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Abstract

Soot mmples aad wips Tesu from FCY fires wore waalyred by ARGCMS.
in an scsidental PCB fire. whete olkfllled capaciton hurad with PR
flsd cupscitors, PCDFL ware the majer palychlorinatid producu fommal,
In anott capacitor fire, probebly aused by siecriron) melfuaction,
poiychionnaisd biphesylsnes (PCBPH) wore the mujor preducts. but
mader amount of FCDFs and polychionmated prraaes (PCPY 1) ware alme
farmed. This @ the i report whate FCRP aad PCPY3 haw bowm e+
ifiod in iscineration products Thermal dastruction of PCR & » ety
cemenl kila grve no isdimtion of fommaties of PCDFY o1 sther poiy-
thonnaied products

[atroduction

The polychlofinated doxing (PCDDY) and didemaofurars
{PCDF3) are two wries of tricyclic sromauc compounds with
simder chemcal, phyucal, biological and tonicological proper.
tes. The basic strustures and aumbering see given in Fig. 1. The
aumber of chlorine ttoms ¢an vary berwesn one and eight, wmd
the number of positional lsomers b quite largs. in all there are
75 PCDDr and 155 PCDFs and the mumber of somaen [or &
gven number of ehlorine s1oms ere given in Table [

Some of the compounds have extraordinarily toxic proper.
ties and have been the subct of much coacern. They areknown
u hughly ttabie contaminant (n chiorinated phenols, phenoxy
scids and 1n PCDs. They have also besn involved m accidenn
and massive intoxications ke the Yusho sccidenis tn Japam in
1968 and in Tuwan in 1979, the sccident near Seveso, italy in
1976 and 1n the Love Canal controveny ia USA. ia 1978,
There &t & pronounced differsnce in biological efTects between
differens PCDD 3nd PCOF somens, A facror of (07=10" cea
be found for so clomly related women m 2373 wnd
1,238, 100r5-CDD. The somars with the highest acute toxicity
ere 23 T840 CDD. 1237 8-peaa-COD, 120473,
123678 ad 120.7890meCDD.  1).73-101nLDF,
12378 aéd )87 0hpmua(DF and 127475 and
23 44.7.8-hexaCOF. see Fig 2. All thesa womars heve their
four laterd) poutions substiuuisd foe chiorine, and they all
have LDsgvalues @ the angs l=100ugkg™ for the most
senmitive arumai 1pecies. The same isomert have been ceported
10 have the highest biolopesi potency.

The polychionnaied tiphenvienes (PCBP1) 11 another senes
of compounds closiv celeted (o the PCDDs and PCOFs. e
Fig + The number of PCRP womers b 75, and one of these,
the 236 Tueira-CHBP has deen vestigaied by Poland. The
biolopeal Auvitv ot this compound wis (N (he same repon a3
23.7 0 te1raCDOD 1],

Emusiont tom mumcipal waste incineratons, heating facultues
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Fig 1. Strectarm and sumbaring of v polychisrinated dioxing (PCDDe}
aleraofurans (FCDFs) ad biphasy loney (PCSPY

and thermal powsr pianis have fong been the wibject of public
concem. Wheress previoutly the smission of dum. smois,
toxic raetals and noxious gaser wm of prme concem, the
prevance of potentially hazardous orgnic compound) has oniv
recently bean mported, The polvnuciesr srometic hvdrocarbons
{PNAs) was the im group of compounds to be discussed.

in 1977 Lahanuatis #r al, reporiad on the flading of chion-
natsd organic compounds In the fly ash of & municipal inciner-
wtor. The compounds detecied wers chlorinaced aliphatics and
benzenes, pesticides and PCDy (2] Also in 1977 Olis eral.
reporied on the occurtence of PCODy and PCDF11n the My ash
of three municipal incinerators in the Netheriands. Thewe results
indlcated the presence of up 10 17PCDD iomen. but no
quantificauen or isomer dencificaton was piven (3

Todie |, Number of PCDD end PCOF somert jor ¢ certain
numbe? of chionne stoms

MCDDr MCDFs
Mone- b +
D= [] 113
T td M
Totre- 12 L |
Penia- 1 ps |
Hexae -] 18
Hepae 3 .
Qcta- i )
Totat k| 133
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Polyauciear Aromunict (PCTNA3) Formed Dunng PCB Fires
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£1g. 2 T™he mom towe PCDD and PCDF somens.

