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Evildence of Tetrachlorodibenzofuran (TCDF) in
Aroclor 1254", and the Urine of Rats
Following Dietary Exposure to Aroclor 1254"*
by Aucyst Cuncry’, YirLys W, Bumse’, RaLrn W, Jempines', ELLen C. ViLianueval,
and RenaTE D Kimynouew**®

Environmental Protection Agency
Chambiee Toxicology Laboratory
a4 Rn{oral Highway
Chamblee, Ge. 30341

INTRODUCTION '

Racent reports and pest findings indicete that impurities
found in some technicel products mey result in diseenec following
axposure, Chlorecne, X-dleesse and the chick edema factor are
claseic examples of disease resulting from exposurs 1o chlorineted
compounds, contaminants {n the same, or bothl., Chlorinated
dibenzodioxins {CDD) and chiorinated dibenzofurans {CNF) have
been the most implicated as contaminants of polychlorinated bhiphenyls (PchB).

VoS et s1.2 accounted for differences in the tuxicities of
three commercially avallable PCB preparations, name¢ly: Phenoclor
DPG, French; Clophen A60, German; end Areclor 1280%, .4, by the
presence of two polar compounds {n the third fractions (25% Lt,0 in
hexane) of the French and German products, namely tetra and
pentachlorodibenzofurans. Chlorinated dibenzoefurane, including
the tetrachlorodibenzefuran as well as pentachloronaphthelene wers
alsc {dentified in e Japanese PCH (Kanogklor 400)3. Nejther was
found in the U. §. product, Areclor 1260".

Thia paper reports the details of the mass spectral findings
of a tetrachloro compound with a molecular weight of 304 in the
urine of rate following prolonged exposurs to Aroclor 1254R. It alae
reports ovidenci in support of the presence of a similar compound
in Aroclor 1254" itself.

Ienvironmental Protection Agency, Reszearch Triangle Park, N.C.
271711,

2y,5. Consumer Product Safsty Commission, 1330 West Peachtres
Street, N.¥W,, Atlanta, Georgia 30209.

3Environmental Protection Agency, Region 1V, 1421 Peachtirss
Street, N,E., Atlanta, Georgla 30309. -

“The Coce-Cole Export Corporation, P.O, Drawer 1734, Atlanta,
Georgia 30301,

Scentar for Disease Control, Toxicology Branch, 1800 Clifton Road,
'-E-"Atl“t.. oml. 30333-

® portions of this paper wers presentsd et the 183rd National
ACS Neeting, Divisicn of Pesticide Chemiatry, April 10,
1972, Boston, Mass.

*#% correspondence and reprint requesta: Dr. R. D. Kimbrough.
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LYPERIMENTAL

In the first study slxteen-hour urine samples were collected from
eight male Sherman strain rats. Seven had been on & dietary level
of 100 ppm Aroclor 1254® (betwaen 13-5 mg/kg/dsy) for times varylng
from 4-58 days. One had bsen on a dietsry leval of 500 ppm Aroclor
1254% (about 25 mg/kg/day) for 252 days. These raty were startsd
on the axperimental diet whan they were about U5 days old. The total
Aroclor consumption of all rats over the antire period of exposure
up to the time the urine was collected was 3.0 grams. Urine averagad
11 mls per rat and was extracted separately with haxane at s pH of
adout 7 and eluted from micre silica gel columns with a 1:& mixture
of benzene:hexane according to the method of Curley ot al.”, Samples
were combined prior to mass spectral analysis, -

In a second study, ssven-day urine samples ware collected from
four female rats that had been fed Aroclor 125“3. 100 ppm (7.5 mg/kg/
day) for eight months. The pooled urlne sample, 440 mls - pH 6.6,
was extracted six timee with 50 mls of diethyl ether-hexane {3:1).
Each 50 mls of extraclt waa centrifugsd and the aupornates combined.
The extrsct was evapopated to 15 mle and partitioned with ecetonitrile
ss describhed by Mills®, Prior to mass spectral analysis thg sample
was methylated using a procedure similar to that of ftanley®,

Aroclor 1254%, 1.7 grams, was dissolved in 300 mle of hexans.
The chromatography column had an I.D. of approximately 34 mm and waa
filled with 180 grams of PR grade activated florisil. Tha column
was pre-washad with hexsne and the Arcclor standard wae added in
300 mls hexane, The fracticns and volumes collected are )isted in
Table I. Analysis of each fraction using Coulson Conductometry
revealed a general pattern indicative of Aroclor 125R,

TABLE 1

Elution of Aroclor 1254R from Florisi)

Elute *Yol. (mls)} Fraction

Hexane 1200 b

5% Et,0 in Hexane 12060 11

25% L 20 in Hexane 200 mls each 111, Iv, ¥, VI, V11, VIII
50% Et,0 in llexane 500 mla mn

50% Et?o in Hexane 500 mla X

RESULTS AND DISCUSSION

The masa spectrum reaulting from the analysis of authenic 2,3,7,8
tetrachlorodibenzofuran (TCDF) {a shown in figure 1. The molecular
ion ¥*/e 336 with a chlorine isotoplc cluster indicative of § is the
pantachlorodibensofuran (PCDF) obtained aa an {mpurity during the
aynthasis of TCDF. The low intenaity ion at M /e 275 fa the fragment
regulting from the loaa of 63 maaga units from PCDF. The molecular
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fon at B'/e 304, TCDF, contains the base peak. The fragmantography

of TCDF I8 characterized by the loss of 63 mass units (COCL) to yleld
the fragmont at M*t/e 2ul and subsequent loss of 70 mass units (2C1) fo
yield M'/e 171, Doubly charged ions wers observed at M*2/e 152 and
¥*2/e 120.6 with {sotopic clusters synonomous with those of their
singly charged counterparts at M'/e 304 and M*/e 2ul respectively.

