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Polychlorinated dibenzofurans(PCDFs) are known to be highly
toxic substances. (HOFMANN 1958) Through chick embryo bioassays,
Vos at al. (1970) identified two kind of PCDFs as toxic
components in PCBs. Subsequent investigations have revealed
that several PCDFs are present in a number of PCB preparations.
(BOWES et al. 1973, ROACH and POMERANTZ 1974, NAGAYAMA et al.
1976) However, only limited informations are available on the
isomer components of this toxic material.

PCDFs were recently reported to be present in Yusho oil
which gave rise to a large scale of human intoxication. (NAGAYAMA
et al. 1976) 'Yusho'', namely oil discase, is a peculiar skin
didease characterized by clinical manifestations as follicular
accontuation, acneform eruption, pigmentation of the skin and
nail and hypersecretion of Meibonian gland. The cause has been
considered to be PCB poisoring (Kuratsune et al. 1972) but it
was recently suggested that the toxic role of PCDFs was not
negligitie in the causaticn of Yusho. Hence, detailed
characterization of ZDF corp ] to
Yusho il

T-e present paper will describe detailed analytical result
of PCDF :oponents as to the rumbers and compositions in Yusho
oil and sixteen PCB sreparations.

y in

Materials and Method

Samples Yusho oil was the product of 12th Feb. 1968. PCB
samp{es examined were Kanechlor KC300, KC400, KCS500, KC600,

=i -:Aroclor T64, T241, T1242, T1248, T1254, T1260, Clophen A30,

Ad0, ASO, Phenoclor DP4, DPS, DP6. All PCB samples were not
specified in lot number. Used PCB sample was Aroclor T1248 used
as a heat transfer agent in chemical factory during two years.
Operation condition was not specified.

Analysis PCB sample(lg) was dissolved in 2 ml of n-hexane and
¢l ruutogrlph'd over Florisil colum. The size of the colum was
1 cm in diameter and 30 om in length. 20 grams of Florisil(80/
100) presctivated at the temperature of 630°C for four hours,
was packed. After the first absorption, 200 ml of n-hexane was
passcd the colum in order to remove most of the PCBs and then
50 m of hexane acetone mixture (95:5) was passed. PCDFs were
recovered from the colum by eluting with 100 ml of acetone. The
recovery was more than 90 3. The acetone fraction was condensed
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to the volume of 500 pl with Kundera-Danish condenser and

nitrogen gas flashing. An aliquot of the condensed solution was
injected to gaschromatography-mass spectrometer (Shimadzu-LKB
9000). The following condition was employed.

Column Dexil 3% on Chromosorb WAW 006(100/120) 3max2m

Carrier gas He 30ml/min. Ion. Vol. 70eV

Temperatures. Colum 270°C Injection 300°C

Separator 300°C lon source 310°C

Mass spectra were taken at every five second with a computer
system (MS-PAC). 192 spectra were obtained fram 2 to 18 minutes
after injection and the sclected mass numbers were plotted on
section papers for qualitative and quantitative analysis.

E Quantification was made on the assumption that each PCDF
specimen was ionized to the same extent by the electron of 70eV
regardless to the difference of the degree or the positions of
chlorine substitution. Amounts of PCDFs were calculated b{.
comparing their peak areas with those of known amowunt of ti
standard sanple.

Result and Discussion
Mass fragmentgrams of chlorinated dibenzofurans in
comnercial PCBs and in Yusho oil are shown in Fig. 1 along with
our standard sample. Standard sample was synthesized through
chlorination of dibenzofuran by chlorine gas under the presence
of ferric chloride and iodine. Average chlorine number was 4.7.
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Fig.l. Mass fragmentgrams of PCDFs in PCBs and Yusho oil monitered
by parent peaks( 270, 304, 338, 372).
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Fig. 1 Continued. |

Eighteen PCDF isomers (thres trichloro-, five tetrachloro-, o
five pentachloro- and five hexachlorodibenzofurans) were i
demonstrable in these samples. Poak 6 was tentatively assigned
to 2,3,7,8-tetrachlorodibenzofuran from the coincidence of the
retention time with the authentic sample. Other isomers were .o '
not identified in their chlorine positions. It is worthy to !
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note that almost all PCBs have similar PCDF isomers. PCDF
concentrations are listed in Table 1.

In regard to the occurence of PCDF in PCB preparations, the
following four mecchanism may be probable.
1) L, a

= No »

2) . __NaOH o NaOH |
, &0 SO0 G2

O -& - — BRY'

0 o o ‘\ 02 m @C 1

'\;“Zl\/ @‘ ]\_‘! + Clz
Reaction (1) means that d1benzofuran contained as an impurity
in technical grade biphenyl is chlorinated to PCDFs in the
process of PCB synthesis. Gaschromatographic pattern of our
standard sample, however, is fairly different from that of PCDFs
in PCB preparations. Therefore, mechanism (1) may not je the
major route of PCDFs. Vos et al (1970) suggested the mechmmisa
2) as a possible route. However, gaschromatographic pattern of
PCDFs produced by heating PCB(Aroclor 1248) with sodium hydroxide
were different from that of PCDFs in PCB preparations. Thus,
the mechanism (Z) may also not a major route for the formationm
of PCDFs. On the other hand, mechanisms (3) and (4) seem
more probable because used PCB has a profound PCDFs with similar
isomerism.

When PCBs (Aroclor 1248) were sealed with air in glass tube
and heated at 300°C for two weeks, increased smount of PCDFs
were found. Produced PCDFs had a similar gaschromatographic
pattern as shown in Fig.l. At the same time, the formation of
hydrogen chloride and polychlorinated biphenylols was cbserved.
This reaction was catalysed by transition metals or their
salts. Detailed investigation is now in progress concerning
to this reaction.

PCDFs were concentrated in Yusho oil. The ratio PCDF/PCB
reaches to about 1.1% which may be five humdred times higher tham
that originally contained in KC 400. Nagayama et al. and Miyata
et al{private commmication) recently identified PCDFs
independently in Yusho 0il and reported the PCDF/PCB ratio as
0.5% and 1.2% respectively. Both results are comparable to our
result. PCBs which had been originally used for the heat
transfer agent was KC 400, however, the gaschromatographic
pattern of PCBs in Yusho oil was rather resembled to that of KC
500. This indicates that lower chlorinated biphenyls were
removed by evaporation in the deodouration process of vacuum
distillation to result the concentration of PCDFs which are less
volatile than PCBs. Furtheremore severe temperature conditions
employed in the company might give rise to the pro
formation of PCDFs. letals presented in the heat trnsfer tubing
(stainless steel) might catalysed the reactian.

Yusho disease is a chronic intoxication caused by the
consumption of rice bran oil (Yusho oil) cmtmnnf.ed by heat
transfer oil (KC400). Yusho patients are considered to have
ingested about 2 grams of PCBs in average. Assuming that the
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Table 1 PCDF concentrations in Yusho oil
and PCB samples (ppm)

Yusho DP& PS5 DP6 KC300 KCA00 XC500 KC600

011
1 - - - - - - -
2 0.02 - - 0.1 - 0.2 - -
3 - - - 0.1 - 0.1 a.z -
4 0.15 0.7 2.0 0.7 2.6 3.4 0.7 0.1
3 0.09 0.3 0.3 0.4 1.8 6.9 0.3 -
6 0.28 0.7 2.2 0.9 2.2 1.6 0.7 0.1
7 - - 0.1 0.1 0.1 0.2 - -
] - - - - - 0.1 - -
9 0.03 - - - - 0.3 - 0.1
10 0.53 0.9 1.4 1.5 0.6 4.5 0.1 0.2
11 0.33 0.3 0.5 0.5 0.4 3.9 0.3 0.1
12 0.42 0.4 0.8 0.6 0.6 0.9 0.7 0.1
13 0.02 - - - - 0.8 - - .
14 - 0.2 0.1 0.3 - 0.2 0.5 0.2
15 0.12 0.3 2.5 5.1 - 0.1 0.5 -
16 0.64 - - 0.1 - 0.4 14 0.2
17 0.04 - - 0.1 - 0.2 0.2 -
13 0.01 - - - - - 0.5 -
Tri- 0.02 - - 0.2 - 0.3 0.2 -
Tetra- 0.52 1.7 6.6 2.1 6.7 12.2 1.7 0.2
Penta~ 1.33 1.6 2.7 2.6 1.6 10.4 1.1 0.5
Hexa- 0.82 0.5 2.6 5.6 - 0.9 3.1 0.4
Total 2.68 3.8 9.9 10.5 8.3 23.38 6.1 1.1
* Used PCB

Peaks 1-3,4-8,9-15 and 14-18 correspond to trichloro-,
tetrachloro-, pentachloro- snd hexachlorodibenzofurans,
respectively.

ratio PCDF/PCB is ons percent, the total intake of PCDFs reaches
to Z0mg for tnrg. patients. Although there is no way of
knowing the toxi of PCOFs in association with the various
symptoms of the Yi disease, there is a possibility that PCDFs
were potentially contributed to the Yusho disease. :

It is also noteworthy that a crude rice bran oil of the
same origin as the Yusho oil had given rise to a large scale of
chick death several months before the outbreak of human
intoxication. More than five hundred thousand chicks were died
in similar sgztas of chick edema disease through the intake of
food prescril with the crude rice bran oil. (XOHANAWA et al.
1969) Chick edema disease is lnown to be caused by several
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Continued (ppm)

T64 T241 T1242 T1248 Tllzl T1254 T1260 A30

>
»
(-]

ASC

- - - - 0.3 0.1 -
- - - - 0.2 - - 0.6 0.3 0.2
- - - 0.1 - - 0.7 1.1 0.5
1.7 1.1 0.3 0.2 1.9 - 0.2 0.7 0.5 3.0
0.3 0.2 1.8 0.1 1.1 0.1 0.6 0.4 2.7 1.7
2.4 1.1 0.2 0.2 2.7 - - 1.0 2.1 3.6
0.3 - - - - - - - -
0.1 - - - 0.1 - 0.2 0.1 -
- 0.2 - 0.2 0.1 - - 0.2 - 0.2
6.3 1.5 1.0 0.7 1.8 1.3 0.5 0.5 3.1 2.2
0.8 0.6 1.0 0.6 2.3 0.7 0.2 0.1 2.2 1.0
2.3 0.4 0.1 0.8 1.4 1.6 0.1 0.1 0.7 0.6
- - 0.1 - - - 0.1 0.1 0.9 0.1
0.5 0.2 - - - 0.3 0.1 - - 0.7
- - - - 0.2 0.5 0.4 - - 6.3
1.5 0.6 - - 0.5 0.7 - ~ - 0.8
- - - - - 0.3 - - - -
- - - - 0.1 - - - -
- - - - 0.3 - - 1.6 1.5 0.7
4.8 2.4 2.3 0.5 5.8 0.1 0.8 2.3 5.4 8.3
9.4 2.7 2.2 2.3 5.6 3.6 0.9 1.0 6.9 4.1
2.0 0.8 - - 0.7 1.9 0.5 - - 1.8

16.2 5.9 4.5 2.8 12.4 5.8 2.2 4.9 13.8 14.9

chlorinated dibenzodioxines. (CANFRELL 1967) We.failed to find
a detectable smount of chlorinated dibenzodioxines in the rice
bran oil. Polychlorinated dibenzofurans might have played a
serious role to the large scale chick death in Japan.

There is no evidence that PCDOFs are present in ecosystems.
It is reported that octachlorodibenzofuran is less rapidly
absorbed from food than PCBs. (Zikto and Choi 1973) Di- and Tri-
and tetrachlorodib furan were not & ble in juvenile
atlantic salmon fed with PCDF containing food. While, some
isomers of PCDFs were noticed to be very persistent in the body
of mouse to which PCDFs were administered intraperitoneally.
Detailed investigation seems to be necessary to elucidate the
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distribution and the biological impact in the environment of
thess highly tomic substances if we consider that at least
several ppms of PCDFs were discharged to the environment
concomittantly with PCBs.
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CHLORODIBENZOFURANS IN PCBs

CONCENTRATION (PPM)
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45 the major product aad smallec aG.ats of four tri-CDFs (see Figure 3a). The tezra-OF
2 iiomer fOrmed yi¢ re4cL.on route 3i the seme iiomer

of 2,2,3,5-tetranlacbipnenyl. The formaticr of
PCOFs yia reaction routes 1. ¢ #6G 3 i3 Mt zassible froa this Ko, the Fin
amguats of tri-CDFs (ould medr 1037

expecied 15 the 1,2,1.4-su0s 000t

was al50 coserved from Lhe £yecis

ng of sesll

these PLOFs are farmed a4 non specfic deislor-
nation process of 1,2,3,4-tetrs-C3F ar of pewtechiorobipsenyl prior to cyciization. In
€1ther Case. the expected 2COFS coeisin Clesubstituerts eiclusively a ong Of U: tuc
carbon rings of the dideazofuras rucieus (4 203

e 1somers) Two af teese Lr

tentatively 1gpatifiea TS, aprulgsts groducts of 2.3,
2,3,5.6-tetrachlorcoiphen, i L ske F15ere 22 and 3)
A5 snown ia Figure 3B, 2.3.3.1° 1 -pestachlerobiphenyl formed & 1o B touEF gng

walter wouats of & Letra-COT: 4:i 4 penta-COF . TN1s aumter of PLUFS can e €oixcted
from the Eyroiystis or CAs PCE ot reaction vouies 1, 2, ) and ¢ (5ee Scremc Dc.io)
PCOFL 1dentif108 By ca-cRroEs :
1 ane 2.3 teLra-uft 1 rat I8 routes | eed I, resge.livers. S0 far, nu
AT Re e mude T L rendi6ing 1etra-iOFs. A saall smmuas of 3

- of wes WberVRd. TN clett 0 a2 a3 b )

with reference .ampnds (see Table 2) were 2,3

AT Bl v e

10) Cl o]
—— D)
07 238-
@ Ci o] Cl [}
- QO 0
cl . (U] o
OO — 2268 12348-)
Ci Il ©) o} Cl Ci Cl
| 2. OO OO
o] Cl (o} Q
(2369-) (138>
) [s e}
<O—O
cl Ci
(13469-)

Tne pyrolysis of 2,4,5,3" .3 -pentacnioradiphenyl i

0 e formative of two Letre-
400 2 penta-COF (see Figure 3c). %o Lr1-COFs can be expected from this PCS vis resction
route 1. The two tetra-COFs ware 1dentifivd by CO-CArometagraphy wiinm r!l:r(:g
compounds (see Table 2) o5 the 2,3.7,8- and 2,3.6.7- substituted 1sormrs, farmed vid
reaction rovte 3. This P8 cansot form tetra-COFs via reaction rou .