At abour the sume lime, we were engaged in an investigation
on the occurrence of PCDDs, PCDFs and other chiorinated
compound) in fly ash and soot of an industriai heating facillty
in Switzeriand. Later the study was expandad to include fly
ssh of a larger municipal incinerator, The analyses were carried
out by high mscluuon GC muss spectroscopy allowing ident:
fication and quanufication of the major PCDD and PCDF
components {4=6] [n recent years emission (rom incineraion
have deen analyted in the Netheriands, Italy, Canada, USA,
Germany, Switzeriand snd Sweden {7]. Due to sampling difs
fizuities, fly ash wmples have been much meom [(requemily
anaiyred than flue gas, particulate and other products from the
incinerator. The quanuutive resulty are normally given in terma
of levehr of gioups of uomen with the same aumber of chiorine
utomi The total levels of PCDDw and PCOFs ue in the aange of
1=Sags™ (7}

A detuled investigation of the specific somers present ln fly
wh samples thows that in general the known tonic PCDD swomen
wers present only m munor constiruents. Cn the contrary, the
most 1oxic PCDF somers wers present as major constituents in
these samples [4,5). The nmulty n thess ifvesugations also
Indiestes that commerial chiorophenols are the main precurson
10 the PCDDs found, see Fig. 3. On the other hand the PCBs v
the man precurion 1o the PCDFs found in the fly ash semples
and uso n the Yusho rice ol (4, S|

A posuble contamuation of PCBPs in the Yutho rice cil, in
used PCBs and in pyrolyisd PCBs has besn investigaied by
Buser er al {8{. The PCBPs could concervably be formed (com
PCBs at high temperatures under exclusion of oxygen. we Fig.
3 However. no dafinite proof for tha presance of PCBPs &t any
ugnificant level (> 5% mlative 10 the jevet of PCDF1) could
be tound (8] The presance of other chiorinated polynucieat
aromatics [PCPNAL) in samples (rom (ncineration processes
has never seen discussed or demonstrated.

We hive previously studed the pyrolviis of PCBs When
ommetgia] mixtures o well detined imomers ary hested 1n ate
n 3 sesled ampoule, the ywelds of PCDFs are nomally n the
1=§% range. and this meghod has successfully Deen used for the
preparation of PCOF standards [5.9 (0] These observitions
ingicsied that anv burning of PCBs can be 3n mportant sanroa-
Tental source ot the hazardous PCDFL. and alreadv in [978 we
declated that 3i degradanion and duposal of PCBs should be
catetully controlled i order to aveid accidenial formation of
hazatdous PCOFs {9).

This starement has [ster been conflmmed by two sccidental
PCD Ares in transfommer suations. one in downtown Toronto,
Cansde {11] and the other T0km N Staekholm, Swadea [12),
n the Swedish study & 50-100 (old increase O the levels of
PCDFs was cbserved. but the analyticsl technique used did not
ulow ths identificaton of individual PCDF isomen.,

In the present study, we report on the wnalysit of oot
sumples and wips tests (rom two PCB firms and from 1 study of
the thermal destruction of PCD.

Anelysts of trece levels of PCDDy and PCDF

Due to the extrame texicity of some of the PCDD and PCDF
lsomers, vary mnsinve and highly specific analytical techniquen
st tequited, Detection levels »n biological and envitonmental
saen ples should be ordens of magnitude below the ususl detection
lmits obtained In pesucide wnalyns A sensitinty of ipg
(1077 1) might be required (o datect the most tonic omens
(see Fig. 2) in ¢ | g sample {1 ppj = 0001 ppd). The dlllerent
somaert of PCDDs and PCDF1 u known 10 vity gresty in ther
Wolegeal and toxicoiogiesl propermes :nd therefore the 1epat
ston, rdmtification wnd quantutifesction of the most toxic
isomery bacomes mportan:,

