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ABSTRACT

A SMPLE,INEXPENSVE,AND RAPID
METHOD TODETERMINETOXICITY USNG
A BACTERIAL INDICATOR ORGANISM

A simple, inexpensive and rapid method to determine the toxicity of compounds, isolated chemicals, soil
samples, and water samples has been developed. The test uses the bacterium, Rhizobium meliloti, as the
indicator organism. Toxicity values obtained with thistest are complarabl e to those obtained with more familiar
tests like the sand flea Daphnia magna, Microtox™, and tests using animal and human cells grown in culture.
No specialized equipment isrequired, only a spectrophotometer and awater bath. No specialized training is
required. Only rudimentary chemical skills are required to perform the assay which takeslessthan an hour. The
test could be adopted in developing nations without sophisticated laboratories, with very modest budgets and
with relatively unskilled personnel. It could beincluded as an alternative test for toxicity in sophisticated
laboratories. A patent has been obtained and we are seeking a firm to market the assay. However, the test could
be used by any laboratory ableto grow bacteria. Detailed information is available in the published literature.
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INTRODUCTION

Theauthor hasdevel oped atest for toxic
chemica sand for water and soil samplesthat
issmple, inexpensive, andrapid. Itusesa
bacterium astheindicator organismsoanimal
rightsadvocatesareinfavor of it. Thistest
can be used by any laboratory ableto grow
bacterial cells. We hopeto market the assay
inthenear future. Thispresentationwill
outline how thetest isconducted, how thetest
dealswith divalent cationsthat are perceived
astoxic, and how thetest compareswith other
morefamiliar tests.

THETEST

Rhizobiummeliloti can reducethe
thiazoletetrazoliumdye M TT very readily.
Thedyeturnsdark bluewhen reduced and
thiscan befollowed with asmple spectropho-
tometer.. Toxicchemicasinhibitthe
reduction.The utility of thetest hasbeen
discussed (Botsford et ., 1997, 2001); the

mechanicsof thetest have been describedin
detail (Botsford, 1998); and protocolsfor
carrying out the assay have been published
(Botsford, 1999). Cellsaregrowninasimple
defined medium (Gonzaez-Gonzdezetd.,
1990). Cellsarecollected by centrifugationina
refrigerated preparative centrifuge. Cellsare
washed with phosphate buffer and arediluted
withthebuffer. Varying volumesof thetoxinto
betested of aknown concentration are added
to each tube, and the tubesare brought to a
constant volume. Buffer and cellsareaddedto
eachtube. Theabsorbanceisread (550 nm) at
time=0. TheMTT dyeisadded, and thetubes
are shaken vigoroudy and incubated at 30°C for
20 minutes. Thetubesareshakenagainand
placedinanicebath. Theabsorbanceisread
again. Thechangein absorbancefor each
sampleduring the 20-min. incubationisplotted
againgt thevolumeor log volumeof thesample
tested. A regressionlineisfittothedata, and
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from thevauesfor the absorbancein the control
recelving notoxin, the'Y -intercept, thed opefor
theregressionline, and thevolume of toxin
inhibiting reduction of the dye by 50% isdeter-
mined. If theregresson coefficientislessthan
0.8, theexperiment isdiscarded asbeing
satisticaly questionable (Rolf and Sokd,

1981). Fromthisvolumeand theinitial concen-
tration of thetoxin, the concentration of the
toxininhibiting thereduction of the dyeby 50%
iscalculated. ThisprovidesthelC50 (50%
inhibitory concentration). Thisparameter is
comparabletoan LD50value. Thesecacula
tionscan be carried out with apocket cal cul ator
ableto determineregressions (Hewlett Packard
32Sl1) but more often acomputer graphics
program, Cricket Graphics, isused to plot the
dataandto carry out the calculations.

A method to lyophilize cellshasbeen
developed and cellscan bereactivated months
after lyophilization (Robertson, 1996). The
lyophilized (freezedried) cellscan be suspended
inwater and inafew minutes, thesecellscan
performtheassay aswell asfreshcells. Cells
remainactive, if kept onice, al day. Sengtivity
totoxinsinincreased in cellsfrom the exponen-
tial phase ascontrasted with cellsinthe station-
ary phase. Itisplannedto market akit with
instructions, atraining video, acomputer pro-
gramto permit datato beanalyzed moresmply,
and chemicasand lyophilized cellsrequired for
severa hundred assays.

