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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environ-
mental Protection Agency, have been grouped into five series. These five broad
categories were established to facilitate further development and application
of environmental technology. Elimination of traditional grouping was con-
sciously planned to foster technology transfer and a maximum interface in
related fields. The five series are’

1. Environmental Health Effects Research
2 Environmental Protection Technology
3. Ecological Research

4 Environmental Monitoring

5. Socioeconomic Environmentat Studies

This report has been assigned to the ENVIRONMENTAL HEALTH EFFECTS
RESEARCH series. "his series describes projects and studies relatir.g to the
tolerances of man for unheaithful substances or conditions This work is gener-
ally assessed from a medical viewpoint, including physiological or psycho-
logical studies. In addition to toxicology and other medicai specialities, study
areas include biomedical instrumentation and health research technigues uti-
lizing animals—but aiways with intended application to human health measures.

This document is available to the public through the National Technical Informa-
tion Service, Springf.eld, Virginia 22161.
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FOREWORD

The many benefits of our modern, developing, industrial society are
accompanied by certain hazards. Careful assessment of the relative risk
of existing and new man-made environmental hazards is necessary for the
establishment of sound regulatory policy. These regulations serve to
enhance the quality of our environment in order to promote the public
health and welfare and the productive capacity of our Nation's population.

The Health Effects Research Laboratory, Research Triangle Park
conducts a coordinated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects. These
studies address problems in air pollution, non-ionizing radiation,
environmental carcinogenesis and the toxicology of pesticides as well as
other chemical pollutants. The Laboratory develops and revises air quality
criteria documents on pollutants for which national ambient air quality
standards exist or are proposed, provides the data for registration of new
pesticides or proposed suspension of those already in use, conducts research
on hazardous and toxic materials, and is preparing the health basis for
non-ionizing radiation standards. Direct support to the regulatory function
of the Agency is provided in the form of expert testimony and preparation of
affidavits as well as expert advice to the Administrator to assure the
adequacy of health care and surveillance of persons having suffered imminent
and substantial endangerment of their health.

Studies of the metabolic fate of toxic chemicals give the Agency further
insight into the significance of these agents in the environment. The metabolism
of toxicants generally results in formation of chemicals of unknown toxicological
properties. Chemical identification and toxicological evaluation of these
chemicals and their metabolites continues to be an integral part of the
environmental assessment necessary for continued safe use of chemicals.

John H. Knelson, M.D.
Director
Health Effects Research Laboratory
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INTRODUCTION

Pentachloronitrobenzene (PCNB) was first registered for agricultural
use in 1955 and is manufactured under the trade name Terrachloﬂg)by Olin
Corporation. The chemical is registered primarily for use as a soil fungi-
cide and as a seed treatment.

Up to 12 percent of the U. S. cotton acreage and 2 to 3 percent of
the peanut acreage is treated with PCNB. It is also used as a soil fungicide
for nursery plants and vegetables. Maximum tolerance limits on edible food
crops is 0.1 ppm, except for peanuts which has a tolerance limit of 1.0 ppm
(U. S. EPA, 1976).

PCNB is applied to many types of storage crops, vegetable and grain
seeds as a storage fungicide. No tolerance limits have been set since these
seeds are not to be used for feed.

PCNB has been shown to rapidly disappear from submerged soil follow-
ing its application. Ko and Farley (1969) demonstrated that the half-life for
PCNB is approximately 7 days, and during that period, a corresponding increase
in pentachloroaniline (PCA) occurs. This conversion is favored by anaerobic
conditions and is carried out by microorganisms in the soil. The same experi-
ments showed that PCA may be very persistent in soil since no decrease was
seen during a two-week period under soil conditions which rapidly lead to the
disappearance of PCNB.

Previous work which examined the metabolism of PCNB has been
reported. It was learned that PCA is a major metabolite of the pesticide in
rabbits (Betts. et al., 1955), cows (St. John, et al., 1965), phytopathogenic
fungl (Nakanishi and Oku, 1969), and plant seedlings, rats, and beagle dogs
(Kuchar, et al., 1969; Borzelleca, et al., 1971). Methylpentachlorophenyl
sulfide has also been shown to be a metabolite of PCNB in plants and animals
in several of these studies.

