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Iptyodyctiog

Tly ash and {lus guses of municipal incinerators and of an industrial heating facility
vere shown to contain the hasardous polychlorinated dibenso-p~dioxins (PCDDs) and dibemso-
furans (PCOfs) in addition to other chlorinated compounds .'? The fly ash from tws
different faeilities in Svitserland showed a remarkably similar distribution of the PCID
ieomers. 3 T™he major PCID {isomets found in samples from both facilit!yse were thore formed
{n the pyrolytic dimerizstion of the most common chlorophenates, namely the 2,4- di-, 2,4,6-
tri~, 2,3,4,6=tetra~ and pentachlorophenate, suggesting these commonly used products as
precursors to the PClDe. The imowm toxic PCID iscmers, wuch as 2,3,7,8-tetre~, 1,2,3:7,8
peata~, 1,2,3,6,7,8~ and 1,2,3,7,8,9-heza~CID were present as ainor compenente.

In addition to PCIiDe, the fly ash from both facilitiss showed the presence of PCIFes
at a similar level as the m.’ In all, 13% positicnal isomers exist for the PCU's, and

some of these are about equally toxic or biologically active as the most toxic PCDIN.
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Mis is eopocially tres for the 2,3,7,8-tetra=, 1,2,3,7,8- and 2,3,4,7,8-penta~Cop. 4>
Oommaruial ohlezophsncls have been found tc cantain PCDDs and PCIfs in the range of

tems %0 bhumdreds of m.‘ PCIf'e have been involved in & sericus intoxication in Japan in

1968, called the Tuako M.7" and thay have been asscoiated vith polyehlorinated
biphenyls (PCBe) in which they are usually present as trace impurities at the pps lewsl.’
PCBe are industrial chemicals of vide use; they bBave Deen asscoiated vith a world-wide
centaningtion. Recemtly, astions were taksn %0 reduce or ban their use,

Ia a previcus paper, wve showed that pyrolysis of PCBs can result in the formation of
MIFs at the peroent lml.m Since a large portion of the ussed PCBa say be disposed by
incinsration, this formatiom of PCINs may have envirommental significanco,

In additica to FCBa, polychlorinated diphenylethers (PCIPEs) could come into
oomsiderstion as poseidle precursors of PCOFe. Ve have shown that the thermal comversion
of PCIFEs into PCIFs is of the eame ~rder of magnituds as that fros PCBs.'’ For the
present, we consider PCBa ss & more probable source for the hasardous PCDFs due to the much
larger production volume of the PCBs as compared to the PCIFEs.

In this paper, we report the analysis of PCIFs in two (ly ash samples. Although we do
not give the complete structure of all isomers present, we shov by high-resolution gas
chromatography and mass spectrometry that mogt of the major PCOFs in these fly ash sasples
vere also formed in the pyrolysis of commercial PCBs (Arcolor 1254 and 1260). This finding

gives strong support to the sssumption that the PCIFs found in fly ssh are originating from

the uncontrolled burning of PCBs.

Exnerimental

Exszaction snd puxificatien of 1y ash saspies
The extraction and purification procedure used has been previously dncrtbod., The

same sample extracts wvere used in this study as for the identification of the FCID 1.-0-:.--.3

Mlarenyrolyaia of FCBs
Aroclor 1254 and 1260 (100 ug each) were pyrolyzed at 600°C in separate, quarts aini-

ampoules, The sxaot pyrolysis ccnditicns and the clean-up procedure used bave been
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dssarided. ? Bxtraots of previcusly pyrolysed 2,4,5.2',4',5'- and 2,4,6,2, 4’6" ~hexachloroe
biphenyl wexw analyned for comparison.

