
partial hybrid could be made that would be 
nearly all D ,  melangmter, but would carry 
the D. simulansper gene. Such flies would be 
valuable for experiments on courtship song. 
Would such a D. melanogaster male fly, 
carrying per' DNA from D.  simulans, sing 
with a D. melanogaster or D. simulans song 
rhythm? What types of songs would en- 
hance the mating behavior of the corre- 
sponding partially hybrid females produced 
by transformation? These experiments will 
allow sophisticated molecular techniques to 
be applied toward answering more refined 
questions about the genetic control of song 
production and reception in Drosophila. 
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Bioavailability of Dioxin in Soil from a 2,4,5-T 
Manufacturing Site 

Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) is a highly toxic contaminant 
produced in the manufacture of phenoxy herbicides. Despite its high TCDD content, 
soil from a contaminated area associated with a 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) manufacturing site in Newark, New Jersey, did not induce acute toxicity 
when administered to guinea pigs (the most sensitive species) by gavage. Analysis of 
liver samples demonstrated low bioavailability of TCDD from this soil. A comparative 
analysis of soils showed that Soxhlet extraction was necessary for the determination of 
TCDD on Newark soil, whereas solvent extraction was sufficient for soil from Times 
Beach, Missouri. The Merence in the bioavailability of TCDD from these soils is 
correlated with TCDD extractability and may be related to the different compositions 
of the soils. 

D IOXIN (2,3,7,8-TETRACHLORODI- 
benzo-p-dioxin, TCDD) is one of 
the most toxic man-made com- 

pounds known. The effects of an acute dose 
;arv with species and include liver and kid- 
ney damage, chloracne, reduction in weight, 
wasting, thymic atrophy, imrnunotoxicity, 
and death (TCDD syndrome). TCDD pro- 
motes liver tumors in rats and skin tumors in 
HRSiJ hairless mice ( I ) ,  and it is also an 
anti-initiator of benzo[a]pyrene skin tumor 
carcinogenesis in Sencar mice (2). 

Although TCDD is not manufactured 
commerciallv. it is a contaminant in the , , 
manufacture of several chlorinated phenolic 
products including the herbicide 2,4,5- 
trichlorophenoxyocitic acid (2,4,5-T) and 
hexachlorophene. Humans have been ex- 
posed to TCDD in several industrial acci- 
dents (Nitro, West Virginia; Seveso, Italy) 
and through environmental contamination 

(Times Beach, Missouri; Newark, New Jer- 
sey; and Vietnam). Low levels of TCDD 
have been found in many populations 
around the world. Combustion and fly ash 
have been suggested as other possible 
sources of TCDD, and may be responsible 
for continued human exposure (3). 

The toxicity of complex environmental 
mixtures contaminated with TCDD has re- 
ceived little study. Such materials, including 
soils, natural waters, foliage, fly ash, soots, 
and hazardous wastes may differ in toxicity 
by comparison with the pure compound 
because of the influence of the matrix on the 
bioavailability of TCDD. Adsorption of 
TCDD to the surface of matrix particles may 
alter the animal absorption of the com- 
pound. Poiger and Schlatter (4) found that 
rats treated by gavage with a mixture of 
TCDD and activated charcoal did not ab- 
sorb the TCDD to any appreciable extent; 

TCDD from a soil-TCDD mixture was tak- 
en up into the liver to a lesser extent than 
pure TCDD, and this uptake could be de- 
creased if the time of contact between the 
TCDD and soil was increased. 

Studies on the toxicity of materials envi- 
ronmentally contaminated with TCDD have 
been reported. Heida and Olie (5) demon- 
strated the presence of polychlorinated di- 
benzodioxins and polychlorinated dibenzo- 
hrans in terrestrial and aquatic wildlife liv- 
ing in a contaminated rehse dump in the 
Netherlands. Other studies (6, 7) have dem- 
onstrated varying bioavailability of TCDD 
from fly ash. Silkworth et al. (8) showed 
substantial uptake and acute toxicity of soots 
from a polychlorinated biphenyl fire where 
TCDD and other chlorinated dioxins and 
dibenzohrans were present. McConnell et 
al. (9) reported acute toxicity, aryl hydrocar- 
bon hydroxylase induction, and tissue accu- 
mulations of TCDD from soils from the 
Times Beach area of Missouri. On the basis 
of the positive control values reported by 
McConnell et d., one can calculate a bio- 
availability of TCDD from these soils of 
-85%. The results presented here, however, 
show very low acute toxicity resulting from 
the ingestion of soil from a heavily contarn- 
inated 2,4,5-T manufacturing site in New- 
ark, New Jersey. 