The purpose of this work was to examine the pharmacokinetic
properties of PCA in the rhesus monkey and to identify any major metabolites
which may be formed in vivo.
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The N-hydroxylamine of PCA was chemically synthesized by the method
of Berry, et al. (1969) according to the scheme in Figure 1. Hexachlorobenzene
(Brothers Chemical Co., Orange, New Jersey), 25 g (0.88 mole); cyclohexylamine
(freshly distilled, b.p. 132-134 C), 28.6 ml (24.8 g, 0.25 mole); and sulfolane
(tetrahydrothiophene-1, l-dioxide), 175 ml, were placed in a 250-ml round-
bottomed flask equipped with a reflux condenser and heated to 145~150 C with
stirring for 14 hours. The solution was cooled and the precipitate collected
by suction filtration. The solid was dissolved in ice-cold sulfuric acid,
filtered to remove hexachlorobenzene, and poured onto ice. Pentachlorophenyl-
cyclohexylamine precipitated and was collected by filtration, air dried, and
recrystallized from ethanol to yield 10.9 g (36 percent). The m.p. (64-66 C,
lit. 70 C), and the IR spectrum confirmed the identity of this product.

N-pentachlorophenylcyclohexylamine, 5.0 g (14.4 mmole), 19 ml of
chloroform, 19 ml of formic acid (90 percent), and 4 ml of hydrogen peroxide
(30 Percent) were placed in a flask and stirred magnetically for 2 hours. The
precipitate which formed was filtered to give 255 mg (6.3 percent yield) of
product. The filtrate was let stand overnight and an additional 393 mg (9.7
percent) of precipitate formed and was collected. A 250-mg portion of the
crude product was recrystallized from 25 ml of acetone with only light heating
to yield 180 mg of pure N-hydroxypentachloroaniline, m.p. 174-176 C (lit.
161~163 C, impure). The structure of this product was confirmed by IR and mass
spectroscopy (Figures 2 and 3).

Three procedures which were initially tried proved to be unsuccessful
for the synthesis of N-hydroxypentachloroaniline. They incluced attempts at
reduction of pentachloronitrobenzene with (a) zinc metal, (b) Raney nickel-
hydrogen, and (c¢) palladium on charcoal-hydrogen. Procedures (a) and (c)
resulted in partial reduction to PCA, while (b) resulted in no appreciable
reduction of the starting material.

Mass spectral data were obtained with either a Finnigan Model 1015
electron impact mass spectrometer or a Finnigan Model 3200 gas chromatograph
chemical ionization mass spectrometer (GC-CI-MS). A System Industries 250
data system controlled the mass spectrometer scan function and processed the
signal output data. A 1.83-m x 2-mm glass column packed with 3 percent 0V-1
on 100/120 mesh Gas Chrom Q was used for the GC-CI-MS work. The injection
port temperature and the line between the GC and MS were kept at 200 C. The
flow rate of the carrier gas (methane) was set at 20 ml/min. The column temp-
erature was programmed from 100 to 280 C at 10 C/min.

The infrared data were obtained with a Digilab FTS-14 Infrared
Spectrometer. Fourier transform technique was used in gemerating the infrared
spectrun. The sample was examined as a film on KCl plates.

PCA and its major metabolite were tested for mutagenic activity by
the Ames bacterial assay (McCann, et al., 1975). Rat liver microsomes were
used as a source of oxidative enzymes in the activating system.



