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ACUTETOXICITY SCREENINGOF HANFOi_SITE WASTE
GROUTSUSING AQUATICINVERTEBRATES

T. V. Rebagay
D. A. Dodd

L. L. Lockrem
W. J. Powell
J. A. Voogd

• ABSTRACT

Waste grouts prepa_-edby mixing a simulatednonradioactiveliquid waste
with a dry solids blend consistingof cement, fly ash, and clay were screened
for their acute toxicityusing aquaticinvertebrates(D. magna, D. pulex, and
C. dubia) as test organismsand a fluorogenicsubstrate (4-methylumbelliferyl
b-d galactoside)as the toxic stress indicator. After one hour of exposing
juveniledaphnids to grout extractsof varyingconcentrations,followedby a
15-minutereactionwith the fluorogenicsubstrate,the degree of in vivo
enzymaticinhibitionwas measured by the number of resultingfluorescent
daphnids. The effectiveconcentrationat which 50% of the daphnids were
adverselyaffected (ECSO)values calculatedby probit analysiswere
2,877 mg/L, 2,983 mg/L, and 3,174 mg/L for D. pulex, D. magna, and C. dubia,
respectively. The results indicatedthat the grout extracts studiedare
nonhazardousand not dangerousto daphnids.

INTRODUCTION

Liquidwastes containingradioactive,hazardous,and regulatedchemicals
have been generatedthroughoutthe Hanford Site's 50 years of operation. The
HanfordSite, which is owned by the U.S. Departmentof Energy, is located in
south-easternWashingtonState, near Richland,Washington (refer to Figure I).
These wastes are stored temporarilyin single-shell(referto Figure 2) and
double-shellcarbon steel tanks (referto Figure 3) at the Hanford Site. One
of the strategiesfor the disposalof the low-levelradioactiveportion of
these wastes involvesimmobilizingthe waste in the form of grout. Because

, the potentialrisk of animal and plant exposureto grouts is unknown, grout
toxicityand dangerousenvironmentalexposure concentrationsmust be measured.
The utilityof aquatic invertebrates(D. magna, D. pulex, and C. dubia) to
assess and detect the toxicityof Hanford Site grouts was investigated.

METHOD

A nonradioactivewaste grout was prepared by mixing a simulatedwaste
(referto Table I) with a dry blend consistingof Portland cement, fly ash,
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Figure I. Locationand RegionalMap of the Hanford Site.

8Ia07014.0



WHC-SA-1927-FP

Figure 2. Single-Shell Tank.
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Figure 3. Double-Shell Tank.
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Table 1. SimulatedWaste CompositionMajor Component.

Species Concentration(M)

AIO2" 0.383

NO:," O.536

NO3" 1.279
ii

S042" O.029

• P043" O. ]73

OH" I.880

• C032"* 0.359

TOC** 0.248

*Calculated from total carbon (inorganic and organic)
**Calculated from ethylenediamine tetraacetic acid
(EDTA), n-hydroxyethyl ethylenediamine triacetic acid
(HEDTA), glycolate, and citrate additions.

Table 2. Compositionof Dry Blend.

Composition Weight %

Attapulgiter.lay 11.0

Fly ash 20.7

Portland cement 68.3
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and attapulgiteclay (referto Table 2). The simulatedwaste was designed to
mimic the expected compositionalrange of low-levelradioactiveliquid wastes
stored in the waste tanks at the Hanford Site. Aqueous extracts of the cured
grout were then screenedfor acute toxicity using daphnids as test organisms
and a fluorogenicsubstrate(4-methylumbelliferylb-d, galactoside)as the
toxic stress indicator. The method is based on the abilityof healthy
daphnids to ingest and metabolizethe fluorogenicsubstratethat is added to
the grout extract. Daphnids that are able to cleave the fluorescentmarker
from the substratefluorescebrightlyunder long wave ultravioletlight while
those that have impairedenzymaticsystemscaused by their exposure to toxic

• levels of the grout extract do not fluoresce. The mechanism of the reaction
is illustratedin Figure 4.

. The steps to preparethe grout extract are listed in Table 3. The cured
grout was dried at 110 °C, pulverized,and passed through a 75-um sieve.
A 1-g aliquotof the dried pulverizedgrout was dispersed in 100 mL of
distilleddeionizedwater. The resultingdispersionwas shaken for
30 minutes, allowedto stand for 30 minutes, and then filtered using a 0.45 um
filter.

The procedurefor conductingthe acute toxicity test closely follows the
Daphnia Magna IQ ToxicityTest* of Aqua Survey Inc. (Aqua Survey 1992).
The protocol is summarizedin Table 4. Briefly, the test involves exposing
juvenile daphnids to a series of aqueousgrout extractswith varying
concentrationsfor a period of one hour. The fluorogenicsubstratewas then
added to the extracts and after an incubationperiod of 15 minutes, the effect
of the exposureof the daphnids to the grout extractswas assessed by
illuminatingthe exposure chamber/containerwith long wave ultravioletlight.
A parallelcontrol test using distilleddeionizedwater in place of the grout
extract was also conducted. The degree of enzymaticinhibitionwas measured
by the number of resultingfluorescentdaphnids. The test was scored by
comparingthe response of the daphnidsto each grout concentrationagainst
that of the controldaphnids. If the light emissionof a daphnid was less
than that of the control daphnids,it was scored as affected. The ECSO was
then calculatedusing probit analysis.

RESULTS

The EC50 values of the three differentspeciesof daphnids are tabulated
•. in Table 5. The EC50 values are 2,877 mg grout/L, 2,983 mg grout/L, and

3,174 mg grout/L for D. pulex, D. magna, and C. dubia, respectively. The
slightdifference in the responsesmay be attributedto the subjective pass-
fail scoringof the fluorescencecriterion. Based on the acute toxicity
rating scalesof the Washington State Departmentof Ecology (Ecology1981),

*The Daphnia Magna IQ Toxicity Test is a trademarkof Aqua Survey, Inc.
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Figure 4. Enzymatic Reaction of Daphnids with a Fluorogenic Substrate.
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Table3. GroutExtractPreparation.
i

Dry curedgroutto constantweightat 110 °C.

Pulverizedriedgroutand passthrough75-umsieve.

Weigh1.0 gramof sievedpulverizedgrout.
i

Dispersegroutin 100mL distilledwater

Shakefor 30 minutes.

' Allow suspensionto stand for 30 minutes.

Filter suspensionusing 0.4S-urn filter.
e

Table4. AcuteToxicityProcedure.

Exposedaphnidsto a seriesof groutextractsforone hour.
Note:6 or moredaphnidsper extractconcentration.

,ll

Add fluorogenicsubstrateto extractcontainingthe daphnids.

Incubatefluorogenic-containingextractfor 15 minuteat 20 *C.

Illuminateincubatedextractwith longwaveUV light.

Scorelightemissionof daphnidsagainstcontrol.

Countdaphnidswith lightemissiongreateror equalto those
of controldaphnids.

CalculateEC50of groutextractby probitanalysis.

Table5. EC50of Daphnids.

Species EC50,mg/L

D. pulex 2,877

D. magna 2,983

, C. dubia 3,174
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the grout extracts are nontoxic and not dangerousto the daphnids.
A substancethat has an ECSO value of less than 1,000 mg/L is classified as
dangerousand hazardous. These ECSO values compare very well with those
obtained using bacteriaas the test organism (Rebagayet al. 1992).

CONCLUSION

. The test using daphnids is rapid (1.5 hour duration) and may be used as a
screeningtest to assessthe acute toxicity of grouts.
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