1 pm in diameter and ranged from sever-
al micrometers to 20 wm in length.

The ‘‘clustering’’ of mesothelioma
within certain families in Karain and
Tuzkdy has been noted, but genealogical
surveys indicate that blood relationship
was not a factor (3, 4). On the other
hand, if such families live in close prox-
imity to a small asbestos outcropping, in
effect a point source, or are otherwise
exposed to environmental asbestos, they
might jointly be at greater risk to asbes-
tos disease. As in Karain, quarried rock,
building stone, and other environmental
samples were also taken in the two near-
by villages (Karlik and Yeziléz) where
no mesothelioma has been reported. No
asbestos was found in specimens ob-
tained from these villages. In Tuzkdy
(with mesothelioma) samples of the
whitewash ore used extensively by the
villagers as material for whitewashing
were examined. One of these was essen-
tially a tremolitic talc with high aspect
ratios, 10:1 or more, and most tremolite
fibers had diameters of 1 pm or less.
Tremolite fibers were also observed in
settled dust samples from Tuzkoéy. The
dimensions of these fibers were very
similar to those of the tremolite fibers in
the whitewash material. In lung tissue
specimens obtained from patients in this
village with pleural disease, fibrous zeo-
lite predominated in the lung burden but
tremolite fibers were also found.

Pleural mesothelioma has recently
been diagnosed in a third Cappadocian
village, Sarihidir (4, 17). Cases of calci-
fied pleural plaques and chronic fibros-
ing pleuritis in this village have been
described in (2). Samples of street dust
collected in Sarihidir contained as much
as 5 percent chrysotile and tremolite, by
weight, In addition, palygorskite and
erionite fibers were also present.

The Cappadocian villages where cases
of mesothelioma have been reported
have not been known before to be the
sites of asbestos-containing rocks. The
absence of reports of such rocks in these
villages may be due to several factors: (i)
compared with asbestos deposits else-
where in Turkey (and worldwide), the
Cappadocia asbestos outcroppings are
much smaller and less obvious; (ii) sev-
eral geological factors mitigated against
their occurrence and thus their discovery
in Cappadocia; and (iii) the small num-
bers of asbestiform fibers in a matrix of
zeolite fibers were lost to observation.

Our findings are consistent with the
relationship established in other circum-
stances between asbestos exposure and
pleural disease. However, animal experi-
ments have shown that erionite alone
is capable of producing tumors (/3).

Whether an enhanced tumorigenic effect
may exist as a result of exposure to both
asbestos and erionite or possibly other
durable fibers is presently unknown and
warrants investigation.
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Accumulation of Airborne Polychlorinated Biphenyls in Foliage

Abstract. Plant foliage accumulates the vapor of polychlorinated biphenyls
(PCB’s) from the atmosphere, and there is a variation in the amount that is
accumulated from one plant species to another. This differential accumulation factor
between species remains constant over more than two orders of magnitude of PCB
concentrations in plants. The relationships between foliar and atmospheric PCB
concentrations hold promise for cost-effective atmospheric PCB monitoring through

Soliar analyses.

Polychlorinated biphenyls (PCB’s)
have become a component of our atmo-
sphere. Reports on the atmospheric
transport of PCB’s over the North Atlan-
tic, the Gulf of Mexico, and the North
Pacific Ocean indicate that these com-
pounds remain airborne over long dis-
tances (/). There is growing evidence
that atmospheric transport is the primary
mode of global distribution of PCB’s
from sites of use and disposal (2). Air-
borne PCB’s are often associated with
suspended particulates in urban areas,
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but over rural areas of North America
more than 99 percent of the atmospheric
PCB’s are in the vapor phase (3).

