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Nuner ous met hods have been described for calculation of
estimted nedian effect concentration val ues
(Litchfield and W/ coxon 1949; Deichmann and Le Bl anc
1943; Harris 1959). These nethods were devel oped
primarily for the pharnacol ogical and toxicol ogical
sciences, and involved the use of discrete organisns.
As the use of animals has decreased in scientific

i nvestigations, a greater enphasis is being applied to
the use of single celled organisms such as bacteria
(Thonul ka et al. 1992) for investigative purposes.
This study evaluated six different biolum nescent
bacteria with three closely related organophosphorous
conmpounds using a nmethod designed to rapidly estimte
the effective nedian concentration (EC, . The nethod
of calculating EC values was nodified froma
previously published procedure (Frumin et al. 1992)
that enployed fewer organisms than other comonly used
methods in deternmining estimted nedian concentration
values (LD, LC,) (Thormulka et al. 1993a; 1993b).
Frum n's nmethod was adapted for bacteria by using the
nunber of replicates in place of the nunber of test
animals in the experinental group (Thorulka et al.
1993a). To evaluate EC, values with this nodified
Frumi n nethod, a conparison is made using the probit
nmet hod. A conparison of this nmethod is sinmilar to that
performed in an initial study of this nethodol ogy
(Frumn et al. 1992).

The organisms used in this study, Vibrio harveyi, V.
fischeri, Photobacterium phosphoreum and P.

| ei ognathi, are luminescent only under aerobic

condi tions. Exposure of bioluninescent bacteria to a
toxi cant typically reduces |um nescence in proportion
to toxicity. Data resulting from these occurrences are
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represented as the nedian effective concentration
(EC,) in ppm at which |unminescence (counts) is
reduced.

MATERI ALS AND METHODS

The nethod of calculating EC and confidence interval
(CA) values is identical to that described by Frumin et
al. (1992), except that determination of the descriptor
"n" is representative of the nunber of bacterial tubes
counted (replicates) (Thonulka et al. 1993a; 1993b;
1993c).

Cal culation of EC, and CI values by the probit

anal ysis method was perforned using a conputer program
(US Environmental Protection Agency, 1988). Program
paranmeters included the nunber of organisns entered
whi ch was always 100, representing 100% | um nescence,
and the nunber responding which was the percent
reduction in |umnescence by the individual
concentration of chenical. Esti mated nedian effective
concentration and corresponding Cl are in ppm
(Somasundaram et al. 1990).

Bacteria used in this conparison evaluation study were:
Vi brio harveyi, obtained from D. Lapota, Naval Oceans
Systenms Center, San Diego, CA; V. harveyi strain 392
and V. fischeri, obtained from M Haygood, Scripps

Inst. of Oceanography, Univ. of CA La Jolla, CA

Phot obact eri um phosphoreum strain A-13 and P.

| ei ognathi strain S-1, obtained from J. Lee, Univ. of
GA, Athens, GA; P. phosphoreum strain MIX was obtained
by rehydrating a vial of |yophilized bacteria supplied
by Mcrotox and cultured on nutrient agar containing 3%

NaC (NA). Vibrio and Photobacterium cultures were
mai nt ai ned by weekly transfer on NA or artificial sea
water agar, respectively. Chemicals used in this

eval uation were diethyl methanephosphonate (DEMP),

di i sopropyl methanephosphonate (DI MP) and dinethyl

nmet hanephosphonat e ( DMVP) . Two nethods were perforned
using these bacteria, a direct toxicity test, which has
been previously described (Thomulka et al. 1992) and an
aerobic growth toxicity test, which is described in
this manuscript.