We examined two soils. One was from the 
vicinity of a Newark plant that manufac- 
tured several chlorinated phenol products, 

Depamnent of Environmental and Community Medi- 
cine, University of Medicine and Dentis of New 
Jersey-Rutgers Medical School, ~ i s c a t a w a ~ x  08854. 
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including 2,4-D (2,4-dichlorophenoxyacetic 
acid), 2,4,5-T, and their esters. In about 
1970 the plant stopped manufacturing 
2,4,5-T. Over 10 years later, the site was 
found to be contaminated with dioxin dur- 
ing a survey conducted by the New Jersey 
Department of Environmental Protection. 
The second site was a salvage yard a few 
blocks away where the chemical stills from 
the 2,4,5-T manufacturing plant were bro- 
ken down to recover the metal. The still 
bottoms were dumped on the site and be- 
came incorporated in the soil. 

We administered these soils to guinea pigs 

(single doses by gavage after light ether 
anaesthesia) as 10% suspensions in 5% gum 
acacia (10). Table 1 presents an analysis of 
the manufacturing site soil based on the use 
of two methods that vary greatly in the 
severity of the extraction procedure. Over 
50 different dibenzodioxins and dibenzofur- 
ans were detected (1 1 ) . The negative control 
was a decontaminated soil sample (10) from 
the manufacturing site (from which chlori- 
nated hydrocarbons had been removed by 
solvent extraction). TCDD in a suspension 
of corn oil and acetone (9: 1) and TCDD 
placed on decontaminated soil 1 hour before 

use (designated "recontaminated") were 
used as positive controls. Surviving animals 
were observed for 60 days, although TCDD 
effects usually appear 3 to 4 weeks after 
dosing. 

  able 2 presents dosage, time to death, 
and autopsy results for guinea pigs treated 
with soil from the 2,4,5-T manufacturing 
site (12). Positive controls produced death 
with typical signs of TCDD toxicity in over 
half the animals treated. These signs includ- 
ed thymic atrophy, absence of body fat, and 
loss of -40% of body weight (a typical 
"wasting" syndrome). Survivors did not 
show these characteristics but did not gain 
as much weight as the negative controls. 
The results are consistent with a reported 
LD50 (dosage lethal to 50% of tested ani- 
mals) of less than 0.5 pgikg and an LDloo 
(dosage lethal to 100% of the tested ani- 
mals) of -10 pgikg. 

Animals treated with decontaminated soil 
or corn oil showed no signs of toxicity 
(Table 2); the "TCDD syndrome" was ab- 

Table 1. Summary of the results of the analysis of soil for chlorinated dibenzodioxins and dibenzofur- 
ans. Concentrations are in parts per bdlion. Abbreviations: TCDD, tetrachlorodibenzo-p-dioxins; 
2,3,7,8-TCDD, TCDD chlorinated at the 2,3,7, and 8 positions; PnCDD, pentachlorodibenzo-p- 
dioxins; 2,3,7,8-PnCDD, all PnCDD isomers chlorinated at the 2,3,7, and 8 positions, regardless of the 
position of the fifth chlorine; HxCDD, hexachlorodibenzo-p-dioxins; 2,3,7,8-HxCDD, all HxCDD 
isomers chlorinated at the 2,3,7, and 8 positions, regardless of the positions of the other two chlorine 
atoms; HpCDD, heptachlorodibenw-p-dioxins; OCDD, octachlorodibenzo-p-dioxins; TCDF, tetra- 
chlorodibenzofurans; abbreviations for other furans are equivalent to the abbreviations for the dioxins; 
NR, not reported. 

