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TOXICZTY ASSESSHENTOF HANFORDSITE WASTE
BY BACTERIALBIOLUHINESCENCE

T. V. Rebagay, D. A. Dodd, O. A. Voogd
Westinghouse Hanford Company

INTRODUCTION

Waste toxicity assessment is an essential part of the. Waste Management
Program at the Hanford Site located near Richland, Washington. Toxicity data
bases, models for predicting toxicity, and methods for rapid evaluation of the
biological toxicities of the complex radioactive wastes stored at the Hanford
Site are lacking or nonexistent. To effectively handle and treat these
wastes, the degree of toxicity of the chemical species they contain must be
known.

Hanford Site radioactive wastes are currently stored onsite in
double-shell carbon steel tanks, as either an insoluble sludge or a salt
fraction made up of saltcake and salt solution. This report addresses the
contribution of the nonradioactive inorganic components of low-level wastes to
toxicity.

METHOD

Simulated waste mixtures, designed to mimic the expected compositional
range of the inorganic components of low-level radioactive wastes, were
prepared. The mixtures were composed mostly of sodium nitrate, sodium
nitrite, sodium aluminate, and sodium hydroxide. Table I shows the
concentration range of these components in the mixtures. Because the current
strategy for disposal of low-level radioactive wastes involves immobilization

. of the waste by grouting, test grout specimens were also prepared from these
waste mixtures. The dry solid materials that were used to form grout were

• blast-furnace slag, fly ash, and Portland cement (Table 2).

Potential environmental hazards posed by grouts are largely unknown. To
determine whether the current grout technology is adequate in controlling
toxicant and pollutant releases for regulatory compliance, regulated metals
were deliberately added to the simulated waste mixtures. Table 3 lists the
regulated metals and their concentrations in the waste mixtures.

The U.S. Environmental Protection Agency and the State of Washington
recognize a 96-h fish acute toxicity test (ASTM 1988) as an indication of the
acute toxicity of chemical substances and effluents subject to environmental
regulation. However, this test is quite expensive and public resistance to
large-scale fish testing may preclude the generation of data bases on lethal
toxicity. Therefore, use of surrogate organisms whose response can be related
to that of fish for toxicity studies is desirable. Inhibition of

I
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Table 1. Components of Simulated Hanford Site Wastes.

COMPONENT CONCENTRATION RANGE, M

Aluminate 0.058- 0.783

Nitrite 0.131- 1.385

Nitrate 0.223- 2.357

....Phosphate 0.000 - 0.305

H_/droxide 0.078 - 1.240

Carbonate 0.062 - 0.702

Table 2. Dr_/Materials for Grout Production.

•Blast Furnace Sla9

•Fl_ Ash ..........

•Portland Cement

Table 3. Regulated Metals In Simulated
Hanford Site Wastes.

METAL CONCENTRATION (m_I/L)

Silver (Ag) ........... 5.5

Arsenic (As) 5.5

Barium (Ba) 110.0

Cadmium (Cd) I.I

Chromium (Cr} . 1258.0

Mercury (Hg) 0.2

Lead (Pb) 5,5

Selenium (Se) 1.1

...................................................................................................................................IIIIBIIIfr
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bioluminescenceof a marinebacterium,Photobacterphosphoreum(called
MicrotoxI in this study),is a cost-effectiveprescreeningprocedurefor
assessingtoxicitiesof chemicals. This test is rapid,reproducible,and
inexpensivecomparedto the 96-h fish acutetoxicitytest.

BioassaysusingMicrotoxwere performedon 38 wastemixturesand their
grout extracts. Groutextractswere obtainedby shaking1.0 g of groundgrout
in 1.0 L of distilleddeionizedwater for 10-minfollowedby filtrationto
removethe insolublesolids. Bioassayswere conductedas describedby the
manufacturerof the Microtoxanalyzer. Briefly,the methodutilizes a
suspensionof the bacteriaat a concentrationof approximatelyone million
microorganisms.The suspensionis then challengedby the additionof the test
solution. A photometermeasuresthe lightoutputof the bacteriabeforeand
aftera 5-min exposureto the test solution. A seriesof concentrationsof
the test solution(nominaldilutionsof the test solution)was testedto
obtainthe medianeffectiveconcentrationthat produces50% inhibitionof
bioluminescence(EC50). Data reductionuses a "gamma"functionin placeof
percentlightdecrease. The "gamma"functionis definedas the ratioof the
correctedlightloss to the lightremainingof the bacteria(Table4).
Toxicityof the speciesof interestis then measuredin terms of its EC50
value. Graphicaldeterminationsof EC50 valueswere performedby plottingthe
gammadata (logarithmicscale)againstthe concentrations(logarithmicscale)
of the test solutions. The concentrationat gammaequalsone is the EC50
value. Typicalexamplesof this methodof calculatingEC50 value are shownin
FiguresI, 2, and 3. From thesefigures,it appearsthat lead nitrate
producedthe most adverseeffect(EC50,1.977n_j/L)on the bacteriacompared
to chromium(EC50,86.3mg/L) and bariumnitrate(EC50,654.5mg/L).