+ 2 ang ia fact no
additiunal tetra-(OFs were observed. Pyrolysis of this PCH 1s expected 1€ for— two
penta-ilFs yia reaction route 4, nemely 1,3,4,7.8- end 1,3,4,6,7-pentaiTF s SCnere
beivw). Howevec, only the farmetion af 1.),4.7.8-penta-COF Could de .orf1e-a

[} o} o} Ci
__®_. CIQ—QCI Cl:|
€ <} 1} \
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1: Pyealysis of 2.4,6.2 &' -pentacnoroipheny] Gase o tri- and three tetra-COFs as
‘l‘;’ shown 1n Figure 3d. This cumber of isomers can Oe ecpected from this PCE vid reaction
3 routes Vot and 3 {sev Schooe Deloa . T furmetion <1 & peate-CUF qrs reaciion route o
Py is not possible ang 10 fict no penta-COF was observed. The tri-COF expecied is the
L 1.3.7- subitituted 15omer. Tuo of tee tetra-COFs wecq-cocfirmed as 1,3.6.7- ans 1,3,7,9-
::: tetra-Cit formed 13 recTion routes 2 ard 3. respectively: the third Tetra-Cv (first
i €lui1n3) 15 expected 1o be 1,3.4,7-tetra-COF, ¢n additional isomer formec yia resctior
iz rouze 2
3
- 2
7 0% ! ® ci
§ i QO
]
< F 0
I | ] (137
[N l ¢l @ o o
; - QO 2 Qo Qe
Fa cia g CI N
s |z 3= 1367~ (1367~)
$ i< A
"'\ b g~
= - -
T g5 = 2 QO
: (&« 37 0
]i g &7 1379~
2. P
~ (. __.l. i:}_ Tne pyralysis of 2.3.6.2 sentacniorapiphenyi lesd to the foraiion of two tei-
- ' ne g s6d Five tetra-COFs see Figure Je) as €ape ted irom this PCA via - 3chich reutes |
. >~ : and 3 (sew Scheag Deiow). AGIn, tne formation Of & penta-COF via resctive route i 1y
5, N0t passibie ana 1 fact 40 Penta-CCY 243 J0served.
I ® i o cLc o
-
L 33 —
L a o048 0% +ag
1 Cl Ci @ Cl i [o o] Cl Cond Ci
: o0 & oo @
c oac o} 0 < 0 Ct ¢ "0
{1468-) (1268-) 1248~
ct Ci Cl [N &




One of the main products wes tentatively ideatified as 1,2
procuct of 2,4,5,4"-tetrachioron: irenyiether '8 Tue of the tacra-(DFs (1,2,6.9- ana

8-tetre-L0F, 4 pyralysis

1.4.6,9-) are 4iso eapected pyrolysis products of 2.3,6,2°,3',6° -hexachlorobiphenyl . :
(see later). r*\ o~
7 T NN . Ho)
Pyrolynis of hexachlorabipnenyis ;\ s
The pyrolysis of seven he H way {see Tabie 1). Mass B .
frageertograss of pyrolszed samples are gives 1n Figure 3. Tney show the elution of g §1 23
tetra-, penta- and hexa-CUFs. 2 i
Tne results of the prrolysis of 2.6.5.2°.80,8° - and 2,6,8.2°.4° 6" -Mesachlors- &/ o e
bipneayl were previously reiarted.'0"' However, the 10entity of some of the resultisg 3 F 2 f &<
PCOFs was tentatice and could not Ge confirmed at that Cime for lack of refersnce i @* EEE
compoads. Additional standards available ngw made it possidle to confire thase ' E 203
tentat:ve identifications. ln cese of 2,4,5.2° 4" .5 -nexachioradishenyl. the formation EQE
of & tetra- and two peata-COFs was obstrved (see Tigure 43). These PCOFS were identified g &8
o 2.3.7.8-tecra-, 2,3.4,7.8- ana 1.3.4,7.8-penta-COF armec via reaction routes |, 2 -] §:‘~§
and 3, respectively. In case of 2,4,5.2°,4' 6’ -nexachlaropipheayl, 3 Letra- 3nd 2 peate- g
COF were found (see Figure 4b) ana idextified as 1,3.7.9-tetra- and 1,3,4.7.9-penta-CDF ‘ ¥t-- §§ i
formea y1a reactron rostes ) and 2. T farmation of 4 pents-COF y19 reaction route 3 is 2%
not poss1ble with this PLE ang e Fact #5 acditions) penta-(3F was observed. None of the ~ | I8 Tep
Lea hexachlorobipneryls shueed the formaticn of sigrificant amounts of Nexa-COFs. | ~ & L%
From the pyrolysis of ,4,5.2' .4° 8 -Maachloraniiens], the forkalion of 4 major l § 3%
tetra- 4na s0e Tinar 3ensa-CDFs was 0dsErved fsce Ficure 3c). Tha tetra-COF espected is -4 ;:
the 1.3.7,8 Sobstituted 1somer forred ¥1a reaction roule (. ine expected penta-COFs are 5
2.1.4.7,9- 4nq 1,3.8,7,8-peate-COF {resctian route 2;, and 1.3.3.7.9-pents-(0F (reaction b3
route 3). Howaver, 0ni, tne formation of 1,3.2.7.3- 2nd 1.3,3,7,5-pents~COF could be “t ;_1
confirkd, e formation ot (,u,5.7.%-peata-IDF rerdiced Lrcicar Sy
The pyrolysis @i 2,3,8,2°,3° .4 -nesachlorodionen;] lead to the formatiom of 4 Cetre- N 3
ina & penta-COF [see Figare 3d). Tney were 10entified s 3.8,6,7-tetra- and 1,2.1,6.7- L4 £
pena-TDF . the 15omers espuited tron the pyralysis 3¢ thig 3B vid ceation routes | ana

b reswectinel,  Tne fom M route Z 15 ML PossiDle el

“nis neaschlorcoipaen,l 'r2 formation of ¢ nese-lUF ould 1ut be coafirmed.

~+s3CRYrOBIEREr ) hve & GAIOF and & MINOF 1eLTd-

ire pyeatisis of 2.3

COF g & We)or pente-LlF e Ficure ¢, ine rajor FCDFs aece identitied v 2,
tetra- aAg 1,2,3,6.8-pents (IF, e sspecilec prosucts froa tae prrodysis of tms P(. iy

i3ian routes | 4nd T, corpectived,. Fgain. tae TOr 4LIGa Of & penta-COF s1g reaction

foutd . b el BASEIDI -4 1L ek WA fat 3 3t ) 150MF wr GBSEriRd MONS 003362 .

A ISENTIly #RG S0WFik T Te 0 sIaitanda. A (@D a-iGF -eraiaed wicleear

[ .,




Pyeolysis of 2,3.6,2°.3",6° -naxachloros ahenyl yieldet Three tetra- and twd pents-
COFs (sce Figure 4F}, the ruaber of ; omer, sape.i
{reaction oute 3 and & net passible for this KB). in Cate of Lhe tetra-(DFs, the
especied “somers are |,4,8,9-. 1.2.6.3- a3 1,2.8,9-'#tra-(. Toe first two eluting
isomers were also chsevved Frun tre ,rul..is 3f 2,3,6.2°.1 -pertachiorobipheny] (ses

reactiun rouces 1 .rd -

earbiari. Thersfore, the 1ast eluting tatra-COF was tentatively identified as the
1,2,2,3-sebstrtuted isomer, ir case of the Z#At3-COF5, the espected isomers are
1.2,4,3,9- and 1.2.4,6.9-cent, € e ¢ < ation of 1,2,4,3,9-3en14-C0F couid de
confiroed by co-chromatogragh; «1th & reference saapie (see Table 2). the ideatification
of 1.2,3.,6,9-penta-COF a5 the ¢

st elutic; isomer rematas teatative.

(1463~} (1289-) (1289-)
G C cl G ® Ci| CI Cil C|
c (0] Ct 3} Ci
12489~ (12489 -)
e ®ajor Biroiysts Praguct Tt 3.3.5,3 30 5 -neadcrio-ac sheng! i1s 1uentified 45

2.3,.5.7.5-nesa-COF isee Firure i5)

15 PCOF 15 formed (13 reackion route 4. The
Tirz4lina at telra- ana penta resction routes 1. 2 ang 3 i3 not passible for
tnis 2B 1ioear. Nevertnaless. s-a)l mtunts of pents-COFs were soserved. but the

166Ny and sourie af these (2717,

+ tx atned unclesr

Ct Ci
@
| Ct Ci
00 o0

216673
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Pyrolysis of hepta-_end octachlorabipnenyls

Tne pyrai.«ai af two hepta- oad e OCtachlorobiprenyl was Inventigalsd (sev
Table 1}. Al three 1somers are sa1n composents of nigher chlorinated comssrcial PC3s.
Mass frigmentograms of pyrelyied sampies are givem tn Fagure §

The pyrolysis of 2,3.4.5,2" 0%,
hexa- aad MepLa-CDFs (see Figure 54). A sisgie pence-CDF is formed: it was coafirrea i3
2,3.4.6,7-panta-COF, the erpecied product from the pyrolysis of this PCB via reiction

“-heptichlorod iphenyl lead to the formetion of sente

Fuuce b 1a Case of the nexa-COFs, the formalion of two iSOMEFS weS ODSErves /nGi
completely separated from «ach othar). The expected isomers are 1,2,3.4,6.7- anc
1,2,1,6,7 8<hexe-COF [reaciion route 1). The formazion of the litter was confirmed by
Comparison (0 4 reference sample (see Table 2). In addition, Figure 5o snows toe &7.tics
of three hepta-COFs. ‘ne main isomer was confirmed as 1,2.3,4.7,8,9-nepta-(0F, the
Product espected via reection route §. Homever, significant amounts of 1,2,3,4,6,7,5-
and 1,2,3,4,6,7,9-Papta-COF ware aiso found. The formation of these isomers 15
unexpected but was so far not further investigated.

Toe pyrolysis of 7,3,4,3,2°,4°,5 -neptachiorabiphenyl 4gain lead 1o the formaticr of
penta-, hexa- and nepla-COFs (see Figure 50). Tna penie-CDF was confirmed 45 the
2.3.4.7,8- substituted isomer farmed yia redction route 1. In case of the hes,
farmation of twa wajor and &
confirowd as 1,

¥s . tre

NOr 1508eT was obs2rved. One of the major ia.vers .

+4,7,8-nexa-COF, the minor 35 2,3,4.6,7.8-nexa-C0F; they are pr

formeq via redaction routes 3 and 2. respectively (see Screme below). fne atne

I
Bexa-0DF is expectea o be 1,3,4.,6.7,6-nesa-COF . another product eapected vif resc:ion
racte 3 Tnt mass fragaeniogram 150 snows the wiuti10a Of hepla-iOFs. |
confirmed a5 1.2.3,4,6,7,9-nepta-C0F, the espected product from this
route 4. Howeve

Tamse 20 ey

[ITRCYILE

saaller smaunts of add1tional Eepla-LDFs were also iiser.cc

Ci 8]

Ci 4]




The pyrolysis of 2,3,4,5,2' 3" &' 5"

2Ctackiorobiphenyl yielded hexs-, hepta- ind
OrLa-(OFs (sye Fizire 5c) The Main hesa-COF was confirm-d as rre 2,3.4,6,7 8-
Substituted isomer formed via rwaction route |. Ja aadition, & minor he

OF was diso
observed. the Identity and source of which remsined wiclear. The hepta-COF wis confireed
a5 the 1,2.3,4.6,7,3 substituted isomer. the expected product formed v

418 rracLion route
3. The auss fragmentogram also shows the tlution af octa-iOF, the Pyroiysis product
formed via resction route 4.

r40°C
penta~CDFs

—_

i onclusrons
LY

rodiphenyls shewing elution of
nd

The pyrolysis of 18 individuel PCBs wis studied and shown to result in the formetizn
of PCOFs v1a intramoiecylar cyclizations. Tne yields of PCOFs were estimated to be in
the range of 0.1 up to several . Again the application of hign-rasalution GC ana NS
'S documented 35 4 aecessity for the separation and 1dentification of tne PCOFs formed.
Pyrolysis of individual PCBs has proven to be useful for the preparation of wid;ividual
PCOFs 1n situstions where oniy sinute asounts of isomers are required for reference
purposes, msinly in GC-MS anaiyses.

The formation of the ACOFs was found to follow four general reaciion routes
involving the 1035 0f L1y, My, 4nd HOL with OF without & 2,3-chi  10€ @13-at1an v
introduction). Bue 10 the observed generality, it 15 possidle 12 predict the structure
of the resulting PCDFs.

nd octal

Column conditions as in Figure 1.

#40) of pyrolyzed mpta-

The Tesulls Support our eariver tonciusion that pyrolysis of PLBS 15 resulting ie
the farmetion of Mighly toxic compounds . wansequently, the uncostralied burning of PLE:
15 4 threat 1o U eavironsent ind 5a0uld be avo1ded.
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CHEMICAL REGULATION REPORTER

Breaux sald that the liability provisions in the superfund
*’should be Interpreted narrowly™ to cover only third party
L ic loss, Breaux

U.8. SUPREME COURT TO HEAR
BENZENE ARGUMENTS OCTOBER 10

According to attorney Dnune Miller, the suit is the first
one filed by an O yee against the
itself. Worker’s compensation laws pruhihlt a worker from
suing his or her employer for work-related Injuries or
illnesses.

But the attorneys for Arnett said that recent avidence,
which indicates Occidental knew DBCP was in the drinking
water supply of the plant, but did nothing about it, provides
::j“" for action against the firm for intentional and willfel
Ahigh uteolsurilllyammmrhnnmhmm

977 and

was {i

ol an by the %
cupational Safety and Heslth Mmlmu- (Current
Report, Septernber 16, 1977, p. 893).

Arnett charged in his sult that his DBCP expesure cavsed
his sterflity, which was reversed when the plant cessed
manufacturing the pesticide.

The complaint was flled a3 an amendment tv an ensler
suit against unnl chemical companies and researchers
which alleged the defendants failed 1o publicise their
rn-rch on tht hlrmlul effects of DBCP.

dental Chemical sald they had not yet
been Inloﬂmdd m;alt, and therefore had ne comment.

Hazardous Substances

‘The U.S. Supreme Court will hear oral ts October
10 an the valldity of the Occupational Safety and Health Ad-
ministration’s standard governing worker exposure (o

urmumwmtbc(:wﬂwllleumcmthnn

the rd on the ground that OSHA failed to
show that the standard’s beoefits bear a “reasonable

.ig
E

elaborate cost-benefit analysis but only that it consider a
“gough but educated estimate” of benefits expected from
reducing the permissible exposure level from 10 parts per
million to one ppm.

‘The Court scheduled one and a half hours for ar of

the U,S. Court of Appeals for the Fifth Circuit -
standa

CHLORINATED AROMATIC COMPOUNDS SOURCE
OF DIOX)N'. FURANS IN COMBUSTION PRODUCTS

dwxlnl.btlt ln mmwlnt lultmlt .

the benzens case.

Utigation

OCCIDENTAL EMPLOYES CLAIMS
DBCP CAUSED CHILD'S DEFORMITIES

An em d the California plant which manufactured
the ployu ’ (DBCP) filed suit
against the company ch.r(lu that his exposure to the
chemical caused his child's deformities.

The m:t.lon filed Au;usl 2! hy atlnmey: for Frank Arnett,
an_employ of O Lathrop'
Calif., d Occid with , and
* falling to prevent employm muct 'with
DBCP, nllowlu Arnett to became seriously injured.

The suit asks more than §8 million in punitive damages and
$2 million in compensatory darnages.

1479

and the public.
Homer, Rappe told Chemical Regulation Reporter he

one d
dlbenno!uun (TCDF) is about onefifth as toxic as
2,3,7,8-tetrachiorodibenzo-p-dioxin (TCDD), the most toxie
of the dioxins.

Rappe and Buser recommended that the burning of PCBs

and of chlorinated phenols, benzenes, and diphenyl ethers be
carefully controlled by monitoring chlorinated dioxins and
turans in fly ash and flue gases.

PCBa

The researchers said bu wag
found to produce a variety ot
T DRtwerIT YT 7S percent. said the most toxie

Chemical Ryguiation Reporter

0148-7973/797500 50
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", 7CDF, was a main constituent of the furans produced (rom

appe said the pattern of isomers formed {rom burning
pch showed a close match with the pattern found in fly ash
b He luded that led burning of

- materials containing PCBs may be an important source of
hazardous furans in the environment.

quuyhvombulmpﬂutlm for the future
status of .lmmwdprulrndu
which s being by the Envi
Profection Agency for possible regulatory restrictions
(Current Repert, May 18, p. 230).
Polyshierinated Oipheny! Ethers

'I‘ﬁ tists alyo said chlorinated furans are produced
of any of the various rin

waterway, came {rom original production of the chemieal
rather than from its use in industrial processes.

Stalling said the level of furans in manufactured PCBs iy
16 — ANui

st

and Dioxin
Initial interpretation of the new data showed that there ia
little relationship between PCBs and dioxin formation, Stall-
ing said.
loxin, for example, was found in the only of water
whm no furan contamination of fish was found, Stallieg

'nnm- presented by Stalling was found by testing 16 fish
samples collected at five sites between 1970 ang 1979, He
l.:‘d 25 to 50 more sites will be texted for furans in the comy-

§ year.