T Lo ot N L ARt
Cienre Tl Codatn YT RS : A
R e o * PR o
waobin Teop.o o fae bir U oosh rago-
N . .
A and B e F ppurs iRitesues O o201 D)

fav each anivel i< an Talle 1, The
w2s axcretaed vias tie uciae (23 te 67 per-
eyceni) was excovencd in 1 he foces.

were compiled in Tehle 2. The higher values

for the renal excrecion of radivactivity in Monkeys A, B, aand L match the davs
for which peak radicectivities were observed in the bLleed, as would he expected.
2st & more rapid intestinal removal of yadicactivity in

The data also sugyg
tiiese three animals which would alsce correlare with ervlier peak bleood levels
for these monkeys.

Metabolism of PCA

Organic extraction of radicactivity follewed by TLC shows that only
unchanged 140-PCA is excreted in the feces (Figure 5), as the radiocactivity
cochromatographed with unlabeled PCA (Rf = 0.50).

TLC scans cf hoxave extraces of urine indicate ¢ sore complen pattorn
Le

of wetabelisr, Vigore t© copdcte & typical radiochrematogram of these extracis,
Peaks having Ry val es 0 2,00, 3.7 0 50, and 0,70 -ere detected. I,
TOVeTLL EXTT oL L fTb £:0 S, esortlnn tooe Q0,2 rercenn nf b
cheomatozrzop o0 - 8L o R Cooa Rpos 3T hut ceanidfnes o
“:{‘ Gt he 1 i ‘ W el 4 il
THo o K R 0y 1 7 et . Che
1A FORN: ST Tt . TR Coochat s cosilion
5 1) QORI < A T SV P Il O A 15 Say o e
Soeedoadoant Tl a0 10.¢ i [ roainz - R A I
o AT LT A o i o Yy . .0 TS
Toag / L i . gt . . A
. ¢ oven: L iy s O S Lo suh - TR



believed to be a decomposition product characteristic of organic amines, and
further characterization was not pursued.

The substance isolated from the Peak 1 region was ultimately
determined to be the primary metabolite of PCA in rhesus monkeys. It was
found to be unstable as this region of the TLC plate rapidly became discolored
upon standing in the light. Subsequent TLC of this discolored material
resulted in the appearance of four peaks (Figure 9) whose Ry values correspond
to those seen in the original urine extract radiochromatogram (Figure 6).

Mass spectral analysis was performed on freshly prepared Peak 1
material. Initial analysis of the metabolite by electron impact and isobutane
chemical ionization mass spectrometry indicated the molecular weight of the
metabolite is 279. The mass spectra are shown in Figures 10 and 11. The
cluster of peaks around the molecular ion (Figure 10) and the protonated mole-
cular ion (Figure 11) region exhibit the same isotope ratio of pentachloroa-
niline in Figures 12 and 13, indicating the metabolite also has five chlorine
atom. The proton nuclear magnetic resonance spectrum of the metabolite did
not show any peaks in region confirming that none of the chlorine atoms had
been displaced by a hydrogen atom. The fragment ion at m/e 262 (Figures 10
and 11) is what one would expect from a hydroxylated metabolite of PCA.

The molecular weight of 279 is odd in number indicating that it
contains an odd number of nitrogen atoms. It is also 16 units higher than
PCA implying that perhaps an oxygen atom is incorporated into the PCA molecule.
In the infrared spectrum, a sharp NH absorption band was obierved at 3295 cm™1
and a broader NH or OH absorption band centered at 3205 cm The identify of
the direct probe mass spectra of the Peak 1 metabolite (Figure 11) and

synthetic N-hydroxypentachloroaniline (Figure 3) confirms the structure of the
metabolite.

To further characterize the metabolite, trimethylsilylation was
performed with bis-trimethylsilyl-trifluoroacetamide. The derivative was
analyzed with GC-CI-MS. To enhance the intensity of the peaks at the mole-
cular ion region, ammonia was used as chemical ionization reagent gas. The
total ion current (TIC) trace is shown in Figure 14. The mass spectrum of the
major peak is shown in Figure 15, The hydroxyl group was silylated giving a
protonated molecular ion at m/e 353. This and the fragment ion at m/e 262
confirm that the metabolite has a hydroxyl group and it has a molecular weight
of 279. The mass spectrum of trimethylsilylated derivative of synthetic N-
hydroxypentachloroaniline is identical to that shown in Figure 16.