Table4. EC50/GammaDetermination.

EC50 - EffectiveConcentrationof Toxicant
inhibitingluminescenceof bacteria
by 50%.

- Concentrationof Toxicantat Gamma

.... equalsi.

•. Gamma - LightLoss (Corr)/LightRemaining.

RESULTSANDDISCUSSION

Comparisonof the observedresponsesof Microtoxto regulatedmetalsand
the metals'establishedpermissiblemaximumconcentrationlevel (MCL)in
nonhazardouswastesis presentedin Figure4. The graph stronglysuggests
that Microtoxcan providea firstestimateof the toxicityof metals. Its use
in toxicityassessmentof HanfordSite wastesmay resultin the eliminationof
relativelyinnocuouswastesfrom furthertesting,savingtime and money. An

IMicrotoxis a registeredtrademarkof the MicrobicsCorporation,
Carlsbad,California.
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Figure 1. Toxicant• Lead Nitrate EC50 Determination•
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Figure 2. Toxicant• Chromium ECSO Determination•

o
o

• • • • • • oe•i • • • •

""" ........... ,-4• ew•• • • • •
eeoc • • • • eco• • • • • mice • • • •

4rod

• iii!!il
. i:::".: : "

:-.•• • • • •
lee* • • • • •

i::::: : : :

iota•• • • • •

!•,Pe• • • • o

1..:1....: •
'*ee• • • • •

ieee• • • • •

• eee • • • •

eco • • • • •

eeeo • • • • dlumm8

• ,po,u, • • • •

e,eeQ • • • •
Io,ooe • • • •

:::::: : :
,Dome • • • •

. Ioeoe • ,0 • •

•1-,:: : :

....... .o•ee • • • •

:-.'::1• • 1-4

.........,. •::::::: : 0
eeoee • • •
oeeo • • • •
oQoe • • • •

....... . -

...... : " ___ 0

e• e•e• • • • •MU'_ ...................... :,.. ©i!i::"• • ::::::: : r_ ¢_...." ........

oe•oe, • • oee•e • ••e,,• • • •
• • eco • •

............... _X'" - __._.,N_ _ ....-...-. . . . _.....• •e• • • • • _
ee,s.e • • • •
no•• • • • • •,,,o,,,
o•o • •eoe
eoe •ooe • • • • •ce• • • • •

• oeoo • • • • • • •

-°"°
,,oee,,, • • • •eeeo • • ,,,ma

• oeo • • • • cue,• • • • •

. _ •ooe • • • • eeoc • • • •

• moo e• • • • • • •
• _ee • • • • eo ,e • • • •

• Jeee • • • •

................D.eee • • • eo._I . • •
eee• ° • • •
• oee • • • •

• •ooe • • . ee•e • o • • eee• • • • •
• eeoc • • • • •

................ iiii i i i i'-,,,,,..........-.,,,,.,,,_., o II
O -,4 ,-4 -,4 mo

c_ _o II
r_

" IIIIII........... _,ii



WHC-SA-II66-FP

Figure 3• Toxicant• Barium Nitrate EC50 Determination•
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Figure 4• Toxic Response•

........................................ ,, . _ _, ,, ,, ,, , ,., ,,, ............................... _.,,,,., ............................ - .................................



WHC-SA-1166-FP

illustrationof the relativetoxicities of the trace inorganiccomponentsof
the simulatedwastes is depictedin Figure5. The graph indicatesthat
mercuricchlorideis the most toxicwhilesodiumnitrateis the leasttoxic
amongthe componentsof the wastes.