1sandaxd and refersnge FCIN Llscmers
The folloving PCIF isomers were obtained: 2,3,7,8«tetra~ and 2,3,4,7,5-penta-CllF as

gifts from Dr. J.D. MoKinney, and 1,2,3,7,8-penta~CTIP as & gift from Dr. A. Polend. Ta
1,2,5,4,8=peata~CIN vas prepared fTom the corresponding PCIFE by a Pd-catalyned
oyolisation.'? In eddition, a mixture of 2,3,4,6,8-penta=, 2,3,4,6,7,5-heza~ and
1,2,3,4,6,7,5-hepta~CIlF was obtained by chlorination and deaminaticn of 3,7-dlaminobenso-

2

mru.l T™is aixture contained s minor ssomnt of 1,2,4,6,7,5-hexa~CIP as well.

St _Analysis

A Pimmigan 4000 quadrupele CCIE instrument equipped with electron=impact icn souree
and a Pinnigen 6111 data system was used. The samples vere analyszed on a 50 & 0.357 sm ID
0V-17 glase capillary columm coupled 0 the mass spectrometer via & glass~lined stainless
stesl tube of lov internal diameter (0.3 mm ID). In a Cirst phase, complete mass spectra of
individual PCIFs were recorded (1.4 sec/scan, a/¢ }5=470) using the data eystem. The columm
conditicns vere as follows: 120°, 2 min isothersal, 20°/min to 180°, 5°/ain to 2%0°C. In a
second phage, the samples were reanalyzed with optimal {somer separation using sass
specific detection (mass fragmentography) of PCIPs by monitoring molecular iocas at m/e 270,
104, 338, 372 and 406 for the tri- to heptachloro compounds. The columm conditioans this
time vere: 100°, 2 min isothermal, 20°/min to 160°, 2°/min to 2%0°C. Individual PCINs wvere
found to elute in the retention time ranges i{ndicated in Figare 1 and 2, Iscmsrs in the
extTacts wvere idemtifisd by co-chromatography wvith ths reference cospounds.

Ia the pyrolysis and fly ash semples ainor quantities of polychlorinated naphthalenss
(PCEs) vere observed at levels of one tenth to one fifth of the PCIFs. These compounds give
& response st the s/e valuss listed above dus to M'+6 isotope peaks, e.g. pemta~CE(M'=298)
at a/e 304. Most of the PCEs observed sluta prior to the retenticn time ranges of the
corTesponding FCIe. A 4differeatiation between these compounda is sasily achieved dy
observation of their complete mass spectra (presence of n", ousber of Cl's as determined

from the {setope cluster and the typical fragmentation with formation of K*.cOC1 for PCIWS
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and :....an for FCEs). PCIFEx were Dot Observed in the cleaned-up extracts.

Ramults and Discuseion

Iammetigm of PCINs (rom the pyrolrmis of iodividual PCB {somers

Ff«gggn‘g&n’nﬁﬁaongnﬁlﬁgw«-: of 3
indiviéual PCB n!-.po 2,4,%,2',4',5 ~Hexnchlorobiphenyl, one of the major hexachlorve
biphenyls found in commercial PCBs, formed one tetrs~ and two penta~CIP iscmers. The tetra-
CIF vas the 2,5,7,5~ substituted isomer resulting from the formsal loss of QHn by resction 1
(Sobeme 1). T™a formation of two peata~CIPs mesns that one of these isomers sust be formed
in a rearrsngement reaction. It vas nov shown, by comparison to an suthentic standard ca a
high=resclution glass capillary column, that ons of the penta~CI¥s formed is the 2,3,4,7,8-
sadgtituted iscmer. This isomer is formed dy the formal loss of ECl and a rearrangesent
izvolving a 2,3-chlorine shift (reaction 2). The second penta~CDP (earlier eluting iscmer)
1s expected to be the 1,3,4,7,8-penta~CIF resulting from the loss of HCl without rearrange-
msat according to resction 3. The proposed reaction pathways for the formation of PCIFs

from the pyrolysis of PCBs are illustrated belov for the 2,4:5,2',4°,5' ~hexachlorobiphenyl .

reaction 1 d o
o.@l@n_
0
2378~ tetra-COF
Cl Cl
AT reaction 2
o Q@I@@
a o

234,18-penta-COF

Scheme 1 13A18-penta-CDF
( proposed )
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T™e quantifications givem in the previous Pmrm indicate, that the three reaction
sechanisms have about equal probability ({n case of the 2,4,5,2',4',5'-hexachlorobiphenyl.