COMPARISONSWITH OTHERTESTS
Asnoted, morethan 200 chemicalshave
been tested using the Rhizobiumassay and this

has permitted valuesfor toxicity with thisassay
to be compared with valuesfromtheliterature.
For example, valuesfor 50 MEIC chemicals
(multicener eva uation of invito cytotoxicity)
weretested by Callgasgroupin Belgium
(Cdlegjaetd., 1993) and by Lilius groupin
Finland (Liliuset al., 1994), using the standard
Daphnia magna assay technique. With Daph-
nia, thiswould provide L D50 data, theamount
of toxinkilling half theanimals. Theseauthors
did not comparethetwo assays. Intheprinci-
pal investigators laboratory, thevalueswere
entered into the computer, thelog of eachvalue
determined, and theresults plotted—thelog of
vauesfromthe Calgawork ononeaxis, the
log of valuesfromtheLiliuswork onthe other.
A regression linewasfit tothe data; theregres-
sion coefficient was determined and fromthis
thecorrelation coefficient wascalculated. For
thiscomparison, acorrelation coefficient of
0.895 wascalculated. Had theresultsbeen
identicd, the correlation coefficient would have
been 1.000. Thisshowsthat evenwithavery
well-defined method using asel ected indicator
organism, two laboratorieswith different per-
sonnel and different lotsof chemicalscould not
achieveidentical results.

Results of comparisonsof the Rhizobium
assay with 24 other testsareshownin Table 1.
Most of thesetestsare LD50 tests. Rats, mice,
Daphnia magna, thevariousfish, and the
bacteriaE. coli and B. subtilisare LD50 tests
inwhichtheanimasaredivided into groupsand
the concentration that resultsin the death of half
theanimasisnoted. HLD (human|etha dose)
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isdatafrom human autopsiesobtainedin poison. Theconcentrationsareonly estimates.
Scandinavian countriesof individua sdying of | C50 determinations, studieswith hepatocytes,

Table 1. Comparison of the Rhizobiumtest with other methods.

Comparison n cC references
rats LD50 31 0.742 | Cadlejaet a., 1993
mice LD50 29 0.686 | Cdlgaetal., 1993
Daphnia 1 34 0.859 | Cadlegacet al., 1993;1994
Daphnia 2 34 0.890 | Liliuset d., 1994
Daphnia 19 0.817 | Munkittrick et al., 1993
E. coli 20 0.641 | Kerzman 1993
B. subtilis 20 0.619 | Kerzman 1993
guppies 8 0.950 | Konneman 1993
trout 12 0.788 | Munkittrick et ., 1993
fathead minnow 16 0.740 | Munkittrick et al., 1993
fathead minnow 20 0.872 | Gelger et dl., 1991
HLD 31 0.741 | Cdlgacet al., 1993
IC50 22 0.827 | Halle, et al., 1994
rat hepatocytes 33 0.788 | Shrivastava et al., 1994
trout hepatocytes 31 0.760 | Liliuset al., 1994
ascites tumor cells 34 0.870 | Romert et al., 1994
QSAR 19 0.779 | Sunet al., 1993
Polytox™ 1 19 0.810 |Sunetal., 1993
Polytox™ 2 u 0.796 | Elnabarawy et al., 1994
sudge 16 0.853 |[Sunetal., 1994
Biotox™ 24 0.913 | Kahru and Borchardt 1994
Microtox™ 15 0.758 | Munkittrick et al., 1993
Microtox™ 36 0.819 | Kaiser and Palabrica, 1991
Microtox™ 34 0.793 | Cadlgacet d., 1993

average 24 0.796

n=number of toxic compoundsin the comparison
CC =correlation coefficient for the comparison
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and ascitestumor cellsare determinationsusing
animal and human cellsgrowninthelaboratory.
Theeffect of toxic chemicalsisestimatedusnga
variety of methodsintheisolated cells. Specific
enzymes can be assayed. Thereare morpho-
logical changesthat can befollowed. Cells
stressed with atoxin cannot take up some dyes
readily. QSAR isamethod to predict the
toxicity of acompound, knowing itsstructure,
and how hydrophobic (water insoluble) itis.
Polytox™ and tests using sewage dudge note
the oxidation of glucose. Toxic compounds
inhibit the oxidation. Microtox™ and Biotox™
notetheinhibition of light production by biolumi-
nescent marine bacteriaby toxins.

