Trans-Nonachlor Residues in Human Adipose Tissue
Frederick W. Kuiz, G. Wayne Sovocool’, Sandra Strassman,
and Robert G. Lewis’

Ecological Monitoring Branch (WH-569)
U. 8. Environmental Protection Agency
Washington, D.C. 20460

trans-Nonachlor, chemically known as 1,2,3,4,5,6,7,8,8-non-
achloro-3a,4,7,7a-tetrahydro-4,7-methanoindane, is a component of
technical chlordane and technical heptachior. According to Inter-
pretation No. 23 of the Federal Insecticide, Fungicide and Rodenti-
cide Act, as amended, technical chlordane is defined as containing
60% octachloro-4,7-methanotetrahydroindane and 40% related com-
pounds. trans-Nonachlor is one of several chemicals found as a
part of these related compounds and has been detected in technical
heptachlor (Cochrane et al. 1970). Chlordane has been registered
with the federal government since 1948 as an economic poison. It
has been widely used as an insecticide and to a lesser extent, as
a herbicide. Since its insecticidal efficacy includes pests of
turf and lawns as well as household pests, its usage tends to
bring this chemical in close proximity to humans.

The objective of this article is to report the discovery of
trans-nonachior in human adipose tissue and to provide a pre-
Timinary assessment of its geographic distribution in the United
States. Although this report ascribes no clinical or sympto-
matic repercussions to these residues in humans, the finding of
trans-nonachlor is indicative of exposure to chlordane and hep-
tachlior. Other chemicals which are representative of chlordane
and heptachlor exposure have also been reported in human tissues,
Oxychlordane, a mammalian metabolite of several chlordane con-
stituents, has previously been reported {Biros and Enos 1973).
Heptachlor epoxide, derived from heptachlor or possibly in part
from the heptachlor in technical chlordane, has also been re-
ported in a national survey of human adipose tissue (Kutz 1974).
trans-Nonachlor has also been reported in some environmental
~ samples (Law and Goerlitz 1974, Lichtenstein 1971).

trans-Nonachlor was first detected as an unidentified com-
ponent of adipose tissue extracts at the Pesticide Laboratory,
Michigan Department of Public Health, which performs chemical
analyses under contract for the National Human Monitoring Pro-
gram (Kazen et al. 1974). These extracts were sent to the
Environmental Toxicology Division, Research Triangle Park,
N.C., for chemical characterization. When it was determined
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that the component was trans-nonachlor (Sovocool and Lewis
1975), a special study was organized under the National Human
Monitoring Program to provide some preliminary data on the
chemical epidemiology of this residue.

The National Human Monitoring Program functions to deter-
mine, on a national scale, the incidence and level of exposure
to pesticides experienced by the general population and to
identify changes and trends in these parameters when they occur.
Further program information is detailed by Yobs (1971).

MATERIALS AND METHODS

Human adipose tissue was collected at various geographic
Tocations throughout the conterminous United States. These
tissues were extracted and analyzed for organochlorine pesti-
cides using gas liquid chromatography with electron capture
detection (GLC-EC). The presence of trans-nonachlor was con-
firmed, where possible, with gas 1iquid chromatography combined
with mass spectrometry (GLC-MS). Residue levels of selected
extracts were further estimated by multiple ion detection mass
spectrometry (MID-MS).
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FIGURE 1

MAP OF THE UNITED STATES SHOWING THE LOCATION
OF THE COLLECTION SITES IN THE
9 CENSUS DIVISONS

Five of the tissue specimens submitted from each of these sites
during FY 1974 were extracted; these extracts were pooled to make
a composite sample for each collecting site in each census divi-
sion. The demographic (age, sex and race) description of the
gaggen¥s sampled to make up each composite are summarized in

able 1.

10



Kaabung £y-6¢ 0 0 L 1 § uobauQ Jljloed
W2.40U] $04 £1>2¢ 0 i I 1 9 yeln utejunoy
Aadbung 19-1v 0 0 2 € G sesuey | eJdaua)
Y34ON 3SaM
Wa340W3sod LL-S2 0 0 1 t S 99ssauuay L ea3ua)
yinos 3sej
waj4oulsod 06-L1 0 L L € g BUL]OJ4B) YJJUON Dljue|ly Yyinos
9340w S04 §9-01 0 0 L 1 S -SEX3L [ed1ua)
Yyinog 31SsM
Wa340U3S0d 08-81L 0 0 £ VA g 0Lyg [ eaquaj
Y3J40N 3se]
Wwa340W3 S04 ¢8-99 0 0 S 0 q 404 MBN OLJue|lY 9|PPLW
Wo340W} S04 89-£2 0 L S l G $339shyoessey puejbu3 may
Burang obuey aby oley olews] dle Ojewsd paiiLsodwo) po | dwes§ uoL3}ed07 UOLSLALQ
pa399|10) o463y uelseone)  sjuaLled 0 ‘ON atydedboan snsuay
sadwes

sLSALeuy JO|YORUON-SURUL] J0}
palduwes siualied jo uolidladssg olydedbousq

L 37avl

11



Sample Collection

Samples of human adipose tissue were obtained through
cooperating medical pathologists and medical examiners at
hospitals in cities selected according to a proportionate,
s@rat1fied—random design. The conterminous 48 states were di-
vided Ynto 9 census divisions, according to the 1970 census of
the United States. A city within each census division was se-
Iec§ed from those already participating in the National Human
Monitoring Program as the collection site for this special
project (Figure 1).