3
ives against tng
visories against consumption of fish taken from waters con-
inated by PCBs.

from combustion
MhnﬂMMdehoﬂmnbde

mmwwwf-mo:nmmmn

\ Wuﬁmsusm&dmm
recommended that halogensted phencls, biphenyls,
ethers should not be used as flame retardants.

Aupn-cwms.;mmbrlo.mn-
ve boen detected at lavels of ahout one

hmwm-nymtluarludmumd PCBs Is per-
milted.
the Hudson
3t said furan levels in fish taken from
m“w_nmm-ummm fish from the other
waterways. Ke said much of the PCB found in the Hudson,
which Is believed ta contain more PCBs than any other U.S.

Swn

No Dloxins From Coal-Fired Pewer Plane
The amount of dioxin in particulate emiesions from csal-
fired power plants “is so small as bwmm
the finest scientific us.
said at a September 13 ACS conference.
Brcuda Kimble, of the Department of Emergy’s
dioblology Laboratory, and Michae! L. Gress, direcier of
lht Midwest Center lorb'udu Spectrometry, at the

tion, mmwﬂnghmnﬂmdamdmh—
the burning of 200 tons of

Mmmldmnuhpwlunﬂswnh
Dow Chemical Company. Dow researchers found

sources, including fossil-fusled pewer plants (August 31, p.
889). Kimble and Gross suggested that Dew’s conclusions
cannot be applied to all fossil-fueied pawer

Donaid Townsend of Dow, who was the
press conference, said the power plant tested by Dow had
burned primarily fuel oil, with a smail ameunt of conl. He
said Dow had found dioxins all over the
said dioxins, inciuding TCDD, were even found in a U.S.
Bureau of Standards standardized sample of erbem par
ticulate matter.

Gross said he would not want to extrapelate his findings to
all power plants, mmmmmmu

Buser said the researchers had aot studied
wﬂl {rom coal-burning l:o\nr plants, sinee cosl Is net

h' ) ~

Sterility Linked by Aesearches. to PCBe

Functional sterility significantly correlates with the level
of PCBs found in human males, according te Ralph C.
Doug!:m'y a Florida State University (FSU) resesrch
chemist.

He said 23 percent of the malzl he tul:dmhnnﬁauuy
sterile b their fluids d low
of sperm.

The lowest sperm densities were found in men with the
highest levels of PCBs in their bodies, Dougherty sald at &
September 10 ACS session.

Copyright ® 1979 by The Bureau of Nations! Affairs, Ine.
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Since 1974, there has been 2 greater than 100 percent in.
crease in me mamb.r of males with low sperm densities, in-

jonal sterility, Dougherty said.

His research shows that PCB contamination accounts for
about 25 pmm of the shift unmd hwer sperm counts, he
said, ng that he toxic
ly will be lulplluud in the dacline.

Dougherty sald mmw‘mnmmmm

sald median sperm density has declined from

sperm densities on a graph shows that the
largest numbar-of men In the 1939 study had sperm denaities
of 100 million per milliliter, according to Dougherty.

In 1974, the number of men had a density of $0
million per milliliter, wuhhmxmmuy,mmnm
:ud-dtyhdlﬂmhmmnm” ter, Dongher-

I

He added, however, mt!h-hwnd-umnhmdlnhh
study could not be d for by the of the study
group alone.

To vaiidate his study, he has recruiled & number of

plant. Because

tbese workers have

Significance to Cancer Study
., Dougherty said his study has major slgnlﬂunc-"lur

For that reason, svaluation of sperm count and seminal

he said.

Those substances which seem to be
should be considered too hazardous for use and showid be
banned, he said.

PCBs increasing in Great Lahes
The contamination of the Great Lakes by PCBe may con-
tinue to increase in spite of the EPA dan on further produc-
tion or use of the chemicals, researchers tald ACS
September 11

hers said the at

Dmuuuidbmmumrummmu
‘was danned.
Mmuhﬂuol?ﬂth-nzﬁmdb
Food and Drug Administration llmit twe parts per
million, Murphy said (Juna 29, p. 471). FDA recently stayed
the new two ppm action level (Angust 31, p. 309).
said known pollution from

tary
PCB levels ln\h(}rntbﬁu.lhﬂb sther
hurs set cut to Seat
Wmmdhmmmmdmu

hqmemndraturlnglnlbunlsb‘llp-n
n\un kilometer per year st varieus peints in Lake
chigan and Lake Heron. Auuﬁu-mnhd”

‘nmsw sqnn'e kuumtu, Murphy sald, Rciiption

ummummmm-mmm
{rom such sources as monicipal incinerators and evapera-
tion from landfills, from PCBs discarded in the past, and
from PCBs used in paints and as preservatives.

Lake Buperier
8J. Elunrelchollhc“nivﬂ dmrﬁ
on PCB t’ Lake Superier.

m@mmmmm rtkh-.ndl’i!lupr
:mmrermum'dtnwmm

%}
na pounds are by cutflow and sedi-
th ly, 16 th d to 21 th d pounds

apparently ncumnhh in the lake each year, be ssid.

Level Has Not Peaked
Eisenreich said he beli the herk
uono[uchuptdorhunotyouuchdimm aithough
has been di g since 1969. He said PCB-

g and for carci
programs.

Becauss it takes eight ceil divisions to create a sperm, a
lowered sperm count shows that something is inhibiting cell
division, Dougherty said.

Most substances that slow cell division are found to be car-
cinogenic or mutagenic, he said.

PCB
cvnthlng matsrials and pmdn:u such as electrical cquip-
ment are beml dwpesed of conllmwuly He said there is a
1 time lag b the di ol PCBe and their
-ypnnncn in ﬂm Great Lakn
Eige h 33id the imp

0-14.78 Chemieal Reguistion Reporter
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H

source of direct PCB contami
sh caught in the island | Iakes had PCB levals as
nweh as 100 times higher than lhose caught in the Great
Lakes. He attributed the higher contamination levels in the
mmumwmamwuu.m

Utigetion

COURT PARTIALLY BARS CLAIM
AGAINST ALLIED CHEMICAL IN KEPONE SUIT

A lormer officer and director of a Virginia firm which
manufactured the pesticide k-pom was partialy batred in

makes them more sensitive to
zlmuumcmtumnnm di 1

Ml ¢ to collect d and
lon from Allled Chemk'al Company, which con-

rates. PCBs which settle out of the lake water remain close
Io the surface of the bottom where they are avallable to bot-
tom-feeding marine life, he said. He estimated that it would
{ske about 175 years for PCBs {0 be buried in sediments so
deeply that they cannot reenter the lake.

cmmlulundlmu
The presence of In drinking water Increases its
lebmmﬂm-bywblu , se-
Duck, a research chemist NU!CH«

iracted to buy the pesticide.

The U.S. District Court for the Eastern District of Virginia,
in William P. an v. Allied Chemical Corperation,
TMM‘T Plu: Ci , end
Chemicals & tic Cnrpnrouon. that
Moore was barred in the emotional distress claim but could

pro

proceed in his defamation suit (0 recever dameges.

Agrhi & M::rn
cording Moore had an
ey s bactara % .
While the findings mean n water may
a health hasard than they
B S e e e
blent water sy the h
Deuck sald his shows that the pr of
in water | ts of pesticides and PCBs that
the water can hold.

The tiens of the study are that
could

gainst contended of the
devastating phy:lnlo'lal dffects which kepwee could heve en
his workers, but that the firm deliberately falled to wars
Mmoﬂlu-dnmmdlht,m.hm
emotional distress.

severe
Xndnumlnlnnhnwnnw-m-h-d-d

cldes, R:b.
and dlurhxlc bat.
and ambient unll-hymmh
coated plates through the water, Duck sald.
mzzdm-uhlwh‘pdddu'm
-
vironments.

Without tse bacteria, mmmmuxow
mmdw«wuum said,

lmh.ahu tached h b

dnhcuaudluuldetetmhndllhm

were not substantively the
wmmuorunmn.mcmmm-h.:r.-uu

the truth of Allied’s statements and their defamatory nature

were matters to be determined at trial.

Whmmnﬂmdlﬂdlh

For that reason, chlorination or sther means of sterillxa-
tion do ‘‘not necessarily eliminate” the potential hazard that
(inished Muih' water mupplies might coniain PCBs ur
pesticides, Duck

M-:Mmmm;hmmmdm

ROHM & HAAS ASKS EPA TO CANCEL
REQISTRATIONS OF VACON RODENTICIDE

of its rat and mouse pesticides con!

podleut Vacor (N-3-pyridy
the agency anncunced September 13.

mmwyuwltnundnhdbm
worldwide and bas begun a recall of the products, according
to the agency.
zPAmalrudyinthmolMth
rbecunol concerns expressed by the

thmmuumwﬂ.mm«g
ment can be made on the efficiency of fiitering.

He sald further work will be done to determine the exact
method by which the bacteria carry the hazardows sub-
nmuhnmmuumuuuqdm.mm
plates or b to from
water,

He said his study has significance because treated drinking

'water containe between 100 and one million
per milliliter. ‘mm k which are

normal serve as
for hasardous :ubluncu, he said.

“14-7¢

Calfornia Dap.rm acxd Agriculture, which baaned
rodmﬂddtlorbmnmlﬁmhl the agency seid.

Vacar has been the cause of several human deaths in Seuth
Korea, most classified as suicides, EPA said. Califernia
reported nine adult poisaning cases, two of which resuited ln
death, the agency said. California was alss concerned that
the packaging of Vacor products appesred to be attractive to
children, according to EPA.

‘The products involved were 30id to consumers wnder the
name “Vacor Rat Killer” and “Vacor Rat and Mowse
Killer,” and to pest control operators as “DLP-787 House
Mouse Killer’” and “DLP 787,” the agency sald.

Copyright ® 1979 by The Buresu of Nations! Afairns. inc.
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wn into a cocked hdt last week when U, S, Fish § wild-
~=5--¥1te scClentls . vid Stalling reported at the American Chemical Soclety meeting
that polychlorinated dibenzofurans, 1,000times more potent than polychlorinated biphenyls
and a probable carcinogen and teratogen, accompanies PCBs and is often masked by the
parent chemical. Meanwhile, EPA officials were at Midland, Mich., this week recelving
part of the information the agency subpoenaed in connection with Dow Chemical's pro-
duction of monochjoro biphenyl (See Sept. 5, Page 10).

THE WHITE HOUSE Regulatory Analysis Revliew Group, established to make certaln
that government regulations make economic sense, has so far left TSCA Implementation
alone and has not commented on any TSCA proposals.

EPA SCIENCE ADVISORY BOARD's subcommittee on toxic substances will meet
Sept. 19 at Waterside Mall to review health effects tests standards proposed by the Office
of Toxlc Substances.

HEXACHLOROCYCLOPENTADIENE was [nadvertently left off of the list of chemicals
for which the Interagency Toxlc Testing Committee recommended epldemiological studies
(See May 16, Page 27), EPA corrected In a Sept. 4 Federal Register announcement.

EPA'S JOAN Z. BERNSTEIN , Offlce of General Counsel, will serve as Acting Assistant
Administrator for Enforcement until EPA finds a replacement for Marvin Duming. Swep T.

Davis, formerly Deputy Assistant Administrator for Water Standards and Planning and

James N. Smith, formerly a Special Assistant to Thomas C. Jorling, have been appointed

to the positions of Assoclate Assistant Administrators for Water and Waste Management. ®
Davlis will focus on strategy development and "superfund" while Smith will work on pro-

gram operations.

EPN RPAR NOTICE is scheduled to be published by EPA In the Sept. 19 Federal Register
with an Oct. 29 deadline for flling rebuttals. The deadline will probably be extended to
early January. The RPAR is based on delayed neurotoxicity (See Aug. 29, Page 2)).

HOELON 3 E C, diclofop, (See Aug. 1, Page 2) slides from animal studles were |
scheduled for a side~by-side review Sept. 12 at a meeting of EPA scientists, Dr. Melvin '
Dwaine Reuber, National Cancer Instltute-Frederick Research Center, and sclentists with
American Hoechst Corp. It Is understood that Dr. Reuber's earltér review of the slides

noted carcinogenic effects.

NOTICE that Mobil Chemical Co. has applied to the EPA to register Hefty Dog/Cat '
Repellent containing 16.4% of the new active Ingredient cinnamic aldehyde was published

in the Sept. 6 Federal Register. The company proposed the pesticide be classifled for

general use to repel dogs and cats from garbage bags and cans. Comment deadline is

Oct. 9.

PESTICIDE PETITION filed by American Cyanamid, and noted Sept. 6 would set

tolerances for residues of pendimethalin of 0.1 p.p.m. In or on sorghum graln, fodder, and
forage. The herblicide ts N-(l~ethylpropyl)-3,4-dimethyl-2, 6-dInitrobenzenamine and (ts ®
metabolite 4-((ethylpropyl)amino)-2-methyl-3,5-dinitrobenzyl alcohol. EPA on Sept. 4

made further editorial changes in its alphabetical list of pesticide chemicals (See July 11,

Page 5), deleting extraneous listings and adding those that were Inadvertently omitted.

|
]
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applicant relles on Monsanto data either by "cite-all" or specific reference; notice to
company and to above named law firm;} registration cannot be issued until 20 days from .
the date of the notification letter; the requirement does not apply Lf the applicant ®
submits his own data or data other than Monsanto's to support the application or ts
authorized by Monsanto to use Monsanto's data.

The Diamond Shamrock stipulation procedures Include: (1) above with 30 days notice
to the company; registrations cannot be issued until 35 days from the date of the notice
letter; and, essentially (4) above.

The Merck and Company, Inc. stipulation procedures included: 30 days notice as in
(1) above to the company's counsel, Patrick M. Raher of the law firm of Hogan &
Hartson, Washington, D.C.; registration cannot be issued until 35 days from the date
of the notice letter; and, essentially (4) above.

Provisions of the Petrolite Corporation stipulation compllance procedures: 15 days
notice of intent to "register any product or accept an amendment containing
gluteraldehyde as an active ingredlent If the product is labeled for use In oil field
operations” sent to Raher, Hogan & Hartson as above; registration cannot be issued
for 20 days from the date of the notice letter; and, substantially (4) above.

In complying with the provisions of the (njunctions and stipulations. the Reglstration
Division will find all registration actions covered by them on ever-changing lists, in-
form the applicants, tell them how to comply, walt for their response, notify parties
to the injunctions and stipulations, walt for their responses before acting. Delay and

an:cr. eem unzZplda#:b’ 7..[ , m

-

Fish contaminated with polychlorinated dibenzofurans (PCDFs), a by-product of
polychlorinated biphenyls (PCBs), have been found in the Ohlo, Connecticut, and
Hudson rivers and Lake Michigan, near Saginaw, Mich., a federal Fish and Wildlife
Service reseercher reported Sept. 10 at the American Chemical Soclety (ACS) natlonal
meeting in Washington, D.C. (See Page 2).

Dr. David Stalling, the Interior Department researcher, sald PCDF can be formed by the l
axidation of PCBs, especially when they are burned at relatively low temperature. )
"We know that very high temperature burning, if done for long enough, will completely
destroy PCBs, " Stalling sald. "However, Dr. Christopher Rappe, University of Umea,
Sweden, has demonstrated that low temperature combustion in the 400 degree to 600

degree Celsius range can convert 25 percent of PCBs to PCDFs."

The PCDFs, at concentrations up to 2 parts per billion (p.p.b.), were found In carp,
catfishy, lake trout and coho salmon in areas where there has been a historic problem

with PCB contamination, Stalling said.

“We have not yet identified the individual chemical structures of the PCDFs in our

(tish) samples,” he said, “sa we cannot be sure which of the 135 possible compounds

are present or whether they might have toxic effects.”