sent. All these animals survived 60 davs. Times Beach Newark 
Component 

Soxhlet*t Solvent*t Soxhletf Soxhlet*t SolventYt 
Animals treated with soil from the manufac- 
turing site, at any dose given, showed no 
signs of toxicity or of the TCDD syndrome. 
Weight gain was slightly reduced in guinea 
pigs receiving an equivalent of 6 pg of 
TCDD per kilogram of body weight, and a 
greater reduction was observed in guinea 
pigs that received an equivalent of 12 pgikg, 
but these weight effects were not as severe as 

Dibenzodwxins 
7705 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

Dibenzofurans 
40-805 

NR 
NR 
NR 
NR 
NR 
NR 
NR 

2,3,7,8-TCDD 
Total other TCDD 
2,3,7,8-PnCDD 
Total other PnCDD 
2,3,7,8-HxCDD 
Total other HxCDD 
Total HpCDD 
OCDD those seen in-animals treated with the posi- 

tive control (either those dying or those 
surviving). All guinea pigs treated with site 
soil survived 60 davs (there were occasional 

2,3,7,8-TCDF 
Total other TCDF 
2,3,7,8-PnCDF 
Total other PnCDF 
2,3,7,8-HxCDF 
Total other HxCDF 
Total HpCDF 
OCDF 

, \ 

deaths due to gavage error). These results 
indicate some toxicity, but the lethal dose is 
clearly greater than 12 pglkg. 

Table 3 presents data from a separate 
experiment in which guinea pigs were treat- 
ed with soil from the metal salvage site. *Total number of isomers of each group. thalysis by R. Haas, Triangle Laboratories, Inc., for Research Triangle 

Institute, Research Triangle Park, NC. $Analysis by C. Rappe, University of Umea, Umea, Sweden. §Values 
from McConnell et al. (9). Although fewer animals were testLd (the 

same amount of soil was used together with 
a lower TCDD dose because of the lower 
TCDD content of this soil), the results were 
similar to those for the 2,4,5-T manufac- 
turing site: neither contaminated-site soil 

Table 2. Response of guinea pigs treated with TCDD-contaminated soil from a manufacturing site; 
ND, no deaths; G, gavage death, confirmed by autopsy. Times to death were measured after a single 
treatment with the materials indicated and described in the text. " 

nor negative control (decontaminated) soil 
caused any signs of toxicity or of TCDD 
syndrome, whereas the positive control 
showed the typical characteristics of TCDD- 
induced deaths. 

Ratios of organ to body weight were 
calculated for all autopsied animals. The 
results showed enlargement of liver and 
heart in TCDD-treated guinea pigs dying 
with signs of TCDD toxicity as compared to 
negative controls or animals treated with 

Treatment Sex* Days to death Autopsy 
summaryt 

Corn od 
Decontaminated soil 
Contaminated soils 

3 cl.g/kg 
6 cl.g/kg 
12 cl.g/kg 

Recontaminated soil 
(6 clglkg) 

TCDD in corn oil 
(6 clglkg) 

ND 
NDI- 
NDI- 
19, 20, 25, G 
15, 17, 18, ND 
5, 9, 21, ND 
26, 31, ND, ND 

contaminated-site soils. Ratios of organ to 
body weight for animals surviving TCDD 
treatment did not show clear differences 

*Four animals per sex. tTS, autopsy showed signs typical of TCDD-induced toxicity in animals that died; N, 
autopsy showed no signs consistent with TCDD-induced toxicity. *One death occurred, due to gavage 
error. §From the Inanufacturing site m Newark, NJ. 
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Table 3. Response of guinea pigs treated with TCDD-contaminated soil from a metal salvage yard. 
Times to death were measured after treatment with a single dose of the indicated materials as described 
in the text and in Table 2. Notes are the same as in Table 2, except * = two animals per sex. 

Treaunent n Sex* 
Days 

to 
death 

Autopsy 
summary 

Decontaminated soil 4 m + f ND N 
Contaminated soil (320 nglkg) 4 m + f ND N 
TCDD in corn oil (6 pglkg) 4 m 21, ND TS 

f 4, 8 TS 

from those of negative controls, but results 
from survivors are equivocal because of low 
numbers. Animals treated with contaminat- 
ed soil showed no differences in their organ " 
weights relative to animals given negative 
controls. Thymus weight was recorded 
when possible, but animals that died after 
TCDD treatment lacked grossly observable 
thymus for comparison. 