2,4,6,2',4',6' -Bexachlovobiphenyl is an iscmer not usually found in commercial PChe.)’
Pyrelysis of this compound resulted in the formation of a tetra- and a penta<CDF (n sbout
equal amounts. T™he tetra-CIF expected 18 the 1,3,7,5-substituted isomer formed by resctica
1. The formation of a penta~CIF has to involve a rearrangemsnt; this {(somer could be the
1,304+7,9-penta~COF formed by resction 2 or another penta~CIP isomer formed in another
rearrangmsnt. The formation of a pents~CDF without any umnt agecording to reastion
3 {s not poseible and no sdditicnal penta~CIF vas observed.

2,6,2',6'<Totrachlorobiphenyl d¢i{d yield a di- and a tri-CIIP. The 4i-CIIP is most likely
the 1,9 sudstituted iscmer formed according to reaction 1, the tri-CIF {s expected to be
the 1,4,9~ substituted iscmer formed by s rearrangement (reactiom 2). A tri-CIF formed by
resction 3 is not poasidle, and the slution of an additional iscaer wvas not observed.

Yery fev PCDP standards are presently available. BHowever, aicro-pyrolysis of individ-
ual, synthstically available PCB i{somers in quartiz aini-ampoulss could de a very belpful
and convenient vay of preparing small smounts of PCDF isomers for use as qualitative refer-
snce compounds in analyses of various samples. ¥We are currently involved in such a progras,
whare the structurs of the products from tha pyrolyses are studied by comparison with PCIFa

prepared by other imown aethods.

Tormation of PCOPp fom the pyyolysis of cosmercial PCRs
Commercial PCBs (Arvclors, Clophens, Phenoclors, Kanechlors) ecasist of & sultitude of

individual PCD isomers; theoretically there exist 203 isomers, in practice up to 100 have
been observed in commercial PCBs.’’'14 In the present investigation, ve have studied the
pyrolysis of two commercial PCBs, Arvelor 1254 and 1260. Aroclor 12%4 mainly coosists of
tri- to heptachlcrobiphenyls and from these we can expect the formation of momno- to hexa-
CI¥fs according to reactions 1,2 and 3, Schems 1. Arvclor 1260 has penta~ to octachloroe
biphenyls as the major conatitusnts and from these ve can expect the formatiom of tri- to

hepta=-ClFe.
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Ia Figaze 1, mase fragmatograms shov the slution of tri- to hepta~CIWa in the
pyrolysed Arcalors. ¥ith Arcelor 12%4 (Yigure la), momo- to penta-CIFs vere formed (elutiom
of the mono- and di-CIFs not shown) at a total level of approx. 2% relative to the PCB;
with Aroclor 1260 (Pigure 1d), tri- to hepta~CDPs formed at a similar level. In case of the
sajor isomers, the disozets FCINFe could be idsatified in bDoth samples by running complete
BESS SpeotTa.

Significant quantities of tx1i-CIFe vere formed fram Arcolor 12%4 and the elutiom of up
%0 17 isowers cam de obeerved. Arvolor 1254 did also produce monc~ and di-CiFs.