The characteristic loss of COC1l hes been observad in the fragmentation
of gimilarly structured compounds, namely the chlorinated dioxips

and higher chlorinated dibenzofurans Curley et al.’.

The urine spectrum from the first study (Fig 2A) shows the presance
of pentachlorcbiphenyl (M'/e 32u) and the fragment resulting from the
loss of 70 mass units to yield M*/e 25u. Low intensity iona at K'/e 2088
and M*'/e 290 were observed. The molecular fon at MY/¢ 304 contsins
an {sotopic clugter indicastive of 4 Cl with one major {ragment at
H'/e 235 indicative of the loss of 2 Cl1, Observation of the spectrum
below M*/e 230 revealed that {t was attributed entirely to PCB's.

Fraction ¥ from the Aroclor 1254R florisil elutfon (rig 78)
contains the hexachlorobiphenyl (M*/e 358), pentechlorobiphenyl
(M*/e 32“} in addition 1o tri end tetrachlorobiphenyl fregments (M'/e
288 and M /e 253) resulting from the loss of 2 Cl from 358 end 124
respectively. Also present Iin the spactrum ia the moleculer lon .
M*/e 304 with an laotoplc cluster indicative of 4 Cl. Thias ion
compares favorably with TCDF. The low intanszity of the ion et 304
precluded ocboervance of any fragmentation.

Figure 2C ahows the spectrum produced by urine thet hed been
methylated. The apectrum indicates the presence of a monomethoxy
derivative of pentachlorobiphenyl (M'/e 354) with major fragment
ions indicative of: (1) loss of methyl end carbon monuxide (Mt-43)
to yield M*/c 311 and (2) subsequent loss of methyl and carbon
monoxide end two chlorinea (M¥-113) to yield M'/e 2ul. Thia apectrum
also contains a molecular ion with an isotopic cluster iudicative
of four chlorines at M*/e 20w,

Mesa apectral evidence does not establish unequivecally the
presenca of TCOF. However, it can be said that the molecular ion, 304,
igs not the result of fragmentation of a higher noiecular wvelght
component of tha laomeric commerciel Arcclor 1254" mixture., There
is ¢ noticsabla diffarence in the relativa intenaities of the LN
molecular lons, M'/e 304, in the urine and standard Aroclor 1250R,
The amount of Aroclor represanted in Fraction ¥ is 1.7 grams, while
the urine represents 3.0 grams consumed ovar ah extended pariod. The
urine sampla enrichment in tha analyzer tube was low necesaltating
a greatly amplified normalized spectrum.

Hutzinger et ll."g, have reported the presence of hydroxylatsd
biphanyls in urlne reaulting from metabolism in addition to the
presenge of oxygen derivatives resulting from irradiation of Aroclor
IZSQ“flIIl-; spectra {n both instances show the presence of M'/a 3056
with an isotopic pattarn indicative of four chlorines.

This author and co-workers have cbserved a molecular ion
matching the 306 apacies reported by Mutzinger, however its
fragmentation hae bean characterized by tha predominance of the
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Figure 1

Mass Spectrum
and 70 eV, of
Pigure 2A for

resulting from the direct probe analysis, at 30°C
authenicated 2,3,7,8 tetrachlorodibenzofuran; see

other conditions.
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Figure 2A  HMass spectrum resulting from GC-NS analysis of 88 mla

of rat urine. LKB 3000 GC-MS, mass marker 10,3 wass
unit. GC column temperature, 209°C; flash lhester
235°C; glass colled column, 6'x1/4" 1.5 OV-17/1,95 QF-1
on 60/80 mesh chromosord "W" H.P., A.W,, DMCS; cerrier
gas (He) 30 psi and U5 cc/min.; separator, 320%C;
sounce 290°C; energy, 70 eV¥; accelerating voltiage,

3.5 KV; trep current, 50 uA; hox current, 50 uA; leak
current, 8 uA.
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Figure 2B Mass spectrum resulting from GC-MS anelysis of Fraction V
25V Et,0/Hex of Apoclor 1254R, LKB 9000 GC-MS, other
condit?ons see fig. 2A, Instrument celibreted with
PFK, ’ '
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Figure 2C  Masa spectrum of 220 mls urine following methyletion

with diezomethans. Mase spectrel conditions ees fig. 2A,
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fragment resulting from the loss of 70 mass units,

The molecular iun M%/e 304 was also present in methylated
urine obtuined from 4 lcemale rats that had conaumed Aroclor 1254KR
for eight months (Fig 2C). This finding {ndicates that a 30u
tetrachloro component i present in the urine and et a trace level
in the analyzed commercial PCB preparstion.

A trace level of the 30U tetrachlore component was alsoc present
in the analyzed commerciel PCB preparation. One would have ts
consider the possibility of such a compound existing in the PCH
preparation from a review of the purification process. This procese
consists of distillation of the crude materiel et reduced pressures
{about S50 mm Hg) and eleveted temperatures (150°C-300°C) in the
presence of a few tenths of 1% of lime or sodium hydroxide,
Papageorge™’, llubbardll, end could lead to hydroxyletion end tha
subsequent lose of HC1l could leed to a dibenzofuran derivative.
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