For the aerobic growth toxicity test an overnight
culture (ONC) was nmde using a routine air-accessible
cul ture. Nutrient broth (NB), 5 m, containing 3% NaCl
was added to a 16 x 125 mm sterile glass culture tube
with a Mrton cap. Anal ysis was begun by adding a
toxicant or its dilutant in a volune of 100 ul or |ess
to 5 m of NB Control tubes received 5 m NB and no
chem cal . These tubes were inoculated with 10 ul of an
ONC and incubated for 24 hr at 23°C The | um nescence
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present in these tubes was assayed by adding 950 ul of
0.2 M imdazole buffered saline, pH 7.2, containing
0.4% sucrose and NB (1.0 m per 100) to each 12 x 50 mm
gl ass cuvette followed by 50 ul of control or test

cul ture. These tubes were counted inmmediately.
Controls and tests were counted in sets of ten or four
cuvettes, respectively. One cycle to load, count,
print and unload a tube took 20 sec. The phot onet er

used was a Picolite Mdel 6200 Luni noneter.
The number of replicates (n) analyzed ranged from 11 to
34.

Results for the nodified Frumin and probit analysis
met hods were considered to be statistically simlar if
the confidence intervals overlapped (G eenberg et al.

Table 1. Conparison of the nodified Frumin and probit
analysis with a gromh toxicity test.

Probit analysis Frum n anal ysi s

chemical ECg5o UCI ICI ECgq UCI LCI

P. leiognathi DEMP 2050 1639 2669 2850 2467 3253
DIMP 580 100 4658 710 644 766
DMMP 5821 4042 6859 5950 5194 6706

P. phosphoreum, DEMP 2154 1756 2577 2500 2142 2858
A-13 DIMP 685 597 772 750 649 851
DMMP 6045 4697 8556 6800 6015 7585

P. phosphoreum, DEMP 3729 2673 5175 4850 4198 5502

MTX DIMP 422 287 593 530 463 597
DMMP nd nd

V. harveyi, DEMP 3424 2779 4170 4400 3809 4991

Lapota DIMP 1020 870 1193 1250 1126 1374

DMMP 3434 2579 4767 4600 3942 5258

V. fischeri DEMP 1810 725 4111 2500 2142 2858
DIMP 198 158 254 295 267 323
DMMP 3442 2541 4563 4000 3557 4443

V. harveyi, DEMP 2982 2694 3288 3150 2567 3753
392 DIMP 493 429 566 580 513 647
DMMP 4889 4143 5751 5450 4670 6230

LCI = lower confidence interva
UCI = upper confidence interva
nd = not detectable

MIX = M crotox
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1991; Lange and Thonul ka 1993; Thonul ka and Lange
1995). Overlap of the CI with EC,values was also
exam ned for conparison purposes. Eval uati on of
statistical simlarity of EC,values was perforned
using a two-fold (2 tinmes) method (Thonul ka et al.
1993a, 1993b, 1993c).

RESULTS AND DI SCUSSI ON

The conparative EC, data for both growh and direct
toxicity tests are shown in tables 1 and 2. Thirty-six
conparison data sets conprised this experinment, wth
six sets having EC results greater than 30,000 ppm
whi ch was described as not detectable. These data show
that all the Cl's overlap except for the growh
toxicity test using V. fischeri with DI M. Eval uat i ng
the EC,for the probit analysis with Frunmin Cl and

Table 2. Conparison of the nodified Frumin and probit
analysis with a direct toxicity test.

Probit analysis Frumi n anal ysi s

chemical ECgq UCI LCI ECgq UCI ICI

P. leiognathi DEMP 13308 11018 16911 13500 11425 15575
DIMP 2189 1800 2590 2500 2082 2918

DMMP nd nd
P. DEMP 12421 10239 15539 12600 10663 14537
phosphoreum, DIMP 2001 1616 2389 2300 1818 2642
A-13 DMMP nd nd
P. DEMP 11777 10946 12548 11600 10620 12580
phosphoreum, DIMP 2282 1822 2760 3150 2666 3634
MTX DMMP nd nd

V. harveyi, DEMP 5697 4663 7119 4800 3912 5688
Lapota DIMP 1818 1223 2429 2600 2165 3035
DMMP 22493 19461 27107 23700 21174 26226