Chemical Analysis

A1l tissues were extracted and cleaned-up according to a
modified Mills-0Tney-Gaither procedure (Thompson 1972) by labora-
tories under contract to the National Human Monitoring Program.
Concentrated extracts, corresponding to the 6% diethyl ether in
petroleum ether fraction from the florisil clean-up column were
sent to the Environmental Toxicology Division for GLC-MS amalysis.

Gas Chromatograph: Hewlett Packard 5700A with 7.8mm by 2mm
j.d. X 4m o.d. glass column packed with 1.5% 0V-17, 1.95% OV-210
on 80-100 mesh Gas Chrom Q. The GC inlet temperature was 200°C.
Helium flow rate was 42 m1/min. Temperature programmed runs were
made from 80°C (2 min.) to 210°C at 8°C/min. Multiple ion de-
tection runs were made isothermally at 190°C. The transfer line
to the mass spectrometer was maintained at 210°C and the silicone
membrane separator was kept at 180°C.

Mass Spectrometer: A Hewlett Packard 5930A quadrupole
focusing mass spectrometer operated at 70eV electron energy and
400y amps filament emission with target current of 310u amps. MID
runs used 100u amps and high electron multiplier voltages. The
jon source temperature was maintained at 180°C and the mass
filter temperature at 110°C. Ions were detected using a Bendix
continuous dynode electron multiplier with voltages varied
between 1.5 and 2.5 Kv, as required for sufficient signal
strength. Data were collected, stored and plotted using a
Hewlett Packard 5932A Data System. Multiple ion detection was
controlled by a suitable program provided by the manufacturer,
and by the data system. The ions monitored were 405, 407, 409,
411 m/e. Data output also involved the use of a 1ight beam
oscillograph, as well as plotted mass spectra and reconstructed
total ion chromatograms from the data system.

Using the periodic scanning mode of operation, with the Hew-
lett Packard 5932A Data System, mass spectra were generally
scanned from 100 to 550 m/e at 160 m/e per sec., with scan
cycle times of about 5.5 sec.

A standard sample of trans-nonachlor was secured from
Velsicol Chemical Corporation, Chicago, I1linois. The melting
point and mass spectrum of the standard were found to be in
agreement with the literature (Damico et al. 1968 and Cochrane
et al. 1970).
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The technique of multiple fon detection (MID) was employed
to estimate the trans-nonachlor levels in the samples from
Massachusetts and Texas. Quantification by GC/MS was diffi-
cult to achieve, since no completely reliable method has yet
been developed for trans-nonachlor.

Confirmation was based on the presence of the large MF-C
jon at 405 m/e (8C1), and where possible, the much weaker molecu-
lar ion (M%) at 440 m/e (9C1). The weaker retro-Diels-Alder frag-
ment fons were occasionally hidden under ions resulting from
components in the adipose tissue. Gas liquid chromatographic
retention times of standard trans-nonachlor were checked for all
positive samples and were found to be identical to mass spectrum
and GLC retention time of the compound identified in the human
adipose tissue samples.

RESULTS AND DISCUSSION

The results of the analysis of human adipose tissue for
trans-nonachlor are presented in Table 2. Of the nine composite
samples analyzed, eight showed confirmable levels of trans-non-
achlor. Estimates using the minimum detection limits indicated
that levels in all positive samples were greater than 0.01 ppm.
The MID estimates of residue levels in two samples are shown in
parentheses.

TABLE 2

RESULTS OF ANALYSIS FOR TRANS~NONACHLOR IN
HUMAN ADIPOSE COMPOSITE EXTRACTS

GLC-Mass Spectrometry

Census Division Confirmation
New England Confirmed (0.04 ppm)i
Middle Atlantic Confirmed

East North Central Not Confirmed
West South Central Confirmed (0.06 ppm)?!
South Atlantic Confirmed

East South Central Confirmed

West North Central Confirmed
Mountain Confirmed at a

lower level than others

Pacific Confirmed

1 Concentration estimated by multiple ion detection using
the intensity of 409 m/e ion.
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Positive samples were found both in widely diverse geo-
graphic areas as well as in widely diverse demographic distri-
butions. The positive composites included samples of males and
females, caucasians and negroes, different age groups and samples
collected at both surgery and postmortem. Postmortem specimens
were collected from hospital cases as well as from coroner/medi-
cal examiner sources. Therefore, residues were found in tissues
received from patients having pathological conditions and from
those killed by traumatic injuries.

One composite sample from Ohio did not contain confirmable
quantities of trans-nonachlor. Although the composite sample
from Utah contained confirmable quantities of trans-nonachlor,
the level was lower than in the other positive samples. The
exact explanation for the apparent absence of trans-nonachlor
from the Chio sample and for the low level in the Utah sample
cannot be determined from this study. It is, however, important
to note that this is a preliminary report containing data de-
rived from a small subsample of the national human monitoring
survey.
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