"Once speclfic PCDFs In fish are ldentified, laboratory sclentists will have a better
idea how they are formed, and which structures should be tested for posaible toxic [
effects in fish and other aquatic organisms, " the USDI researcher concluded.
o
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sults of several recent

dies don't jibe with Dow’s
Wention that dioxins enter
vironment from combustion;
f, agreement is emerging

nont. most recent opportumty
* this activity, the symposium and
esa confersnce on the chemiatry of

»enzudioxing and dibenzofurans,
onsor (Jomlly by the divisions of
stivide Chemistry and of Chemical
:nlth & Safety (Probationary), had
shase of shooters. But the sessions
s seemed to show, perhaps for the
st Wme, an emerging common
-und shured by scientists on all
"o of the issue.
issue is Dow’s theory, rrxt

pused lant November, that pot dy
‘oripated dibenzo-p-dioxins,
nanfurans, and biphenyls are

med in trace amounts in all forms
combustion. Therefore, they are
it omly ubiyuitous in the environ-
ent but have been there since the
‘vent of fire. It is only their detec-
n that is recent, due to advances in
-nl)hul techmqueu (C&EN, Feb.

jll hom‘) has gained so much at-
ntive because one of the polychlo-
aated  dibenzo-p-dioxing, the
3,78 tetrachlory species (2,3,7,8-
DD), is an extremely toxic com-
und that also isa carcinogen and a
ratogen in laburatory animals. This
-m "d is a trace (.Uﬂla"\lllalll m
bicide 2,4,5-trichlorophenox -
wﬂk acid (2.4,5-T) pruduced by
ow others.
Tiw berbicide is currently under an

emergenc%suspension for many uses
frain the Fnvironmental Protection
Agency because of an alleged associ-
ation elween its use and increased
miscarriages in a group of women
living near forests that had been
sprayed with the herbicide in Alsea,

re. Detectable levels of 2,3,7.8-
TCDD also have been found in
fish taken from the Tittabawassee
River, which flows by Dow's produc-
tion plant for the herbicide in Mid-
land, Mich. Presence of the com-
pound in fish led Michigan’s De-
partment of Natural Resources to
suspect the company of illegally
contaminating the river with this
compound.

So Dow’s theory that combustion
is @ major source of pnlychlormnad
dioxins in the environment is more
than interesting chemistry. If true, it
goes a long way toward absolving the
compuny’s product and its manufac.
turing p from resp

sbaie continues over Bow's disuin theory

CAEN st pwio

Ci wplex and expenai

Even these reports may be at least
partially compatible with Dow’s
fmdmgs For exlmple, Warren B,

contamination of the envir
these very toxic compounds.
Among the potshots the theory re-
ceived at the symposium, two are
most prominant: Brenda J. Klmhle of
the Department of Energy’s Radio-
bmloﬁy Lahoratory at the University
of Califvrnia, Davis, and Michael L.
Gruss, director of the Midwest Center
for Mass Spectrometry at the Uni-
versity of Nebraska, {.mcnln have

anal /ud the smokestack emissions g

Also, David 1.. Stalling of the U.S
Fish & \WTTdNfe Service and associites
analyzed 16 samples of fish and other

T‘m"t animals for polychlorinated
dibenzofurans and dibenzodioxins,
They found

mcumnmn mmncr in these
samples, an isomer distribution that
would not be expected if the source of
the isomer were ordinary COllh)uhlIﬂ"

The most llkel ex lan;

says, 8 ow
smmrsr er tound in_the
151, remns

MONS 003372
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Dow s analyt)carhbontonn, ex-

lained that the power plant where

ow found diotins in the stack
emissions was on Dow’s Midland fa-
cility. During the sampling period it
was burning primarily fuel oil, with a
small amount of coal. Various scien-
tists at the press conference suggested
that possibly the fuel oil, or even the
air in Midlind, contains chemical
precursors to the divkins fovnd in the
stack emiz .ions that are not found in
the Califurnia power plant.

Crummett criticized the California
study in two ways. He says the sam-
ples were taken from too low in the
smokestick < and that the particalates
that werce analyzed were primarily
silicevus, whereas Dow had found
that the dioains in such emis:ions
were asicciated with carhonaveans
particulate ~,

*“The purtictilates we sampled were
the same as those that come out the
top uf the smokestack,” Kimble says.
The Dow study nude <uceping cleims
about power plants heing sources of
environmental diovins based on ex
tremely lnmud evidence, she says.
What she and Gross have shown is
that at least one important class of
power plants, those that hurn western
cual, can he tree of dioxin contami-
nation.

The question of the need to have

Sept. 24, 1979 CAEN 27




Dioxins, dibenzofurans can form from burning precursors \

\

. : o] .
., Polychiorinsiod dibente-p-dioxine “j

wloms prciured n thyse siruciures.

Nets: These polychiorineied compeunds contain one o1 more, bul not neceassrily ¥, of the chiorine

wrecursors present in the material
I)eing burned in order to generate
chlorinated dioxins or dibenzofurans
in combustion has hecome a central
point of dispute. Something, of
course, has to provide the atoms that
eventually end up in the dioxins and
dibenzofurans. Dow contends, ba

Yo Umea, Swedeq
ol

drst Ny SIEnzol urane.

““Here, L0o, there scems to be some
middle ground emerging. Crummett,
for insts seems to acknowledg
that some materials produce more
dioxins when they are than do
others. He maintains, however, that
precursor compounds are 30 wide-
spread in tha environment that
tracking them down via combustion
data is a task of such euuzlexil? and
expenss as to be infessible. He re-
ported two new examples of how
widespread 2,3,7,8-TCDD is in the
environment. Detectable levels of this
compound now have been found in
commercial sludge fertilizer made
from treated sewage. It also has been
detected in the National Bureau of
Standards’ standard sample of urban
particulate mnatter.

Buser and Rappe now say that the
synthetic chemical precursors for
both dioxins und dicbenzofurans can
be found “practically everywhere” in
the environment at low levels. They
maintain, however, that, except in
special circumstances, such as the
combustion of chemical wastes or
accirddenta) fires involving stores of

certain kinds of chemicals, such
combustion Eresenls very little health
hazard. And, like Dow, they think

that the use of 2,4,5-T is a very much
less important contributor of dioxins
to the environment than is combus-

i e
.S, Air Force’s Occupational & En-
vironmental Health Laboratory,
Brooks Air Force Base, Tex. Young
and his associates have analyzed the
soil and animals at Egiin Air Force
Base in Florida where 73,000 kg of
2,4,5-T was sprayed between 1962
and 1970. Much of this material con-

tained much higher levels of
2,3,7,8-TCDD than are nowm found in
the herbicide.

Some 2,3,7,8-TCDD was <
resent in soil samples taken in 1978"
oncentrations ranged from less than

10 ppt to 1500 ppt. (Young's analyti-
cal method cannot distinguish
2,3,7,8-TCDD from all other chiori-
nated dibenzo-p-dioxins. The con-
centration he reports is for the com
bination of isomers that includes the
2,3,7,8-TCDD isomer.)

‘The Air Force chemists did not find
detectable levels of 5 D in
any plants taken from the site. How-

ever, they did find it iux_ing;mmagg
jmm,uﬁincludin mammals, birds,

fish, and reptiles. Levels varied from
several hundred parts per trillion in
the livers of heach mice and mea-
dowlarks to 12 ppt in the whole bod-
ies of two kinds of fish.

Beach mice, which contained the
highest concentrations of the com-
pound, were singled out for further
study, Eighteen types of tiss:
3 i w i

effects, but none of the tissues were

significantly different from the
control gL
Just how important the trace

yuantities of dioving that are heing

found in the enviconment are lihely

be lsla point that was raised fi
)

Kixenyls (PCB's), which earlier work
s shown are very widesprend in the
environment,

Stalling, along with Donald W.
Kuehl of EPA’s Duluth, Minn., re-
search laboratory, Ralph C. Dow-
gherty of Florida State University,
and Rappe, finds polychlorinated
dibenzofurans and nap{tllahn‘l n
aquatic animals living in waters thet.
contain PCB's and ?l!m'r breahdown
pmgugu. The mult:‘ are somewhat

reliminary, since only 16 samples
ave been a E:d 50 far, no
samples have n cheched (rom
pristine waters. i

Rappe and Buser huve beem
studym,l the combustion pruducts of
chlorophenois, PCB's, and chlosi-
nated diphenyl ethers and benzenes.
All of these compounds cin be cum-
verted to sog'chlorinnud dihenze-
dioxins and dibenzofurans in hig
d; They Tind. However, Zo7
CDD, the most toxic of the'd '!J'

z5dioXins, is_a_minor_pruduct of
f_gmgmm under (he condilions

O aLed giod
25%, they find.

Nevlerthelmbéye;cept for
special cases, t| o not see the
mnzo(uunl as health hq
They do recommend that pofychio-
rinated phenolic chemical es be
very carefully incinerated in ovens
that allow for high-temperature in-
cineration and long residence times ts
make sure that toxic products are
destroyed. And halogenated phems
biphenyls, and diphenyl vther
should not be used as fTume retar
dants because of the high tusivity o
their combustivn products. (4
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CONTAMINATION OF AN OFFICE BUILDING IN BINGHAMTON, NEW YORK BY PC8S, DIOXIMS,
FURANS AND BIPHENYLERES AFTER AN ELECTRICAL PANEL AND ELECTRICAL TRANSFORMER IMCIDENT.

Arnold Schecter, 1:.3., M.P.H., Professor and Coordinator, Department of Preventive
Medicine, Clinical Campus. Upstate Medical Center, State University of New York at
Binghamton, Binghemton, New York, 13901, ysa; formerly Director, Broome County Health
Department, Binghzmton, New York

v
¥

INTRODUCTION

Binghamton, MNew York is located approximately 200 miles north northwest of New York
City in 8roore County. The city population is approximately 53,000 persons, the tri
city area 154,000, and the county population is about 213,000. On Thursday morning,
Fobruary 5, 1981, at 2:proximately 5:30 AM a malfunction occurred causing overheating
of an electricel panel and a nearby electrical transformer within the State of New York's
Office building in 3inghamton. This overheating led to the release of between 180 to
200 gallons of iransfermer fluid originally conmtaining 65% PCBs (Arochior 1254), and
35% tri and tetra chlorinated benzenes. Pyrolytic conversion of these compounds led
to the formation of nu-erous furan and dioxin isomers, which, along with the PCBs con-
taminated every floor of the affice building. Biphenylenes were n?so produced during
this cvent. Tuerty-ore rmonths later the building has still not been reoccupied. Clean-
ing with water and ceizrgent continues as do efforts to set standards for the prasence
of PCBs, furans, dfoxirs, and biphenylenes in soot and also in air. It is belfeved
that this, incident ts the first to document formation and contamination of a non
industria) buildirg with these chemicals after an otherwise somewhat prosaic electrical
system ma) function. Zecause electrica) system fires, explosions, overheating with the
involvement of PC3s ard ia some cases the chiorinated benzeses is probably relatively
common, what has been learned in Binghamton may have general public health relevance
elsewhare in both a Zrospective as well as retrospective fashion.

Thursday, February 5, 1982

At 5:30 in the mor~ing Binghamton ffremen and police responded to a fire alarm at the
Binghamton State Office Building (BS0B), a 22 story modern office building, located in
downtown Binghamton, which was and is part of a one block governmental complex, This
conststs of Binghamton City Hall, the Broome County Office Building, the 8S08 and a
common plaza as well as two levels (basement and subbasement) of common parking garage.
An electrical panel, one of two in the basement, was found to have overheated. This
overhesting which created loud notses, 1ike explosions, was estimated to have lasted
5-30 minutes. The nearby transformer, which had originally contained approximately
1,060 gallons of transformer fluid, leaked an estimated 130 to 200 gallens af fluid onto
the floor. Oense smoke was present in the area around the transformer. Smoke had been
previously vented from the buflding through two safety doors on the roof at the top of
each of two staircases which had opened in response to the smoke or heat. Doors leading
to the outside and into the basement level of the parking garage, were opened and large
fans used to remove smoke. It was Tater noted that there were two air shafts heginning
in the ceiling of the area housing the two parels and transformers which vented the
men's and women's rcors focated on each floor and which terminated at the top of the
building. Sroke was later found to have passed through these shafts, through metal
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gratims on the wall of each bathroom,into the bathrooms,and was then distributed in a
non fashion throug the usual working areas as well as hidden spacas,
including atr ducts, elevator shafts, plenums above the ceilings, desk drawers, inside
file cabinets, as well as in typewriters and cther office equipment.

For reasons which are not clear at this time the usual circuit breakers and other
safety devices designed to prevent overheating did not prevent the overheating which
occurred. The transformer room, as previously mentioned, was not sealed off from the
rest of the building. There was probably alsg a significant pressure and temperature
differential which assisted the distribution of chemical contaminants. At the time of
the accident the temperature outside was below zerg fahrenheit and the building temp-
erature in the sixties except for the overheated transformer and electrical panel which
was estimated to have been overheated to up to several thousand degrees fahrenheit.

A strong chemical odor was immediately noticed by firemen and policemen a security
?ulrd and an engineer invoived in the incident., This same odor was aiso easily noticed
n the basement and first floor of the nearby City Hall, including the basement jail
area as well as the police headquarters focated in the first floor and basement. The
fire department in a portion of City Hall also had a chemical odor. Outside of the
BSOB a strong odor consistent with the presence of PCBs or polychlorinated benezenes
persisted for several days. . .

The firemen and policemen went to Binghamton City Hospital for emergency department
evaluation of their chemical exposure. Within hours a representative of the General
Electric Company, the manufacturer of the damaced transformer, informed medical personnel
of the composition of the transformer fluid. A health emergency was declared and 31}
personne] except for emergency workers, including fire and police personnel, evacuated
the entire governmenta) complex. This ban on the use of the City and County Buildings
continued for a total of 4 days, through the weekend. The State Office building could
not be used because of loss of electrical power. The parking garage under the govern-
mental complex was contaminated with levels of PC8s, as high as 2,000 to 4,000 micro-
xum per square mater, employing hexane soaked wet wipes on the concrete floor. .

fter 1ts contamination was appreciated, it was closed, steam and detergent cleaned
twice, tested for PCBs, dioxins, and furan levels, and then reopened several manths
later,

A command post was set up on the fourth floor of the adjacent City Hall which was
used for the next few weeks by workers involved in the incident until the recognition
of toxic chemicals lead to the use of a trailer and portable toilets nearer the building
and geographically removed from non involved workers. :

Within days cleanup work began on the 8S08 to remove the soot covered material
found throughout the building. Both experts in toxic chemical remova) were employed as
well as janitoria) workers of the State of New York who began washing and vacuuming the
buildh\Y. Electrical system repair was begun during the first week after the incident.
The goal inftially set by the State of lew York, the owner of the polluted building,
was to open the building within days or, if necessary, weeks. This goal was set on day
two of the incident. This initial goal assumed that contamination of the air with PCBs
and chlorinated benzenes constituted the totality of the chemical contamination,
Because of the electrical failure venting of the building to the outside air was not
possible. The windows of the building do not open.