{n mtent yoarn 3 number of analytical methods have been
developed for the trace analyses of PCDDs and PCDF1in 2
vanety of matrices including soot and other products from
ncineration and scordental fires The mott speciflc snd islecuve
of thess methods are unlizing mass ipecirocopr MS (13, 14]
The punfied exttacts {rom the clean-up were used tor the Inal

- & a gosf\
2. ¢ A
Fodiiec g owey

ac2ls

acDrs

~

Ll 4}

cn/

e e
"Cm ~a___

Fig 2 Formanon ot PCDOs PCDF. und PCOP4 by priviytic procetas
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analytis using high-retolution s chromatography-mast specteo-
metry Mass slective detection (mass frapmentogriphy) was
used to detect PCDDs and PCDFs by salecave monitonng of
M M« 2andfor M + 4. The MS-Instrument (s opersting in the
electron mpact (ED) or the negadve chemical ionization (NCI)
mode. The quandficetion is based on peak area messurements
and companson either with internal yandards or calibndon
curves of authentic standards (external standards),

Experimental
Exrmacrion end clanup

The ample (3oot tample or Kleenex tiasue from wipe eats) waa
rpiked with Lppb of 2,3,7.8''Cpy-tene-CDD, 23.7.87QL,.
wirn-COF and " 0),00ta-COD Therwafter the sunple is treated
with 10mi of [ M hydrochloric acid for one hour {shaking).
The sturry was flltered by sucnon of ¢« Buchner funnel, washed
with water, and dried (n the sir.

The dried matesinl was transferred to o Soxhiet entrastor
and extncted with toluene (sbout [00 mi) for 48 h at s spesd of
I-2mimin*. The toluens was evaporated untl 100l oa &
rouvepor with some external hesting. the rest of the solven:
was sliminated by & purifled Ny {lush withowt sxternal heating.
The residues were dissolvad in 2mi of n-hexane and sdded 10 ¢
Silica gl column prepared from 05 ¢ of Kiselget 60. 70-230
meth (Morck) eluted with Smi of n-henane. The heoxans wis
waporsied untll 1004l using & stresm of nitrogen and 2ul of
this jolution wis usd for the analyus of FCBP. The PCDDs
and PCOFy were sepanted from other polychioninsted impurices
uung an Alox<olumn (1.0yg basic Alox skuv. |, Woelm, ICN
West Germany). The first frection, [0 mi-hexans. methylens
chionde {95:2) was discharged The mcond fraction. 1Omi
ahexane. methylenechionde (! 1) wascollected and evaporsted
untd dryness i a strezm of nitrogen. The rendus was dissoived
in « known amount of sotvent {100:) and 3wl was used (or the
GC/MS aralyws

High-resokurion gt chromarogrephy=mass spectrometry

We have used two glass capullary columns, one 25 m SE S4 (L4
0lemm) and one 55 mSilert0¢ (L4 0.26mm). The CC
conditions Are summarized in Table [I. The columns were
sitsched vy an open split and 0.5 m of 2 fused stica column
directly lnto the ton source of the MS. A Finniga Model 402!
mass tpectromeer was used opetating in the El or NCI mode
{CH,), sae Tabie lI1.

Stgndards and reference compounds
The PCDD and PCDP standards used (1etr- 1o octachioro) have

Table I Cas chromatogrephv condirons used in the shudv

SE 54 Sllar 10 ¢
Coiumn, leagth m $Sm
Column. 1.4 0lamm 0.26 mm
Intetface length 03m 03m
Interface, Ld. 016 mm Olimm
Prevsura (hebum) 1 pat 35 pud
Inpetar 1amp e nee
Timp proagnm 80°C-1 min $0°C-1 min

10=1§0°C 20" 'min
160-340°C 1" /min
160°C«LOma

$0-(60"C 10" Imin
160-240"C 2°'mwn
140°C=1Omin

= prmire Crmman *A

Chinstoffetr Rappe, Stellan Markiund, Per-Ander1 Berggvist and Managnne Honson ’