In case of the tstra-LINs, significent quantities were formed from both Arvelore.
Siailar pattarns wvith the eame major tetra~-CIIF isomers were observed in these two pyrolyzates.
Ome of the major tetra~CIlfs in both cases is the extremely toxic 2,3,7,8-tetra~ClP {pesk 44)
a9 shown by co-chromatography with the asuthentic standard, This FCIF is most likely formed
from 2,4,9,2',4',5" -hexachlorobiphenyl (s major comstituent of these Aroclors) by reection 1
or frem 2,4,5,3",4'-pentachlorobiphenyl (alsoc present in these Arcelers) by resctiom 3.
2,347,8«Tetzu=CIIl vas Dot completely resolved ca this column from ancther tetre~CIF (peak
43). With pyrolysed Aroclor 1234, 6 major and about 15 minor tetra~CIFs vere observed.

Noat of thase iscmers wers also formed vwith Arcclor 1260 but some in reduced amounts,
notably the peaks 34, 47 and 48. The tetrs~CDP (peak 27) formed from 2,4,6,2',4',6'-
bexachlorobiphenyl and tentatively identified as the 1,3,7,9-tetra~CIF could only be present
as & minor component.

Again, siailar patterms were observed for the penta~ClPs in both pyrolysis sasples.

One of the major isomers (peak 53, mot separated from peak 54) in both cases has an {dentical
retention time as one of tde penta~Clfs formed from 2,4,9,2',4',%'-hezachlorodiphenyl; it is
presumably the 1,3,4,7,0-cubstituted iscmer formed by reaction 3. Both, ths very texds
1,2,3,7,8~ and 2,%,4,7,.0-pemta~CIF (peak 60 and 68, respactively) vers present in thase
samples at uul.nmt‘ levels. The former could de a product from 2,3%,4,2',4'5'-hexmchloro-
biphenyl resulting via resctiom 3, the latter from 2,4,5,2',4',5 ' -hesnchlorobiphenyl vias
reaotion 2 or fxom 2,35,445:2',4',5' -heptachlorobiphenyl via resction 1. These heza~ ead
beptachlorobiphenyls have been reported as comstituents in commercial PCBe.'* e 2,3,4,6,8-

and the 1,2,3%,4,3-penta~CIF (peak 61 and 62, respectively) were preseut as ainor components
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omly. Areelor 1254 shews the presence of another sajor penta~CIF (peak 55). This isomer did
co=chromatogrph with the penta~CIF formed in the pyrolysis of 2,4,6,2',4',6'-hexachloro=
biphenyl sand could de the 1,3,4,7,9-penta~IF. Hovever, the source or identity of this
pemta~CIF ia ot campletely clear because 2,4,6,2',4',6'-hexachlorodiphenyl was not found
%o he preseat in thess Aroalors, > snd all other major PCBs in the Aroslors do mot yield
thia PCIP isomer in reaotioma 1, 2 or 35, 3cheme 1. Pyrolysed Aroclor 1260 showed reduced
lavels of ths penta~OIlfe eluting as peaks 64 and 69.

Eoxn~Clifs vars formed at a significant level omly with Arvclor 1260. In this case, over
10 isemere were obearved; 2,3,4,6,7,0-hexa-~COP (peak 5%5) vas one of the minors oaly,
Additionally, all 4 bepta~CIPs (peak 90-93) and 0ota~CIF were observed in the pyrelymis of

Avoelar 1260, e elution of 0ota~CIW is oot shown in the sass [Tagmentogram in Pigure 1.

BEl¥e in L13 ash
71y asbh samples from two facilities in Switserland were analysed. The two samples vers

from am industrial hesting fascility near Aarsu and s mmicipal incinerator in Zirich. The
eame semples have been scelysed for the PCID iscmers,’ and have been more sccurately
desarided in that paper. Both samples showed the presence of PCIFs at a level of 0.3 and
0.1 ppm, Tespectively. This 1s sbout one third to one half of the level of the PCDDe present.
In addition, theee samplee aleo showed the presence of FCBs at adout the same level as ths
PCIFs. PCRe were present in smaller smounts as well as othar chlorinated cosmpounds.