The estimated domestic production of
PCB'’s in North America between 1930
and 1975 was 570 x 10° kg, and an addi-
tional 1.4 X 10° kg was imported. Fur-
ther manufacture in the United States
was banned in 1979. The PCB’s were
used primarily as coolant-dielectric flu-
ids in transformers and capacitors; as
plasticizers in coatings, adhesives, and
printing and copy papers; and as addi-
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tives in industrial fluids for hydraulic
systems, turbines, and vacuum pumps.
They were also used in smaller quantities
for other specialized uses (4). As of 1975,
about 340 x 10° kg were still in service,
some of which could continue for anoth-
er 20 years. Of the remainder, 25 X 10°
kg probably degraded or were incinerat-
ed, 130 x 10° kg went into landfills and
dumps, and approximately 70 x 10° kg
are circulating in the environment. The
dynamic PCB burden in the atmosphere
over the United States is conservatively
estimated at 18,000 kg (3). Although the
apparent major sources of airborne
PCB’s, from the vaporization of plasti-
cizers and from open and burning dumps
(5), decreased substantially during the
1970’s, the drop in the atmospheric con-
centrations of PCB’s has been slow.
Leaves of terrestrial plants accumu-
late airborne PCB’s (6). In areas where
the lowest levels of foliar contamination
by PCB’s are found and where no hori-
zontal gradient in the foliar PCB concen-
tration is apparent, the assumed source
is the ‘“‘background’” level of vapor-
phase PCB’s in the atmosphere. Both
PCB’s and polybrominated biphenyls in
soil contaminate plant roots but cause
little contamination of leaves and stems.
Those PCB’s that are found in leaves and
stems are carried by vapor transport
from the soil rather than by translocation
through the plant (7). Our current trans-
location studies with corn and goldenrod
plants show that less than 1 percent of
the '4C-labeled Aroclor 1242 entering the
roots is translocated to aboveground
portions of these plants over an entire
growing season. To detect such low con-
centrations, special care is required to
contain the volatile “C-labeled PCB’s
within the soil so as to prevent foliar
contamination by atmospheric transport.
Background levels of foliar PCB’s in
Washington County and Saratoga Coun-
ty, New York, were defined by field
studies, as were gradients in the foliar
PCB content around known sources.
Staridard procedures were used to col-
lect, prepare, and analyze leaf samples.
Field samples were placed in plastic bags
(free of PCB’s), frozen in coolers con-
taining Dry Ice, freeze-dried, ground,
and stored in glass bottles. Ground tis-
sues were extracted with petroleum
ether, concentrated, passed through
Florisil columns, concentrated to mea-
sured volume, and analyzed by gas chro-
matcgraphy with an electron-capture de-
tector. Although both Aroclors 1242 and
1254 were detected and measured, only
total PCB’s are reported here since the
quantities of Aroclor 1254 (< 20 per-
cent of the total) were too variable.
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Table 1. Reproducibility of field data for the
PCB content in foliage. Concentrations are
expressed in micrograms of total PCB’s per
gram (dry weight) of samples as described in
the text., The percent S.D. for all samples is
* 13.6.

Species Mean * %
(replications) S.D. S.D.
Red clover (5) 0.12+0.01 = 83
Red clover (5) 0.18 £ 0.04 =+ 22
Goldenrod (7) 0.25+0.02 = 8.0
Field corn (5) 021 003 =14
Field corn (5) 032003 =+ 93
Staghorn sumac (5) 11.3 = 3.4 + 30
Staghorn sumac (5) 12.6 = 0.6 * 48

Table 2. Background levels of PCB’s in leaves
from Washington County and Saratoga Coun-
ty, New York, collected in mid-September
1979. Concentrations are expressed in micro-
grams of total PCB’s per gram (dry weight).

Species (num- Mean = %
ber of sites) S.D. S.D.
White pine (6) 0.032 £ 0.007 = 22
Field corn (6) 0.088 = 0,015 =+ 17
Trembling aspen (8) 0.088 £ 0.012 =+ 14
Staghorn sumac (10) 0.110 = 0.014 =+ 13
Goldenrod (15) 0.250 = 0.030 = 12

Data for six species were reported.
Leaves only were sampled from golden-
rod (Solidago graminifolia L. Salisb.),
white pine (Pinus strobus L.), and field
corn (Zea mays L.) (leaf blade only
above the upper ear). Leaflets were sam-
pled from staghorn sumac (Rhus typhina
L.). Leaves with their petioles attached
were sampled from trembling aspen
(Populus tremuloides Michx.). Samples
of red clover (Trifolium pratense L.)
included leaves, stems, and flowers.
Much lower concentrations of PCB’s are
present in petioles, stems, and flowers
than in leaves.