Successfultoxicantidentificationrequiresa completeunderstandingof
dose-responsecurves,includingthe influenceof the solutionmatrix and
synergisticor antagonisticinteractionsamongtoxicants. For example,the
effectof two chemicalsgivensimultaneouslywill producea responsethat may
be simplyadditiveof their individualresponsesor may be greateror less
than that expectedby additionof their individualresponses. Studyof these
interactionsoften leadsto a betterunderstandingof the mechanismof the
actionof the chemicalsinvolved.

The termsused to describ_'_toxicologicinteractionsare listed in
TableS. Thesedescriptorsare nonquantitativeand are oftenused
ambiguously.A simpleformulafor determiningthe additivetoxicityof
mixturesof chemicalsis givenin Table 6. If the sum of the biological
activitiesof the mixture(S) equalsone, the toxicityis additive. The
effectis synergisticif this sum is less than one and antagonisticif it is
greaterthan one. It shouldbe notedthat the smallerthe EC50 valueof a
speciesof interest,the greaterits toxicity.

Applicationsof the formulain the interpretationof toxic responsesof
Microtoxto componentsof HanfordSite wastesare depictedin Figures6, 7,
and 8. Figure6 displaysthe responsesof Microtoxto doses consistingof one
EC50 of coppernitrate(EC50,0.72 rag/L}and one EC50 valueof other
compounds. As can be seen,the mixturecontainingcopper (Cu) and
arsenic(As) [S, 0.67] producessynergismwhilethat of Cu and barium(Ba)
[S, 2.47]exhibitsantagonism.The lattereffectis desirablebecausethis
will reducethe toxicityof the mixture. The effectsof addingAs, lead (Pb),
mercury(Hg),or Ba to a mixtureconsistingof one EC50 each of Cu and zinc
(Zn) [S, 0.94]are illustratedin Figure7. The additionof As enhances
synergism[S, 0.79]whileantagonismresultswith the additionof Pb
[S, 1.21], Hg [S, 1.55], or Ba [S, 1.59].

The metals commonto all mixtures in Figure 8 are Cu, Zn, nickel (Ni), "
and As with a combined S value of 0.95. Silver (Ag) when added to this
mixtureraisesthe S valueto 1.125. Substitutionof Ag with chromium(Cr),
Pb, or Hg producesvery littleeffecton the toxicityof the mixture, lt
seemsthat the combinationcontainingmercuricchlorideis the least toxic
amongthesecombinations.The most plausiblereasonfor this observationmay
be the slightprecipitationof Hg as indicatedby the appearanceof turbidity,
renderingthe resultingmixtureslightlyinnocuousto the bacteria.

The variationin the sensitivitypatternsof threetaxonomicspeciesto
the chemicalsin the simulatedwastes is summarizedin Tables7 and 8 and
graphicallydepictedin Figure9. The lethalconcentrationproducing50%

................................... Ill]IN.......... ]]l .......... i -[....
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Table 5. ToxicantChemical
Interactions.

CHEMICALINTERACTIONS
i i

Additive: 2 + 3 - 5
i ii

.,Synergistic:,, 2 + 3 - 20

Potentiation: 2 + 0 - 10
. ,ii l i

,Antagonism:...... 4 +,6 - 8.

4,_0-I

Table6. BiologicalActivityToxicityEquation.

,S - Am/Ai.+ Bm/Bi ...........

If S - I, AdditiveToxicity
S < I, GreaterThan AdditiveToxicity
S > I,,Less Than Addit,,iveToxicity ,,,

, S,- Sum of BiologicalAct,ivity

Ai - Toxicityo,fSpeci,esA,

Am - Tox!,cityof MixtureContainingA ........

....Bi - Toxicityof SpeciesB , ,

Bm - Toxicityof Mixture,ContainingB

10
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Figure 7. EC50 of Copper 1 : 1 • 1 EC50 Toxicant.
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Table 7. BioassayComparison Microtoxvs Ra!nbowTrout.

TOXICANT MICROTOX RAINBOWTROUT
5-Min EC50 96-h LC50

H9 O.068 O.21
I,

Cu 0.19 0.24
i

Cd 0.54 0.80

Zn I.44 2.20

Se 5.27 50.00
i ii ii ii i ii i i i i

As 5.34 43.00

Ni 7.95 27.30
,,,,| i ,, i , i | , ,i ,,,

Cr 91.71• 115.85
lJ i,

Ba 403.70 262.80
i

Rainbow trout literature values

....Table8. BioassayComparison Microtoxvs Daphnid.