Thesedatashow that if acompoundis
toxicinonetes, inal probability thissame
compound will betoxicinthe Rhizobiumtest.
Theaverage correlation coefficient for al these
comparisonswith Rhizobiumdatawas 0.800.
The Rhizobiumtest ismost comparableto
Daphnia and fishamong theanimals, to tests
using isolated humanand animal cdlls, andto
Microtox™. The Rhizobiumtestisnot only
smple, inexpensive, and rapid, but it provides
resultscomparableto other tests. Fromthefew
comparisonsinthetoxilogicd literature, it
cannot be determined what isan acceptable
correlation coefficient.

Inthese comparisons, weareasking, if a
chemicd istoxic by onetest, will it befound to
betoxic by the second test? In Table 2, values
for 34 chemica smeasured, using eight different
tests, are presented. Thisshowsthetypedata
that were utilized to develop thedatain Tables 1
and 3. Thedatainthistable show theimmense

diversity observedin different assays. Ten of
the chemicalstested withrat LD50 had the
highest valuesand weretheleast toxic of the
eight assays. But two chemicals, Warfarinand
caffeine, werelowest, and most toxic for therat
LD50system. Thisistypica. Many testsare
insengitiveto afew chemicalsand don’t per-
celvethem astoxic, and these sametestswill be
extremely sengitiveto other chemicals. How-
ever, withtheexception of NaCl and KCl in
sometests, dl thechemicasinthistablewere
toxicfor all of thetest systemsused.

In Table 3, the correl ation coefficients
generated comparing the eight test methodswith
the 34 chemicalstested are presented. These
valueswere generated using the data presented
inTable2. Theresultsincludethe dopeof the
regressionline. If twotestsprovideidentical
results, thedopeshouldbe=1.00. Similarly, if
thetwo determinationsareidentical, theregres-
sion coefficient and the correl ation coefficient
(sguareroot of theregression coefficient) should
be = 1.00.

Valuesfromtheliteraturefrom onetest
could be compared with both the Rhizobium
test and the Microtex™ test. Twenty-onetests
werecompared. Theaveragecorrelation
coefficient for the Rhizobiumtestswas 0.800,
and theaverage correl ation coefficient for the
testswith Microtox™ was0.705. Thisindicates
that the Rhizobiumtest providesresultsthat are
more comparableto other methodsthan does
theMicrotox™ test. It should be noted that the
resultswith the Rhizobiumtest do comparewell
withresultsfromthe Microtox™ test (Table 3).
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MECHANISM FOR REDUCTION OF Eleven strainswere screened with six toxic
THEDYE

It wasfound that many bacteriacan
reducethedyemorereadily thancanR.
meliloti, but in none of these bacteriawerethe
reduction of the dyeinhibited by commontoxic
chemicals(Bochner and Savageux, 1977).

chemicalsand for some, one or two would
appear to bealittletoxic, toinhibit reductiona
little, but only in R. meliloti wereall six toxic.
Itisthought that tetrazolium dyeswere
reduced by cytochromes (Altman, 1976), but

Table2. Comparisionof 8tests.

ascites
Rhizobium | Microtox™ 1C50 Daphnia heptaft?)t cytes tumor rat LD50 HLD
cells