CHEMICAL ANALYSIS

Inftial chemical sampling and analysis performed by Mr. Charles Garner, an industrial
hyglenist on loan from the nearby 18M Corporation factory confirmed the presence of
chemicals consistent with those in the transformer in the air of the basement and first
floor of City Hall. Later study revealed air ducts running from the 8508 into the
basement area of the immediately adjacent City Hall. Air and soot samples collected
severa] days after the incident and analyzed by Galson Laboratory and separately by Dr. .
James Carnahan of the General Electric Company revealed PCBs present within soot as well
as air levels as high as B0 micrograms per cubic meter within the BSOB and many floors
above the transformer several days after the incident. Afr levels of PCBs fell to a
level of 1-3 micrograms per cubic meter, and these Tevels persisted for over & year when
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Photographs of the Covernmental Complex fn Binghamton New York, from top left, clock.lse:

The Covernmentsl Complex with the County Building of the left, then the State Office
Building, followed by City Hall and the City Council Chambers. A desk with scot on it and

a window, photographfcally darkened, in the State Office Building. A worker in the

polluted building spparently wearing an asbestos protective mask rather thun a NIOSH

approved mask protective against organic vapors snd particulate matter. The 'amaged
eslectrical panel (left), the damaged transformer and an apparently undamaged 2lectricsl pesnel.
Soot is appsrent. A cleanup worker in February, 1981, in the contaminated building, not
wearing his gloves or mask and with an open protective suit exposing his own clothes.
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measured by standard methuds sampling and analyzing PCBs in air, Analysis of soot
samples collected in a number of floors in the building revealed levels of Arochlor
1254 as high as 10 to 20% by weight. There was hot a readily apparent pattern to the
soot or PCB distribution. PCBs were measured in elevated amounts even where no visible
soot existed, as in the first floor cafeteria. Sampling of the fourth through seventh
floors, and the corresponding stairwells where soot of aflocular nature as wel) as
heavy despositions of soot were found, reveaied PCB contaminatfon in all aresas initfally
sampled. These {ncluded, floors, walls, light fixtures, ceiling panels, sprayed on
nsulation and beams within hidden aspects above the false ceiling (plenums), within
file cases and desk drawers, and later, within air ducts and elevator shafts. The area
of visidbly most obvious scot was in the men's bathrooms especially in the middle floors
such as the fourth through seventh floors where soot was noted to have flowed from the
air vent areas through the metal grating into the bathrooms and under the bathroom
doors into the general office work areas. According to verbal accounts from Binghamton
firemen they did not find this distribution of soot remarkabie. Sampling for PCBs from
other buildings in downtown Binghamton, revealed levels from 0.1 to 0.7:micrograms per
square meter in older buildings. to non detectable n some newer buildings employing a
dry (filter paper) wipe sampling technique on floors, desks and walls. Within seven
days after the incident Or. James Carnahan of the General Elactric Company Laboratory
at Schenectady, New York notified us that furan isomers were present in the BS08 soot
in amounts above what might have existed from trace contamination of the original
transformer fluid. This suggested pyrolytic conversion of the PCBs as previously found
under laboratory and industrial conditions. It also raised the possibility of sinilar
pyrolytic conversion of the polychlorfnated benzenes to the somewhat more toxic dioxin
isomers. An elequent isomer analysis of a sample of soot was performed by Or. David
Stcll!n? of the US Fish and Wildiife Bureau which extended the previous furan findings
by providing confirmation of specific furan {somers and also described the finding of
dfoxins and biphenylenes. Thepresence of the dioxins fncluding the highly toxic 2,3,
7,8 tetra chlorinated dioxin isomer was later described by Or. Patrick 0'Keefe and
collesgues at the New York State Health Department as well as by Dr.Christoffer Rappe
and Dr. Hans Buser. Each laboratory and each sample led to somewhat different values
as would be expected given the non homogeneous nature of the soot and the technical
difficulty of the chemical separations and analysis. Later analysis confirmed the
differing amount of these various chemicals in various locations within the building.

Later analysis of the concrete parking garage floor after two slow detergent clesnings
showed small amounts of total furan and dioxin {somers at levels as high as 127 nano-
grams total for those {somers measured, with the furans merkedly predominating. Aa |
adjacent building's parking garage, also less than 12 years old, had essentially non i
detectadle Tevels of furans and dioxins present; hexane or benzene extraction type
wipe technique was employed in the latter instances in order to extract a higher percent
of the total amount of chemicals present, usually we found from 1:1 to 10:1 ratios of
PCBs on adjacent sections of contaminated floer or concrete by " wet" (solven$ wiping or
dry wipe technique, respectively.Analysts performed by Prof. James Spalik of B.C.C.

A representative finding among the initia) chemical analysis is that of Christoffer
Rappe and Hans Buser which showed:

A, PCDO Total level 20 ppm
2,3,7,8-Tetra-COD 0.6 ppm

4 other isomers

{1,3,7.8-, 1,4,7,8-, 1,2,3,7-

or 1,2,3,8- and 1,2,7,8- 1,4,6,9-) 0.6 __ ppm
Total_level tetra-CDDs 1.2, __ppw
1,2.3,7,8-Penta-C00 2.5 ppm
7 other penta-CO0 isomers 2.5 _ppm
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Total level penta:CODs______ . e 5.9____epm
1,2,3,4,6,8- + 1,2,4,6,7,9-Hexa-(DD 1.2 ppm
1,2,3,6,8,9-Hexa-COD 1.3 oom
1,2,3,4,7,8-Hexa-C0D 0.7  ppm
1,2,3,6,7,8-Hexa-COD 0.6 pom
1,2,3,7,8,3-Hexa-CDD 0.4 ppm
1,2,3,4,6,7-Hexa-CDD Q.5 ppm
Total level hexa-CDDs - 4.7 _..ppm
1,2,3,4,6,7.9-Hepta-C0D 4 pom
1,2,3,4,6,7,8-Hepta-C00 3 _opm
Tota) level hepta-CDOs 7 pom
Ncta-Co0 2 Ppm
#((:Drs Total level 2160 ppm
2,3,7,8-Tetra-COF 12 ppm
1.3,7,9-Tetra-COF 1 ppm
6 other tetra-COF isomers 15 __ ppm
Total level of tetra-COFs e e e e e 8 ... gem
1,3,4,7,8-Penta-COF 65 ppm
1,2,4,7,8-Penta-CDF 25 Ppm
1,2,4,7,9-Penta-CDF 22 ppm
1,2,3,7,8-Penta-COf g _ppm
1,2,3,6,7-Penta-COF 60 ppm
1.2.6.7.8-Pentl-cpf 25 Pom
2,3,4,7,8-Penta-COF a8 ppm
2,3,4,6,7-Penta-COF 12 pom
12 other penta-COF isomers 1o pom
Total level penta-CDFs e mm o e oo 670 pom
1,2,3,4,6,8-Hexa-CDF 30 ppm
1,3,4,6,7,8-Hexa-COF 125 Ppm
1,2,4,6,7,8-Hexa-CDF 50 pom
1,2,3,4,7,8-Hexa-COF 310 ppm
Total level hexa-COF e $1§ ..pem,
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Patrick 0'Keefe & Smith

New York State Health Department, 1981

2,3.7,8 TCOD & 2.3.7.8 TCOF

Transformer Soot - Binghamton'State Office Building

Analyitical Result (ppm)

Sample teoot" 1o (2
Binghamton soot #1 3 273
Binghamton soot #2 4 124
Average Value 3.5 200

Both samples were composite soot taken from floors 3 & 4

{l; 2,3,7,8 TCO0 - Tetrachlorodibenzo paradioxin '
?2) 2,3,7,8 }CDF - Tetrachlorodibenzo furan

David Stailing, Ph.D., United States Fish and Wildlife Bureay, 1981

Binghamton State Dffice Buiiding Soot

2378 Tetra CDD
TCDOS

TCDD 5 ppm

Tetrs - COFs S.4 ppm
Penta - CDFs 105  ppm
Hexa - CDFs 512 ppm
Hepta - COFs 101 ppm
Octa - COFs 30 pom
Total Furans 753.4 ppm
Biphenylenes 50 ppm

Government Complex Parking Garage (After Cleaning) Dr. Thomas Tiernan, 1982

CDD/COF
TEedd
PC00

HxCOD
HpCOD

Appsrent [somers

N.D.
37C1‘-2.J.7.3

00, 1,2.3,8,6.7,8

Quantity of
CDO/COF Detedted
ng/wi

Minimum

Detectable

Quantity “Recovery of
(ng per isomer) Internal stds

0.10 100

MONS 003381



Quantity of Mintmum Datectable

CDO/CDF  Apparent lsomers [R%/cheTetected Fuantity) comer) Recovery of
Apparent lsomers fn:ifmi i

[E] 1,2,3,4,6,7,8,9 1.0 0.20
37e1400c00 - - 100

TCOF 1.2,4,8 2.0 0.10

2,3,6,8 3. 0.10

W37y 9.6 0.10

Other isomers (8) 35.8 0.10

Total 50.4 0.10

PCOF 1,2,4,7,8 5.2 0.10

Other isomers (13) 1.8 0.10

i Total 17.0 0.0

MCOF © 1,2,4,6,7,9 1.6 0.20

Other isomers (12) 43.6 0.20

, Total 45.2 0.20

HpCOF 1,2,3,4,6,8,9 2.7 0.20

QOther isomers (&) 4.6 0.20

Total 13 0.20
1.3 0.20

0COF  1.2.3,4.6.7.8.9

NEDICAL ASPECTS OF THE INCIDEMT

Toxic chemicals including those found in the Binghamton electrical panel transformer
incident have been implicated in an increasing variety of medical disorders especially
in a variety of annual species. These include skin lestons, cancers, adverse reproduc-
tive outcomes, central and peripheral nervous system as well as gastrointestinal disor-
ders, irnmunologic deficiencies, and other pathologic conditions.

Initfally, some of those exposed to the Binghamton chemical complex complained of
skin rashes, headaches, irritability, anxiety, difficulty sleeping, sexual difficulties,
and tingling of the extremities. A collaborative medical surveillance was established
which accepted all persons exposed or who thought they were exposed to the toxic
chemicals involved. The results of this activity, which includes about 500 persons,
are still far from complete at this time. Evaluation included a medical history and
physical examination, hematologic tests of blood, blood chemistries for 22 substances
including 1iver enzymes and triglyceride and cholesterol levels from fasting patients.
Urine was sometimes taken. Blood PCB tests were ordered but are not yet completely
analyzed and available. Special fat amalysis for PCBs, furans and dfoxin isomers was
performed. Lymphocyte function studies and urine porphorin analysis was performed on
one patfent.

Elevated livar enzymes and triglyceride and cholestero] levels were found tn some
of the 500 patiants without etiology being well characterized. The percent of abnormal
Taboratory examinstions may or may not be above that expected from a matched control
population. Estimetes of exposure to the chemicals in question proved a problem,
1deally, serum PC8, furan and dioxin levels as well as cytochrome P 450 & 448, liver
enzymes, cholesterol triglycerides, 1iver levels before and immediately after exposure
might have proved helpful but were not available. Workers in the buiiding after the
1»?&1.1 cleanup effort do in fact have preentry as well as exit medical evaiuations
including blood PCB levels.

As would be ewpected from such a large group of persons exposed in this incident a
nusber of medical conditions have arisen, as diverse as malignant melanoma of the skin
and transient erythema of the face to fetal damage and wastage where the husband was
the exposed partner, to serious psychiatric disorders including an obsession with the
exposure to these toxic chemicals followed by a suicide attempt with the patient still
comatose months after the attempt. Establishing etiology regarding causation of any of
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these medical abnormalities with respect to the toxic chemicals remains as elusive at
the present time as establishing expnsure levels of individual patients.

It 1s not the purpose of this paper to review medical aspects of the diagnostic
pathologic, and possible treatment options which confront physicians or health officials
faced with problems of patients who may have been exposed to toxic chemicals in combinat-
fons produced b{ electrical system incidents such as the one documented in this paper.
Likewise, [ will not review the various animal toxicologic tests, including rabbit skin,
guinea pia LD 50, electron microscopic examinations of guinea pig liver tissue, chick
embryo tests and others performed or under way at this time in an attempt to characterize
the toxicity of the 3inchamton soot. It {s important to note that the soot has not in-
activated these chemicals as shown by chick embryo fetotoxicity and terotogenicity dem-
onstrated in pilot tests with the Binghamton soot but not with fireplace soot or activated
charcoal as well as guinea pig LD 50 testing.

At the present time over one billion dollars in law suits or the intention to file
law suits have been filed primarily against the State of Mew York as the owner of the
polluted building. Under New York State Law it is necessary to file an "Intention to
Sue” within a given time frame in order not to lose the right at some future date to sue
the State of New York for damages recognized at a later date. Such damaqe derived from
an incident might include cancer or other conditions not apparent initially. Damages
awarded under the American judictal system might take into account punitive as well as
compensatory damages, and include loss of income, medical costs. and other items.

In eddition the question of jurisdiction arfses. Usually a city or county would -
declare a potential health ard throuqh its health departwent, acting partly under
legal powers granted by State Government. The Federal Government has standing in certain
instances, through the Environmental Protectton Agency (E.P.A.), the Occupational Safety
and Health Administration (OSHA) or the National Institute on Occupational Safety and
Health (MIOSH) as wel) as other agencies on certain occasions. Here the State of New
York found itself the inadvertant owner of a polluted buildina. Instead of its customary
role in acting as a requiator, the State found itself in the role of pollutor. Questions
defining which agency requlates a given governmental agency which becomes a pollutor is
an aspect of law and public policy which has not been previously addressed to the best of
our knowledge in cirtumstances similar to the Binohamton incident.

It 1s however, worthy of note that in the United States at this time a federal chm':y
such as the EPA will not enter such disasters without the approval of the State authorities.
Secause of this entry of the E.P.A. was delayed several months until their aid was sought
and obtained by the senior Senator from the State of New York, Senator Patrick Moynihan:

3

CONCLUSIONS and DISCUSSION

At this aarly time less than two years after the Binghamton (State Office Buliding)
incident there are some tentative conclusions which may be made:

1. Electrical incidents involving PC3 and polychlorinated benzene containing transform-
ers, capacitators. ballasts etc. constitute a previously unrecognized health hazard by
unung persons in non industrial sites including offices and schools to such toxic
chemicals as PCB's, furans, dioxins, biphenylenes, and other related compounds. Several
stmilar incidents includine a Binghamton City Hall capacitor incident producing air
levels of 80 micrograms per cubic meter were noted in Binghamton during the year after
the tncident. - : - - o

2. The prasence of these chemicals has not been previously documented in similar cir-
cumstances so that long term exposure to small or other than small amounts of a combinat-
ion of toxic chemicals of this kind has probably been occurrino in industrial countries
stnce 1929 when widespread use of PCB's began. These incidents may be contributing to
enyironmentally induced or promoted cancers, reproductive abnormalities, immunologic
deficiency, and possibly premature death from infection, neurologic and gastrotntestinal
system pathology and possibly, by elevating serum triglyceride and cholesteral levels,
excess or avoidable cardiovascular and cersbrovascular patholoqy.

3. Prevention of some of these incidents is relatively easily and economically achieved

by redesigning and enclosing PCB containinn transformers and other PCB containing elect-
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rical systems. Many transformers are already in contained areas. Others, like the
Binghamton transformer, are placed in a fashion which easily may lead to significant
contamination of the building. Future buildings must be constructed with this newly
described potential health hazard in mind and preexisting buildings must be evaluated
carefully and, if necessary, appropriate safety features added. Improved circuit
breskers or fuses are certainly desirable. Adequate fire safety and temperature dec-
reasing devices can be installed to prevent incidents similar to the 8inahamton incident.

4. Removal and replacement of PCB and polychlorinated benzene containing transformers,
capacitors, ballasts, etc. must clearly be considmred If health risks warrant such
measures, Refi1ling transformers as with silicon may diminish the risk, "Ory" trans-
formers, with no fluid, may offer improved safety, at least with respact to toxic
chemical exposure. Mineral oil containing transformers, while posing a fire hazard,
appear to be less of a toxic chemical threat.

§. There is no unanimity regarding standards for PCB's in caseous phase even in
industry at this time. The current United States QSHA standard for PCB's in air for
industry {s. 5C0 or 1000 micrograms per cubic meter, depending on the {somer mix.
However a National Institute on Occupational Safety and Health (NIOSH) Criteria Docu-
ment has taken tre nosition, that no expasure ta PCB's should be considered safe or
desirable. To implement that point of view it was suogested in that document that one
microqgram per cubic meter, the minimum level of detection at that time, be used as a
value to replace the 500 or 1000 micrograms per cubic meter standard. Different values
way well have to be established for younq children, pregnant women, and other spectal
cases to adequately satisfy canditions as demanding as thase found in Binghamton and
doubtlessly elsewhere, simply awaiting confirmatory chemical analysis. Standards for
PCB's in soot, or for dioxins, furans and biphenylenes in soot or air need to be estab-
1ished.