TOXICANT MICROTOX DAPHNID
5-MinEC50 48-h LC50

i

Hg 0.068 O.03,, . i i i i ,

Cu 0.19 0.02

A9 .... O.46 O.02
Cd O.54 O.16

Pb 1.24 2.31
.... i .. .,,i

Zn I.44 5.I0

5e _ " 5.27 0.55

As 5.34 5.40
i ii

Daphnid literature values

14
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Figure 9• Toxic Response•
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death (LCSO)valuesfor rainbowtrout (Salmogairdneri)and daphnid(Daphnia
magna)are thosereportedin the literature(Qureshiet al 1980;Sloofet al.
1983;Micromedex"1990)usinga g6-h acutetoxicitytest for fish and a 48-h
acutetoxicityfor daphnids. Correlationplotsof Microtoxwith rainbowtrout
and daphniaare indicatedin Figures10 and 11, respectively.The correlation
equationsgeneratedby these plotsare given in Tableg. A significant
correlationexistswhen the slopeand interceptof the regressioncurve are
not very differentfrom 1.0 and 0.0, respectively.Additionally,the square
of the correlationcoefficientfor the regressionmust be greaterthan 0.6.
In general,the agreementin the EC50 valuesof Microtoxwith thoseof rainbow
trout is very good with a correlationcoefficientof 0.97. Greatervariation
is exhibitedbetweenthe responsesof Microtoxand daphnidswith a correlation
coeffiecientof 0.48.

The observedECSO valuesof someof the simulatedwastemixturesare
listedin Table10. This tableshowsthat the Microtox'sresponseto these
wastesis stronglyinfluencedby pH. For example,waste 5a with pH of 10.5,
was adjustedwith nitricacid to formwaste5b with a pH of 8.7, which
tremendouslyreducedthe toxicityof the waste. This is not surprising
becauseMicrotoxthrivesbest at a pH of 6.7. The pH of a solutionis a
powerfultool for detectingcationic,anionic,and un-ionizedspeciesin a
waste. Evidently,the neutralizationof the wastewith nitricacid converted
some of the aluminatespeciesto un-ionizedaluminumhydroxide,causing
coprecipitationof some of the heavymetalswith it.

The responsesof Microtoxand fish to groutextractsare tabulatedin
Table 11. As can be seen,grout extract#13 inducedthe most adversereaction
to rainbowtroutand Microtox. An examinationof the compositionof the waste
mixtureused in the preparationof this groutrevealsthat it is rich in
nitritesand nitrates. Althoughnitratesare considerednontoxicto fish,

• nitritesare toxicto aquaticorganismsbecausethe nitritespeciesimpairs
the abilityof the bloodto transportoxygen. Apparently,nitriteis
responsiblefor the observedincreasein mortality.

CONCLUSION

The data generatedto date in this continuingevaluationof rapid
screeningtechniquesfor toxicityindicatethat the luminescentbacteria,
Photobacterphosphoreum,commonlycalledMicrotox,can be used to assessthe
toxicityof HanfordSite Wastes.

2Micromedexis a registeredtrademarkof Micror,,edexIncorporated,
Denver,Colorado.

16
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Figure10. Microtoxvs RainbowTrout•
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Figure11. Microtoxvs Daphnid.
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I

Table 9. Correlation Equations
Microtoxvs Fish/.Oaphnid.

,ii - i n i

togLcso- 0.33390

+ 0.91379Log EC50Microtox

" Log LC50 Daphnid " 0.40325
+ 1.24696Log EC50Microtox

" Table 10. EC50 of Some Simulated Hanford Site Wastes.

III Waste,ID .... pH .. EC50 (Microtox)

1 14 149
, " inn , ,,., --

2 13.8 175
ii i i || iii

3 13.4 270
i|l, i i i .... iii iii

4 12.7 369
ii i ii i i iii i i ii ii

5a 10.5 321
r l I i i|1 i

5b 8.7* 9129
Bl ii iiii

*Waste was neutralized with HNO3

Table 11. Responsesof Fish and Microtox to Grout Extracts.

ExtractID EC50 (Mlcrotox) FishMortality
• mcj/L .... Rate (n/N) L....

Grout#3.. 758 ..... 3/30 .

....Grout#13 .680 .... 9/30 .

Grout #20 690, , 0/,30

• Grout#34 _82 6/30
Q

n/N - # Dead animals/Total# animals
t

19
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