Tavie ll Masy mpecroscopy condirions used in che trudy
i NC1
Electron enveryy 09V 110wy
Emisnon current »h mA Jema
Elsctron muitiplyer 13kv 13kY
Seruitiviry wray 10 AV
High nogem $x 10" tomy $x10° tan
Forepraumure waizer 0 01 tomy 01230 ior
lonzer tamp. 10 110°C
Manifold temp. L3o°c nec
Trssmnter Une temp, 110°C 110°C
Laieriuss ikne (emp. ure 80°C

been described sisewhere {13, 15, 16]. No stendards were
svalable for moao, & and wCDPFs. A solution of 136.7-
totrnLBP wis obtained from Devid Suiling, Columbla, MO
USA. No other qualitative or quantitave PCBY or PCPY
sundards are svadlable.

Individual M3-responss facton have besn determined for 28
different PCDF1 {14], and werw used for the quantification of
these isomers. Por unidentified isomers the response factors for
13.7.8-utre- and 13 4,7, 8penta-CDF was waed

Ramits
Accidental PCB fire, Skivds, Swedan

la March 1982 o Are broks oul la a capacitor battery (400 V)
urving o high frequency oven In & cading lne of 2 metal treat.
ment fictory in Skovde. Sweden. The dielectnourn in the
capaciton consitied of minerl ol or PCH and the rwe types
of capscitors were mixed at randem The Are ttarted in »
capacitor containtng mineral oll. and ebout 2 h elapsed unui
the fre we completely exunguished The capacitor room
sitvtated in the basement of the foundry was bumed owt. the
copper ban for slecineiy I1n the coling was perdy melted
(m.p. LOS0°C) The mmoke spread in the building in an aren
of 60 x JOm.

The capacitor battery contained 11 capaeitons Nlled with
PCB (5 kg vach) An inspector afver the fire showed 12 of these
capscitors had been opened and 5 of them were tull waled.

Tha followang samples were analyzed (wipe tests, Kleenex
tisua, | dm?),

{1) On the floor, in the capacitor battery.

{2) On the floor, closs 10 the capaciion battery

{3) On the wall in the capactioL room. 2 m {rom the casseror
battery, I m above the floce.

Tuble IV Leveis of PCOFt (mgm™) for samples jrom the Skovde
fire

Sumpie rumber

MCDF 1 2 )] +

1373 TanLhF 0 100 <] Ad
Towt Trin<DF;s 109 500 < 10¢
Towl PeminCDF @ 100 nd Ay
Total Heza lLDFy 40 0 ad nd
Towi HepuCDF1 ] [ ] nd nd
OcalDf 3 H nd nd

nd = Vor deiseiod
« Difterent somers than thase found o umples | and 3
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Mg ¢ Mas {mgmentogrum of extrct from secidental PCT fire, Skivde,
Sweden,

{4) On a banch 1O m from the oven.

The rerults arw collected 1 Table IV. The muits show thet
hugh levels of PCOFs & 0 Lugm™) could only be found 1o an
ares close to the fre. At o distancs of (O m the levels were
about 100 ime lowsr. The low levels in sampis number J can
be axplained by the high tempersture at this m&u location
(the copper bar was part]y meited hore).

The frapnentogrmm of tha PCOFs (tn-LDF to cctalDF) s
shown in Fig. 4, Malang the asumpuon of wn equal responte
for tn- and tetrs-CDFs, the levels of 175-CDFs is sbous the same

a8 winCDPs. The highly toxic 2J, 75wtn-COF is one of the
majot tetre-COF uomerns.

In additional to the PCDFs Flg. 4 shows the presence of
another senes of chiorinated compounds. The molecular waights
and number of chiorine atoms indicate that this Wi i the
polychlonnated pyrenes, the PCPYs, ww Fig. |. Especially the
&CPY 0 are the dominanting compounds st mass 270. However,
the fnal proof cannot be obmined due te lack of synthetic
sandards. It can be noted thar no PCDDs and ao PCOP1 could
be 1denafied in the sampies from this fite.