6. National and international levels for those chemicals must be established not only
for buildings amd various portions of these buildings, such elevator shafts, air ducts,
and eTsewhere, but also for human body fluids and organs. At present, serum and fat
dnterminations of PCB, dioxin, and furan isomer levels are in early stages of being
used to attempt to document levels of exposure. Individual isomer analysis of body
tissues may prove useful. As clinictang we have values to consider for lead, arsenic
and other: chemicals in body fluids, but we do not currentiy have clinically meaningful
vatues for dioxins, furans, biphenylenes or FCB's. DNatermination of metabolic pathways
and usefulness of blood, fat, urine or fecal levels of these compounds and their metabol-
fties will doubtlessly lead to data useful to clinicians evaluating and treating patients
after retated incidents.

7. Beceuse toxic chemical exposure is a rapidly increasina health probiem, it may be
appropriate that serum be drawn and stored for a1l willing members of the population at
several points in time fn order that comparisons be made when fndicated to be able to
avaluate level of exposure after an individual incident. At the very least, none eleva-
ted but Jow levels of a given chemical found after chemical contamination might prove
quite reassuring to a patient. In the Binghamton incident persons without nrevious blood
samples available were exposed to various amounts of PCB's, dioxins, furans, iphenylenes
and other pyrolytic bwproducts. Because of this, blood PCB and furan and dioxin analysis
will be very difficult to interpret. Fish from the Wudson River in Mew York are frequenmt-
1y high tn PCB levels and fish from the Great Lakes have been found to contain stonificant
levels (in parts per tritlion, P.P.T.) of dioxins, including 2,3,7,8 TCOD. Previous
exposure to industrial chemicals or herbicides conn'nin? dioxins, PCB's or fursne provides
further confounding variables. With a presumed relatively low level exposure for most of the
original SO0 persons under medical surveillance it will be difficult to differentiate
origin of postive but ‘ow levels of PCB's found in body tissues. [somer analysis and fat
biopsy data may be of value but these techniques are still experimental and the amounts
present, expecially since some samples were taken long after the incident, may be too low
to detect accurately at this time. Frozen samples for future analysis may prove useful.

8. Medical surveillance of exposed populations following similar instances from both an
occupational medicine :tandpoint as well as an epidemiologically oriented study is desir-
able. For the individual patient and his or her physician knowing what to look for, and
when, and possibly being abie to decrease body burden of these toxic chemicals if present
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in elevated levels by pharmacological or other means is certainly medically desirable
Although epidemioloyy provides anly a weak toal far dealing with relatively small
numbers of persons or subtle events, it certainly may be of some usefulness in events
such as this one. Certainly, as better physiclogical indices of exposure become avail-
able, whether urinary porphyrin patterns, fat, blood, urine or fecal chemical analysis
for the chemicals, cytochrome P850 or P448 alterations, electron microscopic lesions of
hepatic parenchymal cells characteristic or pathognomonic of toxic chemical exposure,
patterns of elevated liver enzymes or increased serum cholesterol or triglycerides, ene
nance the usefulness of large scale collaborative studies and reaistries will come to
be of markedly enhanced value. At present, relatively small numbers of patients as well
as impracisa estimates of exposure constitute major problems in human studies.

9. Intense multispecialty research into all aspects of such accidents is needed.
Psychiatric research to understand and prevent psychiatric illness following these en-
vironmenta) incidents s especially neaded. Medical research considerinn how pattents
exposed should best be monitored and eventually treated is urgently indicated. Further
research to explain why chemicals which seem so taxic in numerous aninal species have
not been demonstrated to be as toxic in man is essential to differentiate between species
differances which might show men relatively impervious to these chemicals or simply to
estab)ish better studies demonstrating toxicity in humans. Better, faster, cheaper,
readily pe-formed sampling and chemical analysis techniques are certa2inly needed. Ofoxin
and furan isomer snalysis frequently cost $1,000 to $2,000 each and take months to
complete, These are far too costly for most parties involved and almost no organization
{s willing to shut down entirely for months waiting to learn whether or not a potential
health hazard exis:s.

Legal and legislative research is needed fn-erder to consider whether the currest
adverssrial and leual approach to redressing wrongs and hopefully obtaining justice
through law suits, aow epidemic in the United States, is the most reasonable aoproach to
Justice for those "njured by incidents of toxic chemical contamination. Leoislative
alternatives to the judicial process are possible, such as workman's compensation, or
specialized approaches similar to the black lung coal mining legislative anproach which
supposes that working in a mine for a civen number of years followed by lung diseases of
certain kinds are compensable without involving a court of law are also possible. In
Australia, Veterans of the Vietnam War who become i11 in a fashion which might be attibu-
ted to toxic chemital exposure are compensated unless the government can prove that the
i11ness was not caused by Agent Orange containing 2,3,7.8, TCDD. Each .
of these financial and legal approaches has advantages and disadvantages, but the
toxicity of these chemicals in man may remain subject to vigorous research and disagree-
ment for many years. While scientists continue the tedious and necessary research to
1ts ultimate but siow course justice will be soucht in one way or another by those ‘
exposed to toxic chemicals at great cost to 2ll involved. k]

10. (nterdisciplinary communication with scientific colleagues and the general pudblic
with frequency as well as maxfmum clarity s essential. Meetings such as The International
Dioxin Conferences with promptly published proceedings, and with maximum participstion of
numerous views is desirable. Hopefully future meetings will also have scientific preseat-
stions from colleagues in sociology, psycholoqy, law, anthropalogy, political science and
case studies from ghysicians and from affected persons themselves in order that we may
communicate most effectively tn an interdisciplinary fashion and learn from one another.
Possibly even panel sessions inciuding responsible and knowledgeable members of the press
would contribute to increased understanding and better commnication between those tnvolved
in past and future incidents involving these toxic chemicals.
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FORMATION OF POLYCHLORINATED DIBENZOFURANS (PLDFs) FaOM

THE PYROLYSIS OF INGi/IDUAL PCB ISCMERS

Hans Rudolf Bu:.-r
Swiss Federal Research Station
CH - 8820 Wadenswil, “~itzerland

and
Christoffer Rappe
Department of Oraanic Chemistry, Univer-it, of Umel

S - 901 47 med, ~.eden

introduction

The polychlorinated dibenzofurans (PLIFs, structure eo below) Jre a series of
tricyclic aromatic compounds, n chemical, biological and roxicoiogical respects sery

1
similar to the polychlorinated dibenzo-p-dioxing (PCDCs, <ve below) '

9 1 9 1
: ; QLI
7 3 7 3
cis 97 %'a, ci,s 97 X'q,
PCDFs PCDDs

In all, there is a tatal of 135 different positional PCDF isomers, namely 4 mono-,
16 di-, 28 tri-, )8 tetra-. 28 penta-, 1§ hexa-, & hepta- and ) octa-COF. The most
toxic isomers appesr to be the 2,3,7 8-tetra-, 1,2,3,7.8- and 2,3,3,7,3-penta-COF,
which all can be compared to the extremely toxic Z.l.?.u-tetra-cnn.:" and which all
“we hesnoce, Yyed e the Yushe poisoning.d.S
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_OFs have been identifie: 15 undesired trace contaminants in chi~r .

Jerivatives 1ike phenoxy .n.:us7 and 1n dolychlor-nated dipnn.’ TR
ntlv, TLoFs have been ident it -od an F) hoand flue jases of nmumicy ] o o
1 .ndustrial heating facil ... 1 They might be ubtquit: us produc’ . Lot
ot :cesses.”‘::

PCBs are industrial chemicals of wide use and they are now krown Lo bte ~ ',
distributed 1n the environment. Although the thermal conversion of PCAs into PCOFs under
uyrolytic conditrang caula e wepects!, experimental evidence to our hnow! ' i.. ' ¢

1
reported peior tO our previcus papers. 0.1

O—Q — O
Clen cl, cl. “o cl,

PCBs PCDFS xsysmaen

However, increased levels of P(Jfs \prm-range) vere observed in 1 PCB heated to 100° for
a week in the presence of 1ir, ana in a PLR ysed in g heat eschanne system far extended
periods of zime.m"s
In our previous papers we have reported on the formation ot PCOFs From the pyrolysis
©ana 1260) 10413
sealed quartz mini-ampoules in the presonce of air at temperatures of 500-700° C. The
yields of the PCDFs were in the range. In addition to PCOFs, unreacted PCBs,

nf commercia) PCBs {Aroclor 12¢ These pyrolyses were carried qut tn

chlorinated benzenes, naphthalenes and other chlorinat. | compounds were il-a - Lrcreyed,
colychlorinated hydroxybiphenyls were found as pOsSible intermediate products

By using high-resolution GL and MS, we have further ‘hown tha* “03t ¢ the nalor
PCOF isomers found in two fly ash samples were the same as thoqe for-wd =n “re ralgsas

of the most common commercial PCBs, giving string support *hat thece P7J e 1L
from the uncontrolled Lurning of PCBS. Using individual PCH tsampre, we o0 o v ot smyy
the cyclization processes in the.. pyrolyses are intramotecul v ard we Mo e e bt

the following three reaction routes leadirg to different PCOF iscmers from “ne . ime
pea: 0

reaction route 1: - C|2
reaction route e———
t1oss of grtho-Clz)

cly cler ¢y Cly ~07 Cl
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(1oss of HCT involving i o
crel HEY Cl o) S

a 2.3-chlorine shift) Clx M

reaction route ¥: _i_,
(loss of ortho-H(H)
Cly ClH Cly Cly ~N07 Cly
In tmis paper now the occurs e of theen reaction voutes in tne ayroly.. ¢

individual PCBs is further docar . The turmation 5! »T0Fs was  nvestisated :n
pyrolysis weperiments using » cocras, T opentae ! nears 0 heptas end 0o 9CTy ninry-
viphenyl. Jur experiment: ¢ w "~ cenerality of tac (Bove reaction, and *hese cap Se
used to predict the forrmatina of .necific PCOFs fourth, gaditional reaction route

was found to OCCur with o o Cewerss T
reaction route 3: - HZ
—_——— —_——
(loss of ortho-H,)
CI‘ HH C'Y Cly 0 Cly

txDeriment )

Polychlorinated bipnenyls used for ., roiysis

Erghteen PCB isomers were obtained from .yrious sour e gs it = Tyt
1somers were checked for isomeric purity and absence of PUUFS goan | =% 4, s
descridbed. Single peaks were obtained and purity was found to e cererall, » - Yo
of the PCBs contained detectable -juantities of P(0C: - en ') randyrd ol

were prepared at concentrations of 1-1J =mq/ml in ben:ene

Micropyrolysis of PChs
Individual PCR iscmers {100 49 each) were pyrolyzed at 00”0 1n separate uart:
weeamponles. The ooy v pyrolys1s cond:*ions were as previoys!, fee -‘|brd.l‘ BT
e CTE W) o tonsine was added to each ampoule. A C-ul a1 uct was useu diritly

vty
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Table 1. List and sources of PCB isomers investigat.d

Compound Source Compound Juree
2,3,4,5-tetrachlorobiphenyl a 2,4,5,2'.,4' 5" -herichlorobipheny! b
2.3,5.6- a 2,0.6,2°,4" 6" 5
2,6,2',6'- b 2,4,5,2",4" .6 .«

2,3.4,2",3" 4" a

2,3,5,2",3° .5 '

2,3,6,2',3',6'- a

. 6-pentachlorobiohenyl 34,53 4" 5" N
. WS- 2,3,4,5,2°.3",4" -heptacnlorobrpreny! e
N 2.3,4,5,2',8'.5"- e

- 4
S c
4 d

4 c
S a 2.3.4,5,2',3'.4" 5" -octachlorobipheny!

A

A= Or. J. McKinney;, National Institute of Environmental Health Siences,
Research Triangle Park, NC, USA

b + Dr. K. Andersson, University of Ume3, ume3, Sweden
¢ = RFR Corp., Hope, RI, USA, courtesy of Dr. J. McKinney
4 = Or. C.A, Wachtmeister. University of Starkhalm, Stocvhelm, Zweden

e = Or. Y. Masuda, Datichi College of Pharmaceutical Sciveues, fuiuoky, Japan

GCMS Analysis

A Finnigan 4000 quadrupole GC-MS instrument witn El snurce and coupled to 3 SO m
0.36 7w [0 0V-17 glass capillary column was used. lhe column was interfaced to the MS
via a platinum capillary intertace. The operating conditinns were as previously
described.l however, the column show: | somewhat higher elution temperatures for PCDFs
(+ame order of elution) than 3 previous 0V-17 column :nterfaced via a j3lass l.ned stain-
less steel tube.

In a first phase, complete mass spectra were recorded using the data system. In 4
second phase, the samples were reanalyzed with optimal 1snomer <PRITATION u31M) MRS
specific detection (mass fragmentography) of PLUFs by monitnring =olecalar e ot o o
270, 304, 338, 372, 406 and 440 for the tri- to octachlarn «cmpounds.

Standard and reference PCOF 1scmers
The PCOF isomers available as reference and standard (oripounds for “pe v o0

investigation are listed in Table 2. They were the gifts of Dre. Masuda, ¥ virney,
Morita and Poland, and of Mr. Gard an@Mr. Lindan). 17 Figure 1, we qive #as. *ry; ento-
grams ot a composite sample of these compounds showing the elution of tetra-, ,enty- ard
hexa-COFs (peak identifications given in Tatle 2).
In addition,we established the elution order of the & nepra-CDFs {1,2.3,3.0,7,3-
<« 1,2,3,4,6,7,9- « 1,2,3,4,6,8,3- «1,2,1,4,7,8,9- ; all soparated on 0y-17, see
Fiqure S) from chlorination experiments (SI;CI5 in CCld. 15 min at 50°C) us'ng ?,3,7.8-
tereds, 1,3,%,7,9-penta- and 1,2,3,6,8,9-nexa~CDF, 1,0.3,3.6,7,-nepla-L0F «as uresent
4 menor product an 7, 1,4,6,7,8-hexa-COF.

MONS 003389



-

‘able 2. Standard and reference PCOFs used in the present study

Compound Peak number Source and remarks
- (see Fig. 1) T
¢,3.8-tri-COF - )
1,3.6,°-tetra-COF 1 a.b
1,3,7,5- 2 [
2,4,6,8- 3 b,
1,3.6.7- 4 a
1,2,4,6- 5 a
2,1.6,8- 6 a.d
2,3,7.8- 7 e
3,4,6,7- 8 a
1,2.4.6.8-penta-COF 9 c.f
1,3,4,7,8- 10 b (containg also 1,3,3,5,% ntg-.0F)
1,2,4,7,8- 1 d.b (contains also 1.2.3.E,%3-penta-L0F)
1,3,4,7,9- 12 b
1,2,3,7,8- 13 g
2,3,4,6,8- 14 o, f
1,2,3,4,8- 5 f
1,2,3,6.7- 16 d
2,3,4,8,9- 17 1
2,3,4,7,8- 8 e
1,3,4.8,9- 19 b (comtains also 1,3,4.7 ,3-penta-COF)
2,3,4,6,7- ) d
1,2,8,8,9- 2\ b {contains also 1,2,4,7 A-penta-COF)
1,2,3,4,6,8-hexa-COF e c,f
1,2,4.6,7,8- 23 o, f
1,2,4,6,8,9- 24 [
1,2,3,4,7,8- 25 ]
1,2,3.6.7.8- 26 d
2,1,4,6,7,8- 27 c,f (contains also 1,2,2,1.6.7 3-hepta-(5F)
1,2,3,4,6,7,8-nepta-COF - ¢, f (contains also ¢,3,3,0.7.3-ne«-C0F
= Or. M. Morita, Tokyo Metropoliitan Research Laboratory of Pubii. waitr, "L, Janan

4
b = Mr. R. Lindahl, University of Umed, Sweden: urepared through Py 1! scatate
cyclization of polychlarinated diphenylether. 16

¢+ Mr. A, Gard, University of Ume3. Sweden; 9repar«m From X T e gatees c e e v
acetylation, chlorination and reduction.!

d » Dr. Y. Masuda, Daiichi College of Pharmaceutical Sciences, Fukuora, Jaan

e = Dr. J. McKinney, National Institute of Environmental Health Sciences, Resear.h
Triangle Park, NC, USA

f: Mr. A, Gar, University of Umed, Sweden; prepared through Pd i!iv- ite ciclinirine

of polychlorinated diphenyiether.
g9 = Or. A. Poland, McArdle Laboratory, Madison, Wisc., USA
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. H
250 v 230 210°c
N )
hexa- —ere— penta- —+— tgtra-CDFs

”E"'E..l : Mass fragmentograms » 334, 332 ang 372) af & romposite sample of
different PCOF referir (e compounds showing clution of tetra-, pentye
and hexa-{OFs “for pead adentificatoor, o Sable "l pom c/ebs

grass capiilary oaluon, 1090650 40 2 Va1 50 0 N i

Pecalts and i ,

Pyrolysis of tetrachlorobipr:nyls
The pyrolysis of three tetrachlorediphesy), win - utied

e Tande
fragmentograms af the pyrolyzed samples are gisen 1o Fojure ') teay how v el ot
tri- and tetra-COFs.