The PCB concentrations for field sam-

ples plus analytical errors for four spe-
cies (Table 1) range from 0.12 to 12.6 pg
per gram of sample (dry weight). All
replications were made at the same site
at the same time. The percent standard
deviation (S.D.) for all replicated sam-
ples combined is = 13.6, which indicates
that over 95 percent of the data are
within = 35 percent of the mean. This
value of 35 percent was used as one of
two criteria for locating areas that could

be used for background levels of foliar

PCB’s.

Areas with apparent background lev-
els of foliar PCB’s were selected arbi-
trarily at first from available field data
and then refined somewhat through the
use of two criteria: (i) that sampling of
multiple species occurred at the site and
(ii) that none of the species exceeded its
previously estimated mean background
level by more than 35 percent. Apparent
foliar PCB background levels were found
to be species-dependent (Table 2), with
some species accumulating severalfold
more PCB’s in their leaves than others.
Therefore, foliar PCB data from a single
site may be highly variable, depending
upon the species present. A tenfold con-
centration difference has been found in
the foliar PCB content among 18 species
studied to date, with apparent back-
ground levels of foliar PCB’s (in micro-
grams per gram or parts per million)
ranging from 0.03 for Pinus strobus to
0.32 for Solidago nemoralis Ait.

The PCB content in foliage is much
higher than background levels in the
environs of exposed PCB dumps where
vapor-phase PCB’s from the dumps are
added to the background concentrations.
Most of our studies were conducted
around such sources. One area, east of a
former PCB dumpsite, was sampled ex-
tensively because a narrow, steep drain-
age ravine protected it from the erosion

Table 3. Differential accumulation of PCB’s in aspen, sumac, and goldenrod over a concentra-
tion range exceeding two orders of magnitude. The PCB concentrations [PCB] are expressed in
micrograms per gram (dry weight) and as multiples of the background level (MBL values) for
each species. These MBL values were obtained by dividing the PCB content by the background
PCB content shown in Table 2, 0.09 for aspen, 0.11 for sumac, and 0.25 for goldenrod. Samples
were collected in mid-September 1979 at various distances (< 1200 m) and directions from the
Patterson Road PCB dump, Fort Miller, New York. All sites were beyond a natural drainage
ravine that prevented PCB contamination of soil and water.

Site Value Aspen Sumac Goldenrod Mean = S.D. . % S.D.
1 [PCB] 0.10 0.11 0.26 0.16 = 0.09 + 57

1 MBL 1.11 1.00 1.04 1.05 = 0.06 * 5.7
2 [PCB] 1.20 1.30 3.50 2,00 = 1.30 + 65
2 MBL 13.3 11.8 14.0 13.0 = 1.1 + 8.6
3 [PCBI] 1.32 2.05 4.45 2,61 = 1.64 * 62
3 MBL 14.6 18.6 17.8 17.0 = 2.1 + 13
4 [PCB] 19.1 56.5

4 MBL 174 226

5 [PCB] 58.2 68.6 182 103 =+ 69 * 67
5 MBL 647 624 728 666 £ 55 + 8.2
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and runoff from the dump while the es-
tablished growth of weeds and brush
gver the inactive dumpsite eliminated
any visible airborne transport of dusts
laden with PCB’s. Downwind from the
dump, the odor of PCB’s was always
apparent during the growing season.
Within this area (and others where dusts
contaminated with PCB’s were not ap-
parent), the differential in the foliar accu-
mulation of PCB’s persisted among the
species studied. In some instances, the
quantitative increases exceeded two or-
ders of magnitude (Table 3). These data
show that a site may be classified for the
accumulation of PCB’s in terms of mutki-
ples of the background level (MBL) val-
ues. The MBL values for a site are
characteristically more uniform than val-
ues of the foliar content of PCB’s. The
S.D. for MBL values at a site are below
+ 25 percent.