1,1,1-trichloroethane 0.583 0.324 6.71 75.2 7.63 77.6 1.48
acetomenaphen 1.649 2.187 1.45 0.269 10.7 0.57 15.8 1.698
acetylsalicylic acid 1.106 0.145 1.7 0.933 2.66 1.26 2.818
amitriptyline 0.015 0.0776 0.1 0.018 0.07 0.062 1.15 0.2
barium chloride 0.109 0.794 0.47 1.29 1.35
caffeine 1.02 3.46 1.58 3.39 1.6 5.57 1 1
carbon tetrachloride 1.91 4.79 22.1 126 4 24.6 15.1 0.447
chloroform 5.29 12.9 2.63 6.2 9.08 7.58 1.74
chloromaphenicol 4.33 1.12 0.54 5.25 0.402 0.82 7.7 1.23
copper |l sulfate 0.007 0.01 0.001 0.048 0.144 1.86 0.316
dichloromethane 4.122 37.1 10.5 109.1 19.8 18.6 4.17
digoxin 0.231 0.12 0.271 0.165 0.043 1.4 e-3
ethanol 1643 691 158 234 451 311 151 109.6
ethylene glycol 3427 1778 322 1202 358 589 75.8 25.7
hexachlorophene 2e4 0.02 6.8 e3 2.7 e-4 0.002 0.005 0.138 0.11
iron |l sulfate 0.32 0.708 0.302 1.62 2.19 2.089 3.02
isopropyl alcohol 950 380 90.5 155 304 175 83.2 41.7
lindane 0.141 21.9 0.36 0.005 0.144 0.1 0.263
malithion 0.112 0.479 0.13 0.871 0.741
mercury |l chloride 6 e-5 1.5e4 1.3 e4 0.003 0.018 3.72 0.107
methanol 2130 912 673 661 906 673 178 52.5
nicotine 6.1 0.224 4.52 0.023 3.581 2.5 0.309 0.011
oprphenadrine HCI 1.168 0.005 0.033 0.114 0.35 0.832 0.098
paraquat 0.262 2.344 0.1 1.77 0.002 0.224 0.166
pentachlorophenol 5.4 e-4 0.02 0.025 0.002 0.05 0.007 0.1 0.109
phenol 13 0.186 4.25 0.077 0.797 1.75 3.39 1.48
potassium chloride 290 490 490 92.2 53.7 34.6 0.288
potassium cyanide 0.225 0.275 1 0.014 0.783 0.62 0.078 0.044
quinidine sulfate 0.422 1.202 0.036 0.079 0.129 0.23 0.617
sodium chloride 288 562 60.3 102 107 51.3 17
sodium oxalate >13 5.43 0.582 17.4
theophylline 1.926 13.8 2.63 2.18 3.84 1.349 0.724
warfarin 1.781 0.209 0.67 1.549 0.139 0.27 0.005 0.0219
xXylene 1.24 0.0794 0.851 17.47 1.34 34.6 0.468

Bold facetypeindicates method with lowest (most toxic) vaue.
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thishasbeen questioned (Marshall et al., 1993;
Berridgeand Tan, 1993). Ineucaryotic cells,
the cytochromesarein themitochondria, and
Marshal’sgroup hasfound that thedyesare
reduced in preparationsfrom cellswiththe
mitochondriaremoved. It has been found that
amutant of Escherichiacoli, lacking one of

two magjor cytochromesfound in thisbacte-
rium, isunabletoreduceMTT (Botsford,
unpublished).

A cytochromemay not beinvolved. There
areenzymesthat could reducethedye. These
enzymes could be membrane associated, and
toxic chemical saffecting themembrane could

Table 3. Comparisonsamong thetests based on datapresented in Table 2.

test slope reg coef corr coef
Rhizobium Rat LD50 0.369 0.378 0.614
Rhizobium Microtox 0.767 0.717 0.846
Rhizobium HLD 0.364 0.346 0.588
Rhizobium Daphnia 0.883 0.789 0.888
Rhizobium 1C50 0.654 0.870 0.933
Rhizobium rat hepatocytes 0.678 0.764 0.874
Rhizobium ascites tumor cells 0.672 0.754 0.868
Daphnia 1C50 0.618 0.773 0.879
Daphnia rat hepatocytes 0.689 0.780 0.883
Daphnia ascites tumor cells 0.673 0.767 0.875
rat LD50 Microtox 0.900 0.332 0.576
rat LD50 HLD 0.839 0.656 0.809
rat LD50 Daphnia 1.185 0.473 0.688
rat LD50 1C50 0.838 0.599 0.774
rat LD50 rat hepatocytes 0.980 0.575 0.758
rat LD50 ascites tumor cells 0.958 0.557 0.746
Microtox™ HLD 0.408 0.530 0.728
Microtox™ Daphnia 0.917 0.701 0.837
Microtox™ 1C50 0.730 0.686 0.828
Microtox™ rat hepatocytes 0.701 0.679 0.824
Microtox™ ascites tumor cells 0.649 0.578 0.760
HLD Daphnia 1.345 0.492 0.701
HLD 1C50 0.659 0.494 0.702
HLD rat hepatocytes 0.659 0.494 0.702
HLD ascites tumor cells 0.822 0.477 0.690
1C50 rat hepatocytes 1.034 0.910 0.953
1C50 ascites tumor cells 1.057 0.944 0.971
rat hepatocyte ascites tumor cells 0.842 0.720 0.848
average 0.781 0.608 0.790