The pyrolysis of 2.3,4,5-tetracnlornbipnenyl Tead *o tme tomation g0 (a0

tetra-COF (see Figure 21). The former 15 espected to be o3, 3-tri-Cof tarmy vig

reaction route J (see Scheme btelow). ‘he formation of 3 rfetra-CDF from this PCY has o
i3
\avalve & new, greviously  not observed reaction route wite loss of Irihe-m

route 4, scheme below): 'the isomer expected 3 1.2.0, 3-totr)-

cpcton

. The “ame toreyr- TF aas
1lso oY areed from tne ayeniggis af 0,3,4,5 hmenta n e ol

i)

enyl see Tater o Ly oary
e T 1Nt e fnened from o Y 4 Lererrgentarabarrer gl gra resctior rontes 1oang
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g tn fact only very minor amounts of additional 1some- - were nhserved.

a cl

C| -] o7 2347

Cl |
(oL of )

(1234-)
A et oo Frgure by tne L iy af Ui retetegant oo sy leyg o, e
formation 0f 3 Lei=C0F . v ot pperted a0 D D ot a0 Cpmed fiy e ne

'
3. The Formation of 41~ *vie o Petya- [F5 from tniy i3 VIV reachion e

4 1% not possible and 10 fact no additianal PCIYS aere oboerved

(234-)
N

(1234~-)

~ (124-)

/

/

g

A

/
1 /

[ y_A g
{ I i
k ! ]
i —T ™ 1
|‘ 220 [ 200°C. —— |

re— totra= -—ele—1tri-CDFs —=t

Figure ¢ : Mass fragmentugrams (m/e 170 and 303 of pyrolysed tetrachlorobiphenyls
sewing vlutton of tris and tetry-(PFsY fram (a0, 3,3.9-, (9) 2,3.5.0-
e A etetrachinrobipheny . Joluien conditions as va Fyure |

et Lt et gre raen 1n pgrenthesis .
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As previously r!por"d.m the pyrolysis of 2,6.2'.6'-tetrachlornbipheny! —  «d a
d: and a tri-COF (etution of tri-COF shown in Figure ¢ ). The expe-'.-d di1-COF 15 the
1,9~ substituted isomer formed via reaction route 1. The formation of a tri-CDF from
this tetrachlorobiphenyl has to involve a rearrangerment rey ©  n, the isamer evarcted
is 1,4,9-tri-COF (reaction route 2). This PCB cannut furm tri- and tetra-CDFs via
rec tion routes 3 and 4, and again no additional FUDFS were cliserved.

o &%

‘C 07 (194
n el @ | Cl
—— OO
e o

¥

Py_r‘n‘lysis of pﬂt_aih_l_oy_o_biph_enyls

The pyrolysis of five pentachiorobiphenyls was 1nsestiqated (see Table 1), Mass
fragmentograms showing the elution of tri-, tetra- and penta-CDFs are given in
Fiqure 3,

| = - The pyrolysis of 2,3,4,5,6-pentachlorobiphenyl lead to the formation of a tetra-COF
as the major product and smaller amount of Ffour tri-CNfs (see Figure Ja). The tetra-COF
expected is the 1,2,3.3-substituted isomer formed via r-yction raute 3; the same isomer
was also observed from the pyrolysis of 2,3,4,5-tetrach!nrobipnenyl. The formation of
PCOFs via reaction routes 1, 2 and 1 is not possidle from this PCB. Tre f.oding of small
amounts of tri-COFS could mean that these PLDFs are formed 1n 1 nen-ypee 1fig dechilor-

nation process of 1,2,3,4-tetra-COF or of pentichlorobinn ny! crine

aicsrten, n
either case, the expected PCOFs contain Cl-substituents exclusively in ¥ e o
<arton rings of the dibenzofuran nucleui (4 possible 1.omori ‘wo -t *heu vri- Fy sare
tentatively identified as 1,2,4- and 2,3,3-tri-COFS, pyrolysis products of 2.5.%,%- ind

2,3,5,6-tetrachlorobipheny! (see Fiqure 2a and b).

As shown in Figure b, 2,4,5,2',5 -pentachlorobipheny! farmed a major teu-LUF 4§
smaller amounts of 4 tetra-COFs and a penta-CDF. This number nf FCOFs (1n be erpected
from the pyrolysis of this PCB via reaction routes 1, 2, 3 and 4 (see Scheme below).
PCOFs identified by co-chromatography with reference compounds (see Table 2) were 2,3.8-
tri- and 2,3,6,8-tetra-COF formed via reaction routes | ind 2, respectively. So far, no
sttempts have been made to assign the remaining tetra-COFs. A small amount of &
penta-COF was observed; the expected compound is 1,3,4,6,9-penta-COF formed via reaction

te 4,
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cn@—@ — 2368- (2348°)

ci Cl ©) cl Cl cl cl
- QO OO
Q Ct o} o]
(2369-) (1340 )
Cl Ci
© .0
ot 0] Ct
(13469-)

and a penta-COF (see Figure 3c). fo tri-COFs can be expected from this 2 via reaction
route 1. The two tetra-COFs were identified Dy cr-chromatography with reference
compounds (see Table 2) as the 2,3,7.B- anc ¢.3,6,7- substi*uted 1somers, formed via
reaction route 3. 1h.s PCB cannot form tetra-CNFs via react: o raute 2 oamt o fagr o,
additiunal tetra-COFs were observed. Pyrolvsis of thig PLB 15 erpected ' form *ay
penta-COFs via reaction route 4, namely 1,5.4,7 8- and 1,340 Jonunty- Fooe Sirame
below). However, only the formation of 1,34,/ ,r-penta-clf conir ©0 e omey

c

‘ o | 2 ' C‘"‘
ch—‘« O c|° e " e
cl O] cncn csm

(R

O

i

cl
o o7 ¢
13478~ (13467-)
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The pyrolysis of 2,4,5,3',4'-pentachlorobiphenyl lead to the *armation of two tetra-



(1234-)
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238-
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Pyrolysis of 2,4,6.2',4'-pentachlorobipheny] qave o tr-amd *nrea totey. - N
snown o Figure 34, This number of isomers can be oxpected *~om *=1s - PSR
routes 1, 2 and 3 (<ee Scheme belaw). The *orma_,on af g ;- ' e of sy roqgr
1, not pessidble and in fact no penta-CIF ais tiired, To o
1,3,7- ~ubstituted isomer. Two of the tetra-CDFs were confiined as |,3.6,7- und 0,5, 4=
tetra-Lof turmed .1a reaction routes o 1 G, re e toaa], ) e et e

eluting) i: expected to be 1,3,% . 7-tetra-COF, an 44142 tiony] dsamer €or=ed i eur soon

route 2.
cl
O OO
07 (1374
cl > Ci el
c:cn — D cucn ClCI
cicl 0 ¢l ¢ N0
1367- (1347
Ci Ci
D R(@) cl
07 4379-
The genlysas of 0305, 08 pent R A
and five tetra-CLis (see Figure o) oy vowtod Srem s by eyt

Id 3 {set Scheme beiow), Angin, ©

not possible ana in fact no peety-CF w -

Cl ct cL 1

°. 66 &0

¢ 0 (148-) o (128
Cl c @ Cl cl ¢ ch 2l Cl
—T- O ©
cr cict (o s L o] 0o~ ¢ ¢ o
{1468 -) (1258-) 1248~
CL Cl ¢l cl ¢l

OI COIg
(12683-) (14637
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One of the main products was tentatively identified as 1,2,4,8-tetra-COF. srulysis
P sduct of 2.4,5.4'-te!rachlorodipnenylecher.w Two aof the tetra- PR BN R DAY
1,4,6,9-) are 2150 expected pyrolysis products of 2,3.6.2".3" 5" -hexachl rab unen,l
(sre later).

P 7lysis of hexachlorobiphenyls

The pyroiysis of seven hexachlorobipheayls was investigated (see Table 1). Mass
fragmentograme of syrgiyied samples are given 1n Fiqure 4. They shew tra el o ot
tetra-, penta- and hexa-CDFs.

The results of the pyrolysis of 2,3,5,0°,4°,5 - ang 2,4,6,2",4",6 -nexacnioru-

hipheny| were previously repor(ed,m'u

However, thi- 1dentity of some of the resulting
<COFs was tentative and could aot be con’ rmod at ©nywe Fyr lack of referencs
compounds. Additional standards dvailable now made '* poss:ble to confirm *hege
tentative identifications. [n case ¢, 2,4,5,2',8' % -hFexachlorodiphenyl, the tarmation
of a tetra- and two penta-CDFs was observed (see figure 3a). These PCDFs were identified
as 2,2,7.8-tetra-, ¢,3,4,7,3- and l.l.l.f.e-gnta-LaF formed 7V_|;_:Pdcllon routeshl. 2
and 3, ‘espectively. [n case of 2,1,6.2' 8,6 wxachlorobiphenyl, a tetra- and a penta-
COF were found (see Figure db: g adentified o5 1,3,7,9-tetra- ind 1,3,4,7,3-penta-COF
tormed vig reaction routes boaed (o Tee formgtion of 8 penta-ulF via reaction route 3 s
not possible with this PCB and -~ fact no additional penta-CDF was observed. None of the
two hexachlorobiphenyls showed the farmation of significant amounts of hexa-COfs.

From the pyrolysis of 2,4,5,2",4"' ¢ -hexachlorobiphenyl, the formation of a major
te'ra- and some mincr penta-(DFs was ol .erved (see Fiqure 4c). The tetra-COF e.pected 1s
the 1.3,7,8- substituted isomer formeq v1d redaction rou'e 1; the vwpected penta-iCF5 gre
2,3,4,7,9- and 1,3,4,7,8-penta-COf (reaction route 2), and 1.3,3,7,3-penty-i0F  reaction
route 3), However, only the for=ition of 1,3.3.7 .83 aad 1,7,2,7 d-porty- F 14 De

confirmed, the formation of 2,3,1.7 2-penta-Clf remaioed uncbear

The pyrolysis of 2,3,8,2°,3" 8" -hexachlgrobiphenyl 1sad o "ne "aryss 0 o b sorey.
and 2 penta-CDF (see Fiqure 4d). They were 1dentified ag 3,8.5,'-* ot o0 1, o, -
penta-CDF, the isomers expected from the pyrolysis of this P(B 1y react o vtes bond

3, respectively. The formation of a penta-CDF via reaction route 2 1s not ;cv.ible witn
this hexachlorodbiphenyl. The formation of a hexa-COF could not be confirmed.

The pyrolysis of 2,3,5,2",3",5'-hexacnlorobiphenyl gave a major ind 3 ~inor *etey-
COF and a major penta-COF (see Figure de). The major PCOFs were identified as .,3,6,3-
tetra- and 1,2,4,6,8-penta-COF, the expected products from the pyrolysis of tms PCB via
reaction routes 1 and 3, respectively. Again, the formation of a penta-(OF via reaction
route 2 15 not possible with this PCB, and in fact no additional 1somer was observed.
The identit; and source of the additional, minor tetra-COF remained unclear
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Jreaction route 3 and 4 not possible for this i ... . i1 case of
espe tedg isomers are 1,4,6,9-, 1,2,6,9- and 1.2,7.%-"atra-i DF . Tho

earlier),

vonf.rmed by co-chromatography wi1th a reference - imple

cl ¢ clclocl
@, ‘_’
e I Cl o No Os @ oa

Cl

@

12489-

S 30, 7,3 hesa-C0F fsee Frgure 135, Trol LT g feene
formation of tetra- and penta-t0Fs via reaction vty b ol
this PCB asomer. hevertheless, small amounts of penty-0F .

vhetity and source of these compoun!. rergingd yn: Loy

-G —

(DFs , ¢e Figure 4f), the number of isomers expected via reaction rout
The tetra-Cof o, e

Pyrolysis of 2,3,6,2°,3',6'-hexachlorobiphenyi yielded three tetra- and t- ot
tand 2

Firt rwn plutin:

of 1,¢,3,6,9-penta-COF as the first eluting isamer r-maing tentative,

1somers were also observed from the pyrolysis of 7.3,5,2' .5 -pentachlorobipheny! {swee
fherefore, the last eluting tetra-LDt was tentytively 1den’itied 4y Lo
1,2.8,%9-substituted isomer. In case of the penta-COFs, the expected isomers are
1,6,4,8,9- and 1,2,4,6,9-genta-COF. The femation of 1,2,4,8,9-penta-Cuf could be

‘sne Table 7Y the identifroytion

et "1a

&3

@ @ —_ (1469-) (1269-)
e ad ¢l CL¢l ol

0

(12

(1289-)

cl
%69 -)

The major pyrolysis product of 3.3,5.3°,3° 5 -hevachloredipnenyd aty aden 1o 4
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The pyrolysis of 2,3,4,5,2',3" ,&",5 ~octachlorobipheny! yielded hesa-, hepta- °
acta-COFs , .ee Figure Sc). The main hexa-COF was confirmed as the 2.3,4,6,"
substituted isomer formed via reaction route 1. In .ad:tion, 4 minor hexa-CDF was 1o
ubserved, the identity and source of which remained unclear. The hepty- OF was conficmed
as the 1,2,1,4,6,7,8- substituted isomer, the expected product formed via reaction royte
1. Ihe mass fragmentoqram 3lso shows the elution of octa-tUF, the pyrolys . o codud?
formed via reaction route &,

Loaclusions

"he uyrenlysis of 18 individual PCBs was studied and shown to result in the farmatin
of PCUFs via intramolecular cyclizations. The yields of PCOFs were estimated to be 1n
the range of 0.1 up to several . Agqain the aipli:ation of nign-resolution HL ang
15 documented as a necessity for the separatton and identification of the PLDFs fnrmed.
Pyrolysis of individual PCBs has proven to be usetyl for the preparation of 1ndividual

OFs 'n si1tuations where oaly minute amounts of 1somer are required fur reference
purposes. mainly in GC-MS analyses

The formation of the PCDFs was found to tollow four qeneral reaction routnrs
involving the ltuss of C!?. Hy. and HCY with or without a ¢.3-chiorine migration (see
Introduction). Due to the abserved qeney ity 1t 1 possable to predict the strycture
of the resulting PCDFs.

The results support our carlier conclusion sat pyrolvsis ot Bs 15 resulting 1n
the formation of highly toxic compounds. Concsepently, the urcars hd bueeaeg of P0G

1S a4 threat to the eaviranment and <hould be avorded.
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Code: 239-2451

DIOXINS AND DIBENZOFURANS =—-
FOCUS ON TWO GROUPS OF SUBSTANCES -

Summary

The toxicological effects of diozins and dibenazofurans are
digscuesed with special emphasis on possible carcinogenic effects.
The presence of these pollutants in various products is disclosed
as well as the possibility of new formation, especially from
éhlarophanoln and PCB, particularly during combustion reactions.
In the article the poesibility is discussed of exposing people
at work and in the environment.