These results led to the establishment
of field plots along an easterly transect,
with each plot containing the major for-
age crop species of the area and one or
more continuous PCB air monitors. Pre-
liminary data from the tested forage
crops indicate that there is more than a
hundredfold range of PCB accumula-
tions in harvested portions of various
crops. It is expected that these studies
will provide guidelines for the selection
of forage crops to keep them within the
federal limit for PCB’s of 0.2 part per
million (8) in areas where atmospheric
PCB concentrations are elevated. Al-
though this research is being done to
predict contamination of vegetation from
various sources of vapor-phase PCB’s,
perhaps of broader significance is the
potential use of PCB measurements of
vegetation to monitor annual changes in
atmospheric PCB’s.

EpwarDp H. BUCKLEY
Boyce Thompson Institute at Cornell
University, Ithaca, New York 14853
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Expression of Treponema pallidum Antigens in Escherichia coli

Abstract. Treponema pallidum DNA was cloned in a bacteriophage. Clones were
screened for expression of Treponema pallidum antigens by an in situ radio-
immunoassay on nitrocellulose, with the use of subsequent reactions with syphilitic
serum and radioiodinated Staphylococcus aureus protein A. One clone, which gave a
strong signal, codes for at least seven antigens that react specifically with human

antibodies to Treponema pallidum.

Syphilis continues to cause significant
morbidity throughout the world despite
the availability of penicillin. Yet the fail-
ure to culture the organism, in or on
artificial media, has placed a severe re-
striction on the study of Treponema pal-
lidum. The organism can be propagated
in the rabbit testis, but purification of 7.
pallidum in its motile, virulent form has
not yet been achieved. Thus, purified
treponemal antigens are not available for
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experimental studies in biology, patho-
genesis, serodiagnosis, and immunity.

Recombinant DNA technology offers
the potential for producing substantial
quanitities of specific purified treponemal
antigens. We report here the cloning and
direct expression of T. pallidum DNA in
Escherichia coli.

DNA extracted from relatively puri-
fied, motile, vitulent T. pallidum grown
in rabbit testicles (/) was partially digest-

Fig. 1. (A) Autoradiogram
of the primary screening of
the T. pallidum gene bank.
About 150 plaque-forming
units of in vitro packaged
recombinant Charon 30
were plated on a 150-mm
% petri dish of NZC agar with
E. coli K802 (3). The soft
top agar was made with
agarose.  for greater
strength. The plate was in-
cubated and the grown
phage was blotted to nitro-

24,000 — cellulose. The blot was im-
23,000 ——= munologically  screened
fg 50008 - with human secondary

syphilitic serum and '?’I-
labeled protein A, and ex-
posed to Kodak XAR-S.
The plaque giving the
strongest signal (arrow)
was designated as clone
Tp3a. (B) Serological
specificity of Tp3a. Clone
Tp3a was grown as almost
confluent plaques and blot-
ted onto a filter that was
cut into quadrants. The up-

r

per quadrants were assayed with the serums from two patients with secondary syphilis, the
lower quadrants with two serums from normal humans. (C) Molecular weight determination of
T. pallidum-specific antigens expressed by Tp3a. Equivalent amounts of top agar containing
plaques of Tp3a and Charon 30 were made up to final sample buffer concentrations of SDS and
B-mercaptoethanol and boiled (4). The samples were placed on the gel in lanes 1 and 2,
respectively, of a gradient (8 to 20 percent) polyacrylamide-SDS gel. After electrophoresns and
transfer to nitrocellulose, the preparation was scre.aed with the syphilitic serum used in the
primary screening. The molecular weights were determined by comparison to 'I-labeled
standards ranging from 94,000 to 14,400 daltons (Pharmacia).
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