1o Pigmxe 2, mane fragesntograms shov the elution of tri- to hepta~CD¥Ps in doth fly ash
samples. ™e same peek mmbering vas applied as for the pyrolysed PCD samples 1a Pigure 1.
As can be seen from Figure 2, both sesples shov remarkable similaritiss in the pattemn of
the PCIF ilsomers, puiztiag t0 & commou source for these compounds.

In case of the twxi-CIfe, up to 16 iscmers can bYe cbeerved. Ths same ilscmers were found
80 the major tri-CIFfs ia doth sesples (peaks 7, 10 and 17), Witk the exception of J wimor
poeks, sll ware found ia the Arvalor 12%4 pyrolysis as well.

imeng the tetze~Clify, again vexy siailar patterns were found for both of the samples
and the elutiom of up t0 21 iscwerw cap bDe observed. The very toxic 2,3,7,8-tetra-CIP
(poak 44) s the major isomer of this growp in both samples. Most of the tetra~CIP isomers
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found in thees fly ash sumples were aleo present in the Arvclor 1234 end 1260 pyrolyustes,
although in somewiat differeat proportioms.

In case of the pemta~ClWe, up to 17 different isomers were found to be present in both
samples. Bote that cne of the peaks (marked x) in the fly ash from ZUrich is not & penta~CIP
but & bexa~CH (N'+6=338) eluting in this temperature range. As in the Arcclor pyrolyses, the
aajor components bere again are the isomers eluting as pesaks 53 and %4; the former is a
prrolyeis produot of 2,4,5,2',4',5'-hexachlorobipbenyl, tentatively identified as 1,3,4,7,8«
penta~CIP. Again, the toxis 1,2,3,7,8- and 2,3,4,7,8-penta<ClP (pesk 60 and 68, respectively)
are presemt. In addition, both fly asb samples shov the presence of 2,3,4,6,8- and 1,2,3,4,8-
pemta~CIF (peak 61 snd 62, respectively) that vere ainor constitusnts in the pyrolysed
Aroalors. The fly ash sasples also shov (ncreased smounts of the penta~ClF isomers eluting
a8 peaks 50, 51, 58 and 66.

Ameng the heza~ClW'e, wve can see tde same 7 major isamers in both {1y ash samples.
Compared to the Aroclor 1260 pyrolysate, the fly ashes shov increased smounts of the iscmers
sluting as peakts 71, 70 and 89 and a somevhat reduced amount of the iscmer eluting as peak
753 othezwise, very similar patterms of the hexa~CIF isomers were observed. T™he isomer
eluting as peak 85 is the 2,),4,6,7,8-haza=CIF; peak 71 oould correspond to the 1,2,4,6,7,8-
hexa~CIF, present as a ainor impurity in one of cur standards.

Whereas in the pyrolysis of Arvclor 1260 similar smounts of ths 4 individual hepta-CDFs
were formed, we see & clear preference of the first sluting iscwer (peak 90) in both fly ash

samples. This isomer did co-elute with 1,2,3,4,6,7,8-hepta=CIIP of our standard mirture.

Sencluaiona

ailailgiggggig.w.nggu. we have
shown that commereisl chlorvphsnates are potential precursors to the PClDs, and that the
moes toxic FCIDs wezre ocunly minor a.l-n»ﬂ.l.n-.u The present investigation, using highe
resolution GC snd NS, bas shown that the same PCIF isomers were present in the f1ly esh of
sech differwnt fasilities eas an industrial heating facility and s municipal inoinerstor.
Most of these Lsomers were also formed in laboratory pyrolyses of commercisl FCBe. This
gives strong support to the assmption that the PCIFe in the fly ash were, t0 & significamnt
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extent, dus to the umeontrolled bumming of PCBe, Coutrary to tha PCIDe, in case of the
PCIfs, wo found the moet toxic isomers to be the major constitusnts in fly ash as well as
in the PCH pyrolysates. Comsequently, the disposal of PCBs by incinsiation should be care~
fully coutrolled in ordar to ainimise envirommental and cceupaticnal exposure to the

hasardous FCINe.
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