Dioxins are a group of substances which recently have attracted
great interest among researchers as well as the general public. The
digsaster in the chemical factory near Seveso in northern Italy in
July, 1976, was caused by a discharge of the exceedingly toxic 2,3,7,8~
tetrachloride-dioxin (TCDD). The quantity has been estimated at 2.5
kg. Fear of the same toxic substance was one of the reasons for the
great commotion at BT-Kemi in Teckomatorp. Fortunately, these
apprehensions have proved to be considerably exaggerated.

In recent years, there has been intensive discussion in this
journal of certain effects of both phenoxyacids and hexachlorophene
(Axelson, 1977; Axelson, Sundell, 1977; Bystrxom et al., 1977; Halling,
1977; Hardell, 1977; Johansson, Wahlberg, 1977; Westerholm, 1977;
Hardell, Sandstr®m, 1978; K&llén, 1978). Since these substances
have a direct association with dioxins and dioxin-like combinations,
it may be relevant here to present an overview of the present state
of knowledge.

The polychlorinated d}fz&f:;(PCDDs) are a series of tricyclic
aromatics. The number of eawbon. atoms may vary between 1 and 8, and
there is a total of 75 different position isomexs. The polychlorin-
ated dibenzofurans (PCDFs) are very similar to the dioxins, both
with regard to chemistry and to biology. The number of PCDF isomers
is 135 (Figure 1).
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From a chemical point of view, both the PCDDs and the PCDFs
are quite stable molecules. The photochemical (light) decomposition
appears to be the most important-reaction; however, investigations in
the United States and in Italy have established that in and on the
ground the half-life is one year (Young et al., 1976). Under arti-
ficial conditions, a considerably quicker decomposition has been
observed (Crosby, Wong, 1977), but it is uncertain how frequently
these conditions may be found in nature. Like many other environ-
mental poigons, for example DDT and PCB, the PCDDs and the PCDFs
have the ability to accumulate in the food chain. This applies to
aguatic as well as to terrestrial organisms (Firestone, 1978; Isensee,
1978). The substances concentrate particularly in fatty tisgues and
in the liver (Nagayama et al., 1977).

The reason for the great interest in PCDDs and PCDFs is that
certain isomers of these substances have proved to be exceedingly
toxic, especially 2,3,7,8-tetra-CDD and some others with 4 to 6
chlorine atoms (Figure 2).

All of these have an LDg, value of 1 to 100 ug/kg for the most
gengitive animals species. A good correlation has also been found
between toxicity and induction of certain liver enzymes. Moreover,
noteworthy distinctions have been found in biological activity
between the various isomers. A factor of 1,000 to 10,000 has been
reported for isomers as closely related as 2,3,7,8- and 1,2,3,4-
tetra-CDD (Poland et al., 1976; McConnell et al., 1978). This shows
that it is quite necessary to define carefully which isomer or iso-
mers of these potentially dangerous substances are found in various
preparations and environments.

Biological effects

As far as sublethal and chronic effects of PCDDs and PCDFs
are concerned, only 2,3,7,8-tetra-CDD has been investigated to any
large extent. The typical effects in animal experiments are damage
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to the liver and thymus gland which, in turn, have caused effects
upon enzyme activation and immunity defense. This may be the explan-
ation of why the joint exposure to phenoxyacid 2,4,5-T &nd 2,3,7,8-
tetra-CDD has been proved to produce vigorous synergistic effects

in animal experiments (Allred, Strange, 1977). TCDD has also proved
to be a very potent teratogen.

Recently, several good summaries have been published regarding
the most important biological investigations of PCDDs and PCDFs
(IARC, 1977, 1978a, b; Moore, 1978; Poland, Glover, 1978; Vos, 1978).

The possible carcinogenic effects of these substances are of
special interest. In the course of the evaluation, which was made
at IARC in Lyon approximately one year ago, it was found to be Aif-
ficult to establish any actual evaluation because data were lacking
(IARC, 1977). Since that time, a number of animal experiments have
been concluded and published. All of these demonstrate that TCDD in
small doses can produce tumors (Allen et al.,-1977; Allen, Norback,

- 1977; Di Giovanni et al., 1977; Van Miller et al., 1977; Kociba et al.,

1978; Toth et al., 1978).

Low general orxgan specificity has been observed in these
experiments which may be interpreted to mean that TCDD has a general
promotional effect. This is in good agreement with the results which
were recently published by Kouri and Nebert (1977). Moreover, it
may be noted that a mixture of 1,2,3,6,7,8- and 1,2,3,7,8,9-hexa~-CDD
proved to be capable of producing tumors in animal experiments (Holmes
et al., 1978).

Againgt the background of uncommonly vigorous biological effects
for the PCDDs and PCDFs, it is surprising that it has not yet been
possible to identify metabolites of these substances in any animal.
The toxic effects are considerably retarded since the animals used
in experiments only die after three to four weeks in spite of very
massive doses. It has been found that the dioxins are excreted
slowly just as they are, and the half-life is approximately one
month for small rodents (IARC, 1977; Poland, Glover, 1978; Vos,
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1978). For larger mammals, the half-life is considerably longer
(D. Jensen, Dow Chemicals, Midland, USA, personal communication).
Purthermore, it appears that for the more @ighly chlorinated
combinations the half-life generally is longer than for the lower
combinations (Nagayama et al., 1977), but great distinctions are
found between isomers with the same degree of chlorination (C.
Rappe, Y. Masuda, H. R. Buser, unpublished data).

6ccurrence of PCDDs and PCDFs

Neither dioxins nor dibenzofurans have had any technical appli-
cation; however, they do occur as pollutants in a great many technical
products. The phenoxyacid 2,4,5-T (now totally prohibited in Sweden)
contains the dangerous dioxin TCDD. Use of this phenoxyacid started
towards the end of the 1940's, and during the 50s and 60s it was
generally used in Sweden for foliage control in the lumber industry.

The greatest quantities and the products most likely containing
the most dioxin were used in the war in Southeast Asia towards the
end of the 60s (the defoliant Agent Orange). Analyses of civilian
and military preparations from this time have shown that in singular
instances TCDD contents of approximately 50 mg/kg (IARC, 1977) could
be measured; a median value is considered to be 1-2 mg/kg. During
the 1970s, the contents have been lowered as a result of the fact
that the authorities in a number of countries have introduced res-
trictions (maximum 0.1 mg/kg) and most preparations now satisfy
this rule.

The chlorinated phenols have a comprehensive technical appli-
cation, for example in saw mills, as a discoloring agent, in pressure
impregnation of wood products, in tanning of leather and as a bacter-
icide in the paper industry. In Sweden, the greatest quantity of
chlorophenols was used as a discgioring ageﬁé"Ih saw milis; however,
this use has, in principle, been prohibited since January 1, 1978.
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The technical preparations are very impure (Nilsson et al.,
1978), and the contents of PCDDs and PCDFs are in the yicinity of
100-1,000 mg/kg. . -

_ The biological and toxicological picture is complicated by a
great variety of various isomers. The principal preparations on
the Swedish market contained approximately 20 different PCDF
isomers (Rappe et al., 1978). The majority of these pollutants
has not been identified or toxicologically tested. Imported
pentachlorophenol has been proved to contain 1,2,3,6,7,8-hexa~CDD.

A similar pollution situation is found for the polychlorinated
biphenyls as well (PCB). Previously, these preparations were used i
in a variety of different combinations, such as in transformers,
condensers, hydraulic liquids, heat transfer liquids, paints, plas-
tics, foundry sand and paper for automatic copying (IARC, 1978a).
In Sweden, they are now only permitted as dielectrics in condensers,
but even here they will be exchanged for other products. However,
this applies only to newly built condensers; all of those which are
in operation continue to contain PCB--an estimated 100,000 units
with a combined 2,500 tons of PCB. Even if condensers are completely
closed systems, all of them sooner or later will have to be opened,
which poses occupational and environmental risks.

The PCB preparations themselves are a mixture of some 50
similar combinations; however, the technical products contain as
much as 1-10 mg/kg of a mixture of PCDFs {IARC, 1978a), but the
discrete components have not been identified. On the other hanq,
it has been established that the toxic activity of the preparations
is parallel to the content of PCDFs (Vos et al., 1970).

The bactericide hexachlorophene is manufactured from the same
initial material as the phenoxyacid 2,4,5-T, and it may therefore
contain the same quantities of the dioxin TCDD; by further purifi-
cation, the TCDD content has been lowered to 0.03 mg/kg or less
in this product. On the other hand, hexachlorophene contains
approximately 100 mg/kg of chlorinated xanthenes, the possible
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toxic qualities of which are entirely untested (Gothe, Wachtmeister,
1972; Baughman, 1974).

Forﬁation of PCDDs and PCDFs

By analysis of so-called fly ash from municipal refuse combus-
tion plants and industrial central heating operations in Holland
and Switzerland, it has rxecently been established that this ash
contains both PCDDs and PCDFs (Olie et al., 1977). The quantity
varied but was on the order of magnitude of 0.5-1 mg/kg (Buser,
Bosshardt, 1978). Corresponding analysis of the ash from the
municipal central heating plant in Umed showed no occurrence of
these pollutants.

The number of components in the fly ash is very great, 30-40
isomers of either PCDDs and PCDFs. Together with two Swiss col-
leagues we have identified the most common components; we-did so
in order to be able to make a dependable risk calculation. We
found that the most dangerous PCDDs were only lesser components;
however, the most dangerous PCDFs were the dominating ones (Buser
et al., 1978a, b).

The occurrence of PCDDs and PCDFs in fly ash demonstrates that
these disagreeable substances can be reconstituted in the case of
pyrolosis or combustion. We now also know that they are formed by
incomplete combustion of chlorophenols (PCDDs) and PCB (PCDFs), and
the small quantities in the fly ash have been formed by unintentional
combustion. If this risk is to be eliminated, control of what is
combusted or burned must be improved.

Combustion of foliage or cutter shavings impregnated with chloro-
phenols has resulted in noteworthy quantities of dioxins, 100-1,000
¥g/9 chlorophencl. 1In spite of the fact that the relatively harmless
PCDDs dominate in the smoke gases, it has appeared that when impure
technical preparations are used during the combustion occasionally
more than 10 ug/g chlorophenol is more formed of the truly highly
toxic 2,3,7,8-tetra- and 1,2,3,7,8-penta-CDD (Rappc et al., 1978).
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In the case of heating of PCB to 500-700°C, large quantities
of PCDFs are formed, up to 3-25%. Precisely as in the case of the
fly ahs the most disagreeable PCDF components dominated—(2,3,7,8-
tetra-CDF) (Buser et al., 1978c). This uncontrolled combustion of
PCB is a very serious risk which must be taken into account in the
handling and above all the destruction of the great quantities of
PCB found in condensers both here and abroad.

Groups exposed

The most serious exposure of workers has happened in connection
with accidents in the manufacture of 2,4,5-trichlorophenol or other
chloxophenols. Up to the present, 14 accidents of this nature are
known, and the one near Seveso was the most recent to occur. In
this instance, even the civilian population was exposed.

BT-Kemi has been the only manufacturer of chlorophenols in
Sweden, but it has never produced '2,4,5-trichlorophenol-~only
2,4-di- and 2,4,6-trichlorophenol.

The number of workers exposed in these accidents is 500 to
1000. The most common symptoms are chloracne, liver damage, and
heart and vascular diseases; however, a great variety of other
symptoms have also been described (IARC, 1978b).

The group of workers that has been studied most intensively
is the 75 who were hurt in connection with an explosion at the BASF
factory in Ludwigshafen in 1953. Of the 17 persons now dead, six
died from various tumor illnesses (expected number: 3). “The number
of stomach tumors was 4, compared to the expected 1 to 2 (IARC,
1978b) .

As a result of the comprehensive use of chlorophenols, large
groups have been exposed tc these preparations and to the pollutants
found in them. Among the groups most exposed may be mentioned workers
at sawmills, in the paper industry, and in tanneries. At many sawmills
here in Sweden, previously shavings and other products were burned
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which had been treated with chlorophenol, but it is difficult,
retrospectively, to gquantify these potential risks (chlorophenols
are now prohibited in sawmills). . -

_ As far as PCB is concerned, special attention must be given
to the exposure which has occurred in the manufacture and repair
of condensers, but also in connection with work with hydraulic
olils and paint for ship bottoms.

In December, 1977, a transformer burned in central Toronto.
The firefighters and workers who fought the fire did not take any
special protective measures. PCB is erroneously considered to be
very resistant to fire. Subsequently, several workers have had
various complaints. A testing of soot has indicated considerably
increased contents of both PCB and PCDFs (the Toronto Globe and
Mail, 1977-12-17 and Newsrelease Ontario, Ministry of the Environ-
ment, 1978-02-13).

The most serious poisoning with PCB and PCDFs occurred in
1968, in southwest Japan. Because of a leak in a heat exchanger,
a quantity of rice oil for domestic purposes was polluted with PCB,
the so-called Yusho disaster. More than 1,200 persons have been
classified as victims of this poisoning, all of them with serious
cloracne, The content of PCB in the rice oil was approximately
1 mg/g; however, the content of PCDFs was approximately 500 times
higher than normal (Nagayama et al., 1977); Rappe et al., 1977;
Buser et al., 1978d).

In an epidemiological case-control study, it has been demon-~
strated that personnel exposed to phenoxyacids and chlorxophenols
as well have a clearly increased risk of being killed by malignant
megenchymal tumors of the soft parts (Hardell, Sandstrdm, 1978).
These results may be interpreted to mean that either both phenoxy-
acids and chlorophenols are carcinogenic or, on the other hand,
that these effects occur due to those PCDDs and PCDFs which are
found as pollutants in these preparations. The phenoxyacid 2,4,5-T

contains 2,3,7,8-tetra~CDD and pentachlorophenol 1,2,3,6,7,8-hexa-CDD,

both of which have caused tumors in animal cxperiments {sce above).
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For the future evaluation of the suitability of the phenoxyacids

. as herbicides in agriculture and forestry, it is obviously absolutely

necessary to establish what caused this increased tumor frequency.
As :ar as the chlorophenols are concerned, ‘it may be noted that they
continue to be used as bactericides in liquids for cutting, refrig-
eration, and grinding.

It has also been discussed in various contexts to what extent
the general public may have been exposed to phenoxyacids and TCDD,
for example, during the war in Vietnam, and in north Virmland
(Torsby). From Vietnam, there are reports of a considerable increase
in abortions as well as instances of primary liver cancer among the
population that has come into direct contact with the sprayings (Ton
That Tung, 1977). As far as perinatal mortality in north Virmland
is concerned, it has been the subject of a special investigation
(Council on Social Affairs, 1977). Without entering into any
detailed analysis, I do want to point to the fact that the word
dioxin is not mentioned in this investigation. This is especially
noteworthy against the background of:

1. 2,4,5-T being used in foliage control;

2. 2,4,5-T contained approximately 1 pg TCDD/kg (or

more) at this time;

3. TCDD is considered the most powerful teratogen

known and is fetotoxic as well (IARC, 1978b); and

4. TCDD may concentrate in the fatty tissues of ani-

mals (for example, elk, reindeer) eating sprayed
vegetation.

If any connections were found to exist between prenatal death,
malformations, and sprayings, then the most likely avenue of exposure
is by way of consumption of meat containing dioxin. This exposure
was not discussed by the investigators.

The increased interest in dioxins and benzofurans during recent
years has resulted in much new material coming out concerning groups
which previously had been occupationally exposed to these substances.
Any total risk evaluation, especially for the long-range effects, is
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not as yet possible; however, IARC/NIEHS has a special program for
these substances with planned meetings every other year, and within
WHO work is proceeding with a "Health Criteria Document”, Recent
accomplishments within analytical organic chemistry have demonstrated
thag these disagreeable substances appear more generally than pre-
viously assumed. An increased level of knowledge concerning these

substances is necessary in order that the risks may be minimized.
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PCOFs

Figure 1. The chemical structure of PCDDs
and PCDFs.

ecier, et et

2378-tetra-COD 1.1.3.7,0 penta-COD  123678-hexa-COD

SOrI0C, SIOLIOY SO,

. 2328-t0tra-COF homa-COF 122728-hexa<cDD

. Figure 2. 1Isomers of PCDDs and PCDFs.
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