reg coef, regression coefficient;corr coef, correlation coefficient
These are based on the 34 comparisonsusing thedatain Table 2.
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affect theactivity of theenzyme. Toxic chemi-
cascould alsointeract withtheenzymeper se
andinhibit itsactivity. It hasbeen observed that
thedyeistakenintothecellsbeforeitisre-
duced. Inthemicroscope, small dark blue
spheresof thereduced dye can beseeninside
thecells. Toxic chemicascouldinterferewith
the uptake of thedyeinto thecells. Uptake of
compoundsis catalyzed by membrane-associ-
ated proteins. Thetoxic chemicals could
affect the relationship of the membrane
components and the transport proteins.

Fivetrangposon-insertion mutants, unable
toreducethedye, havebeenisolated. All grow
very dowly inminima mediasupplemented with
0.1% casamino acids, and obvioudy al have
logt acritica function. With these mutants, it
should be possibleto clone, to sequence, and to
identify thefunction responsiblefor reduction of
thedye.

It would be useful to understand the
mechanism responsiblefor reduction of thedye.
Thetest would be accepted morereadily by the
scientific community. Experimentscould be
designed to determinewhy some compounds
aremoretoxic than others. Rhizobiumiseasily
manipulated genetically, and it would be pos-
gbletofind mutantsinwhichtoxic chemicasno
longer inhibited reduction. Thiscould delineate
critical regionsof thefunction. It might alsobe
possibleto“engineer” new strainsmoresens-
tiveto some classes of toxic compounds. A
firminvolvedinstudiesof arsenichasaskedif a
strain ableto determinetoxicity of arsenic might
be constructed.

TOXICITY OF DIVALENT CATIONS

Reduction of thedyeisinhibited by
divaent cationsin the Rhizobiumsystem.
Mercury and cadmium werefound to bethe
most toxic with thisassay. Copper and zinc
wereasotoxic. Commonions, calciumand
magnesium, inhibit thereduction of thedye.
Water and soil samplestypically containcalcium
and magnesium, soin order to analyzewater
and soil samplesfor toxic organic chemicals, a
method to diminatethisinhibitionby metd ions
was sought. Thishasnot been examined
carefully withtheMicrotox™ assay. Thereis
dataintheliteratureindicating that mercury,
cadmium, copper, and zinc, meta sionsthought
to betoxic, aretoxic for the Microtox™ assay.
However, thereisnothing intheliterature
reporting if calcium and magnesium aretoxic for
Microtox™. Microtox™ may not provide useful
datawith water samples.

EDTA isusedroutindy inbiochemistry to
chelatedivalent metal ions, and it wasthought
thismight chelatethe calcium and removeit
fromthesystem. It wasfoundthat 2.5 umoles
EDTA would eliminatetoxicity of 4 umoles
calcium but of only 0.015 pmolesmercury.

M ost organic compounds could beassayedin
thepresence of thismuchEDTA. EGGA and
EGTA ,dsochelators, did not relieveinhibition
by divalent cations. It may not besmple
chelation; theremay be some specificinteraction
between EDTA and thefunctionresponsiblefor
reduction of thedye. Thiswork hasbeen
published (Botsford, 2000b).
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Soil sampleswithasmuchas5gm (45
mM ) calcium per kg soil have been assayed
using 2.5 umolesEDTA ineach sample
(Hillaker, 1996). Thecalciumiscomplexed
with sulfate and phosphateionsand thecalcium
isnot availabletothecdl, anditisnot seen by
the mechanism that reducesthedye. Levelsof
free soluble cal cium and magnesuminwater are
very low. We havefound that 2.5 pmoles of
EDTA relievestheinhibition caused by
divalent cationsin all water and soil samples
tested thusfar.