Accidenzal PCR fire, Stockhobm, Swaden

In August [98! & (Ire broks owt 1a & sapacitor battary (10 KY)
in an tiectncal power stadon in Stockholm, Sweden The fire
was probably caused by maifuncuon in the elecirical rystem.

N WL A i e Ty et
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Fig & Mam (mgmentogram (PCRP) of extrscr from accidenw M) fire,
Siachhoim, Sweden

We have analyzed 2 wips test from this firs takes sbout [ m
from the capscitor. First we analyred the sxtruct after the
slics gol step, see Flg 5 In eddidon to the PCBs, which
were aot totally removed from the sample, the chromatogram
coatained several other peaks. lnapection of the complete mass
wectn revealed these peala 1o be 2 weries of compounds with s
molecular waight corrmponding to di-, tri-. 1etre- and penta-
CBPs. Thus series Is probadly formed by & direct cyclization of
PCBs, e Fig. ).

In Fig. 6 we have collected the fragmentograma of the fens
corresponding 1o &- 0 peara-CBTY. Several isomsn could de
found within esch prowp. The sbsence of tynthwiic ttandards
creains 4 problem for the Identification. but the presence of
PCOP (or the isomenc polychiorinated scenspthylenss) could
be checked by following the M and M + I traces For most of
pmks in Flg. 6 we found the expected mitio berween the M and
M+ 2ions

The sew MS/MS technique [17] provides snother possibility
to check for the presence of FCBPY. We have used thiy method
10 analyze for the tetrs-CBPL. We have used this method to
analyte for the stza-CBPy (m/s = 238) where hugh levels of
teteachioro FCB (m/z = 290) could interfure. We setecied 288"
& the parent jon wanning for daughter tons. From the iynthenc
standard 23.6.7-trn-CRP we found 253° and 218" 1o be the
major deughter lons. The MS/MS experimenr ks shown In Fig
T Al the major peaks in the extrect hed the expected dsughter
lons. the numbder of tetra-CBP momans found in thus sanple was

,g..l el about 10.
-i , -? I “1 e
tovaciPu »3
| L2 N
e T il e 1 A AQJLL al
t {:‘J{l 1 prim-C B s 90-:
‘w{ 1 L q {! e : - l‘ - - e
M iede L...ML_,.QL..J. PR 4233+
. : l L.
1 A
“eco Py ;00 P 000 *me rasp el ”e 248 248 e, <ew

Fig 5 Mas fragmentogram (total son curreat? of pxtract from scoddendal
PCT Nrw, Stockhoim, Swadsn

Fig 7 Vam tmgmentogram (M8 NS) of terrs-CBP trom scudenial PCY
fre, Stovkhuim Swalsn
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and d-CPYi) 304 (retre-CDFs and thCFYs) aad 340 (peats-
CDFs and tetre-CPYs). The highest levels wers found for the
1eire-COF1and the trCPYS

Among the PCDFs we can identlly a number of isomens.
The highly toxxc 23.7,8-tetn-CDF and 23.4,7.5-penta-COF
could both be identifled as major peakts. It shouid be noted
that individual responss factons [16] have beea used to eak
¢ulate the leveis given 1a Tabie V.

Therral XCB desrrucrion, rotary cemant kiln, Norwey

We have analyzed a senes of samples wken during a tst study
of therma descirucdon of PCB i 2 rotwy coment Gla in
Norway The kin is |50 m long with 2 damerer of 3.5 m. It haa
¢ 10 called "wet” oven eperating at 1450°C in the solid material
and 2000°C in the Names. During the test period 4 m? of PCB
was bumed at a feeding rawe of SOkgh™. The results are cob
focted tn Table V1,

