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IBTRODUCTIOH
Throughout the U.S., including, Georgia, a
variety or organic solvents have been detected
in ground vater. HaDy or these organic solvents
are acutely toxic and carcinogenic.
As a
result, 'there 18 great concern regarding the
environmental fate or these cOlDpoUDds and their·
associated toxicities. However, it is currently
recognized that chemical analysis alone is
inadequate in assessing the envirol1lllental rate
and toxicity or such hazardous che.icals.
Short-term
microbial
toxicity
assays
or
environmental components represent a more direct
estimate of toxicity potential and overall
health risks to hWII8DS and an1Jllals.
Our laboratory is currently evaluating
Dlicrobial toxicity assays for use under rield
conditions to aBsess IlUtagenic and toxic hazards
associated with organic solvents at a chell1cal
waste landfill. The site is the University of
Georgia t s hazardous vaste landfill which is
located adjacent to the Botanical Gardens in
Athens.
The . site is approxiJlately 225 by 100
feet and consiats or trenches 10 to 12' reet
deep.
This landfill received laboratory
chemical, low-level radioactive, and biological
wastes rrom before 1969 to 1979. Ground vater
samples rro. 30-foot dovngradient wells (in the
direction of ground vater rlow) have contained
numerous compounds; !mst notably,' the volatile
organic
compounds,
chloroform,
methylene
chloride
(i.e.,
dichioro.ethane) ,
toluene,
xylene, and trichloroethylene (Law Environmental, 1988).
Herein, we present results of laboratory
investigations with these five organic solvents
which demonstrate that microbial assays can be
used
to
detect the
acute
toxicity and
genotoxicity or these compounds.
The acute
toxicity of the organic solvents vas IDOnitored
with assays based on the inhibition or de novo
a-galactosidase biosynthesis in the EscheriChia
coli strains C3000 and K12 OR85. Genotoxicity
was evaluated with the Ames Salmonella-mammalian
Dlicrosome test.
MBTBODOLOGI
The five organic solvents used in this stUdy
192

(i.e., chloroform, methylene chloride, toluene,
xylene, and trichloroethylene) were of HPLC,
spectrophotometric
or
ultrapure
grade.
Dilutions of the test compounds were made with
100S or 5S dimethyl sulfoxide (DHSO; BPLC grade
--glass distilled; rilter sterilized).
Dilutions o~ test compounds were screened
for the
ability to iDhibit
de novo
Bgalactosidase biosynthesis in E. coli C3000 and
112 OR85 as per the methods of' Dutton et al.
( 1988)
and
Reinhartz
et
ale
ffiS7) ,
respectively.
The Ames Salmonella-mammalian
microsome assay was used to determine the
IlUtagenicity of the test compounds.
"The
protocol followed was that or Haron and Ames
(1983), with modirications intended to contain
the volatile compounds, such as methylene
chloride, during exposure of the test bacteria.
ContaimleDt vas accomplished by taping the
plates (Distlerath et al., 198_), or placing the
plates open-raced in Tedlar bags in which a test
organic solvent vas SUbsequently allowed to
evaporate (Hughes et al., 1987).
The latter
I18thod proved to have several disadvantages, the
most important being microbial contamination or
the open-faced plates despite the sterilization
ot the Tedlar bags (presumably from the manual
insertion or plates into the bags) •
As a
reSUlt, we developed a lIOdirication of' the
Tedlar bag method whereby a plastic plate
containing the test bacterium and agar was
inverted over a glass plate containing the test
cOlIPound, and they were incubated in a Tedlar
bag.
In this l118DDer, the test bacterium was
optillally exposed to the volatile compounds,
while minimizing the chances for microbial
contamination of the assay system.
The mutagenicity results presented herein
were obtained with Salmonella tester strain
TA100, in the absence (-89) and presence (+89)
ot microsomal activation mix containing the
!raclor 125Ji-induced
rat
liver homogenate
fraction 89. The tester strain vas checked for
appropriate responses to known mutagens in DMSO.
A positive mutagenic response vas deriDed as a
dose-related response with one or more doses
producing at least a 2-fold increase in
revertant colonies per plate as compared to the
concurrent spontaneous count per plate.
The specific toxic and mutagenic activities
of the test chemicals were expressed as percent
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Figure 1. Dose-Related Inhibition of B-Galactosidaae BiosJDthesis in !. coli
(C3000) by TO'luane, p-Xylene, and .Trichloroethylene (TeB). The ooncentrations
of the test compounds are the final conoentrations to which the bacteria were
exposed~ "The chemicals were dissolved in 100S DMSO, resulting in exposure of
the bacteria to a .final DMSO ooncentration of lOS in all trials. Regression
analysis data are shown whioh include slope ( ± standard deviation of' the
slope), correlation coeffioient (r), and prob·ability of significance (p).

reduotion in S -galactosidaae biosJDthesis per
mg/ml of the compound, and net revertants per DIg
of the compound, respectively. These activities
were based on the slopes (± standard deviation
of the slopes) of the dose-response curves as
determined by least-squares regression analysis.
The statistioal significances (probabilities)
of the
resulting slopes and oorrelation
coefficients (r) for the dose-response curves
were determined.
RESULTS AID CONCLUSIONS
The dose-related inhibition of a-galactosidase biosynthesis in ~. co11 C3000 by the five
organio solvents is shown in Figures 1 and 2.
As can be seen, a statistically significant
linear dose-response relationship vas obtained
for each solvent. There were, however, marked
differences in the toxic activities of the five
test compounds.
The three least volatile
compounds (toluene, xylene, and triohloroethylene) proved to be the most toxic, while
the most volatile compounds (ohloroform and