Attempts were made to analyze the unsilylated metabolite with GC-MS.
The GC trace is shown in Figure 17. Neither of the peaks corresponds to
N-hydrcxypentachloroaniline. The latter peak gives an identical spectrum to
that of PCA, and the earlier peak appears to be pentachloronitroscbenzene
(Figure 18). Hydroxylamines are known to undergo disproportionation to form
the nitroso and primary amine compounds. This would explain the appearance of
PCA and nitrosopentachlorobenzene following exposure of N-hydroxypentachloro-
aniline to the elevated temperatures of the GC system.
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DISCUSSION

Blood levels of radioactivity following 14C—PCA administration to
monkeys indicate wide variation between animals. These data would suggest
differences between rates of absorption of PCA from the GI tract. All monkeys
were fasted for 14 hours prior to treatment which should eliminate food matter
as a complicating factor. The use of corn o0il as a vehicle for chemical
administration to animals has not, to our knowledge, led to irregularities in
c?emical absorption in the GI tract. However, since the low urinary levels of
I C on Day 1 for Rhesus C and D correlate with low blood levels of radio-
activity on that same day, it is apparent that the chemical was not readily
absorbed in these two monkeys during the first day. Also, their delayed fecal
excretion suggest a decreased GI motility which may play a role in the
diminished early absorption of PCA.

TLC scans suggest that only PCA is excreted in the feces. TLC of
urinary extracts indicates the presence of four radicactive compounds.
Figure 21 is a scheme which summarizes the metabolic information collected in
this study with PCA. PCA is metabolized oxidatively to the N-hydroxylamine,
as confirmed by mass spectroscopy and chemical synthesis of this compound.
Both PCA and N-hydroxypentachloroaniline are conjugated and form water-soluble
metabolites which can be deconjugated by aryl sulfatase-glucuronidase.

Formation of nitrosopentachlorobenzene apparently results from a
spontaneous disproportionation of N-hydroxypentachloroaniline in the urinary
medium prior to extraction procedures. Fresh samples of urine had less of the
nitroso compound present upon TLC than did older samples. GC of purified
N-hydroxypentachloroaniline demonstrated the formation of the nitroso compound
following its exposure to elevated temperatures, and TLC indicates the
decomposition of N-hydroxypentachloroaniline to nitrosopentachlorobenzene,
as well as to PCA. Both PCA and N-hydroxypentachloroaniline partially decom-
posed to a brown substance, the structure of which was not pursued.

Although the mutagenesis assays in two bacterial systems indicate
that neither PCA or N-hydroxypentachloroaniline is mutagenic, this assay system
uses rat liver microsomal enzymes as an activation system. Since the
metabolism of PCA in the rat has not been determined, the use of the standard
assay activation system leaves unresolved the mutagenic potential of PCA and
N-hydroxypentachloroaniline in primates.
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TABLE 2. RADIOACTIVITY EXCRETION RATIOS FOLLOWING
14C-pCA ADMINISTRATION TO RHESUS MONKEYS,

Day of Ratio Urinary Ratio Fecal
Peak Blood Radioactivity, Radioactivity,
Rhesus Radioactivity Dav 1:Day 2 Days 1-3:Davs 4-5
A 1 1.24 2.1
B 1 2.54 14,2
c 2 0.15 1.1
D 2 0.19 0.6
E 1 4,69 5.6
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Conjugates Conjugates
Rhesus Rhesus
NH-OH
NHj
cl Cl c1 Cl
Rhesus y o
Cl Cl
PCA (Peak 3) N-OH PCA (Peak 1)
Nonenzymatic
decomposition
A\
=0
NHZ
¢1 ¢l Ccl Cl
Decomposition products
(Peak 0) Cl Cl c1 c1
C 1
Nitrosopentachloro- PCA (Peak 3)

benzene (Peak 4)

FIGURE 21. METABOLIC SCHEME FOR PCA IN RHESUS MONKEYS
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