Table 4 presents data on the TCDD con- 
tent of composite liver samples from test 
animals (11). The TCDD on reconraminat- 
ed soil was highly available to the animals, 
but only small amounts of TCDD were 
found in the livers of guinea pigs given soil 
from either the 2,4,5-T manufacturing site 
or the metal salvage yard. 

TCDD found in the 2,4,5-T manufac- 
turing site soil in Newark is slightly bioavail- 
able (less than 0.5% by tissue analysis) and 
relatively nontoxic to guinea pigs. These 
results are in marked contrast to those for 
soil from the Times Beach area (9) and from , , 
the metal salvage yard in Newark (bioavail- 
ability of 21.3%), and suggest that general- 
izations on bioavailability may be prema- 
ture. Public health risks may vary between 
sites as a h c t i o n  of the contaminants pres- 
ent and the bioavailability from the matt&. 

There are several possible explanations for 
the observed differences. First, desorption 
and gastrointestinal uptake of other com- 
pounds in the soil may have inhibited the 
intestinal absorption of TCDD or competed 
with TCDD at the receptor level. We ad- 
dressed this possibility in a preliminary ex- 
periment by dosing guinea pigs with the 
contaminated soil and then 24 hours later 
with 6 kg of TCDD per kilogram of body 
weight in corn oil: acetone (9 : 1). All ani- 
mals so treated died with signs of TCDD 
toxicitv within 19 davs. whereas animals , 
treated with decontaminated soil before 
TCDD died within 23 days. These results 
indicate that other compounds present in 
the contaminated soil did not alter TCDD 
toxicity. 

~ecdnd. the nature of the soil and matrix 
material may alter the bioavailability of the 
dioxin. There is a strong possibility because 
the manufacturing site was developed on a 

clean-fill levy along a bulkhead on the Passa- 
ic River. The fill for this site contained 
asphalt and concrete as well as coarse sand- 
soil fill. On the basis of the work of Poiger 
and Schlatter (4), we believe that the carbo- 
naceous materials in the asphalt and tar 
could enhance binding to the matrix and 
therefore inhibit bioavailability. 

Third, differences in the application of the 
TCDD to the soil and in the residence time 
of TCDD on the soil may affect bioavailabil- 
ity. At the Newark manufacturing site, 
TCDD accumulated in small amounts. from 
a generally aqueous medium, over long peri- 
ods of time. The site was open to the 
environment; solvent materials may have 
enhanced the percolation into the soil and 
the binding. The Times Beach site was 
contaminated by direct application to a 
sandy loam soil of still bottoms or still 
bottoms mixed with waste oil (9). The 
absence of carbonaceous material and the 
presence of oil may account for the higher 
bioavailability of TCDD from the Times 
Beach soil. 

The comparative extractability (Table 1) 
indicates that both Soxhlet and solvent ex- 
traction should be used when one is catego- 
rizing exposure potential. These data 
strongly support the hypothesis that the 

Table 4. Results of an analysis of composite liver 
samples from TCDD-treated guinea pigs; n, num- 
ber of animals of each sex contributing to the 
composite. All animals received a single dose, and 
livers were taken at 60 days after dosing for all 
animals except the group treated with recontarni- 
nated soil. These animals were autopsied at death 
and the livers were frozen. Each composite was 
analyzed only once because the amount of materi- 
al was limited (ppt= parts per trillion). 

Treaunent of n Sex TCDD 
animal ( P P ~ )  

Recontaminated soil 2 m 18,000 
(6 ~g!kg) 4 f 

Contammated soil 
Manufacturing site 3 m 90 

soil (12 pglkg) 1 f 
Metal yard soil 2 m 230 

(320 flgikg) 2 f 
Decontammated soil 2 m 0 

3 f 

differences in bioavailability between Times 
Beach and Newark soils are a function of soil 
binding. TCDD is weakly sorbed onto 
Times Beach soil and is easily extracted; 
TCDD is tightly sorbed onto the Newark 
manufacturing soil and is very difficult to 
extract. Hence, matrix binding is better de- 
termined by both solvent and Soxhlet ex- 
tractions, and, in the cases under discussion, 
bioavailability is directly correlated with 
binding to the matrix. 
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