DIethylene chloride) displayed lower toxicity.
These results may reflect the loss of the more
volatile compounds during incubation with the
test bacteriwa (thus, reducing the ooncentration
of the oompound to which the organism is
exposed),
rather than the inherent lower
toxioity of these compounds. It should also be
noted that the results shown in Figures 1 and 2
are for the test compounds dissolved in 100S
DMSO. Markedly lower toxicities were observed
when the test oompounds were dissolved in
deionized vater or in a lower S DMSO.
Sinoe
DHSO is Dot very toxic to E. 001 i (Reinhartz et
a1., 1981) and is controlled in the assay, it
is believed that DMSO enhanced the uptake of
the test compounds by the baoteria, thereby
increasing the toxicities of these compounds.
A oomparison or the IC
(mean concentration or
50
ohemical resulting in a 50S inhibition of
galactosidase
biosynthesis)
for
the
test
oompounds using !. ooli strains C3000 and 1:12
OR85 is shown in Table 1. The!. coli 1:12 OR85
assay system is a commercially-available kit
known as the Toxi-Chromotest.
This assay is
conducted in .icrotiter plate wells without
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Figure 2. Dose-Related Inhibition of S-Galactosid~e Biosynthesis iD !. coli
(C3000) by Chloroform, -and Methylene Chloride (Me). See Legend to Figure 1.

Table 1. Comparison of the Inhibition of a-galactosidase Biosynthesis in E.
coli C3000 and !. coli 1:12 OR85 (Tox1-ChrollOtest) by the Test OrganIc
Solvents.

Chencal

Mean IC a{mg/IIIL) in.!. co11 strains:
SO

C3000

1:12 OR8S

p-Xylene-

0.199

·0.803

Toluene

0.IIJi8

0.891

Tricbloroethylene

0.90ll

1.96

Chloroform

2.25

3.03

Methylene Chloride

9.32

14.2

iMean concentration of chemicals resulting iD a 50S inhibition of bacterial 6galactosidase biosynthesis relative to a control containing the same quantity
of DHSO but no test chemical. These are the final concentratioDs of the test
chemicals to which the bacteria were exposed. The cheJDica18 vere dissolved in
100S DMSO, resulting in exposure of the bacteria to a fiDal DMSO concentration
of lOS in all trials.
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Figure 3. Dose-Related Mutagenic Responses
Produced. by
Methylene
Chloride
1D
the
Salmonella typhimuriua Tester
Strain
TA100
(±S9). Methylene chloride vaa diluted 1D 100J
DMSO. The Ames test vas conducted by a modified
Tedlar bag method 88 described 1D the text.
Regression analysis data are shown which include
slope (± standard deviation' or the slope),
correlation coefficient (r) and probability of
significance (p).

The results presented herein demonstrate
that these short-term IIlicrobial assay systems
can be used to detect the acute toxicity and
IlUtagenicity of organic solvents.
Previous
chellical analysis or ground water at the
University of Georgia's chemical land:Cill site
has
found
the
following
compounds
and
concentrations: chlorof'orm (40 mg/L), methylene
chloride (28 Dlg/L) , toluene ~6.9 Dlg/L), xylene
(2.3 mg/L) , trichloroethylene (0.49 Dlg/L) , and
other assorted organic solvents in low Dlg/L
concentrations (Law EnVironmental, 1988). Based
on these results, the concentration of one to
tour liters of ground water from the landfill
site into a few milliliters or DMSO should be
sufficient
to detect
acute
toxicity and
IlUtagenicity in our IIlicrobial assay systems.
The results of toxicity monitoring or ground
vater at this site will be presented.
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continuous ai%iDg, and, thererore, the bacterial
cells may not have been fully exposed to the
toxicants, particularly at the higher doses. As
a result, we were able to obtain statistically
significant linear dose-response data for only
toluene and trichloroethylene, and the assay
proved to be less sensitive than the B. coli
C3000 system for all five test compoundS-(Table
1).

With respect to mutagenicity, 1Ditial testiDg
has demonstrated that methylene chloride is
mutagenic. Show in Figure 3 are dose-related
JlUtagenic
responses produced by aethylene
chloride in strain TA100 in the presence and
absence of metabolic
activation (S9).
It
appears that the presence of S9 reduced the
mutagenic response. This data vas obtained with
our modified Tedlar bag method. Lower DIltagenic
activity was demonstrated ror methylene chloride
in the taped assay method of Distlerath et ale
( 1984), and the Tedlar bag method ot Hughes et
al.
(1987) proVided poor results due to
II1crobial contamination.
Moreover, methylene
chloride was not mutagenic 1D the conventional
Ames test with preincubation (20 1Il1.D.). Based
on these results, it appears that our modified
Tedlar bag assay is best for the detection of
mutagenesis associated with volatile compounds.
We are currently testiDg other volatile
chemicals with the Ames Salmonella tester
strains using this modified 'Tedlar bag method.
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