OTHERMETHODSTO DETERMINE
TOXICITY
Animal tests for toxicity

Typicaly thetoxicity of chemicasis
determined using animals, usualy ratsand mice.
Animalsof comparable ageand sex aredivided
into groupsof 10 animals. Each group receives
adifferent dose of thechemical, anditisdeter-
mined which concentration of thetoxic chemica
killshaf theanimalsinthegroup (Rodericks,
1992). Atthevery least, thesurvivorsareill
fromreceiving thetoxin. Theanimalsare
maintained until death, and thiscan take weeks.
Asaconseguence, thetestsarevery expensive.
Animd facilitiesmust bemaintained, and highly
skilled personnel arerequired. Theautopsy can
requireaveterinarian. Theresultsareoften
complex and can require sophi sticated Satistical
analysis. IntheUnited Statesit isestimated that
asmany as30 million animasareused each
year totest for toxic chemicals.

Rodents have an organ, the caecum,
betweenthelargeandthesmall intestine. Ina

rodent thiscan bevary large, dmost aslargeas
thesmall intestine, andisfull of bacteria. Itisnot
known what the bacteriain thispouch could do
withtoxicchemicals. Animasareforcefedthe
toxic substances; toxinsareforcedinto their
stomachwithasyringe. Thechemicalscomein
immediate contact with thehighly acidic con-
tentsof the stomach, and it isuncertain what the
effect of thisacidity hason toxic compounds.

Onedisadvantage of these sortsof animal
testsisthat they arenot dwaysdefinitive.
Ruelius(1977) hasquestioned use of animalsin
testing. Ekwall et al. (1988) found poor agree-
ment between testswith ratsand mice. Bradie
and Reid (1967) report that many drugsare
much lesstoxic for ratsand micethanfor
humans. Thereareanecdotal reportsonthe
Web about testsbeing negativefor oneanimal
yet toxic for another (www.animal testsfor toxic
chemicas.com). Itissignificant that ninedrugs
have been removed from the American market
thisyear. Theseinclude Rezullin, adrug for
Typell diabetes, and thevery popular alergy
drug Seldane. Thesedrugswereall tested
thoroughly with animal sbut oncereleased,
proved to betoxic for humans. Andwere-
member thedrug Thalidomide many yearsago
that wastested carefully yet had tragic results
withhumans.

Fish, thefathead minnow, Pimphales
promeleas, and trout hatchlings are often used
totest for toxic chemicas. Minnowsaregrown
in hugetanksand theyoung areisolated, sexed,
andusedintests. Trout hatchlingsare obtained
fromtrout hatcheries. Typicaly chemicdsare
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moretoxicfor fishthanfor animas. Fishand
thewater flea Daphnia magna aretested by
having theanimal sswimin solutionsof thetoxin.
Animasseemto bemoresengitivetotoxins
administered thisway. Thesearetypica LD 50
testsbut arerarely runfor morethan 96 hours.
Thefish are not autopsied; it cannot be
determined which organ has been harmed by
thetoxin.
Daphnia magna

Testsfor toxicity area sorunusing the
water flea Daphnia magna (Stephensonet d.,
1990). Thisvery small crustacean canbe
growninthelaboratory usngagagrowninthe
laboratory asfood. Theanimalsareisolated
using adissecting microscope. Animals48
hoursafter hatching areisolated and are com-
bined in water with different concentrations of
thetoxic chemical. Theanimalsareobserved
for 48 hours, and it isnoted when animalsstop
swimming, indicativeof deeth of theanimal.
They arevery inexpensive; the crustaceanscan
begrownreadily inthelaboratory. However,
thetestsrequirehighly skilled laboratory per-
sonndl. Thesetestsrequireskillsnot normally
developed by those comfortablewith chemical
anaysis. Any laboratory wishing to usethis
assay must make acommitment to running
thetestsand to having anindividual trained
in thetechnique.

Alternatives to animal testing

Anima rightsadvocatesand thosewho
question thevalueof animal testsseek “aterna-
tivetests’ for toxic chemicals. In Europethere
hasbeen tremendousinterest in developing tests

using animal and human cellsgrowninvitro, in
laboratory culture (Clemendson et ., 1993).
Many different cell linesareused; different
techniquesto determinethe effect of thetoxin
onthecell areused. For themost part, the
different testsagreewell; acompound found to
betoxicwith onetest will betoxic for another
test. Thetestscantakeasmuch asaweek to
complete. And thetestsrequire sophisticated
laboratory facilitiesto grow thecellsand highly
trained technical personndl torunthetests. This
isnot third world technol ogy.