V. fischeri DEMP 13032 10396 20235 13200 11523 14877
DIMP 3506 2798 4339 4050 3044 5056

DMMP nd nd

V. harveyi, DEMP 7769 6333 10068 8200 6683 9717

392 DIMP 2461 1872 3100 3500 3093 3904
DMMP nd nd

LCl = lower confidence interval

UCI = upper confidence interval

nd = not detectable

MIX = M crotox
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Frumn EC, with probit Cl, three and two values did
not overlap, respectively, and eight had no overlap for
ei ther conparison. Thirty-three percent (10/30) of the
reportable tests had differences of 1 to 0% 37%
(11/30) had differences from 11 to 20% 27% (8/30) had
differences from 21 to 30% and 3% (1/30) had a

di fference exceeding 30% All  EC,values were wthin
2 times (fold) each other. This degree of simlarity
is narrower than the suggested acceptable variability
of 2.5 for static toxicity tests (Frumn et al. 1992).

Data presented here suggest that these EC,values by
both statistical nethods enployed, CI and two fold, are
essentially equivalent. This study suggests that the
nmodi fied Frumin nethod provides an acceptable estinmate
of the nedian effective toxicity. Adaption of this

nmet hodol ogy expands the use of various bacterial
toxicity tests, as reported in other bacterial studies
using V. harveyi and P. phosphoreum (Thonul ka et al.
1993a; Thonul ka and Lange 1995; Lange and Thonul ka
1993).

Using the growth toxicity test, V. fischeri

denonstrated a greater sensitivity to DEMP and DI MP,
while V. harveyi, strain Lapota, was npst sensitive to
DMVP. The |east sensitive Organisms towards DEMP, DI M
and DMMWP were P. phosphoreum M crotox strain, V.
harveyi, strain Lapota, and P. |eiognathi,

respectively. O her strains exhibited internediate
sensitivity.

Different results were obtained through the direct
toxicity test. V. harveyi, strain Lapota, denonstrated
the nost sensitivity to all three conpounds. All

Phot obacteria tested were insensitive to DMVP. V.
harveyi, strain 392, and V. fischeri denobnstrated sone
toxicity with DMW, but it was insufficient to
calculate an EC,. The | east sensitive strains to DEWMP
and DIMP were P. leiognathi and V. fischeri,
respectively.

All strains of bacteria denonstrated greater
sensitivity towards all chemicals in the growh assay
than the direct assay. The direct assay can only
detect toxicity that is directed against the enzynes
that are already present. However, in the growth
assay, organisms are allowed to grow for 24 hr in the
presence of biohazardous substances. The material wll
be present during all phases of the growth cycle. In
general , cytoplasm c poisons such as conpounds that
stop protein synthesis, DNA replication, and electron
transport, have the potential to be detected in the
growh toxicity test.
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In each assay DI MP displayed greatest toxicity, DMW
di spl ayed the least toxicity and DEMP displayed
internediate toxicity towards the bacteria. Thi s
toxicity may be related to the lipid solubility of the
organic side groups. A nethyl group is the smallest
and possibly the least soluble in the cell nenbrane,
while the isopropyl group could be the npst |ipophilic.
In support of this hypothesis, prelimnary data
suggested that dibutyl nethanephosphonate (DBMP) was
nore toxic than either DI MP, DEMP or DMWP.

These experinents denonstrated a |arge anmount of
variation in sensitivity of toxicity of three closely
rel ated organophosphorus conpounds as related to six
test organisnms using a growh and direct bioassay. No
singl e organism was uniformy sensitive to all
conpounds using both assays. The growt h assay was able
to denpnstrate a greater anmount of toxicity of these
conpounds than the direct assay. Additionally, the
organi sns nost sensitive using the growth toxicity test
were not the sanme organi snms npst sensitive with the
direct toxicity. Because of this diversity in
toxicity, it is suggested that when conducting an
environnental screen for ecotoxicity, a battery of
tests and organisms be used (Thomul ka et al. 1993a).
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