I €00 <01} <03 <0,1<0,05(<0,05|<0,05][<0,05][cx0,05]|
2178-Tecravaf = { <00 [ « <0,1 | 0,1 ] <005 0,81 ] <0,05]<0,05]|<0,05]|
BN Cererreenres e \
[ €0t <ot <01 03(<005]|<0,05]|c<o0,05]| 0,08 | < 0,05 |
Sum IrigpD I €01 | <01 <01 <0,1]<0,08]<0,05 [ <0,05 ] <0,05 | <0,05 |
Sum Tetrslop [ <01} <01 | <01 | <o, [ <0,05 ] 0,16 | <0,05 | 0,05 «<0,05 |
Sum Pentaliop 1 <o0,1 | <0,1 | <o, ] <01 | < 0,05} <o0,05 f €0,05] <0,05 | <0,05 {
Sum HeaadDD ] 8,1 ) <oy I <011 <o ] < 0,08 | <0,0% ] < 0,05 I <0,0% ) «o0,0% 1
Sun HepraBoo gt <01 <01 <0,1 | <0,05|<0,08|<0,05]c0,05]=<0,05|
Octago0 ] <01 ] <B,t | <p1 €01 | €005 <0,05 (<0,05(<0,05(¢q,05)]

|

Sum 01BOF o0l <0t <o) <01 oM | 2,31 0,37] 0,30 o044
Sum Trigdf Loe@t [ cot | <o | 2,01 o06f 7.31| a2} a,13 | 0,27 |
Sum Tetraddf | <01 <Ot <a,1f WS 0% | 8,59 o025 o2f 0,151
Sum PentaBDF [ €0 [ <01 | <01 ] <0,0 <005 | 5,71 <0,08] 0,08 | ©o,08]
Sum HexaBDF PoeO U] <00 | «<0,1 ] <0,1[«0,05( 2,3 | «0,05]<0a,05 ] <0,05 )
Sum HeptaBDE I <00 ] <01 ] <031 <0,1)<0,05| 0,87] «0,08]| «0,05 1« 0,08
Ocrafnfl l<u\|<o||<o1|<o\|<n.0$|<oos| } i i

{
Sum PBDF | <03 <01y <o, 34 03] 28| 0,53 042 0,92

szamcciarazes L AL L L L L R L L e T P

sxgsazzaasaa|

Sum PADDPBDF | €01 ] <0,1) <o0,1 3B 030 27,28 a,53( o049 { 0,92 ]
= BX larSEIECICCACANZARRAtENCERIETRR tazumcx a [T2F2] sEa as|
Sua PBOPL bS8 237 2356 49,281 0,0 ) 1,48} 0,92 ] «0,057 0,1
Ry AR A NN R AR I NN I r e TENC MM TACTa AT ANNR axvraea seavavsnac|
sua PCB D236 | 79,48 | 11,49 | 86,6 | 12,25 | 4,12 | s7.52 [ | rny
AExmEzfrazancrazicasssssasoxEmERERLRELs B aeua

llIlllll:llIlllllxl
Sum chlocinaced benzenes( 17,55 ( 40,70 [ 11,95 [ 26,33 | 2,03 | 1,55 | 2,52 5,23 | 2.8

A AT AA KN AINXACANEERIARRCASA AR TR S AR IO N

EmrENRENCIeMseETrERTEaLens|

Tab. 1: PCOD/PCDF, PBDD/PBDF and other organohalogene compounds in emissions of residental (fire
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Tab. 2. PCDD/PCDF, PBDD/PBDF and other organohalogene compounds in a fire brigadier's trousers a

fire simulation

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

[trousers| fire simulation |
1} 1 qasl { asn |
| tngset | tma/m1| wasgl |}
|
2378 Yetracod I 0,005t |
2378+ Tetracof [ 0,084 !
___________________ e |
Sum TetraCoD | 0,047] |
Sua PentaCpd | 0,006] .
Sum HexatdD | 0,335¢ o

Sua HeptaCoo [ 3.s00|
Octacop | -

Sum PCOD

Sum TetraCpf
Sum PentaCof
Sum HexaCOF
Sua HeptaCpf

Sum PCDF

Sum PCDO+PCOF

tox.equlvalants (BGA)
czuman
2378 Tetragnp*
2378-TetraBOF*

Sua D1BOD
Sus Trikoo
Sum TetradoD
Sum PentatDD
Sum HexalOD
Sum Heptaspp
QctadD

Sum DIRDF
Sum Trieof
Sus TetraBDF

| |

| | 0,445) 45,70

! | 0,320{ 29,60
Sua PentaBDF {050 ] o0,035{ 1,9

| |

| I

| |

Sum Kexaldi
Sum HeptaBof
Occagof

0,005 0,07
€ 0,005] < 0,05
0,005 < 0,05

0,805| 77,27
1:---:..--:‘
0,825 79,27 |

N K A N N AT KRR EEESASEEAEEREeeunEE AN S nns
Sum PBODPUDF |

N K A N AR N KRR NN AWK EETXXAPCIRAIEECENSRID

Sum PBOPE | 90,92 | o0,730] 13,80 |

X N A N A NN N AR PN R N ArIIITIEEISEITECESMARIamEac

I 1612 |
N N A AN A MR AL AN A SR EEIMEEDAREIEERIRENC s RaRREERE
Sum chlorinsted benzenes { oL, na. | nos, |

u-‘"..uu-"u.."uuuun..-u...u:.uu---u-.n..x-=u==...........-u..;:uuun-|
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