80  Chascoffer Rappe. Siellan Merkiund, Per-Anders Berpgvist and Margnne Hansson ’
[re Tabie V Amounns of PCDF: found in sempl
ples from ecosdental
j s PC2-fre, Stockhoum, Sweden
£ DY
4 hy Amount
™ rcor agmt
2 w“lm R o
;, S 137 3 TeunlDP 159
1375 TanDN 150
-t 1345 TenlDF 138
. ;,:.I.M’MQF i
. 441 TemlDE )
y! wcon 3451 TrnlDF 13
Raw-0=vn 136,141 3 59CD0F 199
Ot Totnn LD 150
28 Telal Toim-LDFS 1100
”n» Jo0e ™ Prog™ 23,41 3Pt CDF 4
Fig. & Mus ingmentogran (FCDFs 1né ICPYE) of rxiraet Brom saxiben 1730 ) pons Cop "
Wi FCT fire, Stackhelm, Sweden, y i
1347 3wt CDF Y
23.45,7PeaCOP 13
The extact from the Alox siep was analyzed for PCDFs :';:':”mm: : :
{and PCDOY) n the usual Wy, and Uw mﬁuﬁn “‘IP’ 1135, P LDF 3
piven in Table V The level of PCDFs vas found to be Léugm™ 12,485 PemuDP T
which 1 approximately twe times higher than (8 the Skivie 2J458PwmucDP 1
firs. Howsevet, it thouid be kept 1a ming that In the Stockholm  12.734113.4440F 15
fire we should aiso consider the PCBPY promat. A rough esty O Pree<Dls "
manon gave the leveis of PCBPs to be about 15-30ugm™. Tewl PenasCDPs 175
Figure 8 s the fragmentograms for the loas 270 (-COFs  Towl HemCOMs <03

No PCDFs or PCDDs could ba found in any of the wmples,
but (n three of the samples we found traces of weirachionnated
biphanyls

Conclusions

A comparison of Uw Skivds fire math the Steckholm flte sthows
that thess two PCB Ares produced quite different products.
The Skdvde &re 8 2 “normal™ fre whare mineral oll proerated
the hast. The magor products formed hers are PCDF3 and
PCPY 1, whils no PCBPs could be |dmufied.

The Steckholm fAm was caused by an slectrical malfuncdon.
The temperature in this Are was probably much higher than in
Skivde. in this fire the PCRPs wers the major products while
PCDFy and PCTYs ware minoe construents.

Table V1. Amounts of FCDFs and PCDDs found in PCB dusrrucrion

‘ XAD-1 XAD-2 Fllser Pilwr Elsctre Sunined

Condonmts Fhhwr | Fiteer } 1 2 U coment
it ~y N ~ ~ ! neg
TnlDF < 0.04 <032 <D0 <04 <03 <18 < 300
TRICDDs <01 <02 <008 <19 <02 <12 < 3100
TetaCDF1 <03 <01 €012 <§} <0 €11 <30
TetnlDD <02 <01 < 0.0% <10 <0t <10 <30
Peata COFy <004 <003 <003 <4 <2 <13 <30
Penia L DDs <01 « 0,03 <003 <4.) <02 <18 <50
Hexa CDF, <14 <07 <0} <4} <0y <l3 <13
Hena KOO <08 <07 <0l <#3 <0y <3 <150
Hepea-CDF4 <d§ < 1.4 <} <) <02 <50 <50
Hepta-CD Dy <01 <01 <003 <03 <0.1 <0} <)
OutalDF <10 <03 c0) <i) <04 <035 <210
0ca DD <04 <02 <ol <o0# <04 <od b
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Another PCB fire occurred In the State Office Building [n
" Binghamion. New York, US.A. Anayses of oot sampies
formed 1 this fire showed the presance of 23.7.8-tetn-CDD
wnd other tetre-CODy [18]. Howwver, 1o diaxing have been
found in the 100t from the Swedish PCB fires. This difference
can be explained by the presence of polychiorinated benzenss
in the transfommer off in Binghamton. It has been shown by
Buser thas PCODs and PCDFs are formed duting the pyrolysis
of polychionnated bensenm [19],

Two new classes, the PCBPy and PCPYs ware reponed for
the first time in these wples,

Tha dats fromn the PCH test buming indicate that this might
be t safe method for the destruction of the PCY, aow in use
ln cupasiters ind tamfoonen.
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