Bacterial methods

There have been countlesstestsdevel oped
using variousbacteriaastheindicator organism
(Bullichand Dutka, 1986). However, only one,
Microtox™, has been adopted by thetoxico-
logical community (Ribo and Kai ser, 1987).
Thistest for toxic chemicalsusesthe biolumi-
nescent marine bacterium Photobacterium
phosphoreum, which produceslight. Thereisa
pigment inthe bacterium that servesasatermi-
nal electron acceptor making the pigment
luminescent. Toxic chemicasinhibit the produc-
tion of light presumably becausetoxic chemicas
impair electrontransport. Thetestisrapid;
results can be obtained in asfew as5 minutes,
but most |aboratoriesincubatethe cellsfor at
least 20 minutes. Cellsmust beheldina
refrigerated incubator shaker. Andthelight
produced must bemeasured witha
luminometer, aninstrument unfamiliar tomost
laboratory personndl. A kit to performthetest
isoffered by the Azure Biochemicd Company,
asubgidiary of Beckman Instruments, for
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$20,000. Thekitincludesarefrigeratedincu-
bator, aluminometer, and asophi sticated
computer programto analyze thedata (Bullick
eta., 1990). Despite the complexity,
Microtox™ was selected as the best
assay among a number of tests (Toussaint
et al., 1992).

Thismethod hastwo disadvantages. The
cost of thekit to run thetest ismorethan most
|aboratory budgets can readily absorb. The
method requiresthat at |east one personinthe
|aboratory master thetest, and make acommit-
ment of timeand effort to learn to run the assay.
Atthisuniversity, graduate studentsmaster the
test but it takestimeand effort. Thiscommit-
ment of funds and manpower indicatethat the
[aboratory must be committed to assays of
toxicity. It should bepointed out that the
Rhizobiumassay givesresultsmore comparable
to other teststhan doesMicrotox™. The
Rhizobiumassay requiresno special equipment,
only equipment normaly foundinanaytica
|aboratories, and the Rhizobiumtestissmple
enough for high school studentsto master. Itis
learned readily.

Polytox™ isamethod offered by the
Polybac Corporation to determinetoxicity. It
utilizesaconsortium of bacteriaisolated from
sawagedudge. Thebacteriaoxidizeacarbon
source (glucose) and oxygen consumptionis
measured with arespirometer or with oxygen
electrodes. Thisisnot used frequently to
determinetoxicity (Sunetd., 1994) but to
determineif sawageeffluent will harmasewage
system. Both respirometersand oxygen elec-
trodesareexpensive, difficult tomaintain, and

require careful training of the personnel who use
them. Againalaboratory must makeafirm
commitment to thismethodol ogy.

Toxitrac™ ismarketed by the Hach
Chemicd Company. Thismethod usesa
reductasefrom abacterium and toxic chemicals
inhibit thereductase (Liu, 1988). Hach hasnot
marketed it successfully and itisnot used often.

QSAR

QSARisamethod of predicting the
toxicity of acompound (Nirmalakhandan and
Speece, 1988). Thestructureof themolecule,
thehydrophobicity, and other parametersare
combined inavery sophisticated computer
programto predict thetoxicity. It hasbeen
compared with val uesfrom Polytox™ and
activated sewagedudge (Sunet d., 1994).
Thistechniquehasbeen used to estimatethe
toxicity of many chemicas, but QSAR dataisnot
often encountered inthetoxicology literature.

It should be noted that no one organism
can be considered to betheideal indicator.
Algaearemore sengtivetotoxic metal ionsthan
arevascular plants, but vascular plantsaremore
sengtiveto herbicidesthan arealgae. The
choiceof indicator dependson the nature of the
toxic chemical examined. It wasfoundthat the
Rhi zobium assay was much more sensitiveto
thetoxicity of 30 herbicidestested than were
ratsor birds, but was not as sensitive as Daph-
niamagnaor trout hatchlings (Hillaker, 1996).
SUMMARY

Thiswork showstheutility of thissmple
test withR. meliloti. Any laboratory ableto
grow bacteriashould be ableto adopt it.
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